W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748 /wjg.v21.i41.11815

World | Gastroenterol 2015 November 7; 21(41): 11815-11824
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Inflammation: A novel target of current therapies for
hepatic encephalopathy in liver cirrhosis

Ming Luo, Jian-Yang Guo, Wu-Kui Cao

Ming Luo, Jian-Yang Guo, Department of Gastroenterology,
Ningxia People’s Hospital, Yinchuan 750021, Ningxia Hui
Autonomous Region, China

Wu-Kui Cao, Tianjin Liver Disease Institute, Tianjin Second
People’s Hospital, Tianjin 300192, China

Author contributions: Cao WK designed the study and outlined
the draft; Luo M wrote and organized the manuscript; and Guo
JY searched the reference materials and contributed to the writing
of the manuscript.

Conflict-of-interest statement: The authors have no conflicts
of interest to declare in relation to this manuscript.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Wu-Kui Cao, PhD, Tianjin Liver Disease
Institute, Tianjin Second People’s Hospital, No. 75 Sudi Road,
Nankai District, Tianjin 300192, China. caowukui@126.com
Telephone: +86-22-27468102

Received: April 16,2015
Peer-review started: April 18, 2015
First decision: May 18, 2015
Revised: June 19, 2015

Accepted: September 14, 2015
Article in press: September 14, 2015
Published online: November 7, 2015

Abstract

Hepatic encephalopathy (HE) is a severe neuropsychiatric
syndrome that most commonly occurs in decompen-
sated liver cirrhosis and incorporates a spectrum
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of manifestations that ranges from mild cognitive
impairment to coma. Although the etiology of HE is
not completely understood, it is believed that multiple
underlying mechanisms are involved in the pathogenesis
of HE, and one of the main factors is thought to be
ammonia; however, the ammonia hypothesis in the
pathogenesis of HE is incomplete. Recently, it has
been increasingly demonstrated that inflammation,
including systemic inflammation, neuroinflammation
and endotoxemia, acts in concert with ammonia in the
pathogenesis of HE in cirrhotic patients. Meanwhile,
a good number of studies have found that current
therapies for HE, such as lactulose, rifaximin, probiotics
and the molecular adsorbent recirculating system, could
inhibit different types of inflammation, thereby improving
the neuropsychiatric manifestations and preventing
the progression of HE in cirrhotic patients. The anti-
inflammatory effects of these current therapies provide
a novel therapeutic approach for cirrhotic patients
with HE. The purpose of this review is to describe the
inflammatory mechanisms behind the etiology of HE in
cirrhosis and discuss the current therapies that target the
inflammatory pathogenesis of HE.
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Core tip: Currently, inflammation appears to play a critical
role in the pathogenesis of hepatic encephalopathy (HE)
and is gradually being considered a critical therapeutic
target for HE in patients with liver cirrhosis. Current
therapies for HE, including lactulose, rifaximin, probiotics
and the molecular adsorbent recirculating system, have
been found to improve clinical manifestations and prevent
the progression of HE by ameliorating inflammation in
cirrhotic patients. This review will provide an overview
of the inflammatory pathogenesis of HE, focusing on the
recent findings on its therapeutic manipulation.
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INTRODUCTION

Hepatic encephalopathy (HE) is a morbid neuro-
psychiatric complication resulting from decompensated
liver disease or portosystemic shunting and is
characterized by disturbances of both cognitive and
motor functions, ranging from subtle psychometric
abnormalities to coma!*!, According to the updated
guideline, HE is classified into three different types:
A, B and C (Table 1)™, Subsequently, based on the
severity of the clinical manifestations, type C HE
is subdivided into covert HE (including minimal HE
and West-Haven grade I HE) and overt HE (West-
Haven grades II-IV HE)™!. Cirrhotic patients with
overt HE present a series of severe neuropsychiatric
manifestations, such as asterixis, dyspraxia, and even
progressing to stupor and coma. In contrast, minimal
HE exhibits trivial cognitive deficits that are only
detected using psychometric or neurophysiological
tests without the obvious manifestations of overt
HE™, Minimal HE impairs cognitive functions and
health-related quality of life in cirrhotic patients and
is considered an important predictive factor for the
development of overt HEP*,

In spite of several decades of investigation, the
exact mechanisms responsible for the pathogenesis
of HE still have not been fully elucidated. Ammonia is
universally regarded as the major precipitating factor
in the pathogenesis of HE, and the vast majority of
the current therapies for HE are centered on reducing
the production and absorption of ammonia; however,
several studies have suggested that the concentration
of ammonia can be elevated in the absence of
symptoms of HE, and the ammonia concentration
is not always consistent with the severity of HE in
cirrhotic patients®”. Furthermore, approximately 20%
of patients with chronic liver failure and HE have been
found to be non-responsive to lactulose treatment,
and it has been demonstrated that non-absorbable
disaccharides do not reduce the mortality of cirrhotic
patients with HE®®!, Apart from hyperammonemia,
various other pathogenic mechanisms, such as the
y-aminobutyric acid (GABA) theory, the benzodiazepine
theory, the manganese theory and the theory of
oxidative/nitrosative stress, have been implicated in
the development of HE™!. Currently, it is believed that
HE is a result of multiple pathophysiologic mechanisms
that induce the functional impairment of the central
nervous system.

Over the past decade, increasing evidence has
indicated that inflammation, including systemic in-
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Table 1 Classification of hepatic encephalopathy'"

Type Definition Subdivision
A Caused by acute liver failure
B Secondary to portosystemic

bypass or shunting without
intrinsic liver disease
C Results from chronic Covert HE (minimal HE and
liver disease, especially West-Haven grade I HE)
decompensated cirrhosis
Overt HE (West-Haven grades

1I-IV HE)

HE: Hepatic encephalopathy.

flammation, neuroinflammation and endotoxemia,
plays an important role in the pathogenesis of HE, and
inflammation is gradually being considered a critical
therapeutic target for HE in cirrhotic patients®™'%!,
Meanwhile, the current therapies for HE, such as
lactulose, rifaximin, probiotics and the molecular
adsorbent recirculating system (MARS), have been
found to modulate the inflammatory response and
lower pro-inflammatory mediator levels, which help
to improve the clinical manifestations and delay the
progression of HE in cirrhotic patients (Figure 1),
These recent findings have demonstrated the possibility
of these therapies in ameliorating inflammation and
providing a novel and promising therapeutic alternative
for patients with HE secondary to liver cirrhosis. This
review summarizes the inflammatory mechanisms
implicated in the pathogenesis of HE and evaluates
the evidence of current therapies that target the
inflammatory pathogenesis of HE in clinical practice.

INFLAMMATORY PATHOGENESIS OF HE
IN CIRRHOSIS

Systemic inflammation

Cirrhotic patients are commonly found to have sub-
stantial disturbances of intestinal flora, with significant
small intestinal overgrowth of potentially pathogenic
Gram-negative bacteria, including Enterobacteriaceae,
Alcaligenaceae and Streptococcaceae!®. Further-
more, intestinal vascular congestion caused by portal
hypertension, oxidative damage of the intestinal
mucosa and the absence of mucosal immunoglobulin
A secretion in cirrhosis have been demonstrated to
result in increased intestinal permeability and intestinal
barrier dysfunction™”. Furthermore, ammonia induces
neutrophil and macrophage dysfunction and impairs
phagocytosis, which may culminate in a “sepsis-
like” immune paralysis!'®'®), These mechanisms
synergistically induce the bacterial translocation
that includes the migration of bacteria or bacterial
byproducts from the small intestine to the systemic
circulation, ultimately leading to spontaneous bacterial
peritonitis and further systemic infection in patients with
liver cirrhosis™”. The study by Caly et a*"! has indicated
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Figure 1 The inflammatory pathogenesis of hepatic encephalopathy in liver cirrhosis. Lactulose, rifaximin, and probiotics not only reduce the circulating levels
of ammonia but also modulate intestinal flora, lower the endotoxemia and inhibit the production of pro-inflammatory cytokines. MARS treatment also decreases the

circulating levels of ammonia and pro-inflammatory cytokines.

that infection is the reason for hospital admission in
30% to 50% of cirrhotic patients, and 15% to 35%
of them ultimately develop nosocomial infections
during their hospital stay. Predominant infections
presented in decompensated cirrhosis are spontaneous
bacterial peritonitis, urinary tract infections, nosocomial
pneumonia, sepsis and even systemic inflammatory
response syndrome (SIRS)?,

Circulating levels of pro-inflammatory cytokines,
including tumor necrosis factor-a (TNF-o) and inter-
leukins (ILs), are significantly elevated in decom-
pensated cirrhotic patients™®, These cytokines cannot
exert their direct effects on the brain because they are
unable to directly cross the blood-brain barrier (BBB).
However, recent studies have demonstrated that
TNF-a and IL-1B can influence the permeability of the
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BBB, and these peripheral cytokines exert their effects
on the brain via the following three pathways: (1)
peripheral tissues convey signals to the brain through
the activation of the vagus nerve’s afferent neurons; (2)
the brain vasculature sends signals through secondary
messengers that are produced in response to cytokines,
such as nitric oxide (NO) and prostanoids; and (3)
cytokines enter brain areas that lack the BBB, and,
subsequently, act at the brain parenchyma'®*.

There is mounting clinical evidence for the role
of systemic inflammation in the development of
overt and minimal HE in cirrhotic patients. Serum
concentrations of TNF-a and IL-6 have been found to
correlate positively with the severity of overt HE in
decompensated cirrhotic patients, and TNF-a is believed
to be strongly involved in the pathogenesis of HE due

November 7, 2015 | Volume 21 | Issue 41 |



Luo M et a/. Inflammation: A therapeutic target for HE
to chronic liver failure™ 1, Furthermore, systemic
infection/SIRS, but not ammonia, was correlated with
increasing grades of overt HE in cirrhotic patients with
grades M-IV HEY. Similarly, serum levels of TNF-q,
IL-6 and IL-18 were associated with the severity of
minimal HE, and serum levels of IL-6 and IL-18 might
have the capacity to identify cirrhotic patients with
and without minimal HE®®**°!, In addition, Shawcross
et al® have reported that the presence and severity
of minimal HE were not correlated with ammonia
concentrations, but serum levels of inflammatory
markers, including C-reactive protein and IL-6, were
significantly higher in cirrhotic patients with minimal
HE compared with those without, which indicated that
systemic inflammation is a critical determinant of the
presence and severity of minimal HE.

Neuroinflammation
Neuroinflammation is considered to be an inflam-
matory response in the brain and is featured by
microglial activation and the cerebral production of
pro-inflammatory mediators™®. Neuroinflammation
is closely associated with systemic inflammation.
Vascular endothelial cells, along with astrocytes, are a
major constituent of the BBB. Endothelial cells induce
the release of different pro-inflammatory mediators
into the brain when they are stimulated by systemic
inflammation®™. For instance, endothelial cells have
receptors for TNF-a and IL-1B, and these receptors
convey signals that induce the synthesis of secondary
messengers in the brain, such as NO and prostanoids®®!..
Moreover, microglial cells constitute the resident
macrophages of the brain and can be activated by pro-
inflammatory mediators, releasing various types of
chemokines with inflammatory properties®®. These
mechanisms have been demonstrated to contribute to
the development of neuroinflammation in the brain.
Evidence for the role of neuroinflammation in the
pathogenesis of HE due to cirrhosis has recently been
provided by several animal experiments. Motor deficits,
psychomotor slowing and hypokinesia are commonly
presented in cirrhotic patients with HE, which can be
simulated in rats with a portacaval shunt (PCS) and bile
duct ligation (BDL), according to the recommendation
by the International Society for Hepatic Encephalopathy
and Nitrogen Metabolism (ISHEN)™?. A study by Cauli
et al® revealed that PCS rats exhibited increased
levels of IL-6 and increased activities of cyclooxygenase
and inducible NO synthase in the cerebral cortex,
indicating the presence of neuroinflammation. Subsequ-
ently, chronic treatment with an anti-inflammatory
drug, ibuprofen, could normalize the activities of
cyclooxygenase and inducible NO synthase and
completely restore the learning ability of PCS rats. In
addition, BDL activated the microglia in the cerebellum,
increased levels of inducible NO synthase, IL-13 and
prostaglandin E2, and impaired the rats’ cognitive and
motor functions. Similarly, ibuprofen also ameliorated
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neuroinflammation and restored the cognitive and
motor functions of BDL rats™. These findings indicate
that neuroinflammation contributes to cognitive and
motor alterations in experimental animal models of HE
and point to the possibility that the anti-inflammatory
treatment may improve cognitive deficits in cirrhotic
patients with HE. However, in cirrhotic patients with
HE, microglial activation has not been found to be
correlated with increased mRNA expression of TNF-q,
IL-1p and IL-6 in the cerebral cortex®. Furthermore,
compared with the controls, mRNA profiles of these
cytokines remained unchanged in the brains of cirrhotic
patients with HE, despite an up-regulation of genes
associated with microglial activation™”. The underlying
reason responsible for this inconsistency is unclear;
thus, further studies are required to clarify the role of
neuroinflammation in the inflammatory pathogenesis
of HE secondary to liver cirrhosis.

Endotoxemia

Due to intestinal bacterial translocation and portosystemic
shunting, endotoxin, the lipopolysaccharide in the
outer membrane of Gram-negative bacteria, enters the
systemic circulation and is responsible for long-standing
endotoxemia!’!. Endotoxin is able to activate immune
cells either through activating Toll-like receptors or by
inducing the production of pro-inflammatory cytokines®®®.,
Similar to pro-inflammatory cytokines, endotoxin also
cannot cross the BBB, but it increases BBB permeability
and acts on the brain parenchyma through endothelial
cell receptor interactions with the downstream production
of NO and prostanoid™®*",

Henry et al*" found that a peripheral lipopoly-
saccharide injection induced a hyperactive microglial
activation in the brains of mice and resulted in a
significant induction of mMRNA expression of both IL-
1B and IL-10 in the cerebral cortex of aged mice. In
addition, lipopolysaccharide that was injected into the
rats’ hippocampus could lead to microglial activation
and increased production of TNF-a and IL-1p in the
hippocampus, inducing a reduction of glutamatergic
transmission that led to learning and memory deficits
without neuronal cell death™. Endotoxemia without
sepsis has been reported in patients with liver cirrhosis
and was found to be associated with an increased
incidence of overt HE and mortality in these patients™*.
Moreover, a study by Jain et al™ showed that serum
levels of endotoxin were correlated with the severity
of minimal HE due to cirrhosis. Endotoxemia may play
a crucial role in the inflammatory pathogenesis of HE,
especially in compensated cirrhotic patients without
evidence of proven infection.

Ammonia-inflammation synergism

Decompensated cirrhosis results in both systemic
inflammation and hyperammonemia. At the cellular
level, TNF-a and IL-6 influence the permeability of
the BBB, and human cerebrovascular endothelial cells
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increased ammonia uptake when exposed to TNF-a
in vitro™. On the background of hyperammonemia,
neuroinflammation involving both pro-inflammatory
and neurotransmitter pathways can be induced by
systemic inflammatory stimulus**. Furthermore,
hyperammonemia leads to lactate accumulation in
the brain, and both systemic inflammation and brain
lactate accumulation lead to microglial activation and
the increased production of TNF-o, IL-1p and IL-61.
Therefore, it is believed that ammonia potentially acts
in concert with inflammation in a synergistic manner in
the pathogenesis of HE.

Marini et al*” found that mice with chronic hype-
rammonemia exhibited prolonged cognitive and motor
deficits when treated with a lipopolysaccharide stimulus.
Furthermore, chronic hyperammonemia has been
found to induce microglial activation and subsequent
neuroinflammation that were associated with the
cognitive and motor deficits of BDL rats™. In a study
by Jover et al'*®, although both BDL and ammonia-fed
BDL rats exhibited microglial activation in the brain,
ammonia-fed BDL rats showed severe motor deficits
compared to BDL rats, whose motor functions seemed
only mildly influenced. Likewise, cirrhotic patients
with systemic inflammation and hyperammonemia
also showed significant impairments of cognitive and
motor functions. For example, Shawcross et al*®’ have
reported that systemic infection/SIRS exacerbated
the neuropsychological deterioration induced by
hyperammonemia in cirrhotic patients with overt HE.
Moreover, in cirrhotic patients with minimal HE, there
were considerable cognitive impairments following
induced hyperammonemia during infection, but not
after its resolution®. In addition, Felipo et a/®® have
found that hyperammonemia or inflammation alone did
not result in cognitive impairments, but the synergistic
effect of hyperammonemia and inflammation was
sufficient to induce cognitive impairments in cirrhotic
patients with minimal HE. This evidence suggests
that, on the background of cirrhosis, inflammation
and its mediators modulate the cerebral effect of
hyperammonemia, and there is a synergistic relationship
between hyperammonemia and inflammation in the
pathogenesis of HE in liver cirrhosis.

CURRENT THERAPIES TARGETING THE
INFLAMMATORY PATHOGENESIS OF HE

Non-absorbable disaccharides

Non-absorbable disaccharides, including lactulose
and lactitol, lower the production and absorption of
ammonia and are traditionally considered the current
mainstay therapy for HE. Recently, emerging studies
have indicated that non-absorbable disaccharides
not only reduce circulating levels of ammonia but
also decrease those of pro-inflammatory cytokines
and endotoxin. For example, Jia et al®"! showed that
lactulose lowered the level of hyper-endotoxemia,
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improved the cognitive and motor functions, and
decreased the incidence of minimal HE in a rat model.
Similarly, in cirrhotic patients with minimal HE,
lactulose regulated the stool microbiome, lowered
the level of serum endotoxin, inhibited the production
of TNF-a, IL-2, IL-6 and IL-13, and consequently,
improved their psychometric function!*?’. Moreover, a
study by Jain et af*! revealed that lactulose inhibited
intestinal bacterial overgrowth, significantly reduced
the serum concentrations of TNF-«, IL-6, IL-18 and
endotoxin, and subsequently improved cognitive
functions in cirrhotic patients with minimal HE. By
contrast, lactulose withdrawal resulted in a mixed
inflammatory response and cognitive deterioration
in cirrhotic patients with minimal HE®?. In addition,
lactulose improved cognitive and motor functions in
cirrhotic patients with minimal HE, which helped to
improve health-related quality of life, prevent motor
vehicle accidents and reduce societal costs™**, For
cirrhotic patients with overt HE, a meta-analysis of
randomized clinical trials showed that lactulose had
beneficial effects on overt HE manifestations, and
lactulose has been demonstrated to be efficacious in
the secondary prevention of overt HE®***!, Given their
cost and availability, non-absorbable disaccharides are
likely to remain a well-used therapy in HE.

The side effects of non-absorbable disaccharide
treatment include flatulence, diarrhea, abdominal
pain and intestinal malabsorption, resulting in fre-
guent noncompliance in cirrhotic patients with HE?®).
Additionally, despite substantial evidence of the
beneficial effects of non-absorbable disaccharides,
their efficacy and safety for HE have been recently
questioned. For example, a Cochrane review revealed
that clinical trials with high methodological quality found
no significant effect of non-absorbable disaccharides
on the risk of no improvement in HE and mortality™®.
Thus, there has been insufficient evidence to determine
whether non-absorbable disaccharides are of benefit to
cirrhotic patients with HE, and more high-quality studies
are required in the future.

Rifaximin
Antibiotics are able to eliminate pathogenic Gram-
negative bacteria in the intestinal tract, inhibit bac-
terial translocation, and consequently, decrease the
overproduction of pro-inflammatory cytokines and
endotoxin. Prominent antibiotics used in the treatment
of HE are neomycin, metronidazole, vancomycin and
rifaximin; however, extensive side-effect profiles and
the potential for bacterial antimicrobial resistance have
limited the utility of most of these antibiotics in treating
HE, with the exception of rifaximin, which is the only
systematically studied antibiotic and has substantial
clinical evidence™”.

Rifaximin is a non-absorbable antibiotic with
wide antimicrobial activity against both aerobic and
anaerobic Gram-negative bacteria®®. Recently,
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Vlachogiannakos et a/®®! found that selective in-
testinal decontamination with a rifaximin regimen
significantly ameliorated endotoxemia in patients with
decompensated alcohol-related cirrhosis. Furthermore,
the studies by Kalambokis et a/'®®! revealed that
rifaximin could decrease serum concentrations of
TNF-o, IL-6 and endotoxin in patients with alcoholic
cirrhosis. In cirrhotic patients with minimal HE, rifa-
ximin was found to alter intestinal bacterial linkages
with metabolites without considerable changes in
the intestinal flora, decrease the circulating levels
of endotoxemia, and improve cognitive function'.
These results indicate that rifaximin can regulate the
intestinal flora, reduce the production of endotoxin and
pro-inflammatory cytokines and ultimately improve
cognitive function in cirrhotic patients with HE.

The clinical efficacy of rifaximin as a treatment for
HE has been extensively explored in several clinical
trials. For example, a prospective randomized, double-
blind, controlled trial found that rifaximin signifi-
cantly improved mental state, electroencephalogram
irregularities and portal-systemic encephalopathy
index in cirrhotic patients with grades I -1l acute
HE™. Compared with lactulose, treatment of HE with
rifaximin was correlated with decreased hospitalization
duration, lower hospitalization expenses and better
clinical manifestations'®®.. Moreover, a large, double-
blinded, randomized, controlled study by Bass et af**
has demonstrated that rifaximin not only significantly
reduced the risk of hospitalization involving HE but
also effectively maintained remission from HE. In
these clinical trials, rifaximin was well-tolerated, and
fewer adverse events were reported compared with
treatments with non-absorbable disaccharides. These
results suggest that rifaximin may be an effective
alternative treatment to non-absorbable disaccharides
in treating HE, with an acceptable side effect profile.

As mentioned above, lactulose has no beneficial
impact on the mortality of cirrhotic patients with
HE. Different from lactulose, Sharma et a/'®! have
demonstrated that rifaximin significantly reduced
the mortality of cirrhotic patients with HE, and the
combination of lactulose plus rifaximin was more
effective than lactulose alone in the treatment of HE.
Furthermore, a systematic review with meta-analysis
by Kimer et al*®® showed that rifaximin increased
the proportion of patients whose neuropsychiatric
manifestations improved and reduced mortality, which
indicated that rifaximin should be used for secondary
prevention of HE; however, although rifaximin did
result in lower readmission rates for HE at half a year,
the addition of rifaximin to lactulose for treating acute
HE did not reduce hospital length of stay™®”. Therefore,
the efficiency of combined treatment with lactulose
plus rifaximin should be further evaluated by more
randomized and controlled clinical trials.

Probiotics
Probiotics are living beneficial bacteria in the intestinal
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tract, and they are able to inhibit the activity of
bacterial ureases, modulate intestinal pH values,
and ultimately, reduce ammonia absorption!®.
Recently, probiotics have been reported to inhibit the
bacterial activators of Toll-like receptors (TLRs), lower
endogenous levels of IL-10 and TLR-4 expression,
and ultimately, restore neutrophil phagocytic activity
in alcohol-related cirrhotic patients®. Furthermore,
probiotics modulate derangements in gut microbiota
via inhibiting the overgrowth of pathogenic bacteria
and prevent bacterial translocation, thus significantly
lowering serum levels of endotoxin, which may help to
inhibit the production and activity of pro-inflammatory
cytokines,

The past decade has withessed an upsurge
of interest in the utility of probiotics for treating
minimal HE in cirrhotic patients. For instance, in a
phase I clinical trial, the probiotic Lactobacillus GG
reduced Enterobacteriaceae, increased the relative
abundance of Clostridiales Incertae Sedis XIV and
Lachnospiraceae, and further decreased endotoxemia
and serum concentrations of TNF-a in cirrhotic patients
with minimal HE, suggesting that Lactobacillus GG
modulates intestinal dysbiosis and prevents systemic
inflammatory response in these patients'*. During this
study, however, there was no significant improvement
in cognitive functions before or after Lactobacillus GG
treatment, and Lactobacillus GG was correlated with a
markedly higher percent of self-limited diarrhea, which
gives impetus to further studies regarding probiotics for
treating minimal HE in cirrhotic patients. In addition,
synbiotics (i.e., probiotics and fermentable fiber)
treatment significantly increased the fecal content of
the non-urease-producing Lactobacillus species at the
expense of these other bacterial species, which was
correlated with a marked decrease in endotoxemia and
a reversal of minimal HE in 50% of cirrhotic patients!”"’.
Furthermore, a multi-strain probiotic compound
containing Lactobacillus, Bifidobacterium strains and
S. thermophiles improved the neuropsychological
manifestations of cirrhotic patients with minimal HE,
and these probiotics had longer-term therapeutic
effects than lactulose”. Moreover, probiotic VSL#3
was found to be non-inferior to the standard therapy,
lactulose, in treating minimal HE”?), Nevertheless, a
meta-analysis by Shukla et a”* revealed that lactulose
appeared to have the most beneficial effect in minimal
HE, followed by probiotics and synbiotics. Probiotics
may take the place of lactulose for the standard
treatment of minimal HE, but this possibility should be
evaluated by more controlled trials that compare their
efficacy.

In the above-mentioned clinical trials, the side
effects of probiotics were reported to be mild, and
there have been no reported adverse events related
to treatment with probiotics in minimal HE; however,
a randomized, controlled trial by Besselink et a/l’*
revealed that probiotics did not reduce the risk of
infectious complications, and they were correlated

November 7, 2015 | Volume 21 | Issue 41 |



with an increased risk of mortality in patients with
predicted severe acute pancreatitis. Similarly, whether
oral supplementation with probiotics may induce
infectious complications in cirrhotic patients with HE
requires further investigation, especially in those with
severe infection. Furthermore, an updated meta-
analysis by Xu et al’® found that although probiotics
significantly prevented the development of HE, they
did not affect serum ammonia levels or cirrhotic
patients’ mortality. In addition, a Cochrane review by
McGee et al’”! showed that there was no sufficient
evidence of clinically significant improvement in HE
treated with probiotics, and probiotics were especially
shown to have no benefit to mortality. Therefore, the
use of probiotics for cirrhotic patients with HE cannot
be currently recommended, and rigorous clinical
evaluation in randomized controlled trials is required.

MARS

Extracorporeal albumin dialysis, especially MARS, is
a new method of hemodiafiltration in which blood is
dialyzed against an albumin-containing solution across
a high-flux membrane, which allows for the combined
elimination of albumin-bound and water-soluble
toxins. A Cochrane review by Liu et a”® revealed that
MARS treatment reduced the mortality of patients
with acute-on-chronic liver failure (ACLF) and had a
beneficial effect on HE. For example, Dominik et a/’®
reported that treatment with MARS decreased the
serum concentrations of TNF-a and IL-6 in patients
with ACLF due to cirrhosis. In a study by Guo et al'**,
MARS treatment significantly decreased serum levels
of TNF-a, IL-6, IL-8 and INF-y, which was associated
with improvements of HE in ACLF. Furthermore,
results of a study by Sen et al® showed that MARS
treatment improved HE manifestations in patients with
inflammation-related ACLF, and the main therapeutic
effect of MARS was on other inflammatory mediators,
such as NO, that were reduced by a combination of
their elimination and decreased production. Taken
together, these results suggest that MARS is regarded
as a potentially effective alternative for eliminating
inflammatory mediators from the circulation and
ameliorating HE manifestations in ACLF patients who
fail to respond to conventional therapy.

MARS has been demonstrated to be beneficial
for HE secondary to ACLF; however, its efficacy
did not appear to be associated with alterations in
the serum levels of pro-inflammatory cytokines. In
patients with ACLF, Stadlbauer et a/®" found that
cytokines were eliminated from plasma by MARS
treatment; however, MARS could not lower the serum
cytokines levels. This difference may be attributed to
increased cytokine production in ACLF. Furthermore,
a prospective, multi-center trial by Hassanein et a/f®?
revealed that although MARS treatment improved
grades I and IV HE earlier than standard medical
therapy in ACLF patients, there was no significant
difference in SIRS scores between MARS treatment
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and standard medical therapy. Moreover, although
the neurological manifestations of patients with HE
were improved, no significant change in the serum
concentrations of TNF-a, IL-6 and IL-8 was observed
before vs after MARS treatment in ACLF, and MARS
treatment did not exhibit a clearly identifiable efficacy
in eliminating these circulating cytokines™®. Although
the above-mentioned clinical trials support the fact
that MARS treatment is of benefit to the improve-
ment of HE, these trials did not specifically evaluate
the efficacy of MARS treatment in HE and were
designed to only examine the improvements of ACLF.
Therefore, the therapeutic effect of MARS treatment
on the inflammatory pathogenesis of HE awaits the
completion of further clinical trials.

CONCLUSION

HE is a serious neuropsychiatric complication of liver
cirrhosis, and inflammation is a critical participating
factor in the pathogenesis of HE. As mentioned above,
existing therapies including lactulose, rifaximin,
probiotics and MARS have been demonstrated to be
beneficial for HE in cirrhotic patients by ameliorating the
inflammatory pathogenesis of HE. These recent findings
indicate that inflammation should be considered an
important therapeutic target for HE and also point to
the possibility that anti-inflammatory therapies will
be promising alternatives for the treatment of HE
in cirrhotic patients; however, the efficacy of these
alternatives has not been fully confirmed and their
safety is still questioned. Furthermore, the influence of
these alternatives on the prognosis of cirrhotic patients
with HE has remained controversial. Therefore, in the
future, more multi-center, randomized, controlled trials
are required to evaluate the efficacy and safety of
these alternatives.
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