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Patients with cirrhosis commonly experience hepatic encephalopathy (HE), a condition associated with alterations in behavior,
cognitive function, consciousness, and neuromuscular function of varying severity. HE occurring before liver transplant can have
a substantial negative impact on posttransplant outcomes, and preoperative history of HE may be a predictor of posttransplant
neurologic complications. Even with resolution of previous episodes of overt or minimal HE, some patients continue to experience
cognitive deficits after transplant. Because HE is one of themost frequent pretransplant complications, improving patient HE status
before transplant may improve outcomes. Current pharmacologic therapies for HE, whether for the treatment of minimal or overt
HE or for prevention of HE relapse, are primarily directed at reducing cerebral exposure to systemic levels of gut-derived toxins
(e.g., ammonia). The current mainstays of HE therapy are nonabsorbable disaccharides and antibiotics. The various impacts of
adverse effects (such as diarrhea, abdominal distention, and dehydration) on patient’s health and nutritional status should be taken
into consideration when deciding the most appropriate HE management strategy in patients awaiting liver transplant. This paper
reviews the potential consequences of pretransplant HE on posttransplant outcomes and therapeutic strategies for the pretransplant
management of HE.

1. Introduction

Cirrhosis of the liver—the only cure for which is liver
transplant—is associated with several serious complications,
including ascites, spontaneous bacterial peritonitis, variceal
bleeding, and hepatic encephalopathy (HE) [1]. Guidelines
established by the American Association for the Study of
Liver Diseases currently recommend referring patients with
cirrhosis for liver transplant when their model for end-stage
liver disease (MELD) score is ≥10 and their Child-Turcotte-
Pugh (CTP) score is ≥7 or when they experience their first
major complication (e.g., HE, ascites, or variceal bleeding)
[2]. However, the current United Network for Organ Sharing
allocation system only uses the MELD score for prioritizing
adults for liver transplant [3]. The MELD scoring system
evaluates a patient’s short-term prognosis based on 3 com-
mon laboratory test results: serum bilirubin, international
normalized ratio, and serum creatinine levels. However, this
scoring system does not take into account several serious
complications of cirrhosis, such as HE, when prioritizing

patients for liver transplant [4]. This may have negative
ramifications for patient care, as the development of HE may
be associated with substantial morbidity, mortality, and cost.

HE imposes a significant burden on patients, their fam-
ilies, and health care resources [5, 6]. HE is characterized
by alterations in behavior, cognitive abilities, consciousness,
and neuromuscular function [7]. It negatively affects patient
quality of life (QOL), and patients may be unable to drive,
work, or adequately care for themselves because of its effects
[8–11]. Patients may be less compliant with all prescribed
medications, and hospitalizations related to HEmay increase
patient exposure to opportunistic infections and be asso-
ciated with substantial costs. Furthermore, HE may be an
independent predictor of mortality in patients with chronic
liver disease [12]. HE occurring before liver transplant can
also have a substantial negative impact on posttransplant
outcomes [13–22]. This paper will review the potential con-
sequences of pretransplant HE on posttransplant outcomes
and therapeutic strategies for the pretransplant management
of HE.
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2. Consequences of Pretransplant HE on
Posttransplant Outcomes

HE can be classified into 3 types based on the hepatic
abnormality observed [7]. HE may occur in patients with
acute liver failure (type AHE), in patients with portosystemic
shunting but no intrinsic hepatocellular disease (type B HE),
or, as in the majority of HE cases, in patients with cirrhosis
and cirrhosis-related portosystemic shunting (type C HE).
Because HE is a progressive neuropsychiatric condition, HE
may be graded or scored based on the severity of the clinical
manifestations, which may range from subtle neurologic
abnormalities in mild cases to coma in severe cases. Minimal
HE (sometimes referred to as covert HE), which may occur
in nearly 70% of patients with cirrhosis [23], is not associated
with any clinical signs of brain dysfunction [7], but patients
experience cognitive abnormalities that can lead to QOL
impairment [8, 24, 25]. Unlike minimal HE, overt HE can
manifest as a wide spectrum of symptoms that can be
observed clinically, including those related to motor and
neuropsychologic functions. Overt HE has been shown to
occur in nearly half of patients with cirrhosis [26] and, as with
minimal HE, also has a substantial negative impact on QOL
[7–10].

Although research is ongoing, the pathogenesis of HE is
believed to primarily involve the exposure of the brain to
elevated neurotoxin levels, particularly ammonia and other
gut-derived toxins, leading to cellular morphologic changes
(e.g., astrocyte swelling) and the development of a variety
of neurochemical, neurotransmitter, and neuroinflammatory
changes [27, 28]. Many factors that can precipitate HE (e.g.,
hypokalemia, infection, and gastrointestinal bleeding) serve
to increase the production of ammonia or other gut-derived
toxins or to reduce toxin metabolism by the liver (e.g., dehy-
dration, anemia) [29]. Although the exact pathophysiology
of HE is unclear, data are accumulating to suggest that the
cascade of neuropsychiatric and neuromuscular sequelae of
HE may have a longer term or more permanent negative
impact on patients with chronic liver disease than originally
suspected.

3. Neurologic Complications after Transplant

Neurologic complications are common following liver trans-
plant and may include alterations in mental status, seizures,
and focal motor deficits [30]. The majority (≥75%) of these
complications are observed within the first month after
liver transplant, suggesting a possible relationship between
preoperative status and liver transplant rather than the effect
of immunosuppression [13, 19, 31]. However, neurologic
complications may be observed in the long term, even 1 year
after transplant [19, 32]. Of the neurologic complications,
encephalopathy is most commonly observed, although the
reported incidence has varied widely from 12% to 84%
of patients at some point postoperatively [19, 20, 31, 33–
36]. A variety of factors may cause neurologic compli-
cations, including encephalopathy, infection (e.g., sepsis),
perioperative complications, persistence of major portosys-
temic shunts, and immunosuppressant-associated toxicity.

Neurologic complications have also been associated with a
greater risk of patient mortality [13, 37]. Thus, encephalopa-
thy can be seen as a neurologic complication in itself and as a
potential cause of neurologic complications.

3.1. Impact of PretransplantOvertHE onNeurologic Complica-
tions after Transplant. Preoperative history of HE is a signif-
icant predictor of posttransplant neurologic complications.
In a prospective analysis of 84 patients with chronic liver
disease who had undergone a liver transplant, the presence
of an abnormal neurologic exam suggestive of HE before
transplant was an independent risk factor for developing in-
hospital central nervous system complications after trans-
plant (𝑃 = 0.007) [13]. In a retrospective study of 101 patients
who had undergone a liver transplant, a history of HE was
strongly associatedwith neurologic complications after trans-
plant (univariate odds ratio (OR), 2.6; 95% confidence inter-
val (CI), 1.1–6.4; 𝑃 = 0.03). Furthermore, using a multi-
variate analysis, HE in the immediate preoperative period
was associated with posttransplant neurologic complications
(adjusted OR, 10.7; 95% CI, 3.8–29.9; 𝑃 < 0.013) [20].

Data continue to accumulate suggesting that even with
resolution of prior episodes of overt HE, patients may con-
tinue to have cognitive deficits after transplant. Patients who
had undergone a liver transplant, on average 17 to 19 months
previously, received a battery of cognitive tests (e.g., psycho-
metric hepatic encephalopathy score (PHES) and Repeatable
Battery for the Assessment of Neuropsychological Status
(RBANS; PearsonEducation Inc., SanAntonio, TX)) to deter-
mine if the presence of HE before liver transplant was asso-
ciated with more substantial neurocognitive abnormalities
within about 1.5 years after transplant [21]. Patients with a
history of HE before transplant (𝑛 = 25) had significantly
lower scores for 3 of 6 PHES domains compared with healthy
individuals (𝑛 = 20) and for 2 of 6 PHES domains (attention
domains) compared with patients without HE before trans-
plant (𝑛 = 14; Figure 1) [21]. The investigators of this study
did not determine the total PHES score because of a lack
of available normative values. For RBANS, patients with a
history of HE before transplant had significantly lower scores
compared with healthy individuals in total RBANS score and
4 of the 5 RBANS subscores (𝑃 < 0.05). Although the total
RBANS score, immediate memory, delayed memory, and
attention subscores were lower for patients with HE before
transplant than for patients without HE before transplant, no
significant differences were observed [21].

In cross-sectional (𝑛 = 226) and prospective assessments
(𝑛 = 59) of patients with cirrhosis, patients who had expe-
rienced overt HE had greater cognitive dysfunction com-
pared with patients without overt HE [22]. Patients who had
an episode of overt HE had persistent impairment in cog-
nitive function despite normalization of mental status on
lactulose therapy, and the severity of impairment increased
with the number of overt HE episodes. Thus, patients who
experience overt HE may have persistent and cumulative
deficits in working memory, response inhibitor, and learning
that are chronic, cumulative, and not readily reversible (i.e.,
permanent) [22]. It is possible that these deficits may remain
even after liver transplantation.
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Figure 1: Psychometric HE score results for patients with a history
of HE before transplant compared with patients with no history
of HE before transplant and age-matched healthy individuals. HE,
hepatic encephalopathy; NCT-A, number connection test A; NCT-
B, number connection test B. Adapted with permission from Sotil et
al., Copyright © 2009 American Association for the Study of Liver
Diseases [21].

Although not studied in patients who had eventually
undergone a liver transplant, persistent cognitive impairment
after overt HE was also supported by a study in 106 patients
with cirrhosis currently without overt HE who were exam-
ined on 2 occasions within a 3-day period for the presence of
mild cognitive impairment (PHES) [38]. Among 45 patients
(42%) without a history of overt HE and 34 patients (32%)
without a history of overt HE but with a current diagnosis of
minimal HE, PHES results improved significantly from the
first to the second exam (𝑃 = 0.04 and 𝑃 = 0.016, resp.),
suggesting a learning capacity for taking the tests involved
in PHES [38]. However, there was no significant improve-
ment in PHES results at the second exam for the 27 patients
(25%) who had experienced at least 1 prior episode of overt
HE, indicating a lack of learning capacity in patients with a
history of overt HE [38]. Therefore, patients with a history of
overt HE may have persistent cognitive impairment despite
having a normal mental status and, in some cases, even
in the presence of normal cognitive test results (PHES),
which further supports the hypothesis that HE is not a fully
reversible condition.

3.2. Impact of Pretransplant Minimal HE on Neurologic
Complications after Transplant. Evidence also exists for the
posttransplant persistence of cognitive dysfunction or radi-
ologic abnormalities in patients exhibiting minimal HE
before transplant [14–18]. In a small prospective study, 14
patients with minimal HE underwent liver transplant and
were assessed for visuomotor function (average time of
assessment, 21 months after transplant) [14]. Improvement
of visuomotor and visuoconstructive skills (e.g., trail making
tests, reconstruction of drawing, or picture) was observed in
some patients after transplant, but worseningwas observed in

others. Of note, no significant improvement in posttransplant
visuomotor and visuoconstructive performance was noted
compared with pretreatment performance, with 50% of
patients showing deterioration in performance. In addition,
mean posttransplant results for the 14 patients with minimal
HE were significantly lower than for 22 age-matched healthy
individuals (𝑃 = 0.04) [14].

In another study of patients with minimal HE before
transplant (𝑛 = 23), most assessed cognitive functions
improved at 6 months after transplant, with some cognitive
functions improving only 18 months after transplant (e.g.,
verbal short-term memory) [39].

3.3. Mechanisms by Which HE Impacts Neurologic Compli-
cations after Transplant. Data support the hypothesis that
patients with a history of HE before transplant can have
more pronounced cognitive dysfunction after transplant than
patients without a history of HE. However, results are con-
founded by some studies that suggest almost complete norm-
alization of radiologic findings after transplant, including
gradual normalization of glutamine/glutamate and choline
signals in a majority of patients as measured by magnetic
resonance spectroscopy [40, 41]. In addition, the mecha-
nisms by which more pronounced posttransplant cognitive
impairment occurs in patients with pretransplant histories
of HE are unclear, especially the lack of clearly defined
variables that may play a role in short-term or long-term
cognitive dysfunction. In a prospective study of 52 patients
with cirrhosis who had a liver transplant (54% with minimal
HE and 0% with overt HE), cognitive function significantly
improved from pretransplant values for memory, attention,
executive function,motor function, and visuospatial domains
of the battery of tests administered (𝑃 < 0.05). However,
13% of patients still had global cognitive impairment 6 to 12
months after transplant [42]. In addition, after liver trans-
plant, cognitive function in patients with cirrhosis of alco-
holic etiology, diabetes mellitus, and prior HE was more
severely impaired compared with patients without these
factors. Posttransplant patients with alcohol-induced cir-
rhosis had memory decline, patients with diabetes mellitus
exhibited attention impairment, and patients with histories
of HE had impaired motor function (Figure 2) [42].

A multivariate analysis indicated that prior HE, diabetes
mellitus, and cirrhosis of alcoholic etiology were considered
risk factors for poor cognitive function that persists after
transplant [42]. More research is necessary to gain a clearer
understanding of the key demographics and disease charac-
teristics that are involved to better identify patient subpopu-
lations that are at the greatest risk for posttransplant neuro-
logic complications.

4. Treatment of HE in
the Pretransplant Setting

The development of minimal or overt HE before liver trans-
plant may affect posttransplant outcomes, and HE is a prob-
able risk factor for neuropsychiatric symptoms after trans-
plantation.Therefore, although the cause of neuropsychiatric
symptoms following a liver transplant is likely multifactorial,
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Figure 2: Posttransplant cognitive function (𝑇 values) in patients
with or without risk factors that were determined to be associated
with cognitive impairment (i.e., cirrhosis of alcoholic etiology,
diabetes mellitus, and prior HE). 𝑇 values were calculated using
the following formula: 𝑇 = 50 + 10 ([raw test value − mean test
value]/SD of normal population). Impairment was defined as 𝑇 ≤
40. HE, hepatic encephalopathy; SD, standard deviation. Adapted
with permission from Garcia-Martinez et al., Copyright © 2011
American Association for the Study of Liver Diseases [42].

improving patient HE status before transplant may improve
posttransplant outcomes. Current pharmacologic therapies
for HE are primarily directed at reducing the systemic levels
of ammonia and other toxins produced in the gastrointestinal
tract, thereby reducing cerebral exposure. Patients may be
treated for minimal HE, overt HE, or the prevention of HE
relapse. However, most patients with minimal HE do not
currently receive treatment outside the context of clinical
trials. In all of these cases, the mainstays of therapy are
nonabsorbable disaccharides and antibiotics.

4.1. Nonabsorbable Disaccharides. Nonabsorbable disaccha-
rides, such as lactulose and lactitol (not available in theUnited
States), are metabolized in the colon by intestinal bacteria,
resulting in a reduction in colonic pH. The acidic environ-
ment promotes uptake of ammonia by colonic bacteria, facil-
itates diffusion of ammonia from the blood into the intestine,
and may reduce the survival of urease-producing bacteria.
Nonabsorbable disaccharides also increase the osmotic pres-
sure of the intestinal lumen, which induces catharsis and
elimination of potential sources of gut-derived toxins from
the body.

A 2004 meta-analysis of 22 randomized studies was
conducted to evaluate the efficacy of nonabsorbable disac-
charides compared with no treatment, placebo, or antibi-
otics in patients with acute, chronic, or minimal HE [43].
Nonabsorbable disaccharides appeared to improve HE (i.e.,
reduced the risk of no improvement) when compared with
no intervention or placebo (𝑃 = 0.002). However, when
studies of poor methodologic quality were removed from
the analysis, no significant effect was observed in the few

high-quality trials that had been conducted. In addition,
nonabsorbable disaccharides had no significant effect on
mortality compared with no treatment or placebo inter-
vention. The authors concluded that there was insufficient
evidence to support or contest the use of lactulose or lactitol
for the treatment of HE [43].

A 2011 meta-analysis of 5 studies specifically evaluated
nonabsorbable disaccharides for the treatment of minimal
HE and concluded that compared with placebo these agents
significantly improved minimal HE (i.e., reduced the risk of
no improvement) (𝑃 < 0.0001) [44]. Another 2011 meta-
analysis of 9 studies evaluating lactulose for the treatment
of minimal HE confirmed that lactulose prevented the pro-
gression to overt HE, compared with either placebo or no
intervention. However, no significant difference in mortality
was observed [45].

Subsequent to this analysis, an open-label randomized
study concluded lactulose to be effective for the primary pro-
phylaxis of overt HE in patients with cirrhosis [46]. Twenty
(19%) of 105 patients followed for 12 months developed an
episode of overt HE, six (11%) in the lactulose group and
14 (28%) in the nonlactulose treated group (𝑃 = 0.02)
[46]. However, consistent with other studies, no significant
difference in mortality was observed (𝑃 = 0.16).

In the 2004 meta-analysis, nonabsorbable disaccharides
were significantly less effective than antibiotics in improving
HE (i.e., they were associated with a higher risk of no HE
improvement; 𝑃 = 0.03) and did not have a significantly
different impact on mortality [43]. Patients with HE who
received nonabsorbable disaccharides also had higher blood
ammonia levels after treatment compared with patients
who received antibiotics [43]. However, a separate meta-
analysis reported similar efficacy between antibiotics and
nonabsorbable disaccharides in improving HE [47].

In addition, a few studies have evaluated nonabsorbable
disaccharides for the prevention of HE recurrence (i.e.,
secondary prophylaxis) [48–51]. In 1 randomized, and
unblinded, placebo-controlled study, 140 patients with cir-
rhosis who had recovered from a previous HE episode were
randomly assigned within 1 week of recovery to receive
either lactulose 30 to 60mL/d (𝑛 = 70) or placebo (𝑛 =
70) [49]. Thirteen patients (9%) were lost to follow-up; 61
patients in the lactulose group and 64 patients in the placebo
group were followed for a median of 14 months (range, 1–
20 months). Lactulose significantly reduced the percentage
of patients who experienced overt HE recurrence compared
with placebo (20% versus 47%, resp.; 𝑃 = 0.001; Figure 3)
[49]. However, no significant difference in the median time
of HE recurrence was observed (7.5 months (range, 1–13
months) versus 6.0 months (range, 2–15 months), resp.). In
addition, no significant differences between the 2 groupswere
reported in admissions to the liver intensive care unit for
conditions other than HE or deaths during the study [49].

Adverse events (AEs) associated with nonabsorbable
disaccharides are commonly gastrointestinal-related and
include abdominal pain, diarrhea, flatulence, and nausea
[43]. Diarrhea can also lead to secondary complications,
including dehydration, hypokalemia, and hypernatremia
[52]. Anorexia and vomiting have also been reported as AEs
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Figure 3: Probability of patients with cirrhosis developing HE
recurrence during daily treatment with lactulose or placebo. HE,
hepatic encephalopathy. Reprinted from Sharma et al., Copyright ©
2009, with permission fromW. B. Saunders Co. [49].

occurring with use of nonabsorbable disaccharides (rate of
2% for each) [53]. One additional concern with lactulose is
that administration can cause abdominal distention, which
may result in technical difficulties during liver transplant
[54, 55]. These gastrointestinal AEs in patients awaiting
liver transplant may directly impact patient nutritional sta-
tus. Nutritional status before liver transplant has also been
shown to correlate with posttransplant survival [56] and
is independently associated with the number of infection
episodes after transplant [57]. Malnutrition, assessed by a
subjective global nutritional assessment exam, was found to
be an independent risk factor for the length of stay in the
intensive care unit and the total number of days spent in
the hospital after transplant [57]. Furthermore, alterations
in specific laboratory measures (e.g., albumin, sodium, and
potassium) [58–60], which may be negatively impacted by
gastrointestinal AEs, have also been identified as risk factors
for surgical complications in patients who received a liver
transplant, and serum sodium levels are a prognostic factor
for survival in patients awaiting liver transplant [61, 62].Thus,
gastrointestinalAEsmay increase patient risk, particularly for
patients who are prone to malnutrition because of various
comorbid variables or conditions (e.g., dietary restrictions or
gastroparesis) [63]. It is possible that administration of non-
absorbable disaccharides such as lactulose may exacerbate
pretransplant nutritional deficits [64], thereby contributing
to poor posttransplant outcomes.

4.2. Antibiotics. Antibiotics are administered to reduce sys-
temic levels of ammonia and other gut-derived toxins by
targeting gastrointestinal bacteria. Because of the risk for
systemic AEs and bacterial antibiotic resistancewith systemic
antibiotics, nonsystemic antibiotics are preferred agents.
Rifaximin is a nonsystemic gut-selective antibiotic and more
than 20 studies have evaluated rifaximin for the treatment of
overt HE (see review by Lawrence and Klee) [65] or minimal
HE [66–68]. In 2010, rifaximin was approved by the US Food
and Drug Administration for the maintenance of overt HE
remission in adults [69].
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In a randomized, double-blind, phase 3 trial of rifaximin
for the maintenance of HE remission, patients in remission
from HE were treated with rifaximin 1100mg/d (𝑛 = 140)
or placebo (𝑛 = 159) for up to 6 months [70]. Concomitant
lactulose administrationwas permitted during the study: 91%
of patients in each group received concomitant lactulose.
Only 22% of patients in the rifaximin group experienced a
breakthrough HE episode compared with 46% of patients
in the placebo group. Furthermore, rifaximin significantly
reduced the risk of HE breakthrough by 58% compared with
placebo during the 6 months of treatment (hazard ratio
(HR), 0.42; 95% CI, 0.28–0.64; 𝑃 < 0.001; Figure 4) [70].
Data indicated that the number needed to treat (NNT) was
4 (i.e., for every 4 patients treated with rifaximin for 6
months, 1 episode of breakthrough HE would be prevented).
In addition, 14% of patients in the rifaximin group reported
an HE-related hospitalization compared with 23% of patients
in the placebo group [70]. Rifaximin significantly (𝑃 =
0.01) reduced the risk of HE-related hospitalizations by 50%
compared with placebo (HR, 0.50; 95% CI, 0.29–0.87) [70].
Data indicated that the NNT was 9 (i.e., for every 9 patients
treated with rifaximin for 6 months, 1 episode of HE-related
hospitalization would be prevented).

Health-related QOL in the phase 3 trial was assessed
using the Chronic Liver Disease Questionnaire (CLDQ),
which was administered every 4 weeks, and the time to HE
breakthrough recorded [70, 71]. A significant (𝑃 = 0.0087 to
0.0436) improvement with rifaximin treatment was noted in
the overall CLDQ scores and in each domain score compared
with placebo treatment, and scores were significantly (𝑃 <
0.0001) lower in patients who experienced HE breakthrough
compared with those who remained in remission [71].

In the phase 3 trial, rifaximin was well tolerated, with a
similar incidence of AEs reported in both groups [70]. The



6 International Journal of Hepatology

most common AEs with rifaximin and placebo were nausea
(14.3% versus 13.2%), diarrhea (10.7% versus 13.2%), fatigue
(12.1% versus 11.3%), and peripheral edema (15.0% versus
8.2%). Two cases of Clostridium difficile infection (CDI)
were reported during the double-blind portion of the trial,
both in the rifaximin group. The authors noted that these 2
patients had multiple risk factors for CDI, including repeated
hospitalizations during which they received multiple courses
of antibiotic therapy, advanced age, and pantoprazole use.
Both patients continued to receive rifaximin therapy during
successful treatment for the CDI [70].

The impact of long-term rifaximin therapy on gut flora,
including a risk of bacterial antibiotic resistance, is largely
unknown. However, the drug appeared to have a protective
effect against infections within 90 days after transplant (𝑃 =
0.026) in patients treated with rifaximin for HE during liver
transplant candidacy and was not associated with a higher
risk of multidrug-resistant bacterial infections [72].

Conventional antibiotics, neomycin and metronidazole,
are also administered for the treatment of HE. However,
strong clinical data supporting their efficacy in the treatment
ofHE are lacking.One randomized, double-blind study failed
to demonstrate a benefit with neomycin (𝑛 = 20) compared
with placebo (𝑛 = 19), with no significant differences
observed for time to resolution of HE symptoms or for 5-day,
30-day, or 12-month mortality [73]. Two small, randomized,
double-blind studies (𝑁 = 33 and𝑁 = 45) and 1 randomized,
unblinded trial (𝑁 = 173) have suggested that neomycin and
lactulose may have similar efficacy in the treatment of HE
[74–76]. Two randomized studies (𝑁 = 35 and 𝑁 = 49)
have compared neomycin with rifaximin and suggested that
they have similar efficacy in the treatment of HE, although
in one of the studies, patients who received rifaximin showed
improvements sooner than those who received neomycin (3
versus 5 days, resp.) [77, 78]. Formetronidazole, 1 small study
(𝑁 = 18) comparing metronidazole with neomycin sug-
gested that both antibiotics improved mental state, reduced
asterixis, and improved electroencephalogrammeasures [79].

However, the risk of AEs associated with neomycin and
metronidazole may limit their use in patients with HE and
suggest that theymight not be an ideal pretransplant choice of
treatment. Intestinal malabsorption and diarrhea have been
observed with neomycin therapy [80] and thus could impact
pretransplant nutritional status of the patients. Although
neomycin is poorly absorbed, prolonged administration may
result in cumulative systemic concentrations sufficient to
increase the risk of serious AEs, such as ototoxicity and
nephrotoxicity [80]. Because the MELD scoring system
includes measures of renal dysfunction and neomycin may
cause renal damage, neomycin may not be an ideal choice for
patients, particularly those with high MELD scores. Metron-
idazole has been associatedwith peripheral neurotoxicity and
requires dosing adjustments in patients with severe liver dis-
ease because of impaired drug clearance [80]. Metronidazole
is a systemic antibiotic frequently administered for the treat-
ment of CDI, and the potential risk of C. difficile resistance to
metronidazole warrants judicious use of this agent [81].

Compared with nonabsorbable disaccharides, neomycin,
andmetronidazole, rifaximin exhibits amore favorable safety

and tolerability profile [47, 65, 82]. Rifaximin has not been
associated with gastrointestinal AEs such as diarrhea or
nausea in clinical studies and would be unlikely to increase
the risk of dehydration, weight loss, abdominal distention,
malnutrition, or intestinalmalabsorption in patients awaiting
transplant, thereby minimizing the possible negative conse-
quences of HE therapy on patient nutritional status.

A 2012 meta-analysis, incorporating data from 12 ran-
domized controlled active comparator trials for the treatment
of patients with HE, assessed the efficacy and psychometric
outcomes of rifaximin compared with other oral therapies
(including disaccharides and other antibiotics). The analysis
showed that rifaximin exhibited comparable efficacy to other
oral agents. However, more favorable effects were observed
with rifaximin with regard to psychometric parameters
and serum ammonia levels. A tolerability analysis, which
included HE prevention trial data, indicated that rifaximin
was also associated with fewer adverse effects [82].

5. Summary

HE is a common complication of cirrhosis that substan-
tially affects patient morbidity and mortality. Furthermore,
HE can have a detrimental impact on posttransplant out-
comes, including patient survival. Data continue to emerge
demonstrating the potential persistence of cognitive deficits
associated with HE, even after liver transplant. Therefore,
prevention of HE in patients with cirrhosis may improve
pretransplant health status and thus improve posttransplant
outcomes. Commonly prescribed therapies include non-
absorbable disaccharides (e.g., lactulose) and nonsystemic
antibiotics (e.g., rifaximin), and their various risks and
benefits should be taken into consideration when deciding
the most appropriate HE management algorithm in patients
awaiting liver transplant. Further studies to evaluate currently
available therapies in preventing HE and improving post-
transplant outcomes are warranted.
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magnetic resonance imaging reveals marked abnormalities of
brain tissue density in patients with cirrhosis without overt
hepatic encephalopathy,” Journal of Hepatology, vol. 55, no. 3,
pp. 564–573, 2011.

[19] D. J. Bronster, S. Emre, P. Boccagni, P. A. Sheiner, M. E.
Schwartz, and C. M. Miller, “Central nervous system compli-
cations in liver transplant recipients—incidence, timing, and
long-term follow-up,” Clinical Transplantation, vol. 14, no. 1, pp.
1–7, 2000.

[20] R. Dhar, G. B. Young, and P. Marotta, “Perioperative neurolog-
ical complications after liver transplantation are best predicted
by pre-transplant hepatic encephalopathy,” Neurocritical Care,
vol. 8, no. 2, pp. 253–258, 2008.

[21] E. U. Sotil, J. Gottstein, E. Ayala, C. Randolph, and A. T. Blei,
“Impact of preoperative overt hepatic encephalopathy on neu-
rocognitive function after Liver transplantion,” Liver Transplan-
tation, vol. 15, no. 2, pp. 184–192, 2009.

[22] J. S. Bajaj, C. M. Schubert, D. M. Heuman et al., “Persistence
of cognitive impairment after resolution of overt hepatic ence-
phalopathy,” Gastroenterology, vol. 138, no. 7, pp. 2332–2340,
2010.

[23] S. Prasad, R. K. Dhiman, A. Duseja, Y. K. Chawla, A. Sharma,
and R. Agarwal, “Lactulose improves cognitive functions and
health-related quality of life in patients with cirrhosis who have
minimal hepatic encephalopathy,”Hepatology, vol. 45, no. 3, pp.
549–559, 2007.

[24] H. Schomerus andW.Hamster, “Quality of life in cirrhoticswith
minimal hepatic encephalopathy,”Metabolic Brain Disease, vol.
16, no. 1-2, pp. 37–41, 2001.

[25] M. Groeneweg, J. C. Quero, I. De Bruijn et al., “Subclinical
hepatic encephalopathy impairs daily functioning,”Hepatology,
vol. 28, no. 1, pp. 45–49, 1998.

[26] M. Guevara, M. E. Baccaro, A. Torre et al., “Hyponatremia is a
risk factor of hepatic encephalopathy in patients with cirrhosis:
a prospective study with time-dependent analysis,” American
Journal of Gastroenterology, vol. 104, no. 6, pp. 1382–1389, 2009.

[27] M. J. McPhail, J. S. Bajaj, H. C. Thomas, and S. D. Taylor-
Robinson, “Pathogenesis and diagnosis of hepatic encephalopa-
thy,” Expert Review of Gastroenterology and Hepatology, vol. 4,
no. 3, pp. 365–378, 2010.

[28] R. F. Butterworth, “Pathophysiology of hepatic encephalopathy:
a new look at ammonia,”Metabolic Brain Disease, vol. 17, no. 4,
pp. 221–227, 2002.

[29] S. M. Riordan and R. Williams, “Treatment of hepatic ence-
phalopathy,” New England Journal of Medicine, vol. 337, no. 7,
pp. 473–479, 1997.

[30] G. Ardizzone, A. Arrigo, M. M. Schellino et al., “Neurological
complications of liver cirrhosis and orthotopic liver transplant,”
Transplantation Proceedings, vol. 38, no. 3, pp. 789–792, 2006.

[31] F. H. Saner, J. Gensicke, S. W. M. O. Damink et al., “Neurologic
complications in adult living donor liver transplant patients: an
underestimated factor?” Journal of Neurology, vol. 257, no. 2, pp.
253–258, 2010.

[32] R.Moreno andM. Berenguer, “Post-liver transplantationmedi-
cal complications,”Annals of Hepatology, vol. 5, no. 2, pp. 77–85,
2006.

[33] R. Blanco, U. De Girolami, R. L. Jenkins, and U. Khettry, “Neu-
ropathology of liver transplantation,” Clinical Neuropathology,
vol. 14, no. 2, pp. 109–117, 1995.



8 International Journal of Hepatology

[34] A. J. Martinez, C. Estol, and A. A. Faris, “Neurologic complica-
tions of liver transplantation,” Neurologic Clinics, vol. 6, no. 2,
pp. 327–348, 1988.

[35] N. Ghaus, S. Bohlega, and M. Rezeig, “Neurological complica-
tions in liver transplantation,” Journal of Neurology, vol. 248, no.
12, pp. 1042–1048, 2001.

[36] F. Saner, Y. Gu, S. Minouchehr et al., “Neurological compli-
cations after cadaveric and living donor liver transplantation,”
Journal of Neurology, vol. 253, no. 5, pp. 612–617, 2006.

[37] M. Guarino, A. Stracciari, P. Pazzaglia et al., “Neurological
complications of liver transplantation,” Journal of Neurology,
vol. 243, no. 2, pp. 137–142, 1996.

[38] O. Riggio, L. Ridola, C. Pasquale et al., “Evidence of per-
sistent cognitive impairment after resolution of overt hepatic
encephalopathy,” Clinical Gastroenterology and Hepatology, vol.
9, no. 2, pp. 181–183, 2011.

[39] K. Mattarozzi, A. Stracciari, L. Vignatelli, R. D’Alessandro, M.
C. Morelli, and M. Guarino, “Minimal hepatic encephalopathy:
longitudinal effects of liver transplantation,” Archives of Neurol-
ogy, vol. 61, no. 2, pp. 242–247, 2004.

[40] D. K. Atluri, M. Asgeri, and K. D. Mullen, “Reversibility of
hepatic encephalopathy after liver transplantation,” Metabolic
Brain Disease, vol. 25, no. 1, pp. 111–113, 2010.

[41] T. Naegele, W. Grodd, R. Viebahn et al., “MR imaging and 1H
spectroscopy of brain metabolites in hepatic encephalopathy:
time-course of renormalization after liver transplantation,”
Radiology, vol. 216, no. 3, pp. 683–691, 2000.

[42] R. Garcia-Martinez, A. Rovira, J. Alonso et al., “Hepatic ence-
phalopathy is associated with posttransplant cognitive function
and brain volume,” Liver Transplantation, vol. 17, no. 1, pp. 38–
46, 2011.

[43] B. Als-Nielsen, L. L. Gluud, and C. Gluud, “Non-absorbable
disaccharides for hepatic encephalopathy: systematic review of
randomised trials,” British Medical Journal, vol. 328, no. 7447,
pp. 1046–1050, 2004.

[44] S. Shukla, A. Shukla, S. Mehboob, and S. Guha, “Meta-analysis:
the effects of gut flora modulation using prebiotics, probiotics
and synbiotics onminimal hepatic encephalopathy,”Alimentary
Pharmacology andTherapeutics, vol. 33, no. 6, pp. 662–671, 2011.

[45] M. Luo, L. Li, C. Lu, andW. Cao, “Clinical efficacy and safety of
lactulose forminimal hepatic encephalopathy: ameta-analysis,”
European Journal of Gastroenterology and Hepatology, vol. 23,
no. 12, pp. 1250–1257, 2011.

[46] P. Sharma, B. C. Sharma, A.Agrawal et al., “Primary prophylaxis
of overt hepatic encephalopathy in patients with cirrhosis: an
open labeled randomized controlled trial of lactulose versus no
lactulose,” Journal of Gastroenterology and Hepatology, vol. 27,
no. 8, pp. 1329–1335, 2012.

[47] Q. Jiang, X. H. Jiang, M. H. Zheng, L. Jiang, Y. Chen, and L.
Wang, “Rifaximin versus nonabsorbable disaccharides in the
management of hepatic encephalopathy: ameta-analysis,”Euro-
pean Journal of Gastroenterology and Hepatology, vol. 20, no. 11,
pp. 1064–1070, 2008.

[48] O. Riggio, G. Balducci, F. Ariosto et al., “Lactitol in prevention
of recurrent episodes of hepatic encephalopathy in cirrhotic
patients with portal-systemic shunt,” Digestive Diseases and
Sciences, vol. 34, no. 6, pp. 823–829, 1989.

[49] B. C. Sharma, P. Sharma, A. Agrawal, and S. K. Sarin,
“Secondary prophylaxis of hepatic encephalopathy: an open-
label randomized controlled trial of lactulose versus placebo,”
Gastroenterology, vol. 137, no. 3, pp. 885–891, 2009.

[50] D. Heredia, J. Teres, N. Orteu, and J. Rodes, “Lactitol vs.
lactulose in the treatment of chronic recurrent portal-systemic
encephalopathy,” Journal of Hepatology, vol. 7, no. 1, pp. 106–110,
1988.

[51] A. Agrawal, B. C. Sharma, P. Sharma et al., “Secondary pro-
phylaxis of hepatic encephalopathy in cirrhosis: an open-label,
randomized controlled trial of lactulose, probiotics, and no
therapy,”The American Journal of Gastroenterology, vol. 107, no.
7, pp. 1043–1050, 2012.

[52] Lactulose (Lactulose Solution) [Package Insert], Apotex Inc.,
Ontario, Canada, 2005.

[53] A. Watanabe, T. Sakai, S. Sato et al., “Clinical efficacy of lactu-
lose in cirrhotic patients with and without subclinical hepatic
encephalopathy,” Hepatology, vol. 26, no. 6, pp. 1410–1414, 1997.

[54] J. Polson and W. M. Lee, “AASLD position paper: the manage-
ment of acute liver failure,” Hepatology, vol. 41, no. 5, pp. 1179–
1197, 2005.

[55] L. W. Teperman and V. P. Peyregne, “Considerations on the
impact of hepatic encephalopathy treatments in the pretrans-
plant setting,” Transplantation, vol. 89, no. 7, pp. 771–778, 2010.

[56] B. W. Shaw Jr., R. P. Wood, R. D. Gordon, S. Iwatsuki, W. P.
Gillquist, andT. E. Starzl, “Influence of selected patient variables
and operative blood loss on six-month survival following liver
transplantation,” Seminars in LiverDisease, vol. 5, no. 4, pp. 385–
393, 1985.

[57] M. Merli, M. Giusto, F. Gentili et al., “Nutritional status: its
influence on the outcome of patients undergoing liver trans-
plantation,” Liver International, vol. 30, no. 2, pp. 208–214, 2010.

[58] S. A. McCluskey, K. Karkouti, D. N. Wijeysundera et al.,
“Derivation of a risk index for the prediction of massive blood
transfusion in liver transplantation,” Liver Transplantation, vol.
12, no. 11, pp. 1584–1593, 2006.

[59] G. Fusai, P. Dhaliwal, N. Rolando et al., “Incidence and risk fac-
tors for the development of prolonged and severe intrahepatic
cholestasis after liver transplantation,” Liver Transplantation,
vol. 12, no. 11, pp. 1626–1633, 2006.

[60] G. N. Ioannou, “Development and validation of a model pre-
dicting graft survival after liver transplantation,” Liver Trans-
plantation, vol. 12, no. 11, pp. 1594–1606, 2006.

[61] S. W. Biggins, H. J. Rodriguez, P. Bacchetti, N. M. Bass, J. P.
Roberts, and N. A. Terrault, “Serum sodium predicts mortality
in patients listed for liver transplantation,” Hepatology, vol. 41,
no. 1, pp. 32–39, 2005.

[62] H. Selcuk, I. Uruc, M. A. Temel et al., “Factors prognostic of
survival in patients awaiting liver transplantation for end-stage
liver disease,” Digestive Diseases and Sciences, vol. 52, no. 11, pp.
3217–3223, 2007.

[63] A. J. Sanchez and J. Aranda-Michel, “Nutrition for the liver
transplant patient,” Liver Transplantation, vol. 12, no. 9, pp. 1310–
1316, 2006.

[64] M. Merli, M. Caschera, C. Piat, G. Pinto, M. Diofebi, and O.
Riggio, “The effect of lactulose and lactitol administration on
fecal fat excretion in patients with liver cirrhosis,” Journal of
Clinical Gastroenterology, vol. 15, no. 2, pp. 125–127, 1992.

[65] K. R. Lawrence and J. A. Klee, “Rifaximin for the treatment of
hepatic encephalopathy,” Pharmacotherapy, vol. 28, no. 8, pp.
1019–1032, 2008.

[66] S. S. Sidhu, O. Goyal, B. P. Mishra, A. Sood, R. S. Chhina, and R.
K. Soni, “Rifaximin improves psychometric performance and
health-related quality of life in patients with minimal hepa-
tic encephalopathy (the RIME trial),” American Journal of Gas-
troenterology, vol. 106, no. 2, pp. 307–316, 2011.



International Journal of Hepatology 9

[67] J. S. Bajaj, D. M. Heuman, J. B.Wade et al., “Rifaximin improves
driving simulator performance in a randomized trial of patients
with minimal hepatic encephalopathy,” Gastroenterology, vol.
140, no. 2, pp. 478–487, 2011.

[68] R. Testa, C. Eftimiadi, and G. S. Sukkar, “A non-absorbable rifa-
mycin for treatment of hepatic encephalopathy,” Drugs under
Experimental and Clinical Research, vol. 11, no. 6, pp. 387–392,
1985.

[69] “FDA approves new use of Xifaxan for patients with liver
disease,” 2010, http://www.drugs.com/newdrugs/fda-approves-
new-xifaxan-patients-liver-2078.html.

[70] N. M. Bass, K. D. Mullen, A. Sanyal et al., “Rifaximin treatment
in hepatic encephalopathy,” New England Journal of Medicine,
vol. 362, no. 12, pp. 1071–1081, 2010.

[71] A. Sanyal, Z. M. Younossi, N. M. Bass et al., “Randomised
clinical trial: rifaximin improves health-related quality of life
in cirrhotic patients with hepatic encephalopathy-a double-
blind placebo-controlled study,” Alimentary Pharmacology and
Therapeutics, vol. 34, no. 8, pp. 853–861, 2011.

[72] H. Y. Sun, M. Wagener, T. V. Cacciarelli, and N. Singh, “Impact
of rifaximin use for hepatic encephalopathy on the risk of early
post-transplant infections in liver transplant recipients,”Clinical
Transplantation, vol. 26, no. 6, pp. 849–852, 2012.

[73] E. Strauss, R. Tramote, E. P. S. Silva et al., “Double-blind
randomized clinical trial comparing neomycin and placebo in
the treatment of exogenous hepatic encephalopathy,” Hepato-
Gastroenterology, vol. 39, no. 6, pp. 542–545, 1992.

[74] H. O. Conn, C. M. Leevy, and Z. R. Vlahcevic, “Comparison
of lactulose and neomycin in the treatment of chronic portal
systemic encephalopathy. A double blind controlled trial,”
Gastroenterology, vol. 72, no. 4, pp. 573–583, 1977.

[75] C. E. Atterbury, W. C. Maddrey, and H. O. Conn, “Neomycin-
sorbitol and lactulose in the treatment of acute portal-
systemic encephalopathy. A controlled, double-blind clinical
trial,” American Journal of Digestive Diseases, vol. 23, no. 5, pp.
398–406, 1978.

[76] F. Orlandi, U. Freddara, and M. T. Candelaresi, “Comparison
between neomycin and lactulose in 173 patients with hepatic
encephalopathy. A randomized clinical study,” Digestive Dis-
eases and Sciences, vol. 26, no. 6, pp. 498–506, 1981.

[77] D. Festi, G. Mazzella, M. Orsini et al., “Rifaximin in the treat-
ment of chronic hepatic encephalopathy; resultes of a multicen-
ter study of efficacy and safety,” Current Therapeutic Research,
vol. 54, no. 5, pp. 598–609, 1993.

[78] F. Miglio, D. Valpiani, S. R. Rossellini, A. Ferrieri, and N.
Canova, “Rifaximin, a non-absorbable rifamycin, for the treat-
ment of hepatic encephalopathy. A double-blind, randomised
trial,” Current Medical Research and Opinion, vol. 13, no. 10, pp.
593–601, 1997.

[79] M. H. Morgan, A. E. Read, and D. C. E. Speller, “Treatment of
hepatic encephalopathy with metronidazole,”Gut, vol. 23, no. 1,
pp. 1–7, 1982.
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