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Review Article

Introduction

Hepatic encephalopathy (HE), one of the most serious compli-
cations of liver dysfunction, is characterized by a broad range 
of neuropsychiatric symptoms, from subtle fluctuating cognitive 
impairment to confusion, coma and death.1 The pathogenesis of 
HE has not been completely elucidated. The increase in blood or 
brain ammonia levels predominates in the overall understanding 
of HE to date. Ammonia is released from the gut after breakdown 
of digested proteins by gut bacteria and mucosal enzymes, after 
which it enters the portal circulation of the liver and is transformed 
into urea via the urea cycle. When encountering hepatic failure, 
the accumulated ammonia is shunted into the systemic circula-
tion, which results in hyperammonemia, and consequently leads 
to the abnormal functions of neurons, and ultimately HE.2 The 

accumulated ammonia can pass the blood-brain barrier (BBB), 
where ammonia and glutamate are then converted into glutamine 
by astrocytic glutamine synthetase, and the increased glutamine 
leads to brain edema.2 Other factors besides ammonia have been 
involved in the pathogenesis of HE, including benzodiazepine 
receptors,3 manganese toxicity,4,5 neuroinflammatory responses,5 
oxidative stress,5 mercaptans, short fatty acids, lactate, decreased 
glutaminergic synaptic function and dopamine metabolites.6 The 
use of lactulose, lactulose combined with refaximin, and intrave-
nous L-ornithine-L-aspartate comprises the initial management of 
HE, which aims to reduce ammonia levels.1,2,7,8 Although these 
treatments may ameliorate HE symptoms in some patients, poor 
clinical outcome with periods of worsening have been observed in 
a substantial proportion of patients.

Recently, changes in the gut microbiota (i.e. the decrease of ben-
eficial bacteria and the increase of potentially pathogenic bacteria) 
are considered to play a key role in the pathogenic mechanism of 
HE.9 Patients with HE may benefit from treatment with some an-
tibiotics, such as rifaximin, or probiotics that act as modulators of 
gut microbiota.10,11 However, long-term application of rifaximin 
may induce drug resistance and it is possible that probiotics will 
introduce live bacteria into immunosuppressed patients.

Fecal microbiota transplantation (FMT) is an efficient strategy to 
manipulate gut microbiota through infusing a healthy donor’s stool 
into the intestine of a sick recipient. In recent years, FMT has shown 
outstanding clinical efficacy on Clostridium difficile infection, in-
flammatory bowel disease, irritable bowel syndrome, nonalcoholic 
fatty liver disease, etc.12–16 Moreover, FMT has been explored in the 
treatment of HE, showing promising efficacy and safety. In this re-
view article, we provide currently available experimental and clini-
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cal evidence, and then propose the possible underlying mechanisms.

Experimental evidence

Shen et al.17 engineered the gut microbiota to treat hyperammone-
mia. The researchers selected altered Schaedler flora (ASF), which 
is low in urease activity, to establish ASF-transplanted mice. The 
ASF transplantation alleviated the effects of acute and chronic 
liver injury that had been induced by thioacetamide (TAA). Fecal 
ammonia levels, mortality and cognitive impairment in response 
to TAA were significantly reduced in the ASF-transplanted mice, 
as compared with those in the control mice with conventional mi-
crobiota. Another recent study carried out by Wang et al.18 also 
showed positive effects of FMT in HE rats, different from the 
study by Shen et al.17 in that the fecal material used was collected 
from a healthy female donor (Table 1).7,8 In addition to the decline 
of blood ammonia, mortality and cognitive impairment, FMT de-
creased liver inflammation and damage, and attenuated intestinal 
permeability (Table 1).18 The findings from these humanized ver-
sions of FMT in animal models give hope that FMT can clinically 
reduce hyperammonemia in patients with HE.

Clinical evidence

Both culture-based and culture-independent studies of microbiota 
have demonstrated that gut microbiota is altered in cirrhosis and 

HE.9,19,20 Clinical studies have also further confirmed the associa-
tions between changes in gut microbiota and HE.21,22 The studies 
by Bajaj et al.21,22 showed that the model for end-stage liver dis-
ease score, a scoring system to measure the severity of cirrhosis, 
was positively correlated with potentially pathogenic taxa, such 
as Enterobacteriaceae, Enterococceae and Staphylococcae, and 
negatively correlated with Clostridiales XIV, Ruminococcaceae 
and Lachnospiraceae in gut microbiota. These findings indicate 
that when beneficial bacteria decrease and potentially pathogenic 
bacteria increase in cirrhosis, the gut microbiota balance will be 
broken, which then plays pathogenic roles in HE progression.

Given the close association between microbiota dysbiosis and 
HE, Canadian doctors, Kao and her colleagues,23 first applied FMT 
in an overt HE patient and reported their results in 2016, which 
indicated significant cognitive improvement. The 57-year-old man 
with HE was given four weekly FMTs, at weeks 1–2, 3, 4 and 
7, collected from a “universal” stool donor, whereas the patient’s 
diet and lactulose dose remained the same throughout the study. 
The patient’s inhibitory control rest and the Stroop test scores re-
turned to normal by week 4, but reverted to the level before FMT at 
week 14, implying that repeated therapy is required to preserve the 
beneficial effect of FMT. No FMT-related adverse events (AEs) or 
infectious complications occurred.23

In 2017, Bajaj and colleagues published an open-label ran-
domized clinical trial of single FMT versus the standard of care 
(SOC) in patients with recurrent HE.24 In this FMT trial, the stool 
donor was a so-called “rationally derived stool donor”, who had 
been selected based on cross-sectional HE microbiome data. A 
5-day broad-spectrum antibiotic pretreatment was given to the pa-

Table 1.  Experimental evidence of FMT in treating HE

Study design Shen et al.7 Wang et al.8

Animals

  Recipient Germ-free mice/C57BL6 mice Male Sprague-Dawley rats

  Control Swiss Webster mice/C57BL6 mice Male Sprague-Dawley rats

Pre-treatment before FMT Antibiotics+ intestinal purge 
using polyethylene glycol

No

Feces source ASF (from CB17 SCID mice 
colonized with ASF)

Fecal material from a healthy female donor

Route of FMT Oral gavage Intestinal intubation

Induction of the HE model

  How TAA injection CCl4 injection + alcohol feeding

  When Before FMT After FMT

After FMT

  Ammonia ↓ ↓

  Mortality ↓ ↓

  Cognitive impairment ↓ ↓

  Hepatic function / ↑

  Intestinal mucosal barrier dysfunction / ↓

  Systemic proinflammatory response / ↓

Possible mechanisms / Impairing liver inflammation, reducing systemic 
inflammation, and improving intestinal mucosal  
barrier function.

Abbreviations: ASF, altered Schaedler flora; CCl4, carbon tetrachloride; FMT: fecal microbial transplant; HE: hepatic encephalopathy; SCID, severe combined immunodeficiency 
syndrome; TAA, thioacetamide. ↓, decreased; /, no change.
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tients randomized to receive a single FMT enema (the FMT arm), 
whereas no antibiotic pretreatment was given to those randomized 
to receive SOC (the SOC arm). Patients in both arms were on steady 
doses of lactulose and rifaximin during the study. The primary out-
come of this trial was safety of FMT, as determined by FMT-related 
serious adverse events (SAEs) at day 150, which was defined by 
a composite endpoint of death, hospitalizations, emergency room 
visits or transmissible infections, as defined by the Federal Drug 
Administration. Changes in cognitive functions, cirrhosis severity, 
microbiota composition and function, and solicited AEs were also 
evaluated. From the clinical findings (summarized in Table 2), Ba-
jaj et al.14,24 concluded that FMT from a rationally selected donor 
reduced hospitalizations, and improved cognition and dysbiosis in 
patients with recurrent HE, indicating that FMT is safe.

Although there are some weak points in the sample size, length 
of follow-up, donor selection, and lack of long-term safety data,25–
27 this trial proved FMT as a feasible therapeutical treatment ap-
proach for HE. However, more data on the efficacy, durability and 
long-term safety are required to support FMT as the front-line 

treatment option for HE.25

Possible underlying mechanisms

The pathogenesis of HE is complicated and remains incompletely 
understood. However, the impaired gut-liver-brain axis, hyperam-
monemia, systemic inflammation and the increasing BBB per-
meability are believed to contribute to the pathogenesis (Fig. 1). 
Based on the current limited published data, we propose here the 
possible underlying mechanisms of FMT for its therapeutic role in 
HE (Fig. 1).

Restoration of the impaired gut-liver-brain axis

A small-scale study by Bajaj et al.22 showed that the Alcaligenece-
ae and Porphyromonadaceae dominant gut microbiome was posi-
tively linked with cognitive impairment. In a recent large-scale 

Table 2.  Efficacy and safety of an open-label randomized clinical trial of single FMT versus the SOC in patients with recurrent HE14

SOC arm (n = 10) FMT arm (n = 10)

Proportion of patients with FMT-
related SAEs at day 150

80% 20%

  Death 0 0

  Hospitalizations for recurrent HE 60% 0

  ER visits/transmissible infection 0 0

Cognition improvement (PHES and 
EncephalApp—Stroop Test)

Yes No

Changes in cirrhosis severity

  MELD scores No changes Transiently worsened post-antibiotics; 
Reverted to baseline post-FMT

  Albumin No changes No changes

Changes in liver function (AST, ALT, albumin or  
hemoglobin) and WBC count

No changes No changes

Changes in microbiota composition and function

  Diversity No changes Post-antibiotics—reduced significantly
Post-FMT—increased and returned 
to the pre-FMT values

  Beneficial taxa No changes A relative increase in Lactobacillaceae 
and Bifidobacteriaceae;
The relative abundance of Lachnospiraceae 
and Ruminococcaceae reduced 
post-antibiotics and recovered 
post-FMT in all but 2 patients.

Solicited AE events Linked to liver-related complications:
Mental status alteration (n = 6)
Pneumonia (n = 1)
Chest pain (n = 1)
Portal vein thrombus (n = 1)
Anemia (n = 1)
Gastroenteritis (n = 1)
Variceal bleeding (n = 2)

Unrelated to FMT:
Acute kidney injury (n = 1) (responded 
within 24 h to intravenous hydration)
Chest pain (n = 1) (ruled out for 
an acute cardiac event)

Data are derived from Bajaj et al.14 “Fecal microbiota transplant from a rational stool donor improves hepatic encephalopathy: A randomized clinical trial.” Hepatology 2017; 
66:1727–1738. Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; EncephalApp – Stroop test, a convenient method to test for cog-
nitive dysfunction; ER, emergency room; FMT: fecal microbial transplantation; HE: hepatic encephalopathy; MELD, model for end-stage liver disease; PHES, psychometric hepatic 
encephalopathy score; SAE, serious adverse event; SOC: standard of care; WBC, white blood cell.
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study, Ahluwalia et al.28 explored the linkage between gut micro-
biome and astrocytic and neuronal changes in brain function in pa-
tients with cirrhosis. Autochthonous taxa were found to negatively 
correlate with magnetic resonance spectroscopy and hyperam-
monemia-associated astrocytic changes, while Enterobacteriaceae 
showed a positive correlation with those changes. Porphyromona-
daceae showed the correlation with neuronal changes on diffusion 
tensor imaging which demonstrates impaired axonal integrity and 
edema, but no linkages with ammonia. These findings indicate that 
the impaired gut-liver-brain axis in cirrhosis plays a crucial role in 
the ultimate pathogenesis of HE. Accordingly, FMT, a promising 
therapy to restore a healthy microbiota, may reduce HE recurrence 
via restoring the impaired gut-liver-brain axis.

Ammonia reduction

Hyperammonemia is a classical factor in the pathogenesis of HE. 
Human gut bacteria produce urease, which hydrolyzes urea into 
carbon dioxide and ammonia. Accumulated ammonia, which oc-
curs in patients with liver injury, chronic liver disease or urea cycle 
defects, is associated with damage to the central nervous system in 
patients, resulting in HE.29 The above-mentioned murine experi-
ment by Shen et al.17 showed a long-term reduction in fecal urease 
activity and ammonia production upon transplanting ASF into mice 
previously colonized with other organisms. A study of 26 minimal 
HE (MHE) patients revealed that Streptococcus salivarius, the gut 
urease-containing bacterium, was present in cirrhotic patients with 

and without MHE, but was absent in the normal group. The abun-
dance of Streptococcus salivarius was positively linked with am-
monia accumulation in cirrhotic patients with MHE.30 Therefore, 
modulation of the gut bacteria related to urease activity, in order to 
reduce ammonia production, may act as a possible mechanism of 
FMT for treating HE.

Decrease in systemic inflammation

Mounting evidence indicates that systemic inflammation leads to 
exacerbation of HE.11,31–33 Bajaj et al.22 found key linkages be-
tween the altered flora and inflammation, endotoxemia and poor 
cognition in patients with HE. In the above-mentioned study by 
Wang et al.,18 on FMT treatment using HE rats, liver expression 
of Toll-like receptor (TLR) 4 and TLR9 was reduced after FMT, 
accompanied by reduction in levels of proinflammatory factors, 
e.g. interleukin (IL)-1β, IL-6 and tumor necrosis factor (TNF)-α, 
indicating that FMT attenuates systemic inflammation. Therefore, 
alleviating systemic inflammation emerges as a possible mecha-
nism of FMT treating HE.

Reduction of BBB permeability

An intact and tightly regulated BBB performs as a “guard” to pro-
tect against the passage of harmful molecules in blood into the 
brain parenchyma. The BBB is composed of capillary endothe-

Fig. 1. Possible underlying mechanisms of FMT for treating HE. The gut microbiota imbalance resulted from reduction of beneficial bacteria and increase 
of potentially pathogenic bacteria, which leads to gut-liver-brain axis impairment, hyperammonemia, systemic inflammation and increasing blood-brain 
barrier permeability, ultimately contributing to the development of HE. FMT, an efficient way to manipulate gut microbiota, treats HE possibly via restora-
tion of the impaired gut-liver-brain axis, and reduction of ammonia production, systemic inflammation and blood-brain barrier permeability. Abbreviations: 
FMT, fecal microbial transplantation; HE, hepatic encephalopathy.  increase in patients with HE;  decrease in patients with HE;  decrease after FMT;  
increase after FMT.
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lial cells, which are sealed by astrocytes, pericytes, and tight junc-
tions. Tight junction proteins restrain the diffusion of water-soluble 
substances from blood to the brain in the paracellular pathway.34,35 
When tight junctions are disrupted by disease or drugs, BBB func-
tion and even the central nervous system will be impaired.35,36 In 
the bile duct ligation model of HE, BBB permeability was found 
to be exacerbated and the expression of tight junction proteins was 
down-regulated, suggesting their roles in the pathogenesis of HE.37 
Braniste et al.36 compared germ-free mice with pathogen-free mice 
with a normal gut flora and reported that lack of gut microbiota was 
related to an increase in BBB permeability and a change in tight 
junction protein expression, and BBB permeability was decreased 
in germ-free mice after transplantation of pathogen-free gut flora. 
Therefore, up-regulating tight junction proteins and increasing 
BBB permeability is a possible mechanism of FMT treating HE.

Future research directions

As gut microbiota changes play a pivotal role in the pathogene-
sis of HE. It is necessary to confirm the precise bacteria that are 
involved in pathogenesis of HE, which could guide the bacterial 
profile included in FMT. The efficacy, durability and long-term 
safety of FMT need to be assessed further in the future, using a 
well-designed randomized clinical trial with a larger sample size 
and longer follow-up period. Besides, the underlying mechanisms 
of FMT for its therapeutic role in HE also need to be elucidated. 
Based on the mechanisms of HE, we hypothesize that the possible 
underlying mechanisms of FMT in treating HE may include res-
toration of the impaired gut-liver-brain axis, and reduction of am-
monia production, systemic inflammation and BBB permeability.

Conclusions

Gut microbiota changes play a key role in the pathogenesis of 
HE. Recent experimental and clinical evidence suggests FMT as 
a feasible, efficacious and safe therapeutical treatment approach 
for HE. However, before FMT can be considered as the front-line 
treatment option for HE, more extensive experimental and clinical 
studies are required to determine the precise bacteria to be includ-
ed in FMT, the efficacy, durability and long-term safety of FMT, 
and to elucidate the underlying mechanisms. When the efficacy 
and safety of FMT in treating HE are confirmed, more and more 
patients with HE will benefit from the treatment.
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