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Abstract
The gut flora plays an important role in the patho-
genesis of the complications of cirrhosis. Hepatic en-
cephalopathy (HE) represents a broad continuum of 
neuropsychological dysfunction in patients with acute 
or chronic liver disease and/or porto-systemic shunt-
ing of blood flow and it manifests with progressive 
deterioration of the superior neurological functions. 
The pathophysiology of this disease is complex, as it 
involves overproduction and reduced metabolism of 
various neurotoxins, particularly ammonia. Manage-
ment of HE is diversified and requires several steps: 
elimination of precipitating factors, removal of toxins, 
proper nutritional support, modulation of resident fecal 
flora and downregulation of systemic and gut-derived 
inflammation. This review will provide an overview of 
gut barrier function and the influence of gut-derived 
factors on HE, focusing on the role of gut microbiota in 
the pathogenesis of HE and the recent literature find-
ings on its therapeutic manipulation.
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INTRODUCTION
Humans have been proposed to be a “meta-organisms” 
consisting of  a huge number of  bacterial cells that are 
metabolically and immunologically integrated with so-
matic cells[1]. This interaction is especially important in 
the gastrointestinal tract, where the commensal bacteria, 
known as intestinal microbiota, are an integral compo-
nent of  human gut physiology and, together with the 
intestinal mucosa, form an important barrier against 
pathogens. Gut homeostasis and physiology are closely 
linked to the liver since it receives the intestinal blood 
content through the portal system and influences intes-
tinal functions through bile secretion into the lumen[2]. 
Thus, alterations of  gut barrier seem to play an impor-
tant role in the pathogenesis and progression of  liver 
damage[3]. Understanding of  both partners in this nor-
mal gut-liver interaction is critical to the development 
of  new therapeutic modalities to treat or prevent liver 
disease and its complications. This review will provide 
an overview of  gut barrier function and the influence of  
gut-derived factors on hepatic encephalopathy (HE), fo-
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cusing on the role of  gut microbiota in the pathogenesis 
of  HE and the recent literature findings on its therapeu-
tic manipulation.

HOST-MICROBIOTA CROSS-TALK
The human intestine provides residence to more than 
1014 bacteria, a number which is 10 times the number 
of  somatic cells in the human body[4,5]. Microorganisms 
start colonizing the gut immediately after birth and are 
characterized by a succession of  different population 
until a stable, adult microbiota has been established. In 
this bacterial community anaerobes are more abundant 
than aerobes and the majority of  the species are from 
the genera Bacteroidetes and Firmicutes[6]. Bacterial density 
and types differ substantially from lower small intes-
tine to distal colon, and are regulated by physiological 
conditions. The specific populations also vary among 
individuals and in the same individual during periods of  
illness or dietary changes[7]. Microarray analysis of  intes-
tinal transcriptional responses and molecular taxonomic 
methodologies have greatly increased our understanding 
of  the gut microbiota composition, activities and func-
tions[1,8,9]. In a healthy individual the host/microbiota 
relationship is characterized by a homeostatic symbiosis, 
in which the host provides nutrients and a stable envi-
ronment and, in turn, the microbiota ensures optimal 
epithelial functioning.

GUT-LIVER AXIS
Receiving most of  its blood supply from the intestine 
through the portal circulation, the liver is exposed to 
gut-derived toxins, including bacteria and bacterial 
products, and must be prepared to react against these 
potential systemic pathogens. For this purpose it con-
tains a large number of  resident immune cells including 
macrophages, dendritic cells, lymphocytes, natural killer 
cells. These cells act together with other non-parenchy-
mal cells like endothelial and stellate cells to produce an 
organized response to these potentially highly inflam-
matory factors[10,11]. The role of  immune cells during 
inflammatory response or chronic liver injury and the 
potential impact of  gut-derived toxins on these process-
es have been extensively studied[2]. In particular bacterial 
overgrowth and altered intestinal permeability result in 
high plasmatic levels of  bacterial endotoxins, such as 
lipopolysaccharide (LPS), peptidoglycan, and various 
lipopeptides also termed pathogen-associated molecular 
patterns. Endotoxemia could be responsible for initia-
tion of  the liver damage, through its interaction with 
specific recognition receptors, the toll like receptors on 
the surface of  immune cells. These receptors contribute 
to adaptive immune response and regulation of  inflam-
mation and represent a link between intestinal flora 
changes, endotoxemia, and liver damage[12]. Liver cirrho-
sis is characterized by several abnormalities of  both the 
systemic and local immune systems and in particular by 

reduced phagocytic activity of  Kupffer cells[13]. A great 
deal of  evidence indicates that patients with cirrhosis 
could present increased intestinal permeability[14]. This is 
related to structural changes that occur in the presence 
of  portal hypertension and hypertensive enteropathy: an 
altered oxide-reductive state with consequent oxidative 
damage of  the brush border membrane and the over-
production of  nitric oxide resulting in tight junctions 
expansion and cytoskeleton destruction[15]. Altered in-
testinal permeability, together with bacterial overgrowth 
and immune dysfunction are associated with the migra-
tion of  bacteria or their products from the gut to mesen-
teric lymph nodes or to other organs, a process known 
as bacterial translocation (BT). This phenomenon, in 
association with the presence of  vascular shunts, is re-
sponsible for increased circulating levels of  LPS. Blood 
concentration of  bacterial endotoxin directly correlates 
with the severity of  liver disease and  participates in the 
initiation of  a complex series of  mechanisms that lead 
to the development of  cirrhosis complications[16]. In par-
ticular, the main consequences of  portal hypertension 
and BT are the occurrence of  infections and HE. 

Bacterial infections are present in about 15%-47% of  
patients with liver cirrhosis and are especially related to 
Gram-negative bacteria. The most frequent are sponta-
neous bacterial peritonitis (SBP), urinary tract infections, 
pneumonia, pleural empyema and sepsis. It has been 
shown that patients with SBP have a higher prevalence 
of  small intestinal bacterial overgrowth (SIBO)[17] and 
altered intestinal permeability[18] than patients without 
SBP. Ammonia and other toxic substances derived from 
the gut, in the presence of  portal and systemic shunts 
as well as of  reduced liver clearance capability, represent 
the pathogenic mechanisms of  HE as described in the 
following paragraph. 

GUT MICROBIOTA AND HE
HE is a reversible neuropsychiatric disorder associated 
with liver dysfunction after exclusion of  other potential 
causes of  brain disease[19] and is characterized by poor 
survival[20]. Main features are disturbances in cognitive 
function, personality and behaviour with a wide spec-
trum of  neuropsychiatric abnormalities that range from 
mild impairment of  cognitive function and conscious-
ness to coma. There are two types of  HE named overt 
and minimal HE (OHE, MHE). The first is present in 
30%-45% of  patients with cirrhosis and in 10%-50% 
of  patients with transjugular intrahepatic portosystemic 
shunt[21]. OHE can be diagnosed clinically through a 
constellation of  signs and symptoms by several scoring 
systems[22]. The most widely used are the West-Haven 
criteria (Table 1) which are based on neurological ex-
amination and specific questionnaires to detect mental 
status changes. In addition, OHE can be further divided 
into episodic or persistent depending on time course and 
clinical behaviour: episodic HE remains below the clini-
cal detection level among different episodes, whereas 
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persistent HE is always clinically evident[23]. Prevalence 
for MHE ranges from 30% up to 80%, probably be-
cause there is still no accepted gold standard for diagno-
sis of  MHE and the majority of  the screening tests are 
time-consuming and cumbersome to perform[23,24]. It is 
characterized by alterations of  psychometric and neuro-
physiological tests in otherwise asymptomatic patients[25]. 
This condition is considered a preclinical stage of  OHE 
and is associated with poor quality of  life, high risk of  
traffic violations and accidents and increased progres-
sion to OHE[26-28]. The diagnosis of  MHE aims to detect 
attention deficits and processing speed and is based 
on different batteries of  tests. Among them, the por-
tal systemic encephalopathy (PSE) syndrome test, that 
includes number connection test A (NCT A), number 
connection test B (NCT B), line tracing test errors and 
time, serial dotting test and digit symbol test, has been 
validated in different countries and is recommended by 

the Working Group on HE[29]. Although the pathogen-
esis of  this disorder is not well understood, a key role 
is played by circulating gut derived toxins of  the nitrog-
enous compounds with a resultant neuroglial injury in 
the setting of  a systemic inflammatory milieu (Figure 1). 
In particular, the currently accepted hypothesis is that 
endogenous neurotoxic substances escape from catabo-
lism by the liver, due both to the impaired function of  
the cirrhotic liver and to the presence of  portal-systemic 
shunts. These substances circulate in the systemic blood 
flow, reach the brain through the blood-brain barrier and 
results in different severity of  cerebral impairment[30]. 
Several factors have been shown to precipitate HE, in-
cluding gastrointestinal bleeding, electrolyte imbalances, 
infection, and medications such as sedatives and diuret-
ics. They work by increasing the underlying inflamma-
tory milieu, increasing toxins production or reducing the 
threshold for mental status decline, or a combination of  

Stage Consciousness Intellect and behaviour Neurological findings 

0 Normal Normal Normal examination1 
1 Trivial lack of awareness Impaired attention span; altered sleep; euphoria Mild asterixis 
2 Lethargic Disoriented; inappropriate behaviour depression Asterixis; slurred speech 
3 Somnolent but arousable Gross disorientation; bizarre behaviour Muscular rigidity/clonus hyper-reflexia 
4 Coma Coma Decerebrate posturing 

Table 1  West-Haven criteria for hepatic encephalopathy 

1If impaired psychomotor testing, then minimal hepatic encephalopathy. 

Blood-brain barrier

Brain

Portal-systemic shunts Liver

Systemic circulation

Gut microflora

Portal venous flow

Ammonia Nitrogen
Glutamine Serotonin
Methionine GABA

Figure 1  Pathophysiology of hepatic encephalopathy in liver cirrhosis. GABA: γ-aminobutyric acid.
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the above. Ammonia, mercaptans, phenols, short and 
medium-chain fatty acids and benzodiazepine-like com-
pounds have all been found to be elevated in cirrhotic 
patients with HE. The majority of  these toxic substanc-
es are produced in the intestine by the bacterial flora, 
and are absorbed into the portal venous flow. Thus, gut 
microflora contribute to the pro-inflammatory state of  
cirrhosis even in the absence of  overt infection[31]. In ad-
dition, cirrhotic patients have a substantial alteration of  
the gut microecology with a high prevalence of  SIBO 
and delayed oro-cecal transit time (OCTT)[17,32-36]. The 
latter has a multifactorial ethiology. First, it could be due 
to the presence of  autonomic neuropathy that has been 
demonstrated as an independent predictor of  reduced 
intestinal motility in this kind of  patients[37]. Moreover, 
patients with autonomic dysfunction were found to have 
a higher incidence of  new onset of  HE[38]. Second, a 
delayed OCTT may be associated with metabolic altera-
tions that occur in patients with portal hypertension and 
portal-systemic venous shunting. Finally, SIBO itself  
may leads to delayed OCTT since it has been shown a 
significant improvement of  intestinal motility after an-
tibiotic therapy[36]. There might be also a link between 
the cognitive impairment in cirrhosis with inflammation 
and specific bacterial taxa. For example, recent evidence 
showed how interleukin (IL)-23 system and innate im-
mune response were highly correlated with several bacte-
rial families in patients with cirrhosis and HE, and how 
there was a direct correlation between cognition, Por-
phyromonadaceae and Alcaligeneceae families[39]. Based 
on these considerations, the manipulation of  gut flora 
could be useful in the treatment of  HE. 

MODULATION OF GUT MICROBIOTA 
FOR THE MANAGEMENT OF HE
Treatment goals and options are dependent on the stage 
and acuity of  HE[23]. Once the diagnosis of  OHE is 
confirmed, an extensive search for potential precipitat-
ing factors should be instituted along with treatment of  
OHE. As previously described, the leading causes are 
gastrointestinal bleeding, sepsis, dehydration resulting 
from diuretics, diarrhoea or vomiting, transjugular intra 
hepatic porto systemic shunting, constipation and the use 
of  sedative and narcotic drugs. Their treatment can re-
verse OHE in most cases. However, when it is not possi-
ble to identify a precipitating factor despite an exhaustive 
search, specific treatment for OHE should be instituted. 
Most therapies for HE focus on treating episodes as 
they occur and are directed at reducing the nitrogenous 
load in the gut, an approach that is consistent with the 
hypothesis that this disorder results from the systemic 
accumulation of  gut-derived neurotoxins in patients with 
impaired liver function and portosystemic shunting[40]. 
Therefore, the majority of  therapeutic options currently 
in use are directed towards the gut. Prebiotics are non-
digestible food ingredients that act by directly stimulating 
the growth of  bacterial strains potentially beneficial to 

the host like Bifidobacteria and Lactobacilli, thereby indi-
rectly reducing the influence of  potentially more harmful 
resident flora (i.e. urease-producing species). They come 
in the form of  indigestible fibers and have shown benefit 
for the management of  HE, particularly MHE, both as 
prebiotics and when used in combination with probiotics 
(in which case they are termed synbiotics)[41,42]. Probiot-
ics are living non pathogenic microorganisms that are 
thought to exert an effect in HE by reducing intestinal 
ammonia production by enterocyte glutaminase and re-
duce BT, modulate gut permeability and modulate pro-
inflammatory responses. Furthermore, probiotics bypass 
the small bowel and get fermented by colonic bacteria to 
form lactic, acetic, and butyric acids, and gas (mainly hy-
drogen); any resultant prokinetic effect may increase the 
expulsion of  ammoniagenic bacteria[43]. Probiotics have 
been studied for the treatment of  HE and have shown 
some benefit, mostly in the setting of  minimal dis-
ease[24,44,45]. The bacterial species that appear to be most 
successful include Lactobacilli and Bifidobacteria. Probiotics 
may also improve overall liver function, perhaps by re-
ducing translocation and subsequent endotoxemia and by 
ameliorating the hyperdynamic circulation[41]. To quantify 
unambiguously the beneficial and harmful effects of  any 
probiotics at any dosage, a recent meta-analysis identi-
fied seven randomized trials for the treatment of  acute 
or chronic HE. The authors of  this Cochrane review 
assessed a range of  outcomes including death, recovery, 
adverse events, and quality of  life. There was no benefit 
of  probiotics shown for any of  the primary outcomes 
including mortality. On the other hand, there was a sig-
nificant difference in secondary outcomes such as lower-
ing of  plasma ammonia concentration compared with no 
treatment. The authors concluded that this finding is of  
questionable importance, not recommending the use of  
probiotics for patients with HE until further randomized 
clinical trials are undertaken[46]. Non-absorbable disac-
charides, such as lactulose and lactilol, have traditionally 
been considered the first-line drug therapy for lowering 
the production and absorption of  ammonia[47]. These 
substances are metabolized by the intestinal bacteria to 
acetic and lactic acid. The consequent acidification of  the 
colonic contents creates a hostile environment for the 
survival of  intestinal bacteria involved in the production 
of  ammonia and facilitates the conversion of  NH3 to 
non-absorbable NH4

+. Moreover, their cathartic effects 
cause an increased in faecal nitrogen excretion[48]. The 
non-absorbable disaccharides have been used for decades 
with anecdotal and clinical trial experience[49]. However, 
side effects of  lactulose therapy, including cramping, 
diarrhoea and flatulence, result in frequent noncompli-
ance[40]. Overdosage may also result in severe diarrhoea, 
electrolyte disturbances and hypovolaemia that, if  severe 
enough, may itself  precipitate encephalopathy symptoms. 
In spite of  their anedoctal usefulness, in the last years the 
true efficacy of  the disaccharides for this indication has 
been questioned. As the use of  lactulose pre dated ran-
domized controlled trials, a comprehensive meta-analysis 
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endorsed by the Cochrane Collaboration did not find 
any significant difference in outcomes in patients treated 
with and without lactulose[50]. Based on a critical analy-
sis of  available published literature, Als-Nielsen et al[50] 
concluded that the evidence in favour of  utilizing non-
absorbable disaccharides in HE did not meet the current 
minimum criteria for adequacy. In fact, although in some 
cases the administration of  lactulose was associated with 
improvement in mental status, it is difficult to assess the 
reason for improvement since precipitating factors were 
simultaneously being corrected. On the other hand newer 
clinical studies suggest benefits with lactulose conferring 
improved neuropsychometric and quality of  life scores[47]. 
Also, two recently published meta-analysis on the clinical 
efficacy and safety of  lactulose in patients with MHE, 
provide substantial evidence for the beneficial effects 
of  non-absorbable disaccharides[51,52]. Therefore, at the 
present time, there is a lack of  sufficient evidence to 
completely dismiss the use of  non-absorbable disac-
charides for the treatment of  HE, while compliance and 
cost effectiveness should be carefully balanced against 
clinical outcomes. Antimicrobial agents have long been 
utilized as an alternative treatment option for patients in-
tolerant or unresponsive to non-absorbable disaccharides 
due to their ability to inhibit ammonia production by 
intestinal bacteria. Neomycin is the most commonly used 
antimicrobial for HE, but despite the legitimate theoreti-
cal rationale for its use, there is a paucity of  clinical data 
to support this practice[48,53]. Moreover, the occurrence 
of  serious adverse effects such as nephrotoxicity and 
ototoxicity limit their use to relatively short periods of  
time. Other antimicrobials, including metronidazole and 
vancomycin, have been studied to a more limited extent 
than neomycin[48]. However, long-term use of  metroni-
dazole has been associated with neurotoxicity in patients 
with cirrhosis, whereas the risk for enteric bacteria resis-
tance preclude the routine use of  vancomycin for HE. 
Thus, with the potential for serious adverse effects and 
the lack of  demonstrated clinical benefit, the routine 
management of  HE with conventional antibiotics should 
be questioned. Rifaximin is a poorly absorbed synthetic 
antibiotic with a broad spectrum of  antibacterial activity, 
against aerobic and anaerobic Gram positive and Gram-
negative organisms[54]. As a derivative of  rifamycin, it 
similarly works by blocking bacterial RNA synthesis. 
However, rifaximin has an additional pyridoimidazole 
ring that allows for high concentrations in the gastroin-
testinal tract and minimal systemic drug absorption.

Due to its low rate of  systemic bioavailability, the 
safety profile of  rifaximin appears to be superior to that 
of  systemic antibiotics, particularly for patients with liver 
disease, making it suitable for long-term use. Moreover, 
the risk of  bacterial resistance appears to be lower with 
rifaximin than with systemic antibiotics because bacteria 
outside the gastrointestinal tract are not exposed to ap-
preciable selective pressure[55]. The safety and efficacy 
profiles of  rifaximin as treatment of  overt HE have 
been extensively explored in several clinical trials[48]. The 
results of  controlled double-bind studies demonstrated 

that rifaximin was more effective than non-absorbable 
disaccharides in the treatment of  acute HE: mental state, 
electroencephalogram irregularities and PSE-index were 
all significantly improved in the rifaximin group[56-59]. 
While rifaximin was well tolerated, adverse events, in-
cluding flatulence, diarrhoea, nausea and anorexia, were 
reported by patients in the disaccharides group. A recent 
study found a reduced hospitalization rate during rifaxi-
min therapy compared with that of  lactulose[60]. Once 
again, the HE grade was significantly lower and patients 
compliance was significantly higher in the rifaximin 
group. Further data suggest that rifaximin is at least as 
effective as neomycin in decreasing plasma ammonia 
levels and in improving the clinical symptoms related to 
HE with fewer clinically significant adverse events dur-
ing a 21 d treatment period[61]. Based on these findings, 
the Cochrane review recommends the use of  rifaximin 
in the treatment of  acute HE[50]. Until recently, there 
has not been any conclusive evidence to support routine 
use of  pharmacological prophylaxis to prevent future 
recurrence in patients who have recovered from an acute 
episode of  HE. However, the prevention of  episodes 
of  HE is an important goal in the treatment of  patients 
with liver disease, especially since symptoms of  overt 
encephalopathy are debilitating and decrease the ability 
for self-care, leading to frequent hospitalizations, and a 
poor quality of  life. A recent clinical trial has been con-
ducted to evaluate the efficacy of  rifaximin as secondary 
prophylaxis of  overt HE[62]. This double blind, placebo 
controlled, multicentre trial randomized 299 patients 
with a recent history of  recurrent, overt HE to receive 
either rifaximin or placebo for a period of  6 months. 
The majority of  the patients in both groups were also 
maintained on concomitant lactulose therapy. During the 
study period, an acute episode of  HE occurred in a sig-
nificantly lower percentage of  patients in the rifaximin 
group (22.1%) than in the placebo group (45.9%), with a 
hazard ratio (HR) of  0.42.

Furthermore, there was a significantly reduced risk 
of  hospitalization in the rifaximin group when com-
pared with placebo: 13.6% vs 22.6% of  patients respec-
tively with a corresponding HR of  0.50. No significant 
difference in the incidence of  adverse events was found 
between the two groups. The authors concluded that 
the addition of  rifaximin to a standard lactulose regi-
men may offer advantages in terms of  decreasing risk 
of  both acute HE episodes as well as hospitalizations 
when compared with lactulose alone. Overall, this piv-
otal study expands previously reported findings of  the 
efficacy of  rifaximin in the treatment of  overt HE and 
demonstrates a clinically relevant benefit of  rifaximin 
as pharmacological prophylaxis of  HE. The protective 
effect of  rifaximin was confirmed by an extension trial 
performed on the same patients to assess the efficacy 
of  rifaximin in maintaining remission over time[63]. The 
results of  this preliminary study support a possible long-
term protective pharmacological effect. In addition, an 
ancillary analysis of  data from the same trial to assess 
the effect of  rifaximin on health-related quality of  life 
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(measured via the Chronic Liver Disease Questionnaire) 
provided evidence that rifaximin improves perception 
of  daily well being and quality of  life outcomes in all do-
mains adversely affected by underlying liver diseases[64]. 
Therefore at this time, both lactulose and rifaximin can 
be used to prevent recurrent episodes of  OHE. Ambiva-
lence remains as concerning the treatment of  MHE. It is 
clear that MHE has a major impact on quality of  life and 
should be promptly diagnosed and treated. However, 
for many years, various treatment modalities including 
lactulose, probiotics and dietary manipulation, have been 
studied with unconvincing evidence. Limits on the use 
of  antibiotics have been exceeded by the results of  the 
randomised ischaemic mitral evaluation trial[65], which 
showed unequivocally that rifaximin improves psycho-
metric test performance scores as early as after 2 wk of  
treatment. The same patients experienced, also, a signifi-
cant improvement in health related quality of  life, which 
was strongly correlated with the improvement in cogni-
tive functions. The authors speculated that there are two 
possible mechanisms by which rifaximin could lead to an 
improvement in MHE: first by reducing the ammonia-
producing bacteria in the gut[61], second by decreasing 
BT and inflammation.

The results of  the RIME trial represent an important 
step in the establishment of  rifaximin as an effective 
and safe treatment for MHE and are in agreement with 
the findings of  a more recent study which demonstrates 
improved driving skills following rifaximin treatment 
in patients with MHE[66]. In this double-blind placebo 
controlled trial, patients randomized to rifaximin had a 
significant reduction in the number of  total driving er-
rors, and specifically speeding tickets and illegal turns, 
on a driving simulator, compared with those on placebo. 
Driving requires balance and integration of  different 
cognitive functions, such as attention, adequate reaction 
time, visuo-motor coordination and can be considered 
a practical interpretation of  the cognitive domains af-
fected in MHE[67]. Since patients on rifaximin presented 
increased plasmatic levels of  the anti-inflammatory cy-
tokine IL-10, the authors speculated that rifaximin could 
act by regulating local intestinal immunity and inflam-
mation. The same authors provide in another paper a 
cost effective analysis based on a Markov model of  pro-
gression from cirrhosis without MHE, to MHE and to 
OHE focused on motor vehicle crashes as an objective 
endpoint. The results of  this analysis indicate that diag-
nosis of  MHE followed by lactulose therapy could result 
in substantial societal cost savings by preventing major 
motor vehicle crashes among MHE patients. In contrast, 
because of  its high monthly cost, treatment with rifaxi-
min is unlikely to generate overall cost savings unless the 
rifaximin monthly cost is substantially reduced[68]. 

CONCLUSION
Different chronic liver diseases are associated with alter-
ations of  the intestinal microbiota, gut barrier dysfunc-

tion and translocation of  bacteria or bacteria-derived an-
tigens into the systemic circulation. The same processes, 
in turn, exacerbate liver disease leading to enhanced 
tissue damage and development of  complications such 
as systemic infections, phosphate buffered saline, hepato 
renal syndrome and portal-systemic encephalopathy. 
Modulation of  the gut microbiota may represent a good 
therapeutic target for the prevention and treatment of  
different complications associated with liver cirrhosis. 
In particular, due to its low rate of  systemic bioavail-
ability and a good tolerability profile, the non-absorbable 
antibiotic rifaximin could be an ‘ideal’ antimicrobial for 
selective targeting at the gastrointestinal tract in this kind 
of  patients. As reviewed, at present this antibiotic is 
recommended for the treatment of  acute HE. Further-
more, recent literature appears to support a favourable 
benefit-risk ratio for rifaximin both in the prevention of  
overt HE and in the treatment of  minimal HE. 

However, additional high-quality clinical trials are 
needed to more clearly define the effectiveness of  long-
term or periodic treatment with rifaximin on gut micro-
biota modulation in cirrhotic patients with HE.
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