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Abstract
Purpose of Review Liver transplantation (LT) remains the only way to cure patients with severe liver diseases. Important
questions about neurological sequelae and quality of life after LT have emerged. In this review, we discuss the neurocognitive
changes associated with LT and we conclude with recommendations in this regard for patients, caregivers, and physicians.
Recent Findings Compared with other solid organ recipients, LT patients tend to have a higher incidence (up to 30%) of
neurological complications post-LT. Even in absence of previous episodes of hepatic encephalopathy (HE), some patients display
new onset of neurological symptoms post-LT, raising the concern about the role of other factors that may have a direct impact on
cognitive function.
Summary Different mechanisms have been postulated to explain these postoperative neurological symptoms. They include
sequelae of HE, persistent impairment of cognitive function due to cirrhosis, or postoperative decompensation of an unknown
or undiagnosed neurodegenerative disorder.

Keywords Cognition . Brain function . Cognitive reserve . Cirrhosis . Transplant

Altered Cognition in Cirrhosis
Before Transplant

Hepatic encephalopathy (HE) represents a spectrum of
neurocognitive impairment in cirrhosis (SONIC) [1]. It con-
stitutes of two major components: overt HE (OHE) and min-
imal HE (MHE) [2]. OHE can be diagnosed clinically, where-
asMHE requires specialized testing. It has been estimated that
OHE is present in 30–45% of patients with cirrhosis [3], com-
pared with approximately 60–80% of patients who have evi-
dence of MHE [4]. MHE can potentially progress to OHE and
is associated with high mortality, poor quality of life, and a
high risk of motor vehicle accidents [5]. HE continues to pose

a major healthcare burden on patients, caregivers, and society
[6•]. It has been reported that the healthcare costs for patients
with HE are likely to increase over the coming years [7]. There
are several clinical systems to diagnose the severity of HE
[8–10]. However, most of them are subjective and not repro-
ducible because of lack of objective criteria for the clinical
diagnosis of HE [11]. The West-Haven criteria are the most
widely used; however, they also lack objectivity through the
entire spectrum of HE [12]. Other tests that can assist with
diagnosing HE are clinical hepatic encephalopathy staging
scale (CHESS) [13] and the Hepatic Encephalopathy
Scoring Algorithm (HESA) [11] [14]. Whenmaking a clinical
diagnosis of HE, it is important to exclude other etiologies that
can lead to alteration in mental status, and to specifically in-
vestigate the cognitive function as well. Deterioration in men-
tal status and in psychometric or neurophysiological function
are the two levels of cognitive function that need to be ac-
knowledged given the fact that clinical exam can diagnose
mental status changes only.

Factors That Impair Cognitive Function

There are many factors that can precipitate HE in cirrhosis
patients, which include infections, GI bleeding, electrolyte
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disorder, constipation, and diuretic overdose. Patients with
alcohol-related cirrhosis exhibit more severe neurocognitive
changes and more cortical lesions post-transjugular
intrahepatic portosystemic shunt (TIPS) placement based on
brain MRI compared with individuals with cirrhosis from oth-
er etiologies [15••]. Recent data suggest that patients with
non-alcoholic steatohepatitis (NASH) are at risk for premature
brain aging due to the presence of early cerebral atrophy [16].
Large studies have shown an association between hepatitis C
virus (HCV) infection and increased risk of neurodegenerative
disorders [17]. Global brain reserve is a term that describes a
combination of structural changes (brain reserve) and the in-
dividual’s ability to endure alterations (cognitive reserve) [18].
Changes in global reserve have been shown to impact the
progression of brain diseases such as dementia and multiple
sclerosis [19, 20]. Cognitive reserve reflects the dynamic
neuroadaptation that derives from socio-economic and educa-
tional factors. It has been shown to modulate the impact of
brain disease or neurocognitive insults such as HE
[21••]. In contrast to cognitive reserve, brain reserve is
less adaptable and is dependent on disease etiology, se-
verity, and progression [19]. The capacity of brain re-
serve was reported to be implicated in the lack of direct
correlation between the clinical manifestations of brain
diseases and the objective findings obtained by imaging
or neurophysiological tests [22]. Variables such as edu-
cation level [23], psychometrical intelligence [24], lei-
sure time activities [25], and lifestyle [26] determine the
brain’s ability to cope with damage. The expression of
HE phenotype is determined by two opposing forces:
cognitive reserve (resilience factor) and neuropsychiatric
comorbidity (precipitating factor). It has been reported
that patients with cirrhosis and higher cognitive reserve,
regardless of degree of liver failure, have better quality
of life [21••, 27]. The Barona Index is a validated IQ
analysis which consists of age, sex, race, education,
occupation, residence type (urban or rural), and region
of residence (locations within the USA) [28]. It is an
optimal method for testing pre-morbid intelligence that
follows subject cognitive performance [29]. The Barona
IQ is divided into the verbal IQ (VIQ), performance IQ
(PIQ), and the full scale IQ (FSIQ). High cognitive
reserve is defined as FSIQ ≥ 109 while lower than 109
is considered average cognitive reserve [30]. Cognitive
Reserve Index questionnaire (CRIq) is another tool that
produces CRI which reflects the amount of cognitive
reserve based on educational level, work activities, and
frequency of leisure time activities [31]. CRIq is differ-
ent from the Barona Index because it measures long-life
activities that modulate cognitive skills, and can be
complimentary to the Barona Index in correlating be-
tween IQ and health-related quality of life in patients
with cirrhosis [21••].

Changes in Brain Function After Transplant

Liver transplantation (LT) remains the gold standard treatment
for HE refractory to other treatments, but it carries risks. It has
been shown that manifestations of HE are not completely fully
reversible by transplantation as it may induce impairment of
brain function [32]. The development of postoperative confu-
sional syndrome is a problem of considerable magnitude due
to the difficulty in finding the underlying etiology of alteration
in mental status, and the likelihood of presence of multiple
causes (Fig. 1). Patients with recurrent HE before transplanta-
tion and those with alcoholic liver disease (ALD) are at higher
risk. There is a debate in the presence of HE sequelae after LT
even if HE symptoms disappear [33–35]. This is because sev-
eral data suggest that LT reverses the metabolic component of
HE, but the structural component may persist [36••]. The hy-
potheses behind this assumption are as fol lows:
hyperammonemia from decompensation due to urea cycle de-
fects can lead to long-term neurological sequelae [34]; corre-
lation between neurological impairment and history of previ-
ous episodes of HE [37, 38]. In contrast, some studies report
that HE is totally reversible and that what is thought to be HE
sequelae is a manifestation of competitive brain injuries such
as from hyperammonemia [39]. Many LT patients have risk
factors for neurocognitive changes such as age, alcoholism,
and metabolic syndrome, regardless of previous bouts of HE
[15••, 16]. An example of a causative factor for post-LT con-
fusion is immunosuppressant drugs because they frequently
have toxic effects especially if their blood levels are elevated.
Diagnosis of adverse cerebral effects of drugsmay be difficult.
Infections (bacterial or viral) can result in confusion associat-
ed with fever, which requires a diligent workup. In general,
altered mental status post-transplant must be approached from
a broad clinical view since the etiology is usually multifacto-
rial. The most frequent neurological complications of LT in-
clude seizures, stroke, central nervous system (CNS) infec-
tions, ICU-acquired weakness, and neurocognitive complica-
tions (due to decompensation of previous altered cerebral con-
dition, general anesthesia, surgical procedure, or
anticalcineurin toxicity). Factors that can indirectly lead to
neurological complications include early graft function im-
pairment, drugs, renal function impairment, sepsis, and altered
ammonia clearance [40]. Some patients who have no history
of cerebral impairment or previous evidence of HE can devel-
op neurological impairment after LT. It has been suggested
that possible causative factors include adverse effects of gen-
eral anesthesia, the surgery itself, or postoperative ICU stay
[41–45]. There are several causes of ICU admission that are
implicated in long-term neurocognitive impairment such as
sepsis or acute respiratory distress syndrome [41–43, 46].
Postoperative cognitive dysfunction has been recognized as
a common problem that is independently associated with in-
creased mortality outside the scope of LT [47]. Systemic
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inflammation has been hypothesized to be a pathophysiolog-
ical mechanism explaining postoperative cognitive dysfunc-
tion or postoperative delirium [44]. The additional inflamma-
tion associated with the LT surgery worsens the pre-existing
systemic inflammation in acute liver failure (ALF) and cirrho-
sis. Additional pre-LT risk factors that have been reported
include duration of surgery, infections, and mechanical venti-
lation [48]. Evidence suggests that patients with cirrhosis tend
to demonstrate long-lasting cognitive impairment after infec-
tion [49]. Other causes for cerebral impairment are the chang-
es in cerebral blood flow and systemic hemodynamics.

Long-Term and Short-Term Changes
in Cognition

HE is presumed to be largely reversed after successful LT
[50]. Data on long-term cognitive changes post-LT are vari-
able (Table 1). Some studies have shown a continued im-
provement in cognitive function, while others have reported
the contrary [10, 62•]. These neurocognitive deficits are
assessed by extensive psychometric neurocognitive testing
and have been confirmed by EEG, different MRI techniques,
and positron emission tomography (PET) scanning [52, 62•].
MRI studies that use standard sequences, magnetic resonance
spectroscopy (MRS), diffusion tensor imaging (DTI), and
functional MRI are capable of showing changes in cerebral
abnormalities before and after LT [51–53, 55]. Only a few
studies have investigated the role of multi-modal brain MRI
changes over a longer time period and reported conflicting
results from longitudinal analyses of these MRI changes [32,
52, 65]. A study analyzed changes in magnetization transfer

ratio (marker for brain edema) and MRS, and reported a pro-
gressive improvement in both markers between pre-LT,
1 month post-LT, and 1 year post-LT without continued im-
provement in cognition at 1 year post-LT [62•]. Another study
showed improved extracellular cerebral edema and cognitive
tests, but also possibly advanced white matter demyelination
in the temporal lobe, 6 to 12 months after transplant [65]. It
has been reported that there is a significant improvement in
cognitive performance and health-related quality of life
(HRQOL) at 6 months post-LT, accompanied by a significant
improvement in white matter integrity and astrocytic conse-
quences of hyperammonemia on multi-modal MRI [63].
Despite limited data fromDTI, it appears that mean diffusivity
(MD) decreases after LT, suggesting reversal of vasogenic
edema with the improvement of liver function [36••, 59, 61].
It has been reported that MRS peaks can normalize as early as
3 months after LT [52]. Less is known about the results from
functional MRI; however, improvement in cerebral function
after LTwas suggested [61, 66–70]. On the other hand, there is
evidence reporting reduction in brain volume and a decrease
in the MRS N-acetylaspartate (NAA)/creatinine (Cr) ratio
which suggest the presence of structural brain changes and
atrophy [32].

What Are the Expectations?

There are practice guidelines that have been published for the
management of transplant candidates [71, 72]. HE alone is not
considered an indication for LT unless associated with poor
liver function. However, exceptions exist where cases may be
candidates for LT even though liver status is good if there is

Fig. 1 Factors that affect the
cognitive function before and
after liver transplant
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severe compromise to the patient’s quality of life and lack of
improvement despite maximal medical therapy. Due to the
fact that neurocognitive impairment may occur or persist even
after LT, it is highly recommended to evaluate for presence of
shunts and consider embolization before or during transplan-
tation [73]. Furthermore, during transplant evaluation, severe
hyponatremia should be corrected slowly. Based on evidence
from published date, LT is expected to improve HE but not
neurodegenerative disorders. Therefore, it is important to dis-
tinguish HE from other causes of neurocognitive impairment
such as Alzheimer’s disease and small-vessel cerebrovascular
disease. Brain MRI and MRS should be performed, and the
patient should be evaluated by a neuropsychology specialist
and an expert in neurodegenerative diseases [74]. Patients and
caregivers, especially in patients with prior HE and cognitive
dysfunction, need to be counseled prior to listing about the
expectations for recovery of brain function in the short-term
and long-term course post-LT extensively. There are certain
subgroups in which complete recovery may take decades, and
in some subgroups, it may remain impaired. In some patients,
there may even be new-onset cognitive dysfunction after LT.
However, in most cases, these changes are manageable and do
not interfere with daily function and independence post-LT.
Regardless, pre-transplant counseling should involve a discus-
sion regarding cognitive and functional expectations of the
family and patients after liver transplant.
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