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Abstract
Background and Aim: Acute on chronic liver failure (ACLF) is a clinical syndrome
described in patients with acute decompensation (AD) of cirrhosis, characterized by
organ failures and high mortality. Intensive management, including liver transplanta-
tion (LT), has been shown to improve survival. To address the limited Australian data
on ACLF, we describe the prevalence, clinical profile, and outcome of ACLF in an
Australian cohort of hospitalized patients.
Methods: A retrospective review of hepatology admissions in a tertiary hospital from
1 January 2017 to 31 December 2019 identified AD and ACLF cohorts, as defined by
the European Association for Study of the Liver definition. Patient characteristics,
clinical course, survival at 28- and 90-day survival, and feasibility of LT were
analyzed.
Results: Among the 192 admissions with AD, 74 admissions (39%) met ACLF
criteria. A prior diagnosis of alcohol-related cirrhosis was highly prevalent in both
cohorts. Grade-1 ACLF was the most frequent (60%), with renal failure being the
commonest organ failure; 28-day (23% vs 2%, P = <0.001) and 90-day mortality
(36% vs 16%, P = 0.002) were higher in ACLF than AD. Due to ongoing alcohol
use disorder (AUD), only six patients underwent LT assessment during ACLF
admission.
Conclusion: ACLF was common in our cohort of cirrhosis with AD and was associ-
ated with high mortality. AUD despite prior cirrhosis diagnosis was a barrier to
LT. Prioritization of ACLF patients for LT after addressing AUD and relaxation of
the 6-month abstinence rule may improve ACLF survival and should be addressed in
prospective studies.

Introduction
Cirrhosis of the liver is an advanced chronic liver disease (CLD)
caused commonly by alcohol, obesity, and hepatitis viruses.1 The
health and economic burden attributable to CLD has been
steadily increasing over the past decade worldwide. In Australia,
the number of affected people is estimated to exceed 8 million
by 2030.2 In its decompensated stage, liver cirrhosis is character-
ized by multiple and recurrent complications such as refractory
ascites, hepatorenal syndrome (HRS), and hepatic encephalopa-
thy (HE), resulting in frequent hospital admissions that contribute
to significant morbidity and mortality.1,3 Acute on chronic liver
failure (ACLF) is a distinct clinical syndrome that is encountered
in patients with acute decompensation (AD) of cirrhosis and is
associated with a high short-term mortality.4 It is characterized
by intense systemic inflammation that occurs in association with
a precipitating event. Pro-inflammatory events that have been
identified to precipitate ACLF include alcoholic hepatitis,
infections like spontaneous bacterial peritonitis (SBP), and

gastrointestinal (GI) bleeding.5,6 The ensuing inflammation
results in single or multiple organ failures. Commonly encoun-
tered organ failures affect liver, kidney, brain, and lung, as well
as coagulation and circulation.4,5 ACLF is defined by various
international definitions and diagnostic criteria. The European
Association for the Study of the Liver—Chronic Liver Failure
(EASL-CLIF) defines ACLF based on organ failures and strat-
ifies ACLF into three grades depending on the number of organ
failures.7 North American Consortium for the Study of End-
Stage Liver Disease (NACSELD) defines ACLF with two or
more extra hepatic organ failures.8 However, extrahepatic organ
failures are not included in The Asian Pacific Association for the
Study of the Liver–ACLF Research Consortium (AARC)
definition.9

Defining ACLF as a separate entity from AD, risk
stratifies a subgroup of patients who will benefit from aggressive
supportive management and early identification for liver
transplantation (LT). This has been addressed by multiple
researchers worldwide in various settings ranging from
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hepatitis-B-specific causes of ACLF in Asian populations to large
hospital-based cohorts from the United States.4,7,10,11 While the
utility and futility of LT in ACLF need to be carefully considered,
many studies have reported excellent (>80%) 1-year survival rates
in carefully selected patients with advanced ACLF grade 3.12–14

Thus, with the improvement in the understanding of the
pathogenesis, natural history, and management of ACLF, trans-
plant centers worldwide are increasingly aware of the need to pri-
oritize ACLF for LT after careful evaluation. This study was
undertaken to address the limited Australia data on ACLF.
The aims of this study were to investigate the prevalence, precip-
itants for organ failures, grades of ACLF, outcomes including
28- and 90-day survival, and feasibility of LT in an Australian
cohort of hospitalized patients with ACLF.

Methods
In this retrospective study, cirrhotic patients admitted to the
Hepatology Unit at Flinders Medical Centre were studied. Flin-
ders Medical Centre is a publicly funded tertiary liver transplant
center in Adelaide, South Australia. The study cohort was identi-
fied using ICD-10 coding terms and applying to hepatology
admissions from 1 January 2017 to 31 December 2019. ICD-10

codes used were as follows: alcoholic liver disease (K70), alco-
holic hepatitis (K701), alcoholic cirrhosis of the liver (K703),
alcoholic hepatic failure (K704), alcoholic liver disease
unspecified (K709), hepatic failure (K72), acute and subacute
hepatic failure (K720), hepatic failure unspecified (K729), HRS
(K767), ascites (R18), SBP (K65.2), esophageal variceal bleed-
ing (I85.01), HE (K72.90), and acute kidney failure unspecified
(N17.9). This process generated a list of 859 admissions.

Figure 1 shows the study flow and criteria for inclusion
and exclusion. Admissions that were excluded were short-term
elective admissions, those unrelated to complications of cirrho-
sis, admissions outside the hepatology unit, and those with no
evidence of CLD (imaging or biochemical). Remaining admis-
sions were then assessed to see whether patients fulfilled
criteria for ACLF as defined by the EASL-CLIF Consortium
and CLIF-C-ACLF score calculator.15 This score was calcu-
lated for each patient at the time of admission (day 0) and then
at day 3. Patient admissions were then divided into two
cohorts: those who fit criteria for ACLF (labeled ACLF) and
those who did not (labeled AD).

For both cohorts, information was collected from patient
medical records including age, sex, etiology of CLD, and com-
orbidities. Hematology and biochemical tests were recorded

Figure 1 Study flowchart showing inclusion and exclusion criteria. ACLF, acute on chronic liver failure; AD, acute decompensation; CLD, chronic
liver disease, ICCU, intensive and critical care unit, TACE, transarterial chemo embolization,TIPS, transjugular intrahepatic porto systemic shunt

ACLF in South Australia S Madigan et al.

718 JGH Open: An open access journal of gastroenterology and hepatology 7 (2023) 717–723

© 2023 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



including serum sodium, bilirubin level, creatinine, coagulation
studies, platelet count, white cell count (WCC), and C-reactive
protein (CRP). Mayo Clinic Model for End-stage Liver Disease
(MELD) score was calculated for each patient, and mortality at
28 and 90 days was analyzed. Data on the presence of HE, asci-
tes, bleeding events, and infection, as well as requirements for
intensive care support, such as mechanical ventilation, renal
replacement therapy, and vasopressors, were obtained from medi-
cal records. For the ACLF cohort, additional data including pre-
cipitant for ACLF, organ failures, referral for LT, and LT
outcomes were recorded.

Statistical analysis. Continuous data were described using
mean and SD for normally distributed data, and median and
interquartile range for non-normally distributed data. Categorical

data were reported using frequencies and percentage. Indepen-
dent t-tests, chi-squared tests, or Fisher’s exact test were used to
compare patient characteristics as appropriate using a two-sided
Type 1 error rate of alpha = 0.05. Differences in the cumulative
incidence of mortality at 28 and 90 days from the initial hospital
admission were assessed using Fisher’s exact test. Differences in
the transplantation-free survival rate at 28 and 90 days from the
initial admission between ACLF and AD were described using
the Kaplan–Meier method and compared for statistical signifi-
cance using a log-rank test. IBM SPSS Statistics for Windows,
version 26 (IBM Corp., Armonk, NY, USA) and Stata
(StataCorp, version 17.0) were used for the statistical analysis
and graphs.

The study was approved by the Southern Adelaide Human
Research Ethics Committee reference number: LNR/56/SAC/21.

Table 1 Comparison of demographic and clinical characteristics between acute on chronic liver failure (ACLF) and acute decompensation of chronic
liver disease (AD)

ACLF (n = 74) AD (n = 118) P-value

Age, years, mean � SD 54 � 11 59 � 13 0.013
Male sex, n (%) 58 (78) 91 (71) 0.86
Etiology of cirrhosis, n (%) 0.34
Alcohol 51 (69) 72 (61)
NASH 5 (7) 12 (10)
HCV 5 (7) 4 (3)
Multiple etiology† 11 (15) 19 (6)
Miscellaneous‡ 2 (3) 11 (9)

Known cirrhosis prior to admission, n (%) 67 (91) 99 (84) 0.27
Serum CRP, mg/L, mean � SD 23 � 23 25 � 28 0.512
White cell count, �109/L, mean � SD 9.56 � 6 8.00 � 4 0.055
Bilirubin, μmol, mean � SD 103 � 110 62 � 57 0.001
INR, mean � SD 2.1 � 0.7 1.6 � 0.3 < 0.001
CLIF-C AD score, mean � SD 54 � 8.4
MELD, mean � SD 27 � 7 19 � 6 < 0.001
Charlson comorbidity index, mean � SD 5 � 2 5 � 2 0.406
Length of stay, median days (IQR) 11 (11) 5 (7) 0.01

†Various combinations of non-alcoholic fatty liver disease, alcohol, hepatocellular carcinoma.
‡Cryptogenic, alpha antitrypsin, biliary atresia, primary biliary cholangitis, biliary strictures, and autoimmune hepatitis.
CLIF-C AD score, Chronic Liver Failure Consortium Acute Decompensation score; CRP, C-reactive protein; HCV, hepatitis C virus; INR, international
normalized ratio; IQR, interquartile range; NASH, non-alcoholic steatohepatitis; MELD, Model for End-stage Liver Disease.

Table 2 Comparison of demographic and clinical characteristics between acute decompensation of chronic liver disease (AD) that progressed to
acute on chronic liver failure (ACLF) and AD

Pre-ACLF (8) AD (118) P-value

Age, years, mean � SD 51 � 9 59 � 13 0.14
Male sex, n (%) 7 (87) 91 (71) 0.49
Known cirrhosis, n (%) 7 (87) 99 (84) 0.78
Alcohol related cirrhosis, n (%) 5 (62.5) 72 (61) 0.9
Bilirubin, μmol, mean � SD 104 � 72.2 62 � 84.6 0.054
INR, mean � SD 2.4 � 0.08 1.6 � 0.3 <0.001
MELD, mean � SD 25.3 � 6.8 18.9 � 5.7 <0.001
CRP, CRP mg/L, mean � SD 9.6 � 8.6 25.4 � 28.3 0.15
CLIF-C AD score, mean � SD 59.5 � 8.9 54.0 � 8.4 0.08

CLIF-C AD score, Chronic Liver Failure Consortium Acute Decompensation score; CRP, C-reactive protein; INR, international normalized ratio; MELD,
Model for End-stage Liver Disease.
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Results
During the study period, 112 patients experienced a total of
192 admissions with an AD of cirrhosis; 667 admissions were
excluded (Fig. 1). Based on the EASL-CLIF criteria, 74 admis-
sions (39%) were identified to represent ACLF, and the
remaining 118 admissions without ACLF were classified as
AD (61%).

Patient characteristics of both study groups are given in
Table 1. ACLF patients were younger, had higher MELD scores
and longer hospital stay compared with AD patients. Of the
74 ACLF admissions identified, the majority (89%) had ACLF
on admission and the remaining 11% developed ACLF on day
3. Demographic characteristics and liver disease severity were
compared between those admissions that progressed to ACLF
within 3 days of hospital admission and those who stayed as AD,
as shown in Table 2. MELD and INR were significantly higher

in pre-ACLF patients. CLIF-AD score was higher although not
statistically significant.

Alcohol-related liver disease (ARLD) was the most com-
mon cause of underlying cirrhosis. The majority of patients (91%
and 84%) had known cirrhosis prior to admission with ACLF
and AD, respectively. At this center, patients with cirrhosis are
managed within a chronic disease management program known
as the Chronic Liver Failure Program (CLFP) coordinated by
specialist liver nurses. In the ACLF cohort, 86% patients were
already enrolled in the CLFP and so were 55% of the AD cohort.

Of the ACLF cohort, 31 admissions (42%) required trans-
fer to the critical care unit compared with 7 admissions (6%) in
the AD cohort. In the ACLF cohort, 15 (20%) admissions
required intubation, 16 (22%) patients required inotropic support,
and 6 (8%) required renal replacement therapy. This contrasted
with the AD cohort, where only one patient required mechanical
intubation, one patient required inotropic support, and none
required renal replacement therapy.

Precipitants for ACLF were as follows: infection (30%),
unknown precipitant (26%), upper GI bleed (18%), active alco-
hol use (16%), multiple precipitants (8%) and post-paracentesis
circulatory dysfunction (3%). Grade 1 ACLF was the most fre-
quent (60%), with renal failure being the most common organ
failure (46%) (Table 3).

Of the 112 patients, 78 patients had a single admission
during the study period (28 with ACLF and 50 with AD),
3 patients had recurrent admissions with ACLF, 12 had recurrent
admissions with AD, and 4 had a combination of AD and ACLF.
Interestingly, 14 patients who were admitted with AD later
developed ACLF within a mean duration of 72 days. Four of
these 14 patients died within 90 days of hospital admission.

Mortality at 28 and 90 days of admission was higher in
ACLF patients. At 28 days of admission, the difference in mor-
tality rate between ACLF (17/74, 23%) and AD (2/118, 2%) was
significant, P < 0.001. A similar trend was seen at 90 days as
well, with mortality rate for ACLF (27/74, 37%) significantly
higher than AD (19/118, 16%), P = 0.020. Survival functions
using Kaplan–Meier curves and differences in survival rates in
ACLF and AD compared using log-rank test are shown
in Figure 2.

Referral for liver transplantation. From the ACLF
cohort, 15 patients were referred for LT. Of these, only four
referrals were made during the ACLF admission, nine were
already referred prior to ACLF admission, and two were referred
in a subsequent clinic review or admission. Of these 15 patients,
8 had LT: 7 had grade-1 ACLF and 1 had grade-2 ACLF. One-
year survival after LT was 88%. Of the 59 patients not referred
for LT assessment, 51 patients (86%) had ARLD and 31 of these
patients (60%) were documented to have active alcohol
consumption.

Discussion
The aim of this study was to describe the clinical profile of
ACLF in an Australian cohort in the current milieu of improving
LT outcomes and supportive treatments for ACLF. Region-
specific data on ACLF are essential for early identification and

Table 3 Characteristics of acute on chronic liver failure (ACLF)

ACLF grade 1

Organ failure, total 44 (60%)
Single kidney failure 25 (45.5%)
Single liver, coagulation, circulatory or

respiratory failure + creatinine
1.5–1.9 mg/dL and/or HE I–II

15 (33.3%)

Single cerebral failure (HE III–IV)
+ creatinine 1.5–1.9 mg/dL

4 (9.1%)

MELD, mean � SD 25.5 � 6.1
CLIF-C score, mean � SD 43.3 � 7.5
28-Day mortality, n (%) 11/44 (25%)
90-Day mortality, n (%) 18/44 (40%)

ACLF grade 2

Organ failure, total 19 (25%)
Brain and kidney 7 (36.8%)
Coagulation and liver 5 (26.3%)
Renal and circulation 2 (10.5%)
Renal and coagulation 2 (10.5%)
Other combinations 3 (15.8%)

MELD, mean � SD 28 � 6.0
CLIF-C score, mean � SD 48.2 � 7.4
28-Day mortality, n (%) 3/19 (16%)
90-Day mortality, n (%) 4/19 (21%)

ACLF grade 3

Organ failure, total 11 (15%)
Lung, brain, circulation 3 (27.3%)
Brain, coagulation, liver 2 (18.2%)
Coagulation, liver circulation 2 (18.2%)
Other combinations 4 (36.4%)

MELD, mean � SD 30.8 � 11.4
CLIF-C score, mean � SD 59.9 � 7.4
28-Day mortality, n (%) 3/11 (27%)
90-Day mortality, n (%) 5/11 (45%)

CLIF-C AD score, Chronic Liver Failure Consortium Acute Decompen-
sation score; HE, hepatic encephalopathy; MELD, Model for End-stage
Liver Disease.
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intensification of management protocols based on the prevailing
causes and precipitants.16

ACLF accounted for 39% of admissions in patients with
acutely decompensated cirrhosis, a figure much higher than the
reported European data of 22%.4 This could have been due to
the referral bias of our center being a specialized liver unit as
shown by a similar Australian study (published in abstract form)
showing a 34% prevalence of ACLF among patients admitted
with AD.17 Consistent with the available literature, our ACLF
patients were younger, had higher MELD scores, were more
likely to require admission to the intensive care unit (ICU) for
inotropic support/mechanical ventilation/renal replacement ther-
apy, and experienced longer lengths of stay.

The demographic characteristics of our cohort were similar
to North American and European cohorts.4,18,19 Similar to the
CANONIC study cohort, the majority of patients were known to
have cirrhosis prior to the episode of hospital admission with
ACLF. In our population, the leading cause of cirrhosis was
ARLD (69%) similar to that reported from the European, Asia-
Pacific, and American populations at 60.3%, 56%, and 42%,
respectively.20 In our population, the most common precipitant
for ACLF was infection (30%), and the cause was unknown in
25%. In the CANONIC study cohort, the precipitant for ACLF
was unknown in 40% of cases,4 whereas a Chinese cohort study
had relapse of hepatitis B as the leading cause.21

The most frequently encountered grade of ACLF in our
population was of grade 1 (60%), with kidney failure being the
commonest organ failure (46%) mirroring the CANONIC study.
This was followed by ACLF grade 2 (26%) with combined brain
and kidney failure. In patients with ACLF, the 28- and 90-day
transplant-free mortality was 23% and 36%, respectively. Com-
pared with the reported mortality of 32% at 1 month and 56% at
3 months in the CANONIC study, the mortality rates observed in

our study were lower.4 Gustot et al. reported increasing mortality
rates with an increase in grade of ACLF with grade 3 experienc-
ing a short-term mortality between 68% and 89%.22 In contrast,
the mortality rates in our patients with ACLF grades 2 and 3 were
not higher than that of grade 1. It is possible that the lower mor-
tality rates observed could be attributed to the intensive outpa-
tient monitoring of patients within the CLFP associated with our
hospital, which may have captured early presentations leading to
intervention before marked deterioration. However, due to the
smaller numbers of patients with advanced ACLF and single-
center retrospective study design, these findings should be inter-
preted with caution. Nevertheless, the high overall short- and
intermediate-term mortality in ACLF demonstrated by this study
underpins the importance of early identification of the condition
and escalation of management.

The current treatment goals for ACLF are early recogni-
tion, treatment of precipitating events, supportive therapy, and
early LT referral. Recent data have shown that emergent trans-
plant in ACLF provided significantly better overall survival bene-
fit compared with no LT (80% vs 16%).23 Similarly, a recent
large collaborative study from Europe has also confirmed the
benefit of LT in ACLF with a 1-year post-LT survival of 80%,
even for advanced ACLF, compared with much lower 1-year sur-
vival on the waiting list of 50%.24 Several prognostic factors
such as pre-LT arterial lactate level ≥ 4 mmol/L, mechanical ven-
tilation with PaO2/FiO2 ≤ 200 mmHg, pre-LT leucocyte
count ≤ 10 � 109/L, and drug-resistant infections were associated
with poor survival after LT and liver transplant futility.12,24 How-
ever, ACLF grade-3 patients, with the worst survival without LT,
are not reliably identified by high MELD, as shown in a UNOS
registry study,25 although LT within 30 days of listing improved
their survival. Further demonstration of a higher wait list mortal-
ity of ACLF grade 3 than that of status-1a patients supports the

Figure 2 Kaplan–Meier curves and differences in survival rates in acute on chronic liver failure (ACLF) and acute decompensation (AD) of cirrhosis
compared using log-rank test. ( ), ACLF; ( ), AD
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cause for prioritization of ACLF patients for LT.26 Nevertheless,
reports of high-resource utilization with prolonged ICU stay and
compromised graft and patient survival after LT in ACLF cannot
be ignored.27 Before adopting early LT in ACLF, a number of
outstanding concerns will need to be addressed, including long-
term survival and quality of life after LT, ideal LT timing, details
of waiting list survival, and ideal organ allocation systems. These
questions may be answered by the ongoing prospective interna-
tional multicenter CHANCE study comparing survival of patients
with ACLF grades 2 and 3 undergoing LT with that of
patients with decompensated cirrhosis without ACLF.28

In addition, our observation of a high proportion of patients
with ACLF on a background of ARLD and active alcohol con-
sumption raises the importance of addressing management of alco-
hol use disorder (AUD) before LT referral. Transplantation Society
of Australia & New Zealand (TSANZ) guidelines for LT require a
6-month period of abstinence from alcohol before LT referral.29

AUD posed a barrier to transplant referrals and, thus, fewer LT for
ACLF in our study cohort. Without improvement in resources and
management strategies for AUD, ACLF patients will continue to
have poor outcomes. Suggestions to improve the current situation
include increased resourcing for integrated addiction services asso-
ciated with liver transplantation units to allow the provision of on-
site addiction specialists and alcohol relapse prevention therapies,
such as cognitive behavioral therapy and pharmacotherapy, to man-
age AUD before and after liver transplant.30,31 It is also desirable
that AUD management is planned at the time of diagnosis of
ARLD and not at the time of listing for LT or ACLF. The respon-
sibility for addressing AUD should be shared by primary care prac-
titioners and hepatologists.

A further suggestion is the removal of the 6-month alcohol
abstinence rule for alcohol-related cirrhosis before LT in the con-
text of improved and integrated addiction services. This arbitrary
threshold of abstinence is controversial and is not a strong pre-
dicator of relapse reduction.32,33 Early LT performed for care-
fully selected severe alcoholic hepatitis (SAH) patients with
favorable psychosocial and clinical profile without 6 months of
abstinence was shown to have lower rates of harmful alcohol
relapse post LT without any reduction in post-LT survival.34–37

In fact, a recent meta-analysis of patients who underwent LT for
SAH has revealed an alcohol relapse rate of 14%, similar to
those undergoing elective LT for alcohol-related cirrhosis.38

Accordingly, the updated TSANZ guidelines approve early LT
for SAH in patients with a favorable psychosocial profile with a
strong recommendation for management of AUD with a multi-
disciplinary approach.29 Similarly, in patients with alcohol-
related cirrhosis, evidence is accumulating in support of early LT
without the mandatory 6-month abstinence. A cohort study that
compared early LT (less than 6-month abstinence) and standard
LT (with 6-month abstinence) in patients with alcohol-related cir-
rhosis highlighted similar outcomes in relapse-free survival and
overall graft function in both the groups.39 Correspondingly, pos-
itive outcomes for LT in alcohol-related cirrhosis, without the
6-month rule, has been reported with the use of a pilot program
that incorporated social support in addition to pre- and post-
addiction treatment.40 Hence, the condition of 6-month manda-
tory alcohol abstinence before LT needs to be re-evaluated in
Australia for patients with alcohol-related cirrhosis with a struc-
tured plan for management of AUD in place.

This study is the first detailed report of ACLF in an
Australian cohort. The frequent occurrence of ACLF on a prior
diagnosis of ARLD is topical given the recent recognition of
noninferior outcomes for early LT for the same. However, the
limitation of retrospective design of the study with reliance on
patient records is acknowledged. Finally, the CLFP associated
with our unit, which has been shown to reduced emergency
admissions,3 may have reduced the incidence of ACLF in our
patients, and our study outcomes may not be representative of
the actual burden of the problem in other Australian units.

These limitations can be addressed by a prospective multi-
center study to define the burden of ACLF among patients pre-
senting with AD. Given the improved long-term survival after
LT in patients with ACLF,13 it is essential to expedite evaluation
of these patients for LT and identify barriers to successful
LT. Implementation of a multidisciplinary approach with an
addiction specialist and counselors operating within the liver unit
is highly recommended to address AUD before and after LT to
decrease relapse and improve outcomes.

In conclusion, ACLF was common in our cohort of cirrho-
sis with AD and was associated with high short- and
intermediate-term mortality without LT. Ongoing alcohol use
despite prior cirrhosis diagnosis was a major barrier that limited
transplant referrals. Our study identifies an urgent need to inte-
grate the management of AUD in cirrhosis care to improve the
feasibility of LT in patients with ARLD and ACLF. Multicenter
prospective studies that evaluate patient selection and organ allo-
cation in ACLF patients for LT without the prevailing 6-month
abstinence rule for ARLD are essential to improve patient out-
comes in ACLF.
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