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Summary
Acute-on-chronic liver failure (ACLF), which was described relatively recently (2013), is a severe form of acutely decompensated
cirrhosis characterised by the existence of organ system failure(s) and a high risk of short-term mortality. ACLF is caused by an
excessive systemic inflammatory response triggered by precipitants that are clinically apparent (e.g., proven microbial infection
with sepsis, severe alcohol-related hepatitis) or not. Since the description of ACLF, some important studies have suggested that
patients with ACLF may benefit from liver transplantation and because of this, should be urgently stabilised for transplantation by
receiving appropriate treatment of identified precipitants, and full general management, including support of organ systems in the
intensive care unit (ICU). The objective of the present Clinical Practice Guidelines is to provide recommendations to help clinicians
recognise ACLF, make triage decisions (ICU vs. no ICU), identify and manage acute precipitants, identify organ systems that
require support or replacement, define potential criteria for futility of intensive care, and identify potential indications for liver
transplantation. Based on an in-depth review of the relevant literature, we provide recommendations to navigate clinical dilemmas
followed by supporting text. The recommendations are graded according to the Oxford Centre for Evidence-Based Medicine
system and categorised as ‘weak’ or ‘strong’. We aim to provide the best available evidence to aid the clinical decision-making
process in the management of patients with ACLF.

© 2023 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
Introduction
Acutely decompensated cirrhosis refers to the development of
ascites, encephalopathy, gastrointestinal haemorrhage, or any
combination of these disorders in patients with cirrhosis
(Fig. 1). Acutely decompensated cirrhosis may occur at
different points in the course of disease and generally leads to
non-elective admission to the hospital.1 Acute-on-chronic liver
failure (ACLF) is a severe form of acutely decompensated
cirrhosis; it is associated with a 28-day mortality rate of 20% or
more (vs. 5% or less among patients with acutely decom-
pensated cirrhosis without ACLF).2 ACLF is characterised by
the functional failure of one or more of the six major organ
systems (i.e., liver, kidney, brain, coagulation, circulation, and
respiration; Fig. 2; Tables S1 and S2), and systemic inflam-
mation, that may have been induced by acute precipitants (i.e.,
intrahepatic or extrahepatic insults, or both).2,3 This general
definition, which is an evidence-based definition developed
under the auspices of the European Association for the Study
of the Liver (EASL)-Chronic Liver Failure (CLIF) Consortium
(CLIF-C), is accepted and operational in a large number of
countries across different continents.4 Of note, the Chinese
Group on the Study of Severe Hepatitis B (COSSH) proposed a
definition for ACLF that develops among patients with hepatitis
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B virus (HBV)-related chronic liver disease, a definition which
was very close to the European definition of ACLF (Tables S3).5

However, there are other definitions of ACLF, for example the
definition proposed by the Asia Pacific Association for the
Study of the Liver (APASL6), or the definition proposed by the
North American Consortium for the Study on End-Stage Liver
Disease (NACSELD7). Each of these definitions differs from the
EASL-CLIF-C definition on several points that have been
recently reviewed elsewhere.4,8,9 The definition of ACLF pro-
posed by APASL is restricted to patients with acute liver
dysfunction triggered by acute intrahepatic precipitants; ap-
plies to patients with cirrhosis and no prior decompensation
episode, and also to those with non-cirrhotic chronic liver
disease.6 Consequently, they do not consider bacterial infec-
tion, gastrointestinal bleeding or surgery as potential precipi-
tating events for the development of ACLF. The definition of
ACLF proposed by the NACSELD is also based on expert
opinion and only captures the most severe patients receiving
organ support (Tables S4).7 In their definition, they do not
consider the severity of liver dysfunction or coagulopathy.
Thus, in the present EASL Clinical Practice Guidelines (CPGs),
the term ACLF will refer to the EASL-CLIF-C definition of ACLF,
unless otherwise specified.
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Fig. 1. Clinical trajectory of patients with cirrhosis. (A) Shows that patients can
suffer either from acute decompensation, which implies need for hospitalisation
with an acute liver-related complication or a less well-defined entity, called non-
acute decompensation, which refers to the occurrence of a progressive liver-
related complication that does not lead to hospitalisation. Patients with acutely
decompensated cirrhosis without ACLF at presentation can be retrospectively
classified into three distinct groups according to the three distinct disease tra-
jectories during the 3 months after admission. Patients can be categorised as
having SDC (patients in this group were discharged and not readmitted during the
3-month follow-up), UDC (patients in this group developed liver-related compli-
cations, but not ACLF, and were readmitted during the 3-month follow-up), or
pre-ACLF (because patients in this group developed ACLF during the 3-month
follow-up). Patients who present with ACLF meet criteria for one of three
grades of ACLF. Overall, patients with acutely decompensated cirrhosis may
therefore be divided into six distinct groups. Modified from Jalan et al.194 and
D’Amico et al.1 (B) shows the outcomes of the six groups (Reproduced from194).
ACLF, acute-on-chronic liver failure; SDC, stable decompensated cirrhosis; UDC,
unstable decompensated cirrhosis.

Recommendations

� Both patients with prior decompensation and those without
should be included in the definition of ACLF (LoE 2, strong
recommendation, strong consensus).
Information on ACLF and its management have already
been provided in the EASL CPGs on the management of
decompensated cirrhosis published in 2018. Unless indis-
pensable, this information will not be repeated in the present
document, which refers to several important studies published
since 2018 and addresses new questions relative to those
addressed in the previous EASL CPGs.10

The objective of the present CPGs is to provide recom-
mendations to help clinicians to recognise ACLF, make triage
decisions (intensive care unit [ICU] vs. no ICU), identify and
manage acute precipitants, identify organ systems that require
support or replacement, define potential criteria for futility of
2 Journal of Hepatology, J
intensive care, and identify potential indications for
liver transplantation.

Methodology used to develop the present
guidelines
The EASL Governing Board initiated these CPGs in October
2021 by selecting a panel of experts and describing the remit of
the assignment. The development of these CPGs followed a
standard operating procedure set out by EASL11 and meets the
international standards for CPGs set out by the Guidelines In-
ternational Network. The process involves identification of
several key questions pertinent to the subject matter. The CPG
panel drafted questions according to the PICO format. P –

patient, problem, or population, I – intervention, C – compari-
son, control or comparator, O – outcome. PICO questions were
vetted through a simplified Delphi process by a 38-member
panel, including clinicians, patients, and other stakeholders
competent in the field of acutely decompensated cirrhosis
beyond the CPG panel and the EASL Governing Board. Every
PICO question that did not reach >80% agreement in the first
round of the Delphi process was revised; the revised questions
were then submitted for approval by the Delphi panelists in a
second round. Once the final PICO questions had been
determined, a systematic literature search was performed using
PubMed, and expanding to Embase, Google Scholar and
Scopus when needed. Each expert took responsibility, made
proposals for statements and recommendations for a specific
section of the guideline and shared tables of evidence and text
with the full panel. The panel met virtually on 10 occasions, and
all recommendations were discussed and approved by all
participants. The level of evidence was graded according to the
Oxford Centre for Evidence-Based Medicine system (Table 1)12

and the strength of the recommendations was categorised as
either ‘weak’ or ‘strong’ (Table 2). The higher the quality of the
evidence, the more likely a strong recommendation was made.
If no clear evidence was available, recommendations were
based on the expert opinion of the panel members. All rec-
ommendations were subsequently submitted for approval
through a third Delphi round. The classification of consensus
strength was as follows: Strong consensus if >95% agreement,
consensus if >75% to 95% agreement, majority agreement if
>50 to 75% agreement, no consensus if <50% agreement. The
technical solution has been supported by the Clinical Guideline
Service group (https://www.guidelineservices.com), which has
provided an online platform, where all CPG documents have
been uploaded and reviewed. All recommendations were ulti-
mately brought to the attention of the EASL Governing Board
for final approval.

Defining ACLF
Should patients with previous episodes of decompensated
cirrhosis be considered in the definition of ACLF?
uly 2023. vol. - j 1–31
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Fig. 2. Organ systems involved in ACLF.2,4,15 On the left are shown each of the 6 organ systems explored by CLIF-C OF scoring system; the red color indicates the
criteria for organ failure and the orange color indicates criteria for kidney or cerebral dysfunction. Box in the right bottom corner shows the criteria established by the
EASL-CLIF Consortium to define the presence of ACLF and its grade. On the right, in light blue, are shown additional organ systems whose function is altered in
patients with ACLF.

Table 1. Level of evidence based on the Oxford Centre for Evidence-based Medicine (adapted from The Oxford 2011 Levels of Evidence).

Level Criteria Simple model for high, intermediate and low evidence

1 Systematic reviews (SR) (with homogeneity) of randomised-
controlled trials (RCT)

Further research is unlikely to change our confidence in the
estimate of benefit and risk

2 Randomised-controlled trials (RCT) or observational studies
with dramatic effects; systematic reviews (SR) of lower quality
studies (i.e. non-randomised, retrospective)

3 Systematic reviews (SR) of lower quality studies (i.e. non-
randomised, retrospective)

Further research (if performed) is likely to have an impact on
our confidence in the estimate of benefit and risk and may
change the estimate4 Case-series, case-control, or historically controlled studies

(systematic review is generally better than an individual study)
5 Expert opinion (mechanism-based reasoning) Any estimate of effect is uncertain
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Table 2. Grades of recommendation.

Grade Wording Criteria

Strong Shall, should, is recommended.
Shall not, should
not, is not recommended.

Evidence, consistency of
studies, risk-benefit ratio,
patient preferences, ethical
obligations, feasibilityWeak or open Can, may, is suggested.

May not, is not suggested. Recommendations

� Organ failures as included in the EASL-CLIF-C criteria
should be used for the diagnosis of ACLF (LoE 2, strong
recommendation, consensus).

� The failure of one or more of the six major organ systems
according to the EASL-CLIF-C criteria should be used to
define the severity of ACLF and the risk of 28-day mortality
(LoE 2, strong recommendation, strong consensus).

� The risk of 28-day mortality in a patient with ACLF should
be assessed sequentially to evaluate their response to
intervention (LoE 2, strong recommendation, consensus).

Statements

� Failure of the liver, kidneys, brain, coagulation, circulation,
and/or respiration, as defined by the CLIF-C OF scoring
system, confers a high case fatality rate at 28 days in pa-
tients with acutely decompensated cirrhosis (LoE 2,
strong consensus).

� The number of organ failures according to the CLIF-C OF
score that are simultaneously present is associated with
increasing case fatality rate at 28 days (LoE 2,
strong consensus).

� The CLIF-C OF score, as part of the CLIF-C ACLF score
and ACLF grade, has been validated for sequential use and
can be used repeatedly to determine the risk of 28-day
mortality (LoE 2, strong consensus).

� The CLIF-C OF score has been validated in many countries
around the world (LoE 2, strong consensus).

� The NACSELD classification for the diagnosis of ACLF
underestimates the risk of death of patients with acutely
decompensated cirrhosis. Therefore, the NACSELD score
underestimates the 28-day and 90-day mortality of patients
with acutely decompensated cirrhosis (LoE 2,
strong consensus).

� The AARC (APASL ACLF research consortium) score is
applied to patients diagnosed as having ACLF using the
APASL criteria. As the APASL criteria underestimate the risk
of death of patients with ACLF diagnosed using the EASL-
CLIF-C criteria, the AARC score also underestimates 28-
day and 90-day mortality in these patients (LoE
2, consensus).
The controversy about whether patients with cirrhosis who
have experienced prior decompensation should be included in
the definition of ACLF resulted from the APASL criteria spe-
cifically excluding such patients from their definition of ACLF.13

The first, multicentre, prospective study to systematically
address whether previous decompensation impacted on short-
term outcomes was the CANONIC study.2 This multicentre
study included 1,343 consecutive patients with cirrhosis who
were hospitalised with acute decompensation and analysed the
data agnostically to define markers of poor outcome. 279 pa-
tients (27.8%) with no ACLF and 66 patients (23.2%) with ACLF
had no previous decompensation (p = 0.12), suggesting that
prior decompensation had no effect on the occurrence of
ACLF. However, paradoxically, patients with no previous
decompensation were significantly more likely to have more
severe grades of ACLF (16.5%; 27.6% and 42.9% for grades 1,
2 and 3, respectively; p <0.01). Among patients with ACLF, a
higher percentage of patients without prior decompensation
than patients with prior decompensation presented with active
alcohol consumption (37.5% vs. 17.1%), any precipitant
(71.9% vs. 59.8%), liver failure (47.9% vs. 35.7%), cerebral
failure (28.7% vs. 19.9%), coagulation failure (39.4% vs. 28.9%)
or respiratory failure (23.4% vs. 9.4%).2 Markers of systemic
inflammation such as white cell count (p <0.001) and C-reactive
protein (p <0.03) were higher in those with no prior decom-
pensation. The 28-day mortality rate was also significantly
higher (42.2% vs. 29.6%; p = 0.03) in patients without prior
decompensation compared to those with prior decompensa-
tion.2 It is important to note that for any given value of leukocyte
count, the probability of death was significantly higher in pa-
tients without prior decompensation than in those with
prior decompensation.2

From the treatment perspective, excluding patients
with prior decompensation from the definition of ACLF
would prevent clinicians from using prognostic models that
enable early recognition of likely poor outcome in these pa-
tients; thus, they would be less likely to receive
intensive care, to be transferred to specialist units for man-
agement, or to be included in clinical trials of novel thera-
peutics. Most importantly, if prior decompensation is
eliminated from the definition of ACLF, these patients will not
receive ACLF-specific prioritisation for liver transplantation,
as is currently being piloted in some countries such as the
UK.
4 Journal of Hepatology, J
Organ systems that should be considered

Is the CLIF-C organ failure (OF) scoring system better at
identifying severe organ failures than the other
scoring systems?
uly 2023. vol. - j 1–31



Clinical Practice Guidelines
Investigators from Europe (CLIF-C) and China (COSSH) use
the CLIF-C OF scoring system, which uses different clinical and
biochemical characteristics to assess the function of the six
major organ systems (liver, kidney, brain, coagulation, circula-
tion, respiration; Fig. 2; Tables S1).4,5,9,14,15 The presence of
one organ system failure or more, with a maximum of six is the
cornerstone of the European and Chinese definitions of ACLF
(Tables S2 and S3, respectively).4,5,9,14,15 The North American
investigators (NACSELD) only consider the function of four
organ systems (brain, kidneys, circulation, respiration)7 (Tables
S4). Curiously, liver and coagulation are not considered, and
kidney, circulatory and respiratory failures are defined by the
physicians’ response to the problem, namely the need for renal
replacement therapy, inotropes, or mechanical ventilation,
respectively. The NACSELD score is determined by the number
of organ system failures (and therefore ranges from 1 to 4);
ACLF is defined by a NACSELD score of 2 or more, with
maximum of 4 (Tables S4).16

Investigators from APASL have developed the AARC score
that explores the perturbation of brain function, the blood
levels of bilirubin, prothrombin time or international normalised
ratio (INR), creatinine, and lactate (Tables S5).6 Of note, unlike
the CLIF-C OF and NACSELD scores, the AARC score is not
used to define ACLF but only to assess the severity of ACLF
(as defined by APASL). In other words, the AARC score is
applied to patients that are identified as having ACLF using
the APASL criteria. As per APASL, ACLF is only defined by an
acute onset of liver failure in response to an acute hepatic
insult characterised by jaundice, ascites and/or hepatic en-
cephalopathy.6 The diagnosis of ACLF is therefore made us-
ing different criteria. Hence, there are potentially four
definitions and sets of prognostic criteria that consti-
tute ACLF.5

The CANONIC study was the first to assess the importance
of organ failures in defining the risk of 28-day mortality. The
data summarised in Table 3 shows the association of individual
organ system failures with 28-day case fatality rate. Table 3
also shows that the case fatality rate increases with the num-
ber of failing organ systems.2 Of note, similar findings have
been reported by Chinese investigators who applied the CLIF-
C OF score to patients with HBV-related ACLF.14 Given the fact
that liver and coagulation failures are independently associated
with high mortality rates and are not included in the North
American approach (NACSELD criteria7), this approach may
underestimate the number of patients at risk of short-term
Table 3. Case fatality rate at 28 days among patients of the CANONIC cohor
absence of kidney or brain dysfunction*

Number and type of organ failure All patients

No organ failure 39/874 (4.5)
One organ failure 39/267 (14.6)
Liver failure 14/101 (13.9)
Cerebral failure 3/30 (10.0)
Coagulation failure 3/28 (10.7)
Circulation or lung failure 3/22 (13.6)
Kidney failure 16/86 (18.6)

Two organ failures 31/97 (32.0)
Three organ failures or more 33/42 (78.6)

*Adapted from ref. 2. Kidney dysfunction is defined by creatinine levels ranging from 1.5 m

Journal of Hepatology, J
mortality. The Asian Pacific criteria do not attribute impor-
tance to organ failures and exclude patients with previous
decompensation and those with extrahepatic insults, thereby
excluding a substantial number of patients at high risk of short-
term mortality.

The CLIF-C OF score has been validated across the world in
all aetiologies for which it has been tested.4

Comparison of APASL, NASCELD and EASL diagnostic criteria
Comparison of CLIF-C of score- vs. NACSELD criteria-based ACLF
diagnosis
In a retrospective US Veterans Affairs study of 19,082 patients
with a CLIF-C OF score-based ACLF diagnosis, 11,955 (62.7%)
patients, with 28-day and 90-day mortality rates of 21.1% and
35.3%, respectively, did not meet NACSELD criteria for ACLF.17

In another study, an analysis of United Network for Organ
Sharing database revealed that only 15.3% (1,561/10,198) of
patients with a CLIF-C OF score-based ACLF diagnosis met the
criteria for having NACSELD-ACLF, and importantly, 29.9% of
patients with an ACLF-3 diagnosis using the CLIF-C OF score
would not be diagnosed as having ACLF by the NACSELD
criteria.18 In a Chinese study of patients with cirrhosis secondary
to HBV infection, patients who did not have a diagnosis of
NACSELD-ACLF but who met criteria for a CLIF-C OF score-
based ACLF diagnosis had 28-day and 90-day transplant-free
survival of 59.1% and 40.6%, respectively.19 Taken together,
these data suggest that the NACSELD-ACLF diagnostic criteria
underestimates the presence of ACLF and the risk of death of
patients with acutely decompensated cirrhosis.
Comparison of CLIF-C of score- vs. APASL criteria-based ACLF
diagnosis. Using the Veterans Affair administrative dataset,
76.0% (4,296/5,653) patients with a CLIF-C OF score-based
ACLF diagnosis did not meet the criteria for APASL-ACLF
despite having 28- and 90-day mortality rates of 37.6% and
50.4%, respectively.20 This suggests that the APASL criteria
fails to identify patients who have a high short-term mortality. In
another Korean study of 340 patients who met the criteria for
APASL and/or CLIF-C OF score-based ACLF diagnosis, 58.8%
(200/340) met only the criteria for CLIF-C OF score-based
ACLF diagnosis whilst 19.4% (66/340) met only the criteria
for APASL-ACLF, suggesting that the APASL-ACLF criteria
would have excluded a significant proportion of patients with
28- and 90-day mortality rates of 32.0% and 48.4%, respec-
tively.21 These data suggest that the APASL-ACLF diagnostic
criteria underestimates the presence of ACLF and the risk of
t, according to the number and type of organ failures and the presence or

No kidney or
brain dysfunction

Either kidney or
brain dysfunction

No. of deceased patients/total no. of patients (%)

20/562 (3.6) 19/312 (6.2)
17/184 (9.2) 22/83 (26.5)
4/68 (5.9) 10/33 (30.3)
2/25 (8.0) 1/5 (20.0)
1/19 (5.3) 2/9 (22.2)
1/15 (6.7) 2/7 (28.6)
9/57 (15.8) 7/29 (24.1)
19/66 (28.8) 12/31 (38.7)
25/29 (86.2) 8/13 (61.5)

g/dl to 1.9 mg/dl and brain dysfunction by hepatic encephalopathy grade 1 or 2.

uly 2023. vol. - j 1–31 5



28-day mortality of patients with acutely decom-
pensated cirrhosis.

Precipitants that should be considered

How should precipitant(s) of ACLF be identified?
Recommendations

� Every patient who is admitted for ACLF, or who develops
ACLF during hospital stay, should undergo a systematic
workup (summarised in Fig. 3) that seeks to identify the
commonest precipitants, which include proven bacterial
infection, alcohol-related hepatitis, gastrointestinal hae-
morrhage with haemodynamic instability, flare of HBV
infection, hepatitis E virus infection, recent use of a drug
known to cause cerebral failure, and recent use of a drug
known to cause kidney failure (LoE 2, strong recommen-
dation, strong consensus).

� Patients in whom the systematic workup fails to identify the
presence of precipitant(s), among those that are expected,
should undergo a case-by-case assessment, depending on
the clinical context and based on a comprehensive list of all
potential uncommon precipitants (Table 4) (LoE 5, strong
recommendation, strong consensus).

Statements

� A precipitant of ACLF is an acute intrahepatic or extrahe-
patic insult that may cause organ dysfunction (LoE 2,
strong consensus).

� The number of precipitants that are simultaneously present
is a major determinant of the short-term outcome of pa-
tients with ACLF (LoE 2, strong consensus).

Recommendations

� In the patients without ACLF, the CLIF-C AD score should
be used sequentially to provide prognostic information
regarding 90-day, 180-day and 365-day mortality (LoE 2,
strong recommendation, strong consensus).

� CLIF-C AD score, model for end-stage liver disease (MELD)
score or MELD-Na score can be used to define risk of
development of ACLF (LoE 2, strong recommendation,
consensus).
A precipitant is an acute intrahepatic or extrahepatic disorder
that may cause an impairment in end-organ function (i.e., ACLF)
through direct or indirect mechanism(s). The PREDICT study,
the only prospective study designed to identify the precipitants
of ACLF,3 revealed that four disorders should be considered as
precipitants of ACLF, including proven bacterial infections, se-
vere alcohol-related hepatitis, gastrointestinal haemorrhage
with shock, hepatitis E virus infection, and acute encephalop-
athy caused by drugs. Of note, these precipitants were identified
in Western countries. In China, the main precipitants of ACLF
are flares of HBV infection and bacterial infections.14 Diagnostic
criteria for all these common precipitants, including flares of
HBV infection are provided in Table 4.

Another important finding of the PREDICT study was the
imbalance in the prevalence of precipitants of ACLF (Fig. 4).
The two commonest single precipitants were severe proven
bacterial infection and alcohol-related hepatitis. Gastrointes-
tinal haemorrhage with shock was considered as a single
precipitant in only 6 (2%) patients of a total of 273 patients with
identified precipitants. In cirrhosis, drugs can cause acute en-
cephalopathy (as defined in22); however, drug-induced acute
encephalopathy was never seen as a single precipitant but was
6 Journal of Hepatology, J
combined with one or more other precipitants. The most
prevalent combination of precipitants was the simultaneous
occurrence of severe alcohol-related hepatitis and proven
bacterial infection. The number of precipitants identified with
the use of systematic workup has major prognostic value; pa-
tients with two or more precipitants have a higher risk of death
at 90 days than patients with only one precipitant or those with
no identifiable precipitant.3 Taken together, these findings
indicate that the systematic workup shown in Fig. 3 should be
used in every patient with ACLF to identify the commonest
precipitants and their potential combination(s) where present.
In addition, the panellists included hepatitis E virus infection,
flares of HBV infection and drug-induced acute kidney injury
(AKI), which was considered to be underestimated in the
PREDICT study, among the disorders that should be system-
atically sought (Fig. 3). Several drugs including proton-pump
inhibitors,23 antibiotics (piperacillin/tazobactam, meropenem,
ciprofloxacin, norfloxacin, metronidazole) and antifungals (flu-
conazole)24 are known to cause acute encephalopathy in
cirrhosis (as defined in22) at standard recommended dosages
because of increased serum concentrations, which are caused
by decreased renal clearance, increased volume distribution, or
increased passage through the blood-brain barrier. Sedatives
(opioids, benzodiazepines) should be considered as pre-
cipitants of acute encephalopathy. A comprehensive list of
drugs that may cause AKI is provided in Tables S6.

The systematic workup shown in Fig. 3 fails to identify the
existence of a precipitant in 35% of patients with ACLF.3

Analysis of the literature, and the experience from clinical
practice, led us to identify rare disorders that may precipitate
ACLF and enrich the list of precipitants in Table 4. Diagnostic
criteria of these rare precipitants are also provided in Table 4. In
clinical practice, the identification of any of these rare pre-
cipitants is dictated by the clinical context, in particular the
landscape of failing organs, and the knowledge of the fre-
quency of precipitants. We are not aware of any ongoing study
evaluating whether the number of indeterminate precipitants
would be trimmed with the use of the comprehensive list of
potential precipitants shown in Table 4.

Predicting ACLF and death
Is the CLIF-C acute decompensation (AD) score more ac-
curate than other prognostic scores in predicting risk of
development of liver-related complications, ACLF and 90-
day transplantation-free mortality in patients
without ACLF?
uly 2023. vol. - j 1–31



Statements

� In patients with acutely decompensated cirrhosis and no
ACLF, the CLIF-C AD score provides more accurate
prognostic information than the MELD score, MELD-Na
score, and the Child-Pugh score in predicting the risk of
90-day, 180-day and 365-day mortality (LoE 2,
consensus).

� CLIF-C AD score, MELD score and MELD-Na score have
similar ability to predict the occurrence of ACLF and all
perform better than the Child-Pugh score (LoE 2,
consensus).

Clinical Practice Guidelines
Among patients admitted for acutely decompensated
cirrhosis without ACLF (according to the EASL-CLIF-C criteria),
the mortality rate at day 28 after presentation is only �5% but it
Table 4. Potential precipitants of ACLF at presentation and diagnosis.

Precipitant Diagnosis

Common precipitantsa,b

Proven bacterial infection
Spontaneous bacterial peritonitis Neutrophils in ascites >−250/mm3

Spontaneous bacterial empyema Hydrothorax and no evidence of pne
pleural fluid culture or positive pleu

Spontaneous/secondary bacteraemia Spontaneous bacteraemia: positiv
catheter-related infection (positive b
an invasive procedure

Urinary tract infection Abnormal urinary sediment (>10 leu
negative cultures

Pneumonia Clinical features of infection and ne
Bronchitis Clinical features of infection, no infi
Skin and soft tissue infection Clinical features of infection associ
Cholangitis Cholestasis, right upper quadrant p
Secondary peritonitis Neutrophils in ascites >−250/mm3 fre

mg/dl [2.8 mmol/L]), protein concen
High amylase and bilirubin levels in
perforation. Evidence of an intra-ab

Clostridioides difficile infection 3 unformed stools or more, toxigen
Fungal infection
Invasive candidiasis Isolation of Candida species in on

ascites, pleural fluid)
Probable invasive aspergillosis Detection of Aspergillus by direct e

imaging compatible with lung infec
Alcohol-related hepatitis Active alcohol consumption and - I

criteria:
1. Serum bilirubin > 3 mg/dl [>50 l
2. AST >50 IU/ml
3. AST/ALT ratio >1.5
4. AST and ALT < 400 IU/ml

- Liver biopsy: Macrovesicular s
(ballooning), and Mallory-Denk
dying/dead hepatocytes), and

Gastrointestinal hemorrhage with shock Hematemesis, melena, low haemog
of these disorders, and hypovolem

Drug-induced brain injury Medical history of recent administr
Drug-induced acute kidney injury Medical history of administration o

tagonists, a1-adrenoceptor antago
glycosides) (a comprehensive list o

Rare precipitants

Extrahepatic
Viral infection
Epstein-Barr virus (EBV) AST and ALT >x3 ULN IU/ml Viral C

Nuclear Antigen (EBNA) antibody, E
Cytomegalovirus (CMV) AST and ALT >3x ULN IU/ml CMV
Herpes simplex virus (HSV 1, 2, 6) AST and ALT >1,000 IU/ml, HSV 1
Varicella zoster virus (VZV) AST and ALT >1,000 IU/ml, VZV Ig
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increases to 12.6% at 3 months, 18.3% at 6 months, and
27.6% at 1 year.2,3,25 These data suggest that some patients
with no ACLF are also at high risk of short-term mortality. They
should be recognised early and treated as potentially high-risk
patients requiring closer monitoring and interventions to pre-
vent progression to ACLF and death. On the other hand, pa-
tients with acutely decompensated cirrhosis who are at low risk
of mortality may be discharged early, potentially saving re-
sources and distress for the patients and their relatives.

The CLIF-C AD score was derived from analysis of clinical
data from the patients included in the CANONIC study who did
not have ACLF at presentation.2,25 Age, serum sodium, white
cell count, creatinine, and INR were selected as the best pre-
dictors of mortality, and they were combined into a score
ranging from 0-100. An increasing score is associated with an
increased risk of death. The performance of the CLIF-C AD
score at predicting 3-month mortality improved from days 2, 3-
umonia on chest imaging and neutrophils in pleural fluid >500/mm3 plus negative
ral fluid culture and neutrophils in pleural fluid >−250 cells/mm3

e blood cultures and no cause of bacteraemia; secondary bacteraemia: (1)
lood and catheter’s tip cultures); (2) bacteraemia occurring within 24 hours after

kocytes/field) and positive urinary culture or uncountable leukocytes per field if

w infiltrates on chest imaging
ltrate on chest imaging and positive sputum culture
ated with swelling, erythema, heat, and tenderness in the skin
ain and/or jaundice and radiological data of biliary obstruction
quently >−10,000/mm3), and at least two of the following: low glucose levels (<50
tration >10 g/L and LDH levels >normal serum concentration (Runyon’s criteria).
ascites and Gram’s stain showing polymicrobial infection in the presence of gut
dominal source of infection (abdominal computed tomography or surgery)
ic Clostridiodes difficile in stool

e blood culture or more (candidemia) or from normally sterile body fluids (e.g.

xamination and/or culture of respiratory samples in the presence of radiological
tion
f liver biopsy is unavailable, use NIAA criteria, i.e., presence of 3 of the following

mol/L]

teatosis with >−1 of the following: neutrophil infiltration, hepatocyte injury
bodies. The presence of megamitochondria, satellitosis (neutrophils surrounding
cholestasis (bilirubinostasis) is common, and may relate to prognosis.
lobin levels, sudden decrease in haemoglobin levels (>−2 g/dl), or any combination
ic shock; endoscopy
ation of sedative, mainly benzodiazepines, or opioids compounds
f nephrotoxic drugs or compounds: NSAIDs, renin-angiotensin-aldosterone an-
nists, IV contrast media or nephrotoxic antibiotics (i.e., vancomycin, amino-
f drugs is provided in Tables S1)

apsid Antigen (VCA)-IgM antibody, Early Antigen (EA-D) antibody, Epstein-Barr
BV quantitative PCR
IgG antibody CMV quantitative PCR
and 2 IgM antibodies, HSV qualitative PCR
M antibodies, qualitative PCR

(continued on next page)
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Table 4. (continued)

Precipitant Diagnosis

Human immunodeficiency virus (HIV) Mild elevations of AST and/or ALT, HIV-1/-2 antibodies, quantitative PCR
Parvovirus B19 AST and ALT >3-5 ULN IU/ml, parvovirus B19 IgM, qualitative PCR
Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)

Mild elevations of AST and/or ALT, positive PCR or rapid antigenic tests in respiratory samples

Influenza A, influenza B, syncytial
respiratory virus

Mild elevations of AST and/or ALT, positive PCR in respiratory samples

Parasitic infection
Visceral Leishmaniasis Elevations of AST, ALT, AP and GGT, detection of Leishmania, parasite or DNA, in tissues of relevance (bone marrow

aspirate> lymph nodes >liver biopsy; stain, PCR or culture) and serology (positive IgG and IgM antibodies)
Surgical or radiological intervention Recent surgery or invasive radiological intervention (7-day time frame)

Intrahepatic
Viral infection
Hepatitis B virus (HBV) infection or
reactivation

Elevated AST and ALT, elevated HBV DNA, elevated HBsAg (negative in S-variants), 10-25% positive anti-HBc IgM

Superimposed hepatitis D in patients
with chronic HBV

AST and ALT >400 IU/ml, positive HDV IgM and IgG, elevated PCR (HDV RNA)

Superimposed hepatitis A AST or ALT >400 IU/ml, serum bilirubin > 3 mg/dl (>50 lmol/L) and positive anti-HAV-IgM
Superimposed hepatitis E AST and ALT >400 IU/ml, serum bilirubin > 3 mg/dl, anti-HEV-IgM (and IgG) and quantitative PCR (HEV RNA)
Superimposed hepatitis C AST or ALT >400 IU/ml, serum bilirubin >3 mg/dl (>50 lmol/L) and elevated HCV RNA

Drug-induced liver injury (DILI) Medical history of administration of hepatotoxic compounds, (drugs, over-the-counter medicine (OTCM) or herbals;
check in LiverTox®

ALT >−5x ULN, ALT >−3x ULN, ALP >−2x ULN, plus bilirubin >2x ULN.
Pattern of liver injury is classified according to R (ALT x ULN/ALP x ULN): hepatocellular: R>−5, cholestatic: R<−2 or
mixed: 2>R<5.
Liver biopsy is only required in sporadic cases

Wilson’s disease First manifestation of the disease or consequence of an abrupt discontinuation of the chelation therapy or of a
superimposed viral hepatitis
Leipzig criteria (Leipzig Scoring Systemc), high serum bilirubin levels (>−10 mg/dl, mainly indirect form), Coombs-
negative haemolysis, mild-to-moderate rise of liver enzymes (<500 IU/ml), AST to ALT ratio >2.2, low serum ALP,
ALP to total bilirubin ratio <4, severe coagulopathy, mild-moderate encephalopathy and altered copper metabolism
indicated by low serum ceruloplasmin levels (<20 mg/dl) and high 24-hour cooper urinary excretion (>100 lg; usually
> 500 lg/24h)

Flare of autoimmune hepatitis (AIH) Medical history of non-adherence to immunosuppressive therapy, de-escalation of immunosuppressive therapy or
postpartum period.
Elevated levels of AST, ALT, hypergammaglobulinemia and increased IgG; positive (>−1/80) ANA, anti-SMA, anti-SLA/
LP in type 1 AIH; anti-LKM 1 and 3, anti-LC-1 in type 2 AIH.
Histological examination of liver biopsy specimens is not mandatory in case of previously established diagnosis but
can aid differential diagnosis in case of response to a second exogenous insult (e.g., viral or drug related hepatitis) on
top of typical AIH.
Hyperacute exacerbation of undiagnosed or misdiagnosed AIH can be possible.
Liver biopsy is mandatory for the diagnosis and also in the assessment of seronegative cases with no hyper-
gammaglobulinemia and normal IgG. Histological features may differ from "typical characteristics of AIH"d and
seronegativity is highly possible early in acute AIH.
Simplified AIH score is unreliable in AIH with liver failure.

Ischaemic hepatitis High peak of AST and ALT (usually >1,000 IU/ml), serum bilirubin usually <3 mg/dl and deep coagulopathy (marked
increase in INR that improves rapidly)
Abdominal ultrasonography must confirm vascular patency.
Echocardiography with evaluation of right and left ventricular function

ALP, alkaline phosphatase; ALT alanine aminotransferase; ANA, antinuclear antibodies; AST, aspartate aminotransferase; HBc, hepatitis B core; HBsAg, hepatitis B surface antigen;
HCV, hepatitis C virus; HEV, hepatitis E virus; INR, international normalised ratio; LC, liver cytosol; LDH, lactate dehydrogenase; LKM, liver-kidney microsomal; NIAAA, National
Institute on Alcohol Abuse and Alcoholism; NSAIDs, non-steroidal anti-inflammatory drugs; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SLA/SLP, soluble liver
antigen/liver-pancreas; SMA, smooth muscle antigen; ULN, upper limit of normal.
aFrom references # [3] and #[195].
bThere may be two simultaneous precipitants or more.
cThe Leipzig Scoring System components include: 1. Kayser-Fleischer rings, 2. Neurologic symptoms or typical abnormalities at brain magnetic resonance imaging, 3. Serum
ceruloplasmin, 4. Coombs-negative haemolytic anaemia, 5. Liver copper (in the absence of cholestasis), 6. Urinary copper (in the absence of acute hepatitis), 7. Molecular analysis of
the ATP7B gene. The Leipzig scoring system is used for the diagnosis if it is previously undiagnosed; Wilson’s disease is indicated by a total score of 4 or more.
dPossible histological features include centrilobular haemorrhagic necrosis, massive or submassive hepatic necrosis, central perivenulitis, portal lymphoid aggregates, plasma cell
infiltration.
7, and 8-15 (C indices were 0.72, 0.75, and 0.77, respec-
tively).25 In an internal validation cohort of 500 patients, the
CLIF-C AD score performed better than the MELD, MELD-Na
and Child-Pugh scores in predicting 90-day, 180-day and
365-day mortality. In an external validation cohort of 225
8 Journal of Hepatology, J
patients, similar results were obtained but the CLIF-C AD score
did not perform statistically significantly better than the MELD-
Na score.25 The risk of progression of acutely decompensated
cirrhosis to ACLF was specifically studied in the PREDICT
study. The data showed that the CLIF-C AD score performed
uly 2023. vol. - j 1–31



Clinical Practice Guidelines
similarly to the MELD and MELD-Na scores but better than the
Child-Pugh score (C indices were 0.7, 0.7, 0.7 and 0.64,
respectively) (Fig. 5).26

Many subsequent studies have validated the CLIF-C AD
score as a predictor of future ACLF and mortality independently
in patients with acutely decompensated cirrhosis in Europe,
China, and Brazil.27–33 Furthermore, the prognostic utility of the
score for ACLF development following insertion of a trans-
jugular intrahepatic shunt34,35 or elective surgery36 has
been validated.

Is the CLIF-C ACLF score more accurate than other prog-
nostic models for patients with ACLF?
Recommendations

� In patients with ACLF, the CLIF-C ACLF score should be
used sequentially to provide prognostic information (LoE 2,
strong recommendation, strong consensus).

Statement

� In patients with ACLF, the CLIF-C ACLF score provides
more accurate information than the MELD score, MELD-Na
score, and Child-Pugh score in predicting the risk of 28-day
and 90-day mortality (LoE 2, strong consensus).
In patients with ACLF, the ACLF grades (based on the
number of organ failures) enable categorisation of patients
with a wide range of 28-day and 3-month mortality risks. In
order to develop a prognostic score specifically for patients
with ACLF, the CLIF-C ACLF score was developed using data
from the CANONIC study;2 it combines the CLIF-C OF score
together with age and white cell count into a score ranging
Does patie
the criteria 

more of the c
precipit

(Table

Workup in all patients with ACLF
• Assess organ system failure(s) or dysfunction(s)
• Search for excessive alcohol consumption
• Search for clinical symptoms of infection (fever, 

chills, abdominal pain, urinary or respiratory 
symptoms, etc.)

• Search for exteriorized haemorrhage
• Search for drugs causing encephalopathy or AKI
• Vital signs (systolic and diastolic arterial pressure, 

core temperature, heart and respiratory rates and 
consciousness level)

• Blood cell count
• Blood biochemistry including serum creatinine, 

serum sodium and potassium, C-reactive protein, 
procalcitonin, serum bilirubin, AST, ALT, ALP, GGT 
and INR

• HCV RNA, HBsAg, HBV DNA, HEV RNA
• Diagnostic paracentesis
• Chest radiograph
• Urinalysis
• Culture blood, ascites, urine, rectal and nasal swab
• Abdominal including renal ultrasound 

Fig. 3. Strategy for identification of precipitants in patients with ACLF. ACLF, a
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glu
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from 0-100 (see also footnote of Table S1).15 The C indices of
the CLIF-C ACLF score for 28-day and 90-day mortality (0.76
and 0.73, respectively) were significantly better than those of
the MELD score (0.69 and 0.66, respectively; p <0.001 each),
MELD-Na score (0.68, 0.66; p <0.001 each) and Child-Pugh
score (0.67 and 0.66, respectively; p <0.001) (Fig. 6). Similar
results were obtained in the validation cohort.15 As discussed
in the section on the CLIF-C OF score, the APASL criteria fails
to identify a significant proportion of patients with ACLF and
hence the AARC score, which has been developed for patients
with ACLF diagnosed using the APASL criteria would behave
in a similar manner. More recently, a large multicenter study
was described from India showing better performance of
AARC and NACSELD criteria compared to the CLIF-C ACLF
score, but the study excludes a considerable number of pa-
tients with ACLF who would be diagnosed using the EASL-
CLIF-C criteria. The COSSH criteria have been specifically
developed for patients with HBV-related ACLF (Tables S7) and
therefore cannot be strictly compared with the CLIF-C
ACLF score.

Following the publication of the CLIF-C ACLF score, it has
been validated across the world in both single and multicentre
studies27–29,31,33,37–51 with largely similar results to those
observed in the primary study. Studies performed in patients
with ACLF admitted to the ICU showed that the CLIF-C ACLF
score and general ICU scores had similar accuracy in predict-
ing short-term death.52,53 In an independent cohort, criteria
defining CLIF-C ACLF score cut-offs for futility of ongoing
intensive care were proposed and should be further validated.54

Several studies from the US and China have proposed new
models and nomograms for prognostication of patients with
ACLF that have shown some improvements on the CLIF-C
ACLF score, though further validation is required.55–58 Finally,
a new approach to model factors associated with prognosis
using unselected patient data from the time of admission was
nt meet
for one or
ommonest
ants?
 4)

One or more of the following
precipitants have been identified:
•  Proven bacterial infection
•  Severe alcohol-related hepatitis
•  Hepatitis B reactivation (Asia)
•  GI haemorrhage with shock
•  Drug-induced brain or kidney injury

Rare or very rare precipitant(s)
should be looked for

Extended workup is needed (Table 4)

Yes

No

cute-on-chronic liver failure; AKI, acute kidney injury; ALP, alkaline phosphatase;
tamyltransferase; INR, international normalised ratio.
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41.3% 20.4% 27.1%

2.2%

1.5%

1.5%

1.5%

2.2%

1.5%

0.7%

0

Proven bacterial infection

Severe alcohol-related hepatitis

GI haemorrhage with shock

Toxic encephalopathy

ACLF precipitants

Fig. 4. Precipitants and their combination as identified in patients with ACLF
enrolled in the PREDICT study.3 Of the 420 patients with ACLF who have been
studied in the PREDICT study, 273 had at least one clinically apparent precipitant
and 147 had no clinically apparent precipitant. The Venn diagram shows the
percentage of patients with a single precipitant and the percentage of patients for
each combination of precipitants, each percentage being calculated with a de-
nominator equal to 273 patients. ACLF, acute-on-chronic liver failure;
GI, gastrointestinal.

Recommendations

� Patients with ACLF requiring close monitoring or organ
support should be admitted to the ICU (LoE 3, strong
recommendation, strong consensus).

� Admission of patients with ACLF and severe comorbidities
to the ICU should be considered on a case-by-case basis
(LoE 5, weak recommendation, consensus).

� Prognosis in patients with ACLF should be determined after
3-7 days of full organ support (LoE 4, strong recommen-
dation, strong consensus).

� The presence of >−4 organ failures or a CLIF-C ACLF score
>70 points in individuals with no option for salvage liver
transplantation are criteria to consider withdrawal of organ
support and palliative care after 3-7 days of full organ
support (LoE 4, strong recommendation,
strong consensus).

Statement
�

shown to have high predictive ability in a population that pre-
dominantly had HBV; this score should be further validated in
other populations.59
AUROC 
(95% CI)

p value 
vs.  CLIF-C ADs

CLIF-C AD 0.76 (0.71-0.80)

MELD 0.66 (0.60-0.72) 0.0007

MELD-Na 0.70 (0.65-0.76) 0.0245

Child-Pugh 0.65 (0.60-0.71) 0.0004
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Fig. 5. Predictive ability of CLIF-C AD score for 90-day mortality as
compared to MELD, MELD-Na and Child-Pugh score. ACLF, acute-on-chronic
liver failure; AD, acute decompensation; CLIF-C, EASL-chronic liver failure con-
sortium; MELD, model for end-stage liver disease. (Reproduced from25).

10 Journal of Hepatology, J
Fig. 7 shows a model for the clinical use of the CLIF-C OF,
CLIF-C AD, and CLIF-C ACLF scores that has been proposed
by European investigators.60

Management

ICU admission

Would the application of the proposed criteria (Box 1) be
helpful to select patients for admission to the ICU?
Criteria for deciding admission to the ICU for patients with
ACLF are similar to those applied in the population of pa-
tients without cirrhosis since outcomes are similar when
baseline clinical characteristics are similar (LoE
4, consensus).
Patients with acutely decompensated cirrhosis are prone to
develop organ failure(s) and life-threatening complications
requiring management in a critical care setting (for close clinical
monitoring and organ(s) support).4 However, the admission of
ACLF patients to the ICU is often considered inappropriate or
even futile due the pre-conceived expectation of high mortality
despite organ support. This old paradigm has been challenged
by different investigations showing an improvement in the
prognosis of critically ill patients with cirrhosis in recent
years.61,62 Clinical outcomes of patients with ACLF in the ICU
are comparable to those observed in individuals without
cirrhosis with similar baseline disease severity.63 In a retro-
spective study conducted in ICUs that included 71 patients
with ACLF and 142 patients without cirrhosis matched by type
and severity of illness, ICU-mortality and hospital-mortality
were similar between patients with and without cirrhosis
(24% vs. 23%, respectively, for ICU-mortality, and 32% vs.
28%, respectively, for hospital mortality). Moreover, the
CANONIC study showed that one fifth of patients with the most
severe form of ACLF (ACLF-3) resolve the syndrome, that
prognosis in these patients should be assessed after 3-7 days
uly 2023. vol. - j 1–31
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AUROC 
(95% CI)

p value 
vs.  CLIF-C ACLF

CLIF-C ACLF 0.79 (0.73-0.85)

MELD 0.70 (0.62-0.77) 0.0089

MELD-Na 0.70 (0.62-0.77) 0.0097

Child-Pugh 0.70 (0.63-0.77) 0.0075

Fig. 6. Accuracy of the CLIF-C ACLF score compared to the MELD score,
MELD-Na score and Child-Pugh score in predicting 28-day mortality of
patients with ACLF from the CANONIC study. Comparison of the AUROCs
estimated for each score. The CLIF-C ACLF score showed a significantly higher
predictive ability in comparison with all the other scores. ACLF, acute-on-chronic
liver failure; CLIF-C, EASL-chronic liver failure consortium; MELD, model for end-
stage liver disease. (Reproduced from15).

Recommendations

� Nucleos(t)ide analogues (NAs) should be started immedi-
ately in patients with HBV-related ACLF (LoE 2, strong
recommendation, strong consensus).

� In patients with HBV-related ACLF, liver transplantation
should be considered in those with a severe presentation
(e.g., MELD score >30; ACLF-2 or -3) despite early antiviral
treatment initiation, particularly in the absence of early viro-
logic response (<2-log reduction) and lack of clinical
improvement (LoE 2, strong recommendation, consensus).

Statements
� In patients with HBV-related ACLF, the use of NAs reduces

Clinical Practice Guidelines
of full intervention and never at ICU admission and, finally, that
early liver transplantation in ACLF 2-3 is associated with an
undoubtable survival benefit.2 Patients with ACLF 2-3 at day 3-
7 who were transplanted early had a 6-month probability of
survival of 80.9% compared to 10% in non-transplanted pa-
tients.64 Together these data indicate that criteria for deciding
Admission of patient with acutely decompensated cirrhosis

Assess CLIF-C OF score for diagnosis of ACLF

ACLF present ACLF absent

CLIF-C ACLF score CLIF-C AD score

High risk:
CLIF-C AD score ≥60

3-month mortality >30%

Intermediate risk:
CLIF-C AD score 46-59
3-month mortality 2-30%

Low risk:
CLIF-C AD score ≤45
3-month mortality <2%

Fig. 7. Algorithm for the sequential use of the EASL-CLIF consortium pre-
dictive scores in patients with cirrhosis admitted to hospital with acute
decompensation. ACLF, acute-on-chronic liver failure; AD, acute decompen-
sation; CLIF-C, EASL-chronic liver failure consortium; OF, organ failure. (Repro-
duced from60).

Journal of Hepatology, J
ICU admission among patients with ACLF should not be
different to those used for other populations and that denial of
critical care in patients with cirrhosis who have organ failure(s)
solely because of the existence of underlying cirrhosis is
not justified.

Box 1 describes the main indications for ICU and interme-
diate care admission in patients with ACLF or other life-
threatening complications. This table also details comorbid
clinical conditions that are associated with poor short-term
prognosis and that could thus be considered as a contraindi-
cation for critical care. Admission of these patients to the ICU
should be considered on a case-by-case basis. Box 1 also
describes the recommended time of admission, prognosis
assessment (better established after some days of full critical
care) and potential rules to maintain or withdraw organ support
while patients are in the ICU. Tables S8 describes the recom-
mended general ICU management in patients with ACLF.

Acute intrahepatic precipitants

Does treatment of HBV reactivation impact on the outcome
of ACLF?
mortality (LoE 2, strong consensus).
Once ACLF develops in patients with spontaneous reac-
tivation of HBV infection, the prognosis is poor with 3-month
mortality rates without liver transplantation of around
50–55%.65,66 There is now solid evidence that oral antivirals
improve short-term survival in patients with ACLF due to HBV,
such that they should be administered in all patients as soon as
possible without waiting for the HBV DNA results. In a small (n =
27) randomised-controlled trial in patients with ACLF precipi-
tated by spontaneous HBV reactivation, tenofovir improved 3-
month survival compared to placebo (57% vs. 15%).67 In one
meta-analysis of antiviral therapy in ACLF due to spontaneous
reactivation of HBV infection that included 11 randomised-
controlled trials (including 654 patients; 340 treated with NAs,
and 314 treated without NAs or placebo), NAs significantly
increased 1-month survival (odds ratio 2.10; 95% CI 1.29–3.41;
p = 0.003), and 3-month survival (odds ratio 2.15; 95% CI 1.26-
3.65; p = 0.005).68 Another meta-analysis on the impact of NAs
in ACLF due to spontaneous HBV reactivation concluded that
antiviral treatment with NAs significantly reduced 3-month
uly 2023. vol. - j 1–31 11



Box 1. Proposed criteria for admission to the ICU or another structure,
assessment of the risk of death by 30 days, and potential rules for stopping
organ support, all for patients with ACLF.

Indications for ICU admission
Indications
• Need for organ support (vasopressors, mechanical ventilation, or renal 

replacement therapy)
• Massive bleeding
• Grade III-IV hepatic encephalopathy (airway protection)
• Septic shock

Contra-indications to ICU admission
• Comorbidities associated with very poor prognosis
• Physiologically and/or biologically elderly patientsa

• Severe pulmonary (GOLD criteria 3 or 4), cardiac (NYHA functional class 
III or IV) or neurological disease and ACLF-3

• Advanced neoplasm (life expectancy <6 months)
• Severe frailtyb secondary to severe sarcopenia (muscle wasting and 

malnutrition)c or a Karnofsky performance status of 40 or lessd

Time of ICU admission
• Within the first 6 h after diagnosis 

Indications for admission at intermediate care structures
• Variceal bleeding
• Grade II-III hepatic encephalopathy
• Sepsis with AKI-HRS or with liver or coagulation failures

Assessment of the risk of death by 30 days
The risk of death should be evaluated 3-7 days after starting full organ 
support and not at admission 

Potential rules for stopping organ support
The presence of 4 or more organ failures or a CLIF-C ACLF score >70 
points 3-7 days after ICU admission should lead to a re-evaluation of the 
adequacy of maintaining organ support in the absence of liver transplant 
options

ACLF, acute-on-chronic liver failure; AKI-HRS, acute kidney injury-
hepatorenal syndrome; CLIF-C, EASL-chronic liver failure consortium;
GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICU, intensive
care unit; NYHA, New York Heart Association. aUnless being considered for
liver transplantation or already listed. bLiver frailty score >4.4 or diagnosed
by experienced physicians (eyeball test). cSevere sarcopenia defined by mid
arm muscle area, bioelectrical impedance analysis, CT measure of psoas at
L3 or diagnosed by experienced physicians (eyeball test). dKarnofsky per-
formance status (40 = bedridden in more than 50% of the time; disabled;
requires special care and assistance).

Recommendations

� In patients with AIH and ACLF, the benefit-risk ratio of the
introduction of corticosteroid treatment should be evalu-
ated on a case-by-case basis but corticosteroids should be
avoided in case of concomitant uncontrolled infection (LoE
5, strong recommendation, consensus).

� If corticosteroids are administered to patients with AIH and
ACLF, close surveillance for infection and strict monitoring of
the efficacy of corticosteroid therapy should be performed
(LoE 2, strong recommendation, strong consensus).

Statement

� Evidence for the role of corticosteroids in patients with AIH
and ACLF is very limited (LoE 5, strong consensus).
mortality (44.8 vs. 73.3%; relative risk 0.68; 95% CI 0.54-0.84; p
<0.01) compared to no NA treatment.69 Compared to ACLF
caused by HBV reactivation, the efficacy of NAs in HBV-
associated ACLF precipitated by other acute insults
is unclear.65

Timing of treatment initiation seems critical in predicting the
outcome of HBV-related ACLF. In a small study, an early pro-
found reduction of HBV DNA was associated with a better
outcome;67 a more than 2-log reduction in HBV DNA levels at 2
weeks was found to be an independent predictor of survival. In
support of an early initiation of treatment, a high MELD score
(>30) has been reported to be independently associated with
high short-term mortality (>90%) despite the use of antivirals.70

When considering the choice of nucleos(t)ide analogues, it
appears that patients would benefit more from drugs with
potent antiviral efficacy. Moreover, given the need for long-term
12 Journal of Hepatology, J
use of NAs in survivors, drugs with a high resistance barrier,
such as entecavir and tenofovir, are recommended. As AKI may
occur in patients with ACLF, and tenofovir disoproxil fumarate
has been reported to cause renal damage, tenofovir alafena-
mide could be used instead in patients with AKI.71 Earlier
studies found that despite a faster suppression of HBV repli-
cation, entecavir treatment was not associated with improved
short-term survival compared to no treatment72 and was
associated with higher overall mortality compared to lam-
ivudine treatment,73 with lactic acidosis proposed as a possible
cause of this increased mortality.73 However, a recent review
and meta-analysis reported similar short-term mortality be-
tween the entecavir and lamivudine groups,74 and a
randomised-controlled trial reported no survival differences
between entecavir-, tenofovir disoproxil fumarate-, tenofovir-
alafenamide-treated patients.75

Should patients with autoimmune hepatitis (AIH) and ACLF
be treated with corticosteroids?
ACLF may develop in patients with AIH because of hy-
peracute exacerbation of undiagnosed or misdiagnosed AIH,
arbitrary cessation or tapering immunosuppressant therapy,
and as a result of various secondary insults affecting the
liver (e.g., viral infection, drugs or toxic agents).76 Cortico-
steroids can normalise hepatic inflammatory activity even in
the cirrhotic stage. When considering treatment with corti-
costeroids, histological assessment is warranted to verify
AIH with active inflammation.77,78 Histology is also important
since a significant proportion of patients with AIH presenting
with ACLF (AIH-ACLF) can be seronegative. Moreover, from
a clinical point of view, AIH-ACLF can be difficult to
distinguish from autoimmune acute liver failure. However,
histological features are distinct in the two entities.79 A
transjugular approach to obtaining a liver sample is
strongly recommended when a severe coagulopathy is pre-
sent.77 Of relevance, a high proportion of patients with AIH-
ACLF had a documented bacterial infection with sepsis at
the time of hospital admission (e.g., 76%80), which poses an
obvious obstacle to the introduction of corticoste-
roid therapy.
uly 2023. vol. - j 1–31



Recommendations

� Both pre-emptive and rescue TIPS should be considered
for patients with ACLF and variceal haemorrhage who do
not have a contraindication for TIPS (LoE 3, strong
recommendation, strong consensus).

Clinical Practice Guidelines
Only two studies81,82 have evaluated the role of cortico-
steroid therapy and clinical outcomes in patients with AIH-
ACLF until now. Both used the APASL criteria to define
ACLF and included a limited number of patients. A pro-
spective study of 82 patients identified with AIH-ACLF in the
AARC database81 demonstrated that corticosteroid treat-
ment is effective and safe in this patient population. Ninety-
day survival was higher among patients who received corti-
costeroid treatment than among those who were not
receiving corticosteroids and did not have baseline sepsis
(75% vs. 48%, respectively; p = 0.02). The median length of
ICU stay in the corticosteroid group was also significantly
lower (1.5 vs. 4 days, p <0.0001). Incidence of newly devel-
oped sepsis was similar in both groups (p = 0.32). However,
in this study, a large proportion of patients (66%) were not
eligible for corticosteroid therapy at baseline due to active
sepsis, spontaneous bacterial peritonitis (SBP), history of
active bleed, human immunodeficiency virus seropositivity or
medically uncontrolled essential hypertension. In a retro-
spective dataset (n = 29),82 a high frequency of infections
(41.3%) was reported among patients receiving corticoste-
roids despite administration of prophylactic antibiotics.79

Both studies found that a high MELD score (>27 and >24,
respectively) was predictive of treatment failure, although a
Child-Pugh score >11 had superior predictive ability.82 These
results potentially allow for early stratification of patients.
Cautious follow-up changes in different parameters, such as
MELD, MELD-Na, UK model for end-stage liver
disease scores, bilirubin or INR during high-dose
corticosteroid treatment might identify responders who will
not need liver transplant. Improvement in one of these pa-
rameters within 4-7 days of corticosteroid therapy was
associated with higher rates of response to corticosteroids in
various studies of patients with acute severe AIH.83–88

Accordingly, expert opinion suggests if no improvement in
bilirubin or MELD-Na score is observed after 7 days of
corticosteroid therapy in patients with in acute severe hep-
atitis, continuing the therapy might be futile, and patients
should be assessed for liver transplantation due to high risk
of progressing to ALF.89

Should patients with alcohol-related hepatitis and ACLF-2
or ACLF-3 be treated with corticosteroids?
Recommendations

� Corticosteroids are not recommended in patients with se-
vere alcohol-related hepatitis and ACLF-3, nor in patients
with uncontrolled bacterial infection (LoE 3, strong
recommendation, consensus).

� If corticosteroids are administered to patients with severe
alcohol-related hepatitis and ACLF, close surveillance for
infection should be performed (LoE 2, strong recommen-
dation, strong consensus).

Statement
� With increasing severity of ACLF, corticosteroid respon-

siveness is progressively reduced whilst the risk of infection
increases (LoE 2, strong consensus).

Statements

� Variceal haemorrhage in patients with ACLF is associated
with a very high probability of rebleeding (LoE 3,
strong consensus).

� In patients with ACLF, the presence of hepatic encepha-
lopathy should not be considered an absolute contraindi-
cation to TIPS (LoE 4, consensus).
Journal of Hepatology, J
In a single-centre cohort study, the prevalence of ACLF-2 or -3
in patients with biopsy-proven severe alcohol-related hepatitis
was 32%.88 The rates of response to corticosteroids were 42.6%
for patients with ACLF-2 and 8.3% for those with ACLF-3
compared to 76.6% and 52.2% for patients without ACLF and
those with ACLF-1 respectively. The very low probability of
responsemakes the indication for corticosteroids questionable in
patients with ACLF-3.

In a sub-analysis of the randomised placebo-controlled
STOPAH trial, a Lille response was observed in 37.5% of pa-
tients with severe ACLF (i.e., ACLF-2 or ACLF-3) receiving
corticosteroids compared to 33% of those receiving placebo(a
non-significant difference).90 On the other hand, the presence
of response (as defined by Lille model) was associated with a
90-day survival rate of 83.3% compared with 36.7% in the
absence of response. It should be noted that patients on
inotropic support and with creatinine >500 lmol/L were
excluded from the STOPAH trial. Due to the small number of
patients in the group with ACLF-3, we cannot conclude on the
indication for corticosteroids in these patients.

Patients with severe alcohol-related hepatitis treated with
corticosteroids have an increased incidence of serious in-
fections (13%) compared to those receiving placebo (7%,
p = 0.002).91 In the subgroup of patients with ACLF-2 or
ACLF-3, the rates of infection reach 33.1%.90 Non-response
to corticosteroids is associated with an increased risk of
infection (83.3% vs. 57.7%) in patients with ACLF.88 This in-
fectious risk could counterbalance the hepatic effect
of corticosteroids.
Acute extrahepatic precipitants
Variceal bleeding

Does transjugular intrahepatic portosystemic shunt (TIPS)
placement improve outcomes in patients with variceal
haemorrhage and ACLF?
ACLF in acute variceal haemorrhage. Acute variceal haemor-
rhage (AVH), which accounts for 70% of all upper gastroin-
testinal bleeding episodes in cirrhosis,92 has been identified
as a common cause of death in patients with cirrhosis, with a
uly 2023. vol. - j 1–31 13



Recommendations

� In patients with ACLF and suspected infection, empirical
antibiotic treatment should be tailored according to the
local epidemiology of bacterial infections and the presence
of risk factors for antibiotic resistance (LoE 2, strong
recommendation, strong consensus).

� In patients with septic shock or worsening of ACLF, broad-
spectrum empirical antibiotics covering all potential path-
ogens should be used (LoE 4, strong recommendation,
strong consensus).
6-week mortality rate of around 20%.93 At present, progress
has been made in the treatment of AVH, including endoscopic
treatment, drug therapy, and TIPS placement, leading to
decreased frequency of variceal bleeding over the last
decade.94 However, 10-20% of patients with AVH experience
treatment failure after initial endoscopic and medical treat-
ment, which is associated with a high short-term risk of further
liver decompensation and death.95 Several factors have been
proposed to identify patients with AVH who are at high risk of
poor outcomes and treatment failure, such as the MELD
score, renal failure, bacterial infection and active bleeding at
endoscopy.93,96,97 Importantly, ACLF also significantly
worsens outcomes in patients with AVH.98,99 Indeed, ACLF
almost doubles the risk of rebleeding, providing an easy
identification criterion for patients with rebleeding risk.98

Interestingly, ACLF predicted this independently of the pres-
ence of portal vein thrombosis, which is a well-known risk
factor for rebleeding that has been described in
several studies.100,101

TIPS for bleeding in ACLF. The Baveno Consensus conferences
have recommended the use of pre-emptive TIPS placed within
24-72 hours in patients with Child-Pugh class B (>7) cirrhosis
and active bleeding at endoscopy despite being on vasoactive
drugs, and in patients with Child-Pugh class C (<14 points)
cirrhosis,102,103 since it improves outcomes.95,104–107 Pre-
emptive TIPS prevents rebleeding and ascites without
increasing the risk of hepatic encephalopathy108 and is thus a
milestone in the treatment of patients with cirrhosis and AVH.
The benefits of pre-emptive TIPS probably rely on the pre-
vention of further deterioration after failure of initial treatment,
avoiding a subsequent increase in rebleeding, organ failure and
death.109 This condition frequently meets the criteria of ACLF.
AVH is a well-known trigger for the development of
ACLF.110,111 Two independent studies have demonstrated that
TIPS, either pre-emptive TIPS or rescue TIPS, improves out-
comes in patients with ACLF-1 or ACLF-2 and AVH.98,99 It is
noteworthy that patients with ACLF-3 were not included in
these studies. Still there is a need to differentiate between pre-
emptive TIPS and rescue TIPS in this collective of patients. The
onset of renal failure or the need for renal replacement therapy
often results in a very poor prognosis, especially in the context
of rescue TIPS. In the case of pre-emptive TIPS, both short-
term and long-term mortality could be halved in patients with
ACLF. Therefore, and considering the marked impact of pre-
emptive TIPS on rebleeding and most importantly short-term
mortality, this therapeutic tool should be considered in the
management of patients with ACLF and AVH, even in patients
with bilirubin higher than 5 mg/dl.98,99 The consequence would
be to transfer the affected patients to hospitals with access to
TIPS, thereby potentially reducing their mortality rate by 75%.98

These data are nicely supported by a recent study which
showed that the higher the MELD score, the bigger the survival
benefit after pre-emptive TIPS.112

Bacterial and fungal infections

Do empirical antibiotic strategies tailored to the severity of
infection and local epidemiology impact on the outcome of
patients with ACLF?
14 Journal of Hepatology, J
A striking diversity exists in the epidemiology of bacterial
infections in patients with cirrhosis across the world.113 In the
GLOBAL study, a large multicentre study in patients with
cirrhosis and bacterial infections, infections due to multidrug-
resistant organisms (MDROs) were more commonly observed
in Asian centres: the percentage of infections due to MDROs
exceeded 70% in Indian centres, compared to <20% in the
USA, and 34% globally. Likewise, the rate of infections caused
by extensively-drug resistant (XDR) bacteria was 33% in India,
while it ranged from 0%–16% in all other areas.114 However,
the diversity that characterises the epidemiology of bacterial
infections in patients with cirrhosis is made even more com-
plex, since the pattern of antibiotic resistance is highly het-
erogeneous within a single country, state, region, and hospital,
with marked differences in the type of MDROs and with an
epidemiological scenario that could change over time.115 It is
quite well known that infections caused by MDROs are asso-
ciated with lower resolution rates, higher incidence of septic
shock and ACLF and higher short-term mortality compared to
those caused by susceptible strains.114 Bacterial infections,
especially with MDR and XDR organisms, are associated with
the highest risk of ACLF development, accounting for almost
half of ACLF cases globally. The risk is particularly high in those
with ascites, hepatic encephalopathy, poor liver function, a high
MELD score, and in whom empirical antibiotic treatment has
failed. In keeping with the heterogeneity in the epidemiology of
bacterial infections in patients with cirrhosis, the development
of ACLF occurs most commonly in the Indian subcontinent and
less in Southern Europe. The common infections that can
trigger ACLF include SBP and pneumonia. Patients who
develop ACLF following a bacterial infection have high case
fatality rates and are frequently unable to clear the infection.116

However, the association between ACLF and bacterial in-
fections is much more complex. In fact, bacterial infections may
precipitate ACLF or develop during the course of ACLF. Bac-
terial infections can be detected in up to 44% of patients
admitted to the hospital for acutely decompensated cirrhosis
who then develop ACLF,3 and in one-third of those admitted to
the hospital with a diagnosis of ACLF.117 Among the remaining
patients with ACLF, approximately half develop bacterial in-
fections within a follow-up period of 4 weeks. The severity of
ACLF and its clinical course are significantly worse and mor-
tality significantly higher in patients with bacterial infections
than in those without. The type of infections, the presence of
uly 2023. vol. - j 1–31



Recommendations

� Early de-escalation of empirical antibiotics (within a 24-to-
72-hour time frame) should be applied in patients with ACLF
receiving broad-spectrum antibiotics. De-escalation should
be based on rapid microbiological tests and MDRO colo-
nisation data (LoE 5, weak recommendation, consensus).

Clinical Practice Guidelines
sepsis or septic shock, and the isolation of MDROs also
negatively influenced infection resolution and prognosis.117

Thus, knowledge of the local epidemiology of bacterial in-
fections (based on periodic reporting) is mandatory for pre-
scribing an effective first-line empirical antibiotic treatment in
patients with cirrhosis and is even more important in those with
ACLF. Several studies proved that early administration of an
appropriate first-line antibiotic treatment is associated with a
reduction in mortality rate in patients with cirrhosis and bac-
terial infection, and that any delay is associated with an in-
crease in mortality, particularly in patients with septic shock.118

A proper empirical antibiotic treatment should cover all of the
potential pathogens and thus should be based on the local
epidemiology of bacterial infections and on the detection of risk
factors for those sustained more frequently by MDROs,
including prior antibiotic treatment, high MELD score, recent
invasive diagnostic or therapeutic procedure. The environment
where the infection developed, the severity of the infection, the
type of infection, and the pharmacokinetics and pharmacody-
namics of antibiotics should also be considered. Patients with
ACLF, sepsis, severe sepsis or shock should receive empirical
strategies covering all the potential pathogens. Consequently,
since the rate of bacteria resistant to classic b-lactams now
exceeds 50% in many centres, they are only recommended for
community-acquired SBP, blood stream infections and urinary
tract infections in patients without sepsis or ACLF, while their
combination with antibiotics active against intracellular patho-
gens (azithromycin or quinolones) is recommended for patients
with pneumonia.

Does early empirical antibiotic therapy impact on prognosis
of infected patients with ACLF?
Recommendations

� Patients with ACLF and suspicion of bacterial infections
should receive broad-spectrum, empirical antibiotic therapy
according to local epidemiology as soon as possible (LoE
3, strong recommendation, consensus).

� In patients with ACLF and suspicion of bacterial infections,
rapid and comprehensive infection workup is recommended
(LoE 5, strong recommendation, strong consensus).
Several studies demonstrated that an early administration
of an appropriate empirical antibiotic treatment is associated
with a reduction in mortality rate in patients with cirrhosis
and bacterial infections. Any delay in the initiation of a proper
antibiotic treatment is associated with an increase in mor-
tality, particularly in these patients, and especially in those
with septic shock.119,120 Patients showing a clinical response
to empirical antibiotic treatment were the least likely to
develop ACLF. A failure of the empirical antibiotic treatment
is therefore frequently associated with the development of
ACLF, to the extent that it becomes an independent pre-
dictive factor for its development.116 The clinical course, the
development of ACLF-2 or ACLF-3 at the final assessment
Journal of Hepatology, J
and the probability of 90-day transplant-free survival are all
worse in patients with ACLF and bacterial infection, either at
diagnosis or during follow-up, than in those without a bac-
terial infection (45% vs. 70%, respectively). The negative
impact of bacterial infections on 90-day-survival is particu-
larly marked for patients with ACLF-1 and ACLF-2. The
appropriateness of empirical antibiotic strategies has an
impact on the clinical course and on the survival of patients
with ACLF. Timeliness and adequacy of initial antibiotic
strategies are associated with lower critical care re-
quirements, better evolution of the syndrome in infection-
triggered ACLF and lower 28- and 90-day mortality.117

Early empirical antibiotic treatment should cover all of the
potential pathogens but should balance this against the risk
of selecting further antibiotic resistance.

Should early de-escalation of empirical antibiotics be
instituted in patients with ACLF?
Broad-spectrum antimicrobials adapted to the local
pattern of antibiotic resistance are recommended for the
empirical treatment of patients with ACLF and infection.113

This strategy minimises the risk of inadequate antimicrobial
therapy and improves survival.3,114 Carbapenems, glycopep-
tides, lipopeptides, lipoglycopeptides and new cephalospo-
rins are prescribed to cover MDROs and in some centres
XDROs. However, this antibiotic policy could promote further
bacterial resistance, especially if antimicrobials are main-
tained for long periods. Antibiotic de-escalation, a key
component of antimicrobial stewardship programmes, should
be applied to prevent antibiotic resistance.113 De-escalation
consists of replacing broad-spectrum antibiotics with
agents that have a narrower spectrum and stopping com-
ponents of a specific antimicrobial combination. De-
escalation should be performed early after the initiation of
empirical antibiotic strategies, ideally within the first 24-72
hours.121–123 The identification of the pathogen responsible
for infection is pivotal for antibiotic de-escalation. Time to
pathogen identification and associated sensitivities in clinical
samples can take up to 5 days if only classical microbio-
logical tests are used, resulting in prolonged exposure to
broad-spectrum antibiotics. This delay affects the ability for
physicians to promptly de-escalate to targeted anti-infective
therapy and apply judicious antibiotic stewardship. The use
of rapid microbiological techniques reduces this delay. Cul-
ture- and non-culture-based rapid techniques (MALDI-TOF
MS [matrix-assisted laser desorption ionization-time of flight
uly 2023. vol. - j 1–31 15



mass spectrometry] and multiplex PCR among others) can
be used to identify the pathogen(s) and define its antimi-
crobial susceptibility within 1 to 6 hours, thus facilitating
rapid de-escalation.113 If rapid microbiological techniques are
not available, de-escalation could be based on epidemio-
logical surveillance data in the absence of microbiological
results from clinical samples. Recent studies show that the
risk of infection by MDROs is very low in patients not
colonised by resistant strains (6.8% vs. 40% in MDRO-car-
riers).124 Antibiotic de-escalation seems to be safe but its real
clinical impact in infected patients with ACLF deserves
further investigation.121–123

Optimisation of antibiotic dosing through prolonged in-
fusions and reduction of the duration of total antibiotic therapy
(up to 7 days for most infections) are also an integral part of
antimicrobial stewardship programmes aimed at improving
clinical effectiveness while preventing new anti-
biotic resistance.113,121

Does empirical antifungal therapy impact prognosis
in ACLF?
Recommendations

� Empirical antifungal therapy could be indicated in patients
with ACLF developing a nosocomial septic shock who have
additional risk factors for fungal infection (LoE 5, weak
recommendation, strong consensus).

Recommendations

� The routine use of artificial or bioartificial extracorporeal
liver support or plasma exchange in ACLF is not recom-
mended outside investigative trials (LoE 2, strong
recommendation, strong consensus).

Statement

� Although albumin dialysis can improve the severity of he-
patic encephalopathy, there is no evidence it improves the
survival of patients with ACLF (LoE 2, consensus).
Invasive fungal infections develop in 1-5% of patients with
decompensated cirrhosis (3-7% of culture-positive infections)
and are more frequently observed in patients with ACLF, in
whom they usually complicate the course of the syn-
drome.113,117,125,126 Prevalence of invasive fungal infections in
ACLF varies markedly among studies ranging from 1% to
47%, a finding that probably depends on differences in the
severity of the syndrome, surveillance policies and diagnostic
criteria.127 Invasive candidiasis/candidemia is the most
frequent fungal infection (70-90%) followed by invasive
aspergillosis (10-20%). Patients with ACLF accumulate
several risk factors for fungal infections including cirrhosis-
associated immunodeficiency, broad-spectrum antibiotic
exposure, multifocal colonisation, indwelling catheters, total
parenteral nutrition, diabetes mellitus, prolonged ICU stay and
renal replacement therapy.113 Severe alcohol-related hepatitis
and prolonged steroid therapy are well-known risk factors for
invasive aspergillosis. In a prospective investigation that
included 98 patients with biopsy-proven severe alcohol-
related hepatitis, the incidence of invasive aspergillosis was
16%. In this study, risk factors for acquisition of invasive
aspergillosis were ICU admission and a baseline MELD score
>−24 points.128

Though much more infrequent than bacterial infections, the
impact of invasive fungal infections on prognosis is huge, with
28-day case fatality rates of 45-60% for invasive candidiasis
16 Journal of Hepatology, J
and even higher for invasive aspergillosis.113 Moreover, inva-
sive fungal infections are a major contraindication for liver
transplantation and therefore a frequent cause of delisting.

Current Surviving Sepsis guidelines recommend the empir-
ical administration of antifungal therapy (mainly echinocandins)
in patients with septic shock at risk of fungal infections.129

Patients with ACLF and prolonged ICU stay fall into this pop-
ulation, especially if they are listed or in the process of being
listed for liver transplantation. This empirical strategy should be
followed by a rapid de-escalation if fungi are not identified. In
that sense, two negative determinations of 1,3-b-D-glucan (an
antigen present in the cell wall of many fungi including Candida)
in blood samples can be used to safely discontinue antifun-
gals.113,130 The prognostic impact of prompt initiation of
empirical antifungal therapy in this setting deserves
further investigation.
Extracorporeal liver support

Do artificial or bioartificial extracorporeal liver support
systems impact the outcome of ACLF?
There are many devices that aim to artificially support liver
function to bridge patients to liver transplantation and eventu-
ally allow for “recompensation”.131,132 Artificial devices remove
protein-bound and water-soluble substances either by albumin
dialysis (molecular adsorbents recirculating system [MARS] or
single pass albumin dialysis), plasma separation and filtration
(Prometheus), or by therapeutic plasma exchange (TPE). In
turn, bioartificial systems contain hepatocytes to replace the
functions of the failing liver (extracorporeal liver assist device
[ELAD], HepatAssist). While promising, extracorporeal bio-
artificial livers able to completely replace liver function remain
an unmet need. Data on the latter devices have yielded con-
flicting results regarding improvement of transplant-free sur-
vival in ACLF.133,134

From a theoretical point of view, artificial systems could
benefit patients with ACLF by removing plasma cytokines and
other drivers of the systemic inflammatory cascade typically
observed in this setting. Substantial data have been generated
in the literature assessing the efficacy and toxicity profile of
uly 2023. vol. - j 1–31



Recommendations

� The routine administration of G-CSF is not recommended
for patients with ACLF (LoE 3, strong recommendation,
strong consensus).

Clinical Practice Guidelines
these devices in ACLF, including case series, prospective
studies, randomised-controlled studies and systematic reviews
and meta-analyses.131,132,135 Unfortunately, the lack of uniform
criteria for defining ACLF, the small sample sizes of most
studies, the wide variability in disease severity and number of
systems involved, as well as varying aetiologies, limit the
quality and generalisability of the available data.

In the most recent individual patient data meta-analysis,136

the authors assessed the effect of patient severity (ACLF
grade) and treatment intensity (low-intensity therapy; standard
medical care (SMT) alone or SMT plus <−4 MARS sessions;
high-intensity therapy; SMT plus >4 MARS sessions) on mor-
tality. Three randomised-controlled trials were suitable for the
meta-analysis, including a total of 285 patients (of whom 165
had ACLF). SMT plus MARS (irrespective of the number of
sessions) did not improve survival compared with SMT alone,
neither in the complete population nor in the analysis restricted
to patients with ACLF. However, survival was significantly
better among patients receiving high-intensity therapy than
among those receiving low-intensity therapy (10-day survival,
98.6% vs. 82.8%, p = 0.001; 30-day survival, 73.9% vs. 64.3%,
p = 0.032). Of note, although high-intensity therapy also
increased survival in analyses restricted to patients with ACLF
(10-day survival, 97.8% vs. 78.6%, p = 0.001; 30-day survival,
73.3% vs. 58.5%, p = 0.041), this effect was independent of the
ACLF grade.

A recent systematic review reported a potential benefit of
TPE, in both acute liver failure and ACLF.137 In two out of four
studies where plasma exchange-based liver support systems
were compared to SMT for ACLF, a biochemical improvement
was seen (coagulopathy, bilirubin, transaminases, or
ammonia). In addition, 1- and 3-month survival in non-
transplanted patients was improved in all four studies in pa-
tients with ACLF comparing plasma exchange vs. SMT
(pooled odds ratio, 0.60; 95% CI 0.46–0.77; p <0.01), As
mentioned previously, studies were performed in Asia on
mostly HBV-associated ACLF cases where the definition of
ACLF does not require the diagnosis of cirrhosis and/or more
than one organ failure.

The most recent network meta-analysis comparing and
ranking different liver support systems and SMT in patients with
ACLF (PROSPERO CRD42020155850) included 16 trials and
assessed MARS, Prometheus, ELAD, TPE and BioLogic-DT.135

Overall survival and transplant-free survival were assessed at 1
and 3 months. TPE significantly improved 3-month overall
survival compared to SMT (relative risk 0.74; 95% CI 0.6-0.94)
and ranked first on the cumulative ranking curves for overall
survival outcomes, at 3 months and 1 month (surface under
cumulative ranking curve [SUCRA], 86% at 3 months; and 77%
at 1 month) and 3-month transplant-free survival (SUCRA,
87%). TPE ranked second after ELAD for 1-month transplant-
free survival (SUCRA, 76%). Other comparisons did not reach
statistical significance. The quality of evidence was moderate
for TPE concerning 1-month overall survival and both
transplant-free survival outcomes. Other results were of very
low certainty.
Journal of Hepatology, J
Resuscitation for hypotension requiring vasopressor therapy
The online supplementary information provides recommenda-
tions, statements and companion texts related to the following
four questions: i) “Does the use of albumin during the resus-
citation process improve outcomes in patients with ACLF who
require vasopressors for hypotension?; ii) “Is norepinephrine
more effective and safer than vasopressin or its analogue ter-
lipressin (continuous infusion) as the first vasopressor in pa-
tients with ACLF who require vasopressors for hypotension?”;
iii) “Does a mean arterial pressure target of 65 to 70 mmHg
improve prognosis in patients with ACLF who require vaso-
pressors for hypotension?”; iv) “Do steroids (hydrocortisone
200 mg/day) improve outcome in patients with ACLF and re-
fractory septic shock?”

Secondary infections
The online supplementary information provides recommenda-
tions, statements and information related to the following
question: “Do bundles to prevent catheter-related infections
and ventilator-associated pneumonia, that are currently used in
general ICUs, improve prognosis in patients with ACLF
admitted to the ICU?”.

Immune modulators

Does granulocyte-colony stimulating factor (G-CSF)
improve outcomes in patients with ACLF, regardless of
white cell count?
Bone marrow-derived stem cells may be useful in modu-
lating immune functions and promoting regenerative capacities
in acute and chronic tissue injuries.138,139 G-CSF mobilises
haematopoietic stem and immune cells and has been evaluated
as an alternative to exogenous stem cell infusions.140,141 Two
randomised-controlled single-centre trials in India and China
used G-CSF in patients with ACLF and reported decreased
rates of disease-related complications, such as bacterial in-
fections, and improved survival.142,143 Consequently, in India
and China, G-CSF is being used as standard of care for ACLF,
defined according to the APASL criteria which are different to
the EASL-CLIF-C criteria. In Europe, a large multicentre
randomised-controlled trial of G-CSF (GRAFT trial) was per-
formed among patients with ACLF according to EASL-CLIF-C
criteria.144 This study was terminated early since G-CSF did
not show a benefit (90-day transplant-free survival rate of
34.1% in the G-CSF arm compared to 37.5% in the SMT
group), but led to severe adverse events in an interim analysis
of 176 patients. This high-quality trial is in strong disagreement
with the two previously described trials. Together, the available
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Controls required and special situations
� Refeeding syndrome should be monitored, prevented, and

treated as early as possible (LoE 4, strong recommen-
dation, strong consensus).

� In patients who experience variceal bleeding/upper
gastrointestinal bleeding, oral nutrition should be started as
evidence does not support the routine use of G-CSF CSF in
patients with ACLF.

Nutritional support, sarcopenia, and frailty

Do nutritional support and rehabilitation improve outcomes
in patients with ACLF?
Recommendations

Assessment
� Assessment of frailty using validated tools is indicated in all

patients with ACLF (LoE 4, weak recommendation,
strong consensus).

� Screening of malnutrition using validated tools (e.g., Royal
Free Hospital Nutrition Prioritizing Tool) is indicated in all
patients with ACLF (LoE 3, strong recommendation,
strong consensus).

� Detailed evaluation of nutritional status in patients at risk of
malnutrition should include:

- a bedside assessment of energy requirement performed
by a dietitian or by an expert in medical nutrition (LoE 3,
strong recommendation, strong consensus);

- sarcopenia assessment using the skeletal muscle index or
psoas muscle area at the third lumbar vertebra, if a CT
scan has been performed (LoE 3, strong recommenda-
tion, strong consensus);

- the measurement of liver frailty index in non-bedbound
patients (LoE 4, weak recommendation, strong
consensus).

Target for nutrition and intake

� Target for energy is 30–35 kcal/kg/day (or 1-1.4x
esting energy expenditure); target for protein is
1.2–1.5 g/kg/day (LoE 4, strong recommendation,
strong consensus).

� Restriction of protein intake should be avoided, since it is
detrimental in cirrhosis (LoE 2, strong recommendation,
strong consensus).

� Oral intake should be preferred whenever possible; if oral
intake is not possible, enteral nutrition ideally using a
naso-jejunal tube should be attempted. If enteral nutrition
is not tolerated, parenteral nutrition can be used as for
other critically ill patients (LoE 4, strong recommenda-
tion, consensus).

� Micronutrients that should be supplemented if needed
include vitamin A, folic acid, thiamine, pyridoxine, vitamin
B12, vitamin D, vitamin E, iron, selenium, zinc, calcium,
magnesium, phosphorous (LoE 4, strong recommen-
dation, consensus).

� In patients fasting for >12 hours (including nocturnal
fasting), intravenous glucose at 2-3 g/kg/day is rec-
ommended (LoE 4, weak recommendation,
consensus).

soon as possible. Enteral nutrition can be used safely (LoE
1, strong recommendation, strong consensus).

18 Journal of Hepatology, J
The prevalence of frailty, a condition that refers to decreased
physiologic reserve and increased vulnerability to health
stressors mediated by several factors including malnutrition,
sarcopenia (reduced muscle mass, strength, and function), and
exercise intolerance, increases with declining liver function and
has a significant impact on liver-related outcomes, including
those related to liver transplantation.145 More specifically, the
prevalence of malnutrition in patients with decompensated
cirrhosis is very high, affecting all patients with Child-Pugh
class C cirrhosis.146,147 Sarcopenia is also highly prevalent,
with a reported prevalence ranging from 22% to 62% in pa-
tients with cirrhosis.148

Specific data in ACLF is lacking, but it can be speculated
that most patients with ACLF are malnourished and sarcopenic.
Cirrhosis is a catabolic state, and energy requirements further
increase in patients presenting with clinical complications such
as AKI and bacterial infections (e.g., SBP).146,147 The risk of
malnutrition increases during hospitalisation, particularly in the
ICU, and a large amount of data has proven that malnutrition is
an independent risk factor for the development of bacterial
infections, further decompensation, and death in patients with
decompensated cirrhosis.146,147 As such, malnutrition is a key
target for therapy in decompensated cirrhosis and nutrition
should be considered part of the standard of care in patients
with ACLF.

In a meta-analysis, nutritional supplementation in hospital-
ised patients was not associated with reduced mortality.149

However, most of the studies included patients with highly
advanced liver disease and the interventions were very short. In
a recent study, improvement in nutrition led to a reduction in
decompensation-related readmissions.150

In the population of patients with cirrhosis, including those
with ACLF, a detailed assessment of frailty, particularly nutri-
tional status, should be performed with the aim of calculating
resting energy expenditure. Dietitians/experts in medical nutri-
tion should be involved in this step.

Given that addressing frailty in hospitalised patients with
decompensated cirrhosis is a complex task, a combination of
different methods can be proposed, including muscle strength
assessment by bedside tools (e.g., hand grip, liver frailty in-
dex151 or clinical frailty scale152) and imaging tools (assessment
of skeletal muscle mass at the level of the third lumbar vertebra
on CT or MRI)146,147 Unfortunately, patients with ACLF are
often very sick, and not suited for most of these assessments.
Given the low likelihood of it being affected by acute changes in
functional performance and the high probability of having
uly 2023. vol. - j 1–31



Recommendations

� In patients with ACLF, the decision to continue using
NSBBs should be made on a case-by-case basis with
careful dose titration based on close monitoring of the
mean arterial pressure and renal function (LoE 5, weak
recommendation, consensus)

Recommendations

� In patients who recover from an episode of ACLF, NSBBs
should be initiated cautiously, with close monitoring of
blood pressure. Dose increases should be guided by the
mean arterial pressure; below a threshold of 65 mmHg,
beneficial effects are limited (LoE 5, strong recommen-
dation, consensus).

Statement
� No specific study has addressed the safety and efficacy of

starting NSBBs in patients who recover from an episode of
ACLF. Therefore, the effect of NSBBs on outcomes is not
known (n.a., strong consensus).

Clinical Practice Guidelines
previously available cross-sectional imaging data, assessment
of sarcopenia is the preferred tool in the hospital setting.

In turn, screening of malnutrition should be done at admis-
sion according to existing tools (e.g., Royal Free Hospital
Nutrition Prioritizing Tool,153 or the Subjective Global Assess-
ment). In critically ill patients admitted to the ICU, specifically
designed scores such as the Nutrition Risk in Critically ill score
and its modified variant can be used and have been validated in
patients with cirrhosis.154,155

The recommended calorie intake in critically ill patients with
cirrhosis is 30–35 kcal/kg/day. The recommended protein
intake in this population is 1.2–1.5 g/kg/day, which can be
increased up to 2 g/kg/day in critically ill patients.156

It is important to note that renal replacement therapies affect
metabolism and nutrient balance by inducing loss of water-
soluble, low-molecular weight substances and nutrients,
including amino acids (up to 10-15 g/day), and of proteins and
vitamins (up to 10 g/day).157

In patients who can tolerate oral intake, this route is the
preferred one and oral supplementation should be used when
necessary. In patients who either do not tolerate the oral intake,
have hepatic encephalopathy grade 2 or higher, or have their
airways protected, medical nutrition using enteral (i.e., through a
feeding tube) or parenteral nutrition should be considered.146,147

Enteral nutrition is preferable to parenteral nutrition when-
ever possible and can be provided by either a naso-gastric tube
or by a naso-jejunal tube. Transpyloric feeding through a naso-
jejunal tube reduces the risk of aspiration compared to feeding
through a naso-gastric tube, and this approach should be
favoured in patients at high risk of aspiration. Enteral nutrition
support should be started within 24–48 hours of the hospital-
isation, with the aim of providing >80% of the estimated or
calculated energy and protein requirements within 48–72 hours.

Parenteral nutrition should be used as a second-line treat-
ment in patients who cannot be fed adequately by oral and/or
enteral nutrition.

After starting the nutritional supplementation, refeeding
syndrome, which is characterised by hypophosphatemia, hy-
pokalemia and hypomagnesemia, should be prevented, rec-
ognised early, and treated, since it can lead to fatal
complications. Risk factors for refeeding syndrome include
alcohol abuse, and treatment with insulin and diuretics,158 cir-
cumstances that are common in patients with ACLF.

Randomised-controlled trials in the setting of ACLF either
related to physical rehabilitation or nutritional support are
scarce, and data are heterogenous and limited by small sample
sizes. On meta-analysis, nutrition did not improve survival in
decompensated patients with cirrhosis or in those with severe
alcohol-related hepatitis.159 However, hepatic encephalopathy
improved in patients who received nutrition supplementation.

Percutaneous endoscopic gastrostomy tube placement
should be avoided in patients with decompensated cirrhosis
since it is associated with a high risk of complications.160

Nutrition has been particularly studied in patients with se-
vere alcohol-related hepatitis. In one randomised-controlled
trial, enteral nutrition rich in branched-chain amino acids was
compared to steroids.161 The two groups had similar 1-month
survival, but long-term survival was better in patients
receiving enteral nutrition. In another randomised-controlled
Journal of Hepatology, J
trial, patients received steroids plus conventional nutrition or
intensive enteral nutrition for 14 days.162 While no differences
were observed in short-term outcomes, 6-month mortality was
lower in patients on enteral nutrition. In addition, patients
receiving <21.5 kcal/kg/day and <77.6 g protein per day had
significantly lower survival rates.

In essence, while medical nutrition did not improve sur-
vival in this population on meta-analysis, a decrease in he-
patic encephalopathy and shorter hospital stays have been
documented, therefore supporting the recommendation to
start oral nutrition as early as possible, with enteral nutrition
being an alternative if the cough or swallow reflex are
not intact.

As for immunonutrition, data are very scarce. In a recent
open-label randomised-controlled trial in patients with ACLF,
intravenous omega-3 fatty acids were safe and effective in
reducing systemic inflammation, endotoxemia, and sepsis.163

There is no data regarding physical rehabilitation in the
setting of ACLF, and this intervention, together with nutritional
interventions, should be addressed by future studies.
Use of non-selective beta-blockers (NSBBs)

Should NSBBs be continued in patients with ACLF?
Should NSBBs be initiated after the resolution of ACLF?
NSBBs were first used for the prevention of variceal
bleeding over 40 years ago,164 but since then, an improved
understanding of their mechanisms of action has led to their
wider use, including for the prevention of recurrence of variceal
uly 2023. vol. - j 1–31 19



Recommendations

� An early assessment for liver transplantation should be
proposed for all patients with severe ACLF (ACLF-2 or -3)
(LoE 2, strong recommendation, strong consensus).

Statements
� Liver transplantation is associated with a clear survival

benefit in patients with severe ACLF, but the limits of patient
suitability are unknown (LoE 2, strong consensus).

� Liver transplantation of patients with severe ACLF is
associated with a substantial increase in resource utilisation
(LoE 3, strong consensus).
bleeding and more recently for prevention of complications of
cirrhosis.165 However, a retrospective study conducted in pa-
tients with refractory ascites has shown that the risk of death
was higher among those receiving NSBBs.166 Another retro-
spective study conducted in patients with SBP has shown that
the risk of death was higher among those who were prescribed
NSBBs than in those who were not.167 Experts from the
Baveno VII workshop recommend that “In patients with ascites,
NSBBs should be dose-reduced or discontinued in case of
persistently low blood pressure (systolic blood pressure <90
mm Hg or mean arterial pressure <65 mm Hg) and/or hep-
atorenal syndrome (HRS)-AKI”.103 As patients with ACLF can
be haemodynamically unstable and have renal dysfunction, the
ongoing use of NSBBs can be deleterious. Therefore, in many
cases, NSBBs are either stopped or their dose is reduced. In
the CANONIC study, in about 50% of patients with ACLF (n =
78 of a total of 155 patients that were on NSBBs at admission)
who were already being treated with NSBBs, the drug was
stopped after hospitalisation and the dose was reduced in a
further 8 of the 77 patients that continued to receive NSBBs.168

However, there are two specific studies in patients with ACLF
that provide circumstantial evidence that NSBBs may be useful
for these patients. The first study is based on analysis of 349
patients with cirrhosis and ACLF who were among patients of
the CANONIC cohort. Of these 349 patients, 155 were already
being treated with NSBBs before admission whereas the
remaining 194 were not receiving the drug.169 The group on
NSBBs had less severe ACLF on admission and their 28-day
mortality was significantly lower. The median dose of NSBBs
administered was relatively low (40 mg propranolol; 111 pa-
tients [67.7%]; 12.5 mg carvedilol; 16 patients [10%]). In
another study of 624 patients with acutely decompensated
cirrhosis, 254 patients with ACLF were studied whilst on ther-
apy with NSBBs (107 patients) or not (n = 147 patients).170 In
the whole cohort of 624 patients, median doses were 30 mg/
day for propranolol (147 patients; 58%) or 12.5 mg/day for
carvedilol (108 patients; 42%). Intake of an NSBB was asso-
ciated with increased 28-day transplantation-free survival
(p = 0.004). NSBB intake remained a positive prognostic factor
even after adjusting for several potential confounders in the
multivariable model (hazard ratio, 0.578; p = 0.031). They also
observed that stopping NSBBs during admission was associ-
ated with lower survival. Finally, they observed a cut-off of 65
mmHg as the threshold for the beneficial effect of NSBBs.
Together these findings indicate that studies designed to
investigate the safety and efficacy of continuing NSBBs in
patients with ACLF are needed. Of note, there is no data on
whether the introduction or reintroduction of NSBBs in patients
who recover from ACLF is associated with beneficial effects nor
on the most appropriate time for NSBB reintroduction in this
context. Nevertheless, because NSBBs influence the severity
of systemic inflammation, possibly through effects on gut
permeability and translocation, which may underlie the
expanded use of this treatment,165,169 it seems logical that
NSBBs should be restarted as soon as possible after the re-
covery of patients from an episode of ACLF. Interestingly, for
patients with decompensated cirrhosis in whom NSBBs have
20 Journal of Hepatology, J
been stopped or dose-reduced, experts from the Baveno VII
workshop recommend that NSBBs can be re-initiated or re-
titrated “once blood pressure returns to baseline and/or HRS-
AKI resolves”.103 Obviously, studies should be performed
among patients with ACLF in whom NSBB therapy has
been stopped.

Liver transplantation
Does liver transplantation improve survival in patients with
severe ACLF (ACLF-2, ACLF-3)?
A prospective European observational study demonstrated
that deceased-donor liver transplantation in patients with
ACLF-2 or -3 was associated with a drastic improvement in
survival compared to no transplantation (95% vs. 23%,
respectively at 28 days, 90.5 vs. 12.5%, respectively at 90
days).64 These observations were confirmed by other inde-
pendent retrospective studies. A study from three French liver
transplant centres reported that 73 patients with ACLF-3
received deceased-donor liver transplantation with an
outstanding 1-year post-transplant survival of 84% compared
to 8% for matched non-transplanted critically ill patients.171

They observed a 1-year post-transplant survival that was not
statistically different for patients with ACLF-2 (86%), ACLF-1
(82%) and without ACLF (90%). Four other studies confirmed
these results with a 1-year post-transplant survival between
79% and 84% for patients with pre-transplant ACLF-3.172–175

These impressive results come from retrospective studies
and are presumably related to the careful selection of patients
with ACLF-3.

Beside the unquestionable survival benefit related to liver
transplantation in patients with ACLF-2 or -3, this surgical
procedure is associated with a high rate of complications. In
the study by Artru et al., despite a 1-year post-transplant sur-
vival rate of 84%, all transplanted patients experienced com-
plications (hepatic vascular and biliary tract complications) and
81% developed post-transplantation-acquired bacterial in-
fections, 35% viral infections and 15% fungal infections.171

Patients with ACLF-3 more frequently require prolonged
uly 2023. vol. - j 1–31



Box 2. Standard operating procedure for ACLFLT programme in the UK.

The ACLFLT programme
1. ACLFLT is a pilot programme implemented by the National Health 

Service Blood Transfusion service by which select patients with 
cirrhosis may be waitlisted in a prioritised waitlist tier that recognises 
both their high likelihood of death without liver transplantation and of 
deterioration such that transplantation would not be possible if they 
follow the standard process for elective transplantation

2. In terms of priority, the ACLF tier is below that of super-urgent priority, 
hepatoblastoma, splitable grafts and critically ill paediatric recipients

3. The expectation is for 1-year survival of >60% in patients receiving 
organs in this category

Entry criteria
Inclusion criteria
• Cirrhosis 
• Severe organ dysfunction or failure requiring intensive care support with 

expected 28-day survival of <50% usually indicated by the presence of 
ACLF grade 3 according to the criteria

• Standard guidance applies to patients with underlying alcohol-related 
liver disease. Patients with alcohol-related hepatitis are not eligible for 
entry into this pathway

Exclusion criteria 
• Severe chronic co-morbidity which would preclude LT
• Age >60 years
• Previous liver transplantation
• Active bacterial or fungal sepsis
• CMV viraemia
• Severe irreversible brain injury
• MOF of such a severity and/or with adverse trajectory precluding 

successful LT
• Use of ECMO
• Gross frailty and likely inability to rehabilitate
• Active malignancy
• Severe acute pancreatitis or intestinal ischaemia

Requirements prior to registration
• Local multidisciplinary team review and agreement
• Proposed case reviewed by independent reviewers (appointed by 

NHSBT/Liver advisory group).

If appropriate, the patient will be listed in the special ACLFLT category

ACLF, acute-on-chronic liver failure; ACLFLT, ACLF LT tier; CMV, cytomeg-
alovirus; ECMO, extracorporeal membrane oxygenation; LT, liver trans-
plantation; MOF, multiple organ failure. Courtesy of Professor William Bernal
and Professor Douglas Thorburn based on the NHSBT Liver Advisory Group
pilot service evaluation of liver transplant for ACLF.

Recommendations

� Patients with ACLF-3 should be prioritised on a MELD(-Na)-
driven waiting list to reduce the excess of mortality (LoE 2,
strong recommendation, consensus).

� We recommend pilot programmes of prioritisation of pa-
tients with ACLF-3 on the waiting list (LoE 5, strong
recommendation, consensus).

Statements
� Current allocation systems underestimate the waitlist mor-

tality of patients with severe ACLF (ACLF-2 or -3) (LoE 2,
strong consensus).

� Delaying liver transplantation for patients with severe ACLF
(ACLF-2 or -3) increases the risk of waitlist and post-
transplant mortality (LoE 3, strong consensus).

Clinical Practice Guidelines
intubation and renal replacement therapy in the post-transplant
period.175 Due to this rate of complications, the ICU and total
hospital lengths of stay are increased.171,175 A retrospective
North American study confirmed these results by showing that
patients with ACLF-3 experienced more frequent acute cellular
rejection, post-transplant bacterial infections and post-
transplant need for renal replacement therapy for more than 2
days.176 Based on the length of stay of this study, the costs
associated with liver transplantation for ACLF-3 might increase
by nearly four-fold compared to the costs of liver trans-
plantation in patients without ACLF. Moreover, patients with
ACLF-2 or -3 were more likely to be transferred to a rehabili-
tation centre after transplantation.
Journal of Hepatology, J
Should patients with severe ACLF (ACLF-2, ACLF-3)
receive priority on the waiting list?
ACLF is a rapidly progressive syndrome, and the devel-
opment of sepsis and irreversible multiple organ failures can
compromise the eligibility for liver transplantation even on the
waiting list. In a large retrospective European study, the 1-
year intent-to-transplant survival from listing was 72% and
53% for patients with ACLF-2 and ACLF-3, respectively.175 A
study on the United Network for Organ Sharing (UNOS)
database (about 79,000 listed patients) showed that patients
with ACLF-3 had a higher probability of mortality within 1 year
after listing compared to patients with a lower grade of ACLF
and those without.173 These mortality rates on the waiting list
were observed in the context of an MELD- or MELD-Na-
driven allocation system. UNOS data demonstrated that pa-
tients with ACLF-2 or 3 with relatively low MELD-Na scores
(<25) had the highest waitlist mortality rates, ranging between
30-40%, suggesting the inability of MELD to adequately pri-
oritise these patients. The implementation of the SHARE-35
rule (to give a broader access to liver transplantation for pa-
tients with MELD-Na >−35) in the United States resulted in a
significant reduction in 90-day waitlist mortality for patients
with ACLF-3 but not in those with 4 or more organ failures,
highlighting that SHARE-35 is inadequate for the sickest pa-
tients with ACLF-3.176 Another study based on the UNOS
database demonstrated that patients with ACLF-3 had higher
14-day waitlist mortality (28%) than patients listed with a
status 1a (17%).177 Altogether, these studies highlight that
patients with ACLF-3 are misclassified on the waiting list by
the MELD or MELD-Na scores, leading to excess mortality in
this subgroup.

In a large prospective European observational study on
1,300 patients with acutely decompensated cirrhosis
(CANONIC), the CLIF-C ACLF score, taking into account he-
patic and extrahepatic organ failures, age and white blood cell
count, outperformed the MELD and MELD-Na scores in the
prediction of 28- and 90-day mortality.15 A large US study from
the Veteran Affairs (nearly 19,000 hospitalised patients with
ACLF) confirmed that the MELD-Na score underestimated the
uly 2023. vol. - j 1–31 21



90-day mortality of patients with ACLF.17 Moreover, early ac-
cess to liver transplantation for patients with severe ACLF im-
proves post-transplant outcomes. Indeed, in a UNOS study,
performing a liver transplantation within the 30 days from
listing, compared to beyond 30 days, for patients with ACLF-3
increased 1-year post-LT survival (82% vs. 79%).173 A daily
decrease in survival of 4-5% was observed on the waiting list
during the first week of registration for patients with ACLF-3 if
liver transplantation was not performed.178

In the UK, a pilot programme with a new allocation tier for
patients with ACLF was started in May 2021 to try to resolve
this problem of inequity (Box 2). This tier is just below the
super-urgent patients. The required criteria include the pres-
ence of cirrhosis, significant liver failure manifested by jaun-
dice and coagulopathy, organ failures necessitating organ
support in the ICU or equivalent and a risk of 28-day mortality
of >50%. These criteria would typically fit patients with ACLF-
2 or -3.

Should criteria for futility of liver transplantation be used in
patients with severe ACLF (i.e., ACLF-2 or ACLF-3)?
Recommendations

� The futility of liver transplantation of patients with ACLF-3
should be decided on a case-by-case basis considering
independent predictors of post-transplantation mortality
(LoE 5, strong recommendation, strong consensus).

Statement
� Defining criteria for futile liver transplantation in patients

with ACLF-3 is an urgent medical need (n.a.,
strong consensus).

Recommendations

� Extended criteria donor livers should be considered for
listed patients with ACLF-3 to reduce mortality on the
waiting list (LoE 4, strong recommendation, consensus).
In the context of organ shortages, a strategy of rationing
should be developed to maximise patient and graft survival.
Despite the evident survival benefit of liver transplantation for
patients with severe ACLF, progress should be made to limit
the mortality of patients who are listed.

Some studies reported inadequate 1-year post-transplant
survival (43%-46%) for patients with ACLF-3 or critically ill
patients requiring multiple organ support; these findings sug-
gest that not all patients with ACLF-3 are suitable candidates
for liver transplantation.179–181 Given donor organ scarcity,
recipient criteria to define futile transplantation should be
implemented to minimise post-transplant mortality. The clas-
sical futility scores (P-SOFT, balance of risk [BAR] and UCLA
futility score) seem to be inaccurate to predict 1-year post-
transplant survival in patients with ACLF-3.171 Some authors
suggest using criteria including active gastrointestinal bleeding,
control of sepsis for less than 24 hours, haemodynamic insta-
bility requiring doses of norepinephrine >50 lg/min, and lung
failure defined as a PaO2/FiO2 ratio <150, as criteria for futility,
because each of them was associated with 1-year post-LT
survival of <84%.171 However, these criteria have not yet
been prospectively validated. A large retrospective European
study demonstrated that pre-transplant MDRO infections,
arterial lactate at transplantation >4.4 mmol/L and need for
renal replacement therapy at transplant were independently
22 Journal of Hepatology, J
associated with post-transplant mortality.175 In another retro-
spective multicentre study, Artzner et al. observed that four
factors were independently associated with post-transplant
mortality, including age >−53 years, pre-transplant arterial
lactate >−4 mmol/L, mechanical ventilation with PaO2/FiO2 ratio
<−200 and pre-transplant leukocyte count <−10 G/L.174 They
developed a simple model, called transplantation for ACLF-3
model (TAM), where the presence of each risk factor was
associated with a score of 1 and the final TAM score was the
sum. A TAM score >2 was associated with a 1-year post-
transplant survival rate of only 8.3%. A TAM score >2 was
validated in an independent cohort, wherein it was associated
with a 1-year post-transplant survival rate of 10%. In addition,
based on a retrospective study from 10 North American cen-
tres, the presence of portal vein thrombosis in patients with
ACLF-3 was associated with a significant 1-year post-
transplant survival reduction (57% vs. 92%).181 Before imple-
menting portal vein thrombosis as a futility criterion for liver
transplantation in patients with ACLF-3, we need to confirm
these observations and obtain more detailed data about the
type (partial/complete), the date (acute/chronic) and the
extension of the thrombus. All available data on independent
risk factors for post-LT mortality come from retrospective
studies. Before implementing futility rules, we need prospective
studies that specifically address this issue.

In 2021, 35 experts tried to reach a consensus to define
futility or inappropriateness of liver transplantation for critically
ill patients with cirrhosis. The majority of experts stated that
some risk factors could be used to define limits of trans-
plantation, including severe frailty (defined by a clinical frailty
scale >−7), ongoing sepsis except for urinary tract infections,
previous infection with pan-drug resistant bacteria, a respira-
tory failure with PaO2/FiO2 ratio <150, a circulatory failure
requiring a dose of norepinephrine >1 lg/kg/min, arterial lactate
>9 mmol/L and worsening clinical course.182

Should extended criteria organs be used for liver trans-
plantation in patients with ACLF?
uly 2023. vol. - j 1–31
Extending donor selection criteria is a solution to organ
shortages and is associated with a reduction in waitlist mor-
tality. Though there is no universally accepted definition,
numerous donor characteristics (advanced age, hyper-
natremia, steatosis, among others) are used to define extended
criteria donor grafts, which were previously named marginal
livers. Such grafts are associated with unfavourable post-
transplant outcomes. Eurotransplant defines grafts as
extended criteria donor livers when the donor meets one or
more of the following criteria: age >65 years, ICU stay with
ventilation >7 days, body mass index >30, macro-steatosis
>40%, serum sodium >165 mmol/L, alanine aminotransferase
>105 U/L, aspartate aminotransferase >90 U/L, serum bilirubin
>3 mg/dl, donors after cardiac death or euthanasia. Scores
have been developed to quantify the risk of graft failure by
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using these extended criteria donors, i.e., donor risk index (DRI)
and BAR score. The latter takes into account donor and
recipient characteristics (recipient MELD score, cold ischaemia
time, recipient and donor age, previous transplantation, and
use of pre-transplant life support) highlighting the important
interaction of donor and recipient status in the prediction of
post-transplant outcomes.183 In the UNOS experience, pa-
tients with ACLF-3 who received younger donor organs with
less comorbidities, more frequently from a donor with a head
trauma, and less frequently a high-risk organ (DRI >−1.7) had an
adequate 1-year post-transplant survival of 82%.173 In the
same cohort, the use of a marginal donor organ (DRI >−1.7) for
patients with ACLF-3 decreased significantly 1-year post-
transplant survival (78% vs. 83%, respectively). Yet, the sur-
vival benefit of liver transplantation is maintained in patients
with ACLF-3 even if the transplanted liver comes from a mar-
ginal donor. Due to the need to perform an early liver trans-
plantation in this subgroup of patients, there are no objective
arguments against the use of extended criteria donor organs.
Another study based on the same database demonstrated that
accepting early extended criteria donor livers is essential to
decrease the mortality rate on the waiting list, particularly for
patients with ACLF-3 and 4-6 organ failures.178

Static cold storage is the conventional method of organ
preservation characterised by a prolonged hypothermic
ischaemic period contributing to the risk of early graft
dysfunction, primary non-function and ischaemic cholangiop-
athy. Extended criteria donor livers are particularly susceptible
to the deleterious effects of this type of storage. Both hypo-
thermic and normothermic machine perfusion techniques have
been shown to improve the outcomes achieved with extended
criteria donor grafts.184,185 The impact of these machines on
post-transplant outcomes in patients with ACLF-3 is
currently unexplored.

Should living donors be considered for liver trans-
plantation in patients with ACLF-3?
Recommendations

� Living donor liver transplantation should be considered for
patients with ACLF-3 in experienced centres (LoE 2, strong
recommendation, consensus).

Journal of Hepatology
Another option to increase the donor pool for patients with
ACLF is to perform liver transplantation from living donors. The
use of living donor liver transplantation is associated with other
advantages, including reduced waiting times and optimisation
of surgical timing. Overall, living donor liver transplantation is
associated with good results in highly expert centres. It is
mostly performed in Eastern countries while the frequency of
, J
living donor liver transplantation in Western countries is very
low (around 4-7% of transplants in Europe).186 The donor
mortality rate is around 0.2% to 0.5% (maybe underreported)
and complications (biliary complication, hepatic artery and
portal thrombosis) are reported in up to 78% of cases using
right lobe donation.187–189 The possibility of donor death, the
higher rate of perioperative complications and the safer alter-
native of liver transplantation from deceased donors are the
primary explanations for the low frequency of living donor liver
transplantation in Western countries over the past
several years.

Performing living donor liver transplantation in an emer-
gency setting, i.e. ACLF, adds several other challenges. The
time to evaluate the donor’s spontaneous willingness to donate
is clearly reduced. Pressing donor assessment raises special
concerns about donor coercion. An expedited assessment
could increase perioperative complications and psychological
problems of donors.

The published results of living donor liver transplantation in
the context of ACLF are scarce for patients with ACLF-3. One
experience from Hong Kong reported that, in patients, the
transplantation of a living donor vs. deceased donor liver graft
did not affect the outcome, with an overall 1-year survival rate
of 77%.190 Other eastern studies of living donor liver trans-
plantation in patients with ACLF-3 reported 1-year survival
rates of 67% to 76%.191–193 In one of these publications, the
authors observed that right lobe procedures were associated
with better 6-month post-transplant survival than left lobe
procedures (100% vs. 25%, respectively).191 Severe post-
transplant complications (Clavien-Dindo >−IIIb) were experi-
enced by 25% to 33% of patients with ACLF (significantly
higher than in patients without ACLF) and in 56% of patients
with ACLF-3.191–193

Conclusions
ACLF is now recognised as a distinct clinical entity associated
with a high risk of short-term death. The main principle for the
management of ACLF is to diagnose and treat acute pre-
cipitants and provide organ support. Three questions should be
urgently addressed in the field. First, the mechanisms of sys-
temic inflammation, which is the driver of ACLF, should be
investigated to identify targets for novel therapeutic ap-
proaches, in particular for patients who develop ACLF without
any clinically apparent precipitant. Second, most of our
knowledge on the management of patients with ACLF is based
on studies involving critically ill patients without cirrhosis.
Therefore, interventions for which clinical equipoise exists in
patients with ACLF should be identified in order to design
useful randomised-controlled trials. Third, studies should
address the difficult question of criteria to define futility of liver
transplantation in patients with ACLF-3, as robust criteria
would impact the medical management of these patients.
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Appendix. Delphi round consensus on the statements and recommendations of the present CPGs.

Recommendation/statement Consensus

Both patients with prior decompensation and those without should be included in the definition of ACLF (LoE 2, strong recommendation). 100%
Organ failures as included in the EASL-CLIF-C criteria should be used for the diagnosis of ACLF (LoE 2, strong recommendation). 94%
The failure of one or more of the six major organ systems according to the EASL-CLIF-C criteria should be used to define the severity of ACLF and
the risk of 28-day mortality (LoE 2, strong recommendation).

97%

The risk of 28-day mortality in a patient with ACLF should be assessed sequentially to evaluate their response to intervention (LoE 2, strong
recommendation).

88%

Failure of the liver, kidneys, brain, coagulation, circulation, and/or respiration, as defined by the CLIF-C OF scoring system, confers a high case fa-
tality rate at 28 days in patients with acutely decompensated cirrhosis (LoE 2).

100%

The number of organ failures according to the CLIF-C OF score that are simultaneously present is associated with increasing case fatality rate at 28
days (LoE 2).

100%

The CLIF-C OF score, as part of the CLIF-C ACLF score and ACLF grade, has been validated for sequential use and can be used repeatedly to
determine the risk of 28-day mortality (LoE 2).

97%

The CLIF-C OF score has been validated in many countries around the world (LoE 2). 97%
The NACSELD classification for the diagnosis of ACLF underestimates the risk of death of patients with acutely decompensated cirrhosis. Therefore,
the NACSELD score underestimates the 28-day and 90-day mortality of patients with acutely decompensated cirrhosis (LoE 2).

96%

The AARC (APASL ACLF research consortium) score is applied to patients diagnosed as having ACLF using the APASL criteria. As the APASL
criteria underestimate the risk of death of patients with ACLF diagnosed using the EASL-CLIF-C criteria, the AARC score also underestimates
28-day and 90-day mortality in these patients (LoE 2).

93%

Every patient who is admitted for ACLF, or who develops ACLF during hospital stay, should undergo a systematic workup (summarised in Fig. 3) that
seeks to identify the commonest precipitants, which include proven bacterial infection, alcohol-related hepatitis, gastrointestinal haemorrhage with
haemodynamic instability, flare of HBV infection, hepatitis E virus infection, recent use of a drug known to cause cerebral failure, and recent use of a
drug known to cause kidney failure (LoE 2, strong recommendation).

100%

Patients in whom the systematic workup fails to identify the presence of precipitant(s), among those that are expected, should undergo a case-by-
case assessment, depending on the clinical context and based on a comprehensive list of all potential uncommon precipitants (Table 4) (LoE 5,
strong recommendation).

97%

A precipitant of ACLF is an acute intrahepatic or extrahepatic insult that may cause organ dysfunction (LoE 2). 100%
The number of precipitants that are simultaneously present is a major determinant of the short-term outcome of patients with ACLF (LoE 2). 97%
In the patients without ACLF, the CLIF-C AD score should be used sequentially to provide prognostic information regarding 90-day, 180-day and
365-day mortality (LoE 2, strong recommendation).

97%

CLIF-C AD score, model for end-stage liver disease (MELD) score or MELD-Na score can be used to define risk of development of ACLF (LoE 2,
strong recommendation).

94%

In patients with acutely decompensated cirrhosis and no ACLF, the CLIF-C AD score provides more accurate prognostic information than the MELD
score, MELD-Na score, and the Child-Pugh score in predicting the risk o90-day, 180-day and 365-day mortality (LoE 2).

94%

CLIF-C AD score, MELD score and MELD-Na score have similar ability to predict the occurrence of ACLF and all perform better than the Child-Pugh
score (LoE 2).

91%

In patients with ACLF, the CLIF-C ACLF score should be used sequentially to provide prognostic information (LoE 2, strong recommendation). 97%
In patients with ACLF, the CLIF-C ACLF score provides more accurate information + than the MELD score, MELD-Na score, and Child-Pugh score in
predicting the risk of 28-day and 90-day mortality (LoE 2).

100%

Patients with ACLF requiring close monitoring or organ support + should be admitted to the ICU (LoE 3, strong recommendation). 100%
Admission of patients with ACLF and severe comorbidities to the ICU should be considered on a case-by-case basis (LoE 5, weak
recommendation).

100%

Prognosis in patients with ACLF should be determined after 3-7 days of full organ support (LoE 4, strong recommendation). 97%
The presence of >−4 organ failures or a CLIF-C ACLF score >70 points in individuals with no option for salvage liver transplantation are criteria to
consider withdrawal of organ support and palliative care after 3-7 days of full organ support (LoE 4, strong recommendation).

97%

Criteria for deciding admission to the ICU for patients with ACLF are similar to those applied in the population of patients without cirrhosis since
outcomes are similar when baseline clinical
characteristics are similar (LoE 4).

84%

Nucleos(t)ide analogues (NAs) should be started immediately in patients with HBV-related ACLF (LoE 2, strong recommendation). 100%
In patients with HBV-related ACLF, liver transplantation should be considered in those with a severe presentation (e.g., MELD score >30; ACLF-2 or
-3) despite early antiviral treatment initiation, particularly in the absence of early virologic response (<2-log reduction) and lack of clinical improve-
ment (LoE 2, strong recommendation).

94%

In patients with HBV-related ACLF, the use of NAs reduces mortality (LoE 2). 97%
In patients with AIH and ACLF, the benefit-risk ratio of the introduction of corticosteroid treatment should be evaluated on a case-by-case basis but
corticosteroids should be avoided in case of concomitant uncontrolled infection (LoE 5, strong recommendation).

82%

If corticosteroids are administered to patients with AIH and ACLF, close surveillance for infection and strict monitoring of the efficacy of corticoste-
roid therapy should be performed (LoE 2, strong recommendation).

100%

Evidence for the role of corticosteroids in patients with AIH and ACLF is very limited (LoE 5). 97%
Corticosteroids are not recommended in patients with severe alcohol-related hepatitis and ACLF-3, nor in patients with uncontrolled bacterial infec-
tion (LoE 3, strong recommendation).

81%

If corticosteroids are administered to patients with severe alcohol-related hepatitis and ACLF, close surveillance for infection should be performed
(LoE 2, strong recommendation).

100%

With increasing severity of ACLF, corticosteroid responsiveness is progressively reduced whilst the risk of infection increases (LoE 2). 100%
Both pre-emptive and rescue TIPS should be considered for patients with ACLF and variceal haemorrhage who do not have a contraindication for
TIPS (LoE 3, strong recommendation).

100%

Variceal haemorrhage in patients with ACLF is associated with a very high probability of rebleeding (LoE 3). 100%
In patients with ACLF, the presence of hepatic encephalopathy should not be considered an absolute contraindication to TIPS (LoE 4). 91%

(continued on next page)
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(continued)

Recommendation/statement Consensus

In patients with ACLF and suspected infection, empirical antibiotic treatment should be tailored according to the local epidemiology of bacterial in-
fections and the presence of risk factors for antibiotic resistance (LoE 2, strong recommendation).

100%

In patients with septic shock or worsening of ACLF, broad-spectrum empirical antibiotics covering all potential pathogens should be used (LoE 4,
strong recommendation).

97%

Patients with ACLF and suspicion of bacterial infections should receive broad-spectrum, empirical antibiotic therapy according to local epidemiology
as soon as possible (LoE 3, strong recommendation).

94%

In patients with ACLF and suspicion of bacterial infections, rapid and comprehensive infection workup is recommended (LoE 5, strong
recommendation).

100%

Early de-escalation of empirical antibiotics (within a 24-to-72-hour time frame) should be applied in patients with ACLF receiving broad-spectrum
antibiotics. De-escalation should be based on rapid microbiological tests and MDRO colonisation data (LoE 5, weak recommendation).

97%

Empirical antifungal therapy could be indicated in patients with ACLF developing a nosocomial septic shock who have additional risk factors for
fungal infection (LoE 5, weak recommendation).

97%

The routine use of artificial or bioartificial extracorporeal liver support or plasma exchange in ACLF is not recommended outside investigative trials
(LoE 2, strong recommendation).

100%

Although albumin dialysis can improve the severity of hepatic encephalopathy, there is no evidence it improves the survival of patients with ACLF
(LoE 2).

75%

In patients with ACLF and hypotension, human albumin or crystalloids should be used for initial fluid therapy (LoE 4, strong recommendation).a 94%
Human albumin is recommended for the treatment of patients with ACLF requiring substantial amounts of fluids and vasopressors (LoE 5, weak
recommendation).a

91%

Based on data coming from the general intensive care unit
(ICU) population, norepinephrine is the first-line vasopressor
for patients with ACLF and hypotension unresponsive to
fluid therapy (LoE 4, strong recommendation).a

100%

Dopamine is not recommended in patients with ACLF (LoE 4, strong recommendation).a 97%
Continuous infusion of terlipressin or vasopressin are potential second-line agents in patients with poor response to norepinephrine (LoE 4).a 94%
In patients with ACLF who require vasopressors for hypotension, we recommend a strategy to achieve a MAP >−65 mmHg (LoE 5, strong
recommendation).a

91%

Stress dose steroids might be used in patients with ACLF who require moderate or high doses of norepinephrine (>0.25 lg/kg/min) for hypotension
(LoE 3/4, weak recommendation).a

91%

Relative adrenal insufficiency is highly prevalent in patients with ACLF and refractory septic shock, and is associated with poor outcome (LoE 4).a 94%
Bundles of measures aimed to prevent the development of catheter-related
bacteraemia and ventilator-associated pneumonia should be
used in patients with ACLF admitted to the ICU
(LoE 3, strong recommendation).a

100%

Patients with ACLF admitted to the ICU are at high risk of nosocomial infections (LoE 3).a 100%
The routine administration of G-CSF is not recommended for patients with ACLF (LoE 3, strong recommendation). 100%
Assessment of frailty using validated tools is indicated in all patients with ACLF (LoE 4, weak recommendation). 100%
Screening of malnutrition using validated tools (e.g., Royal Free Hospital Nutrition Prioritizing Tool) is indicated in all patients with ACLF (LoE 3,
strong recommendation).

100%

Detailed evaluation of nutritional status in patients at risk of malnutrition should include:
- a bedside assessment of energy requirement performed by a dietitian or by an expert in medical nutrition (LoE 3, strong recommendation);
- sarcopenia assessment using the skeletal muscle index or psoas muscle area at the third lumbar vertebra, if a CT scan has been performed (LoE
3, strong recommendation);

- the measurement of liver frailty index in non-bedbound patients (LoE 4, weak recommendation).

97%

Target for energy is 30–35 kcal/kg/day (or 1-1.4x resting energy expenditure); target for protein is 1.2–1.5 g/kg/day (LoE 4, strong
recommendation).

100%

Restriction of protein intake should be avoided, since it is detrimental in cirrhosis (LoE 2, strong recommendation). 100%
Oral intake should be preferred whenever possible; if oral intake is not possible, enteral nutrition ideally using a naso-jejunal tube should be at-
tempted. If enteral nutrition is not tolerated, parenteral nutrition can be used as for other critically ill patients (LoE 4, strong recommendation).

94%

Micronutrients that should be supplemented if needed include vitamin A,
folic acid, thiamine, pyridoxine, vitamin B12,
vitamin D, vitamin E, iron, selenium,
zinc, calcium, magnesium, phosphorous (LoE 4, strong recommendation).

91%

In patients fasting for >12 hours (including nocturnal fasting), intravenous glucose at 2-3 g/kg/day is recommended (LoE 4, weak
recommendation).

93%

Refeeding syndrome should be monitored, prevented, and treated as early as possible (LoE 4, strong recommendation). 100%
In patients who experience variceal bleeding/upper gastrointestinal bleeding, oral nutrition should be started as soon as possible. Enteral nutrition
can be used safely (LoE 1, strong recommendation).

97%

In patients with ACLF, the decision to continue using NSBBs should be
made on a case-by-case basis with careful dose titration based
on close monitoring of the mean arterial
pressure and renal function (LoE 5, weak recommendation).

79%

In patients who recover from an episode of ACLF, NSBBs should be initiated cautiously, with close monitoring of blood pressure. Dose increases
should be guided by the mean arterial pressure; below a threshold of 65 mmHg, beneficial effects are limited (LoE 5, strong recommendation).

94%

No specific study has addressed the safety and efficacy of starting NSBBs in patients who recover from an episode of ACLF. Therefore, the effect of
NSBBs on outcomes is not known (n.a.).

100%

An early assessment for liver transplantation should be proposed for all patients with severe ACLF (ACLF-2 or -3) (LoE 2, strong recommendation). 100%
Liver transplantation is associated with a clear survival benefit in patients with severe ACLF, but the limits of patient suitability are unknown (LoE 2). 100%
Liver transplantation of patients with severe ACLF is associated with a substantial increase in resource utilisation (LoE 3). 100%
Patients with ACLF-3 should be prioritised on a MELD(-Na)-driven waiting list to reduce the excess of mortality (LoE 2, strong recommendation). 90%

(continued on next page)
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(continued)

Recommendation/statement Consensus

We recommend pilot programmes of prioritisation of patients with ACLF-3 on the waiting list (LoE 5, strong recommendation). 93%
Current allocation systems underestimate the waitlist mortality of patients with severe ACLF (ACLF-2 or -3) (LoE 2). 97%
Delaying liver transplantation for patients with severe ACLF (ACLF-2 or -3) increases the risk of waitlist and post-transplant mortality (LoE 3). 100%
The futility of liver transplantation of patients with ACLF-3 should be decided on a case-by-case basis considering independent predictors of post-
transplantation mortality (LoE 5, strong recommendation).

100%

Defining criteria for futile liver transplantation in patients with ACLF-3 is an urgent medical need (n.a.). 100%
Extended criteria donor livers should be considered for listed patients with ACLF-3 to reduce mortality on the waiting list (LoE 4, strong
recommendation).

93%

Living donor liver transplantation should be considered for patients with ACLF-3 in experienced centres (LoE 2, strong recommendation). 90%
a. Recommendation or statement whose companion text is provided in the online supplementary information.
Abbreviations Szabó, Frank Tacke, Puneeta Tandon, Dominique Thabut, Michael Trauner, Jean
AARC, APASL ACLF research consortium; ACLF, acute-on-chronic liver failure;
AD, acute decompensation; AIH, autoimmune hepatitis; AKI, acute kidney injury;
APASL, Asia Pacific Association for the Study of the Liver; BAR, balance of risk;
AVH, acute variceal haemorrhage; CLIF, Chronic Liver Failure; CLIF-C, CLIF
consortium; CPGs, Clinical Practice Guidelines; COSSH, Chinese Group on the
Study of Severe Hepatitis B; DRI, donor risk index; EASL, European Association
for the Study of the Liver; ELAD, extracorporeal liver assist device; G-CSF,
granulocyte-colony stimulating facto; ICU, intensive care unit; HBV, hepatitis B
virus; INR, international normalised ratio; MAP, mean arterial pressure; MARS,
molecular adsorbents recirculating system; MDRO, multidrug-resistant organ-
isms; MELD, model for end-stage liver disease; NA, nucleos(t)ide analogue;
NACSELD; North American Consortium for the Study on End-Stage Liver Dis-
ease; OF, organ failure; SBP, spontaneous bacterial peritonitis; SMT, standard
medical care; SUCRA, surface under cumulative ranking curve; TAM, trans-
plantation for ACLF-3 model; TIPS, transjugular intrahepatic portosystemic shunt;
TPE, therapeutic plasma exchange; UNOS, United Network for Organ Sharing;
XDR, extensively-drug resistant.

Conflict of interest

PA reports a patent with Biovie; receiving research grant from Gilead (Italy), travel
grant from CSL Behring, lecture fees from CSL Behring, Kedrion, Grifols; and
being on the advisory board for Biovie, Sequana Medical AG, Gilead (Italy), and
Ferring. MB reports receiving research grant from Gilead; advisory board fees
from Abbvie, Gilead, Intercept (advanz), Ipsen, Orphalan, Alexion, Deep Geno-
mics; and lecture fee from Chiesi, Abbvie, Gilead, Orphalan, Alexion, Intercept
(advanz). AB reports being consultant for Boehringer-Ingelheim. JF reports
receiving lecture fees from Grifols. TG reports being on the advisory board for
GoLiver Therapeutics and Cellaïon. RJ reports receiving grant support from the
European Commission; lecture fees from Grifols; being on the advisory board for
Yaqrit Ltd, Cyberliver Ltd, and Hepyx Ltd; a University license OPA, a novel
treatment for hepatic encephalopathy to Mallinckrodt Pharma; and being founder
of spinout companies, including Yaqrit Ltd., Cyberliver Ltd., and Hepyx Ltd. RM
reports receiving consulting fees from Genfit, and CSL Behring. MP reports
receiving research grants from Hungarian National Research, Development and
Innovation Office (NKFI) and the European Commission; receiving lecture and/or
consulting fees from Werfen, Boehringer Ingelheim RCV GmbH & Co KG, Danone
Hungary Kft., Takeda Pharma Kft., Pfizer Kft., Ferring Pharmaceuticlas, Richter
Gedeon Nyrt., eVisit Hungary Kft., Cassis Hungary Kft and SOBI. MT reports a
travel grant from Grifols. All other panelists declare no competing interests. JT
reports receiving grant support from the European Commission, lecture and/or
consulting fees from Versantis, Gore, Boehringer-Ingelheim, Falk, Grifols, Genfit
and CSL Behring. All other panelists report no competing interests.

Please refer to the accompanying EASL disclosure forms for further details.

Acknowledgment
The authors would like to thank the members of the Delphi Panel of this Clinical
Practice Guideline for their valuable contribution: Carlo Alessandria, Theresa
Antonini, Rafael Bañares, Luca Belli, Mauro Bernardi, William Bernal, Tony Bruns,
Paolo Caraceni, Minneke J Coenraad, Isabelle Colle, Helena Cortez Pinto, Sarwa
Darwish, Andrea De Gottardi, François Durand, Joan Genesca, Guadalupe
Garcia-Tsao, Virginia Hernandez-Gea, Ivica Grgurevic, Martin Janicko, Con-
stantin Karvellas, Wim Laleman, Rakhi Maiwall, Manuela Merli, Mitra Nadim, Filipe
Nery, Vishal C. Patel, Liane Rabinovitch, Faouzi Saliba, Nadia Selzner, Lubomir
Skladany, Vanessa Stadlbauer, Fin Stolze Larsen, Vinay Sundaram, Gyöngyi
26 Journal of Hepatology, J
Louis Vincent, Kymberly Watt, Alexander Zipprich.
The authors would also like to acknowledge Lidia Garcia-Campmany for

creating Fig. 2.
Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/
j.jhep.2023.04.021.

References
[1] D’Amico G, Bernardi M, Angeli P. Towards a new definition of decom-

pensated cirrhosis. J Hepatol 2022 Jan;76(1):202–207.
[2] Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, et al. Acute-on-

Chronic liver failure is a distinct syndrome that develops in patients with
acute decompensation of cirrhosis. Gastroenterology 2013 Jun;144(7):
1426–1437.e9.

[3] Trebicka J, Fernandez J, Papp M, Caraceni P, Laleman W, Gambino C,
et al. PREDICT identifies precipitating events associated with the clinical
course of acutely decompensated cirrhosis. J Hepatol 2021 May
1;74(5):1097–1108.

[4] Arroyo V, Moreau R, Jalan R. Acute-on-Chronic liver failure. N Engl J Med
2020 May 28;382(22):2137–2145.

[5] Moreau R, Gao B, Papp M, Bañares R, Kamath PS. Acute-on-chronic liver
failure: a distinct clinical syndrome. J Hepatol 2021 Jul;75(Suppl
1):S27–S35.

[6] Sarin SK, Choudhury A, Sharma MK, Maiwall R, al Mahtab M, Rahman S,
et al. Acute-on-chronic liver failure: consensus recommendations of the
Asian Pacific association for the study of the liver (APASL): an update.
Hepatol Int 2019 Jul 1;13(4):353–390.

[7] Bajaj JS, O’Leary JG, Reddy KR, Wong F, Biggins SW, Patton H, et al.
Survival in infection-related acute-on-chronic liver failure is defined by
extrahepatic organ failures. Hepatology 2014;60(1):250–256.

[8] Durand F, Roux O, Weiss E, Francoz C. Acute-on-chronic liver failure:
where do we stand? Liver Int 2021 Jun 1;41(S1):128–136.

[9] Zaccherini G, Weiss E, Moreau R. Acute-on-chronic liver failure: definitions,
pathophysiology and principles of treatment. JHEP Rep 2021
Feb;3(1):100176.

[10] European Association for the Study of the Liver M. EASL Clinical Practice
Guidelines for the management of patients with decompensated cirrhosis. J
Hepatol 2018 Aug;69(2):406–460.

[11] Cornberg M, Tacke F, Karlsen TH. European association for the study of the
liver. Clinical practice guidelines of the European association for the study
of the liver - advancing methodology but preserving practicability.
J Hepatol 2019 Jan;70(1):5–7.

[12] OCEBM Levels of Evidence Working Group*. “The Oxford Levels of Evi-
dence 2”. Oxford Centre for Evidence-Based Medicine. https://www.cebm.
ox.ac.uk/resources/levels-of-evidence/ocebm-levels-of-evidence.

[13] Sarin SK, Kumar A, Almeida JA, Chawla YK, Fan ST, Garg H, et al. Acute-
on-chronic liver failure: consensus recommendations of the Asian Pacific
Association for the study of the liver (APASL). Hepatol Int 2009
Mar;3(1):269–282.

[14] Wu T, Li J, Shao L, Xin J, Jiang L, Zhou Q, et al. Development of diagnostic
criteria and a prognostic score for hepatitis B virus-related acute-on-
chronic liver failure. Gut 2017 Sep 28;67(12):2181–2191.
uly 2023. vol. - j 1–31

https://doi.org/10.1016/j.jhep.2023.04.021
https://doi.org/10.1016/j.jhep.2023.04.021
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref1
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref1
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref2
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref2
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref2
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref2
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref3
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref3
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref3
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref3
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref4
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref4
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref5
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref5
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref5
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref6
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref6
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref6
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref6
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref7
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref7
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref7
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref8
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref8
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref9
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref9
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref9
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref10
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref10
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref10
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref11
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref11
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref11
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref11
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/ocebm-levels-of-evidence
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/ocebm-levels-of-evidence
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref13
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref13
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref13
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref13
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref14
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref14
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref14


Clinical Practice Guidelines
[15] Jalan R, Saliba F, Pavesi M, Amoros A, Moreau R, Ginès P, et al.
Development and validation of a prognostic score to predict mortality in
patients with acute-on-chronic liver failure. J Hepatol 2014 Nov;61(5):
1038–1047.

[16] O’leary JG, Reddy KR, Garcia-Tsao G, Biggins SW, Wong F, Fallon MB,
et al. NACSELD acute-on-chronic liver failure (NACSELD-ACLF) score
predicts 30-day survival in hospitalized patients with cirrhosis. Hepatology
2018 Jun;67(6):2367–2374.

[17] Hernaez R, Liu Y, Kramer JR, Rana A, El-Serag HB, Kanwal F. Model for end-
stage liver disease-sodium underestimates 90-day mortality risk in patients
with acute-on-chronic liver failure. J Hepatol 2020 Dec;73(6):1425–1433.

[18] Li F, Thuluvath PJ. EASL-CLIF criteria outperform NACSELD criteria for
diagnosis and prognostication in ACLF. J Hepatol 2021 Nov;75(5):
1096–1103.

[19] Cao Z, Liu Y, Cai M, Xu Y, Xiang X, Zhao G, et al. The use of NACSELD and
EASL-CLIF classification systems of ACLF in the prediction of prognosis in
hospitalized patients with cirrhosis. Am J Gastroenterol 2020 Dec
1;115(12):2026–2035.

[20] Mahmud N, Kaplan DE, Taddei TH, Goldberg DS. Incidence and mortality of
acute-on-chronic liver failure using two definitions in patients with compen-
sated cirrhosis. Hepatology 2019 May 1;69(5):2150–2163.

[21] Kim TY, Song DS, Kim HY, Sinn DH, Yoon EL, Kim CW, et al. Character-
istics and discrepancies in acute-on-chronic liver failure: need for a unified
definition. PLoS One 2016 Jan 10;11(1):e0146745.

[22] Slooter AJC, Otte WM, Devlin JW, Arora RC, Bleck TP, Claassen J, et al.
Updated nomenclature of delirium and acute encephalopathy: statement of
ten Societies. Intensive Care Med 2020 May;46(5):1020–1022.

[23] Ma YJ, Cao ZX, Li Y, Feng SY. Proton pump inhibitor use increases hepatic
encephalopathy risk: a systematic review and meta-analysis. World J
Gastroenterol 2019 Jun 7;25(21):2675–2682.

[24] Bhattacharyya S, Darby RR, Raibagkar P, Gonzalez Castro LN,
Berkowitz AL. Antibiotic-associated encephalopathy. Neurology 2016 Mar
8;86(10):963–971.

[25] Jalan R, Pavesi M, Saliba F, Amorós A, Fernandez J, Holland-Fischer P,
et al. The CLIF Consortium Acute Decompensation score (CLIF-C ADs) for
prognosis of hospitalised cirrhotic patients without acute-on-chronic liver
failure. J Hepatol 2015 Apr;62(4):831–840.

[26] Trebicka J, Fernandez J, Papp M, Caraceni P, Laleman W, Gambino C,
et al. The PREDICT study uncovers three clinical courses of acutely
decompensated cirrhosis that have distinct pathophysiology. J Hepatol
2020 Oct;73(4):842–854.

[27] Alexopoulou A, Vasilieva L, Mani I, Agiasotelli D, Pantelidaki H,
Dourakis SP. Single center validation of mortality scores in patients with
acute decompensation of cirrhosis with and without acute-on-chronic liver
failure. Scand J Gastroenterol 2017 Dec 2;52(12):1385–1390.

[28] Picon RV, Bertol FSD, Tovo CV, de Mattos ÂZ. Chronic liver failure-
consortium acute-on-chronic liver failure and acute decompensation
scores preDict mortality in Brazilian cirrhotic patients. World J Gastro-
enterol 2017 Jul 28;23(28):5237–5245.

[29] Shi Y, Shu Z, Sun W, Yang Q, Yu Y, Yang G, et al. Risk stratification of
decompensated cirrhosis patients by Chronic Liver Failure Consortium
scores: classification and regression tree analysis. Hepatol Res 2017 Mar
1;47(4):328–337.

[30] Gao F, Li X, Wan G, Li Y, Zhang Q, Liu Y, et al. Development and external
validation of a prognostic nomogram for acute decompensation of chronic
hepatitis B cirrhosis. BMC Gastroenterol 2018 Dec 3;18(1):179.

[31] Niewinski G, Morawiec S, Janik MK, Grat M, Graczynska A, Zieniewicz K,
et al. Acute-on-chronic liver failure: the role of prognostic scores in a single-
center experience. Med Sci Monit 2020 May 16;26:e922121.

[32] Baldin C, Piedade J, Guimarães L, Victor L, Duarte J, Veiga Z, et al. CLIF-
C AD score predicts development of acute decompensations and
survival in hospitalized cirrhotic patients. Dig Dis Sci 2021 Dec
1;66(12):4525–4535.

[33] Costa E Silva PP, Codes L, Rios FF, Esteve CP, Valverde Filho MT,
Lima DOC, et al. Comparison of general and liver-specific prognostic
scores in their ability to predict mortality in cirrhotic patients admitted to the
intensive care unit. Can J Gastroenterol Hepatol 2021 Sep
24;2021:9953106.

[34] Chang J, Höfer P, Böhling N, Lingohr P, Manekeller S, Kalff JC, et al.
Preoperative TIPS prevents the development of postoperative acute-on-
chronic liver failure in patients with high CLIF-C AD score. JHEP Rep
2022 Mar;4(3):100442.

[35] Sturm L, Praktiknjo M, Bettinger D, Huber JP, Volkwein L, Schmidt A, et al.
Prognostic value of the CLIF-C AD score in patients with implantation of
Journal of Hepatology, J
transjugular intrahepatic portosystemic shunt. Hepatol Com-
mun 2021;5(4):2021.

[36] Chang J, Bamarni A, Böhling N, Zhou X, Klein LM, Meinke J, et al. Elective
surgery but not transjugular intrahepatic portosystemic shunt precipitates
acute-on-chronic liver failure. Hepatol Commun 2021;5(7):1265–1277.

[37] Dupont B, Delvincourt M, Koné M, du Cheyron D, Ollivier-Hourmand I,
Piquet MA, et al. Retrospective evaluation of prognostic score perfor-
mances in cirrhotic patients admitted to an intermediate care unit. Dig Liver
Dis 2015 Aug;47(8):675–681.

[38] Li H, Chen LY, Zhang NN, Li ST, Zeng B, Pavesi M, et al. Characteristics,
diagnosis and prognosis of acute-on-chronic liver failure in cirrhosis
associated to hepatitis B. Sci Rep 2016 May 5;6:25487.

[39] Barosa R, Roque-Ramos L, Patita M, Nunes G, Fonseca J. CLIF-C ACLF
score is a better mortality predictor than MELD, MELD-Na and CTP in
patients with acute on chronic liver failure admitted to the ward. Revista
Espanola de Enfermedades Digestivas 2017;109(6):399–405.

[40] Li N, Huang C, Yu KK, Lu Q, Shi GF, Zheng JM. Validation of prognostic
scores to predict short-term mortality in patients with HBV-related acute-
on-chronic liver failure: the CLIF-C OF is superior to MELD, CLIF SOFA, and
CLIF-C ACLF. Medicine (Baltimore) 2017 Apr 1;96(17):e6802.

[41] Antunes AG, Teixeira C, Vaz AM, Martins C, Queirós P, Alves A, et al.
Comparación del valor pronóstico de los modelos del Chronic Liver
Failure Consortium y modelos tradicionales para predecir la mortalidad
en pacientes con cirrosis. Gastroenterol Hepatol 2017 Apr
1;40(4):276–285.

[42] Song DS, Kim TY, Kim DJ, Kim HY, Sinn DH, Yoon EL, et al. Validation of
prognostic scores to predict short-term mortality in patients with acute-on-
chronic liver failure. J Gastroenterol Hepatol (Australia) 2018 Apr
1;33(4):900–909.

[43] Shalimar, Sonika U, Kedia S, Mahapatra SJ, Nayak B, Yadav DP, et al.
Comparison of dynamic changes among various prognostic scores in viral
hepatitis-related acute liver failure. Ann Hepatol 2018 May 1;17(3):
403–412.

[44] Slyvka N, Virstyuk N, Abdelrahman F. Validation of CLIF-C-ACLF score
for alcoholic liver cirrhosis. Georgian Med News 2018;May;(278):
98–103.

[45] Safi W, Elnegouly M, Schellnegger R, Umgelter K, Geisler F, Reindl W, et al.
Infection and predictors of outcome of cirrhotic patients after emergency
care hospital admission. Ann Hepatol 2018 Nov 1;17(6):948–958.

[46] Maipang K, Potranun P, Chainuvati S, Nimanong S, Chotiyaputta W,
Tanwandee T, et al. Validation of the prognostic models in acuteon-chronic
liver failure precipitated by hepatic and extrahepatic insults. PLoS One
2019 Jul 10;14(7):e0219516.

[47] Xie Z, Violetta L, Chen E, Huang K, Wu D, Xu X, et al. A prognostic model for
hepatitis B acute-on-chronic liver failure patients treated using a plasma
exchange-centered liver support system. J Clin Apher 2020 Apr
1;35(2):94–103.

[48] Ramzan M, Iqbal A, Murtaza HG, Javed N, Rasheed G, Bano K. Compar-
ison of CLIF-C ACLF score and MELD score in predicting ICU mortality in
patients with acute-on-chronic liver failure. Cureus 2020 Feb
24;12(2):e7087.

[49] Kuo CC, Huang CH, Chang C, Chen PC, Chen BH, Chen WT, et al.
Comparing clif-c aclf, clif-c aclflactate, and clif-c aclf-d prognostic scores
in acute-on-chronic liver failure patients by a single-center icu experience.
J Pers Med 2021 Jan 1;11(2):1–11.

[50] Lin X, Huang X, Wang L, Feng S, Chen X, Cai W, et al. Prognostic value of
acute-on-chronic liver failure (ACLF) score in critically ill patients with
cirrhosis and ACLF. Med Sci Monit 2020 Sep 26;26:e926574.

[51] Li H, Zheng J, Chen L, Cai J, Zhang M, Wang G. The scoring systems in
predicting short-term outcomes in patients with hepatitis B virus-related
acute-on-chronic liver failure. Ann Cardiothorac Surg 2020 Sep
1;9(5):3048–3058.

[52] Jahn M, Raschidi L, Özçürümez M, Arzideh F, Korth J, Kribben A, et al.
Comparison of mortality prediction scores in intermediate-care patients
with liver cirrhosis at a German university transplant center; a prospective
study. Dig Dis 2023;41(1):96–106.

[53] Chen BH, Tseng HJ, Chen WT, Chen PC, Ho YP, Huang CH, et al.
Comparing eight prognostic scores in predicting mortality of patients with
acute-on-chronic liver failure who were admitted to an ICU: a single-center
experience. J Clin Med 2020 May 20;9(5):1540.

[54] Engelmann C, Thomsen KL, Zakeri N, Sheikh M, Agarwal B, Jalan R, et al.
Validation of CLIF-C ACLF score to define a threshold for futility of intensive
care support for patients with acute-on-chronic liver failure. Crit Care 2018
Oct 10;22(1):254.
uly 2023. vol. - j 1–31 27

http://refhub.elsevier.com/S0168-8278(23)00244-1/sref15
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref15
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref15
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref15
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref16
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref16
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref16
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref16
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref17
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref17
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref17
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref18
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref18
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref18
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref19
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref19
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref19
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref19
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref20
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref20
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref20
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref21
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref21
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref21
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref22
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref22
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref22
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref23
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref23
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref23
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref24
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref24
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref24
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref25
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref25
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref25
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref25
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref26
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref26
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref26
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref26
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref27
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref27
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref27
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref27
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref28
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref28
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref28
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref28
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref29
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref29
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref29
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref29
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref30
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref30
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref30
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref31
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref31
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref31
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref32
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref32
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref32
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref32
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref33
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref33
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref33
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref33
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref33
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref34
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref34
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref34
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref34
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref35
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref35
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref35
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref35
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref36
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref36
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref36
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref37
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref37
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref37
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref37
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref38
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref38
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref38
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref39
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref39
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref39
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref39
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref40
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref40
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref40
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref40
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref41
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref41
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref41
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref41
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref41
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref42
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref42
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref42
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref42
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref43
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref43
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref43
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref43
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref44
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref44
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref44
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref45
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref45
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref45
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref46
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref46
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref46
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref46
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref47
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref47
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref47
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref47
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref48
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref48
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref48
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref48
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref49
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref49
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref49
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref49
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref50
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref50
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref50
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref51
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref51
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref51
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref51
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref52
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref52
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref52
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref52
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref53
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref53
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref53
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref53
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref54
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref54
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref54
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref54


[55] Chen L, Zhang J, Lu T, Cai J, Zheng J, Yao J, et al. A nomogram to predict
survival in patients with acute-on-chronic hepatitis B liver failure after liver
transplantation. Ann Transl Med 2021 Apr;9(7):555.

[56] Cai Q, Zhu M, Duan J, Wang H, Sheng J. Establishment of prognostic
scoring models for different etiologies of acute decompensation in
hospitalized patients with cirrhosis. J Int Med Res 2019 Sep
1;47(9):4492–4504.

[57] Yu Z, Zhang Y, Cao Y, Xu M, You S, Chen Y, et al. A dynamic prediction
model for prognosis of acute-on-chronic liver failure based on the trend of
clinical indicators. Sci Rep 2021 Jan 19;11(1):1810.

[58] Mahmud N, Hubbard RA, Kaplan DE, Taddei TH, Goldberg DS. Risk pre-
diction scores for acute on chronic liver failure development and mortality.
Liver Int 2020 May 1;40(5):1159–1167.

[59] Li J, Liang X, You S, Feng T, Zhou X, Zhu B, et al. Development and vali-
dation of a new prognostic score for hepatitis B virus-related acute-on-
chronic liver failure. J Hepatol 2021 Nov;75(5):1104–1115.

[60] Arroyo V, Moreau R, Jalan R, Ginès P. Acute-on-chronic liver failure: a new
syndrome that will re-classify cirrhosis. J Hepatol 2015 Apr;62(1
Suppl):S131–S143. Elsevier.

[61] McPhail MJW, Parrott F, Wendon JA, Harrison DA, Rowan KA, Bernal W.
Incidence and outcomes for patients with cirrhosis admitted to the
United Kingdom Critical Care Units. Crit Care Med 2018 May
1;46(5):705–712.

[62] Bernal W, Karvellas C, Saliba F, Saner FH, Meersseman P. Intensive care
management of acute-on-chronic liver failure. J Hepatol 2021 Jul;75(Suppl
1):S163–S177.

[63] Meersseman P, Langouche L, du Plessis J, Korf H, Mekeirele M,
Laleman W, et al. The intensive care unit course and outcome in acute-on-
chronic liver failure are comparable to other populations. J Hepatol 2018
Oct;69(4):803–809.

[64] Gustot T, Fernandez J, Garcia E, Morando F, Caraceni P, Alessandria C,
et al. Clinical course of acute-on-chronic liver failure syndrome and effects
on prognosis. Hepatology 2015 Jul;62(1):243–252.

[65] Zhao RH, Shi Y, Zhao H, Wu W, Sheng JF. Acute-on-chronic liver failure in
chronic hepatitis B: an update. Expert Rev Gastroenterol Hepatol 2018
Apr;12(4):341–350.

[66] Xiao LL, Wu XX, Chen JJ, Yan D, Shi DY, Huang JR, et al. Progress in
hepatitis B virus-related acute-on-chronic liver failure treatment in China: a
large, multicenter, retrospective cohort study using a propensity score
matching analysis. Hepatobiliary Pancreat Dis Int 2021 Dec
1;20(6):535–541.

[67] Garg H, Sarin SK, Kumar M, Garg V, Sharma BC, Kumar A. Tenofovir im-
proves the outcome in patients with spontaneous reactivation of hepatitis B
presenting as acute-on-chronic liver failure. Hepatology 2011
Mar;53(3):774–780.

[68] Xie F, Yan L, Lu J, Zheng T, Shi C, Ying J, et al. Effects of nucleoside
analogue on patients with chronic hepatitis B-associated liver failure: meta-
analysis. PLoS One 2013;8(1):e54773.

[69] Yu S, Jianqin H, Wei W, Jianrong H, Yida Y, Jifang S, et al. The efficacy and
safety of nucleos(t)ide analogues in the treatment of HBV-related acute-on-
chronic liver failure: a meta-analysis. Ann Hepatol 2013 May-
Jun;12(3):364–372.

[70] Sun LJ, Yu JW, Zhao YH, Kang P, Li SC. Influential factors of prognosis in
lamivudine treatment for patients with acute-on-chronic hepatitis B liver
failure. J Gastroenterol Hepatol 2010;25(3):583–590.

[71] Zhang Y, Xu W, Zhu X, Li X, Li J, Shu X, et al. The 48-week safety and
therapeutic effects of tenofovir alafenamide in hbv-related acute-on-
chronic liver failure: a prospective cohort study. J Viral Hepat 2021 Apr
1;28(4):592–600.

[72] Chen J, Han JH, Liu C, Yu RH, Li FZ, Li QF, et al. Short-term entecavir
therapy of chronic severe hepatitis B. Hepatobiliary Pancreat Dis Int 2009
Jun;8(3):261–266.

[73] Wong VWS, Wong GLH, Yiu KKL, Chim AML, Chu SHT, Chan HY, et al.
Entecavir treatment in patients with severe acute exacerbation of chronic
hepatitis B. J Hepatol 2011 Feb;54(2):236–242.

[74] Huang KW, Tam KW, Luo JC, Kuan YC. Efficacy and safety of lamivudine
versus entecavir for treating chronic hepatitis B virus-related acute exac-
erbation and acute-on-chronic liver failure. J Clin Gastroenterol
2017;51(6):539–547.

[75] Li J, Hu C, Chen Y, Zhang R, Fu S, Zhou M, et al. Short-term and long-term
safety and efficacy of tenofovir alafenamide, tenofovir disoproxil fumarate
and entecavir treatment of acute-on-chronic liver failure associated with
hepatitis B. BMC Infect Dis 2021 Jun 14;21(1):567.
28 Journal of Hepatology, J
[76] Granito A, Muratori P, Muratori L. Acute-on-chronic liver failure: a complex
clinical entity in patients with autoimmune hepatitis. J Hepatol 2021
Dec;75(6):1503–1505.

[77] European Association for the Study of the Liver. EASL clinical
practice guidelines: autoimmune hepatitis. J Hepatol 2015
Oct;63(4):971–1004.

[78] Mack CL, Adams D, Assis DN, Kerkar N, Manns MP, Mayo MJ, et al.
Diagnosis and management of autoimmune hepatitis in adults and children:
2019 practice guidance and guidelines from the American association for
the study of liver diseases. Hepatology 2020;72(2):671–722.

[79] Rahim MN, Miquel R, Heneghan MA. Approach to the patient with acute
severe autoimmune hepatitis. JHEP Rep 2020 Dec;2(6):100149.

[80] Zhang X, Chen P, Gao H, Hao S, Yang M, Zhao H, et al. Bacterial infection
and predictors of mortality in patients with autoimmune liver disease-
associated acute-on-chronic liver failure. Can J Gastroenterol Hepatol
2018 Jan 28;2018:5108781.

[81] Anand L, Choudhury A, Bihari C, Sharma BC, Kumar M, Maiwall R, et al.
Flare of autoimmune hepatitis causing acute on chronic liver failure: diag-
nosis and response to corticosteroid therapy. Hepatology 2019 Aug
1;70(2):587–596.

[82] Sharma S, Agarwal S, Gopi S, Anand A, Mohta S, Gunjan D, et al. De-
terminants of outcomes in autoimmune hepatitis presenting as acute on
chronic liver failure without extrahepatic organ dysfunction upon treatment
with steroids. J Clin Exp Hepatol 2021 Mar;11(2):171–180.

[83] Mendizabal M, Marciano S, Videla MG, Anders M, Zerega A,
Balderramo DC, et al. Fulminant presentation of autoimmune hepatitis:
clinical features and early predictors of corticosteroid treatment failure. Eur
J Gastroenterol Hepatol 2015 Dec 1;27(6):644–648.

[84] Verma S, Gunuwan B, Mendler M, Govindrajan S, Redeker A. Factors
predicting relapse and poor outcome in type I autoimmune hepatitis: role of
cirrhosis development, patterns of transaminases during remission, and
plasma cell activity in the liver biopsy. Am J Gastroenterol 2004
Aug;99(8):1510–1516.

[85] Miyake Y, Iwasaki Y, Terada R, Onishi T, Okamoto R, Sakai N, et al.
Clinical characteristics of fulminant-type autoimmune hepatitis: an
analysis of eleven cases. Aliment Pharmacol Ther 2006
May;23(9):1347–1353.

[86] Yeoman AD, Westbrook RH, Zen Y, Maninchedda P, Portmann BC,
Devlin J, et al. Early predictors of corticosteroid treatment failure in icteric
presentations of autoimmune hepatitis. Hepatology 2011 Mar;53(3):
926–934.

[87] de Martin E, Coilly A, Chazouillères O, Roux O, Peron JM, Houssel-Debry P,
et al. Early liver transplantation for corticosteroid non-responders with
acute severe autoimmune hepatitis: the SURFASA score. J Hepatol 2021
Jun;74(6):1325–1334.

[88] Sersté T, Cornillie A, Njimi H, Pavesi M, Arroyo V, Putignano A, et al. The
prognostic value of acute-on-chronic liver failure during the course of se-
vere alcoholic hepatitis. J Hepatol 2018 Aug;69(2):318–324.

[89] Rahim MN, Liberal R, Miquel R, Heaton ND, Heneghan MA. Acute severe
autoimmune hepatitis: corticosteroids or liver transplantation? Liver Transpl
2019. Jun;25(6):946–959.

[90] Forrest EH, Atkinson SR, Richardson P, Masson S, Ryder S, Thursz MR,
et al. Prevalent acute-on-chronic liver failure and response to corticoste-
roids in alcoholic hepatitis. J Hepatol 2018 Nov;69(5):1200–1201.

[91] Thursz MR, Richardson P, Allison M, Austin A, Bowers M, Day CP, et al.
Prednisolone or pentoxifylline for alcoholic hepatitis. N Engl J Med 2015
Apr 23;372(17):1619–1628.

[92] Bosch J, Abraldes JG, Albillos A, Aracil C, Bañares R, Berzigotti A, et al.
Portal hypertension: recommendations for evaluation and treatment.
Consensus document sponsored by the Spanish association for the study
of the liver (AEEH) and the biomedical research network center for liver and
digestive diseases (CIBERehd). Gastroenterol Hepatol 2012
Jun;35(6):421–450.

[93] Reverter E, Tandon P, Augustin S, Turon F, Casu S, Bastiampillai R, et al.
A MELD-based model to determine risk of mortality among patients with
acute variceal bleeding. Gastroenterology 2014 Feb;146(2):412–419.e3.

[94] Gu W, Hortlik H, Erasmus HP, Schaaf L, Zeleke Y, Uschner FE, et al. Trends
and the course of liver cirrhosis and its complications in Germany:
nationwide population-based study (2005 to 2018). Lancet Reg Health Eur
2021 Nov 4;12:100240.

[95] García-Pagán JC, Caca K, Bureau C, Laleman W, Luca A, Abraldes JG,
et al. Early use of TIPS in patients with cirrhosis and variceal bleeding.
N Engl J Med 2010 Jun 24;362(25):2370–2379.
uly 2023. vol. - j 1–31

http://refhub.elsevier.com/S0168-8278(23)00244-1/sref55
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref55
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref55
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref56
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref56
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref56
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref56
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref57
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref57
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref57
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref58
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref58
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref58
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref59
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref59
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref59
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref60
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref60
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref60
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref61
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref61
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref61
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref61
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref62
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref62
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref62
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref63
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref63
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref63
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref63
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref64
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref64
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref64
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref65
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref65
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref65
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref66
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref66
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref66
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref66
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref66
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref67
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref67
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref67
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref67
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref68
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref68
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref68
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref69
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref69
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref69
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref69
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref70
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref70
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref70
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref71
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref71
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref71
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref71
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref72
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref72
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref72
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref73
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref73
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref73
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref74
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref74
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref74
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref74
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref75
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref75
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref75
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref75
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref76
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref76
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref76
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref77
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref77
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref77
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref78
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref78
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref78
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref78
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref79
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref79
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref80
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref80
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref80
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref80
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref81
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref81
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref81
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref81
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref82
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref82
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref82
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref82
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref83
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref83
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref83
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref83
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref84
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref84
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref84
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref84
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref84
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref85
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref85
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref85
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref85
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref86
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref86
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref86
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref86
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref87
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref87
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref87
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref87
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref88
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref88
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref88
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref89
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref89
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref89
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref90
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref90
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref90
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref91
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref91
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref91
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref92
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref92
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref92
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref92
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref92
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref92
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref93
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref93
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref93
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref94
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref94
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref94
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref94
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref95
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref95
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref95


Clinical Practice Guidelines
[96] Cabrera L, Tandon P, Abraldes JG. An update on the management of
acute esophageal variceal bleeding. Gastroenterol Hepatol 2017
Jan;40(1):34–40.

[97] Conejo I, Guardascione MA, Tandon P, Cachero A, Castellote J,
Abraldes JG, et al. Multicenter external validation of risk stratification
criteria for patients with variceal bleeding. Clin Gastroenterol Hepatol 2018
Jan;16(1):132–139.e8.

[98] Trebicka J, Gu W, Ibáñez-Samaniego L, Hernández-Gea V, Pitarch C,
Garcia E, et al. Rebleeding and mortality risk are increased by ACLF but
reduced by pre-emptive TIPS. J Hepatol 2020 Nov;73(5):1082–1091.

[99] Kumar R, Kerbert AJC, Sheikh MF, Roth N, Calvao JAF, Mesquita MD, et al.
Determinants of mortality in patients with cirrhosis and uncontrolled vari-
ceal bleeding. J Hepatol 2021 Jan;74(1):66–79.

[100] D’Amico G, de Franchis R. Upper digestive bleeding in cirrhosis. Post-
therapeutic outcome and prognostic indicators. Hepatology 2003 Sep
1;38(3):599–612.

[101] Qi X, He C, Guo W, Yin Z, Wang J, Wang Z, et al. Transjugular intrahepatic
portosystemic shunt for portal vein thrombosis with variceal bleeding in
liver cirrhosis: outcomes and predictors in a prospective cohort study. Liver
Int 2016 May 1;36(5):667.

[102] de Franchis R, Baveno VI Faculty. Expanding consensus in portal hyper-
tension: report of the Baveno VI Consensus Workshop: stratifying risk and
individualizing care for portal hypertension. J Hepatol 2015
Sep;63(3):743–752.

[103] de Franchis R, Bosch J, Garcia-Tsao G, Reiberger T, Ripoll C, Baveno VII
Faculty JG, et al. Baveno VII - renewing consensus in portal hypertension.
J Hepatol 2022 Apr;76(4):959–974.

[104] Njei B, McCarty TR, Laine L. Early transjugular intrahepatic portosystemic
shunt in US patients hospitalized with acute esophageal variceal bleeding.
J Gastroenterol Hepatol 2017 Apr 1;32(4):852–858.

[105] Thabut D, Pauwels A, Carbonell N, Remy AJ, Nahon P, Causse X, et al.
Cirrhotic patients with portal hypertension-related bleeding and an indica-
tion for early-TIPS: a large multicentre audit with real-life results. J Hepatol
2017 Dec 14;68(1):73–81.

[106] Bucsics T, Schoder M, Goeschl N, Schwabl P, Mandorfer M, Diermayr M,
et al. Re-bleeding rates and survival after early transjugular intrahepatic
portosystemic shunt (TIPS) in clinical practice. Dig Liver Dis 2017
Dec;49(12):1360–1367.

[107] Deltenre P, Trépo E, Rudler M, Monescillo A, Fraga M, Denys A, et al. Early
transjugular intrahepatic portosystemic shunt in cirrhotic patients with
acute variceal bleeding: a systematic review and meta-analysis of
controlled trials. Eur J Gastroenterol Hepatol 2015 Sep;27(9):e1–e9.

[108] Hernández-Gea V, Procopet B, Giráldez Á, Amitrano L, Villanueva C,
Thabut D, et al. Preemptive-TIPS improves outcome in high-risk variceal
bleeding: an observational study. Hepatology 2019 Jan;69(1):282–293.

[109] Lee YY, Tee HP, Mahadeva S. Role of prophylactic antibiotics in cirrhotic
patients with variceal bleeding. World J Gastroenterol 2014 Feb
21;20(7):1790–1796.

[110] Garg H, Kumar A, Garg V, Kumar M, Kumar R, Sharma BC, et al. Hepatic
and systemic hemodynamic derangements predict early mortality and re-
covery in patients with acute-on-chronic liver failure. J Gastroenterol
Hepatol 2013;28(8):1361–1367.

[111] Trebicka J. Emergency TIPS in a Child-Pugh B patient: when does
the window of opportunity open and close? J Hepatol 2017
Feb;66(2):442–450.

[112] Lv Y, Zuo L, Zhu X, Zhao J, Xue H, Jiang Z, et al. Identifying optimal
candidates for early TIPS among patients with cirrhosis and acute variceal
bleeding: a multicentre observational study. Gut 2019 Jul
1;68(7):1297–1310.

[113] Fernández J, Piano S, Bartoletti M, Wey EQ. Management of bacterial and
fungal infections in cirrhosis: the MDRO challenge. J Hepatol 2021
Jul;75(Suppl 1):S101–S117.

[114] Piano S, Singh V, Caraceni P, Maiwall R, Alessandria C, Fernandez J, et al.
Epidemiology and effects of bacterial infections in patients with cirrhosis
worldwide. Gastroenterology 2019 Apr;156(5):1368–1380.e10.

[115] Fernández J, Prado V, Trebicka J, Amoros A, Gustot T, Wiest R, et al.
Multidrug-resistant bacterial infections in patients with decompensated
cirrhosis and with acute-on-chronic liver failure in Europe. J Hepatol 2019
Mar;70(3):398–411.

[116] Wong F, Piano S, Singh V, Bartoletti M, Maiwall R, Alessandria C, et al.
Clinical features and evolution of bacterial infection-related acute-on-
chronic liver failure. J Hepatol 2021 Feb;74(2):330–339.

[117] Fernández J, Acevedo J, Wiest R, Gustot T, Amoros A, Deulofeu C, et al.
Bacterial and fungal infections in acute-on-chronic liver failure: prevalence,
Journal of Hepatology, J
characteristics and impact on prognosis. Gut 2017 Nov
7;67(10):1870–1880.

[118] Arabi YM, Dara SI, Memish Z, Al Abdulkareem A, Tamim HM, Al-Shirawi N,
et al. Cooperative Antimicrobial Therapy of Septic Shock (CATSS) Data-
base Research Group. Antimicrobial therapeutic determinants of outcomes
from septic shock among patients with cirrhosis. Hepatology 2012
Dec;56(6):2305–2315.

[119] Arabi YM, Aljumah A, Dabbagh O, Tamim HM, Rishu AH, Al-
Abdulkareem A, et al. Low-dose hydrocortisone in patients with cirrhosis
and septic shock: a randomized controlled trial. CMAJ 2010 Dec
14;182(18):1971–1977.

[120] Fernández J, Acevedo J, Castro M, Garcia O, Rodríguez de Lope C,
Roca D, et al. Prevalence and risk factors of infections by multiresistant
bacteria in cirrhosis: a prospective study. Hepatology 2012
May;55(5):1551–1561.

[121] Campion M, Scully G. Antibiotic use in the intensive care unit: optimization
and de-escalation. J Intensive Care Med 2018 Dec;33(12):647–655.

[122] Tabah A, Bassetti M, Kollef MH, Zahar JR, Paiva JA, Timsit JF, et al.
Antimicrobial de-escalation in critically ill patients: a position statement
from a task force of the European society of intensive care medicine
(ESICM) and European society of clinical microbiology and infectious dis-
eases (ESCMID) critically ill patients study group (ESGCIP). Intensive Care
Med 2020 Feb;46(2):245–265.

[123] de Waele JJ, Schouten J, Beovic B, Tabah A, Leone M. Antimicrobial de-
escalation as part of antimicrobial stewardship in intensive care: no sim-
ple answers to simple questions—a viewpoint of experts. Intensive Care
Med 2020 Feb;46(2):236–244.

[124] Prado V, Hernández-Tejero M, Mücke MM, Marco F, Gu W, Amoros A, et al.
Rectal colonization by resistant bacteria increases the risk of infection by
the colonizing strain in critically ill patients with cirrhosis. J Hepatol 2022
May;76(5):1079–1089.

[125] Bajaj JS, Reddy KR, Tandon P, Wong F, Kamath PS, Biggins SW, et al.
Prediction of fungal infection development and their impact on survival
using the NACSELD cohort. Am J Gastroenterol 2018 Apr
1;113(4):556–563.

[126] Bartoletti M, Rinaldi M, Pasquini Z, Scudeller L, Piano S, Giacobbe DR,
et al. Risk factors for candidaemia in hospitalized patients with liver
cirrhosis: a multicentre case-control-control study. Clin Microbiol Infect
2021 Feb;27(2):276–282.

[127] Ferrarese A, Cattelan A, Cillo U, Gringeri E, Russo FP, Germani G, et al.
Invasive fungal infection before and after liver transplantation. World J
Gastroenterol 2020 Dec 21;26(47):7485–7496.

[128] Gustot T, Fernandez J, Szabo G, Albillos A, Louvet A, Jalan R, et al.
Sepsis in alcohol-related liver disease. J Hepatol 2017
Nov;67(5):1031–1050.

[129] Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C,
et al. Executive summary: surviving sepsis campaign: international guide-
lines for the management of sepsis and septic shock 2021. Crit Care Med
2021 Nov 1;49(11):1974–1982.

[130] Cento V, Alteri C, Mancini V, Gatti M, Lepera V, Mazza E, et al. Quantifi-
cation of 1,3-b-d-glucan by Wako b-glucan assay for rapid exclusion of
invasive fungal infections in critical patients: a diagnostic test accuracy
study. Mycoses 2020 Dec 1;63(12):1299–1310.

[131] Larsen FS. Artificial liver support in acute and acute-on-chronic liver failure.
Curr Opin Crit Care 2019 Apr;25(2):187–191.

[132] MacDonald AJ, Karvellas CJ. Emerging role of extracorporeal support in
acute and acute-on-chronic liver failure: recent developments. Semin
Respir Crit Care Med 2018;39(5):625–634.

[133] Duan Z, Xin S, Zhang J, You S, Chen Y, Liu H, et al. Comparison of
extracorporeal cellular therapy (ELAD®) vs standard of care in a randomized
controlled clinical trial in treating Chinese subjects with acute-on-chronic
liver failure. Hepat Med 2018 Nov 16;10:139–152.

[134] Thompson J, Jones N, Al-Khafaji A, Malik S, Reich D, Munoz S, et al.
Extracorporeal cellular therapy (ELAD) in severe alcoholic hepatitis: a
multinational, prospective, controlled, randomized trial. Liver Transpl 2018
Mar 1;24(3):380–393.

[135] Ocskay K, Kanjo A, Gede N, Szakács Z, Pár G, Er}oss B, et al. Uncertainty in
the impact of liver support systems in acute-on-chronic liver failure: a
systematic review and network meta-analysis. Ann Intensive Care 2021
Jan 18;11(1):10.

[136] Bañares R, Ibáñez-Samaniego L, Torner JM, Pavesi M, Olmedo C,
Catalina MV, et al. Meta-analysis of individual patient data of albumin
dialysis in acute-on-chronic liver failure: focus on treatment intensity.
Therap Adv Gastroenterol 2019 Sep 27;12:1756284819879565.
uly 2023. vol. - j 1–31 29

http://refhub.elsevier.com/S0168-8278(23)00244-1/sref96
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref96
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref96
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref97
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref97
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref97
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref97
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref98
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref98
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref98
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref99
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref99
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref99
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref100
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref100
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref100
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref101
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref101
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref101
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref101
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref102
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref102
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref102
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref102
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref103
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref103
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref103
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref104
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref104
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref104
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref105
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref105
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref105
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref105
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref106
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref106
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref106
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref106
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref107
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref107
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref107
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref107
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref108
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref108
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref108
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref109
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref109
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref109
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref110
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref110
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref110
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref110
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref111
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref111
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref111
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref112
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref112
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref112
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref112
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref113
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref113
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref113
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref114
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref114
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref114
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref115
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref115
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref115
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref115
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref116
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref116
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref116
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref117
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref117
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref117
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref117
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref118
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref118
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref118
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref118
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref118
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref119
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref119
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref119
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref119
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref120
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref120
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref120
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref120
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref121
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref121
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref122
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref122
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref122
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref122
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref122
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref122
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref123
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref123
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref123
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref123
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref124
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref124
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref124
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref124
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref125
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref125
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref125
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref125
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref126
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref126
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref126
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref126
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref127
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref127
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref127
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref128
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref128
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref128
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref129
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref129
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref129
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref129
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref130
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref130
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref130
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref130
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref131
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref131
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref132
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref132
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref132
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref133
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref133
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref133
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref133
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref133
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref134
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref134
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref134
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref134
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref135
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref135
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref135
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref135
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref135
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref136
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref136
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref136
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref136


[137] Tan EXX, Wang MX, Pang J, Lee GH. Plasma exchange in patients with
acute and acute-on-chronic liver failure: a systematic review. World J
Gastroenterol 2020 Jan 14;26(2):219–245.

[138] Li N, Zhang L, Li H, Fang B. Human CD34+ cells mobilized by granulocyte
colony-stimulating factor ameliorate radiation-induced liver damage in
mice. Stem Cel Res Ther 2010 Jul 15;1(3):22.

[139] Esch JS, Schmelzle M, Fürst G, Robson SC, Krieg A, Duhme C, et al.
Infusion of CD133 + bone marrow-derived stem cells after selective portal
vein embolization enhances functional hepatic reserves after extended right
hepatectomy: a retrospective single-center study. Ann Surg 2012
Jan;255(1):79–85.

[140] Engelmann C, Splith K, Berg T, Schmelzle M. Effects of granulocyte-colony
stimulating factor (G-CSF) on stem cell mobilization in patients with liver
failure. Eur J Intern Med 2016 Dec;36:e37–e39.

[141] Demetri GD, Griffin JD. Granulocyte colony-stimulating factor and its re-
ceptor. Blood 1991 Dec 1;78(11):2791–2808.

[142] Garg V, Garg H, Khan A, Trehanpati N, Kumar A, Sharma BC, et al.
Granulocyte colony-stimulating factor mobilizes CD34(+) cells and im-
proves survival of patients with acute-on-chronic liver failure. Gastroen-
terology 2012 Mar;142(3):505–512.e1.

[143] Duan XZ, Liu FF, Tong JJ, Yang HZ, Chen J, Liu XY, et al. Granulocyte-
colony stimulating factor therapy improves survival in patients with hepa-
titis B virus-associated acuteon-chronic liver failure. World J Gastroenterol
2013;19(7):1104–1110.

[144] Engelmann C, Herber A, Franke A, Bruns T, Reuken P, Schiefke I, et al.
Granulocyte-colony stimulating factor (G-CSF) to treat acute-on-chronic
liver failure: a multicenter randomized trial (GRAFT study). J Hepatol 2021
Dec;75(6):1346–1354.

[145] Puchades Renau L, Herreras López J, Cebrià I, Iranzo MÀ, Cezón
Serrano N, di Maira T, Berenguer M. Frailty and sarcopenia in acute-on-
chronic liver failure. Hepatol Commun 2021 Aug 1;5(8):1333–1347.

[146] Bischoff SC, Bernal W, Dasarathy S, Merli M, Plank LD, Schütz T, et al.
ESPEN practical guideline: clinical nutrition in liver disease. Clin Nutr 2020
Dec;39(12):3533–3562.

[147] European Association for the Study of the Liver A. EASL Clinical Practice
Guidelines on nutrition in chronic liver disease. J Hepatol 2019
Jan;70(1):172–193.

[148] Tandon P, Montano-Loza AJ, Lai JC, Dasarathy S, Merli M. Sarcopenia and
frailty in decompensated cirrhosis. J Hepatol 2021 Jul;75(Suppl
1):S147–S162.

[149] Ney M, Vandermeer B, van Zanten SJV, Ma MM, Gramlich L, Tandon P.
Meta-Analysis: oral or enteral nutritional supplementation in cirrhosis.
Aliment Pharmacol Ther 2013 Apr;37(7):672–679.

[150] Reuter B, Shaw J, Hanson J, Tate V, Acharya C, Bajaj JS. Nutritional
assessment in inpatients with cirrhosis can Be improved after training and
is associated with lower readmissions. Liver Transpl 2019 Dec
1;25(12):1790–1799.

[151] Serper M, Tao SY, Kent DS, Garren P, Burdzy AE, Lai JC, et al. Inpatient
frailty assessment is feasible and predicts nonhome discharge and mor-
tality in decompensated cirrhosis. Liver Transplant 2021 Dec
1;27(12):1711–1722.

[152] Kremer WM, Nagel M, Reuter M, Hilscher M, Michel M, Kaps L, et al.
Validation of the clinical frailty scale for the prediction of mortality in pa-
tients with liver cirrhosis. Clin Transl Gastroenterol 2020 Jul;11(7):e00211.

[153] Borhofen SM, Gerner C, Lehmann J, Fimmers R, Görtzen J, Hey B, et al.
The royal free hospital-nutritional prioritizing tool is an independent pre-
dictor of deterioration of liver function and survival in cirrhosis. Dig Dis Sci
2016 Jun 1;61(6):1735–1743.

[154] Mayr U, Pfau J, Lukas M, Bauer U, Herner A, Rasch S, et al. NUTRIC and
modified NUTRIC are accurate predictors of outcome in end-stage liver
disease: a validation in critically ill patients with liver cirrhosis. Nutrients
2020 Jul 1;12(7):1–15.

[155] Tsai MH, Huang HC, Peng YS, Chen YC, Tian YC, Yang CW, et al. Nutrition
risk assessment using the modified NUTRIC score in cirrhotic patients with
acute gastroesophageal variceal bleeding: prevalence of high nutrition risk
and its independent prognostic value. Nutrients 2019 Sep 1;11(9).

[156] Taylor BE, McClave SA, Martindale RG, Warren MM, Johnson DR,
Braunschweig C, et al. Guidelines for the provision and assessment of
nutrition support therapy in the adult critically ill patient: society of critical
care medicine (SCCM) and American society for parenteral and enteral
nutrition (A.S.P.E.N.). Crit Care Med 2016 Feb;44(2):390–438.

[157] Cano NJM, Aparicio M, Brunori G, Carrero JJ, Cianciaruso B, Fiaccadori E,
et al. ESPEN Guidelines on Parenteral Nutrition: adult renal failure. Clin Nutr
2009 Aug;28(4):401–414.
30 Journal of Hepatology, J
[158] Yoshida M, Izawa J, Wakatake H, Saito H, Kawabata C, Matsushima S,
et al. Mortality associated with new risk classification of developing
refeeding syndrome in critically ill patients: a cohort study. Clin Nutr 2021
Mar;40(3):1207–1213.

[159] Antar R, Wong P, Ghali P. A meta-analysis of nutritional supplementation
for management of hospitalized alcoholic hepatitis. Can J Gastroenterol
2012 Jul;26(7):463–467.

[160] Baltz JG, Argo CK, Al-Osaimi AMS, Northup PG. Mortality after percuta-
neous endoscopic gastrostomy in patients with cirrhosis: a case series.
Gastrointest Endosc 2010 Nov;72(5):1072–1075.

[161] Cabré E, Rodríguez-Iglesias P, Caballería J, Quer JC, Sánchez-
Lombraña JL, Parés A, et al. Short- and long-term outcome of severe
alcohol-induced hepatitis treated with steroids or enteral nutrition: a
multicenter randomized trial. Hepatology 2000;32(1):36–42.

[162] Moreno C, Deltenre P, Senterre C, Louvet A, Gustot T, Bastens B, et al.
Intensive enteral nutrition is ineffective for patients with severe alcoholic
hepatitis treated with corticosteroids. Gastroenterology 2016
Apr;150(4):903–910.e8.

[163] Kulkarni Av, Anand L, Vyas AK, Premkumar M, Choudhury AK,
Trehanpati N, et al. Omega-3 fatty acid lipid emulsions are safe and
effective in reducing endotoxemia and sepsis in acute-on-chronic liver
failure: an open-label randomized controlled trial. J Gastroenterol Hepatol
2021 Jul 1;36(7):1953–1961.

[164] Lebrec D, Bernuau J, Rueff B, Nouel O, Bouygues M, Benhamou JP.
Propranolol in prevention of recurrent gastrointestinal bleeding in cirrhotic
patients. The Lancet 1981 Apr;317(8226):920–921.

[165] Rodrigues SG, Mendoza YP, Bosch J. Beta-blockers in cirrhosis:
evidence-based indications and limitations. JHEP Rep 2020
Feb;2(1):100063.

[166] Sersté T, Melot C, Francoz C, Durand F, Rautou PE, Valla D, et al. Dele-
terious effects of beta-blockers on survival in patients with cirrhosis and
refractory ascites. Hepatology 2010 Sep;52(3):1017–1022.

[167] Mandorfer M, Bota S, Schwabl P, Bucsics T, Pfisterer N, Kruzik M, et al.
Nonselective b blockers increase risk for hepatorenal syndrome and death
in patients with cirrhosis and spontaneous bacterial peritonitis. Gastroen-
terology 2014 Jun;146(7):1680–16890.e1.

[168] Mookerjee RP, Pavesi M, Thomsen KL, Mehta G, Macnaughtan J,
Bendtsen F, et al. Treatment with non-selective beta blockers is associated
with reduced severity of systemic inflammation and improved survival of
patients with acute-on-chronic liver failure. J Hepatol 2016
Mar;64(3):574–582.

[169] Jachs M, Hartl L, Schaufler D, Desbalmes C, Simbrunner B, Eigenbauer E,
et al. Amelioration of systemic inflammation in advanced chronic liver
disease upon beta-blocker therapy translates into improved clinical out-
comes. Gut 2021 Sep 1;70(9):1758–1767.

[170] Tergast TL, Kimmann M, Laser H, Gerbel S, Manns MP, Cornberg M, et al.
Systemic arterial blood pressure determines the therapeutic window of
non-selective beta blockers in decompensated cirrhosis. Aliment Phar-
macol Ther 2019;50(6):696–706.

[171] Artru F, Louvet A, Ruiz I, Levesque E, Labreuche J, Ursic-Bedoya J, et al.
Liver transplantation in the most severely ill cirrhotic patients: a multicenter
study in acute-on-chronic liver failure grade 3. J Hepatol 2017
Oct;67(4):708–715.

[172] Thuluvath PJ, Thuluvath AJ, Hanish S, Savva Y. Liver transplantation in
patients with multiple organ failures: feasibility and outcomes. J Hepatol
2018 Nov;69(5):1047–1056.

[173] Sundaram V, Jalan R, Wu T, Volk ML, Asrani SK, Klein AS, et al. Factors
associated with survival of patients with severe acute-on-chronic liver
failure before and after liver transplantation. Gastroenterology 2019
Apr;156(5):1381–1391.e3.

[174] Artzner T, Michard B, Weiss E, Barbier L, Noorah Z, Merle JC, et al.
Liver transplantation for critically ill cirrhotic patients: stratifying utility
based on pretransplant factors. Am J Transplant 2020 Sep 1;20(9):
2437–2448.

[175] Belli LS, Duvoux C, Artzner T, Bernal W, Conti S, Cortesi PA, et al. Liver
transplantation for patients with acute-on-chronic liver failure (ACLF) in
Europe: results of the ELITA/EF-CLIF collaborative study (ECLIS). J Hepatol
2021 Sep;75(3):610–622.

[176] Sundaram V, Shah P, Mahmud N, Lindenmeyer CC, Klein AS, Wong RJ,
et al. Patients with severe acute-on-chronic liver failure are disadvantaged
by model for end-stage liver disease-based organ allocation policy. Aliment
Pharmacol Ther 2020 Oct 1;52(7):1204–1213.

[177] Sundaram V, Shah P, Wong RJ, Karvellas CJ, Fortune BE, Mahmud N, et al.
Patients with acute on chronic liver failure grade 3 have greater 14-day
uly 2023. vol. - j 1–31

http://refhub.elsevier.com/S0168-8278(23)00244-1/sref137
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref137
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref137
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref138
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref138
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref138
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref138
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref139
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref139
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref139
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref139
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref139
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref139
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref140
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref140
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref140
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref141
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref141
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref142
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref142
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref142
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref142
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref142
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref143
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref143
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref143
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref143
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref144
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref144
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref144
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref144
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref145
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref145
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref145
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref146
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref146
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref146
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref147
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref147
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref147
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref148
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref148
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref148
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref149
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref149
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref149
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref150
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref150
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref150
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref150
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref151
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref151
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref151
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref151
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref152
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref152
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref152
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref153
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref153
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref153
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref153
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref154
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref154
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref154
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref154
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref155
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref155
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref155
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref155
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref156
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref156
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref156
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref156
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref156
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref157
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref157
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref157
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref158
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref158
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref158
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref158
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref159
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref159
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref159
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref160
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref160
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref160
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref161
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref161
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref161
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref161
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref162
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref162
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref162
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref162
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref163
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref163
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref163
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref163
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref163
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref164
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref164
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref164
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref165
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref165
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref165
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref166
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref166
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref166
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref167
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref167
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref167
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref167
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref168
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref168
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref168
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref168
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref168
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref169
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref169
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref169
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref169
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref170
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref170
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref170
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref170
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref171
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref171
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref171
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref171
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref172
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref172
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref172
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref173
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref173
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref173
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref173
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref174
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref174
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref174
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref174
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref175
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref175
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref175
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref175
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref176
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref176
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref176
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref176
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref177
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref177


Clinical Practice Guidelines
waitlist mortality than status-1a patients. Hepatology 2019
Jul;70(1):334–345.

[178] Zhang S, Suen SC, Gong CL, Pham J, Trebicka J, Duvoux C, et al. Early
transplantation maximizes survival in severe acute-on-chronic liver failure:
results of a Markov decision process model. JHEP Rep 2021 Sep
23;3(6):100367.

[179] Umgelter A, Lange K, Kornberg A, Büchler P, Friess H, Schmid RM.
Orthotopic liver transplantation in critically ill cirrhotic patients with multi-
organ failure: a single-center experience. Transpl Proc 2011
Dec;43(10):3762–3768.

[180] Levesque E, Winter A, Noorah Z, Daurès JP, Landais P, Feray C, et al.
Impact of acute-on-chronic liver failure on 90-day mortality following a first
liver transplantation. Liver Int 2017 May 1;37(5):684–693.

[181] Sundaram V, Patel S, Shetty K, Lindenmeyer CC, Rahimi RS, Flocco G,
et al. Risk factors for posttransplantation mortality in recipients with grade 3
acute-on-chronic liver failure: analysis of a North American consortium.
Liver Transpl 2022 Jun 1;28(6):1078–1089.

[182] Weiss E, Saner F, Asrani SK, Biancofiore G, Blasi A, Lerut J, et al. When is a
critically ill cirrhotic patient too sick to transplant? Development of
consensus criteria by a multidisciplinary panel of 35 international experts.
Transplantation 2021;561–8.

[183] Dutkowski P, Oberkofler CE, Slankamenac K, Puhan MA, Schadde E,
Müllhaupt B, et al. Are there better guidelines for allocation in liver trans-
plantation? A novel score targeting justice and utility in the model for end-
stage liver disease era. Ann Surg 2011 Nov;254(5):745–753. discus-
sion 753.

[184] Ghinolfi D, Rreka E, de Tata V, Franzini M, Pezzati D, Fierabracci V, et al.
Pilot, open, randomized, prospective trial for normothermic machine
perfusion evaluation in liver transplantation from older donors. Liver Transpl
2019 Mar 1;25(3):436–449.

[185] Czigany Z, Pratschke J, Fron�ek J, Guba M, Schöning W, Raptis DA, et al.
Hypothermic oxygenated machine perfusion reduces early allograft injury
and improves post-transplant outcomes in extended criteria donation liver
transplantation from donation after brain death: results from a multicenter
Journal of Hepatology, J
randomized controlled trial (HOPE ECD-DBD). Ann Surg 2021 Nov
1;274(5):705–712.

[186] http://www.eltr.org. European Liver Transplant Registry
[187] Trotter JF, Adam R, Lo CM, Kenison J. Documented deaths of hepatic lobe

donors for living donor liver transplantation. Liver Transpl 2006
Oct;12(10):1485–1488.

[188] Cheah YL, Simpson MA, Pomposelli JJ, Pomfret EA. Incidence of
death and potentially life-threatening near-miss events in living donor he-
patic lobectomy: a world-wide survey. Liver Transpl 2013
May;19(5):499–506.

[189] Yi NJ, Suh KS, Cho JY, Lee HW, Cho EH, Yang SH, et al. Three-quarters of
right liver donors experienced postoperative complications. Liver Trans-
plant 2007 Jun;13(6):797–806.

[190] Duan BW, Lu SC, Wang ML, Liu JN, Chi P, Lai W, et al. Liver transplantation
in acute-on-chronic liver failure patients with high model for end-stage liver
disease (MELD) scores: a single center experience of 100 consecutive
cases. J Surg Res 2013 Aug;183(2):936–943.

[191] Toshima T, Harada N, Itoh S, Morita K, Nagao Y, Kurihara T, et al. Out-
comes of living-donor liver transplantation for acute-on-chronic liver failure
based on newly proposed criteria in Japan. Clin Transpl 2022
Aug;36(8):e14739.

[192] Yadav SK, Saraf N, Choudhary NS, Sah JK, Sah SK, Rastogi A, et al. Living
donor liver transplantation for acute-on-chronic liver failure. Liver Trans-
plant 2019 Mar 1;25(3):459–468.

[193] Moon DB, Lee SG, Kang WH, Song GW, Jung DH, Park GC, et al. Adult
living donor liver transplantation for acute-on-chronic liver failure in high–
model for end-stage liver disease score patients. Am J Transplant 2017
Jul 1;17(7):1833–1842.

[194] Jalan R, D’Amico G, Trebicka J, Moreau R, Angeli P, Arroyo V. New clinical
and pathophysiological perspectives defining the trajectory of cirrhosis.
J Hepatol 2021 Jul;75(Suppl 1):S14–S26.

[195] Shi Y, Yang Y, Hu Y, Wu W, Yang Q, Zheng M, et al. Acute-on-chronic liver
failure precipitated by hepatic injury is distinct from that precipitated by
extrahepatic insults. Hepatology 2015 Jul;62(1):232–242.
uly 2023. vol. - j 1–31 31

http://refhub.elsevier.com/S0168-8278(23)00244-1/sref177
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref177
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref178
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref178
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref178
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref178
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref179
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref179
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref179
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref179
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref180
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref180
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref180
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref181
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref181
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref181
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref181
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref182
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref182
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref182
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref182
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref183
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref183
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref183
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref183
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref183
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref184
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref184
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref184
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref184
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref185
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref185
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref185
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref185
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref185
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref185
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref185
http://www.eltr.org
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref187
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref187
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref187
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref188
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref188
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref188
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref188
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref189
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref189
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref189
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref190
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref190
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref190
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref190
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref191
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref191
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref191
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref191
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref192
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref192
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref192
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref193
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref193
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref193
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref193
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref194
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref194
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref194
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref195
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref195
http://refhub.elsevier.com/S0168-8278(23)00244-1/sref195

	EASL Clinical Practice Guidelines on acute-on-chronic liver failure
	Introduction
	Methodology used to develop the presentguidelines
	Defining ACLF
	Organ systems that should be considered
	Comparison of APASL, NASCELD and EASL diagnostic criteria
	Comparison of CLIF-C of score- vs. NACSELD criteria-based ACLF diagnosis
	Comparison of CLIF-C of score- vs. APASL criteria-based ACLF diagnosis


	Precipitants that should be considered

	Predicting ACLF and death
	Management
	ICU admission
	Acute intrahepatic precipitants
	Acute extrahepatic precipitants
	Variceal bleeding
	ACLF in acute variceal haemorrhage
	TIPS for bleeding in ACLF

	Bacterial and fungal infections
	Extracorporeal liver support
	Resuscitation for hypotension requiring vasopressor therapy
	Secondary infections
	Immune modulators
	Nutritional support, sarcopenia, and frailty
	Use of non-selective beta-blockers (NSBBs)


	Liver transplantation
	Conclusions
	Appendix. Delphi round consensus on the statements and recommendations of the present CPGs.
	Abbreviations
	Conflict of interest
	Supplementary data
	References


