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Abstract Neurological complications are common after
liver transplantation (LT) and they are associated with a
significant morbidity. Long-term effects of LT on cognitive
and psychological outcomes are not clear. The objective of
this study was to summarize the present knowledge on the
neurological and cognitive complications of LT, resulting
from a systematic review of the literature in the last
10 years. Several studies have investigated the incidence
and the pathophysiology of neurological complications; in
contrast, the knowledge of cognitive and psychological
status after LT is poor. Currently, the effect of LT on mental
performance is debated. Some studies have shown an im-
provement of cognitive function after OLTX and, at the
same time, a persistence of different cognitive deficits. In
addition, the quality of life (QoL) and the psychological
status after LT seem to improve but LT recipients have
significant deficiencies in most QoL domains. Conse-
quently, future studies are necessary in order to investigate
cognitive alterations and QoL in LT recipients.
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Introduction

Liver transplantation (LT) is the only curative treatment in
patients with end-stage liver disease. The first LT was
performed in 1963 (Starzl et al. 1963). Initially, the most
common reason for death post-LT was an acute or chronic
rejection of the graft. Then, the introduction of immuno-
suppressive treatment increased the survival rate from 20%
to nearly 80% (Starzl et al. 1985), but postoperative
complications remain a significant source of morbidity
and mortality (Mazariegos et al. 1999). Of all the com-
plications post-LT, the neurological complications (NC) are
particularly relevant, since they affect up to a third of
transplanted patients (Wang et al. 2000). Patients with
neuropsychiatric complications following LT show a high
mortality rate, especially when the complications occur in
the first period after transplantation (Bronster et al. 1994;
Guarino 1999). In addition, patients with NC have longer
hospitalization (Pujol et al. 1994; Kim et al. 2007; Dhar
et al. 2008), higher need of re-transplantation, more infec-
tions (Lewis and Howdle 2003) and lower self-sufficiency
and social reintegration (Kaplan et al. 1996) than patients
without NC. In contrast, in other studies the survival rate of
cadaveric-donor LT patients with and without NC were
comparable (Wijdicks et al. 1994; Saner et al. 2007). In a
recent study, Saner et al. (2009) confirmed this observation
also in adult living-donor LT: they observed that the
occurrence of NC in adult living-donor LT did not influence
the clinical outcome, since mortality rate and length of
hospital stay were similar between the groups.

Neurological complications have been attributed to sev-
eral pathogenetic factors, such as poorly functioning graft,
intracranial hemorrhage, cerebral infarction, infection, or
immunosuppressant toxicity.
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Moreover, a considerable number of recent studies have
observed persistence of various cognitive deficits after LT.
The emerging evidence of possible persistence of some
neuropsychiatric deficits within months after LT raises the
question of whether these deficits are completely reversible.
Only a few studies have analyzed the relationship of
neurocognitive alterations to important preoperative varia-
bles, including a history of hepatic encephalopathy (HE), to
identify factors that place recipients at higher risk for
postoperative neuropsychiatric dysfunction.

Metabolic and electrolyte disturbances, cardiovascular
events, infections, acute graft rejection and immunosup-
pressant therapy are at the basis of LT-related brain
dysfunction (Mueller et al. 1994a; Wijdicks et al. 1995).

Methods

Studies pertaining to the neuropsychiatric complications of LT
in human adults were searched within one on-line data base
(PubMed) in the period 2005-2009, using the key words
“liver transplantation and neurological complication”, “liver
transplantation and neuropsychiatric effects”, and “liver
transplantation and quality of life”. Only articles in English
were considered. We found 450 articles strictly pertinent to the
topic, of which 50 were both properly focused and available in
our library, so these papers and papers cited in their reference
lists were finally considered for this review.

Neurological complications after LT

LT recipients usually develop NC within the first month
after the procedure (Stracciari and Guarino 2001) and these
are associated with significant mortality and morbidity (Wang

Fig. 1 Prevalence of major
neurological complication after
liver transplantation. (pooled
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etal. 2000). The rate of NC following LT is reported between
10-47% (Pujol et al. 1994; Stracciari and Guarino 2001;
Lewis and Howdle 2003; Saner et al. 2006). Moreover, 60—
70% of LT recipients display neuropathological abnormal-
ities at autopsy (Blanco et al. 1995). Living-donor LT is
associated with lower incidence of NC than cadaveric LT
(20.4 % vs 26.7 %, respectively) (Saner et al. 2006). The
reason for this phenomenon remains uncertain: it could be
correlated with a better quality of the transplanted graft and
also an improved detoxification power in comparison with
longer cold ischemia time (Saner et al. 2006) In addition, NC
occurring in patients after living-donor LT seem to be
predominantly transient in nature, and without major impact
on clinical outcome (Saner et al. 2009).

Menegaux et al. (1994) showed an age-related rate of
NC. The occurrence of NC in pediatric transplantation is
significantly lower than in adults.

A previous study reported a higher rate of NC after LT
for primary biliary cirrhosis and alcoholic cirrhosis (Philips
et al. 1998; Lewis and Howdle 2003; Saner et al. 2009).
Ghaus et al. (2001) reported a very high incidence of NC
following LT, regardless of liver diagnosis. Other studies
could not find a correlation between diagnosis and NC
(Dhar et al. 2008; Kim et al. 2007; Saner et al. 2007)

NC following LT are more common than with other solid
organ transplants (for example kidney or heart). The reason
was attributed to the complexity of surgical procedure, the
unfavorable clinical conditions of the patients awaiting
transplantation (malnutrition, coagulopathy, low platelet
count) and HE before the transplant (Bronster et al. 1994;
Bronster et al. 2000)

Neurological complications following LT can be classi-
fied in different ways. On the basis of clinical findings and
severity (Philips et al. 1998), they can be classified into
minor or major complications (Fig. 1). Minor complications
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usually disappear spontaneously, their treatment is merely
symptomatic, and therefore their prognosis is good. In
contrast, major complications usually have ominous con-
sequences. On the basis of the time of occurrence, NC after
LT can be subdivided into: NC during LT (or surgery-
related complications) and after LT (or post-surgical
complications) (Stracciari and Guarino 2001; Ardizzone
et al. 2006). The latter can be distinguished as: early (within
1 month after surgery) and late complications.

During liver transplantation (or surgery-related complications)

Central pontine myelinolysis (CPM), cerebrovascular autor-
egulation impairment, and paradoxical cerebral embolism
are the main NC during LT.

Surgery-related complications mostly affect the central
nervous system (CNS), mainly via cerebrovascular damage:
hypoxic-ischemic encephalopathy, due to blood loss;
hypotension; air embolism; and embolic stroke and cerebral
hemorrhage, often related to hypertension and coagulopathy.
Changes in cerebral blood flow and metabolism associated
with the hemodynamic imbalance frequently encountered
during LT may be dangerous for brain perfusion. In fact,
cerebral autoregulation might be impaired before graft
reperfusion not only in patients with acute liver failure, but
also in patients with end-stage liver failure (Larsen et al.
1995). Patients may experience increased intracranial
pressure, with a severely compromised cerebral perfusion
pressure. Hypotension may develop, leading to hypoxic-
ischemic event. Cerebral ischemia can be also due to
perioperative detachment of arterial emboli from carotid or
intracranial arteries, from endocarditis in post LT or from
mycotic arteritis (angioinvasive aspergillosis) (Adams et al.
1987). Paradoxical emboli of thrombotic material originat-
ing from the deep leg or pelvic veins via a cardiac or
extracardiac right-to-left shunt can cause an ischemic stroke
(Ward et al. 1995). Occasionally, patients may also
experience arrhythmias and right ventricular insufficiency.
Spinal anterior artery syndrome may also occur (Goss et al.
1997). This is due to the accidental damage of the great
radicular artery of Adamkiewicz during liver explantation.
Such a lesion prevents blood supply to the anterior and
lateral columns of the lower spinal cord, damaging them.
As a total, cardiovascular complications after LT reach
about 4% (Adams et al. 1987; Lewis and Howdle 2003)

Peripheral nervous system (PNS) damage may also
occur, mainly because of compression or particular postures
and, rarely, compressive masses (like hematoma). The most
common features are mononeuropathies, caused by stretch-
ing, compression or direct injury. Perioperative mononeuro-
pathies had an incidence of 2—13% (Wijdicks et al. 1996b).

Central pontine myelinolysis is one of the most severe
NC of LT; it’s frequency after LT was reported to reach 2—

3% at least untill five years ago (Lewis and Howdle 2003;
Yu et al. 2004). It is a clinical syndrome of tetraplegia and
pseudobulbar palsy, often accompanied by a depressed state
of consciousness associated with an electrolyte disturbance,
particularly hyponatremia, and its rapid correction (Wijdicks
et al. 1996a). Although occasionally reversible, the clinical
course often progresses to death over days to weeks.
Symmetric myelinolytic foci found in parts of the brain
include: basal ganglia, thalami, cerebral peduncles, as well as
corticomedullary junctions of the cerebrum, cerebellum and
spinal cord. All of these changes have been documented by
pathological studies (Maraganore et al. 1992). In severe
cases, patients may develop a “locked-in syndrome”: this
means patients are awake but unable to move or communi-
cate. There is no definite therapy for CPM; sporadic
suggestions include the use of steroids and intravenous
immunoglobulin with some benefits. Prevention is based on
a slow correction of perioperative hyponatremia (Yu et al.
2004) not exceeding 8 mM/L per day (Martin 2004).

After liver transplantation (or post-surgical complications)
Early post-surgical complications

These include the toxin effects of immunosuppressive drugs
and those related to the residual effect of the drugs
commonly used in the operative stage and in the intensive
care unit (ICU). The most commonly used immunosup-
pressants in LT are the calcineurin inhibitors (Cls): cyclo-
sporine (CS) and tacrolimus (FK506). Mycophenolate
mofetil and sirolimus have recently been introduced.
Corticosteroids, OKT3 and anti- timocyte globulin com-
plete the immunosuppressive regimen. Their use is vital for
the survival of the graft, but it entails an important risk of
neurotoxicity, which includes direct toxic effects of the
drug and the consequences of the chronic condition of
immunosuppression.

Neurotoxicity is mainly associated with CS and FK506,
amounting to 10-30% of neurological complications of LT
for CS (Guarino 1999) and up to 32% for FK506 (Wijdicks
et al. 1994). Sirolimus and mycophenolate mofetil lack the
neurotoxicity of Cls. The mechanism of neurotoxicity of
CS and FK506 is unclear. Neurotoxicity may depend on the
same mechanisms causing the immunosuppressive action of
CIs (Dumont 2000; Kochi et al. 1999). They express their
immunosuppressive action by binding to immunophilins,
intracellular proteins ubiquitous in the CNS, which have a
protective action on neuronal function (Dawson 1996). The
drug-immunophilins complex blocks the activity of calci-
neurin. The mechanisms by which Cls produce neurotoxic
effects are not completely elucidated, but vascular and
microvascular or endothelial dysfunction seem to play a
crucial role (Amodio et al. 2007).
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Immunosuppressant-related neurotoxicity often occurs
immediately after the transplant, due to the high doses of
drugs needed to induce immunosuppression, or later,
possibly due to a cumulative effect of the drugs. At any
rate, the neurological toxicity of immunosuppressants is
hardly correlated with their plasma levels. Sometimes, it
can be only indirectly inferred from the resolution of the
clinical symptoms on treatment discontinuation (Bryan et
al. 1998; Wang et al. 2000).

The neurological toxic effects of CS and FK506 can
produce either major or minor complications. Manifesta-
tions are various, mainly affecting the CNS but the PNS can
also be involved. Major NC induced by Cls include
headaches, altered mental status, seizures, cortical blind-
ness, auditory and visual hallucinations, spasticity, paresis
and ataxia.

Corticosteroids can cause neuropsychiatric complica-
tions by means of a direct toxic effect or by the induced
state of immunosuppression. The most common neuro-
logical problems are myopathy and behavioral disorders
(Patchell 1994). Adjustment of therapy usually removes
these effects.

OKT3 can have rare neurological side effects, such as:
acute aseptic meningitis with headache, nuchal rigidity and
fever, and an encephalopathy-like syndrome with impair-
ment of consciousness, myoclonic activity and seizures.
Cerebral edema might be at the basis of this syndrome
(Coleman and Norman 1990; Adair et al. 1991)

The relationship between immunosuppressive therapy
and the development of NC has been well established for
CIs (Mueller et al. 1994b). Previous studies reported a
higher incidence of NC in FK506-based immunosuppres-
sive regimens as compared with CS (Mueller et al. 1994b;
McDiarmid et al. 1995). McDiarmid et al. (1995) reported a
higher incidence of minor NCs, like insomnia or tremor in
FK506-based immunosuppression compared with CS; and
major neurological events, such as coma, seizures and
encephalopathy occurred only in the FK506 group in this
study (Mueller et al. 1994b; McDiarmid et al. 1995). While
minor NC of tremor and headaches seem to reflect direct
effects of the drug, the major complications may be multi-
factorial in origin, not ascribable to FK506 alone. However,
subsequent studies did not find higher rates of NC in patients
treated with FK506 as compared with CS (Lewis and
Howdle 2003; Dhar et al. 2008; Saner et al. 2009). Only
mycophenolate mofetil does not have neurotoxic side
effects, the major adverse effects of this drug being
gastrointestinal and hematological (Braun et al. 2002). In
contrast, the other immunosuppressant drugs, i.e. cortico-
steroids and OKT3 do have sensible neurotoxic potential.

Conditions increasing the neurotoxic effects of immu-
nosuppressant agents are: pre- existing CNS damage and
pre-existing BBB alterations causing toxic intracerebral
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drug levels (Craven 1991); chronic HE; electrolyte dis-
orders (hyper- and hyponatremia, hypomagnesemia); dysme-
tabolic alterations (hyperglycemia); and hypocholesterolemia
because it increases brain uptake of immunosuppressant
drugs and drug interactions (Craven 1991; Lewis and
Howdle 2003).

To treat neurotoxicity, a reduction of doses and con-
version from CS to FK506 and vice versa have been
suggested (Pratschke et al. 1997). The recent use of novel
combinations of drugs (CIs plus mycophenolate mofetil or
sirolimus) allows lower dosages of CS and FK506
(McAlister et al. 2001). In most cases, these approaches
lead to a resolution of symptoms and reversal of neuro-
imaging abnormalities. Prevention requires minimum effi-
cacious doses, oral administration as soon as possible, strict
monitoring of plasma levels (including metabolites), elec-
trolyte imbalance (i.e. hypomagnesemia) and hypertension
check and correction, and attention to pharmacological
interactions (Guarino et al. 2006)

The most common NC reported in many studies (Pujol
et al. 1994; Guarino et al. 1996; Bronster et al. 2000; Lewis
and Howdle 2003; Saner et al. 2007; Dhar et al. 2008;
Saner et al. 2009) is encephalopathy. In contrast to these
studies, Kim et al. (2007) found that peripheral motor
disturbance was the most common complication and the
encephalopathy rate was only 12.2%. The aectiology of
encephalopathy may be difficult to identify as it is usually
multifactorial, related to metabolic derangements, organ
failure and drug toxicity. Otherwise, the picture may include
sleep disorders, apathy, disorientation, and confusion, acute
psychotic episodes with agitation, crying, repetition of
illogical sentences, rambling speech, confusion, dyspercep-
tive disorders, and autonomic dysfunction, evolving to
stupor and coma. Acute psychotic reactions were reported
in 43% of patients treated with high doses of CS after
transplantation (Wijdicks et al. 1995).

Previous studies reported a higher rate of encephalop-
athy after transplant in patients with alcoholic cirrhosis
(Buis et al. 2002) but other studies have not confirmed this
observation (Dhar et al. 2008). In fact, in the study by Buis
et al. (2002), the patients with acute confusional states had
higher preoperative ammonia levels. It is likely that
alcohol-misuser patients with prior episodes of HE and
high levels of ammonia had more pre-existing brain injury,
placing them at higher risk for complications (Dhar et al.
2008). In a recent study, Dhar et al. (2008) demonstrated
that the stronger predictor of postoperative neurological
morbidity was the presence of active HE at the time of
transplantation. It was hypothesized that alterations of the
blood-brain barrier due to pre-existing HE might have made
these patients more vulnerable to neurotoxicity than other
patients (Bechstein 2000). This association has also been
suggested in a previous study by Pujol et al. (1994) who
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observed that an abnormal neurological examination prior
to LT was the strongest predictor of postoperative NC.

Seizures are the second most common neurological
complication reported after LT (Lewis and Howdle 2003;
Yu et al. 2004; Ardizzone et al. 2006; Saner et al. 2006,
2007, 2009). Seizures can be partial or generalized, most
frequently of the tonic-clonic type. They can occur with or
without structural brain lesions and with or without EEG
alterations within the inter-critical period. Immediately after
LT, their prevalence may reach 10-40% (Ardizzone et al.
2006); later, their prevalence decreases to about 10% (Saner
et al. 2009). The incidence of seizures after LT has been
declining in recent years, possibly thanks to closer
monitoring of drug levels and cautious dose initiation and
adjustment.

Posterior leukoencephalopathy syndrome (PLE) is a
severe but reversible syndrome, presenting with nausea,
emesis, headache, fever, and loss of vision. Visual
hallucinations, cortical blindness, occipital headache, seiz-
ures and consciousness disorders can also occur (Hinchey
et al. 1996; Nakamura et al. 1998). The true incidence of
this encephalopathy is difficult to establish, but it appears to
occur in about 5% of patients after LT (Adams et al. 1987,
Moreno et al. 1993). Cerebral MRI shows focal regions of
symmetric hemispheric edema; the parietal and occipital
lobes are the most commonly affected (Bartynski et al.
1997). MR diffusion-weighted imaging (DWI) demon-
strates that the areas of abnormabily represent vasogenic
edema. After LT, PLE typically occurs early, (within 2
mounths after transplantation), blood pressure tends to be
normal, and the extent of brain edema is significant
(Bartynski et al. 2008). CS an induce endothelial injury/
dysfunction leading to enhanced vasoconstrictive effects,
increased symapathetic activation, and coagulation effetcs.
Immune challenge from the transplant, effects of chemo-
therapy, ad the risks of infection in the immunosuppressed
state may contribute to toxicity (Bartynski 2008).

The cerebellar syndrome seems associated with cyclo-
sporine treatment (Eidelman 1999). The disorder is heralded
by headache, nausea, dizziness, emesis, encephalopathy,
nystagmus and ataxia.

In LT recipients, a state of akinetic mutism may occur. In
this syndrome, patients appear alert, but they make no attempt
to communicate and eye contact is also absent. The
pathophysiology of this condition is largely unknown, but it
may be due to damage or dysfunction of the dopaminergic
mesencephalic-frontal pathways. Reversibility with interrup-
tion of Cls has been reported, suggesting a relationship with
drug neurotoxicity (Stracciari and Guarino 2001; Eidelman
1999; Saner et al. 2006).

Cerebrovascular complications occur in about 4% of
cases in clinical series (Adams et al. 1987; Pujol et al.
1994), mostly with cerebral hemorrhage and usually within

2 months after surgery (Guarino et al. 1996). Several risk
factors are recognized: those directly associated with hepatic
failure such as coagulation disturbances, and those secondary
to immunosuppressive therapy such as hypercholesterolemia,
diabetes, and hypertension (Wang et al. 2000). Perioperative
events, such as cerebral hypoperfusion and massive trans-
fusion, may also favor cerebrovascular injury (Wang et al.
2000). Adjustment of cerebrovascular risk factors before,
during and after LT is the main preventive measure.
Prevention includes correction of coagulopathies before
surgery, avoiding perioperative cerebral hypoperfusion and
control of cerebrovascular risk factors after LT (especially
hypertension) (Guarino et al. 2000).

Major complications affecting the PNS are less frequent
and usually occur weeks to months after starting immuno-
suppressive treatment. Both the nerve and the muscle may
be involved (Wijdicks et al. 1996b). Axonal and demyeli-
nating neuropathy have been reported. The more severe
forms have been observed during FK506 therapy (Bronster
et al. 1995).

Among minor CNS disorders, the most frequent is
tremor, almost invariably present on the first day of
treatment and related to immunosuppressive drugs. It is
fine, postural, and responsive to beta blockers. In most
instances tremor is self-limiting, not needing a pharmaco-
logical treatment (Wijdicks et al. 1995). Other minor CNS
disorders included: headache, sleep disorders, mood alter-
ations, peripheral neuropathy and restless leg syndrome.

Late post-surgical complications

These mainly include CNS infections, “de novo” neoplasm
and psychiatric disorders. Infectious processes involving
the CNS occur in approximately 5% of patients who have
undergone LT (Adams et al. 1987; Pujol et al. 1994) with a
high mortality (Bronster et al. 2000). In other recent studies
(Saner et al. 2007), no patient experienced CNS infections.
The most commonly involved pathogens are Lysteria
monocytogenes, Aspergillus fumigatus and Cryptococcus
neoformans. Autopsy studies have shown that Aspergillus
is the most frequently encountered pathogen within the
CNS. Viral infections are rare, related to Herpesvirus-6 and
Cytomegalovirus (Singh et al. 2000). Clinical patterns
include meningitis, encephalitis, abscesses, or a combination.

Patients who are chronically immunosuppressed are at
risk of developing primary CNS lymphoma. Typically a B-
cell tumor, CNS lymphoma has developed in approximately
2% of all immunosuppressed transplant recipients (Penn
1999). Nevertheless, a careful approach to recognition and
diagnosis of CNS lesions after LT and prompt treatment
will help to improve the management of LT recipients.
Recently, Guarino et al. (2006) published the EFNS
guidelines on the management of NC in LT.
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Neurocognitive complications after LT

Most studies indicate that, as expected, the condition of the
patients improved markedly after LT. However, residual
cognitive deficits are common and may reflect the extent of
pre-transplant morbidity. Memory impairment, psychomo-
tor slowing, anxiety, and depression have been commonly
observed in patients after LT. Few studies have systemati-
cally compared the cognitive performance of patients with
cirrhosis before and after LT. In addition, scant information
was given on long-term effects regarding the range of
improvements and their duration and stability (Mattarozzi
et al. 2004).

The brain, functionally and structurally altered in
patients with liver disease (Weissenborn et al. 2004), may
be preferentially vulnerable to perioperative insults and to
the toxicity of immunosuppressive treatments. Cognitive
dysfunction after LT can be related to prior HE, but many
other causes of neurological dysfunction can be implicated:
anoxic and ischemic intra-operative damage, osmotic
myelinolysis, immunosuppressive toxicity, recurrence of
liver disease (Stracciari and Guarino 2001), comorbidities
(Guarino et al. 2006), and other metabolic and nutritional
alterations. A schema of these interacting factors is reported
in Table 1.

Liver cirrhosis patients without overt HE may have mild
cognitive alterations, defined as minimal hepatic encephal-
opathy (MHE). MHE predicts overt HE (OHE) (Amodio et
al. 2001), and it is often clinically missed, notwithstanding
it can impair occupational and social functioning and safety
(Groeneweg et al. 1998). It is important to identify this
neuropsychiatric syndrome in patients awaiting LT, for
proper interpretation of disorders occurring after trans-
plantation (Amodio et al. 2007). As a rule, LT improves the
cognitive deficits due to HE (Mattarozzi et al. 2004) but
both new pathogenic conditions can damage cerebral dys-
function, and incomplete reversal of pre-existing dysfunc-
tion can occur. Patients with limited reserves of organic
osmolytes, depleted in attempting to compensate for active

preoperative HE, are unable to counteract the increased
swelling precipitated by these additional perioperative
stressors and so are at greater risk of cerebral dysfunction
after LT (Dhar et al. 2008).

Limited studies in patients with minimal HE after LT
suggest improvement of cognitive function; however,
complete normalization is doubtful (Mechtcheriakov et al.
2004). Accurate screening for MHE before transplantation
can enable its adequate treatment prior to surgery.

Tarter et al. (1990) studied 62 patients before and after LT
on a battery of neuropsychological tests measuring HE. The
profile of cognitive dysfunction was in line with the typical
profile of MHE: deficits of selective attention and fine motor
skills, with spared general intellectual ability (Amodio et al.
1998). Cognitive function was restored to a large extent after
transplantation, but not completely. This observation was
also confirmed by Mattarozzi et al. (2004) who evaluated
neuropsychological performance 6 and 18 months after LT.
They observed that visuospatial and selective attention,
visuospatial short-term and long-term memory, and language
tasks improved after 6 months post-LT. Selective attention
continued to improve slightly, but significantly, until an
18-month assessment, while no other cognitive functions
varied over time. These results were in accordance with
neuroimaging studies of patients with cirrhosis before and
after LT. On magnetic resonance imaging (MRI), basal
ganglia abnormalities seen in patients with cirrhosis decrease
after LT, but are still evident after 6 months following the
procedure (Naegele et al. 2000)

Riether et al. (1992) found that cognitive performance
approaches normal values by 1 year after LT, with the
greatest improvement occurring between 3 and 6 months
after surgery. Moore et al. (2000) reported improvement as
early as 3 months after LT, which remained stable during
subsequent testing.

In a prospective study by Mechtcheriakov et al. (2004)
patients were investigated before and, on average,
21 months after LT using a neuropsychological test battery
that measured visuoconstructive and visuomotor ability,

Table 1 Risk factor/mechanisms of neuropsychiatric disorders depending on timing of transplant

Pre-LT During LT

Early post-LT Late post-LT

Hepatic Encephalopathy before LT

Hepatic Encephalopathy at the
time of LT
Alcohol-related cirrhosis

Hypotension

Cerebral hemorrhage

Electrolyte disorders
(hyponatremia)
Cerebrovascular disease

Central pontine
myelinolysis (CPM)
Embolic stroke
Malnutrition Gas embolism
Coagulopathy Paradoxical cerebral embolism

Anxiety/depression/neuroticism

Hypoxic-ischemic encephalopathy

CNS infections
Primary CNS lymphoma

Calcineurin inhibitors
Corticosteroids

OKT3

Cerebrovascular complications
(cerebral hemorrhage)

Alcohol misuse relapse

Recurrence of liver disease

Cerebrovascular complications
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verbal fluency, and memory function. The visuoconstruc-
tive performance score (VMCP) was abnormal in the
patients listed for LT, but other neuropsychological func-
tions such as short- and long- term memory, as well as
verbal intelligence, were no different from controls. After
LT, the patients did not demonstrate a significant increase
of VMCP and, additionally, showed a significantly lower
VMCP score compared with the control group. These data
indicate that the cirrhosis-associated visuomotor deficits
subside or disappear only in some of the patients after LT,
whereas a significant number of patients show no improve-
ment of the visuomotor and visuoconstructive function. It
was concluded that monitoring of cognitive and visuomotor
functioning is important for the post-transplant rehabilita-
tion of patients with liver cirrhosis.

The role of pre-transplant bouts of OHE on the post-
transplant cognitive profile has been recently explored by
Sotil et al. (2009) who suggested that HE before LT has
important implications for persistent neurological deficits
after LT. They studied the impact of episodes of OHE prior
to transplantation on neuropsychological performance after
18 months following transplantation. The authors showed
that the transplanted patients with a history of HE prior to
LT had worse neuropsychological performance measured
by the PHES battery (in particular as far as the NCT-A and
the Digit Symbol were concerned) and lower critical flicker
frequency (CFF) compared with subjects without HE, while
their QoL score measured by the SF-36 was similar. This
study suggests that a history of HE prior to transplantation
is associated with persisting neurological deficits post-LT.
As a consequence, the authors suggest that MELD might be
incomplete as a system for organ allocation, as it does not
include HE.

Auditory and visual P300 cognitive evoked potentials
were studied in 12 subjects prior to LT and again 3—6 months
subsequent to transplantation (Reeves et al. 2007). Visual
P300 amplitude increases and its latency decreases after
transplantation.

On MRI, typical hyperintensity T1-weighted pictures of
the basal ganglia, possibly due to manganese accumulation,
have been frequently observed in patients with HE (Krieger
et al. 1995). However, these changes are neither sensitive
nor specific to HE (Thuluvath et al. 1995). They disappear
within a few months of transplantation and after the
recovery of the biochemical changes by magnetic resonance
spectroscopy (MRS) (Naegele et al. 2000).

Rovira et al. (2007) used MRI to measure the volume of
supratentorial focal brain white matter lesions (WMLs) and
neuropsychological examination to assess cognitive func-
tion before OLTX as well as 6 and 14 months after LT in 27
patients with cirrhosis without signs of OHE who had focal
brain WMLs on MRI T2-weighted images. These abnor-
malities, which are radiologically indistinguishable from

the features of small-vessel disease or normal aging, were
found to be partially reversible and parallel to the improve-
ment of cognitive dysfunction (Minguez et al. 2007).

Psychological status and quality of life

Long-term effects of LT on psychological outcome are
unclear. Many studies have reported significant improve-
ments in QoL and satisfactory psychological outcome after
LT (Bryan et al. 1998; O’Carroll et al. 2003). In addition,
QoL and psychological distress were significantly better in
most of the post-LT groups than in cirrhotic patients (De
Bona et al. 2000). The topic was recently reviewed in detail
by Tome et al. (2008) who observed that general QoL
improves dramatically after LT, compared with health status
prior to transplantation; however, when compared with the
general population, the vast majority of LT patients have
significant deficits in most QoL domains. This observation
is in contrast with many previous studies (Pereira et al.
2000; Karam et al. 2003), which found QoL similar to that
of the general population. A relationship between the
etiology of liver disease and QoL has been also reported:
hepatitis-C virus (HCV) infections impinge on QoL mainly
in the patients with recurrence of liver disease (Bona et al.
1998). The same trend was observed in the patients who
relapse into heavy drinking after transplantation (Bravata et
al. 2001). Recent data indicate that women have worse
scores than men (Blanch et al. 2004) and sexual function
after LT tends to show no improvement; in some cases it
even deteriorates (Sorrell and Brown, 2006). An intriguing
issue is provided by the interrelation across QoL, psycho-
logical status and brain function. One year post- trans-
plantation, O’Carroll et al. (2003) observed a significant
improvement in most psychological domains. Interestingly,
elevated levels of anxiety and neuroticism on pre- trans-
plantation assessment were associated with worse psycho-
logical outcome 1 year after transplantation, while the
severity of liver disease was not related to psychological
outcome. These finding suggest that personality and
affective status may be important determinants of long-
term psychological health after LT. At any rate, within six
months after LT, patients with HCV who experience HCV
recurrence showed significantly greater depression, anxiety,
phobic anxiety, and paranoid ideation than anti-HCV-
negative patients (O’Carroll et al. 2003).

Addiction is a significant complication: resumption of
drinking, often difficult to assess, can occur in 10-30% of
cases and results in increased morbidity and mortality
(Tome et al. 2008).

These studies imply that successful LT, while improving
QoL, psychological and cognitive status, does not fully
reverse the patient’s condition (Rose and Jalan 2004). Many
factors may influence the wellbeing of the patient after
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transplantation, including pre-transplant mental condition
(concerning cognition, emotion, and personality), transplant
procedure, side effects of drugs, recurrence of liver disease,
anxiety about disease recurrence, inability to resume work
with the ensuing economic restraints, and changes in social
relationships.

Conclusions

Neurological, cognitive and psychiatric disorders are common
after LT. HE occurring before transplantation is a probable risk
factor for neuropsychiatric symptoms after transplantation,
even if they are multifactorial. The diagnosis and interpreta-
tion of neuropsychiatric disorders occurring after transplanta-
tion need accurate investigation, which is facilitated by
detailed evaluation of cognitive, psychological, emotional
and neurological conditions prior to transplantation.

Conflict of interest: None.
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