Hepatology

nm

etis

Baishideng Publishing Group Inc



# World Journal of
Hepatology

Contents Monthly Volume 16 Number 1 January 27, 2024

EDITORIAL

1 Molecular mechanisms underlying SARS-CoV-2 hepatotropism and liver damage
Quarleri J, Delpino MV

12 Metabolomics in liver diseases: A novel alternative for liver biopsy?
Tanaka Y
MINIREVIEWS

17 Role of fecal microbiota transplant in management of hepatic encephalopathy: Current trends and future
directions
Shah YR, Ali H, Tiwari A, Guevara-Lazo D, Nombera-Aznaran N, Pinnam BSM, Gangwani MK, Gopakumar H, Sohail AH,
Kanumilli S, Calderon-Martinez E, Krishnamoorthy G, Thakral N, Dahiya DS

33 Metabolic disease and the liver: A review
Vargas M, Cardoso Toniasso SC, Riedel PG, Baldin CP, dos Reis FL, Pereira RM, Brum MCB, Joveleviths D, Alvares-da-
Silva MR
ORIGINAL ARTICLE
Retrospective Cohort Study

41 Direct-acting antivirals failed to reduce the incidence of hepatocellular carcinoma occurrence in hepatitis C
virus associated cirrhosis: A real-world study
Tao XM, Zeng MH, Zhao YF, Han JX, Mi YQ, Xu L
Observational Study

54 Metabolic puzzle: Exploring liver fibrosis differences in Asian metabolic-associated fatty liver disease
subtypes
Shaikh SS, Qazi-Arisar FA, Nafay S, Zaheer S, Shaikh H, Azam Z
Basic Study

65 Subcellular distribution of prohibitin 1 in rat liver during liver regeneration and its cellular implication
Sun QJ, Liu T

75 Rifaximin on epigenetics and autophagy in animal model of hepatocellular carcinoma secondary to
metabolic-dysfunction associated steatotic liver disease
Michalczuk MT, Longo L, Keirltgeski MB, Basso BS, Guerreiro GTS, Ferrari JT, Vargas JE, Oliveira CP, Uribe-Cruz C,
Cerski CTS, Filippi-Chiela E, Alvares-da-Silva MR
META-ANALYSIS

91 Sorafenib plus transarterial chemoembolization vs sorafenib alone for patients with advanced hepato-
cellular carcinoma: A systematic review and meta-analysis
Yang HJ, Ye B, Liao JX, Lei L, Chen K

uiedenge  VWIH | https:/ /www.wjgnet.com I January 27,2024 | Volume16 | Issuel



World Journal of Hepatology

Contents
Monthly Volume 16 Number 1 January 27, 2024

CASE REPORT

103 Pylephlebitis-induced acute liver failure: A case report and review of literature

Hapshy V, Imburgio S, Sanekommu H, Nightingale B, Taj S, Hossain MA, Patel S

LETTER TO THE EDITOR
109 Review on article of effects of tenofovir alafenamide and entecavir in chronic hepatitis B virus patients

Sun YT, Chen QQ

Geisnidenge VWIH | https://www.wignet.com 11 January 27,2024 | Volume16 | Issuel |



World Journal of Hepatology

Contents

Monthly Volume 16 Number 1 January 27, 2024

ABOUT COVER

Editorial Board Member of World Journal of Hepatology, Guang-Hua Luo, PhD, Director, Professor, Clinical Medical
Research Center, Third Affiliated Hospital of Soochow University, Changzhou 213003, Jiangsu Province, China.
shineroar@163.com

AIMS AND SCOPE

The primary aim of World Journal of Hepatology (WJH, World | Hepatol) is to provide scholars and readers from
various fields of hepatology with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJH mainly publishes articles reporting research results and findings obtained in the field of hepatology and
covering a wide range of topics including chronic cholestatic liver diseases, cirrhosis and its complications, clinical
alcoholic liver disease, drug induced liver disease autoimmune, fatty liver disease, genetic and pediatric liver
diseases, hepatocellular carcinoma, hepatic stellate cells and fibrosis, liver immunology, liver regeneration, hepatic
surgery, liver transplantation, biliary tract pathophysiology, non-invasive markers of liver fibrosis, viral hepatitis.

INDEXING/ABSTRACTING

The WJH is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (ESCI),
Scopus, Reference Citation Analysis, China Science and Technology Journal Database, and Superstar Journals

Database. The 2023 Edition of Journal Citation Reports® cites the 2022 impact factor (IF) for WJH as 2.4.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Y7-Xuan Cai; Production Department Director: Xiang I i; Editorial Office Director: Xiang Ii.

NAME OF JOURNAL
World Journal of Hepatology

ISSN
ISSN 1948-5182 (online)

EDITORS-IN-CHIEF
Nikolaos Pyrsopoulos, Ke-Qin Hu, Koo Jeong Kang

EXECUTIVE ASSOCIATE EDITORS-IN-CHIEF
Shuang-Suo Dang

EDITORIAL BOARD MEMBERS

https:/ /www.wjgnet.com/1948-5182/editorialboard.htm

PUBLICATION DATE
January 27, 2024

COPYRIGHT
© 2024 Baishideng Publishing Group Inc

PUBLISHING PARTNER

Jiaotong University

Department of Infectious Diseases, the Second Affiliated Hospital of Xi’an

INSTRUCTIONS TO AUTHORS

https:/ /www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS

https:/ /www.wijgnet.com/bpg/Getlnfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 31, 2009 https:/ /www.wignet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wignet.com/bpg/Gerlnfo/288

PUBLICATION MISCONDUCT

https:/ /www.wjgnet.com/bpg/gerinfo/208

POLICY OF CO-AUTHORS

https:/ /www.wignet.com/bpg/Getlnfo/310

ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/bpg/gerinfo/242

5/ 8

STEPS FOR SUBMITTING MANUSCRIPTS

hrrps:/ /\\'\\'\\'.\\']gnct.c()m/hpg/( serlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

PUBLISHING PARTNER's OFFICIAL WEBSITE

http://2yuan xjtu.edu.cn/Html/Departments/Main/Index_21148.html

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com https://www.wjgnet.com

Boishideng® WIH | https://www.wjgnet.com

I

January 27,2024 | Volume16 | Issuel


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/bpg/GerInfo/310
https://www.wjgnet.com/1948-5182/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
http://2yuan.xjtu.edu.cn/Html/Departments/Main/Index_21148.html
mailto:office@baishideng.com
https://www.wjgnet.com

#

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4254/wijh.v16.i1.17

World Journal of
Hepatology

World | Hepatol 2024 January 27; 16(1): 17-32

ISSN 1948-5182 (online)

MINIREVIEWS

Role of fecal microbiota transplant in management of hepatic
encephalopathy: Current trends and future directions

Yash R Shah, Hassam Ali, Angad Tiwari, David Guevara-Lazo, Natalia Nombera-Aznaran, Bhanu Siva Mohan
Pinnam, Manesh Kumar Gangwani, Harishankar Gopakumar, Amir H Sohail, SriLakshmiDevi Kanumilli,
Ernesto Calderon-Martinez, Geetha Krishnamoorthy, Nimish Thakral, Dushyant Singh Dahiya

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Zhu YY, China

Received: September 16, 2023
Peer-review started: September 16,
2023

First decision: November 22, 2023
Revised: December 2, 2023
Accepted: January 3, 2024

Article in press: January 3, 2024
Published online: January 27, 2024

{ ...‘.'.-.

Bienideng>  VVIH | https://www.wjgnet.com 17

Yash R Shah, Geetha Krishnamoorthy, Department of Internal Medicine, Trinity Health
Oakland/Wayne State University, Pontiac, MI 48341, United States

Hassam Ali, Division of Gastroenterology and Hepatology, East Carolina University/Brody
School of Medicine, Greenville, NC 27858, United States

Angad Tiwari, Department of Internal Medicine, Maharani Laxmi Bai Medical College, Jhansi
284001, India

David Guevara-Lazo, Natalia Nombera-Aznaran, Faculty of Medicine, Universidad Peruana
Cayetano Heredia, Lima 15102, Peru

Bhanu Siva Mohan Pinnam, Department of Internal Medicine, John H. Stroger Hospital of Cook
County, Chicago, IL 60612, United States

Manesh Kumar Gangwani, Department of Internal Medicine, The University of Toledo, Toledo,
OH 43606, United States

Harishankar Gopakumar, Department of Gastroenterology and Hepatology, University of Illinois
College of Medicine at Peoria, Peoria, IL 61605, United States

Amir H Sohail, Department of Surgery, University of New Mexico, Albuquerque, NM 87106,
United States

SriLakshmiDevi Kanumilli, Department of Internal Medicine, GSL Medical College,
Rajamahendravaram 533296, India

Ernesto Calderon-Martinez, Department of Internal Medicine, Universidad Nacional Autonoma
de Mexico, Ciudad De Mexico 04510, Mexico

Nimish Thakral, Department of Digestive Diseases and Nutrition, University of Kentucky,
Lexington, KY 40536, United States

Dushyant Singh Dahiya, Division of Gastroenterology, Hepatology & Motility, The University
of Kansas School of Medicine, Kansas City, KS 66160, United States

Corresponding author: Dushyant Singh Dahiya, MD, Doctor, Division of Gastroenterology,
Hepatology & Motility, The University of Kansas School of Medicine, No. 2000 Olathe Blvd,
Kansas City, KS 66160, United States. dush.dahiya@gmail.com

January 27,2024 | Volume16 | Issuel |


https://www.f6publishing.com
https://dx.doi.org/10.4254/wjh.v16.i1.17
mailto:dush.dahiya@gmail.com

Shah YR et al. Role of FMT in hepatic encephalopathy

Abstract

Fecal microbiota transplantation (FMT) offers a potential treatment avenue for hepatic encephalopathy (HE) by
leveraging beneficial bacterial displacement to restore a balanced gut microbiome. The prevalence of HE varies
with liver disease severity and comorbidities. HE pathogenesis involves ammonia toxicity, gut-brain commu-
nication disruption, and inflammation. FMT aims to restore gut microbiota balance, addressing these factors. FMT's
efficacy has been explored in various conditions, including HE. Studies suggest that FMT can modulate gut
microbiota, reduce ammonia levels, and alleviate inflammation. FMT has shown promise in alcohol-associated,
hepatitis B and C-associated, and non-alcoholic fatty liver disease. Benefits include improved liver function,
cognitive function, and the slowing of disease progression. However, larger, controlled studies are needed to
validate its effectiveness in these contexts. Studies have shown cognitive improvements through FMT, with
potential benefits in cirrhotic patients. Notably, trials have demonstrated reduced serious adverse events and
cognitive enhancements in FMT arms compared to the standard of care. Although evidence is promising,
challenges remain: Limited patient numbers, varied dosages, administration routes, and donor profiles. Further
large-scale, controlled trials are essential to establish standardized guidelines and ensure FMT's clinical applic-
ations and efficacy. While FMT holds potential for HE management, ongoing research is needed to address these
challenges, optimize protocols, and expand its availability as a therapeutic option for diverse hepatic conditions.

Key Words: Hepatic encephalopathy; Fecal microbiota transplant; Cognitive impairment; Liver cirrhosis; Chronic liver disease

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatic encephalopathy (HE) is a reversible neurocognitive dysfunction and a frequent complication in patients
with chronic liver disease. HE results from synergistic interaction between various mechanisms like increased ammonia
production, systemic inflammation, disruption of the blood-brain barrier, and impairment of neurotransmission, leading to
altered gut-brain-liver axis. Lactulose and rifaximin are the current mainstays of management of HE as they are known to
decrease ammonia production. Fecal microbiota transplant is being studied as a potential microbiome targeted therapy that
can improve the symptoms of HE by decreasing ammonia production, decreasing systemic inflammation, and improving
intestinal barrier function.
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INTRODUCTION

Hepatic encephalopathy (HE) is a neurological condition that manifests in advanced liver disease, resulting in significant
morbidity and mortality[1]. In the United States, 7-11 million people are affected by HE, with approximately 150000 new
diagnoses reported annually. Among recently diagnosed cases, approximately 20% are associated with cirrhosis[2]. The
prevalence of HE can vary depending on the severity of liver disease and the specific patient population under invest-
igation. Table 1 provides a general overview of prevalence rates for common hepatic pathologies leading to HE[3,4]. It is
important to note that these prevalence figures may differ depending on the study population, the diagnostic criteria
employed, and other influencing factors. The occurrence of HE can also be influenced by comorbidities such as alcohol
consumption, infections, and other complications associated with liver disease.

Clinical intervention holds promise for reversing HE, particularly in acute cases. Contributing factors leading to HE
include ammonia toxicity, disrupted gut-brain communication, and inflammation. Increased ammonia levels resulting
from liver disease exert neurotoxic effects. Altered gut microbiota and increased gut permeability facilitate the entry of
toxins into the bloodstream, affecting brain function through neurotransmitter imbalances. Inflammatory processes in the
body and brain further exacerbate the condition. Addressing these underlying factors is critical in the management of HE
[5-7]. Effective management improves symptoms and quality of life, thereby significantly improving the well-being of
patients, encompassing the treatment of underlying liver disease and the reduction of ammonia levels. Medications such
as lactulose or rifaximin are approved by the Food and Drug Administration for the treatment of HE. These medications
exert their therapeutic effects by modulating gut microbiota composition and decreasing gut ammonia levels[8]. Recently,
fecal microbiota transplantation (FMT) has emerged as an alternative approach for modulating gut microbiota and
ameliorating symptoms of HE. Kao et al[9] published a pioneering case report that documented the initial utilization of
FMT as a therapeutic approach for the treatment of HE. While FMT is currently primarily used for Clostridium difficile
infection, its application in HE is still evolving[10].
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Table 1 Overview of the prevalence of hepatic encephalopathy in different chronic hepatic conditions

Condition Total, n = 166192 Did not develop HE, n= 117433 Developed HE, n = 48759
Alcoholic cirrhosis 54194 (33) 30011 (26) 24183 (50)
Hepatitis C cirrhosis 49599(30) 31247(27) 18352(38)
Nonalcoholic cirrhosis 78111 (47) 62433 (53) 15678 (32)

Data are shown in n (%). HE: Hepatic encephalopathy

This review article aims to provide a comprehensive and scientifically rigorous overview of FMT. It will elucidate the
pathogenesis of gut dysbiosis leading to HE, and discuss the efficacy, safety, limitations, and future prospects for the
implementation of FMT therapy in managing patients with HE.

TYPES AND STAGING OF HE

The stages of HE can be assessed using the clinical grading system called West Haven Criteria (WHC) as recommended
by the American Association for Study of Liver Diseases. HE can be clinically classified into four grades based on the
symptoms at presentation, as shown in Table 2[11]. Grade I includes subtle personality changes. Grade II involves gross
disorientation, inappropriate behavior, and lethargy. Grade III includes stupor and disorientation, while Grade IV
represents a comatose state with or without decorticate or decerebrate posturing[11,12]. Other etiologies that can lead to
changes in mentation should be evaluated and ruled out[8]. Based on the etiology, HE can be broadly classified into three
types. Type A is HE secondary to acute liver failure, type B occurs in patients with a portosystemic shunt, and type C in
patients with cirrhosis[11]. HE can be categorized as episodic if there is one episode over a 6-mo period, recurrent if there
are multiple episodes in 6 mo, or persistent if the patient does not return to baseline[11].

IMPACT OF HE ON PATIENT'S QUALITY OF LIFE AND PROGNOSIS

HE greatly impacts patients' quality of life and prognosis. The severity can range from mild cognitive impairment to
severe neurological dysfunction, affecting memory, cognition, and daily functioning[3]. Challenges in activities, social
interactions, and employment are common. Frustration, anxiety, and depression are prevalent for patients and caregivers.
Patients with HE need comprehensive psychological and social support and management strategies due to its significant
negative impact on quality of life[3]. Apart from cognitive dysfunction, HE can also present with physical manifestations,
including tremors, muscle stiffness, coordination difficulties, and asterixis. These physical symptoms can restrict a
patient's mobility and hinder their performance of tasks that require precise motor skills[11,13]. Recurrence and pro-
gression of HE can further impair cognitive function and quality of life. Patients must receive proper medical treatment
and follow-up to manage their liver disease and reduce the risk of recurrent HE. The prognosis of patients with HE varies
based on underlying liver disease, severity, treatment response, and overall health. Severe HE, acute liver failure, and
advanced chronic liver disease increase the mortality risk. Complications like hepatocellular carcinoma or liver failure
worsen prognosis[14].

OVERVIEW OF FMT

Historical background and rationale

The microbiome targeted therapies that have been proposed as a therapeutic option in the management of patients with
hepatic cirrhosis include prebiotics, probiotics, FMT, antibiotics, and synbiotics[15]. Probiotics are live microbial
supplements of human origin which have shown to benefit the host by improving intestinal microbial balance when
consumed adequately[15,16]. Prebiotics are nondigestible food ingredients that can selectively stimulate the growth of
beneficial bacteria in the human gut and thereby improving the host’s health[16]. Synbiotic is the synergistic combination
of prebiotics and probiotics[16]. A meta-analysis of 9 randomized control trials showed that prebiotics and probiotics
were associated with significantly reduced relative risk of no improvement in minimal HE without any significant
adverse events[16]. There are no studies in the literature that have compared the direct outcomes and adverse events of
prebiotics, probiotics, synbiotics, and FMT.

FMT refers to the transfer of stool from healthy donors to patients with a dysbiotic gut environment in order to restore
eubiosis[17]. Since the fourth century in China, human fecal material has been used in the form of a yellow soup to
manage conditions such as diarrhea, constipation, and abdominal pain[18]. In 2013, the first human randomized
controlled trial (RCT) was conducted to test the efficacy of FMT in patients with recurrent Clostridium difficile infection
(CDI)[18]. The first successful use of FMT in non-infectious conditions like ulcerative colitis (UC) was reported in 1989
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Table 2 Classification of hepatic encephalopathy based on American Association for Study of Liver Diseases[11]

Grade' Explanation® Suggested operational criteria®
Covert Minimal Tests measuring psychomotor speed, executive function, or A non-phenomenological abnormality on recognized psychometric
neurophysiological abilities may change psychometrically or or neuropsychological tests

neuropsychological without showing any signs of a mental shift
Grade1 Trivial lack of awareness; Euphoria or anxiety; Shortened Despite being spatially and temporally oriented, this individual
addition or subtraction appears to have some cognitive/behavioral issues. decay concerning

his clinical assessment that meets her standards, or to the carers

Overt Grade2 Lethargy or apathy; Gross disorientation; Obvious personality ~ Disorientation with regard to time (at least three of the following are

change; Inappropriate behavior incorrect: day of the week, month, season, and year) plus/minus the
other symptoms stated)
Grade3 Marked confusion; Somnolence to semi-stupor; Responsive to Disoriented also in terms of space (at least three of the incorrectly
stimuli; Bizarre behavior reported terms: nation, state or area, cities, location, plus/minus the

other indicators)

Grade4 Comatose state; Unresponsive to pain; Decorticate or Never react, not even with painful stimuli
decerebrate posturing

!Unimpaired.
2Absolutely no encephalopathy, no previous hepatic encephalopathy (HE) diagnosis.
3Examined and found to be normal.

[19]. Over the past decade, the range of applications for FMT has significantly expanded[18]. The efficacy of FMT has
been tested in various gastrointestinal infectious and noninfectious etiologies including CDI, UC, irritable bowel
syndrome (IBS), primary sclerosing cholangitis, metabolic syndromes, HE, and D-lactic acidosis[20].

Mechanisms of action of gut dysbiosis and FMT in HE

The human gut microbiome consists of a diverse range of bacteria, fungi, viruses, and protozoa, all of which can have
proinflammatory or anti-inflammatory effects, thereby influencing the inflammatory environment[21]. Patients with HE
are particularly susceptible to disturbances in gut microbiota due to frequent antibiotic use[22]. Disruption of the gut-
liver-brain axis is the primary cause of neurocognitive dysfunction in individuals with HE[6]. In recent years, culture-
independent studies have revealed a link between alterations in the gut microbiome, cognitive function, and systemic
inflammation. Changes in the microbiota in both minimal HE and overt HE have been associated with impaired
cognition, endotoxemia, and inflammation[23].

A potential mechanism explaining the association between gut dysbiosis, the severity of cirrhosis, and cognitive
function involves reduced production of bile acids in cirrhosis patients which can alter the indigenous gut microbiota
[23]. Healthy gut microbiota such as Lachnospiraceae, Ruminococcaceae, and Clostridiales Cluster XIV contribute to the
production of short-chain fatty acids and maintenance of the gut barrier integrity[23]. In individuals with liver
dysfunction, the liver’s reduced detoxification ability or the bypassing of bacterial products (including endotoxins,
ammonia, and bacterial DNA) through portosystemic shunts can lead to systemic inflammation and cognitive decline
[24]. Disruptions in the inflammatory environment and the presence of toxins promote neuroinflammation, resulting in
elevated levels of intra-astrocytic ammonia. This, in turn, leads to increased concentrations of osmotically active
glutamate or glutamine, along with decreased levels of myoinositol and choline[25]. The possible mechanism of HE in
cirrhotic patients with gut dysbiosis is displayed in Figure 1 (created with BioRender.com). A study conducted on a rat
model demonstrated that FMT can alleviate intestinal edema, mucosal damage, and inflammatory infiltration induced by
HE[26]. FMT was also associated with reduced ammonia levels and systemic inflammation, as evidenced by decreased
levels of proinflammatory cytokines such as IL-1B, IL-6, and TNF-a[26]. Another study in rats with D-galactosamine-
induced liver injury and FMT with B. adolescentis revealed significant alterations in the gut microbial community,
including a decrease in pathogenic taxon Proteus and an enrichment of taxa responsible for lipid and amino acid
metabolism, such as Coriobacteriaceae, Bacteroidales, and Allobaculum[27].

A study revealed a positive correlation between the severity of cirrhosis, as measured by the Child-Turcotte-Pugh
Score (CTP), and the presence of the taxon Enterobacteriaceae, while a negative correlation was observed with Ruminococ-
caceae[28]. In a larger study involving 219 patients with liver cirrhosis, progressive changes in the gut microbiome were
found to be associated with decompensated cirrhosis. The cirrhosis dysbiosis ratio represents the ratio of autochthonous
bacteria (such as Ruminococcaceae, Lachnospiraceae, and Clostridales cluster XIV) to non-autochthonous bacteria (including
Enterobacteriaceae and Bacteroidaceae), was correlated with the Model for End-Stage Liver Disease (MELD) score and
endotoxin levels[29].

An overabundance of Streptococcus salivarius, which has been implicated in increased ammonia production due to its
urease activity, was associated with elevated ammonia levels and cognitive impairment in patients with minimal HE. No
significant difference was observed in the stool microbiome between minimal HE and overt HE, however, significant
differences were observed in the colonic mucosal microbiome of these patients[30]. Autochthonous genera (such as
Lachnospiraceae Roseburia, Lachnospiraceae Dorea, and Ruminococcaceae Faecalibacterium) were associated with better
cognitive function compared to non-autochthonous genera (including Burkholderiaceae Other, Veillonellaceae Megasphaera,
Rikenellaceae Alistipes, Streptococcaceae Streptococcus, Alcaligenaceae Sutterella, and Porphyromonadaceae Parabacteroides), which

uiedenge  VWIH | https:/ /www.wjgnet.com 20 January 27,2024 | Volume16 | Issuel |



Shah YR et al. Role of FMT in hepatic encephalopathy

Hepatic
encephalopathy

Elevated glutamate/glutamine

Decreased inositol and choline
_ ‘\ Systemic
J’*L_LJ'{ inflammation

e eTon 0 g0

Blood-Brain barrier

)

Increased

. IL-1, IL-6 and
ammonia

TNF-a.

Cirrhotic liver

Decreased detoxification (bacterial
toxins, ammonia and bacterial DNA)

Gastrointestinal N

Increased pathogenic taxa:
Enterobacteriaceae

Bacteroidaceae

Decreased autochthonous bacteria:
Ruminococcaceae

Lachnospiraceae

Clostridium cluster XIV

DOI: 10.4254/wjh.v16.i1.17 Copyright ©The Author(s) 2024.

Figure 1 Pathogenesis of hepatic encephalopathy in cirrhotic patients with gut dysbiosis.

were linked to poorer cognitive function in patients with both overt and non-overt HE[23]. Currently, Lactulose and
rifaximin are commonly used as prophylaxis to reduce ammonia-producing bacteria and prevent recurrent episodes of
HE[31,32]. However, long-term use of rifaximin can lead to drug resistance. FMT has shown outstanding clinical efficacy
in the management of various conditions like CDI, inflammatory bowel disease, IBS, etc. It has also been explored in the
management of HE and has shown promising results[33].

FMT delivery methods

Several techniques have been developed and tested for FMT, including colonoscopy, enema, nasogastric or nasojejunal
tubes, and capsules. The outcomes of FMT have been associated with various factors, such as donor selection, sample
selection, and delivery techniques[34]. Although there is limited data directly comparing related vs non-related donors,
current evidence does not show a significant difference in outcomes[34]. The establishment of stool banks has increased
the use of unrelated donors for FMT, providing easier access and availability[35]. Autologous stool FMT is a newer
concept with limited evidence, involving the transplant of stool from patients themselves when their disease is in
remission[21].

For upper gastrointestinal delivery, standard methods include esophagogastroduodenoscopy, nasogastric or
nasojejunal tube, and oral capsules. Colonoscopy and enemas are commonly used for lower gastrointestinal delivery[34].
Oral capsules are the most recent development in stool delivery and are widely used due to their minimal invasiveness,
convenience, and acceptance compared to other procedures[36]. The advantages and disadvantages of different delivery
methods of FMT are discussed in Table 3[34,37,38].

Different methods used for fecal preparation include fresh fecal matter, frozen fecal matter, and lyophilized fecal
matter (freeze-dried stool)[39]. Fresh FMT can readily be immediately transferred from a donor and has higher microbial
load and diversity but it is logistically challenging to find a donor and transfer stool immediately[40]. On the other hand,
frozen FMT can be conveniently stored and transported but it can lose efficacy if appropriate preservation and storage
techniques are not maintained[15,40]. Lyophilized stool is the easiest to store and administer as it does not warrant
invasive procedures for administration[40]. Multiple studies in patients with CDI have shown an overall efficacy of
frozen fecal matter ranging from 81% to 100%. However, there are no significant differences in outcomes between fresh
and frozen fecal preparations[34]. The efficacy of lyophilized stool also ranges from 78%-100%. The efficacy of lyophilized
stool (78%) was significantly lower compared to fresh fecal preparation (100%), but equally effective compared to frozen
stool (83%) based on a RCT[41]. No significant data is available comparing the use of different forms and delivery
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Table 3 Comparison of different modes of fecal microbiota transplant delivery

Mode of delivery Advantage Disadvantage
Upper Nasogastric Faster; Comparatively less expensive; Better Risk of aspiration; Discomfort; Increased risk of small
gastrointestinal tolerability intestinal bacterial overgrowth
tract
Nasojejunal Faster; Comparatively less expensive; Better Risk of aspiration; Risk of bowel perforation; Increased risk
tolerability of small intestinal bacterial overgrowth
Oral capsule  Least invasive; Cost-effective; Easy to store Risk of aspiration; Vomiting; Sometimes failure to reach

intestinal target

Lower Colonoscopy  Direct visualization of GI tract; Standard risks of Risk of bowel perforation; Higher cost of performing
gastrointestinal sedation and procedural intervention procedure
tract
Retention Useful in patients with severe colitis or colon Difficulty to retain transplanted stool; Need for repeated
enema distention to avoid perforation; Less invasive as small volume infusion; Possible retention in patients with
compared to colonoscopy poor sphincter tone

methods of FMT in the management of HE. The method of preparation of FMT can also impact the outcomes. Several
studies in patients with UC have shown improved outcomes with anaerobically processed FMT as compared to
aerobically processed FMT as many probiotics like Faecalibacterium prausnitzii are lost with aerobic stool processing[42].
Similarly, patients with HE might also benefit from anaerobically processed FMT[42]. The advantages and disadvantages
of different delivery methods of FMT are discussed in Table 4[40]. FMT can be a robust technique for treating various
conditions. However, there is no consensus on the specific route, dose, and preparation to be used for a particular
condition.

HEPATIC CONDITIONS ASSOCIATED WITH HE

Chronic hepatitis B

Hepatitis B is a viral infection caused by the hepatitis B virus (HBV) and is typically transmitted through sexual,
parenteral, or vertical routes. In 2019, it was estimated that there were 316 million infected individuals worldwide[43]. A
study using a mouse model demonstrated that FMT can modulate the immune response and affect the host's suscept-
ibility to HBV infection[44]. This finding highlights the crucial role of the gut microbiota in HBV infection. Furthermore,
the composition of the gut microbiota varies across the different stages of chronic hepatitis B and these variations may be
closely related to liver fibrosis[45]. Moreover, patients with liver cirrhosis experience an imbalance between beneficial
and pathogenic bacteria, with a decrease in the abundance of beneficial bacteria such as Dialiste and Alistipes, and an
increase in the abundance of pathogenic species within Actinobacteria[45]. This finding suggests that the gut microbiota
may be involved in the pathogenesis of chronic hepatitis B progression. Therefore, the modulation of the gut microbiota
through FMT could potentially influence the clinical course of HBV infection. Evidence suggests that the gut microbiota
plays a critical role in the immune clearance of HBV.

Ren et al[46] conducted a case-control pilot study with an open-label design to assess the effectiveness of FMT in
achieving hepatitis B e antigen (HBeAg) clearance. The study included a total of 18 patients, with 5 individuals assigned
to the FMT arm and 13 to the control group. The results revealed that among the 5 patients in the FMT arm, 4 successfully
achieved HBeAg clearance after undergoing 1-7 rounds of FMT treatment. Similarly, Chauhan et al[47] conducted a non-
randomized pilot study where two out of twelve patients achieved HBeAg clearance. These findings indicate a positive
association between FMT and the clearance of HBeAg. Guo et al[48] evaluated the efficacy of FMT in 35 patients with
different stages of HBV-related chronic liver disease. The results showed that continuous FMT treatment led to
improvements in liver function, controlled HBV-DNA replication, enhanced intestinal mucosal barrier function, and
delayed the progression of HBV. Additionally, FMT demonstrated the ability to convert HBeAg-positive patients to
HBeAg-negative status in 36.4% of cases, and it achieved negative conversion of HBV-DNA in 53.3% of patients[48]. The
majority of the studies examined involve a limited number of participants, emphasizing the necessity for larger clinical
studies to elucidate the findings pertaining to FMT as a treatment for HBV. Furthermore, there aren’t studies evaluating
the effects of FMT on HE resulting from HBV. Hence, further research is required to comprehensively understand the
efficacy of FMT in this topic.

Chronic hepatitis C

Chronic infection with hepatitis C virus (HCV) leads to long-term liver inflammation, potentially resulting in liver
fibrosis and cirrhosis, hepatic decompensation and chronic liver failure[49]. Studies have shown that the prevalence of
liver cirrhosis 20 years after presumed HCV infection ranges from 7% to 18%[50]. The intestinal microbiota plays a
significant role in influencing the onset and progression of HCV infection. Heidrich et al[51], reported a decrease in alpha
diversity (observed richness or evenness of a specific taxa in an average sample within the habitat) measured by number
of phylotypes and the Shannon Diversity Index associated with HCV infection, which further diminishes in cirrhotic
patients. They also identified distinct microbial communities in the intestines of HCV patients, with non-cirrhotic
individuals demonstrating a relatively higher abundance of Veillonella spp., Lactobacillus spp., Streptococcus spp., and
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Table 4 Comparison of different fecal microbiota transplant preparation methods

FMT preparation Efficacy Preservation of

e Advantages Disadvantages
method range (%)  microbial diversity g g
Fresh[40] 85-100 High Contains diverse microbial Requires immediate availability of the patient
population

Frozen[40] 83-95 Moderate Allows for long term storage ~ Loss of some microbial diversity during freezing; Comprise
on efficacy if not stored properly and use of incorrect
thawing techniques

Frozen 78-84 Moderate Longer shelf life; Can be Loss of some microbial diversity during encapsulation

lyophilized[40] easily incorporated into a

capsule

FMT: Fecal microbiota transplantation.

Alloprevotella spp., while the highest abundance is observed in cirrhotic patients. This positive association of increased
abundance in liver fibrosis progression suggests a connection between these genera and liver fibrosis progression in the
liver. Conversely, Bilophila spp., Clostridium IV spp., Clostridium XIVb spp., Mitsuokella spp., and Vampirovibrio spp. appear to
be negatively associated with fibrosis progression, showing decreased abundance from healthy controls to non-cirrhotic
and cirrhotic patients[51]. Furthermore, several studies have investigated the impact of HCV eradication on gut dysbiosis
[52-55]. Wellhoner et al[52] analyzed changes in the gut microbiome following direct-acting antivirals treatment and
achieved sustained virological response (SVR). The study observed an increase in alpha diversity in non-cirrhotic
patients, but not in those with cirrhosis. Bajaj et al[53] also found that systemic inflammation and gut dysbiosis are
present in HCV cirrhosis patients irrespective of achieving SVR. Taken together, these studies highlight the complex
relationship between the intestinal microbiota, HCV infection, fibrosis progression, and treatment outcomes.

Despite the growing interest in FMT as a potential therapeutic intervention for HE in liver cirrhosis, there is a notable
lack of articles specifically assessing its efficacy in patients with liver cirrhosis due to chronic HCV infection. This
knowledge gap underscores the need for further research in this area to better understand the effectiveness, safety, and
long-term outcomes of FMT in this specific patient population. Such studies would provide valuable insights into the
potential benefits and limitations of FMT as a treatment modality for HE in liver cirrhosis associated with chronic HCV
infection and help guide future clinical practice and therapeutic decision-making.

Alcoholic liver disease

Alcohol is a major risk factor for liver cirrhosis with risk increasing exponentially[56]. The prevalence of cirrhosis and
heavy alcohol use varies by country, being higher in Europe (16%-78%) and the United States (17%-52%) compared to
Asia (0%-41%)[57]. Chronic heavy alcohol consumption, even in the absence of liver disease, affects gut bacterial
composition. The composition of the gut microbial community in patients with alcoholic liver cirrhosis (ALC) is charac-
terized by a decrease in the commensal taxa Clostridia, Bacteroidetes, and Ruminococcaceae but an increase in Lactobacillus,
Bifidobacterium and oral microbiota[58]. This dysbiosis leads to acetaldehyde-caused increased intestinal permeability, the
increased blood concentration of endotoxins, and activation of inflammatory markers (TNF-a, IL-1, IL-6, IL-8, and IL-10)
likely inducing liver damage[59]. In patients with HE and ALC, Escherichia/Shigella, Burkholderiales, and Lactobacillales taxa
predominated and led to an enhanced catabolism of arginine through ammonia-producing pathways[60]. This causes
further systemic/neuroinflammation, hyperammonemia, endotoxemia, and microglial activation, increasing the risk of
development of HE[23,61,62].

A potential role for FMT to improve the altered gut-brain axis in alcoholic liver disease and HE has been described. In a
study involving 8 male patients with severe alcohol-associated hepatitis (SAH), FMT demonstrated significant
improvements in liver disease severity within 1 wk, which were sustained over a median follow-up of almost a year[63].
HE was resolved in 71.4% of the FMT group[63]. Another similar study aimed to assess the longer-term outcomes (> 1
year) of FMT in SAH and found promising clinical benefits, including significantly lower incidences of HE[64]. The only
article evaluating chronic conditions and FMT was a phase 1 randomized control trial with 20 patients with ALC and
active drinking, participants were assigned either a placebo or an FMT enema from a donor with an enriched abundance
in Lachnospiraceae and Ruminococcaceae[65]. Following a 2-wk period, FMT patients exhibited significant cognitive
improvement, as assessed by both the Psychometric HE Score (PHES) and the Encephal App (mobile application designed
to evaluate cognitive function in HE) captured improvements in both off-time (periods of impaired cognitive
performance) and on-time (periods of normal cognitive function) among the FMT-treated individuals. In addition,
alcohol craving/consumption, quality of life, and diversity of microbiota also improved. These findings highlight the
potential of FMT as a promising treatment option for patients with SAH, warranting further investigation through larger
controlled studies.

Metabolic Dysfunction Associated Steatotic Liver Disease and nonalcoholic steatohepatitis

Metabolic Dysfunction Associated Steatotic Liver Disease (MASLD) is a liver disease characterized by the accumulation
of fat in the liver. Nonalcoholic fatty liver disease (NAFLD) is one of the most prevalent liver diseases worldwide, with a
global prevalence of 38.2%[66]. Emerging research has linked the gut microbiome dysbiosis and the pathogenesis of
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MASLD through the dysregulation of the gut-liver axis[67,68]. In MASLD, there is a disruption in the integrity of the
intestinal barrier, resulting in an increase in intestinal permeability. This increased permeability has been associated with
the severity of hepatic steatosis[69]. The compromised intestinal barrier function leads to endotoxemia and inflammation,
which can further contribute to alterations in bile acid profiles and metabolite levels produced by the gut microbiota[68].
Moreover, dysregulation of bile acids has been closely linked to the progression of MASLD[70]. At the phylum level,
patients with MASLD have variations in the gut microbiota composition, characterized by an increase in Proteobacteria
and Firmicutes and a decrease in Bacteroidetes abundance[68]. Although obesity is closely associated with NAFLD, the role
of dysbiosis caused by obesity in influencing MASLD development remains a subject of debate due to conflicting
evidence[68]. Nonetheless, considering the significant role of the gut microbiota in MASLD, it is necessary to explore
therapeutic strategies aimed at modulating the gut microbiota such as probiotics, prebiotics, antibiotics, and FMT[71]. A
study conducted on a mouse model, in which steatohepatitis was induced through a high-fat diet, demonstrated that
FMT effectively attenuated steatohepatitis and restored gut microbiota balance in mice after an 8-wk intervention[72].
This intervention resulted in reduced serum levels of alanine aminotransferase and aspartate aminotransferase, increased
expression of zonula occludens-1, associated with improved tight junction integrity, restoration of high-fat diet-induced
mucosal damage, and a decrease in serum endotoxin levels[72]. Xue et al[73] conducted a RCT involving 47 patients
assigned to the FMT group, wherein the patients received FMT via colonoscopy using donor stool. Remarkably, the
results demonstrated that FMT led to a significant increase in the Bacteroidetes/Firmicutes ratio, thereby indicating a
positive modulation of the gut microbiota. Furthermore, the FMT group exhibited noteworthy clinical improvements as
evidenced by a reduction in hepatic fat attenuation, which was evaluated using FibroScan. Subsequently, Kootte et al[74]
examined the effects of FMT on insulin sensitivity in patients with metabolic syndrome. Their findings revealed a
significant improvement in insulin sensitivity at 6 wk after allogeneic FMT. However, a clinical trial conducted by Craven
et al[75] did not find an improvement in insulin sensitivity but demonstrated that allogeneic FMT improved intestinal
permeability after 6 wk. Furthermore, patients with MASLD resulting from dysbiosis often experience disruptions in the
gut-brain axis, leading to cognitive deterioration[76]. As MASLD progresses, it can lead to elevated levels of ammonia
and exacerbate cognitive impairment in conjunction with a pro-inflammatory environment[76]. FMT has demonstrated
efficacy in ameliorating HE among cirrhotic patients[77]. Therefore, FMT holds significant potential as a safe and
promising therapeutic approach to enhance cognition in individuals with MASLD.

Table 5 compiles and highlights existing research, showcasing FMT's capacity to rebalance gut equilibrium and
mitigate cognitive impairments associated with HE[9,22,42,63,66,77-81]. There are a few studies that have assessed the
efficacy of HE based on the severity. Of these studies, the study by Metha et al[81] on 10 patients treated with FMT for
recurrent over HE (2 2 episodes of WHC criteria II-IV HE in 6 mo as previously described in Table 2) showed that 6
patients had sustained clinical response as well as significant improvement in ammonia levels, CTP and MELD score. On
the other hand there were two readmissions for spontaneous bacterial peritonitis and three patients with overt HE[79].
The case report by Kao et al[9] showed improvement in ammonia levels, Inhibitory Control Test (ICT), and Stroop test
after FMT enema in a patient with Grade I-II HE which later worsened after stopping the treatment.

To sum up, significant progress has been achieved in the potential application of FMT as a therapeutic option for HE
among cirrhotic patients and careful selection of the donor can lead to improved outcomes in patients with HE.
Prospective studies are required to compare the efficacy of FMT in patients with different stages of HE.

SAFETY OF FMT IN HE

FMT is grounded in the concept of bacterial displacement, where beneficial bacteria from a healthy donor are introduced
to replace harmful pathogens in the recipient’s gut. This process leverages competitive exclusion[82]. By restoring a
balanced microbiome, FMT aims to alleviate disease and its progression. Analysis of cross-sectional stool genomics data
has revealed significant dysregulation in the expression levels of specific genomics species between decompensated and
compensated hepatic conditions[83]. This provides valuable scientific insights into the molecular alterations associated
with disease progression and highlights potential targets for further investigation and therapeutic interventions[9].
Cognitive assessment using the ICT and the Stroop test demonstrated progressive improvement in cognition with
consecutive FMT sessions, reaching the plateau after the 4™ wk following three FMTs. Notably, cognition regressed to
baseline 14 wk after discontinuing FMT which intriguingly was associated with a marked reduction in the levels of
lachnospiraceae, a bacterial family associated with improved cognitive function. The promising outcomes of this study
paved the pathway for the initiation of the first RCT.

In a notable study by Bajaj et al[77] in 2017, an open-label randomized trial was conducted involving a cohort of 20
cirrhotic patients experiencing recurring episodes of HE. The intervention arm involved the administration of lachnos-
piraceae and ruminococcaceae enema in addition to standard of care (SOC). The results of the study demonstrated a
significant reduction in the occurrence of serious adverse events (SAEs) in the FMT arm (P = 0.02) compared to the SOC
arm. In the FMT arm, 2 patients were hospitalized within 5 mo, but their conditions (acute kidney injury and chest pain)
were deemed not related to FMT. In contrast, the SOC arm experienced 11 SAEs, including liver-related complications
such as mental status changes, pneumonia, chest pain, portal vein thrombosis, anemia, gastroenteritis, and variceal
bleeding. The FMT arm also showed significant cognitive improvement, indicated by improved PHES and encephal app
Stroop scores, while the SOC did not exhibit similar improvements. The 12 mo follow-up of the patients revealed that
FMT appeared to be safe and held potential for long-term efficacy[50].

In 2019, a subsequent study was conducted by Bajaj ef al[22] comparing FMT using capsules enriched with lachnos-
piraceae and ruminococcaceae (administered in a dose of 15 capsules at a time) with a placebo group. The study focused
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Table 5 Overview of important studies highlighting the efficacy and adverse effects of fecal microbiota transplant in the management of conditions associated with hepatic encephalopathy

Outcomes
Ref.  Type Population Intervention Comparison  Cognitive L ) ) = Adverse effects
. Microbiota Liver function Scores Not specified
impairment
Bajajet RCT 20 cirrhotic patients FMT enema SOC A significant Following antibiotic No alterations In the SOC arm,  In the SOC arm, the FMT arm: Tolerated
al[77], experiencing recurrent involving donor (Lactulose and improvement in both  treatment, there was a were observed ~ MELD scores urine metabolic treatment with no mental
2017 HE while on material enriched  rifaximin) the PHES total score  decline in beneficial taxa in AST, ALT, or remained stable. profile remained status hospitalizations;
lactulose/rifaximin in Lachnospiraceae and Encephal App and microbial diversity, albumin levels =~ However, in the stable over time. two unrelated hospitaliz-
treatment and Ruminococ- Stroop was observed  coinciding with an in either study FMT arm, Conversely, the FMT  ations occurred; SOC
caceae within the FMT group expansion of Proteobacteria. ~ arm antibiotics group exhibited arm: Eleven SAEs, with
but not in the SOC However, FMT led to an initially altered metabolites higher incidences of HE
group increase in both diversity worsened the due to antibiotics, and liver-related complic-
and beneficial taxa (Lactoba- MELD scores, which were ations
cillaceae and Bifidobac- but subsequent  subsequently restored
teriaceae) FMT post-FMT
intervention
successfully
restored them to
baseline levels
Bajajet RCT, phasel 10 patients with cirrhosis FMT enema Placebo Cognitively, post- Post-FMT, an increase in There wereno ~ The MELD score In the FMT group,a A significant decrease in
al[65], and alcohol use disorder, involving donor FMT patients diversity was observed, changes in AST, within the FMT  noteworthy decrease = SAEs was observed in the
2021 with an AUDIT-10 score  material enriched exhibited alongside elevated levels of ~ALT, or albumin group was in craving was FMT group compared to
of 28 during screening  in Lachnospiraceae improvements in both  Odoribacter, Bilophila, levels within the similar at the evident among 90% of the placebo group (1 vs 7).
(EMT arm MELD score:  and Ruminococ- PHES and Alistipes, and Roseburia; FMT group study's participants, whereas  The sole SAE in the FMT
9.3 +2.6), and an caceae Encephal App Conversely, no changes conclusion (score this reduction was group was alcohol use
equivalent of 10 patients OffTime + OnTime were noted in the pre- at the end of the  observed injust30%  disorder related, while 2
in the placebo arm (9.5 + placebo microbiota study: 8.6 £2.8)  of the placebo group  placebo-assigned patients
2.8) required short-term
antibiotics
Bloom RCT, phase2 A group of 10 cirrhotic Healthy donors None PHES demonstrated ~ Baseline Bifidobacterium Not reported Not reported Two taxa, namely Four minor adverse
etal patients, each having with normal BMI improvement after abundance was higher in Bifidobacterium adoles-  effects were noted:
[42], previously suffered at administered 15 three doses of FMT (+ FMT responders compared centis and B. nausea, bloating, fatigue,
2022 least one episode of oral FMT capsules 2.1), after five doses of to nonresponders angulatum, displayed  and constipation; One
overt HE and currently ondays1,2,7,14, FMT (+2.9), and at a positive correlation ~ SAE involved the
experiencing ongoing and 21; Antibiotic the 4-wk mark with PHES scores. On  transmission of extended-
neurocognitive pretreatment was following the fifth the contrary, spectrum beta-lactamase-
dysfunction not employed dose of FMT (+ 3.1) Enterobacter asburiae producing Escherichia coli
and B. breve showed a  bacteremia through FMT
negative correlation
with PHES scores
Lietal Case series 2 patients diagnosed Fecal microbiota None Subsequent hospital-  Notable increases in Liver function In Case 1, Child  There were no clinical No FMT-related adverse
[78], with liver cirrhosis transplant izations due to HE Ruminococcus, Akkermansia, ~ demonstrated Pugh Score manifestations, and events or infection
2022 resulting from hepatitis ~ conducted three were not reported and Oscillospiraceae were improvement in decreased from  the blood ammonia complications occurred in

B, who faced recurring
Grade 2-3 HE following
TIPS intervention
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times using 50 g of
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intestinal flora
suspension

among the patients

observed, alongside
decreased abundance of
Veillonella and Megasphaera.
These changes were
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Case 1, while
Case 2 exhibited
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enhancement
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Bajaj et RCT, phase 1

al[22],

2019

Mehta Case series

etal

[79],

2018

Kaoet Case report

all9],

2016

Bajajet RCT, long

al[80], term

2019 outcomes (>
12 mo) of a
2017 study

20 cirrhotic patients
experiencing recurrent
HE and undergoing
lactulose and rifaximin
treatment. Out of these,
ten were assigned to the
FMT arm (MELD score
of 9.5 £ 2.6) and ten were
placed in the placebo
arm (MELD score of 10.9
+42)

10 patients, previously
treated with FMT for
recurrent HE (defined as
> 2 episodes of West
Haven grade II-IV HE in
the last 6 mo)

A 57-yr-old male with
grade 1-2 HE, with liver
cirrhosis (MELD score of
10), attributed to alcohol
and hepatitis C

20 patients with cirrhosis
experiencing recurring
episodes of HE
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Administration of  Placebo
15 FMT capsules

from a single

donor enriched in
Lachnospiraceae and
Ruminococcaceae

FMT was
introduced via
colonoscopy into
the right colon
7-10 d after the
episode of HE

None

Weekly FMT was
administered, with
the first
application
performed via
colonoscopy and
the subsequent
sessions through
retention enema

None

FMT enema
involving donor
material enriched
in Lachnospiraceae
and Ruminococ-
caceae

SOC
(Lactulose and
rifaximin)

A noteworthy
improvement in
OffTime + OnTime
was evident within
the FMT group
compared to baseline.
Conversely,
significant PHES
improvement was not
observed in the FMT
group, and placebo
exhibited no
significant changes

Not reported

Mental status was
assessed through the
ICT and Stroop test.
At 4 wk after the third
FMT, the ICT score
changed from 17
(baseline) to 5, and
the Stroop test score
changed from 250.9 to
183.5. However, by
the 14-wk mark, these
values reverted to
baseline levels

The FMT group
experienced fewer HE
episodes during long-
term follow-up
compared to SOC.
Additionally,
cognitive function,
evaluated using the
PHES total score and
Encephal App Stroop,
significantly favored
the FMT group

accompanied by an overall
increase in microbiota
diversity

After FMT, duodenal
mucosal diversity rose,
featuring higher Ruminococ-
caceae and Bifidobacteriaceae,
and reduced Streptococcaceae
and Veillonellaceae. Similar
reductions in Veillonellaceae
were seen post-FMT in
sigmoid and stool samples

Not reported

Not reported Not reported

Following FMT, there was a
reduction in the relative
abundance of Lachnos-
piraceae

Not reported

During long-term follow-
up, FMT displayed
increased Burkholderiaceae
and decreased Acidamino-
coccaceae. However, Lachnos-
piraceae and Ruminococcaceae
remained relatively stable.
Microbiota composition
remained similar post-FMT,
regardless of short or long-
term follow-up, when
compared to the pre-FMT
state

Not reported

26

The MELD score
within the FMT
group was
similar at the
study's
conclusion (score
at the end of the
study: 8.7 £2.9)

A reduction in
both CTP and
MELD scores
was observed
from baseline to
post-treatment
week 20

Not reported

Changes in
MELD scores
exhibited
similarity
between the two
groups

January 27,2024 | Volume16 |

Following FMT,
Duodenal E-cadherin
and Defensin A5
increased, while IL-6
and serum LBP
reduced

The arterial ammonia
concentration showed
a considerable
decrease at post-
treatment week 20

Not applicable

The FMT group
experienced
significantly fewer
hospitalizations
compared to the SOC
group during the
long-term follow-up

In the placebo group, 6
patients experienced
SAEs: Five HE episodes,
two infections, and one
renal insufficiency case.
In addition, 1 patient was
transferred to hospice
and deceased. In contrast,
the FMT group had only
one HE episode, with no
reported deaths

1 patient died due to
bronchopneumonia
complicated by sepsis 2
mo after FMT.
Additionally, 2 patients
were readmitted due to
spontaneous bacterial
peritonitis

No adverse events or
infectious complications
linked to FMT occurred

The intervention was
well-tolerated in the FMT
group, demonstrating a
favorable long-term
safety profile
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Philips  Pilot study 8 patients diagnosed Thirty grams of SOC (specifics HE resolved in 6 out 1 yr post-FMT, there was an The mean Child-Turcotte-  Survival was notably  Excessive flatulence was
etal with steroid-ineligible donor stool not provided) of 8 patients after increase in Firmicutes and a  bilirubin levels ~ Pugh, MELD, better in the FMT reported as a complaint
[63], severe alcohol- samples infused FMT (71.4%). reduction in Proteobacteria significantly and MELD group when by 50% of FMT patients
2017 asSOCiated hepatitis daily for 7 d and Actinobacteria. decreased from  Sodium scores compared to healthy
(MELD score: 31 + 5.6) through a Noteworthy species 20.5+7.6 showed controls.
and 18 control subjects nasoduodenal tube changes included decreased mg/dL to2.86+ significant Additionally, post-
(MELD score: 27 +5.2) Kiebsiella pneumoniae and  0.69 mg/dL reductions post-  FMT improvements
increased Enterococcus after treatment  treatment in were observed in bile,
villorum, Bifidobacterium comparison to carotenoid, and
longum, and Megasphaera baseline pantothenate
elsdenii pathways
Philips Retrospective 47 patients diagnosed The FMT group Pentoxifylline During follow-up, the In the FMT group, there Not reported Not reported During follow-up, the  Acute variceal bleeding
etal analysis with severe alcohol- received 100 mL of (400 mg thrice FMT group exhibited was a decrease in Proteo- FMT group exhibited =~ was the most common
[81], asSOCiated hepatitis freshly processed  daily for 28 d)  significantly lower bacteria and an increase in lower instances of cause of death in the FMT
2022 (MELD score: 28.1+4.7)  stool samples daily HE incidences Actinobacteria and ascites, infections, group, whereas infection
and 25 control subjects via a compared to the SOC  Bacteroides. Genus-level hospitalizations, and ~ predominated in the SOC
(MELD score: 28.2+6.3) nasoduodenal tube group analysis revealed higher alcohol relapse in group

for7d

Bifidobacterium and lower
Acinetobacter. Within the
SOC group, higher levels of
Erwinia and Porphyromonas
were noted, along with
lower beneficial Bifidobac-
terium at 1-2 yr. Beyond the

comparison to the
SOC group. A longer
time to relapse was
noted, along with a
trend towards
improved survival at
3yr

2-yr mark, FMT led to
higher beneficial Bifidobac-
terium levels

ALT: Alanine transaminase; AST: Aspartate transaminase; BMI: Basal metabolic index; FMT: Fecal microbiota transplantation; HE: Hepatic encephalopathy; ICT: Inhibitory Control Test; MELD: Model for End-Stage Liver Disease;
PHES: Psychometric Hepatic Encephalopathy Score; RCT: Randomized controlled trial; SAE: Serious adverse event; SOC: Standard of care.

on patients with cirrhosis experiencing recurrent episodes of HE. The placebo group had a higher number of SAEs
compared to the FMT group. The FMT group (n = 10) had one reported SAE, whereas the placebo group (1 = 10) reported
11 SAE (P < 0.05). Most SAEs in the placebo group were related to liver disease progression and resulted in hospitaliz-
ations and emergency room (commonly referred to as ER) visits. Six placebo patients experienced SAEs, with one patient
having multiple events including episodes of HE and renal insufficiency without HE. The remaining five patients had one
SAE each, including infections (pneumonia and cellulitis), HE and electrolyte abnormalities. Four placebo patients did
not have any SAEs. In the FMT group, only one patient had an episode of HE as an SAE, while the remaining nine
patients did not experience any SAEs during the follow up period. One placebo patient required ER visits/hospitalization
for altered electrolytes, which resolved within 24 h. Unfortunately, one placebo patient with multiple admissions was
transferred to hospice and passed away 4 mo after enrollment. None of the FMT assigned patients died during the follow
up period. The results also revealed improvements in the microbiota composition, inflammatory markers, and cognitive
scores, indicating the potential of FMT. In the FMT group, duodenal microbiota diversity was enhanced and was also
marked by a decrease in the levels of serum lipopolysaccharide binding protein and interleukin-6.

Another study conducted by Bloom et al[42] demonstrated improved cognitive function in patients with a history of
cirrhosis and overt HE after 5 doses of oral FMT capsules were given over 3 wk. FMT donors were healthy adults with
normal body mass index, carefully chosen through a rigorous screening process (Figure 2: Created with biorender.com)
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Figure 2 lllustrative portrayal of a screening protocol employed for the selection of prospective healthy fecal microbiota transplant
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outlined in a previously published study[36]. Following the completion of the FMT treatment, there was a notable
average improvement of 3.1 points in the PHES after 4 wk. FMT resulted in mild and transient gastrointestinal side effects
in a few patients. However, it is important to note that one patient experienced SAE in the form of esbl-producing E. coli
bacteremia following FMT. In spite of the reported cases of FMT-transmitted infections, a recent systematic review
encompassing 4241 patients concluded that FMT is generally safe, demonstrating a notably low incidence of SAE related
to microbiota[84]. Additionally, there are more promising studies establishing the process of FMT for the treatment of HE
in cirrhotic patients[85]. Even though alterations in the efficacy of FMT have been noticed, immunocompromised
patients, including those with cirrhosis, may require multiple FMT treatments to achieve a cure. A study by Shogbesan et
al[86] found that the success rate of FMT increased from 88% to 93% when multiple FMTs were administered. However,
in decompensated cirrhotic patients, the efficacy of FMT may be diminished due to worsened immune deficiencies
resulting in a lower success rate compared to other immunocompromised patients or the general population[87].

LIMITATIONS AND CHALLENGES

FMT has several limitations and challenges that need to be addressed. Firstly, the standard microbiota composition for
FMT in the donor and the receptor sets a basis for which patients will respond, and the optimal treatment duration
remains largely unknown. Large-scale, randomized, and controlled clinical trials are necessary to validate and
standardize the clinical application of FMT in HE cases[88].

Several studies have been conducted, including randomized and controlled trials, to evaluate the efficacy and safety of
FMT in HE. However, the number of patients enrolled in these studies is relatively small, limiting the generalizability of
the findings. Additionally, factors such as the optimal dose, duration and administration route of FMT, long-term effects
of FMT, mortality, the need for prior antibiotic use to facilitate engraftment, and donor selection based on their
microbiota profile still need further investigation[22,42,77,89].

Furthermore, while some studies have reported decreased hospitalizations and severe adverse events in the FMT
group compared to the placebo, these outcomes were not the primary endpoints in those trials[85,90]. Some other
evidence of FMT in patients with decompensated cirrhosis has shown a marginally higher rate of death and SAE
compared to the average immunocompetent population[87]. FMT as a one-time infusion, has been found to be less
effective than expected[87]. Therefore, a true meta-analysis to get a better conclusion by combining the available literature
is currently not feasible, because of the scarcity of large research trials and limited published evidence. This also limits the
widespread use of FMT, making it primarily available in academic centers. Detailed information regarding the health
status of donors and sourcing of donor material is often lacking in the included studies, which could potentially introduce
confounding factors[87,88].

In conclusion, although FMT has shown therapeutic efficacy in treating HE in cirrhotic patients, there are limitations
and challenges that need to be addressed. Further research with larger cohorts and robust study protocols is necessary to
fully understand the role of FMT in cirrhotic patients and establish standardized guidelines for its clinical application[85].
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CONCLUSION

FMT is currently being studied as a treatment option for HE. The evidence is limited due to the quality and the number of
studies performed. This review offers a summary of current studies in various clinical conditions, delivery and
preparation methods, safety, limitations and future aspects in the field of FMT for management of HE. The review also
highlights the important aspects of hepatic conditions associated with HE, and their pivotal role in the pathogenesis and
understanding how the microbiome is affected in each pathology, and how the FMT could help in these clinical scenarios.
Significant efforts need to be directed towards addressing the doses, delivery methods, and safety of FMT, as well as
larger studies performed in humans to better understand and assess the quality and benefit of the intervention. Patients
with hepatic conditions that cause HE will greatly benefit from more advances in the medical research of FMT that
remains as a promising therapy for HE in different contexts.
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