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Abstract
Acute-on-chronic liver failure (ACLF) is a condition associated with high mortality in the absence of liver transplanta-
tion. There have been various definitions proposed worldwide. The first consensus report of the working party of the Asian 
Pacific Association for the Study of the Liver (APASL) set in 2004 on ACLF was published in 2009, and the “APASL ACLF 
Research Consortium (AARC)” was formed in 2012. The AARC database has prospectively collected nearly 10,500 cases 
of ACLF from various countries in the Asia–Pacific region. This database has been instrumental in developing the AARC 
score and grade of ACLF, the concept of the ‘Golden Therapeutic Window’, the ‘transplant window’, and plasmapheresis as 
a treatment modality. Also, the data has been key to identifying pediatric ACLF. The European Association for the Study of 
Liver-Chronic Liver Failure (EASL CLIF) and the North American Association for the Study of the End Stage Liver Disease 
(NACSELD) from the West added the concepts of organ failure and infection as precipitants for the development of ACLF 
and CLIF-Sequential Organ Failure Assessment (SOFA) and NACSELD scores for prognostication. The Chinese Group on 
the Study of Severe Hepatitis B (COSSH) added COSSH-ACLF criteria to manage hepatitis b virus-ACLF with and without 
cirrhosis. The literature supports these definitions to be equally effective in their respective cohorts in identifying patients 
with high mortality. To overcome the differences and to develop a global consensus, APASL took the initiative and invited 
the global stakeholders, including opinion leaders from Asia, EASL and AASLD, and other researchers in the field of ACLF 
to identify the key issues and develop an evidence-based consensus document. The consensus document was presented in 
a hybrid format at the APASL annual meeting in Kyoto in March 2024. The ‘Kyoto APASL Consensus’ presented below 
carries the final recommendations along with the relevant background information and areas requiring future studies.

Keywords  AARC​ · ACLF · Acute decompensation (AD) · Cirrhosis · Non-acute decompensation (NAD) · Organ failure · 
Recompensation

Abbreviations
ACLF	� Acute-on-chronic liver failure
AD	� Acute decompensation
AIH	� Autoimmune hepatitis
AKI	� Acute kidney injury
ALD	� Alcohol-related liver disease
AVB	� Acute variceal bleed
BCS	� Budd–Chiari syndrome
CAM	� Complementary and alternative 

medicine
CANONIC-CLIF	� Acute-oN-ChrONic LIver failure in 

cirrhosis
CLIF	� Chronic Liver Failure Consortium
CNI	� Calcineurin inhibitor
DILI	� Drug-induced liver injury
DDLT	� Deceased donor liver transplant
DI-ACLF	� Drug-induced ACLF
FMT	� Fecal microbiota transplant
GRWR​	� Graft Recipient Weight Ratio
GM	� Gut microbiota

HCC	� Hepatocellular carcinoma
HDS	� Herbs, drugs and supplements
HBV	� Hepatitis B virus
HE	� Hepatic encephalopathy
HRS	� Hepato renal syndrome
HVPG	� Hepatic venous pressure gradient
LoE	� Level of evidence
LDLT	� Living donor liver transplant
LT	� Liver transplant
LVP	� Large volume paracentesis
MAFLD	� Metabolic-associated fatty liver 

disease
MARS	� Molecular adsorbent recirculating 

system
MASLD	� Metabolic-associated steatotic liver 

disease
MVP	� Modest volume paracentesis
MSC	� Mesenchymal stem cell therapy
NSBB	� Non-selective beta blocker
NAD	� Non-acute decompensation
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NSBB	� Non-selective beta-blockers
PVT	� Portal vein thrombosis
PICD	� Paracentesis-induced circulatory 

dysfunction
PRA	� Plasma renin activity
RRT​	� Renal replacement therapy
SOFA	� Sequential organ failure assessment
qSOFA	� Quick sequential organ failure 

assessment
MELD	� Model end-stage liver disease
SAH	� Severe alcoholic hepatitis
TPPM	� Tongji prognostic predictor model
TPE	� Therapeutic plasma exchange

Introduction

Acute-on-chronic liver failure (ACLF) is recognized glob-
ally as a severe ailment associated with high short-term mor-
tality in patients with chronic liver disease and cirrhosis. 
Multiple definitions of ACLF exist, each proposed by four 
major consortia, including the APASL ACLF Research Con-
sortium (AARC), the European Association for the Study of 
the Liver-Chronic Liver Failure (EASL-CLIF), North Amer-
ican Association for the Study of the End Stage liver Disease 
(NACSELD), and Chinese Group on the Study of Severe 
Hepatitis B (COSSH); and one from the society: the Ameri-
can Association for the Study of liver disease (AASLD). 
Additionally, national societies in Japan, Korea, China, and 
Mexico have developed their own definitions [1–7]. These 
variations have led to challenges in the diagnosis, manage-
ment, and research of ACLF due to inconsistencies across 
regions and populations. While there has been significant 
progress in the understanding of this acutely fatal disease, 
the treatment is largely limited to bridge therapies and liver 
transplantation (LT). However, access to LT is restricted for 
many patients, highlighting the urgent need for collaborative 
research focused on non-transplant therapeutic strategies. 
One of the major hindrances to improving the outcomes 
of these sick patients is the lack of a unified definition. In 
response to this challenge, the APASL, through its ACLF 
Research Consortium (AARC), initiated a global collabora-
tion to develop a new consensus on ACLF that would be 
relevant to patients worldwide. The AARC invited scientists 
and opinion leaders from around the world, including those 
not affiliated with any existing consortium, to contribute 
unbiased perspectives. A systematic, multilayered method-
ology was employed to identify and address the most critical 
and controversial aspects of ACLF. A unified definition is 
crucial for research in liver-directed therapies, which can 
lead to improved outcomes for these sick patients. Based 
on a series of virtual meetings, 16 important questions and 
areas were identified. Subsequently, the experts for each area 

were selected from various countries for global representa-
tion. Accordingly, data collection and draft preparation for 
each of the sections were undertaken. Each section had three 
members in charge of drafting. Every section was further 
divided into several subgroups, each of which was led by a 
senior investigator and two experts. The level of evidence 
(LoE) and grade of recommendations were based on the 
GRADE system [8, 9] (Table 1). The documents and the 
recommendations were prepared by the section chiefs after 
detailed deliberations with the members. These recommen-
dations were then collated and circulated to the entire group. 
These recommendations were thoroughly reviewed, refined, 
and presented at the APASL Annual Conference in Kyoto in 
March 2024. The result is the Kyoto Consensus, a globally 
unified framework for ACLF that incorporates the collective 
knowledge and expertise of nearly 200 scientists from five 
continents.

The concept of hepatic reserve and the liver 
failure

Natural history of Cirrhosis and decompensation 
and causes of death

The natural history of cirrhosis is divided into two distinct 
stages; the compensated and the decompensated stage. The 
compensated stage is an asymptomatic period with a median 
survival of 10 or more years. The second stage, known as 
decompensated cirrhosis, is characterized by the presence 
of symptoms and a median survival of 1–2 years. The term 
“decompensated cirrhosis” is typically used to describe the 
presence or history of specific conditions, such as ascites, 
bleeding, hepatic encephalopathy (HE), or jaundice (Fig. 1), 
and broadly denotes hepatic reserves and functions which 
are unable to maintain the required body functions. The tran-
sition from compensated to decompensated cirrhosis leads to 
increased mortality risk [10–12]. A recent study by D’Amico 
and colleagues evaluated the impact of further decompensa-
tion in patients with decompensated cirrhosis [13]. The term 
decompensation here included bilirubin > 3 mg/dl, clinically 
detectable ascites, overt HE, or portal hypertensive bleeding. 
‘Further decompensation’ was defined as: (a) second portal 
hypertensive-driven decompensating event (ascites, HE or 
acute variceal bleed [AVB]), and/or jaundice; (b) recurrent 
variceal bleeding, worsening ascites (requirement of ≥ 3 
Large volume paracentesis (LVP) within 1 year), recurrent 
encephalopathy, and (c) development of spontaneous bacte-
rial peritonitis (SBP) and/or acute kidney injury (AKI)/hepa-
torenal syndrome. The last three complications were con-
sidered as further decompensating events because they only 
occurred after the development of ascites [13]. Therefore, 
jaundice is considered a decompensating event in the natural 
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history of cirrhosis. In recent years, increasing attention has 
been given to new entities whose roles in the natural history 
of liver cirrhosis remain to be characterized, namely, first 
decompensation, acute decompensation (AD), ACLF, Non-
AD (NAD), and further decompensation and recompensa-
tion [14]. In a recent study from the US in 2018, there were 

85,807 deaths from underlying chronic liver disease (CLD). 
Liver-related mortality was the leading cause of death for all 
types of CLD followed by death from cardiac causes [15].

A retrospective cohort study of 202,022 adult patients 
with cirrhosis from 2000 to 2017 reported compensated cir-
rhosis in 73% and decompensated in the remaining. After a 

Table 1   Level of evidence and grade of recommendation used for the guideline development

a To make the GRADE system more objective, the type of studies from which the evidence are derived have been mentioned in the Level of Evi-
dence
b Level was graded down if there was a poor quality, strong bias or inconsistency between studies; level was graded up if there was a large effect 
size
c Recommendations reached by consensus of the members and included the quality of evidence, presumed patient-important outcomes and costs

Level of evidence a,b Confidence in the evidence

High Information obtained from meta-analyses or systematic reviews, 
or from numerous randomized trials that have high-quality data

It is improbable that additional research will significantly alter our 
level of confidence in the assessment of potential benefits and 
risks

Moderate Information obtained from either a singular randomized con-
trolled trial (RCT) or various non-randomized studies

Additional research, if conducted, may potentially alter our esti-
mation of the benefit and risk and have an impact on our level of 
confidence in the estimate

Low Studies of limited sample size, observational studies conducted 
retrospectively, and registries

There is a degree of uncertainty associated with any estimate of 
the effect

Recommendations – Grade c Wording associated with the grade of recommendation
Strong The strength of the recommendation was influenced by several 

factors, such as the quality of the evidence, the presumed out-
comes that are important for the patient, and the cost implica-
tions

“must”, “should”, or “we recommend

Weak The recommendation may be made with less certainty and may 
result in higher costs or resource consumption due to variabil-
ity in preferences and values, or increased uncertainty

“can”, “may”, or “we suggest

Fig. 1   Natural History and Outcomes of CLD and cirrhosis based on hepatic reserve, nature and degree of acute insult. Abbreviations: OF- 
organ failure, EHOF- extrahepatic organ failure, NAD- non-acute decompensation
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median follow-up of 5 years, 81,428 (40%) patients died. 
Irrespective of the type of index decompensation (jaundice, 
ascites, HE, bleeding), the mortality at 10 years was not 
more than 45%, implying decompensated cirrhosis has better 
outcomes than ACLF who have high short-term mortality 
of up to 50% at 3 months. Furthermore, liver-related deaths 
accounted for up to 62% of patients with decompensated cir-
rhosis but only up to 17% with compensated cirrhosis. The 
most common cause of death was liver-related (32%), fol-
lowed by non-hepatic malignancy (19%), and cardiovascular 
disease (CVD)-related causes (17%). Patients with compen-
sated cirrhosis suffered more from non-liver-related deaths, 
such as non-hepatic malignancy or CVD-related death. Con-
versely, among those with either decompensated cirrhosis 
and/or hepatocellular carcinoma (HCC), liver-related deaths 
were the most common cause of death [16]. The cumulative 
mortality for patients with compensated cirrhosis was 9.5%, 
19.6%, and 31% at 1, 5, and 10 years, respectively, compared 
to 30.6%, 56.8%, and 72.6% for those with decompensated 
cirrhosis [16].

Further decompensation in a decompensated 
cirrhosis‑ defining AD, ACLF and decompensated 
cirrhosis

CLD is a progressive disease characterized by a gradual 
decline in liver function, including impairment in the syn-
thesis of proteins and clotting factors, detoxification, and/or 
energy metabolism for more than 6 months [17]. The reason 
for this can be multiple, and the disease, when diagnosed, 
can be at any stage of fibrosis spectrum ranging from F1 to 
F4. Cirrhosis is the end-stage of fibrosis which is usually 

irreversible. Patients with cirrhosis are bound to develop 
complications of portal hypertension. AD is the develop-
ment of either jaundice, ascites, HE, variceal bleeding, and/
or infection, which requires medical attention but may not 
require hospitalization. Approximately 2/3rd of patients with 
cirrhosis have only one event of decompensation, and 1/3rd 
develop more than one event. [18] The time to develop these 
complications and the sequence is never uniform. Experts 
agree that the time frame for the development of decompen-
sation should be standardized to 4 weeks (Table 2). Further 
decompensation refers to a stage in which the patient expe-
riences a new episode of decompensating events, carrying 
an additional risk for mortality. A multicenter study in the 
European-Latin American region confirmed that additional 
decompensation events, whether single or multiple, nega-
tively affect survival in patients who already have ascites 
as their first acute decompensation [19]. The natural course 
and outcome of patients with AD and ACLF vary depend-
ing on the nature and severity of the precipitating event 
and the stage of underlying liver disease [20, 21] (Fig. 2). 
In contrast, non-acute decompensation (NAD) describes a 
more gradual form of decompensation, in which symptoms 
develop slowly, often without the need for immediate hos-
pitalization (Table 2).

Recompensation in cirrhosis: the concept 
and implication for diagnosis of ACLF

The concept of recompensation in cirrhosis was introduced 
in Baveno VII and has since emerged as a significant pivot 
in the natural history of liver disease, suggesting the poten-
tial for regression from decompensated to a compensated or 

Table 2   Spectrum of decompensation in CLD/cirrhosis

NAD non-acute decompensation, AD acute decompensation, ACLF acute-on-chronic liver failure
* Acute insult may or may not be detected. But it often leads to further decompensation in AD or NAD. # Prior decompensation is an exclusion 
for defining as per APASL. Other definitions inclusive of this. @Regression/Recomepenasation

Parameter Non-Acute Decom-
pensation (NAD)

Acute Decompensation (AD) Further Decompensation ACLF

Acute insult No Yes Yes Yes
Identifiable insult – Around 40% *Always 70%
Time from acute insult to presentation – Up to 3 months Up to 3 months Up to 28 days
Underlying cirrhosis Always diagnosed Diagnosed or undiagnosed Always diagnosed CLD with F3-F4 

Fibrosis or Cir-
rhosis

Diagnosed or 
undiagnosed

Prior decompensation Not always Not always Always #No
1-, 3-month mortality 10–15% 45–60% 45- 60% 30–70%
Regression/Recompensation @Often Limited Less common Often
Bridge therapy Not needed Limited use Limited use Often

helpful
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recompensated state [22, 23]. The recompensated phase is 
arbitrarily defined as a state wherein patients, due to effec-
tive control of etiology and management of complications, 
show an absence of clinical decompensation events for an 
extended period, with laboratory and clinical features akin 
to compensated cirrhosis [23]. The implications of recom-
pensation for the diagnosis and prognosis of ACLF are pro-
found and multifaceted. Firstly, it challenges the traditional 
perspective of decompensated cirrhosis as an irreversible 
endpoint, providing a new paradigm for patient manage-
ment and prognosis. The identification of recompensation 
is contingent upon strict criteria, including the removal or 
control of etiology, resolution of clinical decompensations 
such as ascites and HE, the absence of variceal bleeding, and 
sustained improvement in liver function tests such as albu-
min, bilirubin, and the international normalized ratio. The 
recompensation concept stems from observational studies 
and clinical experiences indicating a sustained suppression 
or cure of the underlying etiology of liver disease, such as 
viral eradication in hepatitis C, can lead to the reversal of 
decompensated cirrhosis [24]. Similarly, abstinence from 
alcohol in patients with alcohol-related liver disease (ALD) 
and effective control of viral load in hepatitis B can lead to 
significant clinical improvements, including the resolution 
of ascites and HE, further supporting the possibility of rec-
ompensation [25]. The incidence of compensation rates has 
been variably reported based on etiology (18% in alcohol-
related cirrhosis and 25% in HCV cirrhosis) [26, 27]. The 
pathophysiology of recompensation is still not fully under-
stood but is believed to involve the reversal of processes 
that drive decompensation. These processes may include the 

reduction of portal hypertension, amelioration of systemic 
inflammation, improvement in gut permeability, and resolu-
tion of cirrhosis-associated immune dysfunction [22–24]. 
An enhanced understanding would provide a roadmap for 
therapeutic interventions to achieve recompensation, which 
includes treatments targeting specific etiologies of liver dis-
ease, anti-inflammatory, immune modulation, liver regenera-
tion, and portal hypertension.

The current Baveno VII definition of recompensation 
mentions that the patient should remain compensated with-
out the use of non-selective beta blockers. This is however, 
at variance with several existing guidelines which recom-
mend the use of NSBB for prolonged periods for second-
ary prophylaxis of variceal bleeds. Additional clarity is 
required in this concept. In the definition of the recompen-
sation, there should be inclusion of regression of the degree 
of portal hypertension whether spontaneously or while on 
NSBB. Stopping NSBB should not be made a criterion for 
defining recompensation as portal hypertension drives the 
future decompensating events. Portal hypertension could be 
assessed by HVPG or using non-invasive tools.

A recent study from China among 461 ACLF patients 
showed lesser severity, lower incidence of pulmonary fail-
ure, and better 1-year survival in patients developing ACLF 
with baseline recompensated cirrhosis as compared to 
patients with decompensated cirrhosis [28]. Importantly, 
clinical features and prognosis were similar between ACLF 
patients with recompensated and compensated cirrhosis 
[28]. On the flip side, recent studies from the AARC consor-
tium and India revealed resolution of ACLF after an index 
ACLF event is possible and improves the prognosis with 

CLD F3,F4
Compensated Cirrhosis

Decompensated Cirrhosis
AD

NAD

ACLF

Re-compensation
Regression  

HCC 
CSPH

Further Decompensation
‘ACLF Again’

Recovery, Reversal

MOF, Death
Precipitant

Treat etiology

Mechanisms 
?Regeneration 

NSBB
Risk factor rem
HCC Prevention

EASL/AASLD

Liver transplant

6 months

12 months

ACLF Again

Fig. 2   The spectrum of liver injury and liver failure in a patient of Cirrhosis
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almost zero short-term mortality [29, 30]. Such improve-
ments in disease course critically influence the management 
decisions such as delisting from liver transplantation. Nev-
ertheless, there remains a continued need for surveillance 
for complications like hepatocellular carcinoma and recur-
rence of ACLF in these patients. Further studies should aim 
to delineate the natural history of recompensated cirrhosis, 
explore non-invasive biomarkers of recompensation, and 
elucidate the molecular mechanisms underlying the reversal 
of decompensation.

Reversal of ACLF syndrome: timeline, predictor(s) 
and outcome

In the context of ACLF, it would be better to use the term 
‘reversal of ACLF’ than recompensation, as a proportion of 
the patients may have advanced fibrosis and not cirrhosis as 
the underlying liver disease and to avoid confusion with rec-
ompensation of decompensated cirrhosis. While the current 
LoE for reversal of ACLF is still evolving, the need for care-
ful prospective studies is evident. AARC defines the revers-
ibility as a decrease of bilirubin below 5 mg/dL and reversal 
of coagulopathy to INR below 1.5 and no encephalopathy 
with or without resolution of ascites. From the AARC data-
base, about 70% of the survivors had a reversal of ACLF by 
day 90, which was maintained for 1 year. The median time 
to reversal of syndrome, i.e., jaundice and coagulopathy, 
was 30 days. Baseline albumin, AARC score, and transient 
elastography predicted long-term reversibility [1]. Similarly, 
patients with HBV-related ACLF who achieve reversal of 
ACLF remain stable for up to 5 years [31]. Another multi-
center study including 346 patients with ACLF from India 
reported complete reversal of ACLF among 47% of patients 
compared to 73% who received beta blockers [30]. The mean 
time to reversal was 2.3 months in the beta-blocker group 
compared to 2.66 months in those not receiving beta-block-
ers [30]. These patients, however, remain at risk of decom-
pensation (noted in 5–20%) and HCC (noted in 4–12%) 
even after reversal [31]. In the CANONIC study, which had 
included decompensated cirrhosis, among patients with ini-
tial ACLF-1, the most frequent clinical course was resolu-
tion of the syndrome in 54.5%; the reversal rate decreased to 
34.6% for baseline ACLF-2 and 16% for ACLF-3 [32]. The 
median time for resolution was 14 (1–28) days. Patients who 
recover from grade 1 ACLF have an increased risk of later 
developing Grade 3 ACLF compared to those who never 
experience grade 1 ACLF [33]. Reversible decompensations 
for grade 1 ACLF have a lower risk of progressing to grade 
3 ACLF, while liver-related organ failures have a higher risk 
of grade 3 ACLF [33]. Irrespective of the definition, reversal 
of ACLF is possible, and those who achieve reversal have 
improved long-term survival [31].

The timeline and sequence of reversal were deliberated 
upon in detail. There was no data to identify the sequence of 
reversal, which needs to be assessed in future studies. How-
ever, with respect to time, the complete resolution would 
not be more than 6 months, and those achieving resolution 
by 90 days would be named as an “early reversal”. Some 
experts also suggested that 30 days should be named as early 
as most patients would have achieved final grade by then. 
However, such studies have not counted for the time from 
diagnosis to final grade; instead, they focused on time from 
medical attention to final grade [32]. Reversal of ACLF syn-
drome remains to be studied more and hopefully prospective 
data in the future can indicate predictors of reversal and the 
possibility of retaining the native liver.

Regression of Cirrhosis‑ etiology, time frame, 
and implication for ACLF

A considerable reduction in fibrosis characterizes the regres-
sion of advanced fibrosis/compensated and early stage of cir-
rhosis. Extensive evidence supports the efficacy of etiology-
specific treatment for chronic liver disease, demonstrating 
marked regression of liver fibrosis and, in some cases, rever-
sal of compensated cirrhosis. Data is robust about chronic 
hepatitis B; long duration (> 1 year) of antiviral therapy 
resulting in viral load suppression has led to fibrosis regres-
sion and reversal of compensated cirrhosis in 27–88% [34] 
and 33–80%, respectively [35]. Marcellin et al. reported 
through paired liver biopsy assessment among 348 patients 
who were treated with TDF over 240 weeks, that 51% of 
these patients had regression of fibrosis, whereas 74% with 
baseline cirrhosis achieved reversal of cirrhosis [36].

Hepatitis C treatment with IFN-based regimens and 
direct-acting antivirals (DAAs) treatment showed rever-
sal of cirrhosis among 24–83% of patients who achieved 
SVR [35, 37]. Pooled data from 4 RCTs by Poynard et al. 
demonstrated a reversal of cirrhosis in 49% with Interferon-
based therapy [38]. Another similar meta-analysis reported 
a higher probability of a reversal of cirrhosis among those 
who achieved SVR [39]. Even patients with compensated 
cirrhosis, particularly those with subclinical portal hyperten-
sion who achieve SVR, have been noted to have a significant 
reduction in hepatic venous pressure gradient (HVPG) [37].

Effect of exercise with or without diet modification 
among MAFLD/MASLD patients shows improvement of 
NAS score [40]. Significant reduction in fibrosis among 
NASH/MASH patients with advanced fibrosis and compen-
sated cirrhosis can occur in 26% with anti-fibrotic therapies 
such as FXR, PPAR, and anti-diabetic agents over 48 weeks 
of therapy [41]. Similarly, treatment of AIH and PBC with 
immunosuppressant (prednisolone ± azathioprine) and urso-
deoxycholic acid, respectively, for at least 2 years has led to 
significant improvement in fibrosis score and even reversal 
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of cirrhosis [34]. Data on the regression of fibrosis among 
ALD after alcohol abstinence is lacking but is associated 
with clinical improvement (lower risk of decompensation 
and improved survival) among all stages of cirrhosis [42] 
(Fig. 3).

Studies that utilized both liver biopsy and transient elas-
tography to assess histological outcome post-treatment in 
chronic viral hepatitis concluded that there is a tendency of 
overestimation of regression of cirrhosis and fibrosis stage 
with TE [43]. The improvement of liver stiffness is more 
a reflection of the resolution of inflammation rather than 
the regression of fibrosis. Hence, a longer duration of post-
treatment follow-up is required for the non-invasive fibrosis 
assessment to be a reliable marker of fibrosis regression. 
Long-term studies on improvement in liver stiffness to dem-
onstrate the reversibility of cirrhosis or fibrosis in ALD are 
lacking. Current strategies to regress fibrosis in patients with 
MAFLD/MASLD are underway.

Reversal of advanced fibrosis/cirrhosis is likely to 
decrease the risk of progressive liver disease and, thus, 
ACLF. Thus, global efforts at identifying patients who are 
candidates for specific treatments and enhancing etiology-
specific treatments, are likely to decrease the pool of patients 
at risk for ACLF. The main determinant of the reversal of 
ACLF and of recompensation of cirrhosis is the hepatic 
reserve (Fig. 4). There is a need for quantitative liver func-
tion tests in the presence of liver failure and decompensation.

1.	 Recommendations: the concept of ACLF and Hepatic 
reserve

	 1.1.	 Natural history of cirrhosis and decompensation 
and causes of death

	 1.1.1.	 There are two stages of cirrhosis: com-
pensated and decompensated. (LoE-High, 
Recommendation-Strong).

	 1.1.2.	 Decompensation is defined as the develop-
ment of ascites, variceal bleeding, or HE in 
patients with cirrhosis (LoE: High, Recom-
mendation: Strong).

	 1.1.3.	 Mortality at 1, 5 and 10 years was 9.5%, 
19.6% and 31% and 30.6%, 56.8% and 
72.6%, respectively among patients with 
compensated and decompensated cirrhosis, 
which is lower than ACLF. (LoE-Moderate, 
Recommendation-Strong).

	 1.1.4.	 The most common cause of mortality is liv-
er-related decompensated cirrhosis. (LoE-
High, Recommendation-Strong).

	 1.2.	 Further Decompensation in a Decompensated 
Cirrhosis- Defining AD, ACLF and ESLD

	 1.2.1.	 AD is the acute development of complica-
tions of cirrhosis like rapid development of 
ascites, gastrointestinal bleeding, and HE 
within four weeks of onset and requiring 
non-elective medical attention. (LoE-Mod-
erate, Recommendation-Strong).
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Fig. 3   Recompensation of Cirrhosis after ACLF syndrome or Acute Decompensation
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	 1.2.2.	 Further decompensation is any episodes of 
AD in patients with prior decompensation 
(LoE-Moderate, Recommendation-Strong).

	 1.2.3.	 Patients with AD or further decompensation 
have high mortality in the absence of re-
covery or liver transplantation in 3 months. 
(LoE-Moderate, Recommendation-Strong).

	 1.2.4.	 Patients with AD and organ failure(s) have 
very high short-term mortality. (LoE-Mod-
erate, Recommendation-Strong).

	 1.2.5.	 The differentiating features between the 
various presentations of AD and ACLF 
should be carefully examined by including 
AARC, NACSELD, EASL-CLIF, COSSH, 
and various other databases. (LoE-Low, 
Recommendation-Weak).

	 1.3.	 Recompensation in cirrhosis- The Concept and 
Implication for Diagnosis of ACLF

	 1.3.1.	 Re-compensation can be defined as the 
removal or control of etiological factor(s) 
with sustained absence of decompensating 
events for ≥ 1 year in patients with decom-
pensated cirrhosis coupled with improve-
ment in liver function tests (LoE: Low; 
Recommendation: Weak).

	 1.3.2.	 Removal or control of inciting etiology in 
defining re-compensation, which pertains 
to alcohol abstinence in alcohol-associated 

liver disease, suppression of viral load in 
hepatitis B, sustained virological response 
in hepatitis C, suppression of disease activ-
ity in autoimmune disease, and control of 
metabolic comorbidity in MAFLD/MASLD 
(LoE: High, Recommendation: Strong).

	 1.3.3.	 The period during which there should be sus-
tained absence of decompensation without 
treatment (diuretics for ascites, lactulose ± ri-
faximin for HE) should be at least one year. 
(LoE: Moderate; Recommendation: weak)

	 1.3.4.	 Sustained reduction of portal pressure of 
10% or more from the baseline should be 
achieved during the 12-month period. Non-
invasive tools should be used for repeated 
portal pressure assessment. (LoE: Low; 
Recommendation: Weak)

	 1.4.	 Reversal of ACLF syndrome- timeline, predictor, 
and outcome

	 1.4.1.	 Reversal of ACLF is the reversal of param-
eters used for defining the syndrome ACLF. 
(LoE- Low; Recommendation-Strong)

	 1.4.2.	 Patients with ACLF have high 28-day and 
90-day mortality, with improved outcomes 
beyond 90 days. (LoE-Moderate, Recom-
mendation-High).

	 1.4.3.	 The timeline for reversal of ACLF syndrome 
may be considered at 6 months. Patients 

Fig. 4   The concept of hepatic reserve and reversal, regression of ACLF and the “ACLF Again”
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achieving reversibility by 90 days may be 
considered “early reversals”. (LoE-Low, 
Recommendation-Weak).

	 1.4.4.	 Predicting a good outcome after ACLF, in-
volves a combination of biomarkers, disease 
severity scores, precipitating cause, hepatic 
reserve, extrahepatic augmenting factors, 
reduction of portal hypertension (with or 
without beta-blockers), regression of organ 
failure(s), and unfavorable clinical indicators. 
(LoE-Moderate, Recommendation-Strong).

	 1.4.5.	 The baseline ACLF grade and any shift in 
the grade in the first week can identify pa-
tients who are likely to reverse. (LoE-Low, 
Recommendation-Strong).

	 1.4.6.	 Reversal of ACLF syndrome is an important 
therapeutic goal, and it can be considered for 
delisting patients from the transplant waitlist. 
(LoE-Low, Recommendation- Strong)

	 1.5.	 Regression of cirrhosis- the etiology, time frame 
and implication for ACLF

	 1.5.1.	 Successful etiology-specific treatment of 
chronic liver disease leads to regression of 
advanced fibrosis and even reversal of com-
pensated cirrhosis. (LoE-High, Recommen-
dation-Strong).

	 1.5.2.	 Achieving SVR post-hepatitis C treatment, 
viral suppression in CHB, and biochemical 
remission in AIH and PBC significantly 
improves the probability of regression of 
advanced fibrosis and reversal of decom-
pensated cirrhosis (LoE-Moderate, Rec-
ommendation-Strong).

	 1.5.3.	 Alcohol abstinence plays an important role 
in avoiding/delaying liver-related events in 
ALD, but data on histological improvement 
post-abstinence in ALD is limited. (LoE-
Moderate, Recommendation-Strong).

	 1.5.4.	 Lifestyle modifications, medical, endo-
scopic, and surgical therapies for obesity, 
and therapies targeted at NASH with fibro-
sis demonstrate promising results in terms 
of improvement of NAS score and fibrosis 
regression, but more data is required. (LoE-
Moderate, Recommendation-Weak).

	 1.5.5.	 A longer duration of treatment increases the 
probability of regression of advanced fibro-
sis and reversal of compensated cirrhosis. 
(LoE-Low, Recommendation-Weak).

	 1.5.6.	 Interpretation of LSM via transient elas-
tography to assess fibrosis regression and 
reversal of cirrhosis should be made with 

caution, as there is a tendency for an overes-
timation in the improvement of the fibrosis 
stage, compared to liver biopsy. (LoE-Low, 
Recommendation-Weak).

	 1.5.7.	 Reversal of cirrhosis/fibrosis may not pre-
clude the development of ACLF. (LoE-Low, 
Recommendation-Weak)

Infection and/or sepsis in the natural history 
of chronic liver disease

Infection leading to organ failure in cirrhosis 
with or without liver failure

Infection in patients with cirrhosis is known to precipitate 
organ failures [44]. In patients with cirrhosis, factor VIII lev-
els are elevated, while other features such as coagulopathy, 
thrombocytopenia, and elevation in D-dimers are frequent 
even in the absence of sepsis. There are several similarities 
between cirrhosis and sepsis with respect to hemodynam-
ics and the impact on the coagulation system. Infection can 
precipitate organ failure and, even in the absence of hepatic 
failure, is associated with high mortality [3]. Thirty-day sur-
vival in patients with zero, one, two, three, and four extra-
hepatic organ failure is 90%, 72.6%, 51.3%, 36%, and 23%, 
respectively, for sepsis-precipitated organ failure. Sepsis-
precipitated organ failure is largely driven by inflamma-
tion [45, 46]. Bacterial infections have been reported in the 
West as a major precipitant of ACLF [2, 3]. The common 
types of bacterial infections include SBP, urinary tract infec-
tion (UTI), pneumonia, spontaneous bacteremia, and skin 
and soft tissue infection. In a recent study that investigated 
regional differences in bacterial infection-related ACLF in 
patients with cirrhosis admitted to the hospital, 230 patients 
developed ACLF after diagnosis of infection, resulting in 
an overall rate of bacterial infection related-ACLF of 48%, 
with rates differing amongst different geographic regions 
(38% in Southern Europe vs. 75% in the Indian subconti-
nent). Bacterial infection related-ACLF more frequently 
developed in younger patients (55 ± 13 vs. 58 ± 14 years), 
males (73% vs. 62%), patients with alcohol-related cirrho-
sis (59% vs. 45%), and those with a higher baseline MELD 
(25 ± 11 vs. 16 ± 5) (p < 0.001). These studies defined ACLF 
as per EASL-CLIF criteria [45]. Early identification of infec-
tion and timely and judicious use of antibiotics can prevent 
extrahepatic organ failures and improve survival [47, 48].

Hepatotropic and non‑hepatotropic infections 
leading to ACLF

Liver failure in both CLD and cirrhosis can be caused by 
both hepatotropic and non-hepatotropic viruses. HBV is a 
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common cause of acute hepatic insult in the Asia Pacific 
region. HBV reactivation, ALF due to HBV, and ACLF 
due to HBV are marked by subtle differences. While 
reactivation may have elevated enzymes with or without 
jaundice, as per AASLD, ALF patients can present with 
HE up to 26 weeks from the onset of jaundice and this is 
an exception for ALF definition where underlying liver 
disease can exist [49]. On the contrary, those with ACLF 
have ascites with or without HE and are more prone to 
secondary bacterial infections and organ failures. Irrespec-
tive of the type of presentation, early initiation of antiviral 
therapy is crucial [50]. Currently, no studies have identi-
fied predictors of ACLF and ALF development in patients 
with HBV reactivation. It is also unknown if disease-modi-
fying agents or early initiation of antivirals can prevent the 
development of ALF/ACLF. It is important to differentiate 
ALF (or acute viral hepatitis) from ACLF due to HBV 
reactivation (Table 3).

The literature documenting hepatotropic viruses (A–E) 
superimposed on either CLD or cirrhosis is quite clear, 
and they portend a poor prognosis, including the develop-
ment of ACLF [51–53]. Hepatitis B reactivation is a com-
mon cause of ACLF, especially in Asian countries [54]. 
The HBV re-activation could be spontaneous or induced 
by either chemotherapy, withdrawal of antivirals, or in 
the presence to control of con-commitment viral infec-
tion [55]. Studies primarily from the Indian subcontinent 
have also reported HAV superinfection as a common eti-
ology (42%) of ACLF amongst children [56]. In another 
study, acute precipitant for ACLF in adults reported HEV, 
HAV, or both in 61%, 27%, and 6% of cases, respectively 
[53]. Similarly, reactivation of hepatitis C virus infection 
has also been reported, especially after immune suppres-
sive therapy, and is rarely noted in clinical practice [57]. 
SARS-CoV2 virus might lead to liver failure and has been 
reported to trigger ACLF in patients with cirrhosis [58, 
59]. Apart from viral and bacterial infectious agents, para-
sitic and fungal infections may affect the liver and may act 
as acute hepatic insults leading to ACLF, but the data on 
these infections are limited.

Laboratory and clinical diagnosis of infection 
in cirrhosis with or without decompensation

Infections in cirrhosis are a driver of mortality and mor-
bidity in the disease [60]. Cultures are commonly used to 
diagnose infections. However, in cirrhotic patients, only 57% 
presented with infection had positive cultures [61]. Routine 
examination of blood body fluids may help in detecting 
infections early. Infections can be challenging to diagnose 
in patients with liver cirrhosis. Only 56% of patients with 
liver cirrhosis having active infections manifest with fever as 
compared to 85.5% in non-cirrhotic patients [62]. As such, 
inflammatory markers such as serum CRP and procalcitonin 
have been proposed to aid in the diagnosis of cirrhosis. CRP 
has been shown to have questionable value in patients with 
cirrhosis. A systematic review demonstrated that moderate 
CRP increases may not predict infections in cirrhosis, but 
high CRP levels on presentation or persistently high CRP 
levels may provide better evidence of infection in these 
patients [63]. A subsequent single-center study, however, 
demonstrated a cutoff level of > 10 mg/L having an AUC of 
0.82, with cutoffs dropping with higher Child–Pugh stages 
of cirrhosis [62]. Procalcitonin has been shown to have mod-
erate diagnostic value for bacterial infections in cirrhosis, 
with an AUC of 0.80 [64]. Additionally, serum procalci-
tonin has been shown to be a good prognostic indicator for 
the course of hospitalization and could be associated with 
the grade of ACLF triggered by infections [65]. Leukocyte 
ratios such as monocyte–lymphocyte ratio (MLR) and neu-
trophil–lymphocyte ratio (NLR) have also been shown to 
be useful in predicting infections and deteriorations [66].

Fungal infections are present in approximately 4% of 
patients with cirrhosis as culture positive, with invasive can-
dida as the most common (70–90%) followed by invasive 
aspergillosis (10–20%) [61, 67]. It is imperative to pick these 
infections up early. 1,3-β-D-glucan can be detected in an 
antigen-based assay and has a good negative predictive value 
assay and a lower limit of detection at 2.16 pg/mL [68]. 
Other novel tools to detect candida bloodstream infections 
include the T2Candida panel—however, data are limited in 

Table 3   Differences between Acute liver failure/hepatitis vs. ACLF due to HBV reactivation

Variable Acute liver failure/acute hepatitis B ACLF due to HBV reactivation

Jaundice to encephalopathy interval 4 weeks (AASLD defines as 26 weeks) 4 weeks
Stigmata of chronicity of liver disease No  ± ascites with or without splenomegaly
HBV DNA levels Lower Higher
Concomitant bacterial infections Usually very late Early in the course/may be superimposed
Spontaneous recovery Not uncommon Rare
Antiviral Unclear Definitive role
Liver Transplant Emergent Urgent
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cirrhosis. The serum galactomannan helps detect invasive 
aspergillosis, with a sensitivity of 33–38%, and a specificity 
of 87–97% [67]. These biomarkers have limited accuracy at 
best, and data is still mixed to the value. While they are eas-
ily available, it would still be prudent to have a low threshold 
for investigating infections based on the clinical status of the 
patient. Any deterioration in the patient like new onset AKI, 
altered mental status, or new onset organ dysfunction/failure 
should trigger a search for infections [46].

It is challenging to diagnose sepsis (SIRS with proven 
infection) in cirrhotic patients. SIRS is defined by meeting 
any of the following two: (i) Body temperature over 38 or 
under 36 degrees Celsius; (ii) Heart rate greater than 90 
beats/minute; (iii) Respiratory rate greater than 20 breaths/
minute or partial pressure of CO2 less than 32 mmHg; or 
(iv) white cell counts > 12,000/mm3 or < 4000/mm3 or > 10% 
bands. However, patients with cirrhosis who commonly 
are on beta blockers and are unable to mount a white cell 
response cannot be identified by these traditional criteria. 
In ACLF, tachycardia and tachypnea are common due to 
inflammatory response and moderate to severe ascites, 
while white cell counts may be elevated in alcohol-related 
ACLF due to the disease per se. Several scores are available 
to diagnose sepsis and may be beneficial in cirrhosis and 
ACLF. These include the SEPSIS-3 criteria, which is based 
on the SOFA score, the CLIF-SOFA score, and the quick 
SOFA. Among these, the quick SOFA score has shown to 
be simple yet useful in predicting poorer outcomes in these 
patients [69–71].

2.	 Recommendations: infection and/or sepsis in the 
natural history of chronic liver disease

	 2.1.	 Infection leading to organ failure in cirrhosis with 
or without liver failure

	 2.1.1.	 In individuals with a definite hepatotropic 
acute insult, bacterial infection is unlikely to 
precipitate ACLF. (LoE-Moderate, Recom-
mendation- Strong).

	 2.1.2.	 Bacterial infection can be presumed as a 
precipitating event of organ failure in the 
absence of other identifiable causes. (LoE-
Moderate, Recommendation-Strong).

	 2.1.3.	 Extrahepatic organ failures and infections 
in patients with ACLF are associated with 
a poor response to treatment and worse 30-
day survival. (LoE-High, Recommendation-
Strong).

	 2.1.4.	 There is limited evidence on the sequence 
of organ failure resulting from infection 
and further large cohort studies are needed. 

(LoE-Low, Recommendation-Strong).
	 2.1.5.	 Reactivation of Hepatitis B virus (HBV) 

infection is a major cause of acute insults 
precipitating ACLF in HBV-endemic areas 
(LoE—High, Recommendation—Strong).

	 2.1.6.	 Reactivation of Hepatitis B virus (HBV) 
infection can be spontaneous, or secondary 
to nonadherence to drugs, use of immuno-
suppressive therapies, or HCV direct-acting 
antivirals. (LoE- High, Recommendation- 
strong).

	 2.1.7.	 Spontaneous reactivation of hepati-
tis B may be defined as serum HBV 
DNA > 20,000 IU/ml or re-appearance of 
serum HBsAg and/or HBV DNA, or a 2 log 
rise in HBV DNA from the baseline with 
an ALT flare over 5 ULN. (LoE- Moderate, 
Recommendation- weak).

	 2.1.8.	 For HBV reactivation from occult HBV 
infection, chronic liver disease should be 
carefully evaluated for ACLF diagnosis 
(LoE—Low, Recommendation—Strong).

	 2.1.9.	 Acute viral hepatitis due to HAV/HEV virus 
is a common cause of ACLF and we recom-
mend early screening of suspected patients 
for these infections. (LoE- High, Recom-
mendation- strong).

	 2.1.10.	 HCV, HDV, Spirochetes, parasites, COV-
ID-19 and fungi may precipitate ACLF. 
(LoE-Low, Recommendation- weak).

	 2.2.	 Laboratory and clinical diagnosis of infection in 
cirrhosis with or without decompensation

	 2.2.1.	 Hospitalized patients with ACLF should 
be monitored (both clinically and through 
relevant biochemical and microbiological 
tests) closely for the presence of infections 
to enable early diagnosis and treatment. 
(LoE: High; Recommendation: Strong)

	 2.2.2.	 Any deterioration in the clinical or biochem-
ical status should trigger a workup for infec-
tion. (LoE: High; Recommendation: Strong)

	 2.2.3.	 Sepsis can be identified using the Sepsis-3 
definition. Quick SOFA score can be used 
for initial sepsis identification (LoE: Moder-
ate; Recommendation: Weak)

	 2.2.4.	 There should be a low threshold to treat 
infections with broad-spectrum antibiotics 
early in the disease course based on clini-
cal examination and/or the presence of dete-
rioration, irrespective of biomarkers. (LoE: 
High; Recommendation: Strong)

	 2.2.5.	 Culture sensitivities should guide antibiot-
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ic use, and empirical antibiotics should be 
de-escalated early in hospitalized patients 
with cirrhosis if clinically recovering and 
cultures are sterile. (LoE-High, Recommen-
dation-Strong)

	 2.2.6.	 Acute phase reactants such as CRP and 
procalcitonin can aid in the diagnosis of 
infection and assessment of the response to 
therapy. (LoE: Moderate; Recommendation: 
Weak)

	 2.2.7.	 1,3-β-D-glucan and serum galactomannan 
can aid in the diagnosis of fungal infections 
and have a good negative predictive value. 
(LoE: High Recommendation: Weak)

Organ failure and its implication in patients 
with liver failure due to an acute insult

Defining organ dysfunction (OD) and organ failure 
(OF)

Organ dysfunction and organ failure can impact the out-
comes of patients with ACLF. However, according to 
APASL, organ involvement, except cerebral and hepatic 
(jaundice and coagulopathy), is not part of the definition 
of ACLF [1]. Hepatic failure can be defined based on the 
existing criteria of bilirubin > 5 mg/dl, while there would be 
no hepatic dysfunction. The definitions of organ failure can 
be based on the AARC score, although there are no studies 

to assess the impact of these definitions on ACLF, except 
for renal and cerebral involvement. Among 1315 (of 3009 
patients) patients with HE at admission, 75% had grade I-II 
HE and 25% had advanced HE [72]. Ammonia levels cor-
related with the development of HE, and the grade of HE 
and ammonia levels predicted 30-day mortality [72]. For 
cerebral involvement, grade I-II HE would be considered as 
dysfunction, and HE grade III-IV as a failure. The grading 
is based on West-Haven criteria (Fig. 5).

For coagulation, based on the AARC score an INR of 
1.5–2.5 can be considered as coagulation dysfunction 
and > 2.5 as failure. Lactate is an important component of 
the AARC score. In fact, the AARC score was the first to 
include lactate in the assessment of the severity of liver fail-
ure. Lactate, an intermediate product of anaerobic metabo-
lism, is a marker of several stress-related metabolic changes 
derived from multiple sources [73]. On an average, 20 mmol/
kg/day of lactate is produced at rest and 60–120 mmol of 
lactate is cleared every hour [73]. Although the metabolism 
of lactate in cirrhosis and ACLF is unexplored, several stud-
ies have reported that lactate in combination with traditional 
severity scores such as MELD, MELD Na, and CLIF-C 
ACLF can accurately predict short-term mortality [74–78]. 
A higher proportion of patients with elevated lactate levels 
(> 2 mmol/L) require vasopressor support and mechanical 
ventilation compared to those with no elevated lactate lev-
els [74]. Whether the lactate levels (as suggested by AARC 
scoring), in combination with circulatory failure and respira-
tory failure, can be utilized to define organ dysfunction and 
failure needs to be assessed in future studies. Till further 

HE grade I-II (cognitive Dysfunction)
(West-Haven criteria)

PaO2/FiO2 ≥ 200

Stage 2 AKI as per ICA/ADQI

Extra Hepatic 
Organ Dysfunction

Respiration

Circulation

Kidney

No need for vasopressor, 
MAP <65 mmHg

Cerebral (Cognitive)

Points Bilirubin 
(mg/dl)

HE 
Grade 

INR Lactate8
(mmol/lit)

Creatinine 
(mg/dl) 

1 5-15 0 <1.5 <1.5 <10.7
2 15.01-25 I-II 1.5-2.5 1.5-2.5 0.7-1.5
3 >25 III- IV >2.5 >2.5 >1.5

PaO2/FiO2<200

Need for vasopressor

Need for renal replacement therapy

HE grade III-IV (cognitive Dysfunction)
(West-Haven criteria)

Extra Hepatic 
Organ Failure 

Respiration

Kidney

Circulation

Cerebral (Cognitive)

Stage 3 AKI as per ICA/ADQI

Liver Failure 
Bilirubin >5mg/dl, 
INR>1.5, HE 

5 6 7 8 9 10 11 12 13 14 15
AARC Grade II III I 

Fig. 5   Organ Dysfunction (OD) and Organ Failure (OF) in ACLF
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data, we have included SOFA grading for identifying organ 
failures for pulmonary and circulatory organs.

Hepatic vs. extrahepatic OD/OF in decompensated 
cirrhosis

Organ dysfunction and failure are the main reasons for recur-
rent admission in decompensated cirrhosis [79]. HE and 
AKI are common features in decompensated cirrhosis and 
are known to be associated with increased mortality [80]. 
Minimal HE is prevalent in 40–60% of patients with Child B 
and C cirrhosis, while overt HE is 25–30% in Child B and C 
cirrhosis. More than 60% of patients with cirrhosis develop 
stage ≥ 2 kidney injury during their lifetime, and AKI is 
associated with reduced survival in decompensated cirrho-
sis [81]. Pulmonary complications unique to decompensated 
cirrhosis include hepatic hydrothorax, hepatopulmonary 
syndrome, and porto-pulmonary hypertension, which are 
rarely reported in ACLF [82]. However, infections leading 
to lung failure are common in ACLF and DC. Rebalanced 
hemostasis is a characteristic feature of cirrhosis, while in 
ACLF, coagulopathy is common [83, 84]. The coagulation 
profile in both ACLF and DC is influenced by the severity 
of liver disease and sepsis. Organ failure is more rapid in 
ACLF, while DC has a more gradual progression and decline 
in organ functioning. Nevertheless, organ failure in DC and 
ACLF are associated with poor outcomes.

Data from 1343 hospitalized patients with cirrhosis and 
acute decompensation in 2011 at 29 liver units in eight 
European countries showed that the 28-day mortality rate 
among patients who had ACLF when the study began was 
33.9%; among those who developed ACLF, it was 29.7%, 
and among those who did not have ACLF, it was 1.9%; the 
mortality rate within 28 days after enrolment was 32% in 
patients with two organ failures and 78.6% in those with 
three organ failures or more. It was only 14.6% of patients 
with one organ failure [2]. AKI in patients with ACLF is 
more likely to progress to CKD compared to cirrhosis [85].

Renal dysfunction or failure: the course 
and implication in cirrhosis with predominant liver 
failure

Patients with ACLF or AD frequently develop AKI. Kidney 
dysfunction or failure is not considered a part of the ACLF 
definition by the Asia Pacific Association for the Study of 
Liver (APASL), but it is part of the severity assessment of 
ACLF as it is included in the AARC score [86]. On the 
other hand, the European Association for the Study of Liver 
Disease defines ACLF based on renal dysfunction [2]. The 
presence of single kidney failure, i.e. serum creatinine 
more than or equal to 2 mg/dl, is defined as ACLF grade 2. 
NACSELD also defines ACLF with the presence of two or 

more extrahepatic organ failures, wherein kidney failure was 
defined as a requirement of renal replacement therapy [87]. 
The challenge with the inclusion of renal dysfunction in the 
definition of ACLF is twofold; first kidney failure may be a 
late event as a result of the usage of diuretics or paracentesis 
used for treating ascites in cirrhosis patients. This may result 
in a delay in the diagnosis of ACLF. Second, kidney failure 
may be independent of liver failure and coagulopathy, as 
often seen in patients with cirrhosis related to alcohol and 
metabolic factors. Using the APASL definition, AKI is seen 
in 30–50% of patients with ACLF. The AASLD has recently 
put forth a revised definition of ACLF, as a syndrome char-
acterized by an acute insult in patients with chronic liver dis-
ease, compensated or decompensated cirrhosis characterized 
by jaundice and coagulopathy followed by the development 
of at least one extrahepatic organ failure which included the 
kidneys [6].

The other emerging concept is the change in the way 
renal dysfunction should be assessed in patients with ACLF 
(Fig. 6). Previous definitions used absolute values of serum 
creatinine for defining kidney dysfunction or failure. The 
experts unanimously agreed to the incorporation of the 
revised criteria by the International Club of Ascites and 
Acute Dialysis and Quality and Initiative Group for defin-
ing AKI incorporating urine output. Based on the revised 
criteria, it was agreed that kidney dysfunction should be 
considered if the patient has stage 2 AKI, while kidney fail-
ure in ACLF should be considered in patients with stage 
3 AKI [88]. It was further proposed that a revised defini-
tion of hepatorenal syndrome (HRS) should be validated in 
patients with ACLF. Conceptually, even though HRS is a 
functional AKI, however, in patients with ACLF, HRS may 
frequently co-exist with cholemic nephropathy or occur in 
the presence of tubular dysfunction in the background of 
severe systemic inflammation [89]. Further, the rapidity of 
AKI progression and a reduced response to vasoconstrictors 
favor the diagnosis of HRS in patients with AKI persistence 
or progression despite appropriate volume expansion within 
the first 12–24 h of presentation. Oliguria with lesser eleva-
tions of serum creatinine may have worse renal and overall 
outcomes compared to patients who have a preserved urine 
output, especially in patients with stage 3 AKI in ACLF. 
Oliguria in patients of ACLF with stage 3 AKI on renal 
replacement therapy may especially be an indication for a 
simultaneous liver-kidney liver transplant vs. liver transplant 
alone in patients with ACLF [90].

Circulatory and respiratory failures

Organ failures have prognostic implications in decompen-
sated chronic liver disease and ACLF. The number of organ 
failures correlates with mortality and is widely used to grade 
severity [2, 91]. The type of organ failure, however, has 



15Hepatology International (2025) 19:1–69	

different implications. While renal failure and high-grade 
HE are considered to be organ failures of utility and are 
of predictive value, circulatory and respiratory failures are 
reflective of the severity of illness and are indicators of futil-
ity [1, 92]. Respiratory and circulatory failure in ACLF and 
decompensated chronic liver disease have different implica-
tions based on the circumstances where it develops. While 
liver failure is central, brain failure and coagulation failure 
are mechanistically a part of liver failure. Kidney failure has 
been closely linked with liver failure and has been used in 
prognostic models like MELD and AARC scores [86, 93]. 
Respiratory and circulatory failure, on the other hand, are 
not mechanistically related to liver failure and are reflec-
tions of an overall intense systemic inflammatory state and 
immune paresis.

Incidence of isolated respiratory failure or circulatory 
failure without other organ failure is less common than renal 
and HE. In a validation study of CLIF-SOFA score, only 3% 
and 11% of patients had isolated respiratory and circulatory 
failure at presentation [94]. Stable or unstable decompen-
sated liver disease developing lung injury (commonly due 
to pneumonia) escalating into respiratory failure will have 
a different course and prognosis as compared to those who 
already have renal failure and HE.

Multivariate analysis was done on the validation cohort 
of CLIF-SOFA; all organ failures had statistical significance 
in predicting mortality. The highest odds were observed for 
renal and liver failure, while the odds for respiratory and 

circulatory failure were the lowest [94]. However, in the 
original cohort of the Canonic study, renal failure was more 
frequently noted in lower grades of ACLF, while respira-
tory and circulatory failure were observed in higher grades 
of ACLF [2]. The current organ failure definitions are not 
precise and can often lead to placing the same patient in dif-
ferent categories and can lead to discordance in prioritizing 
patients for liver transplantation [95].

Due to the paucity of existing data, more studies to under-
stand the sequence of organ failures and the reversibility of 
individual organ failures in ACLF and critically ill decom-
pensated liver disease are needed. Nevertheless, respiratory 
failure (requiring mechanical ventilation) and circulatory 
failure (requiring high vasopressor support) are indicators 
of futility in patients with ACLF and decompensated cir-
rhosis and are less likely to recover [96, 97]. Therefore, these 
events are considered terminal and irreversible.

3.	 Recommendations: organ failure(s) and its impli-
cation in patients with liver failure due to an acute 
insult

3.1.	Defining the organ dysfunction (OD) and organ fail-
ure (OF)

	 3.1.1.	 Overt cognitive dysfunction (cerebral dys-
function) is defined as grade I and II HE and 

Fig. 6   Managing ACLF with AKI
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advanced cognitive dysfunction (cerebral 
failure) as grade III and IV encephalopathy 
in patients with ACLF and this should be 
considered as part of liver failure. [LoE- 
High, Recommendation-Strong]

	 3.1.2.	 Liver failure in ACLF is defined as serum 
bilirubin ≥ 5 mg/dl and INR ≥ 1.5. [LoE- 
High, Recommendation-Strong]

	 3.1.3.	 Respiratory dysfunction is defined as pa-
tients with ACLF requiring non-invasive 
oxygen support for hypoxemia with a P/F 
ratio > 200. [LoE- Low, Recommendation-
Weak]

	 3.1.4.	 Respiratory failure is defined as the require-
ment of mechanical ventilation for hypox-
emia and/or P/F ratio < 200 [LoE- Low, 
Recommendation-Weak].

	 3.1.5.	 Circulatory failure is defined as patients 
with ACLF requiring vasopressors to main-
tain MAP > 65 mmHg [LoE- Low, Recom-
mendation-Weak].

	 3.1.6.	 Lactate is an integral component of the 
AARC score and provides a reliable assess-
ment of the degree of liver failure in ACLF. 
[LoE- High, Recommendation-Strong].

3.2.	Hepatic vs. extrahepatic OD/OF in a decompensated 
cirrhosis

	 3.2.1.	 Extrahepatic organ failures impact the 
outcomes of patients with ACLF and de-
compensated cirrhosis. Prompt recognition 
of extra-hepatic organ failure is essential 
to management and improving outcomes 
(LoE- High, Recommendation- strong).

	 3.2.2.	 The progression of extrahepatic organ 
failures is more rapid in ACLF than in de-
compensated cirrhosis. (LoE- Moderate, 
Recommendation-Weak)

	 3.2.3.	 Risk prediction models ACLF should in-
clude markers of both hepatic and extra-
hepatic organ dysfunction and failure in an 
effort to be generalizable and applicable to 
all patients with liver disease (LoE- High, 
Recommendation- Strong).

	 3.2.4.	 Blood ammonia level is elevated in HE in 
ACLF but its correlation with severity and 
prognosis needs to be further investigated 
(LoE- Moderate, Recommendation- strong)

	 3.2.5.	 Need for mechanical ventilation, while the 
least common among extra-hepatic organ 
failures, is strongly associated with poor 
post-transplant survival and should be con-
sidered a relative contraindication to liver 

transplantation. (LoE- Moderate, Recom-
mendation- strong).

3.3.	Renal dysfunction or failure: the course and implica-
tion in cirrhosis with predominant liver failure.

	 3.3.1.	 The incidence of AKI in patients with ACLF 
is higher compared to those with decompen-
sated cirrhosis. [LoE-High, Recommenda-
tion-Strong]

	 3.3.2.	 The absolute values of serum creatinine 
should not be considered for the diagnosis 
or staging of the severity of renal dysfunc-
tion in ACLF patients. (LoE- High, Recom-
mendation- Strong)

	 3.3.3.	 AKI criteria incorporating urine output 
should be used for the diagnosis and stag-
ing of AKI in ACLF patients. (LoE- High, 
Recommendation- Strong)

	 3.3.4.	 Kidney dysfunction should be defined in 
patients with stage 2 AKI and kidney fail-
ure as stage 3 AKI in ACLF patients as per 
ICA/ADQI. (LoE- Low, Recommendation- 
Weak).

3.4	Circulatory and respiratory failure are terminal 
events in decompensated cirrhosis (ESLD) rather 
than the type of organ failure.

	 3.4.1.	 Respiratory and circulatory failures in 
decompensated cirrhosis are associated 
with high mortality. (LoE- High, Recom-
mendation- strong)

Definition of ACLF

Acute‑on‑chronic liver failure (ACLF) definition

ACLF is a severe syndrome marked by an acute decline 
in liver function decline and multi-system organ failure 
in patients with chronic liver disease. Various definitions 
have been proposed by major societies across the globe. 
Each definition recognizes the high mortality rate of ACLF, 
emphasizing the urgent need for timely, comprehensive 
intervention to enhance patient outcomes. All definitions 
stress the rapid onset of ACLF within weeks to months, 
emphasizing the crucial role of early recognition and inter-
vention in reducing disease severity and enhancing patient 
survival. Existing ACLF definitions, drawn from varied 
populations with different etiologies, focus on clinical fea-
tures linked to high short-term mortality and lack considera-
tion of pathological aspects. To achieve a universal global 
ACLF definition, it is essential to identify a syndrome with 



17Hepatology International (2025) 19:1–69	

distinctive hepatic pathological features and corresponding 
pathophysiology across different liver disease etiologies and 
predispositions.

APASL defines ACLF as acute hepatic insult manifesting 
as jaundice and coagulopathy complicated within 4 weeks 
by ascites and or encephalopathy in a patient with previ-
ously diagnosed or undiagnosed chronic liver disease with 
high short-term mortality. Among various definitions, the 
APASL definition is homogenous with a hepatic insult as 
an acute event and all patients having liver failure with or 
without other organ failures. (1) The strength of the APASL 
definition is that it does not exclude patients who fulfill the 
definition and, in addition, have extrahepatic organ failure. It 
does not mandate the presence of extrahepatic OF to define 
ACLF. Patients with previously decompensated liver disease 
are not included even with liver failure after acute hepatic 
insult, as they have a different natural history related to the 
ESLD stage.

While AARC and WGO definitions highlight acute 
hepatic insult, EASL/CLIF and NACSELD emphasize 
the progressive nature of organ failures. COSSH specifi-
cally addresses HBV-related ACLF. Recently, AASLD has 
brought significant clarity to the terminology of ACLF by 
including liver failure as an essential criterion to diagnose 
ACLF syndrome [6]. AASLD has proposed the minimum 
critical components for the definition of ACLF: (1) acute 
onset with rapid deterioration in clinical condition, (2) the 
presence of liver failure defined by elevated bilirubin and 
elevated INR in patients with chronic liver disease with or 
without cirrhosis, and (3) the presence of at least one extra-
hepatic (neurologic, circulatory, respiratory, or renal) organ 
failure.

Besides liver failure, there are differences between socie-
ties on whether to include chronic liver disease and decom-
pensated cirrhosis in the ACLF definition. Some definitions 
include cirrhotic patients, while others recognize ACLF in 
individuals with chronic liver disease regardless of cirrhosis 

status, reflecting differences in disease severity and clinical 
manifestations within the ACLF syndrome. The absence of 
a consistent global consensus on ACLF definition is evident 
despite its recognition as a distinct clinical entity. Establish-
ing a definitive ACLF definition requires clear distinctions 
between acute liver failure (ALF) and “acute decompensa-
tion,” understanding its pathophysiology, defining clinical 
indicators, and employing a validated severity scoring sys-
tem for optimal therapy. This process demands extensive 
prospective data collection and validation, acknowledging 
the varied geographical contributions to ACLF. All these 
definitions agree that these patients are sick and merit early 
liver transplantation in the absence of which mortality is 
very high. There is a need for a unified definition to fur-
ther progress in the management of these patients. There 
are several common grounds and overlap between APASL, 
COSSH, the Chinese Medical Association, and Japanese 
definitions of ACLF (Table 4).

Another area of debate is the timeline for defining ACLF, 
4 weeks or 12 weeks. As per APASL, ACLF is a syndrome 
of hepatic decompensation, where the insult is primarily 
hepatic, leading to liver failure within 4 weeks, with jaun-
dice and coagulopathy preceding the development of ascites 
[1]. This timeframe of 4 weeks was extrapolated from the 
definition of ALF. The time range was set at 4 weeks since 
the fundamental idea behind ACLF was to identify individu-
als with chronic liver disease or cirrhosis presenting with 
acute liver failure who are at risk of higher mortality [98]. 
While the APASL identifies ACLF and acute decompensa-
tion as two separate entities with different prognoses, EASL 
puts ACLF and acute decompensation in the same spectrum, 
with ACLF being the severest form of acute decompensa-
tion associated with organ failure [2]. Kim et al. analyzed 
data from 1861 patients with CLD and acute deterioration, 
among which the proportions of ACLF based on the AARC 
and CLIF-C definitions were 9.5% and 18.6%, respec-
tively. The 28-day mortality (35.4% vs. 26.4%) and 90-day 

Table 4   Essential features of different ACLF definitions

AARC​ APASL ACLF Research Consortium, EASL-CLIF European Association for Study of Liver-Consortium for liver failure, WGO World 
Gastroenterology Organization, NACSELD North American Consortium for End-Stage Liver Disease, AASLD American Association for the 
Study of Liver Disease

Essential feature Liver failure Extrahepatic 
organ failure

Both liver and 
extrahepatic failure

Hepatic insult Time on 
onset defined

High mortality Decom-
pensated 
cirrhosis

AARC​ Yes No No Yes Yes Yes No
EASL-CLIF No Yes No No Yes Yes Yes
WGO Yes Yes Yes No Yes Yes Yes
NACSELD No Yes No No No No Yes
AASLD Yes Yes Yes No No No Yes
Japanese Yes No No Yes Yes No No
Chinese Yes No No Yes No No Yes
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mortality (54.5% vs. 42.4%) rates were significantly higher 
in those fulfilling the CLIF-C criteria than the AARC cri-
teria [99]. Rajoo et al. studied the outcome of patients with 
cirrhosis and acute decompensation of liver disease. The 
90-day mortality was significantly higher for patients fulfill-
ing both APASL and EASL criteria (71.4%), compared to 
either APASL alone (35.4%) or EASL alone (53.3%). Inter-
estingly, events leading to acute deterioration were also 
different between the groups. The patients fulfilling EASL 
criteria were more likely to have had a bacterial infection 
as a trigger compared to APASL criteria, in which hepatitis 
B flare was the most common trigger [100]. Mahmud et al. 
analyzed the follow-up data of patients with compensated 
cirrhosis for the first episode of ACLF. The incidence rate of 
APASL ACLF was 5.7 (95% CI 5.4–6.0), and EASL ACLF 
was 20.1 (95% CI 19.5–20.6)/1000 person-years. The 28-day 
mortality (41.9% vs. 37.6%) and 90-day mortality (56.1% vs. 
50.4%) were comparable between APASL and EASL ACLF 
[101]. Thus, the two ACLF definitions identify patients with 
different characteristics with different prognoses.

The AARC database was analyzed to assess whether a 
2-week cutoff, as opposed to 4 weeks, would be a more accu-
rate measure of mortality among patients with underlying 
cirrhosis who experienced jaundice followed by ascites. 
The analysis showed that patients developing ascites within 
2 weeks of jaundice had a higher mortality compared to 
those who developed ascites within 2 to 4 weeks [2]. Thus, 
a shorter interval from jaundice to decompensation indicates 
a poorer prognosis. In the absence of similar data comparing 
jaundice to decompensation intervals of 4 weeks, 8 weeks, 
and 12 weeks, it may be assumed that the longer the interval 
from jaundice to decompensation, the better the short-term 
prognosis.

Unifying pre‑existing ACLF definitions‑ The Kyoto 
Consensus

The primary aim of the definition of ACLF should be a 
simple and clear recognition of the syndrome, highlighting 
potential reversibility with the possibility of timely inter-
vention beyond emphasizing mortality rates. Identifying 
distinctive hepatic pathological features and corresponding 
pathophysiology for ACLF syndrome is the premier pathway 
to reach a universal global ACLF definition from different 
etiologies and predisposition to liver disease patients.

Unifying all criteria: APASL identifies three organ fail-
ures in its definition which are primarily related to severe 
liver dysfunction; these include liver, coagulation, and HE. 
Using this definition, APASL identifies patients before extra-
hepatic organ failure ensues. The same premise and basis 
have been used by the AASLD guidance on ACLF. Other 
definitions do not require liver failure but do require fail-
ure of one or more extrahepatic organ in a cirrhosis patient. 

Unifying the definitions needs mutual understanding and 
the Kyoto consensus with all global experts has set the ball 
rolling.

We had recently proposed ACLF be redefined to be 
inclusive of all global definitions as “ACLF is a distinct 
reversible syndrome characterized by rapid onset liver fail-
ure (bilirubin > 5 mg/dl and INR ≥ 1.5) followed by ascites 
and/or encephalopathy within 28 days associated with or 
without kidney dysfunction (serum creatinine > 1.5 mg/dl) 
in a patient with chronic liver disease or cirrhosis, and is 
associated with high mortality till 28 days”. Needless to say, 
we would need prospective data to support the utility of this 
definition over the existing definitions.

Furthermore, a common path can be found to simplify 
classifications. [102] APASL ACLF can be labelled as type 
A -ACLF and graded based on AARC score as grade AI, 
AII, AIII. EASL-CLIF ACLF can be labelled as type B 
and sub-grouped based on organ failures as B1, B2, and B3 
(Fig. 7). Type A-ACLF will not include patients with pre-
vious decompensation or patients with extrahepatic insults 
and can be reversible and considers infection consequently 
more often than as a precipitant. Conversely, Type B-ACLF 
could include patients with previous decompensation and 
organ failure caused by both hepatic and extrahepatic insults, 
including infection, and is associated with elevated mor-
tality. Type A -ACLF includes the Japanese definition of 
ACLF, and type B would be similar to the COSSH defini-
tion (liver failure) of ACLF. NACSELD labelled ACLF can 
be reclassified as B2 and B3 based on the number of organ 
failures. This will preserve the prior research findings docu-
mented in the literature, facilitating the efforts of scientists 
already engaged in this field.

4.	 Recommendations: ACLF-Definition

	 4.1.	 ACLF definitions: similarities, differences, and 
steps for unifying

	 4.1.1.	 The existing definitions of ACLF, derived 
from clinical evidence obtained from popu-
lations with different etiologies and predis-
positions, are based on clinical characteris-
tics defining high short-term (28-/90-day) 
mortality without incorporating pathologi-
cal features. (LoE -Moderate, Recommen-
dations-Strong)

	 4.1.2.	 It is proposed to classify ACLF for global 
acceptability into type A and type B. (LoE: 
Low; Recommendation: Strong).

	 4.1.3.	 Type A ACLF includes the APASL and 
Japanese definitions, while type B includes 
the AASLD, EASL-CLIF, NACSELD, and 
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COSSH definitions. (LoE: Low; Recom-
mendation: Strong)

	 4.1.4.	 Type A ACLF includes patients with first-
time acute insult resulting in features of 
liver failure in a patient with underlying 
chronic liver disease or cirrhosis. It does 
not include patients with previous decom-
pensation or extrahepatic insults. It can be 
reversible and considers infection as a con-
sequence more often than a precipitant of 
ACLF and is associated with high (30–40%) 
28-day mortality. (LoE: High; Recommen-
dation: Strong)

	 4.1.5.	 Type B ACLF can include patients with 
Type A as well as patients with previous 
decompensation and organ failure caused 
by both hepatic and extrahepatic insults, 
including infection, and is associated with 
high (40–50%) 28-day mortality. (LoE: 
High; Recommendation: Strong)

	 4.1.6.	 For defining ACLF, a period of presenta-
tion within four weeks should be consid-
ered. (Evidence- High, Recommendation- 
Strong).

	 4.1.7.	 To reach a universal global ACLF definition, 
a syndrome characterized by distinctive he-
patic injury and pathological features and 
corresponding clinical phenotypes should 

be identified in different etiologies and with 
various severity of chronic liver disease/
cirrhosis. (LoE-Low, Recommendations-
Strong)

Defining common acute insults in ACLF

Alcohol‑associated hepatitis in ACLF and jaundice 
in decompensated cirrhosis

Alcohol-associated hepatitis (AAH) in ACLF and Jaundice 
in decompensated cirrhosis are different with respect to 
their pathophysiology, prognosis, and management. In AAH 
within the context of ACLF, systemic inflammation emerges 
as a pivotal mechanism, precipitating tissue hypoperfusion, 
immune-mediated tissue injury, and mitochondrial dysfunc-
tion; however, there is a timeframe of occurring within a 
month. Moreover, immune dysregulation heightens suscep-
tibility to infections, exacerbating the condition's severity 
and clinical course [103].

Jaundice in decompensated cirrhosis signifies the culmi-
nation of advanced liver disease, characterized by chronic 
inflammation and fibrosis, resulting in structural and func-
tional liver impairment. There is no timeframe in time for 
decompensation. Various factors, such as worsening portal 
hypertension, hepatocellular dysfunction, impaired bile flow, 
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Fig. 7   Proposal for Unified ACLF Definition (Kyoto Consensus)
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infections, drugs, variceal bleeding, and the development 
of HCC, can contribute to its onset and progression [104].

The prognosis of ACLF in AAH can vary widely depend-
ing on the severity of the condition and the presence of com-
plicating factors such as liver failure, renal failure, or infec-
tions. In general, severe cases of AH have a high short-term 
mortality rate, with estimates ranging from 20 to 50% within 
30 days of diagnosis. Numerous scoring systems are present 
to characterize the severity and prognosis of AAH, includ-
ing CTP, MELD, MDF, AARC, and CLIF-C ACLF scores. 
The prognosis of patients who develop jaundice in decom-
pensated cirrhosis is poor. A landmark study by D'Amico 
et al. found that the development of jaundice was a strong 
predictor of mortality in patients with decompensated cir-
rhosis, with a median survival of only 3 months in those 
who developed jaundice compared to 12 months in those 
who did not [105].

Drug‑induced liver injury (drugs, CAM and HDS)

Drug-induced liver injury (DILI) leading to ACLF or drug-
induced ACLF (DI-ACLF), is an increasingly recognized 
clinical entity globally. DI-ACLF is also increasingly 
reported in Asian countries. The majority of DI-ACLF 
cases are due to complementary and alternative medicines 
(CAM) and, to a lesser extent, by antituberculosis therapy 
(ATT), through either an idiosyncratic mechanism or a 
dose-dependent manner [106]. DI-ACLF inherits twin 
challenges of both DILI and ACLF, including a lack of a 
definitive diagnostic test for DILI and differing diagnostic 
criteria for ACLF. A simple definition of DI-ACLF is at 

least 2–threefold elevation in AST/ALT with or without two-
fold elevation in bilirubin from baseline levels, and new or 
acute hepatic decompensations with or without extrahepatic 
organ failures, and its association with high short-term risk 
of mortality. [107] Patients with cirrhosis, on the other hand, 
may not exhibit a significant increase in AST/ALT; instead, 
increased bilirubin combined with elevated INR or, in some 
instances, worsening of the MELD score may be features of 
DI-ACLF.

The criteria to diagnose DI-ACLF include (1) an acute 
hepatic insult from DILI as a precipitating event, (2) a strong 
temporal relationship between drug exposure and develop-
ment of ACLF, (3) laboratory, serological, virological and 
imaging studies excluding competing etiologies, and (4) the 
presence of underlying liver disease [107].

In the DILI network registry study from the United 
States, 16% of 89 patients with pre-existing liver disease 
died compared to 5% of 810 patients with no underlying 
liver disease [108]. This finding was supported by results 
from the Spanish DILI Registry where 6.3% of total 843 
patients with underlying CLD had a fourfold increased risk 
of liver-related death due to DILI [109]. In the large, pro-
spective study of 3132 ACLF patients from the multinational 
APASL AARC database, 329 (10.5%) accounted for DI-
ACLF [107]. ATT and CAMs constituted 27.3% and 71.7% 
of cases, respectively, with methotrexate and anti-epileptic 
drugs accounting for the remaining 1%. The most common 
underlying liver disease was alcohol (28.6%), followed by 
cryptogenic (25.5%) liver disease and NASH (16.7%). The 
overall 90-day mortality was greater in DI-ACLF (46.5%) 
than in non–DI–ACLF (38.8%) (p = 0.007) [107]. (Fig. 8).

Fig. 8   Etiology of ACLF in Asia–Pacific
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There are increasing reports of CAM and body-building 
supplements-induced liver injury leading to ACLF, particu-
larly in Asian countries [110, 111]. Identifying the precise 
ingredient in a multiherb preparation is challenging. How-
ever, in recent years, Polygonum multiflorum in China [112] 
and other Asian countries, as well as Tinospora cordifolia 
(Giloy) in India [113, 114] have emerged as the top two 
medications causing CAM-induced DILI and DI-ACLF. 
Tinospora cordifolia-induced DILI is associated with a 
high frequency of autoimmune markers (~ 50%) and mor-
tality (~ 20%) [113], while Polygonum multiforme is linked 
to HLA-B*35:01. There are also emerging reports of other 
traditional medicinal substances, such as Ashwagandha and 
curcumin, producing DILI and DI-ACLF [115, 116]. The use 
of immune checkpoint inhibitors is on the rise. These drugs 
are known to precipitate liver failure either due to immu-
nological activation or by viral reactivation. It is unknown 
whether these drugs can precipitate ACLF in patients with 
cirrhosis, which merits further research.

Autoimmune liver disease

With a heterogenous presentation, autoimmune hepatitis 
(AIH) presenting as ACLF (AIH – ACLF) or acute severe 
AIH with encephalopathy (AIH – ALF) has been more fre-
quently reported over the last few years both in adult and 
pediatric population from many parts of the world and 
constitute about 20% of cases of AIH. These patients pre-
sent with jaundice, HE, and coagulopathy, with or with-
out ascites. In the AARC database, it was noted that 43% 
did not have detectable autoantibodies, and hence a trans 
jugular liver biopsy was needed for diagnosis [117]. There 
are distinct histological features between AIH–ACLF and 
AIH–ALF. In a single-center study, Stravitz et al. identified 
histological features like lymphoid aggregates, perivenu-
litis, and massive hepatitis necrosis as suggestive of AIH 
– ALF, while advanced fibrosis (F3/F4), ductular reactions, 
and large areas of parenchymal collapse with lymphoplas-
macytic inflammation are more common in AIH – ACLF 
[118, 119]. Interface hepatitis and lymphoplasmacytic infil-
trates are seen in 80% of patients with AIH – ACLF from 
the AARC database [117]. In another single-center Japanese 
study, acute hepatitis with centrifugal, submassive, and mas-
sive necrosis was found on histology in 86% of cases with 
fulminant AIH [120]. The diagnosis of AIH is based on the 
simplified scoring system, and treatment with corticosteroids 
has an excellent response. [119]

Vascular liver diseases

The disease burden, clinical picture, prognosis, and treat-
ment strategies of Budd Chiari Syndrome (BCS) or Portal 
Vein Thrombosis (PVT) presenting as ACLF are largely 

unknown. A single-center retrospective study reported the 
incidence of ACLF among BCS patients to be 5% (28/553) 
[121]. Approximately 61% had no acute precipitant identi-
fied while stent thrombosis, acute Hepatic Vein thrombosis, 
acute viral hepatitis, and antituberculosis drug with hepatitis 
B virus reactivation were noted in 18%, 10.7%, 7.1%, and 
3.6% respectively. The authors reported that endovascular 
intervention was associated with improved survival while 
infection and HE were associated with poor survival [121]. 
The 1- and 3-year transplant-free survival rates in the group 
that underwent intervention were 86.5% and 69%, respec-
tively. The thrombophilic disorders in those with ACLF 
have not been evaluated but are unlikely to be different from 
those without ACLF [122]. The reduction of hepatic blood 
flow due to acute portal vein thrombosis (PVT) may lead 
to ischemic liver injury [123]. The diagnosis of acute or 
chronic BCS in the study by Langlet et al was based on 
the presence of both acute and chronic features, clinically 
and/or radiologically [124]. The entity of ACLF was not 
described at that time and it is unclear if any of these patients 
would have fulfilled the criteria of ACLF. However, it was 
reported that these patients had worse outcomes as com-
pared to other patients with Budd-Chiari syndrome. The 
evaluation of thrombophilic disorders in patients with PVT 
or Hepatic Vin Outflow Obstruction (HVOTO) and ACLF 
should be similar to that of patients without ACLF. There 
is currently no evidence to suggest that non-cirrhotic portal 
fibrosis or Extra-hepatic Portal Vein Obstruction (EHPVO) 
may present as ACLF. The APASL guidelines on BCS have 
suggested classifying BCS-ACLF into three types, as shown 
in Table 5.

Variceal bleed, post‑TACE or post‑hepatectomy liver 
failure

AVB has been included as one of the events to define acute 
decompensation in the natural history of cirrhosis [23]. AVB 
in a patient with ACLF has been reported to be associated 
with increased mortality; however, AVB per se leading to 
ACLF is less frequent. If an individual develops liver fail-
ure (jaundice and coagulopathy) due to variceal bleeding, 
then an acute event is considered AVB. The liver failure 
in such patients is likely to be due to hepatic ischemia and 
subsequent bacterial infections [125, 126]. N-acetylcysteine 
has been reported to prevent ischemic hepatitis-related liver 
failure in patients with cirrhosis who present with severe 
AVB [127]. It is unknown whether pre-emptive TIPS in 
patients with cirrhosis and AVB can prevent the develop-
ment of ACLF in a patient with compensated cirrhosis. 
Although such preventive measures are necessary to prevent 
ACLF, a patient with prior decompensation (ascites or HE) 
who presents with AVB-related ACLF cannot be included 
in the APASL ACLF criteria. Based on the data, it was 
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unanimously agreed that AVB is not an acute hepatic insult 
in patients where it produces jaundice and coagulopathy, 
fulfilling the criteria of ACLF. Few cases of post-TIPS liver 
failure have been reported [128]. Liver failure is common 
in those with higher baseline CTP score and prior history 
of HE [129].

Bacterial infections

Cirrhosis is associated with an increased incidence of bac-
terial and fungal infections resulting in hospitalization and 
complicates hospital admissions in up to 40% of cases [130]. 
In patients with cirrhosis, disruption of the immune system 
has been shown to be a common pathway and susceptibil-
ity to infection is one of the most common complications. 
Infection can lead to worsening liver synthetic function and 
precipitate complications including variceal bleeding, HE, 
AKI, and multi-organ failure, contributing to high mortality 
[131]. 37% of patients with decompensated cirrhosis will 
be re-admitted to the hospital within 30 days [79] and the 
prevalence of multidrug anti-microbial resistance (AMR) 
continues to rise with 34% of cultures growing multidrug-
resistant organisms in a global study which caused higher 
mortality than non-AMR infections [132].

As per Western data starting from the seminal CANONIC 
Study, renal failure is the most common extra-hepatic 
organ failure [133]. In the multicentre, prospective, obser-
vational PREDICT study which included 1273 non-elec-
tively hospitalized patients with acute decompensation 
(No ACLF = 1071; ACLF = 202), almost all (96%) showed 
proven bacterial infection either alone or in combination 
with other events. 90-day mortality was paralleled with 
increasing levels of surrogates for systemic inflammation. 
Adequate first-line antibiotic treatment of proven bacterial 

infections was associated with a lower ACLF development 
rate and lower 90-day mortality [134].

It is evident that in these cohorts of patients, infection 
led to the development of organ failure and high mortality, 
though liver failure in a large proportion of patients was 
not there (only 14% in the canonic study). These patient 
scenarios are quite common. However, whether the organ 
failures form the natural course of a cirrhosis patient who 
develops an infection, or are a unique syndrome where liver 
failure leads to the development of infections and organ 
failure remains debatable. The recent AASLD guidelines 
include the presence of hepatic failure, as an integral part of 
the ACLF syndrome. As long as there is a concurrent pres-
ence of hepatic failure, the presence of infection, evident or 
not can be considered as part of the ACLF.

Antibiotics have been shown to reduce infections and 
mortality in acute variceal hemorrhage [135] and reduce 
infections, but not mortality, in severe alcoholic hepatitis 
and acute-on-chronicliver failure [136].

In the hospitalized acutely decompensated cirrhotic 
patients in the ATTIRE study, there was no overall reduc-
tion in hospital-acquired infection in patients prescribed 
antibiotics empirically at baseline in the absence of a clinical 
diagnosis of infection [137]. The median day of overall hos-
pital-acquired infection diagnosis was day 6 with the most 
common infections being respiratory (39%), spontaneous 
bacterial infection (10%), urinary tract infection (8%), and 
skin/soft tissue (8%). Empirical antibiotic use in those admit-
ted with decompensated cirrhosis overall had no beneficial 
impact on preventing hospital-acquired infection, nor renal 
dysfunction and no impact on survival. These data support a 
policy of prompt de-escalation or discontinuation of empiri-
cal antibiotics guided by culture sensitivities at 24–48 h after 
commencement if no infection and an improving patient 

Table 5   Types of Budd-Chiari Syndrome presenting as acute-on-chronic liver failure

HV Hepaic Vein, TIPS Transjugular Intrahepatic Portosystemic Shunt

Type Pathology Management

A Acute hepatic vein thrombosis or stent block precipitates ACLF in a BCS Urgent recanalization as per anatomy
Options:
1. Thrombectomy or thrombolysis with stenting
2. HV stenting
3. TIPS

B B1: BCS treated successfully previously: Treat 
like any other ACLF

B2: BCS untreated previously
1. Treatment of BCS after recovery from acute 

insult
2. Liver transplant

C 1. Thrombectomy or thrombolysis with stenting
2. HV stenting
3. TIPS
4. Liver transplant
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[137]. However, infection as a precipitant for the develop-
ment of ACLF, in the absence of primary hepatic failure 
remains a debatable point and many investigators from the 
US, do expect more data. The recent AASLD guidelines on 
ACLF, have also included liver failure as part of the ACLF 
definition and not as an extrahepatic organ failure.

5.	 Recommendations: acute insult in ACLF

	 5.1.	 Alcohol-associated Hepatitis in ACLF and Jaun-
dice in Decompensated Cirrhosis

	 5.1.1.	 AAH, alcohol-associated ACLF, and jaun-
dice in decompensated cirrhosis are distinct 
clinical entities based on pathophysiology, 
management, and prognosis. (LoE: Moder-
ate; Recommendation: Strong)

	 5.1.2.	 AAH and Alcohol associated ACLF are 
defined by significant alcohol intake within 
the last 8 weeks (LoE: Moderate; Recom-
mendation: Strong)

	 5.1.3.	 Development of ACLF in AAH is associated 
with higher mortality as compared to AAH 
and decompensated cirrhosis alone. (LoE: 
Moderate; Recommendation: Strong)

	 5.2.	 Drug-induced liver injury (drugs, CAM and 
HDS)

5.2.1	 Diagnosis of DI-ACLF is challenging as 
liver disease-related fluctuations in the liver 
function tests may be part of the natural history 
of the disease and may confound the diagnosis. 
(LoE- High, Recommendation-Strong).

5.2.2	 Complementary and alternative medica-
tions (CAM), and antituberculosis drugs are 
common causes of DI-ACLF. Diagnosis is based 
on history and RUCAM scoring (exclusion of 
other causes). (LoE- High, Recommendation- 
Weak).

5.2.3	 The prognosis of severe DI-ACLF is poor 
in the absence of liver transplantation. (LoE- 
High, Recommendation- Strong).

5.2.4	 The risk of liver injury with anti-tuber-
culosis drugs is proportional to the number of 
hepatotoxic drugs. (LoE- Moderate, Recommen-
dation- Strong).

5.2.5	 In patients with underlying chronic liver 
disease or cirrhosis, baseline liver biochemistry 
tests should be carried out along with HBsAg 
and anti-HCV screening before initiating antitu-
berculosis drugs. Subsequent monitoring should 
include liver biochemistry and INR every one to 

two weeks. (LoE- Moderate, Recommendation- 
weak).

	 5.3.	 Autoimmune liver disease

	 5.3.1.	 AIH is not an uncommon cause of ACLF 
(LoE-Moderate; Recommendation-Strong)

	 5.3.2.	 Corticosteroids are the drug of choice in 
patients with AIH and AIH ACLF (grade 
I and II), and have no contraindications. 
(LoE-High; Recommendation-Strong)

	 5.4.	 Vascular liver diseases (PVT, BCS)

	 5.4.1.	 Acute hepatic vein thrombosis or occlusion 
of TIPS or HV stent can precipitate ACLF. 
(LoE- Low, Recommendation- Strong).

	 5.4.2.	 Acute portal vein thrombosis can precipitate 
ACLF in a patient with cirrhosis. (LoE—
Low, Recommendation- Weak).

	 5.4.3.	 Anticoagulation can be considered in pa-
tients with ACLF due to vascular etiology. 
(LoE—Low, Recommendation- Weak).

	 5.4.4.	 Angioplasty, DIPS/TIPS can be performed 
in select patients with BCS-ACLF in the 
absence of LT. (LoE—Low, Recommenda-
tion- Weak).

	 5.5.	 Variceal bleed, post-TACE or post-hepatectomy 
liver failure

	 5.5.1.	 Variceal bleeding can lead to ACLF in a 
proportion of patients with compensated 
chronic liver disease. (LoE—Moderate, 
Recommendation- strong).

	 5.5.2.	 Variceal bleeding in patients with ACLF is 
associated with high mortality. (LoE- Mod-
erate, Recommendation- strong).

	 5.5.3.	 TIPS is associated with a low risk of ACLF. 
(LoE-Moderate, Recommendation- Strong).

	 5.5.4.	 Post-TACE ACLF is common in patients 
with advanced liver disease, cirrhosis. 
(LoE- Moderate, Recommendation- strong).

	 5.6.	 Bacterial infections

5.6.1	 Patients with cirrhosis are highly suscepti-
ble to developing bacterial and fungal infections 
associated with a high likelihood of hospitaliza-
tion and/or development of organ failure(s), the 
commonest being circulatory and renal. (LoE- 
Moderate, Recommendation- strong)

5.6.2	 As per EASL, survival in infection-related 
acute-on-chronic liver failure (ACLF) is deter-
mined by the development and number of extra-
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hepatic organ failures. (LoE-High, Recommen-
dation- strong)

5.6.3	 Antibiotics should be discontinued in hos-
pitalized patients with cirrhosis if no infection 
is identified (guided by culture sensitivities at 
24–48 h after commencement) and the patient 
is improving. (LoE-High, Recommendation- 
strong)

5.6.4	 Patients hospitalized with cirrhosis have 
a high incidence of antimicrobial resistance 
(AMR) with 34% of cultures growing multid-
rug-resistant organisms in a global study which 
caused higher mortality than non-AMR infec-
tions. (LoE-High, Recommendation- strong)

Defining the underlying chronic liver disease 
in ACLF

CLD with or without cirrhosis

Patients with ACLF have underlying chronic liver disease 
(CLD) or cirrhosis. CLD is traditionally defined as the 
progressive deterioration of liver functions for more than 
six months, which includes the dysfunction in the clotting 
factors and other protein synthesis, impaired detoxifica-
tion of harmful products of metabolism, and bile synthesis 
and excretion [17] (Fig. 1). CLD is a continuous process of 
inflammation, destruction, and regeneration of liver paren-
chyma, which leads to fibrosis and cirrhosis [17]. Compen-
sated advanced chronic liver disease (cACLD), as defined 
by BAVENO, includes a spectrum of diseases ranging from 
advanced fibrosis and cirrhosis in asymptomatic patients 
who are at risk of developing clinically significant portal 
hypertension (CSPH) [138]. cACLD is defined based on the 
transient elastography of > 15 kPa while such patients devel-
oping ACLF are less known. Assessment of the degree of 
fibrosis in patients with previously unknown status during 
the episode of ACLF is challenging. A single-center study 
including patients with alcohol-related ACLF reported the 
mean LSM among 14 patients who underwent transient elas-
tography at baseline was 71.01 ± 5.52 kPa. On follow-up 
after the reversal of ACLF, 34 patients underwent transient 
elastography, and the mean LSM was 46.41 ± 17.51 kPa. 
None of the patients had LSM less than 10 kPa [139]. 
Detailed history and general physical examination may help 
identify stigmata of cirrhosis/cACLD. Imaging modalities 
such as USG abdomen and CT scan may reveal the presence 
of cirrhosis. However, in patients with high-grade fibrosis in 
the setting of jaundice, ascites, and liver failure, non-inva-
sive modalities like transient elastography and radio imag-
ing may not be helpful in the assessment of the degree of 
fibrosis. Diagnosis of the etiology of chronic liver disease 

is important and has a large impact on the management and 
outcome of these patients. Viral etiologies may be diagnosed 
with the help of serologies and PCR tests. History of alco-
hol, obesity, diabetes, and dyslipidemia give clues to the 
presence of ALD and MASLD. Underlying AIH and Wilson 
are important differentials, especially when there are high 
transaminase, jaundice, hemolysis and absence of alcohol, 
viral, and metabolic risk factors. In these cases, liver biopsy 
is essential and due to the presence of coagulopathy and 
thrombocytopenia trans jugular liver biopsy is only feasible. 
Additionally, endoscopic ultrasound-guided liver biopsy is 
the upcoming modality in patients with liver diseases; how-
ever, at present, due to a lack of sufficient evidence, it may 
not be recommended in patients with ACLF.

‘Index’ presentation or ‘ACLF Again’

As discussed above reversal of ACLF is not uncommon. 
Once reversal is achieved, the liver stiffness may remain high 
indicating underlying cirrhosis. These patients can develop 
ACLF again if they relapse (alcohol) or stop NUCs or after 
withdrawal of immunosuppressants in AIH. Patients who 
develop ACLF again have higher mortality at 28 days than 
those who present as an index case [140].

Impact of comorbidities and obesity

There is an exponential increase in the burden of MAFLD/
MASLD globally [141]. Approximately 15–30% of patients 
with ACLF have diabetes mellitus, obesity, hypertension, 
and dyslipidemia, and these patients have severe liver 
disease. Mortality in such patients is higher compared to 
those without features of metabolic syndrome [142–145] 
(Table 6). MELD-Na and AARC scores at admission were 
higher in patients with MAFLD, i.e., 32 ± 6 and 10.4 ± 1.9, 
respectively. Furthermore, obesity (overweight) and diabetes 
mellitus are associated with higher mortality to 90 days in 
patients with ACLF [142, 143]. The presence of diabetes 
and precipitant to MELD-Na and AARC scores, the novel 
MAFLD-MELD-Na score (+ 12 for diabetes, + 12 for non-
viral precipitant) and MAFLD-AARC score (+ 5 for each) 
outperformed the standard scores in predicting mortality in 
patients with ACLF.

Changing trends for the etiology of acute insult 
and chronic injury

The epidemiology of acute insult has changed significantly 
in the past 5 years. In the AARC, COSSH, and CLIF data, 
alcohol is now the most frequent etiology for acute insult 
as well as for the underlying chronic liver disease (41%), 
and HBV remains the second common etiology (27%) in the 
Asian regions (Fig. 8) [1, 5, 146, 147] DILI, autoimmune, 
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and nonalcoholic steatohepatitis etiologies have shown 
an increasing trend; however, HAV/HEV/HCV showed a 
decreasing trend [101]. Targeted/immune therapies-induced 
ACLF is emerging [148]. HBV infection-induced ACLF, as 
well as HAV/HEV/HCV-induced ACLF, is now showing 
a decreasing trend over time, whereas alcohol and herbs, 
drugs, and supplements (HDS)-induced ACLF show an 
increasing trend. ACLF due to vascular diseases is being 
reported and studies on natural history and outcomes are 
awaited [122]. The unknown causes for acute insult and 
chronic injury constitute only 10–15% cases of ACLF in the 
East in contrast to the West, where these are seen in about 
40% of ACLF patients.

6.	 Recommendations: defining the underlying chronic 
liver disease in ACLF

	 6.1.	 CLD with or without cirrhosis

	 6.1.1.	 Cirrhosis and non-cirrhotic chronic liver 
diseases qualify as chronic liver diseases. 
(LoE- High, Recommendation- strong).

	 6.1.2.	 Chronic hepatitis and/or significant fibro-
sis without cirrhosis should be taken as a 
chronic liver disease if such a patient pre-
sents as ACLF. (LoE- High, Recommenda-

tion- Weak).
	 6.1.3.	 MAFLD-related chronic hepatic injury; 

MASH, if associated with significant fi-
brosis, should be taken as a chronic liver 
disease in ACLF. (LoE- High, Recommen-
dation- strong).

	 6.1.4.	 Diagnosis of chronic liver disease and cir-
rhosis in the setting of ACLF is made by 
history, physical examination, laboratory, 
endoscopic, or radiological investigations. 
(LoE- High, Recommendation- strong).

	 6.1.5.	 A liver biopsy may be helpful when the 
presence of underlying chronic liver disease 
and/or the cause of chronic liver disease 
and/or the acute insult is not clear. (LoE- 
High, Recommendation- weak).

	 6.1.6.	 Patients with known previous decompensa-
tion with jaundice, HE, and ascites should 
be excluded. (LoE- High, Recommenda-
tion- weak).

	 6.2.	 Index presentation or ‘ACLF Again’

	 6.2.1.	 Patients who achieve reversal of ACLF can 
develop ‘ACLF again’. (LoE- Moderate, 
Recommendation- Strong).

	 6.2.2.	 All subsequent episodes of ACLF should be 
evaluated and managed like that of patients 

Table 6   Impact of the presence of comorbidities on the course of ACLF

Author, Year 
(Ref.)

Type of study No. of patients Age, yrs Co-morbidities MELD score Morbidity Mortality

Duseja et al. 2021 
[142]

Multi-centre, pro-
spective cohort 
(2013)

1216 42.5 (± 9.4) Obesity:154 
(15%)

DM: 142 (14%)
HTN: 66 (7%)
Dyslipidae-

mia:141(15%)

29.7(± 7) 90-day: 43%

Lai et al. 2021 
[144]

Single centre
Retrospective 

cohort 2013- 
2020

38 56.3 (± 14.2) DM:100%
BMI: 24.99 

(± 3.32)

20.89 (± 5) Non-SBP infec-
tion: 44.74%

65.8%

Sundaram et al. 
2018 [145]

Single centre
Retrospective 

cohort 2015- 
2016

64 44 (13–65) NAFLD: 35.37% Renal: 37 
(57.8%)

Liver: 45 (70.3%)
Brain: 24 (37.5%)
Circulatory:14 

(21.9%)
Coagulation:22 

(34.4%)
Mechanical ven-

tilation: 25%

28-day: 43.75%

Selva Rajoo et al. 
2017 [100]

Retrospec-
tive cohort, 
2004–2014

14 53 (48–57) DM:50% 27 (23–31) During admission: 
28.6%

90-day mortality: 
35.7%
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with “index” ACLF. (LoE-Moderate, Rec-
ommendation- Strong).

	 6.3.	 Impact of comorbidities and obesity

	 6.3.1.	 Patients with ACLF and concomitant co-
morbidities present with advanced liver 
disease. (LoE- Moderate, Recommenda-
tion- Strong).

	 6.3.2.	 The presence of diabetes mellitus or obesity 
increases mortality in patients with ACLF. 
(LoE- Moderate, Recommendation- strong).

	 6.3.3.	 The presence of obesity in ACLF patients 
necessitates proper assessment and manage-
ment of airway and ventilation as well as 
nutritional therapy. (LoE-Low, Recommen-
dation- strong).

	 6.3.4.	 The presence of diabetes mellitus or obe-
sity in ACLF patients warrants additional 
pre-LT cardiac assessment and screening 
for malignancy. (LoE- Moderate, Recom-
mendation- strong).

	 6.4.	 Changing trends for the etiology of acute insult 
and chronic injury

	 6.4.1.	 Alcohol is now the commonest etiology for 
acute hepatic insult as well as for the un-
derlying chronic liver disease in the Asian 
continent. (LoE- High, Recommendation- 
strong).

	 6.4.2.	 DILI, autoimmune, and nonalcoholic steato-
hepatitis etiologies have shown an increas-
ing trend. (LoE- Moderate, Recommenda-
tion- moderate).

	 6.4.3.	 HBV infection–reactivation of hepatitis B-
induced ACLF as well as acute HAV/HEV/
HCV-induced ACLF show a decreasing 
trend over time in certain regions, whereas 
alcohol and herbs, drugs, and supplements 
(HDS)-induced ACLF show an increas-
ing trend. (LoE- High, Recommendation- 
strong).

	 6.4.4.	 The unknown causes for acute insult and 
chronic injury constitute only 10–15% of 
cases of ACLF in the East in contrast to the 
West, where these are seen in about 40% of 
ACLF patients. (LoE- High, Recommenda-
tion- strong).

ACLF and acute decompensation (AD) are 
distinct: differentiating AD and ACLF

Natural history and outcome of ACLF

ACLF is a syndrome due to acute deterioration of underlying 
chronic liver diseases resulting from acute precipitating events, 
which may lead to multi-organ failure with high short-term 
mortality. The common precipitants include alcohol, viruses, 
and drugs.

In the West as well as the East, AAH constitutes the major 
cause of ACLF [149]. Infections as a precipitant are reported 
more often in ACLF from the West [3] while HBV reactiva-
tion remains a dominant cause of ACLF in some Asia–Pacific 
countries like China and Bangladesh. Both alcohol and HBV 
are common in many countries like India [86, 150, 151]. The 
overall mortality of ACLF patients is quite high, with 40–50% 
of the patients dying by 28 days and 50–60% by 90 days [86, 
152, 153]. Liver transplantation is the definitive treatment.

The outcomes of ACLF are dependent on the stage of the 
ACLF and associated complications (like acute variceal bleed-
ing) and their dynamic changes during follow-up. There are 
various staging systems for ACLF (discussed in a later sec-
tion). In general, staging is dependent on the level of jaundice, 
INR derangement, cerebral involvement (HE), kidney involve-
ment, circulatory system involvement, and lung involvement. 
In patients diagnosed using APASL ACLF criteria, the AARC 
score is a good etiology nonspecific staging system; and Tongji 
prognostic predictor model score, Chinese Group on the Study 
of Severe Hepatitis B–ACLF score (COSSH–ACLF score), 
and even the MELD score are good HBV-ACLF specific 
scores [5, 86, 150, 154]. Higher stages of ACLF (i.e., more 
number of extrahepatic organs getting involved and start fail-
ing) are associated with higher mortality. These staging sys-
tems can also be used sequentially to dynamically assess the 
responses to interventions. The development of acute variceal 
bleeding also confers poor outcomes in patients with ACLF 
with a high mortality [155]. In patients with alcohol-associated 
cirrhosis/AAH-bacterial infections as a cause of ACLF and 
extrahepatic organ failures are frequently present at initial pres-
entation as ACLF, whereas, among patients with HBV-related 
ACLF, extra-hepatic organ failures are a late phenomenon 
[5]. Patients with hepatitis C or NAFLD/MAFLD as underly-
ing chronic liver disease and developing ACLF have higher 
short-term mortality compared with patients with HBV-related 
ACLF and alcohol-related ACLF [101].

Natural history and outcomes of acute 
decompensation

Acute decompensation (AD) of cirrhosis is a common cause 
of admission in patients with cirrhosis. It is traditionally 
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defined as any of the following events: jaundice, ascites, HE 
(hepatic decompensating events), gastrointestinal bleeding, 
AKI, and bacterial infections (extra-hepatic decompensating 
events) [13]. Once patients with cirrhosis develop the first 
episode of AD, the median survival drops from 12 to less 
than 2 years.

The PREDICT study (which defined ACLF and AD as per 
EASL criteria) showed that AD could follow one of the three 
trajectories in the next 3 months- pre-ACLF (which evolves 
into ACLF), unstable decompensated cirrhosis (UDC) and 
stable decompensated cirrhosis (SDC) [156]. Pre-ACLF 
group patients developed ACLF (as per EASL criteria) and 
had 3-month and 1-year mortality rates of 53.7% and 67.4%, 
respectively [156]. Unstable patients required admission but 
did not develop ACLF and had mortality rates of 21.0% and 
35.6%, respectively. Stable cirrhosis did not get readmitted, 
did not develop ACLF and had a 1-year mortality rate of 
only 9.5% [156]. The subclassification into these 3 catego-
ries was externally validated from a single center in Italy. 
The group of UDC (the group which most closely resem-
bles the AD group of AARC), was associated with a 1-year 
mortality rate of about 46%. This group was distinct from 
SDC and pre-ACLF with a 1-year mortality of 21% and 65% 
respectively [157]. This was further confirmed in a cohort 
of HBV-related cirrhosis also. In this cohort, the authors 
also developed a new model based on precipitant systemic 
inflammation, which could predict the transition from AD 
to ACLF [158].

Another study from the PREDICT group (although con-
taining heterogenous precipitants and a different definition 
of AD from AARC) included 1071 patients with AD-non 
ACLF and 202 ACLF [159]. They showed that the most 
common precipitants in AD were bacterial infections and 
severe alcoholic hepatitis, either alone or in combination. 
Other precipitants included gastrointestinal bleeding with 
shock and toxic encephalopathy. About half the patients may 
not have any identifiable precipitants. The clinical course 
of acute decompensation was found to be unrelated to the 
etiology but correlated to the markers of systemic inflam-
mation like CRP and leukocyte count and the number of 
precipitants. Adequate antibiotic therapy in patients with 
proven bacterial infections decreased the cumulative inci-
dence of developing ACLF in patients with AD (21.3% vs. 
39.2%) and 90-day mortality in both AD (16.9% vs. 36.5%,) 
and ACLF patients (44.2% vs. 66.2%). Adequate antibiotic 
therapy in proven bacterial infections can lower organ fail-
ures and 90-day mortality [159].

Differentiating AD from ACLF

ACLF is an entity distinct from acute decompensation. 
Acute Decompensation occurs in a patient with cirrhosis 
with or without prior decompensation and is often associated 

with a precipitant [135]. While AD does not include coagu-
lopathy, ACLF definitions include this.

ACLF and AD can be differentiated by good clinical 
acumen and clear understanding (Table 2) [20, 160]. There 
are challenges in the definition of AD and ACLF. AD is 
excluded in the definition of AARC but included by EASL-
CLIF and AASLD [2, 6]. It is very likely that the differ-
ent societies are characterizing different stages of the same 
condition [102]. A thorough review of recent literature was 
conducted, and the experts shared pivotal findings from 
2019 to 2023. The AARC database has included only ACLF 
patients and does not have information on cirrhosis patients 
presenting with acute decompensation. It is important to 
compile this data from countries in the Asia–Pacific region 
and maybe globally.

7.	 Recommendations: ACLF and acute decompensation 
(AD) are distinct

	 7.1.	 Natural history and outcome of ACLF

	 7.1.1.	 ACLF patients have high 28 and 90 days 
mortality. Liver transplantation can signifi-
cantly improve the ACLF patient’s short-
term and long-term survival (LoE-High; 
Recommendation-Strong).

	 7.1.2.	 The outcomes in ACLF are dependent on 
the stage of the ACLF and associated com-
plications and their dynamic changes during 
follow-up. (LoE-High; Recommendation-
Strong).

	 7.1.3.	 Etiology of ACLF may influence the out-
comes. (LoE-Low; Recommendation- 
Weak).

	 7.2.	 Natural history and outcomes of acute decompen-
sation

	 7.2.1.	 AD is the acute development of complica-
tions of cirrhosis like rapid development of 
ascites, gastrointestinal bleeding, and HE 
within four weeks of onset and requiring 
non-elective medical attention. (LoE: Low; 
Recommendation: Strong).

	 7.2.2.	 Patients with acute decompensation have a 
mortality rate that is intermediate between 
patients with ACLF and stable decom-
pensation. (LoE: Low; Recommendation: 
Strong).

	 7.2.3.	 Systemic markers of inflammation correlate 
with subsequent development of organ fail-
ure. (LoE: Low; Recommendation: Weak).

	 7.2.4.	 Early identification of precipitants and 
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prediction scores can favorably impact the 
natural course of patients with AD. (LoE: 
Low; Recommendation: Strong).

	 7.3.	 Differentiating AD from ACLF

	 7.3.1.	 Patients with AD who have or progress to 
develop extrahepatic organ failure have high 
short-term mortality. (LoE: High; Recom-
mendation: Strong)

	 7.3.2.	 Any decompensation event preceding jaun-
dice strongly favors AD. (LoE: Moderate; 
Recommendation: Strong)

	 7.3.3.	 The absence of repeated episodes of decom-
pensation differentiates ACLF as a unique 
syndrome. This has implications on the 
management decisions and prognostication, 
including reversibility of the syndrome. 
(LoE: Moderate, Recommendation: Strong).

	 7.3.4.	 Long-term survival, reversal, and/or recom-
pensation have been well documented with 
ACLF. (LoE: Moderate, Recommendation: 
Strong).

Portal and systemic hemodynamics 
and the related complications in ACLF

Portal, systemic and pulmonary hemodynamics 
in ACLF

ACLF is hallmarked by the development of acute portal 
hypertension (PH), a state driven by cytokine production, 
endothelial dysfunction, and impaired vasorelaxation in 
addition to the irreversible component of structural resist-
ance. Apart from the structural changes constituting the 
irreversible component, the marked hepatic inflammation 
with the generation of reactive oxygen species, especially 
the superoxide dismutase, decreased nitric oxide bioavail-
ability contributes to the dynamic component of portal 
hypertension. Increased portal pressure in ACLF, not only 
contributes to variceal bleeding but also to the development 
of rapid onset ascites and other systemic complications, 
including organ failures. ACLF patients have been shown 
to have a higher HVPG as compared to compensated cir-
rhosis [161]. It is thus likely that in patients with ACLF, 
the portal pressure gets acutely elevated and, after recovery, 
hepatic inflammation and cytokine levels decrease, which 
leads to improvement in hepatic as well as systemic hemo-
dynamics [161]. Patients with acute onset PH have been 
shown to have remarkably higher HVPG, increasing risks 
of variceal hemorrhage and translating to increased 30- and 
90-day mortality with the effects being more pronounced 
in those with alcohol associated-ACLF (AAH-ACLF) [161, 

162]. Reduction in HVPG at 3 months leads to improved 
survival [161]. However, HVPG measurement is invasive 
and difficult in routine clinical practice. Therefore, non-
invasive surrogates that correlate well with invasive HVPG 
measurements are urgently needed in patients with ACLF 
[163]. Recent data has focussed on the cardio dynamic state 
in ACLF wherein the baseline cardiac index is higher in 
patients with poor outcomes [164, 165]. Mortality in patients 
with hyperdynamic, hypodynamic, and thermodynamic 
states was 35%, 25%, and 14%, respectively. Point-of-care 
echocardiography can be used as a non-invasive test to deter-
mine the hemodynamic phenotype in ACLF, especially in 
the setting of severe sepsis [165]. In addition, remote moni-
toring of heart rate variability (HRV) shows that reduction 
in HRV is a surrogate for inflammation in decompensated 
cirrhosis and predicts progression to ACLF [164].

Variceal progression, pre‑emptive beta blocker, 
and management of acute variceal bleed

Considering the acute onset portal hypertension, ACLF 
patients may be more prone to rapid variceal progression and 
bleeding as sufficient collaterals may not form to decompress 
acute rise in portal pressure. Indeed, variceal bleed may be 
seen in up to 25% of them within 90 days with esophageal 
varices progressing from median grade 1(0–2) to grade 
2(2–3) [166]. In the AARC database, of the 72 patients with 
ACLF who developed AVB, 6-week mortality was 70.8% 
compared to 54% in those without AVB [155]. The 6-week 
rebleeding rate was 23%. HVPG in these patients was 
25 mmHg compared to 17 in patients who did not develop 
AVB. None of the patients were reported to undergo TIPS.

Data on the effects of NSBBs on variceal progression 
and AVB in ACLF is emerging. In a retrospective study 
by Mookerjee et al., analyzing the data from a subgroup 
of CANONIC study having ACLF, patients on NSBBs had 
lower grades of ACLF at presentation and higher resolu-
tion (complete or partial) and consequently lower short-
term mortality [167]. In the only available randomized 
control trial in patients of ACLF with no varices or small 
varices and HVPG > 12 mmHg studying the efficacy and 
safety of carvedilol, the 28-day mortality was lower in the 
group receiving carvedilol compared to placebo (10.6% 
vs. 24.3%, p = 0.044). Similarly, variceal progression was 
seen in a lesser number of patients in the carvedilol group 
(5/45,11.1%) than in the placebo group (15/46, 32.6%) at the 
end of 3 months (p = 0.021). Moreover, the development of 
AKI and SBP was lower with carvedilol compared to pla-
cebo at 28 days (13.6% vs. 35.7%, p = 0.003 and 6.1% vs. 
21.4%, p = 0.007, respectively) [166] (Fig. 9). Initiation and 
use of beta-blockers in ACLF have been shown to amelio-
rate systemic inflammation and reduce mortality in multiple 
diverse cohorts irrespective of impact on the prevention of 
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variceal bleeding or infections [166, 167]. However, only 
one in four patients with ACLF are eligible for NSBB [30]. 
NSBBs should be withheld in patients with severe circu-
latory dysfunction as evidenced by systolic BP < 90 mm 
Hg, serum Na < 130 mEq/L, or AKI [168]. Considering 
the greater hypotensive effect of carvedilol, future studies 
with other nonselective beta-blockers, such as propranolol 
or nadolol, should be encouraged. Few studies have reported 
that the addition of midodrine in patients receiving beta-
blockers can prevent variceal bleeding and lead to a reduc-
tion in HVPG, but the rationale has not yet been defined 
[169, 170]. Further studies are required to validate these 
findings, as midodrine is an alpha agonist that increases 
vascular tone and blood pressure, and beta blockers reduce 
mean arterial pressure.

Primary prevention of AVB by drugs or endotherapy for 
large or high-risk varices in ACLF patients still lacks con-
sensus. Being sick, the NSBB tolerability and risk of post 
EVL ulcer bleed raise genuine concerns. Endoscopic therapy 
is the primary modality to achieve hemostasis. Pre-emptive 
TIPS has been shown to improve survival in ACLF with 
AVB [171]. Patients with ACLF have a higher risk of post-
EVL ulcers [172]. SX-Ella Danis stent (DE stent) and rescue 
TIPS are the potential rescue options in refractory AVB or 
post-EVL ulcer bleed. In a recent propensity-matched analy-
sis of patients with refractory VH, rescue TIPS was associ-
ated with lower six-week mortality than DE stent (20.6% vs 

50%). In those undergoing TIPS, placement of TIPS within 
8-h compared with 8–24 h was associated with lower 6-week 
(48.6% vs. 12.9%; p = 0.003) and 1-year mortality (62.9% 
vs. 16.1%, p = 0.001) despite comparable rebleed rates 
(2/31; 6.5% vs. 2/35;5.7%; p = 0.90) [173]. However, TIPS 
in patients with APASL-identified ACLF is challenging as 
these patients have liver failure and cannot be recommended 
in the absence of immediate transplant prospects.

Management of ascites and paracentesis‑induced 
circulatory dysfunction (PICD)

Ascites are one of the syndromes defining components and 
in the AARC study, about 91% of patients had ascites at 
presentation. The rapid development of ascites is reflec-
tive of the acute development of PH in ACLF. Compared to 
ascites of decompensated cirrhosis, those with ACLF tend 
to have limited flank fullness, reduced compliance of the 
abdominal cavity, and are likely to have an abdominal com-
partment syndrome-like effect.

Restriction of dietary salt and careful use of diuretics 
remain first-line therapy, but deranged systemic hemody-
namics frequently lead to diuretic-induced complications 
in more than 50% of the patients [174]. The addition of 
midodrine has been shown to improve tolerability in a pilot 
study [174].
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About one-third of the patients presenting with ACLF 
do require paracentesis for severe-grade ascites [175]. Para-
centesis is safe in ACLF with hemorrhagic complications 
in ≤ 3%, with lower fibrinogen levels (< 0.7 g/L) being a 
potential predictor [176]. Paracentesis-induced circula-
tory dysfunction (PICD) is common in ACLF, developing 
in almost three-fourths (70%) of those undergoing even 
less than 5 L of paracentesis [modest volume paracentesis 
(MVP)]. PICD is clinically manifested as faster re-accu-
mulation of ascites, hyponatremia, renal impairment, and 
shorter survival. Laboratory diagnosis relies on an increase 
in Plasma Renin Activity (PRA) > 50% to a PRA of > 4 ng/
ml/h on day 5 or 6 as compared to baseline. A high PRA 
level in ACLF patients reflects a state of severe systemic 
inflammation, high portal pressure and systemic circula-
tory dysfunction [175]. Development of PICD in ACLF 
is associated with very high mortality. Volume expansion 
with albumin can prevent PICD and improve survival, and 
is required even in those ACLF patients undergoing MVP 
(Fig. 10) [175]. A small pilot randomized study reported 
midodrine as an alternative to albumin to prevent PICD in 
patients with ACLF undergoing MVP with similar PICD 
rates (20% vs 16%, p = 0.85) [177].

Hepatic encephalopathy: prevention, therapy 
and implication in natural history of ACLF

Approximately 40% of patients with ACLF have HE [72]. 
Development of HE indicates poor prognosis in patients 
with ACLF. The presence of grade III-IV HE is associ-
ated with higher mortality in comparison to grade I-II. 
Further progression from grade I-II HE to grade III-IV 
HE is associated with increased mortality. The window 
period between the transition from no HE to HE and grade 
I-II to grade III-IV needs to be identified clearly from a 
treatment perspective. Management of grade III-IV HE in 
hospitalized patients requires admission to the ICU and 
includes—(1) identification and treatment of precipitating 

factors, including infections, and (2) specific measures for 
decreasing hyperammonemia and systemic inflammation. 
Inflammation plays a greater role in the pathogenesis of 
HE in patients with ACLF than in patients without ACLF 
and is associated with a cytokine storm. Newer modalities 
of treatment, like plasma-exchange therapy, or cytokine 
filters have shown improvement in outcome in acute liver 
failure outcomes, especially if instituted early in the course 
of treatment (grade I-II HE) (Fig. 11). A recent AARC 
data reported that plasma exchange (PE) improves sys-
temic inflammation and lowers the development of MOF 
in patients with ACLF [178]. Further studies should be 
directed towards timing of PE, high volume versus low 
volume, and improvement or non-progression of HE in 
ACLF. Recently analyzed AARC data showed that ammo-
nia was significantly and persistently high in patients with 
grade III and IV HE (p < 0.001). Further dynamic change 
in ammonia level correlates well with the clinical course 
of HE. However, ammonia-targeted therapy needs further 
trials and validation. In a recent randomized study, it was 
reported that the addition of rifaximin to ACLF patients 
on intravenous antibiotics and lactulose did not lead to 
a survival advantage [179]. Till further studies become 
available, lactulose remains the mainstay of therapy.

8.	 Recommendations: portal and systemic hemodynam-
ics in ACLF

	 8.1.	 Systemic, hepatic, and pulmonary hemodynamics 
in ACLF

8.1.1	 Baseline HVPG is an important predictor 
of mortality in ACLF. (LoE: Moderate; Recom-
mendation: Strong)

8.1.2	 The reduction in HVPG significantly 
influences the outcome of ACLF patients. (LoE: 
Moderate; Recommendation: Weak)

Fig. 10   Paracentesis induced 
circulatory dysfunction (PICD) 
and relevance of Modest Vol-
ume Paracentesis in ACLF
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8.1.3	 HVPG measurement is safe in ACLF. 
However, non-invasive surrogates of HVPG 
need to be investigated for serial assessment of 
portal pressure (LoE: Moderate; Recommenda-
tion: Strong)

8.1.4	 Point-of-care ultrasound (POCUS) guided 
hemodynamic and cardiac assessment is recom-
mended for managing patients with ACLF and 
critical illness. (LoE: High; Recommendation: 
Strong)

	 8.2.	 Variceal progression, pre-emptive BB therapy 
and managing acute variceal bleed

	 8.2.1.	 Acute onset portal hypertension is a hall-
mark of ACLF leading to rapid growth 
of varices and increased risks of variceal 
hemorrhage and progression of ascites 
translating into detrimental downstream 
effects (LoE: Moderate; Recommendation: 
Strong).

	 8.2.2.	 NSBBs like propranolol and carvedilol 
should be used in patients of ACLF with no 
or small varices with HVPG > 12 mm Hg 
or with evidence of clinically significant 
portal hypertension in the absence of any 
contraindications to NSBB. (Level of evi-

dence: Strong, Grade of Recommendation: 
Strong).

	 8.2.3.	 For acute variceal bleeding in ACLF, en-
doscopic therapy combined with vasoactive 
agents remains the primary modality. (Level 
of evidence: Strong, Grade of Recommen-
dation: Strong).

	 8.2.4.	 Pre-emptive TIPS can be considered in se-
lected cases with failure to achieve hemo-
stasis after first endoscopic therapy. (Level 
of evidence: Low, Grade of Recommenda-
tion: Weak).

	 8.2.5.	 Rescue TIPS (within 8 h) may be preferred 
over Danis Ella stent for refractory variceal 
hemorrhage (LoE: Moderate; Grade of Rec-
ommendation: Weak)

	 8.2.6.	 Nonselective beta-blockers improve out-
comes in ACLF but should be used with 
caution. They should be avoided in the 
presence of severe circulatory dysfunc-
tion (systolic BP < 90  mm Hg, serum 
Na < 130 mEq/L or AKI). (LoE: Moderate; 
Recommendation: Strong).

	 8.3.	 Management of ascites and PICD

HE in ACLF
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Fig. 11   Algorhtmic approach to the management of hepatic encephalopathy in ACLF
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8.3.1	 Dietary salt restriction and diuretics 
remain the first-line therapy in ascites manage-
ment. The use of midodrine may improve the 
tolerability of diuretics. (LoE: Moderate; Rec-
ommendation: Weak)

8.3.2	 Paracentesis is safe in ACLF but is associ-
ated with a high incidence of PICD even with 
modest volume paracentesis (MVP). (LoE: 
Moderate; Recommendation: Strong)

8.3.3	 PICD is clinically manifested as faster re-
accumulation of ascites, with development of 
hyponatremia, and renal impairment leading to a 
shorter survival. Laboratory diagnosis relies on 
an increase in PRA by > 50% to a PRA of > 4 ng/
ml/h on day 5 or 6 as compared to baseline 
(LoE: High; Recommendation: Strong)

8.3.4	 Measurement of PRA is helpful in the 
management of ascites in clinical practice, but 
is not recommended for routine use. (LoE: Low; 
Recommendation: Strong)

8.3.5	 Albumin at a dose of 8 g/L of ascitic fluid 
tapped is recommended for patients undergo-
ing ≥ 3 L of tapping. (LoE: High; Recommen-
dation: Strong)

8.3.6	 Midodrine is as effective as albumin in 
preventing PICD in patients with ACLF. (LoE: 
High; Recommendation: Strong)

	 8.4.	 Hepatic encephalopathy: prevention, therapy and 
implication in natural history of ACLF.

	 8.4.1.	 About a third of patients with ACLF have 
HE at diagnosis. (LoE: Moderate; Recom-
mendation: Strong).

	 8.4.2.	 HE is associated with increased mortality 
independent of other organ failures; the 
mortality is higher in grades 3–4 (organ fail-
ure) than in grades 1–2 (organ dysfunction). 
(LoE: High; Recommendation: Strong).

	 8.4.3.	 Inflammation and ammonia play a key role 
in the pathogenesis of HE in ACLF. (LoE: 
High; Recommendation: Strong).

	 8.4.4.	 Blood ammonia level is elevated in HE 
in ACLF but its correlation with severity 
and prognosis needs to be further investi-
gated (LoE: Moderate; Recommendation: 
Strong).

	 8.4.5.	 Identify and treat underlying precipitant 
events. Lactulose is the only recommended 
drug for HE. (LoE: High; Recommendation: 
Strong).

	 8.4.6.	 Patients on broad-spectrum antibiotics do 
not benefit from the addition of rifaximin. 

(LoE: Low; Recommendation: Weak).
	 8.4.7.	 Advanced HE in patients with ACLF needs 

prioritization for liver transplant. ((LoE: 
Moderate; Recommendation: Weak).

Role of liver histology in ACLF

Diagnostic implications of liver biopsy in ACLF

Liver biopsy in ACLF can aid in accurate diagnosis. 
However, there is a paucity of evidence to support that it 
improves the overall outcome of patients. Liver biopsy in 
ACLF may be of help in differentiating drug-induced liver 
injury from autoimmune hepatitis and differentiating acute 
liver failure from ACLF. In addition, liver biopsy is needed 
for certain etiologies, especially alcohol-associated hepati-
tis (AH), severe autoimmune hepatitis (AIH), and flare of 
Wilson disease. In AIH, the biopsy is particularly helpful 
when antibodies and IgG are negative, but there is a high 
index of suspicion. In these recent studies, DILI as an acute 
and alcohol as acute and chronic underlying etiology are 
being increasingly reported in patients of ACLF which are 
preventable causes. In a recent study of 184 patients with 
AH, ductular bilirubinostasis was more frequent in patients 
of ACLF than in those without ACLF but without any prog-
nostic significance [180]. In the AARC database, DILI was 
a common cause (10.5%), with a biopsy done in 27% of the 
patients with ACLF-DILI cases. In another study of 1,666 
patients with cirrhosis, 68% had used complementary and 
alternative medicine (CAM), and 35.7% (n = 30/84) of 
patients presented with possible CAM-DILI-ACLF [107]. 
Portal-based neutrophilic, eosinophilic predominant mixed 
inflammation, hepatocyte ballooning, autoimmune-like fea-
tures, and severe cholestasis were seen in liver biopsies of 
patients with CAM-induced ACLF [181].

The preferred route of liver biopsy in patients with ACLF 
is transjugular, as a percutaneous approach is not feasible 
due to coagulopathy and ascites, and the laparoscopic route 
is impractical and carries risks in sick patients. Noninvasive 
tools to measure liver stiffness and biomarkers may help 
in identifying patients with advanced fibrosis. Studies are 
needed to validate the performance of these tests in the set-
ting of ACLF.

Prognostic implications of liver biopsy in ACLF

The alcoholic hepatitis histologic score (AHHS) score, 
based on the histology, is helpful in the prognostication of 
alcoholic steatohepatitis cases [182]. Similarly, the high 
density of ballooning degeneration and Mallory-Denk bod-
ies have been suggested to indicate poor response to ster-
oid therapy [183]. In another study including 152 patients 
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with the diagnosis of ACLF (EASL-CLIF criteria) due to 
alcohol, sepsis, hepatotropic viruses, and unknown causes 
reported severe hepatic necrosis, dense lobular inflammation 
including ceroid-laden macrophages, and lack of advanced 
Ishak fibrosis stages (Ishak stages 5–6) as predictors of poor 
prognosis compared to those with decompensated cirrhosis 
[184]. However, only dense lobular inflammation, including 
ceroid-laden macrophages, were independent predictors of 
short-term mortality [184, 185]. Further studies are required 
to validate these findings, as histologic scoring has not been 
reported to be superior to simple prognostic scores such as 
MELD and mDF [186].

9.	 Recommendations: role of liver histology in ACLF

	 9.1.	 Diagnostic implications of liver biopsy in ACLF

	 9.1.1.	 Liver biopsy plays an important role in dis-
tinguishing ACLF from ALF. (LoE- High, 
Recommendation-Strong).

	 9.1.2.	 Liver biopsy is helpful in patients in whom 
the presence and stage of underlying chron-
ic liver disease (CLD) and/or the cause of 
chronic liver disease are unclear. (LoE- 
High, Recommendation-Strong).

	 9.1.3.	 A trans-jugular liver biopsy is helpful in 
diagnosing/confirming the cause of acute 
injury, especially in patients with unclear 
clinical diagnostic pointers in patients with 
ACLF. (LoE- High, Recommendation-
Strong).

	 9.1.4.	 Drug-induced liver injury and alcohol-as-
sociated hepatitis are emerging as the most 
common acute etiologies for ACLF, and 
both require liver biopsy-based diagnostic 
confirmation. (LoE- Moderate, Recommen-
dation- Weak).

	 9.1.5.	 The need for liver biopsy in ACLF should be 
individualized, especially in alcohol-associ-
ated hepatitis, severe autoimmune hepatitis, 
and flare of Wilson disease. (LoE- Moder-
ate; Recommendation- strong).

	 9.1.6.	 Standardization of liver biopsy assessment 
is essential for a uniform approach to the di-
agnosis and treatment of acute and chronic 
insult in ACLF (LoE: low, Recommenda-
tion: Weak).

	 9.2.	 Prognostic implications of liver biopsy in ACLF

	 9.2.1.	 Liver biopsy in ACLF especially in alcohol-
associated hepatitis, may aid in prognostica-
tion. (LoE- Low, Recommendation-Weak).

	 9.2.2.	 Histological features such as ductular biliru-
binostasis, cirrhosis, necrosis, eosinophilic 
degeneration, and ballooning degeneration 
indicate relatively poor outcomes in ACLF 
patients. (LoE- Moderate, Recommenda-
tion- Weak).

	 9.2.3.	 Liver histology in conjunction with clini-
cal severity scores should be used for prog-
nostication of patients with ACLF. (LoE—
Moderate, Recommendation-Strong).

Treatment of ACLF

Patients with ACLF, generally require to be hospitalized and 
monitored carefully. A dedicated liver ICU with a multi-
disciplinary team is helpful for the management of these 
patients. A careful assessment of the degree of liver fail-
ure, extra-hepatic organ failure (s), infection, sepsis, fluid 
deficits, and requirements, should be assessed in the first 
six hours. Point of care ultrasound (POCUS) could be a very 
useful modality during this period (Fig. 12). During the first 
24 h itself, the need for a liver transplant should also be 
assessed. The Golden Window for ACLF worsening, stabi-
lization or reversal and the time frame for selection for liver 
transplant is seven days (Fig. 13). All efforts should be made 
to select patients who are likely to get the benefit of bridge 
therapy and the chances such therapies could provide for the 
success of non-transplant options and even improving the 
outcome of liver transplant. The ICU teams should be very 
cautious in the use of fluids, albumin, and vasopressors so 
as not to make a potential and good transplant candidate into 
a difficult and risky transplant.

Nutritional assessment and interventions

Nutrition has a pivotal role in patients with ACLF. Patients 
with ACLF should be evaluated with the existing tools, i.e., 
Nutrition Risk Screening 2002 (NRS 2002), Royal Free 
Hospital Nutritional Prioritizing Tool (RFH-NPT) and 
Malnutritional Universal Screening Tool (MUST). Nutri-
tion in Critical Ill score (NUTRIC) can be used for patients 
with ACLF admitted to the ICU. A study including 431 
patients of HBV-related ACLF reported myosteatosis in 60% 
of patients and sarcopenia in 20.% of patients using non-
contrast CT assessment at the L3 vertebra [187]. A skeletal 
muscle index of ≤ 40.2 cm/m2 in men and ≤ 31.6 cm/m2 in 
women is considered sarcopenia. Myosteatosis was defined 
as skeletal muscle radiation attenuation < 41 Hounsfield unit 
(HU) in patients with a BMI < 25 kg/m2 and SM-RA < 33 
HU in patients with a BMI ≥ 25 kg/m2. The authors reported 
that on competing risk analysis (for LT), age, AARC score, 
and sarcopenia were associated with 90-day mortality.
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Patients with liver failure should have a target daily intake 
of 30–35 kcal/kg body weight and daily protein intake of 
1.2 to 1.5 g protein/kg body weight [188]. It is prudent to 
increase the intake to prevent refeeding syndrome gradu-
ally. A low caloric intake (< 21.5 kcal/kg body weight/day) 
is associated with increased mortality, especially in alco-
hol-related ACLF, and should be avoided [189]. Although 

enteral nutrition is preferred to maintain mucosal integrity 
and reduce the risk of bacterial translocation, patients on 
high-dose vasopressors should avoid enteral nutrition as it 
may precipitate digestive complications (vomiting, diarrhea, 
etc.) and starting parenteral nutrition to switch to enteral 
nutrition once shock improves is preferred [190].
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Fig. 12   Point of Care Ultrasound (POCUS) in the management of ACLF patients

Fig. 13   The time frame, Golden window for medical management and Liver Transplant Decision in ACLF
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An RCT including 90 patients with ACLF (mean AARC 
score 8) admitted to wards reported a significant reduction 
in systemic inflammation, endotoxemia, and sepsis with 
omega-3 fatty acid supplementation [191]. Omega-3 FAs led 
to a decrease in endotoxin levels, prevented an exacerbated 
rise in TNF-α and IL-6, and suppressed IL-1β, whereas 
omega-6 FAs prevented the rise in endotoxin levels and 
TNF-α. Furthermore, omega-3 led to an increase in expres-
sion of TLR2 and TLR4, which are well known to recognize 
lipopolysaccharide (endotoxin) as a pathogen-associated 
molecule. This led to a reduction in the incidence of sep-
sis in the omega-3 fatty acid group. The dose of omega-3 
fatty acids used was 100 ml per day infused over a period 
of 6 h. Although the role of micronutrients in ACLF has 
not been investigated specifically, thiamine and zinc sup-
plementation in alcohol-related ACLF should be ensured 
[192]. Branched-chain amino acids (BCAA) supplementa-
tion in ACLF has not been proven to be effective in patients 
with ACLF [193]. A carbohydrate-containing late-evening 
snack in patients with ACLF has been shown to reduce fat 
oxidation and improve carbohydrate oxidation and resting 
energy expenditure [194].

Antiviral strategies in ACLF HBV reactivation

The World Health Organization has recently published the 
Hepatitis B guidelines [195]. The suggested inclusions 
for treatment include (a) patients with significant fibrosis 
(APRI > 0.5 or LSM > 8) irrespective of DNA levels, (b) 
DNA > 2,000 IU/ml and ALT > ULN; (c) all patients with 
coinfections, diabetes mellitus, MAFLD, (d) those with fam-
ily history of hepatocellular carcinoma or cirrhosis; (e) all 
those on immunosuppression and (e) those with extrahepatic 
manifestations due to HBV (vasculitis or glomerulonephri-
tis). With these expanded criteria, most patients with ACLF 
would require antivirals. The median HBV DNA levels in 
patients with HBV ACLF are usually higher and prompt 
treatment with antivirals would lead to improved survival 
[196]. Although the currently available drugs (TAF, TDF, 
Entecavir) are equally effective for HBV, a single-center trial 
reported TAF to be superior to TDF with lower renal dys-
function [197, 198]. A decline in HBV DNA levels by log 
2 at two weeks has been reported to improve the severity 
scores and survival [196].

Corticosteroids in alcohol‑associated ACLF

AAH can be diagnosed based on NIAAA clinical criteria, 
and trans jugular liver biopsy is suggested in the presence 
of confounding factors for those presenting as ACLF [199]. 
Corticosteroids have been reported to improve short-term 
survival irrespective of the type of steroids used in patients 
with MELD scores between 25 and 39 [200]. However, the 

incidence of infections and extrahepatic organ failures is 
higher in patients with alcohol-related ACLF [201]. Of the 
1249 patients with severe AAH with ACLF in the AARC 
database, only 211 (17%) could be considered for corticos-
teroid therapy. The cumulative response rate (Lille score) 
was 48%, and the response was inversely correlated with 
the ACLF grade, bacterial infections, and extrahepatic organ 
failures [202]. Patients with an AARC score above 10 at 
baseline were poor responders to corticosteroids and had 
higher mortality (Fig. 14). Similarly, a subgroup analysis of 
the STOPAH trial reported poorer response to corticoster-
oids in advanced ACLF grades [203]. Prophylactic antibiot-
ics (norfloxacin and amoxicillin clavulanate) can reduce the 
incidence of bacterial infections but without survival benefit 
[136, 204].

Corticosteroids in DILI and AIH‑ACLF

Steroids are the first line of drugs for the treatment of 
patients with AIH. There is a paucity of data on the use 
of steroids in patients with AIH-ACLF. The largest dataset 
published on this is the AARC database, which included 82 
patients with AIH-ACLF [119]. Among these patients, 28 
(34%) received steroids, while the remaining 54 patients, 
half of whom had concomitant sepsis did not receive 
steroids. Subsequent analysis revealed that patients with 
advanced age, a MELD score > 27, the presence of HE, 
and hepatic fibrosis (≥ F3) had a poor response to steroids 
[119]. Another study with a limited sample size study of 
29 AIH-ACLF patients suggested the potential benefits of 
steroids in those with no extrahepatic organ failure, with a 
MELD score < 24 and a CTP score < 11. Notably, 41% of 
these patients developed sepsis after the initiation of steroid 
therapy [205].

While steroids play a crucial role in managing autoim-
mune hepatitis, their utility in ACLF warrants careful con-
sideration, especially given the challenges associated with 
patient selection, timing, and dosage [206]. Prospective stud-
ies are needed to establish guidance for steroid use in AIH-
ACLF, considering various factors such as disease severity, 
patient characteristics, and the potential risks associated 
with steroid therapy.

The primary treatment of DILI includes withdrawal of the 
offending drug and supportive care. N-acetylcysteine (NAC) 
is the antidote for acetaminophen overdose. NAC may also 
be effective for non-acetaminophen-related ALF. A 3-day 
intravenous NAC has been shown to improve overall sur-
vival and transplant-free survival in patients with idiosyn-
cratic DILI-induced ALF [207]. Another randomized study 
revealed NAC was associated with a shorter length of stay 
but no survival benefit in patients with ALF due to antitu-
bercular DILI [208]. Despite the common use of steroids 
in DILI, existing studies are predominantly retrospective, 
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with arbitrary inclusion and exclusion criteria, and show 
mixed results. Steroids may be beneficial in a small pro-
portion of patients with biopsy-proven evidence of drug-
induced AIH, especially with significant duct loss, and in 
those with immune checkpoint inhibitor-induced liver injury 
[107, 209, 210].

Emerging therapies in ACLF‑anti‑inflammatory, 
immune‑modulative, regenerative and others:

Fecal microbiota transplant (FMT)

ACLF is a condition associated with significant intestinal 
dysbiosis in the context of microbial composition, rich-
ness, diversity, and functional metabolism. Specific gut 
microbiota(GM) patterns are present in patients with ACLF, 
while characteristic microbial metabolites are associated 
with ACLF development [211]. Intestinal dysbiosis featur-
ing increased relative abundance of Enterococcus was found 
to be associated with progression of hepatitis B (HBV)-
related ACLF and initiation and progression of severe 
alcohol-related hepatitis (SAH) [212, 213]. Specific GM 
(e.g., Lachnobacterium with HE, Pediococcus with death 
post steroid therapy), their interactions (e.g., Enterococcus 
and Acinetobacter with AKI), and metabolites (e.g., glyc-
erophospholipid-metabolism with death) were associated 
with complications of SAH and treatment outcomes [214]. 

In this context, fecal microbiota transplantation (FMT) aims 
to modulate dysbiotic GM through protocolized beneficially 
but non-standardized infusion of screened and processed 
fecal suspension from apparently healthy donors into the 
gastrointestinal tract through various routes (endoscopic, 
naso-duodenal or -jejunal feeding tube, colonoscopic or rec-
tal enema). Interventions in SAH patients primarily drive 
our current understanding of outcomes related to FMT in 
ACLF. A pilot study on FMT compared to matched healthy 
controls in steroid-ineligible SAH demonstrated improved 
survival at one year in the former (87.5% vs 33.3%) [215]. 
A case–control study and another randomized controlled 
trial showed that liver-related clinical events and survival 
rates were better with FMT than with corticosteroid (90-day 
75% vs 56.6%) or pentoxifylline (83% vs 56%) treatment 
[216, 217]. The use of FMT, specifically in SAH-ACLF, 
has shown promise in improving long-term survival, ame-
lioration of portal hypertensive complications and life-
threatening infections, and reducing alcohol misuse [218]. 
In all studies that examined the dynamics of GM, clinically 
evident benefits of FMT paralleled significant microbial 
changes. The pertinent changes included an increased rela-
tive abundance of Bacteroides, Bifidobacterium, and Lach-
nospira and a reduction in pathogenic Proteobacteria and 
Tenericutes. Similarly, the functional GM profiling among 
survivors revealed significant changes to short-chain fatty 
acid production, bile acid and lipopolysaccharide synthesis 

Fig. 14   AARC score as a guide to assess predictor of steroid response and mortality in patients with alcohol-ACLF
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pathways, and amelioration of pro-inflammatory signaling 
pathways [219]. The clinical utility and outcomes of FMT 
in other etiologies of ACLF remain unproven.

Regenerative and cell‑based therapy

Exponential increase in hepatocyte death without compensa-
tory regeneration accounts for liver failure and sudden onset 
of hepatic decompensation in ACLF [220]. Loss of support-
ive regenerative niche due to depleted immune function for 
clearing injury, inflammation, and infection is evolving as 
the underlying cause of regeneration failure in ACLF [221]. 
Hence, promoting liver repair by modulating the liver micro-
environment and/or restoring immune function can serve 
as a potential therapeutic approach for the management of 
ACLF (in which uncontrolled injury and inflammation con-
tribute significantly to morbidity and mortality) [221]. The 
bone marrow (BM) and its progeny contain several candidate 
cell types for this application, including hematopoietic pro-
genitor cells, MSCs, and macrophages. Therapeutic use of 
G-CSF mobilized BM stem cell therapy in ACLF (particu-
larly ACLF patients satisfying APASL criteria) has shown 
to be promising in terms of improvement in overall survival, 
liver function, and the MELD score [222]. However, studies 
from the European cohort of ACLF did not demonstrate sur-
vival benefits, probably due to the inclusion of patients with 
sepsis and organ failures [223, 224]. Nevertheless, G-CSF 
theoretically can lead to the improved regenerative capacity 
of the liver, and further studies in combination with TLR4 
inhibitors are being planned. [225] Mesenchymal stem cells 

(MSCs) have been reported to be safe in patients with ACLF 
in early phase trials; however, their efficacy in real-world 
studies is lacking, which merits further studies. [226, 227]

Liver dialysis, plasmapheresis and other artificial liver 
support system

Plasma exchange is a preferred modality of therapy for 
patients with ACLF, irrespective of etiology, especially in 
Asian centers. There have been several studies reporting 
therapeutic plasma exchange (TPE) as a bridging modality 
or a non-transplant measure to improve survival. TPE in 
patients with ACLF has been reported to reduce (or con-
tain) systemic inflammation and improve the monocyte 
phagocytic function and mitochondrial respiration and 
survival compared to those who received standard medi-
cal therapy [178]. A systematic review and meta-analysis, 
including 20 studies and 5705 patients with ACLF, reported 
improved 30 (RR 1.36, 95% CI 1.22–1.52, p < 0.001) and 
90-day (RR, 1.21, 95% CI 1.10–1.34, p < 0.001) survival 
but did not reach statistical significance on sensitivity 
analysis including only RCTs [228]. Nevertheless, TPE 
can provide a window of 30 days to bridge a patient with 
ACLF to LT [178, 228–236] (Table 7). Centrifugal TPE 
is preferred over membrane TPE. The number of sessions 
required is individualized and the role of high volume 
and standard volume needs to be compared in RCTs. The 
role of MARS and other artificial liver support systems in 
ACLF remains limited and needs further studies.

Table 7   Bridge therapies for ACLF patients

Studies ACLF definition Artificial liver support Control Type of study Outcome

Kribben et al. 2012 [229] EASL FPSA (n-77) SMT (n-68) RCT​ No difference in 28 days and 
90 days mortality

RELIEF Trial, 2013 [230] – MARS (n-95) SMT(n-94) RCT​ No difference in 28 days 
morality

Gerth et al. 2017 [231] EASL MARS(n-47) SMT (n-54) Retrospective No difference in 28 days 
morality

Bañares et al. 2019 [232] Multiple MARS (n-91) SMT (n-74) IPD meta-analysis No difference in 30 days 
mortality

Maiwall et al. 2021 [178] APASL TPE-94 SMT-89 PS matched
Retrospective

Improved survival at 28 days 
but not at 90 days

Kumar et al. 2022 [233] APASL Low volume TPE-21 SMT-29 Retrospective Improved survival at 28 days 
but not at 90 days

Ramakrishnan et al. 2022 
[234]

EASL TPE-14 SMT-14 Prospective non-rand-
omized

Improved survival at 28 days 
but not at 90 days

Agarwal et al. 2023 [235] EASL DIALIVE (n-17) SMT (n-15) RCT​ No difference in 28 days 
morality

Swaroop et al. 2023 [236] EASL TPE-38 SMT-38 PS matched
Retrospective

Improved survival at 28 days 
but not at 90 days

Beran et al. 2024 [228] Multiple
Meta-analysis

TPE-2243 SMT-2210 Meta-analysis Improved survival with TPE
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	10.	 Recommendations: treatment of ACLF

	 10.1.	 Nutritional assessment and interventions

10.1.1	 Conventional tools should be used for 
assessing the nutritional status of ACLF patients 
(LoE: Moderate; Recommendation-Strong)

10.1.2	 ACLF patients must receive 30–35 kcal/
kg/day (actual body weight corrected for ascites) 
or 1.3*REE /Kg (IBW as per height) and 1.2–
1.5 g/kg of protein per day (LoE- High; Recom-
mendation-Strong), preferably through the oral 
route.

10.1.3	 Enteral nutrition through nasogastric/
nasojejunal tube is suggested if the individual 
fails to achieve a caloric intake of 21 kcal/kg/
day per oral (LoE- Moderate; Recommendation-
Strong)

10.1.4	 Carbohydrate-rich, late-evening snack is 
suggested for patients with ACLF (LoE: Moder-
ate; Recommendation-Strong)

10.1.5	 In critically ill patients’ data regarding low 
vs. high protein diet is limited with the absence 
of high-quality trials. (Low LoE; weak recom-
mendation)

10.1.6	 Omega 3 fatty acid infusions may be used 
in patients with ACLF for the prevention of sep-
sis. (LoE; Moderate; Recommendation: Strong)

10.1.7	 In ICU patients, energy requirements 
should be assessed by an indirect calorimeter 
(IC). If IC is not available, then hypocaloric 
nutrition (< 70% of estimated needs) should 
be preferred for the first week of the ICU stay. 
(LoE: Moderate; weak recommendation)

	 10.2	 Antiviral strategies in ACLF-HBV

10.2.1	 Nucleos(t)ide analogs should be started 
immediately in all HBV-infected ACLF patients 
at presentation while waiting for confirmation 
by HBV DNA level. (LoE: High; Recommenda-
tion: Strong)

10.2.2	 Potent antiviral drugs, such as tenofovir 
alafenamide, tenofovir disoproxil fumarate or 
entecavir should be used. (LoE: High; Recom-
mendation: Strong)

10.2.3	 A 2-log reduction in HBV DNA levels 
after 2 weeks of therapy reduction is associated 
with improved survival and should be performed 
whenever feasible. (LoE: Moderate; Recom-
mendation: Strong)

	 10.3.	 Corticosteroid in alcohol-associated ACLF

10.3.1	 Corticosteroids are recommended for 
alcohol-related ACLF who have evidence of 
alcohol-associated hepatitis in the absence of 
contraindications. (LoE- High, Recommenda-
tion- Strong).

10.3.2	 Patient selection for a short course of ster-
oid therapy in alcohol-associated ACLF should 
be carefully made, using scoring systems like 
MELD and AARC to identify those who may 
benefit most in the setting of alcohol-associated 
hepatitis. (LoE- Moderate, Recommendation- 
Strong).

10.3.3	 Monitoring for and managing potential 
complications, such as infections and gastroin-
testinal bleeding, should be done when using 
steroids in patients with alcohol-related ACLF. 
Prophylactic antibiotics are not universally 
recommended. (LoE- High, Recommendation- 
Strong).

	 10.4.	 Corticosteroid in DILI and AIH-ACLF

10.4.1	 Corticosteroids may be used in patients 
with AIH-related ACLF who have no contrain-
dications for steroid therapy or those who do not 
have overt HE. (LoE- Moderate, Recommenda-
tion- Strong).

10.4.2	 Steroids may be used in patients with 
biopsy-proven drug-induced ACLF who have 
evidence of AIH. (LoE- Low, Recommenda-
tion- Weak)

10.4.3	 Close monitoring is suggested for patients 
who receive steroids in ACLF. (LoE- Low, Rec-
ommendation- Strong)

10.4.4	 A short course (of 4 weeks) of steroid 
therapy may be suggested, but the duration of 
therapy is based on clinical recovery and clini-
cians’ judgment. (LoE- Low, Recommendation- 
Weak)

	11.	 Emerging therapies in ACLF-anti-inflammatory, 
immune-modulators, regenerative and others

	 10.5.1.	 Fecal microbiota transplant

	 10.5.1.1.	 FMT-based beneficial modulation of gut 
dysbiosis may improve short- and long-term 
clinical outcomes in patients with alcohol-
associated ACLF, especially those who are 
deemed ineligible for standard care or cura-
tive liver transplantation. (LoE- Moderate, 
Recommendation- Weak).

	 10.5.1.2.	 Currently, FMT is not recommended in the 
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treatment of ACLF of any etiology other 
than alcohol-associated ACLF. Its role as 
a bridge to liver transplantation requires 
validation from well-designed, pragmatic 
methodology-driven prospective studies. 
(LoE- Moderate, Recommendation-Strong).

	 10.5.2.	 Regenerative and cell-based therapy

	 10.5.2.1.	 G-CSF and MSCs may be used as experi-
mental therapies in patients who have no 
transplant prospects. (LoE—Moderate, 
Recommendation—Weak).

	 10.5.3.	 Liver dialysis, plasmapheresis and other artificial 
liver support system

	 10.5.3.1.	 Therapeutic Plasma exchange may be per-
formed in patients with ACLF as a bridg-
ing modality to liver transplant. The num-
ber of sessions and type of plasma exchange 
should be based on clinical judgment. (LoE: 
Moderate; Recommendation: Strong).

	 10.5.3.2.	 Currently available artificial liver support 
systems, including MARS, have not shown 
survival advantage and are hence not rec-
ommended in ACLF patients. (LoE: Low; 
Recommendation: Strong).

	 10.5.3.3.	 Use of cytokine, bile acid, and bilirubin fil-
ters can be considered in special situations. 
More data is however required. (LoE: Low; 
Recommendation: Weak)

Prognostic models in ACLF

The outcome of patients with ACLF is often driven by 
the severity of organ failures, and severity scores such as 
MELD and MELD-Na may underestimate mortality among 
patients with ACLF [237]. Accurate prognostication in 
ACLF requires scores that truly capture the entire clinical 
course at the time of measurement, thus assessing not only 
hepatic (liver, coagulation, brain) but also extrahepatic organ 
failures (cardiovascular, respiratory, and renal), manifesta-
tions of portal hypertension (e.g. HE) and complementary 
variables that capture disease severity (e.g. lactate). Three 
general ACLF scores include the evaluation of extrahepatic 
organ failures. NACSELD ACLF score includes advanced 
extrahepatic organ failure defined by the need for organ sup-
port (mechanical ventilation, RRT, and vasopressors) [238]. 
CLIF-C ACLF score evaluates all six organ/systems. It 
includes the CLIF-C OF score, a largely validated adaptation 
of the SOFA score to the cirrhotic population, in addition to 

age and WBC count [91]. The AARC score includes serum 
bilirubin, serum creatinine (sCr), serum lactate, INR, and 
HE [86]. MELD-lactate combines MELD score and lactate 
[77]. In a study comparing several models at admission look-
ing at patients in the APASL region, model performance 
characteristics (discrimination, C statistic) for AARC score, 
CLIF-C (ACLF score, and OF score), NACSELD-ACLF 
model and MELD-Lactate, were similar [29]. Further stud-
ies on calibration are needed across populations. At admis-
sion, both the AARC score and MELD-LA level increased 
in parallel to the subsequent development of organ failure 
[29, 239]. In other models, Lactate added to CLIF-C ACLF 
outperformed CLIF-C ACLF and MELD scores to predict 
early mortality [240]. All scores have been developed and 
validated in independent data sets and appear to have better 
diagnostic performance than MELD and MELD-Na as well 
as ICU-specific scores (e.g., Acute Physiology and Chronic 
Health Evaluation or Sequential Organ Failure Assessment 
[SOFA]). The differences between prognostic models are 
described in Table 8 [2, 75, 86, 91, 150, 241–244].

The dynamic assessment of severity scores would cap-
ture the response or lack of response to therapy. The value 
of serial evaluation of scores to determine prognosis and 
accurately predict those patients who may need further sup-
port or in whom further treatment may be futile has been 
demonstrated in ACLF (ACLF grade, CLIF-C ACLF, and 
AARC scores) [29, 32, 55]. Sequential assessment is usually 
performed from 48 h to 3–7 days after diagnosis and initia-
tion of therapy. The best reassessment time point has not 
been defined but will probably depend on the initial sever-
ity of ACLF. Future efforts should focus on improving the 
accuracy, reliability, and applicability of prognostic models 
through prospective validation studies, and incorporation 
of novel biomarkers using machine learning techniques. 
Whether increasing accuracy in prognostication would 
translate into better patient outcomes remains to be assessed.

Recommendations: prognostic models in ACLF

11.1.1	 Prognostic models specific for ACLF predict mor-
tality at days 30 and 90. (LoE: High, Recommendation: 
Strong)

11.1.2	 Severity scores must be assessed on days 0, 3, 7, 
and 14 to identify individuals requiring urgent liver 
transplants. (LoE, Moderate, Recommendation: Strong)

11.1.3	 An ideal prognostic model for ACLF should accu-
rately predict the outcome, and distinguish organ failures 
of utility (hepatic, coagulopathy, cerebral) and organ 
failures of futility (circulatory, respiratory). It should 
also have broad applicability, adaptability, dynamicity, 
ease of use, and guide therapy effectively (LoE- Low, 
Recommendation- Weak)

11.1.4	 AARC score is a validated prognostic model for 
ACLF. It is more accurate compared to MELD/MELD 
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Na., CLIF-SOFA, and SOFA scores for patients with 
ACLF. (LoE- Moderate, Recommendation- Strong)

11.1.5	 The combined application of MELD scoring and 
ACLF grading can better guide liver transplant alloca-
tion for ACLF patients but need more data (LoE- low, 
Recommendation- low)

11.1.6	 The TPPM model may have superior predictive 
value for HBV ACLF outcomes than MELD and CLIF-
SOFA models but needs further validation (LoE- Low, 
Recommendation- Weak)

11.1.7	 There is evolving evidence for the role of machine 
learning/artificial intelligence-based tools for prognos-

Table 8   Strengths and weaknesses of prognostic models for ACLF

*MELD and CTP scores have been validated for use in the setting of decompensated CLD, and hold some value in ACLF as well

Scoring system 
(Ref.)

Variables included Specific to ACLF Focuses on 
hepatic, renal and 
cerebral dysfunc-
tion

Applicability to 
multiple etiolo-
gies/regions

Assesses baseline 
as well as evolv-
ing parameters

Ease of use Guid-
ance for 
therapy

MELD Na [75] Bilirubin, Creati-
nine, PT-INR, 
Sodium

No No Yes No Yes Yes*

CTP score [241] Albumin, biliru-
bin, PT-INR, 
ascites, HE 
grades

No No Yes No Yes Yes*

SOFA [242] P/F ratio, mechan-
ical ventila-
tion, platelets, 
GCS, Bilirubin, 
MAP/ need 
for inotropes, 
Creatinine

No No Yes No No No

APACHE II [243] History of severe 
organ failure, 
age, tempera-
ture, MAP, 
pH, pulse rate, 
respiratory rate, 
sodium, potas-
sium, creatinine, 
acute renal fail-
ure, hematocrit, 
WBC count, 
GCS, FiO2

No No Yes No No No

AARC score [86] Bilirubin, HE 
grades, PT-INR, 
Lactate, creati-
nine

Yes Yes Yes Yes Yes Yes

CLIF-C ACLF 
[91]

Age, WBC count, 
bilirubin, creati-
nine, HE grades, 
INR, MAP, P/F 
ratio

Yes No Yes No No Yes

CLIF-C OF/ 
CLIF-SOFA [2]

Bilirubin, creati-
nine, HE grades, 
INR, MAP, P/F 
ratio

Yes No Yes No Yes Yes

TPPM [150] Bilirubin, PT-INR, 
HBV-DNA, 
complications

HBV-ACLF only No No No Yes No

COSSH II [244] PT-INR, HE, 
Bilrubin, Urea 
and Neutrophil 
count

HBV-ACLF only Yes No No No Yes
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tication in ACLF, but such tools need further validation 
prior to clinical use (LoE-Low, Recommendation-Weak)

Liver transplantation (LT) in ACLF

ACLF is characterized by a rapid downhill course with the 
onset of extrahepatic organ failure(s) leading to high short- 
and medium-term mortality (34–51%) [1]. LT is the only 
potentially curative treatment option with excellent out-
comes, irrespective of etiology. The survival in patients with 
ACLF and non-ACLF undergoing LT is comparable [32, 97, 
245, 246]. However, post-transplant survival is dependent 
on the grade of ACLF [32, 247] (Fig. 15). Quick decisions 
and appropriate timing of LT in ACLF can be lifesaving. A 
sick patient who is deemed ineligible for medical manage-
ment can be listed and prioritized for LT. While all patients 
should be aggressively managed with nutrition and other 
etiology-specific appropriate therapies, bridging therapies 
such as TPE can reverse the syndrome of ACLF in a few.

An analysis of 1021 patients from the AARC cohort 
suggested that a higher proportion of patients would 
become eligible for LT by the end of the first week 
(Fig. 13) [152]. At baseline, only 35% would be eligible 
for LT, which increases to 61% by the end of one week. 
Survival is excellent, ranging from 80 to 95% in patients 

with ACLF who undergo LT at 5 years [96, 248]. A serial 
assessment of these patients in the first week of hospi-
talization is needed to consider LT as a priority and the 
AARC score provides a simple dynamic assessment for 
the selection of patients and the outcomes (Figs. 15 and 
16). The ACLF patients are generally sick and often criti-
cally ill and admitted to ICUs; with rapid progression of 
liver failure and risk of multiorgan failure, transplantation 
is feasible only in a small proportion of patients [249]. 
The proportion of LTs performed for ACLF varies due 
to differing definitions and ranges between 10 and 25% 
[248, 250]. The LT waiting list mortality in ACLF patients 
is variable, with initial studies reporting up to 80% of 
patients being delisted for organ failures and sepsis; how-
ever, recent studies suggest delisting in only a quarter of 
patients due to improved medical management [251, 252]. 
Although timely LT can provide significant survival ben-
efits, healthcare utilization is exponentially high in these 
patients, both pre-, and post-LT [253, 254].

Liver transplant: transplant window 
and prioritization for LT

Liver transplantation is the only definitive therapy for ACLF, 
and several studies have reported improved survival with 
timely transplants [32, 97, 152, 246, 254–269] (Table 9).

Fig. 15   Liver Transplant outcomes of ACLF stratified by AARC score
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ACLF is characterized by its severity and high heteroge-
neity, and it involves numerous factors that influence patient 
prognosis. These factors include patient-related variables such 
as age, comorbidities, and the extent of liver dysfunction. The 
course of ACLF assessed 3–7 days after diagnosis was an 
independent predictor of mortality regardless of initial ACLF 
grade [32]. Therefore, sequential assessment of disease sever-
ity score at these time points may be used to determine prog-
nosis and accurately predict the need for further support, early 
LT, or a futile attempt. In addition, the prediction of 28-day 
or 90-day mortality at admission was confounded by regional 
variation (e.g. 90-day mortality in 41% in North America ver-
sus 68% in South Asia) and likely reflective of differences in a 
patient population at presentation [160]. The “golden window” 
to transplant these patients is in the first week of illness. For 
every 1-point rise in AARC score beyond 10, day 7 mortality 
increases by 20% [152].

Unsuitability, contra‑indications, and futility of LT 
in ACLF

Despite improved survival in ACLF patients with LT, a 
dilemma still exists over the prioritization of LT in these 
specific populations. The criteria indicating unsuitability 
for liver transplantation in ACLF include the presence of 
sepsis with two or more organ failures or uncontrolled 
sepsis, advanced azotemia having serum creatinine more 
than 4 mg/dl or a threefold rise in creatinine from base-
line or the necessity for renal replacement therapy, HE 

necessitating ventilator support for over 72 h, active gas-
trointestinal bleeding, irreversible neurological, cardiopul-
monary dysfunction, severe ARDS and patients requiring 
increasing doses of pressors. Patients with ACLF receiving 
marginal quality donors also do poorly—therefore, older 
donors, donation after cardiac death (DCD) donors, and 
steatotic livers should not be used. Patients with previous 
abdominal surgeries and portal hypertension present addi-
tional surgical risks and are less than optimal candidates 
for liver transplantation. In addition, frail and sarcopenic 
recipients have poorer outcomes and are not suitable for 
LT.

The contraindications of LT in ACLF patients encom-
pass a spectrum of comorbidities and complications that 
may significantly impact post-transplant outcomes and 
are the same as for other cirrhosis patients. These include 
active malignancy, advanced hepatocellular carcinoma 
beyond transplant criteria, uncontrolled systemic infec-
tions, and severe extrahepatic comorbidities with limited 
life expectancy such as advanced heart failure or end-stage 
respiratory disease, severe malnutrition, and active sub-
stance abuse. A recent consensus developed by 35 interna-
tional experts from North America and Europe has identi-
fied specific contraindications, including a PaO2/FiO2 
ratio below 150 mmHg, a noradrenaline dose exceeding 
1 µg/kg/min, and or serum lactate levels > 9 [270]. These 
criteria were, however, for critically ill cirrhosis patients. 
While liver transplantation represents the sole curative 
option for ACLF patients at this juncture, it is linked to 
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elevated postoperative complications and prolonged stay 
in the ICU and hospital, surpassing those associated with 
other indications.

LT is futile in a patient who has a high probability of 
early mortality after transplant or has predictably an unac-
ceptable quality of life and or/multiple complications post-
LT [271]. A post-LT survival of < 3 months (or in-hospital 
mortality) is considered as a futile LT [272]. The futility 
of LT may be considered for patients with 4 or more organ 
failures or a CLIF-C ACLF score > 64 (at days 3–7) if they 
have other contraindications for LT [32]. Similarly, an 
AARC score > 13 indicates the futility of LT. Transplanta-
tion for ACLF-3 model (TAM) score, which is based on 
age (≥ 53 years), arterial lactate (≥ 4 mmol/L), mechanical 
ventilation with P/F ratio ≤ 200 mmHg and pre-LT leucocyte 
counts (≤ 10 G/L), can predict one-year survival post-LT 
[265]. A score > 2 predicted survival of 8% at one year com-
pared to 84% in those with a score of ≤ 2. There are several 
other scores, such as futility risk score (> 8), clinical frailty 
score > 6, and SALT-M score > 30, which indicate futility 

but need to be validated in further studies [256] (Table 10). 
ACLF patients initially deemed unsuitable or futile for LT 
should undergo regular reassessment by a multidisciplinary 
team to evaluate for changes in clinical status, response to 
medical therapy, or availability of bridging therapies that 
may improve transplant candidacy. Whilst scoring systems 
help define timing for LT escalation and features suggesting 
futility, clinical and ethical challenges remain in the referral 
and activation of appropriate candidates. The American Col-
lege of Gastroenterology (ACG) guidelines suggested that 
patients with cirrhosis and ACLF who continue to require 
mechanical ventilation because of adult respiratory distress 
syndrome or brain-related conditions despite optimal ther-
apy should not be listed for LT [273]. LDLT is the better 
option once indicated in ACLF patients. It is well known 
that a delay in LT is associated with high healthcare resource 
utilization and financial burden [254].

Table 10   Factors associated 
with adverse outcomes after 
liver transplantation for ACLF

MAP mean arterial pressure, HE hepatic encephalopathy, CLIF-C SOFA Chronic Liver failure consortium 
Sequential organ failure assessment, SALT-M Sundaram ACLF Liver transplantation mortality, COSSH 
Chinese Group on the Study of Severe Hepatitis B, TAM transplantation for ACLF-3 model

Pre LT factors
Pulmonary Ventilatory status: On ventilator, respiratory failure, ARDS
Hepatic Lactate levels > 4 mmol/L
Kidney Serum creatinine > 4mg/dL

Increase in creatinine by 300% from baseline
Need for renal replacement therapy

Infection Sepsis or infections with MDRO, Fungal or nosocomial infection
Septic shock requiring vasopressors for maintenance of MAP > 65 mmHg
Uncontrolled Sepsis with 2 or more organ failures
Low leukocytes count prior to transplant

Clinical course ACLF grade and high MELD
CLIF-C SOFA > 64 or Futility risk score > 8 or
Clinical frailty score ≥ 7 or SALT M score > 30 or
COSSH ACLF II < 7 or > 10 or
TAM > 2
Longer ICU stay before transplant
Progression of ACLF
4 or more organ failures

Miscellaneous Critical 
care concern

HE requiring ventilatory support > 72 h
Active GI bleed
Active substance Use/multiple failed rehabilitation/Poor psycho-social support

Demographics Advanced age
Malignancy Hepatocellular carcinoma
Transplant -related

Center-related (multidisciplinary teams and expertise)
High Donor Risk Index
Intraoperative blood transfusion

After transplantation
Rejection Episodes
Sepsis and multi organ failure
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Prioritization for living and deceased donor liver 
transplantation

At present, patients with ACLF are not given a higher pri-
ority for organ allocation for deceased-donor liver trans-
plantation [1, 273–275]. The ethical principles involved in 
organ allocation for transplantation are equity and utility. 
The expected 1-year and 5-year survival post liver transplan-
tation are now 93% and 75%, respectively. ACLF patients 
should be selected for liver transplantation only if they 
are likely to achieve these levels of survival. It is unclear 
whether these survival outcomes are applicable to deceased-
donor transplantation.

Various prognostic models/scores developed for ACLF 
are derived from the cohorts used to define ACLF [5, 86, 
91, 238, 244]. These scores are used for prognostication of 
disease and prioritization of liver transplants. The alloca-
tion of organs in deceased donor liver transplant settings 
is based on the MELD scoring system, and MELD-based 
allocation is prone to significant disparity across all three 
major definitions of ACLF (APASL, EASL-CLIF, and 
NASCSELD) [237]. The 90-day mortality is significantly 
higher in patients with ACLF than the expected mortality 
based on the MELD Na scores. Patients with ACLF and 
lower MELD scores have higher waitlist mortality, prob-
ably due to a lack of capturing the extrahepatic organ failure 
scores [262, 276]. Furthermore, patients with ACLF may 
not benefit from the “Share 35” rule as most patients have 
MELD scores between 30 and 35 [237, 277]. Nevertheless, 
Share 35 has significantly increased the number of trans-
plants done for ACLF and MELD > 35 due to regional shar-
ing [278, 279]. There are no studies evaluating the role of 
these ACLF scores derived with respect to organ allocation, 
which needs to be assessed. Nevertheless, dynamic scores 
on days 3 and 7 predict the need for LT [86, 254].

Due to the lack of structured national/regional DDLT 
programs in Asian Countries, LDLT gives patients a ray of 
hope and, indeed, is the most frequent type of liver trans-
plant conducted in Asia. With a focus on the Asian cohort, 
Choudhury et al. have proposed a concept of “ineligibility 
for LT and Liver Transplant Window” based on the analysis 
of a large AARC database. There are four basic principles of 
this concept: (i) As patients with ACLF have an unpredict-
able course and high mortality, nearly all should be evalu-
ated for LT at the presentation, (ii) in the presence of ACLF 
transplant outcome may not be optimal, so resource utiliza-
tion is a particular concern, (iii) optimizing patients with 
ACLF over one week, with close monitoring can provide 
differentiation into the best candidates for transplant or for 
futility, and (iv) high-grade ACLF should not be viewed as a 
contraindication, but at a certain time point the patient may 
be ineligible or unsuitable [280].

The benefits of LDLT in patients with ACLF can provide 
outcomes that are comparable to those of DDLT in cases of 
ACLF [248, 254, 281, 282]. However, the optimal criteria 
for LDLT need further evaluation. The benefit of LDLT in 
patients with ACLF is its ability to provide rapid transplanta-
tion to critically ill patients but LDLT can potentially have 
serious consequences for both the donor and the recipient.

There is a consensus across all societies that patients with 
ACLF grades 1 and 2 should be listed for LT. According 
to APASL, a baseline MELD score > 28, AARC Score > 8, 
and advanced HE in the absence of overt sepsis or multior-
gan failure can be considered for early LT. Progressive and 
severe ACLF should be prioritized like Acute Liver Failure 
(ALF) as both are dynamic syndrome with SIRS as the driv-
ing factor. The clinical course of the syndrome and the likeli-
hood of recovery without LT should be assessed on a regular 
basis and should determine the need for LT when the organ 
is available. United Kingdom has adopted a pilot program in 
2021 with a new tier system for LT in ACLF (ACLFLT) just 
behind supra-urgent listing [87]. The program is designed 
to facilitate LT in sicker ACLF -2 and ACLF -3 patients and 
thereby reduce waitlist mortality.

Right time for transplant in alcohol‑related ACLF

Alcohol misuse is a common precipitating factor for ACLF. 
Approximately 50% of patients with recent alcohol abuse 
present as ACLF and such patients respond poorly to medi-
cal management including corticosteroids [149, 283]. Early 
LT (both LDLT and DDLT) is an excellent treatment for 
these patients with AAH without a pre-defined period of 
abstinence [284, 285]. LT is reserved for patients who have 
excellent psychosocial profiles and support. A double equi-
poise exists in ACLF where the disease and organ failure 
drive survival, which may lead to prioritizing those with 
poor psychosocial support (sick quitters) for LT. Although 
a significant proportion of patients can improve with alco-
hol abstinence, those with ACLF may not recover despite 
abstinence. While the futility markers (as discussed above) 
remain the same in alcohol-related ACLF, those with con-
trolled sepsis, evidence of portal hypertension (large varices, 
variceal bleeding, gross ascites, HRS [recovered]), and 
advanced liver failure (small cirrhotic liver, high bilirubin 
and INR) should be prioritized for LT even in the absence of 
strict alcohol abstinence period. Factors that can influence 
drinking relapse are duration of drinking, continuous drink-
ing after diagnosis of liver disease, young age, substance 
abuse, legal consequences of drinking, poor social support, 
and previous failed attempts [286]. However, the duration 
of abstinence before LT has not been consistently shown to 
predict alcohol relapse post-LT and therefore these patients 
with alcohol-related ACLF should undergo early LT in the 
absence of other contraindications.
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Innovations in technique and management 
for improved transplant outcomes in ACLF

The donor selection is the crucial step in LDLT. A minimum 
of 0.8 GRWR is suggested with age between 18 and 50 years 
and minimal (up to 15%) or no steatosis. Orchestrating 
retrieval of the graft with an explant of the cirrhotic liver in 
LDLT enables reduction of cold ischemia time, which, along 
with short warm ischemia times, reduces ischemia–reperfu-
sion injury. Attention must be paid to minimize blood loss 
during hepatectomy. Expedient hepatectomy with portal 
and caval clamping reduces bleeding and hence transfusion 
requirement. Creating a portacaval shunt for sick recipients 
is also helpful. Complete caval cross-clamping is poorly 
tolerated in these sick recipients, and anastomosis can be 
achieved with partial cross-clamping. The biliary anastomo-
sis should preferably be duct to duct as enteric anastomosis 
may introduce subsequent infective episodes or leaks. A 
delayed biliary reconstruction 24–48 h later can be consid-
ered in these patients once the bowel edema settles. This 
provides an additional opportunity for peritoneal lavage as 
intraabdominal infections and collections are common.

Intraoperatively, restrictive, or goal-directed fluid therapy 
is beneficial over liberal fluid therapy. During the dissec-
tion and anhepatic phases, the replacement of blood loss 
with packed red cell units and factor concentrates guided 
by point-of-care viscoelastic testing ensures a dry surgical 
field. Reserving correction of acidosis to prior to graft rep-
erfusion prevents inadvertent fluctuations in sodium levels. 
Shortening anhepatic time, creating of porto-caval shunt and 
use a piggyback technique for implantation avoiding a com-
plete caval clamping are important surgical innovations. The 
role of intraoperative continuous renal replacement therapy 
(iCRRT) in preventing hemodynamic alterations and manag-
ing electrolyte and acid–base disturbances needs to be evalu-
ated in patients with ACLF [287]. In patients needing post-
operative renal support, in the presence of hemodynamic 
stability, conversion of CRRT to intermittent SLED allows 
earlier mobilization.

Immune‑suppression post‑LT for ACLF

Triple drug immunosuppression (steroids, calcineurin inhib-
itors and anti-metabolites) are commonly used in the post-
transplant period and are reduced to dual or monotherapy 
once the patient’s liver function has adequately recovered. 
Patients with ACLF frequently have renal dysfunction and 
require a renal-sparing regimen. The use of low-dose tac-
rolimus or delayed introduction of CNIs, the use of anti-IL2 
receptor antibodies, and the introduction of early mycophe-
nolic acid can prevent renal dysfunction [288, 289]. Fur-
thermore, maintaining tacrolimus trough levels between 4 

and 8 mg/mL during the first month with intra-patient vari-
ability < 40%, use of basiliximab, and early introduction of 
mycophenolate mofetil (day 1) can prolong the survival in 
patients with ACLF [290]. Early everolimus introduction 
was neither associated with higher rejection rates nor with 
more surgical complications [4]. Rituximab is not an ideal 
drug in the pre-transplant period for patients with ACLF 
due to high MELD in patients planned for ABOi transplants. 
Such patients may benefit from plasmapheresis to decrease 
the antibody titers [5]. The long-term outcomes of ACLF 
post-LT are similar to non-ACLF patients concerning meta-
bolic complications [2].

	12.	 Recommendations: Liver Transplant in ACLF

	 12.1.	 Liver Transplant: Prediction of the need, the 
Transplant window and patient optimization

	 12.1.1.	 Liver transplantation is the only definitive 
therapy for grade II and III ACLF and such 
patients should be transplanted early. (LoE: 
High; Recommendation: Strong)

	 12.1.2.	 Transplant benefit in ACLF should be as-
sessed based on the severity of the acute 
liver injury, the reversibility of underlying 
liver disease, and the prognosis of associ-
ated extrahepatic organ failure (LoE: mod-
erate; Recommendation: Strong).

	 12.1.3.	 AARC score of 8 (Grade 2) is associated 
with a non-transplant mortality risk of 20% 
at 4 weeks, which can be considered as a 
minimal AARC score cut-off to ensure the 
benefit of early LT (LoE: Moderate; Recom-
mendation: Weak).

	 12.1.4.	 In LDLT dominant programs, counseling 
and live donor evaluation should be started 
early after the initial assessment to avoid de-
lays (LoE: Low; Recommendation: Strong).

	 12.1.5.	 Liver transplantation for ACLF provides 
outcomes similar to LT for non-ACLF but 
with a more challenging peri-operative 
course (LoE: Moderate; Recommendation: 
Strong).

	 12.2.	 Unsuitability, Contra-indications, and futility of 
LT in ACLF

	 12.2.1.	 Uncontrolled sepsis with or without 2 or 
more organ failures, advanced azotemia 
or increase in creatinine by 300% from 
baseline or the need for renal replacement 
therapy, PaO2/FiO2 ratio below 150 mmHg, 
a noradrenaline dose exceeding 1 µg/kg/
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min, and or serum lactate levels > 4 mol/l 
are considered as conditions for temporary 
unsuitability to proceed for LT (LoE: Mod-
erate; Recommendation: Strong).

	 12.2.2.	 Contraindications for liver transplant in 
ACLF are not different from the general 
contraindications for liver transplant (LoE: 
High; Recommendation: Strong).

	 12.2.3.	 AARC > 13, COSSH ACLF II score of < 7 
or > 10, CLIF-C > 64, TAM score > 1 indi-
cate futility of LT in ACLF. (LoE: Moder-
ate; Recommendation: Strong).

	 12.3.	 Prioritization for living and deceased donor liver 
transplantation

	 12.3.1.	 All patients with ACLF should be evaluated 
for liver transplantation in the absence of 
contraindications. (LoE-Moderate, Recom-
mendation-Strong).

	 12.3.2.	 Prioritization for organ allocation for liver 
transplantation in patients with ACLF should 
be based on prevailing scoring systems till 
such time a scoring system for ACLF is cre-
ated that includes transplant benefit. (LoE-
Moderate, Recommendation-Strong).

	 12.3.3.	 Transplant outcome in LDLT and DDLT 
are comparable at 1 year (LoE: Moderate 
Recommendation: Strong)

	 12.3.4.	 All ACLF patients should be considered for 
LT at presentation irrespective of LDLT and 
DDLT scenario as decided by the existing 
disease severity score, organ failure(s), and 
general condition (LoE: Low; Recommen-
dation: Weak)

	 12.3.5.	 Priority for severe ACLF in the DDLT set-
ting needs to be considered as survival in 
Grade 3 ACLF is lower as compared to 
Grades 1 and 2. (LoE -Moderate. Recom-
mendation-low)

	 12.3.6.	 Currently available prognostic models of 
ACLF cannot aid in predicting post-trans-
plant survival. (LoE: Low, Recommenda-
tion: Weak)

	 12.4.	 Right time for transplant in alcohol-related ACLF

	 12.4.1.	 Duration of abstinence should not be a crite-
ria to select patients for LT in patients with 
alcohol-related ACLF (LoE: Moderate; 
Recommendation: Strong)

	 12.4.2.	 Liver transplant should be considered in 
those patients who are non-responders to 
steroid therapy or are not the candidates for 
steroids because of contraindications (LoE: 

Moderate; Recommendation: Strong).
	 12.4.3.	 Patients should have demonstrable psycho-

logical stability following a thorough psy-
chosocial assessment before consideration 
for liver transplant (LoE: High; Recommen-
dation: Strong).

	 12.5.	 Innovations in technique and management for 
improved transplant outcomes in ACLF

	 12.5.1.	 Donor selection and ideal GRWR in LDLT 
as well as graft steatosis are crucial for a 
better outcome of LT in ACLF (LoE: Low; 
Recommendation: Weak)

	 12.5.2.	 To reduce the occurrence of sepsis, a con-
sideration can be made to lower the dose of 
corticosteroid given at reperfusion. (LoE: 
Low; Recommendation: Weak)

	 12.5.3.	 Intraoperatively restrictive or goal-directed 
fluid therapy is beneficial over liberal fluid 
therapy. (LoE: Low; Recommendation: Weak)

	 12.5.4.	 Intraoperative CRRT may be used in pa-
tients with renal injury or those with meta-
bolic complications (LoE: Low; Recom-
mendation: Weak)

	 12.6.	 Immune-suppression in ACLF patients Post-
transplant

	 12.6.1.	 In patients transplanted for ACLF and re-
nal dysfunction, a CNI-sparing strategy, and 
early introduction of MMF and Everolimus 
after ruling out surgical complications pre-
dicts greater survival without increased risk 
of rejection. (LoE; Moderate, Recommen-
dation: Strong)

	 12.6.2.	 ABO-incompatible liver transplant in ACLF 
patients carries a higher risk and should be 
avoided. (LoE; Moderate, Recommenda-
tion: Strong)

	 12.6.3.	 Long-term post-transplant complications 
of immunosuppressive medications are the 
same in ACLF and non-ACLF patients. 
(LoE; Moderate, Recommendation: Strong)

Pediatric ACLF

Definition

The 2019 AARC ACLF guidelines pioneered an attempt to 
define pediatric ACLF as “an acute hepatic insult manifest-
ing as jaundice (total bilirubin ≥ 5 mg/dl) and coagulopa-
thy (INR ≥ 1.5) complicated within 4 weeks by clinical/ 
radiological ascites or HE in a child with previously known 
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or unknown underlying CLD” [1]. The pediatric modifica-
tions were (i) inclusion of radiological ascites as detection 
of clinical ascites could be unreliable particularly in younger 
children and (ii) recommending the use of a modified HE 
assessment scale in children up to 3 years of age [291]. 
Alternatively, pediatric studies from Europe and the US 
have utilized the EASL or NACSELD definitions with subtle 
modifications to describe pediatric ACLF in these settings 
[292, 293]. The rapid liver dysfunction present in several 
metabolic disorders without a concomitant significant rise 
in bilirubin suggests that bilirubin may be less important to 
define ACLF in a subset of pediatric patients. The experts 
unanimously concurred that a universal global definition is 
needed to prioritize this very sick group of patients for LT. 
In addition, the experts advocated collaborative data collec-
tion and analysis to broaden the pediatric ACLF definition 
amalgamating the key points from the three currently used 
definitions and lists the various studies of Pediatric ACLF 
using the various definitions described in the literature.

Epidemiology

The divergent pediatric ACLF definitions make it difficult 
to accurately ascertain the burden of pediatric ACLF. The 
incidence of ACLF is lower in children than adults, varying 
from 13.4 to 25.7% [56, 294–296]. This may be attributable 
to (i) higher proportion of treatable etiologies of underlying 
CLD like Wilson disease (WD) and autoimmune hepatitis 
(AIH), (ii) lower incidence of co-morbidities, (iii) greater 
hepatic reserve, (iv) underreporting of pediatric ACLF due 
to lack of awareness in some parts of the world, and (v) limi-
tations of the current pediatric ACLF definitions [297]. The 
etiologies of underlying cirrhosis in pediatric ACLF include 
WD (27.8–46.5%), AIH (22.2–63.6%), and BA (48.1–65%) 
(Table 11) [56, 292, 294–296, 298–302]. ACLF is often the 
first presentation of the underlying CLD, especially WD 
and AIH (75–86% of cases in Asia). In contrast, reports of 
ACLF in children with BA mostly come from the West using 
EASL/ NACSELD definition [292, 293, 298]. Children with 
BA and an unsuccessful outcome after Kasai hepatoportoen-
terostomy may never resolve their neonatal jaundice and 
often have ascites by 6–12 months of age, precluding them 
from meeting the AARC pediatric ACLF definition [297]. 
Nevertheless, it is important to both recognize and define 
ACLF in BA, which represents the most common etiology 
for CLD and pediatric LT. A sudden increase in jaundice and 
ascites in the presence of an obvious trigger in biliary atresia 
needs to be given due diligence to enable inclusion of this 
important group in the definition of ACLF.

Hepatotropic viral infections (hepatitis A, B and E) trig-
ger 35–92% of pediatric ACLF [294, 296, 299]. while non-
hepatotropic viruses like Epstein–Barr virus (EBV), cyto-
megalovirus (CMV), parvovirus B19, influenza, dengue, 

and coronavirus (SARS-CoV2) can infrequently precipitate 
ACLF [45, 56]. DILI accounts for 6–10% of acute events 
in pediatric ACLF. Instances where a viral or drug trigger 
or other acute precipitant of ACLF cannot be identified are 
commonly referred to as “flares of the underlying CLD” in 
WD and AIH [56, 294, 296]. Due to the lack of homogeneity 
in terminology as well as the extent of diagnostic evaluation, 
an acute event may be labeled as ‘indeterminate’ when a 
trigger is not identified in the diagnostic evaluation. Non-
hepatic insults like bacterial infections and gastrointestinal 
bleeding are currently not identified as ACLF precipitants by 
AARC. However, sepsis (viral or bacterial), gastrointestinal 
bleeding, and cholangitis are common precipitants of ACLF 
in children with BA. Children with ACLF usually have lower 
mortality than adults owing to a lower incidence of multi-
organ failure, higher proportion of treatable etiologies (WD, 
AIH), lower prevalence of comorbidities, and greater hepatic 
reserves [294, 297]. Table 12 lists the common differences 
in characteristics of pediatric and adult ACLF.

Infections in pediatric ACLF and impact on outcome

Bacterial infection (BI) can be an ACLF precipitant 
(20–48%) in the EASL and NACSELD cohorts, as well as a 
complication in the AARC ACLF cohorts [297, 303–305]. 
Common sites of infection include SBP, pneumonia, skin 
infections, and urinary tract infections (UTI). Adults with 
BI are more likely to progress to advanced stages of ACLF 
and have lower 90-day survival (49% vs 72.5%) than ACLF 
without BI [303, 305]. Timely initiation of appropriate 
empiric antibiotic treatment significantly improves both 28 
and 90-day survival. Published literature on infections in 
pediatric ACLF, choice, and efficacy of antibiotics impact 
on outcome are scarce. A cause of concern is the increasing 
rates of multi-drug resistant (MDR) BI being reported in 
children with decompensated CLD [306].

Management of pediatric ACLF

Treatment of ACLF is similar to adults as described above.

Therapeutic plasma exchange in pediatric ACLF

All extracorporeal liver support systems (ELSS) work by 
removing water and/or albumin-bound toxins and creating a 
regenerative environment for the liver. TPE prevents cellular 
damage from “cytokine storm” during SIRS in ACLF. TPE 
is particularly beneficial in pediatric ACLF caused by WD, 
which accounts for a major proportion of these cases. A lit-
erature search of case reports on the role of TPE showed that 
17/37 (46%) of the waitlisted WD patients with NWI ≥ 11 
recovered without transplantation [307]. Two recent studies 
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report TFS rates of 47% in 19 cases from India and 81% in 
11 cases of WD from China [307, 308]. Importantly, the sur-
vival benefit of TPE was evident in the subgroup of patients 
with early (grade 1–2) HE [309].

Outcomes and prognostication in pediatric ACLF

Pediatric ACLF is associated with higher short-term (90-
day) mortality than children with compensated CLD but may 
be reversible with early intervention. Children with ACLF 
listed as status 1B in the United Network for Organ Registry 
(UNOS) database had higher rates of multi-organ failure, 
lower LT rate, higher waitlist mortality, and longer waitlist 
time compared to non-ACLF children with status 1B list-
ing [310]. Several prognostic models have been evaluated 
in children with ACLF, of which CLIF-SOFA and AARC-
ACLF scores have found the maximum clinical applica-
tion [299]. Several attempts at pediatric modification of 
these scores have been undertaken as the original scores 
use absolute serum creatinine which is significantly lower 
at baseline in children, while the percentage rise in creati-
nine gives a more accurate assessment of renal dysfunction. 
Although these pediatric modifications did not improve the 
sensitivity or specificity of these models to determine the 
risk of mortality, it is clinically sound to use these scores 
with their pediatric modifications. While the AARC-ACLF 
model may be more suitable for prognostication in pediat-
ric ACLF identified using the AARC definition, the CLIF-
SOFA score may be better suited for prognostication in the 
cohort of children identified using the EASL definition. A 

score of 11 or above in either CLIF-SOFA or AARC-ACLF 
predicts a risk of death or LT with 84% sensitivity and 90% 
specificity [299, 304]. The New Wilson Index (NWI) and 
AARC-ACLF scores have also been found to be effective in 
the prognostication of children with WD [311, 312]. Daily 
dynamic monitoring of these prognostic scores may guide 
overall management, including the need and timing of LT.

Liver transplantation for pediatric ACLF

Pediatric ACLF is associated with high waitlist mortality 
both in Asia (30–59%) and the West (22–46%). Allocation 
of organs and prioritization of critically ill children with 
end-stage cirrhotic liver disease has been hampered by the 
lack of an established uniform definition of pediatric ACLF. 
However, it is clear that pre-LT mortality in children with 
ACLF (especially those defined as per EASL/ NACSELD) 
is high, and can be reduced by prioritization of organ allo-
cation in respective national registries. All eligible patients 
must be listed in national and/or state-specific organ registry, 
wherever available, and the children should be managed at 
the well-equipped pediatric transplant center. Timing the 
LT is crucial as hastening the process before optimization of 
the host may lead to suboptimal outcomes, and at the same 
time, unnecessary delay in LT may risk further worsening 
of multi-organ dysfunction, which may negate LT candi-
dacy, leading to mortality. Post-LT survival and outcomes 
are comparable in these children to the non-ACLF pediat-
ric LT recipients [312]. Timing of LT is challenging, espe-
cially in patients treated with bridging therapies like TPE or 
albumin-assisted liver support systems. LT is the definitive 

Table 12   Differences in the characteristics of acute-on-chronic liver failure (ACLF) in children and adults

Abbreviations: ACLF Acute on chronic liver failure, APASL Asia Pacific Association for the study of Liver, AARC​ APASL ACLF Research Con-
sortium, EASL European Association for the Study of Liver, HE hepatic encephalopathy

ACLF in adults ACLF in children

Definition (APASL) Only clinical ascites included
HE assessment as per West Haven scale

Radiological and/or clinical ascites included
HE assessment could be done using modified HE 

assessment scale in younger children
Epidemiology Frequent, may affect up to 40% of CLD Affects around 12 – 25% of those with underlying CLD
Etiologies of underlying cirrhosis Alcoholic liver disease

Chronic viral hepatitis (Hepatitis B and C)
Wilson disease and autoimmune hepatitis (AARC 

definition)
Biliary atresia (EASL definition)
ACLF rare in hepatitis B and C

Acute precipitants of ACLF Acute alcoholic hepatitis
Hepatotropic viruses (Hepatitis B most common)
Drug-induced liver injury
Flare of autoimmune hepatitis
Acute portal vein or hepatic vein thrombosis
Indeterminate (5 – 15%)

Hepatotropic viruses (hepatitis A most common)
Drug-induced liver injury
Flare of autoimmune hepatitis
Acute Wilsonian crisis
No acute event recognizable in about 1/4th of cases

Organ failures Organ failures more common;
Co-morbidities more frequent

OOrgan failures more common

Outcomes Mortality: 33 – 51% Mortality lower in pediatric ACLF studies based on 
AARC definition: 19.4 – 59%
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treatment for children unresponsive to medical and bridge 
therapies with concurrent deterioration of prognostic scores 
(AARC-ACLF/CLIF-SOFA ≥ 11). In living donor LT set-
ting, donor evaluation should be initiated early while the 
response to medical and bridging therapies is being evalu-
ated. Patients should be evaluated daily, and consideration 
should be given to predictors of post-LT mortality and the 
potential for reversibility of extrahepatic organ failure before 
deciding whether to proceed with LT or palliative care.

Recompensation in pediatric ACLF

There is a recent emphasis on hepatic recompensation, a 
term used to describe disease regression after an effective 
treatment or successful elimination of the cause of underly-
ing liver cirrhosis. Standardized criteria for the definition 
of hepatic recompensation were introduced in 2021 at the 
Baveno VII consensus meeting [138]. Although the data on 
recompensation in pediatric ACLF is lacking, the experts 
agreed that the incidence of recompensation is likely to be 
higher in children due to a significant proportion of etiolo-
gies having specific therapies like WD, AIH, and chronic 
viral hepatitis.

	13.	 Recommendations

13.1.	 In the absence of a universally accepted 
definition, the current pediatric modifications of 
AARC, EASL, and NACSELD definitions should 
be used for the diagnosis of ACLF while all attempts 
should be made towards creating a global consensus 
definition. (LoE- High; Recommendation- Strong).

13.2.	 Attempts should be made to rapidly diag-
nose and treat Wilson disease and autoimmune hep-
atitis which are the commonest causes of underlying 
CLD in the Asia–Pacific region. Biliary atresia is 
the most common etiology of cirrhosis in pediat-
ric ACLF described in Europe and the USA. (LoE- 
High; Recommendation-Strong).

13.3	All cases of pediatric ACLF should be screened for 
hepatotropic viral infections and hepatotoxic drugs 
as a precipitating factor. In the absence of these 
precipitants, children should be screened for non-
hepatotropic viral infections. ACLF in children with 
biliary atresia is most often triggered by infections 
and GI bleeding. (LoE- High; Recommendation-
Strong).

13.4	An appropriate antibiotic stewardship policy needs 
to be implemented at all levels of medical care given 
the rising concerns of multi-drug-resistant organ-
isms. (LoE- High; Recommendation- Strong).

13.5	Therapeutic plasma exchange should be considered 
in Wilson disease presenting as pediatric ACLF 
with grade 1–2 HE, as it has been shown to improve 
native liver survival. (LoE- High; Recommendation- 
Weak).

13.6	The role of TPE in other causes of pediatric ACLF 
is not well established and requires clinical decision-
making by the treating team. (LoE- Moderate; Rec-
ommendation- Weak)

13.7	Children with ACLF should be treated at centers 
with multi-disciplinary teams equipped to manage 
a critically ill child and with liver transplantation 
programs. (LoE- High, Recommendation- Strong).

13.8	Pediatric modifications of either the AARC-ACLF 
or CLIF-SOFA score may be used serially to assess 
patient prognosis and inform the decision for LT. 
(LoE- High; Recommendation-Strong).

13.9	All children with ACLF and organ failure (irre-
spective of the number of organs involved) should 
undergo rapid evaluation for LT since post-trans-
plant survival is high and comparable to those with-
out ACLF. (LoE- High; Recommendation- Weak).

13.10	 Recompensation in pediatric ACLF 
remains unexplored. The incidence is likely to be 
higher than in adults due to more prevalent treat-
able etiologies like Wilson disease, autoimmune 
liver disease, etc. (LoE- Moderate; Recommenda-
tion- Weak).

Global convergence in ACLF

ACLF in the East and West has been defined using differ-
ent cohorts of patients because of which, the ACLF diag-
nosis remains a contentious issue. Variations in diagnostic 
criteria among different guidelines have sparked debates, 
with significant discrepancies observed in defining severe 
liver dysfunction. APASL considers patients with chronic 
liver disease with or without cirrhosis, no prior episode of 
decompensation, who have severe liver dysfunction, and 
with acute hepatic insult and extrahepatic complication as a 
consequence rather than the cause like bacterial infection, GI 
bleeding, etc. The EASL-CLIF Consortium defines ACLF 
as the failure of one or more extrahepatic organs in a patient 
of cirrhosis who was admitted non-electively and often had 
acute decompensation, while the NACSELD requires two or 
more extrahepatic organ failures to be present to diagnose 
ACLF. These definitions are in a continuum with patients 
developing APASL ACLF (liver failure), then progressing 
to organ involvement (EASL-CLIF), and then lastly suc-
cumbing to multiorgan failures (NACSELD). The Japanese, 
Chinese, and Mexican hepatology societies define ACLF 
similarly to the APASL definition. Recently, the AASLD 
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consensus statement defines ACLF as an acute onset condi-
tion with rapid deterioration in clinical condition with the 
presence of liver failure defined by elevated bilirubin and 
elevated INR in patients with chronic liver disease with or 
without cirrhosis, and the presence of at least one extrahe-
patic (neurologic, circulatory, respiratory, or renal) organ 
failure.

	14.	 Research agenda.

14.1	Timeline and sequence of reversal of ACLF
14.2	Natural history of recompensated cirrhosis and 

impact on ACLF
14.3	Relevance of pre-ACLF in various definitions or 

inclusion as part of a spectrum.
14.4	Natural history and outcomes of ACLF and AD in 

patients with different etiologies.
14.5	Role of portal hemodynamics in the development 

of organ failure and correlation of non-invasive tests 
with HVPG in ACLF patients

14.6	Risks and benefits of albumin therapy in ACLF and 
need for replacement versus albumin exchange.

14.7	Choice of diuretics based on PRA, modest volume 
paracentesis, and prevention and management of 
AKI in ACLF

14.8	Safety and efficacy of non-selective beta-blockers 
in ACLF and utility of combining with midodrine 
and other vasoactive agents.

14.9	The role of TIPS as a bridging modality in intrac-
table ascites and variceal bleeding, in patients with 
ACLF.

14.10	 ACLF reversal, predictors, and outcome 
across all definitions.

14.11	 The role of NAC in preventing ACLF due 
to drug hepatotoxicity

14.12	 Nutritional needs, use as therapy and 
improvement in survival.

14.13	 Non-transplant novel therapeutic meas-
ures, bridge therapies, especially bio-filters and 
bio-artificial liver devices

14.14	 Role of current prognostic scores of ACLF 
in LT listing and prioritization in LDLT and DDLT 
settings and predicting post-transplant survival.

Way forward for convergence

Consensuses need to emphasize, the need for harmonizing 
the existing ACLF diagnostic criteria globally for uniform 
and accurate patient identification (Fig. 7). Different defini-
tions have common and overlapping grounds and highlight 

the high short-term mortality and the need for urgent LT. 
The reason for the differences in the definition is the pop-
ulation cohort included in each region is different from 
others, and the definitions remain relevant to that cohort. 
As proposed in this consensus, we suggest classifying the 
ACLF as types A and B, which could include all the defi-
nitions. A group of European investigators considers that 
this document mainly reports the Asian perspectives on 
the decompensation of cirrhosis and ACLF. These Euro-
pean investigators, although not in agreement with many of 
the observations and definitions reported in this document, 
strongly support the attempt to harmonize the existing diag-
nostic criteria of ACLF. In this perspective, they recommend 
planning a large international prospective longitudinal study 
with this specific aim. The protocol of such a study should 
follow the international recommendations for observational 
studies, including at least, clear prespecified definitions for 
organ system failures, data collected on an electronic CRF 
which has been properly designed, and continuous monitor-
ing by skilled data managers. In addition, this kind of study 
should involve centers that have expertise in clinical studies.

The first step for harmonizing the definitions and manage-
ment has been taken in the form of the ‘Kyoto Consensus’ on 
ACLF. Future accommodative and scientific initiatives could 
see a universally accepted definition of ACLF and pave the 
way for new treatment options for better outcomes for this 
lot of very sick patients.
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