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		  Hepatic encephalopathy (HE) results from a debilitating complication of liver cirrhosis and acute liver failure, 
characterized by neuropsychiatric abnormalities ranging broadly from mild cognitive impairment to respira-
tory failure to coma. The pathogenesis of HE is multifactorial, with gut-derived toxins, particularly ammonia, 
playing a central role. Recent advances in understanding the gut-liver-brain axis have revealed the importance 
of gut microbiota and dysbiosis in the development and progression of HE. Fecal microbiota transplantation 
(FMT), a clinical procedure that is performed to transfer fecal microbiota from a healthy donor to a patient with 
HE (recipient), has emerged as a promising therapeutic strategy for modulating gut microbiota and amelio-
rating HE. FMT facilitates the restoration of gut microbiota composition with increased microbial alpha diver-
sity, reestablishment of the balance between beneficial and pathogenic bacteria, reduction in the production 
of gut-derived toxins, and improvement of intestinal barrier function. It also modulates immune and inflam-
matory responses, alleviating hepatocyte and biliary injury. FMT has also demonstrated efficacy in improving 
cognitive function and reducing hospitalizations in HE patients and can maintain a stable donor-like microbio-
ta profile for up to 12 months post-transplantation. FMT is generally well-tolerated, with most adverse events 
reported to be mild and transient, providing a desirable option for HE treatment. This review provides a com-
prehensive overview of the current understanding of the role of gut microbiota in the pathogenesis of HE, the 
mechanisms underlying the therapeutic effects of FMT, and the clinical evidence supporting its use in HE. We 
will also discuss the limitations, challenges, and future prospects for FMT in the treatment of HE.
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Introduction

Hepatic encephalopathy (HE) is a severe complication of cir-
rhosis that presents as a complex neuropsychiatric syndrome 
in patients with liver dysfunction [1,2]. In severe cases, it can 
lead to coma, respiratory failure, and even death [3]. Based on 
the etiology, HE is usually attributed to acute liver failure, por-
tal systemic shunt, and liver cirrhosis [4]. Overt HE is the most 
severe form of HE, and is characterized by alteration of con-
sciousness or coma. The prevalence of overt HE ranges from 
30% to 45%, whereas the prevalence of minimal HE, a perva-
sive frequent complication of cirrhosis of any etiology, may be 
as high as 85% [5]. Therefore, HE imposes a substantial bur-
den on healthcare systems worldwide [6] and has a negative 
impact on the quality of life of the patient [3]. The gut-liv-
er-brain axis is a bidirectional communication system linking 
the gut microbiota, liver, and brain [7]. In patients with cirrho-
sis, the composition of gut microbiota is often altered, result-
ing in an overgrowth of pathogenic bacteria and a reduction 
in beneficial bacteria. Consequently, dysbiosis can lead to in-
creased production of gut-derived toxic metabolites, such as 
ammonia, which can transmit across the blood-brain barrier 
and contribute to the neuropsychiatric symptoms associated 
with HE [8]. Furthermore, gut dysbiosis can lead to systemic 
inflammation and oxidative stress, further exacerbating liver 
injury and contributing to the progression of HE [9].

The pathogenesis of HE has not been fully elucidated, but it is 
widely accepted that gut-generated toxins, particularly ammo-
nia, play a central role [10,11]. Hyperammonemia and inflam-
mation, oxidative stress, and neurotransmitter dysfunction are 
involved in the disease [12]. At present, antibiotics, lactulose, 
and lactitol targeting the gut microbiota are the first-line ther-
apy for treating HE. However, drug interventions have signifi-
cant gastrointestinal adverse reactions and are ineffective in 
approximately 20% of patients with chronic liver failure and 
HE [13,14]. For these patients, alternative treatment options, 
such as emerging therapies like fecal microbiota transplanta-
tion (FMT) are needed. FMT is a clinical procedure to transfer 
fecal microbiota from a healthy donor to a patient with HE 
(recipient) to restore a healthy gut microbiota composition in 
the recipient [15]. FMT has been successfully used to treat re-
current infection of Clostridioides difficile and is being inves-
tigated for a variety of other conditions and diseases [16,17]. 
Given the critical role of gut microbiota in the pathogenesis of 
HE, FMT has emerged as a promising therapeutic and manage-
ment strategy for this condition [18-20], and has shown prom-
ise in modulating the gut microbiota to reduce the production 
of gut-bacteria-derived toxins. Several preclinical studies have 
demonstrated the beneficial effects of FMT in animal models 
of HE. For example, a study by Kang et al showed that FMT 
significantly reduced ammonia levels and enhanced cognitive 
function in a rat model of HE [21]. Similarly, Bajaj et al found 

that FMT accelerated the recovery of impaired cognitive func-
tion due to HE and reduced systemic inflammation in patients 
with cirrhosis and minimal HE [19] (Table 1).

Despite the promising and positive results from preclinical 
and clinical studies, there are several challenges that need 
to be addressed before FMT can be widely adopted as a rou-
tine treatment for HE. One of the main challenges is the lack 
of standardized clinical protocols for FMT that specify donor 
selection, preparation of fecal materials, and administration 
routes. Currently, FMT is typically administered via colonosco-
py, nasoenteric tube, or oral capsules, but the optimal route of 
administration for HE remains unclear and may vary among 
patients [22,23]. Another challenge is the potential risk of ad-
verse events, including infections and immune reactions, which 
need to be carefully monitored and managed [24]. While early 
studies have shown promising results, the sample sizes have 
been relatively small, and the follow-up periods have been rel-
atively short. Larger, randomized controlled trials with longer 
follow-up periods are needed to confirm the benefits of FMT 
and to identify the patient groups that are most likely to re-
spond to and benefit from this treatment [25].

In this review, we aimed to provide a comprehensive overview 
of the current understanding on the role of gut microbiota in 
HE pathogenesis, the mechanisms underlying the therapeu-
tic effects of FMT, and the clinical evidence supporting its use 
in HE. We will also discuss the limitations, challenges, and fu-
ture prospects for FMT in the treatment of HE.

Gut Microbiota and Pathogenesis of HE

The gut microbiota make up the intestinal microbiome, a com-
plex and dynamic ecosystem that plays an important role in 
maintaining host health and exerts a marked influence on the 
host during homeostasis and disease. A healthy microbiome 
is highly diverse, with approximately 1000 microbial species 
consisting of bacteria, viruses, fungi, and even protozoa – that 
colonize the human host [26]. These microbes are involved in 
various physiological and anti-pathogenic processes, includ-
ing digestion, immune modulation, and defense against patho-
gens. The main populations of human gastrointestinal microor-
ganisms include Bacteroidetes, Actinobacteria, Firmicutes, and 
Proteobacteria [27,28]. In healthy adults, the gut microbiota 
mainly consist of Bacteroidetes and Firmicutes, accounting for 
approximately 90% of the microorganisms in the gut that im-
pact the physiological functions of adults. However, the abun-
dance and diversity of microbial populations vary considerably 
among individuals [29]. The gut microbiome plays an important 
role in metabolism, immune defense, and endocrine feedback, 
and is strongly related to liver diseases, neurological diseas-
es, skin diseases, and more. At present, the close association 
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Study Type Population Intervention Control Cognition Microbiota
Liver 

function
Adverse 
effects

Philips 
et al 
[123], 
2017

Pilot study 80 patients 
with severe 
hepatitis

30 grams of 
donor stool 
samples 
infused daily 
for 7 d

SOC HE resolved 
in 6 out of 8 
patients after 
FMT (71.4%)

1 yr post-FMT, there 
was an increase 
in Firmicutes and 
a reduction in 
Proteobacteria and 
Actinobacteria

Bilirubin 
levels 
significantly 
decreased

Excessive 
flatulence reported 
by 50% of FMT 
patients

Bajaj 
et al 
[19], 
2017

RCT 20 cirrhotic 
patients 
experiencing 
recurrent HE

FMT enema SOC 
(lactulose 
and 
rifaximin)

Significant 
improvement 
in both the 
PHES total 
score and 
Encephal App 
Stroop

Increased diversity 
and beneficial taxa 
(Lactobacillaceae and 
Bifidobacteriaceae) 
after FMT

No change Tolerated 
treatment with 
no mental status 
hospitalizations

Mehta 
et al 
[100], 
2018

Case series 10 patients, 
previously 
treated with 
FMT for 
recurrent HE

FMT via 
colonoscopy

None Not reported Not reported Not reported 1 patient 
died due to 
bronchopneumonia 
complications

Bajaj 
et al 
[98], 
2019

RCT 20 patients 
with cirrhosis

FMT enema SOC Fewer HE 
episodes

Increased 
Burkholderiaceae 
and decreased 
Acidaminococcaceae

Not reported None reported

Bajaj 
et al 
[103], 
2019

RCT 20 cirrhotic 
patients 
experiencing 
recurrent HE

15 FMT 
capsules 
from a single 
donor

Placebo Significant 
improvement 
in Off Time + 
On Time

Increased duodenal 
mucosal diversity 
and reduced 
Streptococcaceae and 
Veillonellaceae

Not reported 1 HE episode

Sung 
et al 
[52], 
2019 

Pilot 62 patients 
with cirrhosis 
and AHE

FMT enema None Not assessed Increased Veillonella 
parvula, Clostridium 
cluster XI, Prevotella, 
Enterococcus, 
Schlegelella, 
Megasphaera, 
Lactobacillus 
Decreased 
Phascolarctobacterium, 
Bacteroides, Alistipes

Not reported Not reported

Bajaj 
et al 
[124], 
2021

RCT 10 patients 
with cirrhosis 
and alcohol 
use disorder

FMT enema Placebo Improvements 
in both 
PHES and 
EncephalApp 
Off Time + 
On Time after 
FMT

Increased diversity, 
alongside elevated 
levels of Odoribacter, 
Bilophila, Alistipes, 
and Roseburia after 
FMT

No changes 
in AST, ALT, 
or albumin 
levels

A significant 
decreased SAE 
observed in the 
FMT group

Bloom 
et al 
[104], 
2022

RCT 10 cirrhotic 
patients, 
previously 
suffered 
at least 1 
episode of 
overt HE

Oral FMT 
capsules on 
days 1, 2, 7, 
14, and 21

None PHES 
demonstrated 
improvement 
after 3 doses 
of FMT

Higher 
Bifidobacterium 
abundance in FMT 
responder

Not reported 4 minor adverse 
effects were noted

Table 1. The efficacy and adverse effects of fecal microbiota transplantation in the management of hepatic encephalopathy.
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between gut microbiota and HE occurrence is being increas-
ingly revealed and elucidated [30]. In patients with liver cir-
rhosis, significant changes occur in the gut microbiota, lead-
ing to a condition known as dysbiosis, in which gut microbial 
diversity is reduced, with an overgrowth of potentially patho-
genic bacteria, and a decrease in beneficial bacteria [31,32].

Dysbiosis in patients with cirrhosis leads to increased intes-
tinal permeability, bacterial translocation, and the production 
of gut-derived toxins, such as ammonia, endotoxins, and cy-
tokines. Dysbiosis and increased intestinal permeability con-
tribute to the translocation of bacterial products, such as lipo-
polysaccharides (LPS), also known as endotoxin, into the liver, 
triggering inflammation and insulin resistance [33]. These met-
abolic changes can affect brain function, leading to conditions 
such as depression and cognitive impairment [34]. In patients 
with HE, the liver’s ability to detoxify these substances is im-
paired, resulting in toxin accumulation in the systemic circu-
lation and subsequent neurotoxicity [10,35]. Dysbiosis can 
be further exacerbated as a result of small intestinal bacte-
rial overgrowth (SIBO), increased intestinal permeability, and 
altered bile acid metabolism [36]. Dysbiosis not only increas-
es toxin production but also promotes systemic inflamma-
tion, further exacerbating HE. It has been shown that gut mi-
crobiota diversity (alpha diversity) is significantly reduced in 
HE patients, and that this reduction is correlated with disease 

severity and cognitive impairment [37]. In patients with liver 
cirrhosis, dysbiosis and increased intestinal permeability lead 
to the translocation of toxin-generating bacteria and gut-de-
rived toxins into the portal circulation. These toxins are then 
transported to the liver, where they contribute to liver injury 
and inflammation [38]. In addition, the toxins can enter the 
systemic circulation and cross the blood-brain barrier, leading 
to neuroinflammation and neurotoxicity [39].

Although the mechanism of pathogenesis of HE is not yet fully 
elucidated, ammonia has long been considered the primary driv-
er of HE. Compared with patients with cirrhosis without HE, the 
microbiota in patients with HE contains more members of the 
Veillonellaceae family. A large-scale assessment indicated that the 
gut microbiota in patients with liver cirrhosis shows an increase 
in pathogenic bacteria such as Veillonella and Streptococcus [40]. 
Ammonia is produced by gut bacteria through the breakdown of 
dietary proteins and urea. In healthy individuals, ammonia waste 
is efficiently metabolized and detoxified in the liver through the 
urea cycle. However, in patients with liver cirrhosis, the urea cy-
cle is impaired, leading to hyperammonemia. Ammonia can be 
transported to the brain across the blood-brain barrier and ex-
erts neurotoxic effects by altering neurotransmitter systems, 
inducing oxidative stress, and causing astrocyte swelling which 
disturbs neuronal-glial functions [41,42]. This leads to brain ede-
ma with increased intracranial pressure and possibly death [43].

Table 1 continued. The efficacy and adverse effects of fecal microbiota transplantation in the management of hepatic encephalopathy.

Study Type Population Intervention Control Cognition Microbiota
Liver 

function
Adverse 
effects

Li 
et al 
[78], 
2022

Case series 2 patients 
diagnosed 
with liver 
cirrhosis

FMT using 
50 g of 
fresh fecal 
intestinal 
flora 
suspension

None Notably increased 
Ruminococcus, 
Akkermansia, and 
Oscillospiraceae, 
alongside decreased 
abundance of 
Veillonella and 
Megasphaera

Improvement 
in Case 1

No FMT-related 
adverse events 
or infection 
complications

Philips 
et al 
[125], 
2022

Retrospe-
ctive 
analysis

47 patients 
diagnosed 
with severe 
alcohol-
associated 
hepatitis

100 mL 
of freshly 
processed 
stool 
introducing 
via 
nasoduodenal 
tube

Pentox-
ifylline

Significantly 
lower HE 
incidences 
compared to 
the SOC group

Decrease in 
Proteobacteria 
and an increase in 
Actinobacteria and 
Bacteroidota

Not reported Acute variceal 
bleeding was the 
most common 
cause of death in 
the FMT group

Bajaj 
et al 
[126], 
2025

open-label 
pilot study

10 patients 
with cirrhosis 
and a history 
of overt HE

FMT capsules Rifaximin 
and 
lactulose

Improved 
cognition in 
HE

Higher levels of 
Bifidobacterium

Not reported Not reported

AST – aspartate aminotransferase; ALT – alanine aminotransferase; FMT – fecal microbiota transplant; HE – hepatic encephalopathy; 
PHES – psychometric hepatic encephalopathy score; RCT – randomized controlled trial; SAE – sepsis-associated encephalopathy; 
SOC – control group.
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In addition to ammonia, other gut-derived molecules, such as 
LPS (also known as endotoxin) and inflammatory cytokines, 
have been implicated in the pathogenesis of HE [44]. Endotoxin 
can activate the innate immune system, upregulating the re-
lease of pro-inflammatory cytokines, which can further exac-
erbate liver injury and neuroinflammation [45]. Recent studies 
suggest that microbial metabolites, such as short-chain fatty 
acids (SCFAs), trimethylamine N-oxide (TMAO), and inflamma-
tory cytokines, also play significant roles in the pathogenesis 
of HE. For instance, SCFAs, while generally beneficial, can exert 
neurotoxic effects in the context of HE due to their interaction 
with the gut-brain axis [46,47]. Additionally, neuroinflamma-
tion and cognitive decline in HE patients has been attributed 
to TMAO, a metabolite derived from certain gut microbes [48]. 
In a prospective study of 49 patients with liver cirrhosis, it was 
found that there is a negative relationship between bacterial 
species producing SCFAs and the severity of cirrhosis. In pa-
tients with a history of overt HE, the concentrations of 6 spe-
cific SCFAs (acetic acid, propionic acid, butyric acid, isobutyr-
ic acid, valeric acid, and succinic acid) were lower, supporting 
the critical role of these metabolites in preventing the patho-
genesis of HE [46].

The role of inflammatory reactions and toxic substances in the 
pathogenesis of HE is also gradually being recognized [49]. 
Alterations in the structure and populations of gut microbiota 
and their metabolites, changes in bacterial immune response, 
and microbiota translocation can lead to HE by increasing the 
production and metabolism of ammonia and inducing the pro-
duction of inflammatory mediators, thereby negatively affect-
ing the nervous system [50]. Studies have suggested that, com-
pared with patients with cirrhosis without cognitive impairment, 
patients with minimal HE and overt HE exhibit specific changes 
in their gut microbiota [3]. Bajaj et al demonstrated that there 
is a significant difference in fecal microbiota structure between 
patients with cirrhosis and healthy individuals [51]. Another 
study showed that, compared with patients with compensated 
cirrhosis, during the onset of acute HE, the diversity of the gut 
microbiome and the relative abundance of bacteroidetes de-
creased dramatically, while the relative abundance of Firmicutes, 
Proteobacteria, and Actinobacteria increased correspondingly. 
This suggests that overt HE-specific gut bacterial taxa may be 
involved in HE development, and that this phenomenon may 
be explored to predict clinical outcomes of HE treatments [52].

Gut-Liver-Brain Axis

The gut-liver-brain axis is a bidirectional communication net-
work that integrates the gut, liver, and brain through neural, 
endocrine, immune, and metabolic pathways (Figure 1). It is 
implicated in metabolic disorders such as non-alcoholic fatty 
liver disease and type 2 diabetes [53,54] and involves complex 

interactions among the gut microbiota, the intestinal barrier, 
the liver, and the central nervous system [55]. Under normal 
physiological conditions, metabolites enter the liver through 
the portal vein system and are metabolized in the liver to pro-
duce bile acids and immunoglobulin. When the population of 
gut microbiota is imbalanced, this imbalance can lead to met-
abolic disorders in the liver, including loss of the ability to ef-
fectively eliminate harmful metabolic products, leading to liv-
er diseases, such as alcoholic liver disease, fatty hepatitis, and 
acute and chronic liver failure [56,57]. This axis plays a crit-
ical role in maintaining homeostasis and has been implicat-
ed in various diseases, including HE, metabolic disorders, and 
neurodegenerative diseases. The gut microbiota play a cen-
tral role in this axis by modulating the production of gut-de-
rived toxins, regulating intestinal permeability, and influencing 
immune and inflammatory responses [58,59]. In liver cirrho-
sis, impaired liver function and portosystemic shunting lead 
to the accumulation of gut-derived toxins, such as ammonia, 
mercaptans, and endotoxins, in the bloodstream. These tox-
ins cross the blood-brain barrier, contributing to neuroinflam-
mation and astrocyte dysfunction, which are hallmarks of HE. 
Certain gut microbes play a central role in producing these 
toxins, particularly through the metabolism of nitrogenous 
compounds [60,61].

Signal transduction in the gut-liver-brain axis is also influ-
enced by the vagus nerve, which provides a direct commu-
nication pathway between the gut and the brain. The vagus 
nerve can sense changes in the gut microbiota and transmit 
signals to the brain, leading to modulation of neuroinflam-
mation and cognitive function. In patients with HE, vagal dys-
function may contribute to the development of neuropsychi-
atric symptoms [62].

FMT may restore gut-brain axis communication, improving 
neurological and psychiatric symptoms. Recent investiga-
tions found that FMT alleviated depression-like behaviors by 
modulating gut microbiota and serotonin production [63,64].

FMT Mechanisms of Action

Restoration of Healthy Gut Microbiota Composition

FMT transfers fecal microbiota from a healthy donor to a re-
cipient (such as an HE patient) with the aim of reconstructing 
a healthy gut microbiome in the recipient (Figure 2). The do-
nor’s fecal microbiota are typically rich in beneficial bacteria, 
such as Bacteroidetes and Firmicutes, and have a high level of 
microbial diversity. In contrast, patients with HE often have a 
dysbiotic gut microbiome characterized by a reduction in mi-
crobial diversity and an overgrowth of potentially pathogenic 
microbes [65,66]. As a result of FMT, microbial alpha diversity 
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Figure 1. �Gut-liver-brain axis and hepatic 
encephalopathy (created with 
Microsoft Paint, Version 11).
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Figure 2. �Procedure of fecal microbiota transplantation (created with Microsoft Paint, Version 11).
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in HE patients with recurrent Clostridium difficile infection 
(rCDI) was found to be significantly increased, leading to clin-
ical improvement of HE [67]. By restoring a healthy gut micro-
biota composition, FMT can help to re-establish the balance 
between beneficial and pathogenic bacteria, thereby reducing 
the production of toxins in the gut and improving intestinal 
barrier function. Mechanistic investigations have found that 
FMT reduced the level of gut microbial toxins such as LPS and 
suppressed the TLR4/MyD88/NF-kB signaling pathway and its 
downstream pro-inflammatory products, both in the substan-
tia nigra and the colon [68]. This, in turn, can lead to a reduc-
tion in systemic inflammation and neurotoxicity, ameliorating 
the symptoms of HE [13,20].

FMT introduces competitive microbial species that outcompete 
pathogens like C. difficile. A study showed that donor-derived 
Bacteroides and Clostridium species could colonize the recipi-
ent gut, displacing pathogenic strains. During the therapeutic 
process, there is an interplay between recipient- and donor-
derived microbiota, in which the FMT outcome is significant-
ly linked to the enterotype and taxonomic distance between 
the donor and recipient microbiota [69]. Currently, FMT is con-
sidered the most effective method for rebuilding the gut mi-
crobiota. With further improved understanding of the impact 
of gut microbiota imbalance on disease, FMT will become in-
creasingly attractive for the treatment of HE [70,71].

Reduction of Gut-Microbe-Derived Toxins

One of the key mechanisms by which FMT exerts its therapeu-
tic functions in HE is through the reduction of toxins produced 
by certain gut microbes; in particular, the reduction of ammo-
nia. FMT can modify and modulate the gut microbiota to re-
duce the production of ammonia by enhancing the growth of 
bacteria that metabolize ammonia, such as Lactobacillus and 
Bifidobacterium, inhibiting the growth of ammonia-generat-
ing bacteria, such as Proteobacteria, and enhancing the con-
version of ammonia to less toxic metabolites, such as urea 
and glutamine [72].

In addition to reducing ammonia production, FMT can decrease 
the levels of other gut-derived toxins, such as endotoxin and 
inflammatory cytokines. This can help to reduce systemic in-
flammation and neuroinflammation, which are important con-
tributors to the pathogenesis of HE [73,74].

Improvement of Intestinal Barrier Function

Intestinal barrier dysfunction is a hallmark of liver cirrho-
sis and HE [75]. Increased intestinal permeability allows the 
translocation of gut-derived toxins and bacteria into the por-
tal circulation, contributing to liver injury and systemic inflam-
mation. FMT has been shown to improve the function of the 

intestinal barrier by promoting the growth of beneficial bac-
teria that produce SCFAs, which play important roles in main-
taining the integrity of the intestinal epithelium [76,77]. The 
transplanted microbiota produce SCFAs such as butyrate, ac-
etate, and propionate, which restore gut homeostasis and re-
duce inflammation [78]. Since the FMT-transplanted microbi-
ota can also enhance expression of antimicrobial peptides in 
the gut, the procedure helps to re-establish colonization re-
sistance to prevent pathogen overgrowth [79].

FMT can upregulate the level of tight junction proteins and 
downregulate pro-inflammatory cytokines, thereby prevent-
ing the leakage of bacterial products into the systemic circula-
tion, reducing bacterial translocation and endotoxemia [80,81].

Modulation of Immune and Inflammatory Responses

HE is associated with chronic systemic inflammation driven by 
gut-derived endotoxins. FMT modulates the immune response 
by reducing circulating levels of pro-inflammatory cytokines 
(eg, IL-1a, IL-1b, TNF-a, and IL-6) and increasing the levels of 
anti-inflammatory mediators (eg, IL-10, IL-4, and IL-13) [73,82]. 
The gut microbiota play a crucial role in regulating immune 
and inflammatory responses. Dysbiosis in patients with HE is 
associated with an imbalance in the production of pro-inflam-
matory and anti-inflammatory cytokines, leading to systemic 
inflammation and neuroinflammation. FMT can modulate im-
mune and inflammatory responses by restoring a healthy gut 
microbiota composition and promoting the growth of bacteria 
that produce anti-inflammatory metabolites, such as SCFAs [83].

FMT also modulates the host immune response by pro-
moting the growth of anti-inflammatory bacteria such as 
Faecalibacterium prausnitzii and Lactobacillus rhamnosus, 
thereby reducing pro-inflammatory cytokines. After FMT, an-
ti-inflammatory regulatory T cells (Tregs) were increased and 
levels of pro-inflammatory interleukins (IL-1a and IL-6) were 
decreased in patients with ulcerative colitis [84,85]. FMT can 
restore normal bile acid metabolism, which is often disrupted 
in dysbiosis. FMT was shown to normalize secondary bile acid 
production by inhibiting the germination of C. difficile spores 
[86], thereby alleviating hepatocyte and biliary injury [87].

Clinical Evidence Supporting FMT for HE

Therapeutic Implications

Modulation of gut microbiota has emerged as a promising 
therapeutic strategy for HE. Probiotics, prebiotics, and syn-
biotics have shown potential in restoring microbial balance 
and reducing ammonia levels [88,89]. Non-absorbable antibi-
otics like rifaximin are widely used to target gut bacteria and 

e949286-7
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Fang J. and Fang J.: 
Fecal transplant and hepatic encephalopathy
© Med Sci Monit, 2025; 31: e949286

REVIEW ARTICLES

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



reduce toxin production, and have been demonstrated to be 
effective in modulating gut microbiota composition and im-
proving gut metabolites to prevent and treat systemic infec-
tion in patients with liver disease [90,91].

Although still in its early stages, with most of the results ob-
tained from small studies and case reports (Table 1), FMT has 
also demonstrated efficacy in improving cognitive function 
and reducing hospitalizations in HE patients [92]. In an ini-
tial animal study, Shen et al found that by transplanting bac-
teria with low urease activity, the intestinal microbiome of 
mice was altered continuously, and the fecal ammonia level 
in mice with liver injury was reduced [93]. This discovery pro-
vided new ideas for the treatment of HE patients with FMT. 
Another study showed that FMT can effectively improve HE 
in terms of behavior and spatial learning ability of rats with 
acute liver failure, in a process that involves restoring intes-
tinal mucosal permeability and reducing blood ammonia and 
pro-inflammatory cytokine levels [94].

One of the earliest clinical reports of FMT for HE was published 
in 2016. It described treatment of a patient with recurrent HE 
(patient experiencing recurrent episodes of HE) via colonos-
copy [95]. After 4 FMTs, the patient showed a significant im-
provement in cognitive function and a reduction in ammonia 
level, suggesting that FMT may be a promising treatment op-
tion for patients with recurrent HE [95]. Since then, several 
studies have been published, reporting similar findings. For 
example, a randomized clinical trial by Bajaj et al assessed the 
safety and efficacy of FMT in patients with recurrent HE [19]. 
The study included 10 patients who received FMT via colonos-
copy. They found that FMT was associated with a significant 
improvement in cognitive function, a reduction in ammonia 
level, and a decrease in the frequency of HE episodes. With 
results from this and other related studies, the authors con-
cluded that FMT is a safe and effective treatment option for 
patients with recurrent HE [96,97].

In another randomized controlled trial (RCT) completed in 2017, 
20 patients with recurrent HE, defined as at least 2 document-
ed overt HE episodes and overall psychometric HE score (PHES) 
of about -8.0, were randomly assigned to the FMT group or the 
standard treatment (SOC) group. All patients received treatment 
with lactulose, rifaximin, and a proton pump inhibitor. The FMT 
group received a 5-day antibiotic pretreatment followed by a 
single FMT enema (from fecal donors rich in Helicobacter py-
lori and rumen bacteria). They were then followed up for 150 
days. On the 20th day of follow-up, the cognitive abilities (PHES 
and EncephalApp Stroop test) of patients in the FMT group im-
proved significantly in comparison with baseline, while there 
was no significant improvement in the SOC group. There was 
no significant difference in end-stage liver disease scores be-
tween the groups. In addition, the SOC group experienced 6 

HE events, while the FMT group experienced none [19]. By in-
creasing the follow-up time of these patients to 12-15 months, 
the authors assessed the long-term safety profile of the FMT 
group [24]. They found that, compared with the SOC group, in 
the FMT group, the number of hospitalizations and HE events 
were fewer (10 vs 1 and 8 vs 0, respectively). Moreover, the 
cognitive ability of patients in the FMT group also appeared 
to be better than that in the SOC group [98].

Another RCT evaluated the safety and efficacy of FMT in pa-
tients with minimal HE and rCDI [99]. During the 20 week fol-
low-up, 4 patients experienced adverse events (readmission, 
HE recurrence, death), including 1 patient who died of HE re-
currence within 2 months after surgery due to pneumonia 
complicated by sepsis. Their results showed that at week 20 
after receiving FMT, the blood ammonia concentration of the 
remaining 9 patients significantly decreased from 96 to 74 
μmol/L [100]. This study indicated that FMT can be safely ad-
ministered and can continue to have a significant impact on 
eradication of rCDI and improvement of the quality of life of 
patients suffering from HE.

Long-Term Stability and Outcomes

Whether FMT can generate long-term and favorable stable 
changes in gut microbiota composition is crucial to clinical 
applicability of the procedure. In this regard, it was demon-
strated that FMT recipients can maintain a stable donor-like 
microbiota profile for up to 12 months post-transplantation. 
After the initial FMT, 22.58% (7/31) of the recipients achieved 
clinical remission and endoscopy remission and the clinical 
response rate was 67.74% (21/31), which increased to 80% 
(16/20) after the second FMT. The 1- and 4-year relapse rates 
in the 12 remission patients were 33.33% and 58.3% [101]. 
Acharya et al demonstrated that FMT significantly improved 
cognitive performance and quality of life in HE patients over 
a 12-month follow-up period, with sustained benefits in mi-
crobiota diversity and ammonia levels [102]. Similarly, anoth-
er RCT reported a 50% reduction in HE recurrence rates in FMT 
recipients compared with standard care over 18 months [98].

In 2 patients with HE treated with FMT after transjugular intra-
hepatic portosystemic shunt (TIPS) placement, HE was expe-
rienced more than twice within the month following the TIPS 
procedure and patients underwent 3 endoscopic FMT proce-
dures. During the follow-up period of nearly a year, neither pa-
tient experienced HE again, and the liver function of patient 1 
showed significant improvement. Except for transient consti-
pation in patient 2, no other adverse events or infections re-
lated to FMT occurred [103]. In another FMT study involving 5 
donors and 10 HE patients, the patients’ cognitive function im-
proved significantly after FMT, but the effect varied depending 
on donor and recipient factors [104]. Patients who responded 
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to FMT had higher levels of beneficial bacteria such as bifido-
bacteria at baseline and throughout the study period, while 
FMT donors with the poorest cognitive function had the low-
est levels of fecal SCFA. In additional, FMT is also shown to be 
useful in treating pseudomembranous colitis, emphasizing the 
therapeutic potential of FMT in severe gastrointestinal condi-
tions [105]. Taken together, these findings suggest that FMT 
may offer durable and long-term benefits by restoring gut mi-
crobial balance and improving cognitive function in HE patients.

However, long-term outcomes may vary depending on donor 
selection and patient characteristics. A study by Kao et al high-
lighted that FMT from a healthy donor with high microbial di-
versity was associated with better long-term outcomes, in-
cluding reduced hospitalizations and improved liver function. 
They saw improvement in ammonia levels, inhibitory control 
test, and Stroop test after FMT in a patient with Grade I-II HE. 
Conversely, patients with advanced cirrhosis or comorbidities 
may experience attenuated benefits, underscoring the need 
for personalized approaches [20].

Safety of FMT

FMT is generally well-tolerated; most adverse events report-
ed are mild and transient. Common adverse effects include 
abdominal discomfort, bloating, and diarrhea, which typical-
ly resolve within 48 hours, and serious adverse events, such 
as infections or adverse immune reactions, are rare [106]. A 
systematic review found no serious adverse events directly 
attributable to FMT in HE patients, supporting its safety pro-
file [107]. Short-term safety of FMT has been demonstrated 
in the treatment of recurrent C. difficile infection, even in im-
munocompromised patients [24], with most reported adverse 
events being mild and self-limiting [108]. Data provided by 
Bajaj et al also supported the short-term (<1 year) safety of 
FMT [103]. Among the 20 patients included in these 2 studies, 
only 1 patient experienced sepsis-associated encephalopathy 
(SAE), but the data and safety monitoring committee consid-
ered it to be unrelated to the FMT.

Although there are currently some follow-up data, for about 
1 year, more research and longer follow-up time data are still 
needed to explore the long-term safety issues of FMT. There 
are concerns that certain intestinal microbiota may cause 
chronic diseases, such as obesity, diabetes, colon cancer, and 
irritable bowel syndrome, in addition to the risk of infections 
and unhealthy long-term microbial alterations. A rare case of 
FMT transmission of drug-resistant Escherichia coli in an HE 
patient has been reported [109], supporting the concern that 
FMT can also carry certain risks. Studies have highlighted the 
transmission of multidrug-resistant organisms via FMT, em-
phasizing the need for rigorous donor screening [110,111]. 

Additionally, a study by Woodworth et al raised concerns about 
potential long-term changes in microbial composition, which 
could have unforeseen consequences [112]. These risks un-
derscore the importance of standardized protocols and long-
term monitoring. Therefore, it is necessary to strengthen do-
nor screening to limit the spread of microorganisms that may 
cause adverse infection or colonization events.

The Advantage of FMT in Treating HE

FMT, as a method of reconstructing gut microbiota structure 
and adjusting metabolic processes and signaling pathways for 
patients with HE, has been shown to be able to significantly 
improve the cognitive function of HE patients and reduce read-
mission rate [19]. This suggests that this method can not only 
alleviate HE symptoms, but also effectively reduce the risk of 
illness, and the recurrence rate of the disease. In contrast, tra-
ditional treatment methods such as drug therapy and dietary 
therapies fall short of being able to fundamentally solve the 
problem of gut microbiota imbalance, although they can also 
alleviate HE to a certain extent. Furthermore, drug therapy may 
also cause adverse reactions and complications, while dietary 
therapy requires patients to adhere to it for a long time to be 
effective. Compared with rifaximin, a commonly used antibi-
otic for HE, FMT was more effective in reducing ammonia lev-
els and improving cognitive outcomes [113]. Patients undergo-
ing FMT reported better quality-of-life scores than patients on 
drug regimens. FMT not only improved cognitive function but 
also enhanced overall well-being, which is often not achieved 
with lactulose or rifaximin [114,115]. Furthermore, in compar-
ison with drug-based intervention, FMT is well-tolerated, with 
a favorable safety profile. A meta-analysis concluded that FMT 
has fewer long-term adverse effects than prolonged use of ri-
faximin, the overuse of which can also lead to bacterial resis-
tance [116]. Economically, although FMT is initially more expen-
sive, it may be cost-effective in the long term due to reduced 
hospitalizations and recurrent HE episodes. An economic anal-
ysis by Tapper et al suggested that FMT could lower healthcare 
costs compared with lifelong rifaximin therapy [117].

Challenges and Future Directions

Standardization of FMT Procedures

One of the main challenges in FMT for the treatment of HE is 
the lack of standardization in FMT procedures. There is cur-
rently no consensus on the optimal route of administration, 
the timing and frequency of FMT, or the selection of donors. 
Most studies have used FMT via colonoscopy, but other routes 
of administration, such as oral capsules or nasoenteric tubes, 
have also been explored. The choice of route of administration 
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may influence the efficacy and safety of FMT, and further stud-
ies are needed to determine the optimal approach [7].

The selection of donors is a critical factor in the success of 
FMT. Donors should be carefully screened for infectious dis-
eases, metabolic disorders, and other conditions that could 
affect the safety and efficacy of FMT. However, there is cur-
rently no standardized protocol for donor screening, and fur-
ther research is needed to establish clinical guidelines for do-
nor screening and selection [4].

Mechanisms of Action

The mechanisms underlying the therapeutic effects of FMT 
for HE are not fully understood, although several potential 
mechanisms have been proposed, including the restoration 
of gut microbiota composition, reduction of gut-derived tox-
ins, improvement of intestinal barrier function, and modula-
tion of immune and inflammatory responses. However, further 
research is needed to elucidate the specific mechanisms by 
which FMT exerts its therapeutic effects in HE patients [7]. In 
particular, research is needed to identify signaling molecules, 
including metabolites, neuromodulators, neuropeptides, and 
neurotransmitters in the gut microbiota that contribute to the 
therapeutic effects [118].

Long-Term Safety and Efficacy

The long-term safety and efficacy of FMT in HE patients are 
still not well assessed. Most studies have only evaluated short-
term outcomes, and further research is needed to determine 
the long-term benefits and risks of FMT; in particular, the po-
tential risks of FMT, such as infections, adverse immune reac-
tions, and the transmission of antibiotic resistance genes [10].

Personalized FMT Approaches

Given the heterogeneity of gut microbiota composition and the 
multifactorial nature of HE, personalized approaches to FMT 
may be needed to optimize its efficacy. For example, donors 
should ideally be selected based on the recipient’s gut microbi-
ota profile, FMT could be targeted to address specific microbial 
imbalances, and the combination of FMT with other therapies, 
such as probiotics or prebiotics, may enhance the therapeutic 
effects of FMT in certain HE patients [7]. Cutting-edge tech-
nologies for microbiome assessment should be applied to pro-
file both donor and recipient gut microbiota to ensure optimal 
therapeutic outcomes for individual patients, since the factors 
affecting FMT success are related to both donors and recipi-
ents (such as diversity and specific composition of the gut mi-
crobiome, immune system, genetics, and general health con-
dition). Therapeutic outcomes are also dependent on clinical 
protocols, which should be optimized with respect to specific 

fecal quantity, timing and number of infusions, route of deliv-
ery, and associated adjuvant treatments [119]. Recent stud-
ies have explored the use of precision medicine approaches to 
tailor gut microbiota modulation based on individual microbi-
al profiles. For instance, personalized probiotic formulations in 
FMT significantly improve cognitive outcomes in HE patients 
compared with standard therapies, and the role of gut virome 
modulation in reducing ammonia-producing bacteria may of-
fer a novel avenue for treatment [120]. Additionally, advanc-
es in metabolomics have identified specific microbial metab-
olites, such as indoles and bile acids, as potential biomarkers 
and therapeutic targets for HE [7].

Integration with Other Therapies

FMT is not a standalone treatment for HE, and it should be in-
tegrated with other therapies, such as lactulose, rifaximin, and 
dietary modifications, to optimize patient outcomes. Issues 
that need to be addressed regarding current FMT treatment 
protocols for HE include whether antibiotic pretreatment is 
required before FMT, the optimal dosing regimen, and the se-
lection and screening of donors. Several trials are underway 
to address these issues, with relatively large sample sizes, to 
determine the optimal combination of therapies and the tim-
ing of FMT in the treatment of HE [121].

Limitations

There are several limitations and challenges associated with 
FMT for HE. Firstly, the optimal treatment duration for patients 
with different HE remains largely undefined. Large-scale RCTs 
are necessary to develop and validate standardized clinical 
FMT protocols [70]. Additionally, FMT parameters and outcome 
measures such as donor selection, optimal dosage, timing, ad-
ministration route, and use of antibiotics need further inves-
tigation and optimization, and long-term effects need more 
study [122]. More studies are also needed to address possible 
adverse events observed in previous studies [15,70].

Conclusions

FMT has been demonstrated to be a promising therapeutic 
strategy for the treatment of HE. It has the potential to im-
prove gut microbiota composition, reduce gut-derived toxins, 
improve intestinal barrier function, and modulate immune and 
inflammatory responses. The available evidence suggests that 
FMT is safe and effective in improving cognitive function, re-
ducing ammonia levels, and decreasing the frequency of HE 
episodes. However, further research is needed to standardize 
FMT procedures, elucidate the mechanisms of action, evalu-
ate the long-term safety and efficacy, and develop personal-
ized approaches to FMT for HE. With continued research and 
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clinical trials, FMT may become an important and supplemen-
tary tool in the management of HE, offering hope for improved 
outcomes and quality of life for patients with this debilitat-
ing condition. FMT has become a gold-standard treatment 
for rCDI, with cure rates of 80-90%, far surpassing conven-
tional antibiotics like vancomycin. Its success lies in restor-
ing microbial diversity and displacing pathogenic C. difficile 
through competitive exclusion and metabolic modulation (eg, 
SCFA production). Optimal outcomes depend on rigorous do-
nor screening (eg, BMI <30, young age, high microbial diver-
sity) and emerging predictive algorithms (eg, iMic) that use 
donor microbiome data to forecast engraftment success and 
clinical response without recipient profiling. While challenges 

like recipient variability persist, advances in donor-recipient 
matching, administration methods, and synthetic microbiota 
are paving the way for broader clinical adoption.
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