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HIGHLIGHTS

•	 Fourteen studies including 6,185 
patients were systematically 
reviewed.

•	 Hepatic encephalopathy was 
associated with increased short- and 
long-term mortality.

•	 Active alcohol consumption was 
associated with worse prognosis.

•	 Rifaximin and lactulose reduced 
hepatic encephalopathy recurrence.

•	 Alcohol-specific evidence remains 
limited and heterogeneous.
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ABSTRACT – Background – Hepatic encephalopathy (HE) is a major complication of 

cirrhosis; however, its characterization in alcohol-related cirrhosis (ARC) remains limi 

ted because most available evidence derives from mixed-etiology cohorts. Methods – 

A systematic review was conducted according to PRISMA 2020 guidelines. PubMed, 

EMBASE, and LILACS were searched through April 2026. Randomized controlled 

trials and cohort studies involving adults with ARC or documented alcohol consump-

tion reporting HE-related outcomes were included. Risk of bias was assessed using 

the Cochrane RoB 2.0 tool and the Newcastle–Ottawa Scale, while certainty of evi-

dence was evaluated using the GRADE framework. Due to substantial heterogene-

ity, a narrative synthesis was performed. Results – Fourteen studies involving 6,185 

participants were included. HE was associated with a hospital prevalence of 18.5% 

and a 90-day mortality of 12.1%. Observational evidence suggested that HE was as-

sociated with increased mortality (HR 3.1 at 90 days; HR 2.9 at 1 year), while active 

alcohol consumption was identified as a potential adverse prognostic factor (HR 2.5). 

For secondary prophylaxis, rifaximin was associated with reduced recurrence (HR 

0.42), predominantly as add-on therapy to lactulose. Lactulose also reduced recur-

rence compared with placebo. In acute HE, polyethylene glycol demonstrated faster 

clinical improvement than lactulose, although evidence was limited. Conclusion 

– Available evidence suggests that HE in alcohol-related cirrhosis may represent a 

clinically relevant subgroup with potentially distinct prognostic characteristics. How-

ever, current evidence remains indirect, heterogeneous, and largely derived from 

mixed-etiology populations, precluding definitive conclusions regarding a specific 

alcohol-related HE phenotype. Dedicated prospective studies are needed.

Keywords – Hepatic encephalopathy; liver cirrhosis; alcohol-related liver disease; alco-

hol-related disorders; rifaximin.
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INTRODUCTION

Hepatic encephalopathy (HE) is one of the most 

important complications of cirrhosis and is associat-

ed with impaired quality of life, reduced functional 

status, increased healthcare utilization, and decreased 

survival(1,2). Overt HE develops in approximately 30–

45% of patients with cirrhosis during the course of 

their disease, while minimal or covert forms are even 

more common(3,4). Despite advances in diagnosis and 

management, HE remains a major cause of hospital-

ization, recurrent decompensation, and mortality 

among patients with advanced liver disease(1-4).

Alcohol-related cirrhosis represents a major cause 

of liver-related morbidity and mortality worldwide 

and remains one of the leading indications for hos-

pitalization and liver transplantation in many re-

gions(5,6). The coexistence of advanced liver disease 

and alcohol use disorder may influence the clinical 

course of HE through effects on disease progression, 

treatment adherence, and long-term outcomes. Al-

though several experimental studies have suggested 

potential mechanisms linking alcohol exposure to 

neuroinflammation and neurotoxicity, the clinical 

implications of these observations remain incom-

pletely understood(7,8).

Despite the clinical relevance of alcohol-relat-

ed cirrhosis, most evidence regarding the diagno-

sis, treatment, and prognosis of HE derives from 

mixed-etiology cirrhotic populations. Alcohol-related 

cirrhosis is rarely analyzed as a distinct subgroup, 

and ongoing alcohol consumption is infrequently re-

ported or incorporated into outcome analyses. Con-

sequently, current clinical guidelines provide recom-

mendations for HE in cirrhosis but do not specifically 

address alcohol-related cirrhosis(1,8). This evidence 

gap limits the ability to determine whether patients 

with alcohol-related cirrhosis exhibit distinct clinical, 

prognostic, or therapeutic characteristics.

The rationale for this review stems from the ob-

servation that alcohol-related cirrhosis is frequently 

included within mixed-etiology cohorts, limiting the 

ability to determine whether HE in this population 

exhibits specific clinical, prognostic, or therapeut-

ic characteristics. Experimental and clinical studies 

have suggested potential mechanisms through which 

alcohol exposure may influence the development 

and outcomes of HE; however, the extent to which 
these observations translate into meaningful differ-
ences in clinical practice remains uncertain.

Accordingly, the aim of this systematic review was 
to synthesize the available evidence regarding the 
prevalence, clinical characteristics, therapeutic strat-
egies, and prognostic outcomes of HE in patients with 
alcohol-related cirrhosis. By summarizing current evi-
dence and identifying important knowledge gaps, this 
review seeks to inform future research and improve 
understanding of this clinically relevant population.

METHODS

Study design and research question
A systematic review was conducted to identify, 

critically appraise, and synthesize the available evi-
dence on HE in adult patients with alcohol-relat-
ed cirrhosis or documented alcohol consumption. 
The research question was structured according to 
the PICO framework: Population (adults with alco-
hol-related cirrhosis or documented alcohol use); 
Intervention/Exposure (pharmacological treatments, 
prognostic factors, and biomarkers); Comparator 
(placebo, active comparator, or absence of HE); and 
Outcomes (HE recurrence, clinical resolution, mor-
tality, and hospital readmissions).

Eligibility criteria
Studies were eligible if they included adult pa-

tients (≥18 years) with cirrhosis defined by clinical, 
biochemical, imaging, or histological criteria, and met 
the following conditions: (a) alcohol-related etiol-
ogy, explicitly reported alcohol-related liver disease 
(ALD), or documented alcohol consumption; and (b) 
reporting of outcomes related to HE, including re-
currence, hospitalization, or mortality. Randomized 
controlled trials and observational cohort studies 
(prospective or retrospective) were included.

Exclusion criteria comprised pediatric popula-
tions, studies in which HE was not associated with 
cirrhosis (e.g., isolated acute liver failure), de novo 
acute liver failure, and studies lacking specific HE-re-
lated outcomes. For acute treatment studies, HE 
diagnosis was required to be based on standard-
ized criteria (West Haven classification, Conn score, 
or HESA), with appropriate exclusion of alternative 

causes of altered mental status.
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Search strategy
A comprehensive electronic search was per-

formed in PubMed, EMBASE, and LILACS from data-

base inception through April 2026. The strategy com-

bined controlled vocabulary (MeSH, Emtree, DeCS) 

and free-text terms related to “hepatic encephal-

opathy,” “liver cirrhosis”, “alcohol”, “alcohol-related 

liver disease”, “alcoholic liver disease”, and “alcohol 

use disorder”, including Spanish equivalents. The 

complete electronic search strategies for PubMed, 

EMBASE, and LILACS are provided in SUPPLEMEN

TARY MATERIAL 1.

To ensure completeness, the search was supple-

mented by manual review of reference lists from 

included studies and relevant reviews, as well as 

grey literature searches in ClinicalTrials.gov, the 

WHO International Clinical Trials Registry Platform 

(ICTRP), and institutional repositories. No language 

restrictions were applied. The review protocol was 

not prospectively registered; however, the study was 

conducted in accordance with predefined methodo-

logical criteria and PRISMA 2020 guidelines.

Study selection
After removal of duplicates, studies were screened 

in two stages: (1) title and abstract screening, and 

(2) full-text assessment of potentially eligible articles. 

Screening was conducted independently by multiple 

reviewers at each stage, with discrepancies resolved 

through consensus, ensuring methodological rigor 

and reproducibility.

Data extraction
Data were extracted using a standardized form 

capturing: study characteristics (author, year, country), 

design, sample size, diagnostic criteria for cirrhosis and 

HE, severity of liver disease (Child–Pugh and MELD 

scores), assessment of alcohol exposure, interventions 

or exposures evaluated, follow-up duration, clinical 

outcomes, and key quantitative results. When multiple 

publications referred to the same study population, 

data were consolidated to avoid duplication.

Risk of bias assessment
Risk of bias was evaluated using validated tools 

according to study design: the Cochrane Risk of 

Bias 2.0 tool for randomized controlled trials and 

SUPPLEMENTARY MATERIAL

Database: PubMed
Search date: April 15, 2026
((“hepatic encephalopathy”[MeSH Terms] OR “hepatic 
encephalopathy”[Title/Abstract] OR “hepatic encephalopathy 
syndrome”[Title/Abstract])
AND
(“liver cirrhosis”[MeSH Terms] OR cirrhosis[Title/Abstract] OR 
“hepatic cirrhosis”[Title/Abstract])
AND
(“alcohol-related liver disease”[Title/Abstract] OR “alcoholic 
liver disease”[Title/Abstract] OR “alcohol-related cirrhosis”[Title/
Abstract] OR “alcoholic cirrhosis”[Title/Abstract] OR alcohol[Title/
Abstract] OR “alcohol use disorder”[Title/Abstract] OR AUD[Title/
Abstract]))

Database: EMBASE
Search date: April 15, 2026
(‘hepatic encephalopathy’/exp OR ‘hepatic encephalopathy’,ab)
AND
(‘liver cirrhosis’/exp OR cirrhosis,ab OR ‘hepatic cirrhosis’,ab)
AND
(‘alcohol related liver disease’,ab
OR ‘alcoholic liver disease’,ab
OR ‘alcoholic cirrhosis’,ab
OR ‘alcohol related cirrhosis’,ab
OR alcohol,ab
OR ‘alcohol use disorder’,ab)

Database: LILACS
Search date: April 15, 2026
((mh:(Encefalopatía Hepática) OR “encefalopatia hepática” OR 
“hepatic encephalopathy”))
AND
((mh:(Cirrosis Hepática) OR “cirrose hepática” OR “liver 
cirrhosis”))
AND
((“doença hepática relacionada ao álcool”)
OR
(“enfermedad hepática relacionada con el alcohol”)
OR
(“alcoholic cirrhosis”)
OR
(“alcohol-related liver disease”)
OR
(“alcohol use disorder”))

SUPPLEMENTARY APPENDIX 1. Complete Search Strategies

the Newcastle–Ottawa Scale (NOS) for observation-

al studies. Particular attention was given to missing 

data, selective outcome reporting, and heterogeneity 

in HE definitions.

Certainty of evidence assessment
The certainty of evidence for the main outcomes 

was assessed using the Grading of Recommenda-

tions Assessment, Development and Evaluation 

(GRADE) approach. Certainty was rated as high, 

moderate, low, or very low according to study 

design and the presence of risk of bias, inconsis-
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tency, indirectness, imprecision, and publication 

bias. Randomized controlled trials initially started 

as high-certainty evidence, whereas observational 

studies initially started as low-certainty evidence. 

Downgrading was applied when limitations were 

identified, particularly indirectness due to reliance 

on mixed-etiology cirrhotic populations, inconsis-

tency across study definitions, and imprecision re-

lated to the limited number of studies and events.

Data synthesis
Given the substantial clinical, methodological, 

and statistical heterogeneity across studies–including 

variability in populations, definitions of HE, alcohol 

exposure assessment, interventions, and outcome 

measures–a quantitative meta-analysis was not per-

formed. Instead, a structured qualitative synthesis 

was undertaken.

Results were organized into clinically relevant 

domains: (1) acute inpatient management, (2) sec-

ondary prophylaxis and prevention of recurrence, 

(3) primary prophylaxis, and (4) prognostic factors 

and biomarkers. Within each domain, consistency 

of findings, direction and magnitude of effects, and 

methodological limitations were systematically evalu-

ated to provide a robust and clinically meaningful 

interpretation.

RESULTS

Study selection
The systematic search across the three databases 

identified a total of 1,298 records. After removal of 

260 duplicates, 1,038 records underwent title and ab-

stract screening, of which 1,011 were excluded for 

not meeting eligibility criteria. Twenty-seven records 

were sought for full-text retrieval; one could not be 

accessed. Of the 26 articles assessed in full, 12 were 

excluded (7 due to duplicate reporting of already 

included studies and 5 for not meeting population or 

outcome criteria). Ultimately, 14 studies were includ-

ed in the qualitative synthesis.

The study selection process is summarized in 

FIGURE 1 (PRISMA 2020 flow diagram). A total of 

FIGURE 1. PRISMA Flow Diagram.
Flow diagram of study selection according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines. A total of 
1,298 records were identified through database searching. After removal of duplicates (n=260), 1,038 records were screened, of which 1,011 were excluded 
based on title and abstract. Twenty-seven articles were sought for full-text retrieval; one was not available. Of the 26 full-text articles reviewed, 12 were 
excluded (7 duplicate reports and 5 not meeting inclusion criteria). Fourteen studies were included in the final qualitative synthesis.
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1,298 records were identified through database search-

es. After removal of 260 duplicates, 1,038 records were 

screened. Twenty-seven full-text articles were sought 

for retrieval; one was not available, leaving 26 full-

text articles assessed for eligibility. Following full-text 

review, 12 articles were excluded (7 duplicate reports 

and 5 not meeting population or outcome criteria). 

Ultimately, 14 studies met the eligibility criteria and 

were included in the qualitative synthesis.

Study characteristics
The 14 included studies comprised a total of 

6,185 participants, with sample sizes ranging from 

20 to 2,603 individuals. Study designs included nine 

randomized controlled trials and five observation-

al cohort studies (three retrospective and two pro-

spective). The geographic distribution was diverse, 

including studies from the United States (n=3), India 

(n=4), Italy (n=2), France (n=1), Spain (n=1), Sweden 

(n=1), South Korea (n=1), and one international 

multicenter study. Detailed characteristics are pro-

vided in TABLE 1.

The definition of alcohol-related cirrhosis var-

ied across studies. Some studies used alcohol-re-

TABLE 1. Summary of the main characteristics of the studies included in the systematic review.

Author 
(Year) Country Study Design Sample 

Size
Diagnostic Criteria 

(Cirrhosis/HE)

Severity 
(Child–Pugh/

MELD)

Alcohol 
Exposure 

(Definition/
Assessment)

Interventions/
Exposures Follow-up

Bass et al., 
2010(9)

Multicenter 
(USA and 

others)

RCT, dou-
ble-blind, 

placebo-con-
trolled

299 (rifax-
imin 140; 
placebo 

159)

Cirrhosis; patients 
in remission from 

recurrent HE; clinical 
assessment (West 

Haven/Conn typical; 
details NR)

NR
Etiology not 

stratified; alcohol 
involvement NR

Rifaximin 550 mg BID vs 
placebo; frequent con-

comitant lactulose
6 months

Rahimi et 
al., 2014(12) USA RCT

50 (PEG 
25; lactu-
lose 25)

Cirrhosis with altered 
mental status; HE 
defined clinically; 
HESA for severity

Mean MELD 
17; mean 
CTP 10

ALD in 38% 
overall

PEG 4 L vs standard 
lactulose (acute setting)

24 h 
(primary); 
until reso-

lution

Sharma et 
al., 2009(10) India RCT (open-la-

bel) 140

Cirrhosis post-HE 
episode; psychometry, 

CFF, ammonia; out-
come: OHE recurrence

NR Alcohol etiology 
39%

Lactulose vs placebo 
(secondary prophylaxis)

Median 14 
months

Agrawal et 
al., 2012(11) India RCT (open-la-

bel) 197
Cirrhosis post-HE; 
intervention-based 

definition
NR Alcohol etiology 

likely (NR)
Lactulose vs probiotics 

vs no therapy NR

Lunia et al., 
2014(14) India RCT 160

Cirrhosis without OHE; 
PHES/CFF; SIBO/OCTT 

assessed

CTP A–C 
distribution

Alcohol etiology 
NR

Probiotics vs control 
(primary prophylaxis)

Up to 6 
months

Sharma et 
al., 2008(15) India RCT (open-la-

bel)
105 (MHE 
subgroup)

MHE defined by psy-
chometry and/or P300 Child A–C Alcohol etiology 

NR
Lactulose vs probiotics 

vs combination 1 month

Paik et al., 
2005(13)

South 
Korea RCT 54 Cirrhosis with HE (defi-

nition NR) NR Alcohol etiology 
NR Rifaximin vs lactulose NR

Vierling et 
al., 2014 
(HALT-HE)(16)

Multicenter Phase II RCT, 
double-blind 178

Cirrhosis with ≥2 
HE events in prior 6 

months
NR Alcohol etiology 

NR
Glycerol phenylbutyrate 

vs placebo NR

Bajaj et al., 
2017(17) USA Pilot RCT 20 Cirrhosis with recurrent 

HE; SOC-based NR Alcohol etiology 
NR FMT vs SOC 5 months

Ventu-
ra-Cots et 
al., 2021(18)

Spain RCT,  
double-blind 82 Acute HE ≥ grade II NR ALD subgroup 

NR Albumin vs placebo 90 days

Nardelli et 
al., 2022(19) Italy Retrospective 

cohort 1,429 Cirrhosis (clinical); HE 
by West Haven

MELD medi-
an 16; Child 

B–C predom-
inant

Alcohol-related 
cirrhosis

Prognostic factors (AKI, 
bleeding, infection, etc.) 90 days

Italian 
multicenter 
cohort, 
2020(19)

Italy Prospective 
cohort 368 Decompensated cir-

rhosis; HE at admission
MELD higher 

in HE Alcohol stratified HE vs no HE (mortality 
outcomes)

90 days; 
12 months

Boeckmans 
et al., 
2025(21)

Sweden
Popula-

tion-based 
cohort

2,603 Registry-based cirrho-
sis (ICD codes) NR ALD vs MASLD 

classification Etiology comparison Median 25 
months

Elkrief et al., 
2023(22) France Cohort 500

Compensated ALD 
cirrhosis; liver-related 

events
Child A Active vs inactive 

alcohol use K18, lEV biomarkers 2 years

RCT: randomized controlled trial. HE: hepatic encephalopathy. MHE: minimal hepatic encephalopathy. OHE: overt hepatic encephalopathy. CTP: child–
turcotte–pugh. MELD: model for end-stage liver disease. HESA: hepatic encephalopathy scoring algorithm. CFF: critical flicker frequency. SIBO: small 
intestinal bacterial overgrowth. OCTT: orocecal transit time. SOC: standard of care. NR: not reported.
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lated cirrhosis as an inclusion criterion, whereas 

others analyzed alcohol-related liver disease (ALD) 

as a stratified subgroup, classified patients based 

on registry-derived etiologies (for example, ALD vs 

MASLD), or incorporated active alcohol consump-

tion as an exposure variable. This heterogeneity in 

etiological classification represents an inherent lim-

itation of the evidence base and is addressed in the 

Discussion.

Distribution of included studies by research 
domain

The 14 included studies were grouped according 

to their primary research objective. Nine randomized 

controlled trials evaluated therapeutic interventions 

for hepatic encephalopathy, including secondary 

prophylaxis (n=4), acute treatment (n=2), primary 

prophylaxis (n=1), minimal HE (n=1), and emerging 

therapies (n=2). Five observational cohort studies 

evaluated prognostic outcomes and biomarker-based 

risk stratification, including mortality and clinical out-

comes (n=3) and biomarker prediction models (n=2). 

Because several studies addressed more than one 

clinical domain, some studies contributed to multiple 

sections of the narrative synthesis.

Risk of bias assessment
Risk of bias assessment was performed using the 

Cochrane Risk of Bias 2.0 tool for randomized con-

trolled trials and the Newcastle–Ottawa Scale (NOS) 

for observational studies. The results are summarized 

in TABLE 2, FIGURE 2, and TABLE 3.

TABLE 2. Risk of Bias Assessment of Randomized Controlled Trials Using the Cochrane RoB 2.0 Tool.

Study Randomization Missing Data Outcome Measurement Reporting Overall

Bass 2010(9) Low Low Low Low Low

Rahimi 2014(12) Low Low Low Low Low

Sharma 2009(10) Some concerns Low Some concerns Low Some concerns

Agrawal 2012(11) Some concerns Low Some concerns Low Some concerns

Lunia 2014(14) Some concerns Low Some concerns Low Some concerns

Sharma 2008(15) Some concerns Low Some concerns Low Some concerns

Paik 2005(13) Some concerns Some concerns Some concerns Some concerns Some concerns

Rockey 2014(16) Low Low Low Low Low

Ventura-Cots 2021(18) Low Low Low Low Low

RoB 2.0: Cochrane Risk of Bias 2.0 tool. Low: low risk of bias. Some concerns: some concerns regarding risk of bias. High: high risk of bias. Overall risk was 
determined according to the highest level of concern identified across individual domains.

FIGURE 2. Risk of Bias Assessment of Randomized Controlled Trials Using the Cochrane RoB 2.0 Tool.
RoB 2.0: Cochrane Risk of Bias 2.0 tool. Green circles indicate low risk of bias, yellow circles indicate some concerns, and red circles indicate high risk of 
bias. Domains evaluated included randomization process, missing outcome data, outcome measurement, and selective reporting. Overall risk of bias was 
assigned according to Cochrane RoB 2.0 recommendations based on the highest level of concern across domains.
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Among the nine randomized controlled trials, 

overall methodological quality was moderate to high 

(TABLE 2, FIGURE 2). Four studies were judged as 

having low overall risk of bias, whereas five were 

classified as having some concerns, primarily related 

to open-label designs, incomplete reporting of allo-

cation concealment, and potential deviations from 

intended interventions. No randomized trial was con-

sidered to be at high overall risk of bias.

Among the five observational studies, methodo-

logical quality was high according to the Newcastle–

Ottawa Scale, with scores ranging from 8 to 9 points 

(TABLE 3). The main limitations identified were po-

tential residual confounding, heterogeneity in the 

assessment of alcohol exposure, and variability in 

the definition and ascertainment of HE outcomes. 

Nevertheless, selection procedures, comparability of 

study groups, and outcome assessment were gener-

ally considered robust across studies.

Overall, interpretation of the available evidence 

should consider the substantial indirectness of 

the literature, as many studies were conducted in 

mixed-etiology cirrhotic populations rather than ex-

clusively in patients with alcohol-related cirrhosis. 

This limitation was considered during the assessment 

of the certainty of evidence and should be taken into 

account when interpreting the findings.

Certainty of evidence
The certainty of evidence according to the GRADE 

approach is summarized in TABLE 4. Evidence for 

secondary prophylaxis with rifaximin and lactulose 

was rated as moderate certainty, mainly because of 

indirectness related to the inclusion of mixed-etiol-

ogy cirrhotic populations and limited alcohol-specific 

subgroup analyses. Evidence for polyethylene glycol 

in acute HE was rated as low certainty due to in-

directness, imprecision, and the limited number of 

studies. Evidence regarding mortality and prognostic 

outcomes was rated as low certainty because it was 

derived primarily from observational cohorts and 

was limited by residual confounding and heterogen-

eity in alcohol exposure assessment. Evidence for 

biomarker-based risk prediction was rated as very 

low certainty due to indirectness, imprecision, and 

lack of external validation.

TABLE 3. Methodological Quality Assessment of Observational Studies Using the Newcastle–Ottawa Scale (NOS).

Study Selection Comparability Outcome Total

Nardelli 2022(19) 4 2 3 9

Italian multicenter 2020(19) 4 2 3 9

Boeckmans 2025(21) 4 2 3 9

Elkrief 2023(22) 4 2 3 9

Sahney 2022(20) 3 2 2 7
NOS: Newcastle–Ottawa Scale.
NOS domains: selection (maximum 4 points), comparability (maximum 2 points), and outcome (maximum 3 points). Total scores range from 0 to 9 points, 
with higher scores indicating better methodological quality.
Interpretation: 7–9 points = high quality/low risk of bias; 5–6 points = moderate quality/moderate risk of bias; <5 points = low quality/high risk of bias.

TABLE 4. GRADE Summary of Certainty of Evidence for Main Outcomes.

Outcome Evidence base Main limitations Certainty of 
evidence

HE recurrence with rifaximin 1 randomized 
controlled trial

Indirectness due to mixed-etiology population; 
concomitant lactulose use; limited alcohol-specific 

subgroup analysis
Moderate

HE recurrence with lactulose 2 randomized controlled 
trials

Indirectness due to incomplete alcohol-specific 
stratification; open-label design in some studies Moderate

Acute HE resolution with 
polyethylene glycol

1 randomized 
controlled trial

Indirectness, imprecision, single-center design, 
limited sample size Low

Mortality and prognostic 
outcomes

Observational cohort 
studies

Residual confounding, heterogeneity in alcohol 
exposure assessment, variable HE definitions Low

Biomarker-based risk 
prediction

Observational cohort 
studies

Indirectness, imprecision, limited validation, uncertain 
applicability to HE-specific outcomes Very low

GRADE: grading of recommendations assessment, development and evaluation. HE: hepatic encephalopathy. Certainty levels were defined as high, 
moderate, low, or very low according to the GRADE framework. Downgrading was primarily based on indirectness, inconsistency, and imprecision.
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Secondary prophylaxis of hepatic encephalopathy
Evidence from four randomized controlled 

trials(9-11,13) evaluated secondary prophylaxis of HE 

and suggests that rifaximin and lactulose may reduce 

recurrence rates. In a landmark multicenter random-

ized trial, rifaximin (550 mg twice daily) significantly 

reduced breakthrough HE episodes compared with 

placebo (HR 0.42; 95%CI 0.28–0.64), with recurrence 

rates at 6 months of 22.1% vs 45.9%, respectively. 

Notably, more than 90% of patients were receiving 

concomitant lactulose, supporting rifaximin as an ad-

junctive rather than monotherapy strategy(9).

Similarly, lactulose demonstrated a robust effect 

in secondary prophylaxis. In a randomized trial with 

a median follow-up of 14 months, recurrence of overt 

HE was significantly lower in the lactulose group 

(19.6%) compared with placebo (46.8%; P=0.001), 

with persistent psychometric impairment emerging 

as an independent predictor of recurrence(10). Com-

parative evidence suggests that both lactulose and 

probiotics are superior to no treatment in preventing 

recurrence, although differences between active 

treatments remain less clearly defined(11).

Acute management of hepatic encephalopathy
Two randomized controlled trials(12,13) evaluated 

acute treatment strategies for HE. In the acute set-

ting, polyethylene glycol (PEG) demonstrated superi-

or efficacy compared with lactulose in hospitalized 

patients with overt HE. In the HELP trial, rapid cath-

arsis with PEG resulted in a significantly higher pro-

portion of patients achieving clinical improvement at 

24 hours (91% vs 52%; P<0.01), greater reduction in 

HE severity scores, and shorter time to resolution(12). 

However, the relatively small sample size and sin-

gle-center design limit generalizability.

Comparative data between rifaximin and lactu-

lose in acute HE remain limited, with incomplete re-

porting in available studies precluding quantitative 

synthesis(13).

Primary prophylaxis and minimal hepatic 
encephalopathy

Two randomized controlled trials(14,15) evaluat-

ed primary prophylaxis and minimal HE. Probiotics 

showed efficacy in primary prophylaxis of HE. In 

patients without prior overt HE, probiotic therapy 

significantly reduced the incidence of overt HE and 

was associated with improvements in ammonia lev-

els, gut microbiota parameters, and neurocognitive 

performance(14).

In minimal HE, lactulose, probiotics, and com-

bination therapy demonstrated comparable efficacy 

in improving psychometric performance and neuro-

physiological markers, without statistically significant 

differences between strategies(15).

Emerging and adjunctive therapies
Three randomized controlled trials(16-18) evaluated 

emerging or adjunctive therapies. Emerging thera-

peutic approaches demonstrated signal-level efficacy 

but remain investigational. Glycerol phenylbutyrate 

(GPB), a nitrogen-scavenging agent, significant-

ly reduced HE events and related hospitalizations 

in a phase II trial(16). Fecal microbiota transplanta-

tion (FMT), evaluated in a pilot randomized study, 

was associated with improvements in cognition and 

microbiome composition; however, the small sample 

size and limited safety data preclude clinical recom-

mendations(17).

Intravenous albumin did not demonstrate a statis-

tically significant benefit in transplant-free survival at 

90 days in patients with overt HE, although the study 

was likely underpowered to detect clinically mean-

ingful differences(18).

Prognostic factors and clinical outcomes
Three observational cohort studies(19-21) evaluated 

mortality and clinical outcomes. Observational stud-

ies consistently identified HE as a major prognostic 

determinant in alcohol-related cirrhosis. In a large 

retrospective cohort of 1,429 hospitalizations, HE 

was present in 18.5% of admissions and independ-

ently associated with increased 90-day mortality (OR 

2.84), along with acute kidney injury, gastrointestinal 

bleeding, and infection(19).

Similarly, in a prospective multicenter cohort, HE 

at admission was associated with significantly in-

creased mortality (HR 3.1 at 90 days; HR 2.9 at 1 year). 

Importantly, active alcohol consumption emerged as 

an independent predictor of mortality (HR 2.5), under-

scoring its role as a key disease modifier(20).

Registry-based data further demonstrated that 

while the risk of hepatic decompensation was 
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comparable between alcohol-related and metabolic 

etiologies, post-event mortality was lower in alcohol-

related cirrhosis, potentially reflecting the impact of 

alcohol abstinence as a modifiable factor(21).

Biomarkers and risk stratification
One observational cohort study(22) evaluated bio-

marker-based risk stratification. Biomarker-based 

risk stratification showed promising results in com-

pensated alcohol-related cirrhosis. The combina-

tion of cytokeratin-18 (K18) and fibrosis markers 

identified patients at increased risk of liver-related 

events. In individuals with active alcohol consump-

tion, liver-derived extracellular vesicles (lEV) further 

improved risk discrimination, identifying a subgroup 

with markedly elevated event rates(22).

DISCUSSION

This systematic review synthesizes the available 

evidence on HE in alcohol-related cirrhosis, integrating 

data from 14 studies encompassing 6,185 participants 

across acute management, primary and secondary 

prophylaxis, and prognostic assessment. The avail-

able evidence suggests that HE occurring in patients 

with alcohol-related cirrhosis may be associated with 

adverse clinical outcomes, including 90-day mortality 

exceeding 12% in some hospitalized cohorts and an 

increased risk of short-term mortality among patients 

presenting with HE(19,20). Several studies reported an 

association between HE at admission and subsequent 

mortality, with hazard ratios reaching 3.1, although in-

terpretation should be tempered by the observational 

nature of much of the available evidence(19,20). Further-

more, active alcohol consumption was identified as an 

independent predictor of mortality in one prospective 

cohort study (HR 2.5), supporting the hypothesis that 

ongoing alcohol exposure may contribute to poorer 

outcomes and highlighting the potential importance 

of integrating alcohol use disorder management into 

the overall care of these patients(20).

From a therapeutic perspective, rifaximin appears 

to be the intervention supported by the strongest 

available evidence for secondary prophylaxis of hep-

atic encephalopathy. The available data suggest a 

reduction in breakthrough HE events, with the pivot-

al randomized trial reporting a hazard ratio of 0.42 

for recurrence compared with placebo(9). However, 

interpretation of the independent effect of rifaximin 

should be undertaken cautiously, given the near-uni-

versal concomitant use of lactulose in that study, 

which reflects routine clinical practice but limits attri-

bution of treatment effect to rifaximin alone.

Similarly, lactulose remains a widely used strategy 

for secondary prophylaxis. Randomized studies sug-

gest a clinically meaningful reduction in recurrence 

compared with placebo(10), although the certainty of 

evidence is tempered by study heterogeneity and the 

limited availability of alcohol-specific analyses. Taken 

together, the current literature supports the use of 

both rifaximin and lactulose for recurrence prevention, 

while highlighting the need for studies specifically fo-

cused on patients with alcohol-related cirrhosis(9,10).

Comparative data between rifaximin and lactu-

lose remain limited, as available trials do not provide 

sufficient detail to permit robust quantitative synthe-

sis or definitive conclusions regarding comparative 

effectiveness(13). In the acute inpatient setting, the 

available evidence suggests that polyethylene glycol 

(PEG) may be associated with more rapid resolution 

of HE compared with lactulose, including higher 

rates of clinical improvement at 24 hours and shorter 

time to symptom resolution(16). However, these find-

ings are derived from a limited number of studies 

with relatively small sample sizes and restricted al-

cohol-specific analyses. Consequently, the certainty 

of evidence remains low, and the applicability of 

these results to patients with alcohol-related cirrhosis 

should be interpreted cautiously

Emerging therapeutic approaches remain promis-

ing but should currently be considered investigation-

al. The available evidence suggests that nitrogen-scav-

enging agents such as glycerol phenylbutyrate (GPB) 

may be associated with reductions in HE events and 

HE-related hospitalizations(16). Similarly, microbi-

ome-based interventions, including fecal microbiota 

transplantation, have been associated with improve-

ments in cognitive outcomes and microbiome com-

position in preliminary studies; however, the avail-

able evidence remains limited by small sample sizes 

and the exploratory nature of the published data(17). 

Intravenous albumin has been evaluated as an ad-

junctive therapy in overt HE, but current studies have 

not consistently shown a significant survival benefit, 
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and available results remain limited by imprecision 

and insufficient statistical power(18). Consequently, 

further adequately powered studies are required 

before these interventions can be routinely recom-

mended in clinical practice.

The available evidence raises the possibility that 

HE occurring in alcohol-related cirrhosis may involve 

pathophysiological mechanisms extending beyond 

classical hyperammonemia. Experimental and trans-

lational studies have suggested that alcohol expos-

ure may contribute to neurotoxicity through multiple 

pathways, including acetaldehyde-mediated neuron-

al dysfunction, alterations in GABAergic and gluta-

matergic neurotransmission, gut dysbiosis, endotox-

emia, and systemic inflammation(7,8). The interaction 

between hyperammonemia, neuroinflammation, and 

alcohol-related neurobiological alterations provides 

a biologically plausible explanation for potential dif-

ferences in clinical presentation and outcomes. How-

ever, the current literature does not allow definitive 

confirmation that these mechanisms translate into a 

distinct HE phenotype in patients with alcohol-re-

lated cirrhosis, and further prospective studies are 

required to clarify this hypothesis(7,8).

Biomarker-based risk stratification represents an 

emerging area of interest in alcohol-related cirrho-

sis. The available evidence suggests that hepato-

cyte-derived markers such as cytokeratin-18 (K18) 

and liver-derived extracellular vesicles (lEV) may 

help identify patients at increased risk of liver-related 

events, including those with compensated disease(22). 

Furthermore, integration of these biomarkers with 

conventional fibrosis indices has been associated 

with improved risk discrimination in some cohorts, 

particularly among patients with ongoing alcohol 

consumption(22). However, these findings are derived 

from a limited number of observational studies and 

require external validation before they can be incor-

porated into routine clinical practice. Consequently, 

the role of these biomarkers should currently be con-

sidered promising but exploratory(22).

Registry-based data suggest that the risk of hepatic 

decompensation may be broadly comparable between 

alcohol-related and metabolic cirrhosis, whereas post-

event mortality may differ between these etiologies(21). 

The mechanisms underlying these observations re-

main uncertain and may be influenced by differences 

in patient characteristics, disease progression, access 

to care, and patterns of alcohol consumption. One 

potential explanation is the possibility that sustained 

alcohol abstinence modifies the natural history of al-

cohol-related liver disease, although this hypothesis 

has not been directly evaluated in the studies included 

in this review(21). These findings highlight the import-

ance of assessing and managing alcohol use disorder 

as part of the comprehensive care of patients with 

alcohol-related cirrhosis and hepatic encephalopathy. 

However, the available evidence does not allow de-

finitive conclusions regarding the specific impact of 

individual pharmacological interventions, and further 

prospective studies are needed to clarify their effect 

on HE-related outcomes.

To facilitate interpretation of the available evi-

dence, FIGURE 3 summarizes the proposed evi-

FIGURE 3. Evidence-Based Clinical Framework for Hepatic 
Encephalopathy in Alcohol-Related Cirrhosis.
Evidence-based clinical implications and management considerations 
for hepatic encephalopathy in alcohol-related cirrhosis. Current evidence 
suggests that recurrence prevention with lactulose and rifaximin is supported 
by the strongest available data, whereas polyethylene glycol may accelerate 
resolution of acute episodes. Active alcohol consumption appears to be 
associated with adverse outcomes and should be systematically assessed. 
Biomarker-based risk stratification remains investigational. The substantial 
indirectness and heterogeneity of the available literature highlight the need for 
dedicated prospective studies in alcohol-related cirrhosis.
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dence-based clinical framework for hepatic enceph-

alopathy in alcohol-related cirrhosis. The model 

integrates the principal findings identified in this 

review, highlighting the role of active alcohol con-

sumption as a prognostic modifier, the evidence 

supporting lactulose and rifaximin for secondary 

prophylaxis, the potential utility of polyethylene gly-

col during acute episodes, and the emerging role of 

biomarker-based risk stratification. Importantly, the 

framework also emphasizes the substantial indirect-

ness of the current literature and the need for dedi-

cated prospective studies specifically focused on al-

cohol-related cirrhosis (FIGURE 3).

The present review highlights several important 

knowledge gaps. First, the field lacks prospective 

cohorts specifically designed to evaluate HE in al-

cohol-related cirrhosis. Most available studies in-

clude mixed-etiology cirrhotic populations, limiting 

alcohol-specific inference. Future studies should 

enroll predefined alcohol-related cirrhosis cohorts 

and report outcomes separately according to liver 

disease etiology. Second, alcohol exposure remains 

inconsistently defined across studies. Some reports 

classify patients by historical etiology, whereas 

others evaluate active alcohol use, without stan-

dardized quantification of intake, duration of ab-

stinence, relapse, or alcohol use disorder severity. 

Future research should incorporate standardized 

alcohol exposure definitions, validated screening 

tools, longitudinal alcohol-use assessment, and 

clear distinction between past alcohol-related liver 

disease and ongoing alcohol consumption. Third, 

the interaction between alcohol exposure, systemic 

inflammation, gut dysbiosis, and hyperammonemia 

remains insufficiently characterized in clinical stud-

ies. Translational cohorts integrating neurocogni-

tive testing, inflammatory markers, ammonia levels, 

microbiome profiling, and alcohol-use trajectories 

could clarify whether alcohol-related HE repre-

sents a distinct biological phenotype or a variation 

within conventional cirrhosis-related HE. Fourth, 

therapeutic evidence remains largely extrapolated 

from mixed-etiology trials. Dedicated randomized 

controlled trials or adequately powered subgroup 

analyses are needed to determine whether treat-

ment response to lactulose, rifaximin, polyethylene 

glycol, microbiome-based interventions, or alco-

hol-use-disorder therapies differs in alcohol-related 

cirrhosis. Finally, prognostic models and biomarkers 

require external validation. Future studies should 

evaluate whether biomarkers such as cytokera-

tin-18, extracellular vesicles, fibrosis indices, and 

alcohol-use metrics improve prediction of HE recur-

rence, hospitalization, mortality, or transplant-free 

survival beyond conventional clinical scores.

This review has several strengths. To our know-

ledge, it represents the first systematic synthesis 

specifically focused on hepatic encephalopathy 

in alcohol-related cirrhosis, integrating evidence 

from randomized controlled trials and observation-

al studies across therapeutic, prognostic, and bio-

marker-related domains. Methodological rigor was 

enhanced through systematic literature searches 

across multiple databases, formal risk-of-bias as-

sessment, and evaluation of certainty of evidence 

using the GRADE framework. Nevertheless, sever-

al limitations should be acknowledged. First, the 

review protocol was not prospectively registered 

in PROSPERO or another international registry for 

systematic reviews. Consequently, the review may 

be more susceptible to reporting bias than pro-

spectively registered reviews. Nevertheless, the 

review methodology, eligibility criteria, search 

strategy, study selection process, risk-of-bias assess-

ment, and certainty-of-evidence evaluation were 

predefined before data synthesis and are fully de-

scribed in the manuscript to enhance transparency 

and reproducibility. Second, substantial clinical and 

methodological heterogeneity was identified across 

studies, including variability in patient populations, 

definitions of hepatic encephalopathy, assessment 

of alcohol exposure, interventions, and outcome 

measures. Consequently, quantitative meta-analy-

sis was not considered appropriate and a narra-

tive synthesis was performed instead. Third, most 

included studies were not specifically designed to 

evaluate hepatic encephalopathy in alcohol-relat-

ed cirrhosis as a distinct clinical entity. As a result, 

much of the available evidence was derived from 

mixed-etiology cirrhotic populations, introducing a 

significant degree of indirectness and limiting the 

certainty of conclusions applicable specifically to 

alcohol-related cirrhosis. Fourth, risk-of-bias as-

sessment identified methodological limitations in 
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several studies, including open-label trial designs, 

incomplete reporting of allocation concealment, po-

tential performance bias, residual confounding, and 

heterogeneity in alcohol exposure assessment. Con-

sistent with these findings, GRADE evaluation indi-

cated low-to-moderate certainty for most clinically 

relevant outcomes, largely because of indirectness, 

inconsistency, and imprecision.

Future research should prioritize prospective stud-

ies specifically designed for patients with alcohol-re-

lated cirrhosis, incorporating standardized definitions 

of alcohol exposure, uniform diagnostic criteria for 

hepatic encephalopathy, and alcohol-specific out-

come reporting. Such studies will be necessary to 

clarify optimal therapeutic strategies, validate emer-

ging biomarkers and interventions, and determine 

whether the observed clinical differences truly rep-

resent a distinct HE phenotype or reflect variations 

within the broader spectrum of cirrhosis-related HE.

An important unresolved question is whether 

hepatic encephalopathy occurring in alcohol-related 

cirrhosis represents a distinct clinical phenotype or 

simply a variation within the broader spectrum of 

cirrhosis-related HE. Although experimental and ob-

servational studies suggest potential biological and 

prognostic differences, the current evidence base re-

mains insufficient to establish this concept definitive-

ly. Dedicated prospective studies specifically de-

signed for alcohol-related cirrhosis will be required 

to determine whether such a phenotype exists and 

whether it has meaningful implications for diagnosis, 

prognosis, or therapeutic decision-making.

CONCLUSION

The available evidence suggests that HE occur-

ring in patients with alcohol-related cirrhosis is as-

sociated with adverse clinical outcomes, including 

increased short-term mortality and recurrent hepatic 

decompensation. However, much of the current liter-

ature is derived from mixed-etiology cirrhotic popu-

lations, limiting the certainty of conclusions that can 

be drawn specifically for alcohol-related cirrhosis.

Current evidence supports the use of rifaximin 

and lactulose for the prevention of recurrent hep-

atic encephalopathy, while polyethylene glycol may 

be associated with more rapid resolution of acute 

episodes, although the certainty of evidence remains 

limited. Emerging therapies and biomarker-based 

risk stratification strategies appear promising but re-

quire further validation in dedicated alcohol-related 

cirrhosis cohorts.

Overall, the available literature supports the hy-

pothesis that HE in alcohol-related cirrhosis may ex-

hibit particular clinical and prognostic characteristics. 

Nevertheless, the existence of a distinct alcohol-relat-

ed HE phenotype cannot be definitively established 

based on current evidence and requires confirmation 

through well-designed prospective studies. Future 

research should prioritize alcohol-specific cohorts 

with standardized exposure definitions and outcome 

reporting to improve the understanding and manage-

ment of this complex condition.
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RESUMO – Contexto – A encefalopatia hepática (EH) é uma importante complicação da cirrose; entretanto, sua caracterização na cirrose 

relacionada ao álcool (CRA) permanece limitada, uma vez que a maior parte das evidências disponíveis deriva de coortes com etio-

logias mistas. Métodos – Foi realizada uma revisão sistemática de acordo com as diretrizes PRISMA 2020. As bases PubMed, EMBA-

SE e LILACS foram pesquisadas até abril de 2026. Foram incluídos ensaios clínicos randomizados e estudos de coorte envolvendo 

adultos com CRA ou consumo de álcool documentado que relatassem desfechos relacionados à EH. O risco de viés foi avaliado 

utilizando a ferramenta Cochrane RoB 2.0 e a Escala Newcastle–Ottawa, enquanto a certeza da evidência foi avaliada por meio 

da abordagem GRADE. Devido à heterogeneidade substancial entre os estudos, foi realizada uma síntese narrativa. Resultados –  

Foram incluídos quatorze estudos envolvendo 6.185 participantes. A EH esteve associada a uma prevalência hospitalar de 18,5% e a 

uma mortalidade em 90 dias de 12,1%. Evidências observacionais sugeriram que a EH esteve associada ao aumento da mortalidade 

(HR 3,1 em 90 dias; HR 2,9 em 1 ano), enquanto o consumo ativo de álcool foi identificado como um potencial fator prognóstico 

adverso (HR 2,5). Na profilaxia secundária, a rifaximina esteve associada à redução da recorrência (HR 0,42), predominantemente 

como terapia adjuvante à lactulose. A lactulose também reduziu a recorrência em comparação ao placebo. Na EH aguda, o po-

lietilenoglicol demonstrou melhora clínica mais rápida do que a lactulose, embora as evidências sejam limitadas. Conclusão – As 

evidências disponíveis sugerem que a EH na cirrose relacionada ao álcool pode representar um subgrupo clinicamente relevante, 

com características prognósticas potencialmente distintas. No entanto, as evidências atuais permanecem indiretas, heterogêneas e 

amplamente derivadas de populações com etiologias mistas, impedindo conclusões definitivas sobre a existência de um fenótipo 

específico de EH relacionada ao álcool. São necessários estudos prospectivos dedicados.
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