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Abstract 

Acute-on-chronic liver failure (ACLF) has been recognized as a severe clinical syndrome based on the acute deteriora-
tion of chronic liver disease and is characterized by organ failure and high short-term mortality. Heterogeneous defini-
tions and diagnostic criteria for the clinical condition have been proposed in different geographic regions due to the 
differences in aetiologies and precipitating events. Several predictive and prognostic scores have been developed and 
validated to guide clinical management. The specific pathophysiology of ACLF remains uncertain and is mainly asso-
ciated with an intense systemic inflammatory response and immune-metabolism disorder based on current evidence. 
For ACLF patients, standardization of the treatment paradigm is required for different disease stages that may provide 
targeted treatment strategies for individual needs.

Keywords  Acute-on-chronic liver failure, Organ failure, Prognosis, Systemic inflammatory response, Immune-
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Introduction
Acute-on-chronic liver failure (ACLF) is a life-threaten-
ing clinical syndrome that develops in patients with acute 
deterioration of chronic liver disease [1]. In Western 
countries, alcohol-related cirrhosis is the most common 
cause of chronic liver disease, with bacterial infections 
being the most important precipitant of ACLF. In con-
trast, in the Asia–Pacific region, hepatitis B virus (HBV) 
infection is the most common aetiology of liver disease, 
and HBV reactivation is the most frequent ACLF trigger/
hepatic event [2]. The definitions of ACLF currently vary 
worldwide, but despite these differences, patients with 
ACLF uniformly have a high risk of short-term mortality 
with multiorgan failure [1]. New results have been pub-
lished suggesting the existence of a unique pathophysi-
ology of patients with HBV-ACLF [3]. Meanwhile, the 
current evolution of ACLF clinical management involves 
the emergence of potential therapeutic strategies. This 
review provides an updated summary of the diagnostic 
criteria and prognostic scores proposed by different sci-
entific societies, the underlying pathophysiology of ACLF 
and its treatment.
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Definitions
In the past decade, several definitions of ACLF have 
been proposed by international consortia (summarized 
in Table  1). The main controversies involve the type of 
precipitating events (intrahepatic or extrahepatic), the 
stage of underlying chronic liver disease leading to ACLF 
(chronic hepatitis or cirrhosis) and whether the defini-
tion should include extrahepatic organ failures (OFs).

European Association for the Study of the Liver‑Chronic 
Liver Failure (EASL‑CLIF) ACLF
To define ACLF as a distinct syndrome, a multicen-
tre, prospective and observational (chronic liver failure 
consortium acute-on-chronic liver failure in cirrhosis) 
CANONIC study, involving 1343 patients nonelectively 
hospitalized for acute decompensation of cirrhosis with 
or without prior decompensation, was performed in 
Europe to determine the characteristics of patients with 
OFs; a ≥ 15% mortality rate at 28 days was observed [4]. 
The EASL-CLIF ACLF definition includes both intra- 
and extra-hepatic precipitating events and emphasizes 
the importance of extrahepatic OFs rather than liver 
failure alone. The diagnosis of organ failure is based on 
the CLIF-C OF scoring system as a modified sequential 
organ failure assessment (SOFA) score, which assesses 
six organ systems (liver, kidney, brain, coagulation, cir-
culation and respiration) [5]. The criteria comprise three 
grades with increasing severity. Patients with ACLF have 
a single kidney failure (ACLF grade 1/ACLF-1); a sin-
gle nonkidney organ failure if it is associated with kid-
ney or brain dysfunction (ACLF-1); or more than 2 OFs 
(ACLF-2 or 3) on the basis of the type and number of 
OF(s).

Chinese Group on the Study of Severe Hepatitis B (COSSH) 
ACLF
To clarify the characteristics of ACLF in the HBV pop-
ulation, a definition was proposed by the prospective 
and observational COSSH study based on data from 
1322 patients nonelectively hospitalized with cirrho-
sis or severe liver injury due to chronic hepatitis B. The 
COSSH study found that patients with HBV-ACLF had 
significantly worse clinical characteristics, and the short-
term mortality of patients with noncirrhotic HBV-ACLF 
was significantly higher than that of patients with non-
HBV-ACLF. Regardless of the presence of cirrhosis, 
patients with a total bilirubin (TB) ≥ 12  mg/dL and an 
international normalized ratio (INR) ≥ 1.5 had a higher 
short-term mortality [6]. Three ACLF grades were also 
proposed to more easily categorize patients with ACLF 

based on criteria that were similar to the European defi-
nition; however, patients with single liver failure and an 
INR of ≥ 1.5 were additionally diagnosed with ACLF 
grade 1. The COSSH-ACLF criteria exhibited higher 
diagnostic sensitivity and prognostic accuracy and 
bridged the gap in the EASL-CLIF criteria for HBV-
ACLF diagnosis.

Asian Pacific Association for the Study of the Liver (APASL) 
ACLF
Based on expert opinion, a definition was published 
by the APASL ACLF Research Consortium (AARC) in 
2009. ACLF was defined as a syndrome of acute liver 
function damage on the basis of known or unknown 
chronic liver disease (TB ≥ 5 mg/dl and INR ≥ 1.5 or pro-
thrombin activity ≤ 40%) accompanied by ascites and/or 
hepatic encephalopathy within 4  weeks. The features of 
“high 28-day fatality rate” and “reversibility of the ACLF 
syndrome” were added as parts of the definition in sub-
sequent updates in 2014 and 2019 [7–9]. The definition 
mainly includes patients with compensated liver disease 
and excludes patients with prior decompensation. Pri-
mary intrahepatic insults are considered the only pre-
cipitating events; extrahepatic insults, such as bacterial 
infection, are considered to be complications but not 
precipitating events of ACLF. Liver failure is essential 
in diagnosing ACLF, whereas extrahepatic OFs are not 
required to make the diagnosis and are considered to be 
manifestations that are concurrent with the development 
of ACLF.

North American Consortium for the Study of End‑stage 
Liver Disease (NACSELD) ACLF
The NACSELD proposed a definition of ACLF in 2014, 
based on the analysis of the NACSELD database, which 
included 507 patients with acutely decompensated cir-
rhosis with infection [10]. Four organ systems (circula-
tion, respiration, kidney, brain) were assessed, and the 
presence of ≥ 2 OFs was defined as ACLF. The definition 
did not include changes in liver function and coagulation, 
which are the typical pathophysiological manifestations 
of ACLF.

Prediction and prognosis
The accuracy and sensitivity of predictive and prognostic 
scores are important to make decisions regarding inten-
sive care strategies and predict outcomes in patients with 
ACLF. The populations, variables, formulas and applica-
tions of commonly used scores developed by the above-
mentioned consortia are summarized in Table  2 [4–6, 
11–15].
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Pathophysiology
Systemic inflammation
Studies have indicated that the intense systemic inflam-
matory response is the main cause of acute deterioration 
that leads to ACLF in patients with alcohol-related liver 
disease (ALD) and in those with chronic hepatitis C [16, 
17]. ALD-ACLF patients have higher levels of inflamma-
tory response indicators, such as the WBC count and 
C-reactive protein, which are closely related to progno-
sis. The levels of proinflammatory factors such as inter-
leukin (IL)-6 and IL-8 and anti-inflammatory factors 
such as IL-10 in the blood are also significantly increased 
in these patients [4, 5, 16, 18]. Systemic inflammation 
can be induced by the presence of pathogen-associated 
molecular patterns (PAMPs) and damage-associated 
molecular patterns (DAMPs) [19, 20]. Bacterial infection, 
the primary precipitant of ACLF, can cause high levels of 
circulating PAMPs, which can be recognized by pattern-
recognition receptors (PRRs). PRR engagement can drive 

intracellular signalling cascades (such as JAK2/STAT1, 
NF-κβ, etc.), ultimately leading to the transcription and 
synthesis of inflammatory mediators, an imbalance in 
anti-inflammatory and proinflammatory regulation, 
and the production of a cytokine storm [20]. Systemic 
inflammation can also occur in the absence of infection, 
a process known as sterile inflammation. In this case, 
the release of numerous DAMPs from dying or dam-
aged hepatocytes (in the context of alcohol-related hepa-
titis or HBV activity) activates specific PRRs, triggering 
the release of inflammatory cytokines, which leads to an 
inflammatory response and ultimately ACLF (Fig. 1) [21, 
22].

Immune‑metabolism disorder
ACLF is often associated with immunodeficiency [23, 
24]. Liver cirrhosis, in which liver fibres and fibrous septa 
replace the normal endothelial reticulum structure of 
the liver, leads to a decrease in the Kupffer cell number 

Fig. 1  Pathophysiology of ACLF. Chronic liver diseases related to alcohol and HBV under precipitating events (bacterial infection and HBV 
reactivation) induce a dramatic immune-inflammatory response and metabolism disorder and eventually develop into multiple organ failures. 
The systemic inflammatory response plays an important role in the development of ALD-ACLF. The released PAMPs and DAMPs from bacteria 
and necrotic cells activate immune cells and result in the increased release of inflammatory mediators and even a cytokine storm. Activation 
of the innate-immune system and exhaustion of the adaptive immune system are the core mechanisms of HBV-ACLF. Alterations in metabolic 
pathways regulate glycolysis, proteolysis and lipolysis in the context of immune-inflammatory disorder and liver failure. Glucose is used to rapidly 
produce ATP through glycolysis and enters the pentose phosphate pathway and glucuronic acid pathway, whereas mitochondrial oxidative 
phosphorylation is suppressed; mitochondrial β-oxidation of fatty acids is inhibited; and increased generation and accumulation of amino acids 
are metabolized through specific metabolic pathways. ACLF, acute-on-chronic liver failure; ATP, adenosine triphosphate; HBV, hepatitis B virus; CoA, 
coenzyme A; DAMPs, damage-associated molecular patterns; ETC, electron transport chain; HMGB1, high mobility group box 1; IL, interleukin; LPS, 
lipopolysaccharide; MDSC, myeloid-derived suppressor cell; m-TOR, mammalian target of rapamycin; NETs, neutrophil extracellular traps; NO, nitric 
oxide; PAMPs, pathogen-associated molecular patterns; PPAR, peroxisome proliferator-activated receptors; PRRs, pattern-recognition receptors; ROS, 
reactive oxygen species; TCA, tricarboxylic acid; TNF-α, tumour necrosis factor-α
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and a reduction in innate-immune protein molecules 
and PRRs [24], which greatly increases the risk of bacte-
rial infection, systemic inflammatory response, and sep-
sis. In addition, studies involving HBV-ACLF patients 
showed that during chronic HBV infection, the number 
of myeloid dendritic cells and plasmacytoid dendritic 
cells in the host does not change significantly, but their 
functions are significantly altered compared with those 
in healthy controls [25–28]. HBV proteins, such as hepa-
titis B e antigen, can affect the ability of Kupffer cells to 
express Toll-like receptors, inhibit the proliferation of 
specific T lymphocytes and the secretion of interferon-γ 
and IL-10 [29]. A large number of mutations in HBV sur-
face antigen-encoding genes were found in HBV-ACLF 
patients, which are associated with HBV-immune escape 
[30]. Circulating neutrophil and monocyte counts were 
higher while lymphocyte counts were lower in ACLF 
patients than in patients without ACLF [31, 32]. Neu-
trophils in patients with decompensated cirrhosis and 
ACLF displayed impaired phagocytosis, reactive oxy-
gen species production, and bactericidal activity but an 
increased capacity to form neutrophil extracellular traps 
[33–35]. The function of the monocyte-macrophage 
system is significantly inhibited in ACLF patients, with 
a decrease in proinflammatory factor secretion, killing 
bacteria, oxidative burst, and phagocytosis [36, 37]. Dur-
ing the progression of HBV-related liver diseases, the 
percentage of CD163+CD206+ macrophages increases, 
and the macrophage polarization gradually changes from 
classically activated to alternatively activated [38]. Mye-
loid-derived suppressor cells are expanded in patients 
with ACLF and attenuate antimicrobial innate-immune 
responses by suppressing T cell function [39, 40]. Stud-
ies have also shown that HBV reactivation can lead to a 
significant increase in HBV-specific CD4+ and CD8+ T 
lymphocytes and cause liver damage [41, 42]. The human 
leukocyte antigen class II-restricted CD4+ T cell path-
way plays an important role in the immunopathogenesis 
of HBV-ACLF [43]. During the evolving disease course 
from chronic hepatitis B or liver cirrhosis to ACLF, sig-
nificantly increased expression of interferon-related, 
monocyte-related, neutrophil-related and dendritic cell-
related gene modules, and significantly decreased expres-
sion of T cell-related, B cell-related and natural killer 
cell-related gene modules were observed. HBV reacti-
vation causes immune dysregulation, including activa-
tion of the innate-immune system and exhaustion of the 
adaptive immune system, which are the core mechanisms 
of HBV-ACLF (Fig. 1) [3].

The liver is the main metabolic organ that regulates the 
homeostasis of lipids and cholesterol, processes amino 
acids, and stores glucose. Recent advances indicating pre-
vailing metabolic alterations in the disease progression of 

ACLF have led to new directions in our understanding of 
the pathophysiology of advanced liver disease. Metabolic 
dysregulations, such as altered serum lysophosphatidyl-
choline and high-density lipoprotein cholesterol lev-
els, are associated with increased severity and mortality 
of decompensated liver disease that reflect hepatocyte 
death [44–46]. Prominent metabolic pathway altera-
tions (including lipid metabolism, autophagy and oxygen 
homoeostasis) across all stages of ACLF development 
were observed, which highlighted the importance of 
immune-metabolism disorder as a potential mechanism 
of ACLF [3]. Meanwhile, studies using high-throughput 
blood metabolomics in ACLF revealed profound altera-
tions in major metabolic pathways; in particular, a sig-
nificant decrease in mitochondrial fatty acid β-oxidation 
leads to decreased oxidative phosphorylation and ATP 
production [47, 48]. During this process, blood amino 
acids, along with glucose, fuel the synthesis of protein 
and nucleotide in the activated innate-immune system, 
which may contribute to the deterioration of the disease 
[48, 49]. Moreover, mitochondrial dysfunction governs 
immunometabolism in leukocytes from patients with 
acute decompensation of cirrhosis and ACLF, and bioen-
ergetic failure is an emerging factor in the pathophysiol-
ogy (Fig. 1) [50]. Prognostic scores based on metabolites 
reflecting systemic inflammation, mitochondrial dys-
function and sympathetic system activation also showed 
good accuracy in short-term mortality assessments [51].

Clinical treatment
Treatment principle
Patients with ACLF should be managed in an intensive 
care unit by a team with expertise in critical care and 
liver transplantation. The main principles of treatment 
are to remove the precipitating cause, support failing 
organ(s), and perform liver transplantation in selected 
patients (Fig. 2). General management includes the rapid 
restoration of metabolic and haemodynamic stability and 
provision of nutritional support and agents to protect 
hepatocytes and promote regeneration. Vital signs and 
organ function should be monitored frequently, and early 
organ-specific supportive care should be provided with 
care overseen by experts in the management of liver fail-
ure [52–54].

Treating acute precipitants
Hepatitis B virus reactivation
The most common precipitating disorder of patients 
with HBV-ACLF is HBV reactivation (more than 60% 
of cases) [6, 55]. Early and rapid reduction of HBV 
DNA levels could suppress hepatocellular necrosis and 
cytokine release, which slows or reverses the progression 
of the disease [56]. Studies have indicated that nucleoside 
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analogues could significantly reduce HBV DNA levels 
in patients with HBV-ACLF, and the reduction in HBV 
DNA levels within 2 weeks is related to survival improve-
ment [56, 57]. All patients with HBV infection at pres-
entation should be treated with nucleoside analogues 
immediately. Potent antiviral drugs, such as tenofovir, 
tenofovir alafenamide or entecavir, should be used [9].

Infection
The prevalence of infection in ACLF patients is approxi-
mately 50% and rises to more than 70% in ACLF-3 [58]. 
Bacterial infections are more common than fungal infec-
tions [58]. Studies have suggested that bacterial infec-
tions are associated with a worse clinical course and high 
short-term mortality in patients with ACLF [10, 58, 59]. 
Early identification of bacterial infections is important 
for the management of ACLF. A comprehensive exami-
nation for signs and symptoms of infection, including 
cytological and microbiological examinations of blood 
and ascites and imaging examinations of suspected 
sites, should be systematically performed in all patients 
at admission before starting antimicrobial therapy. An 
effective antibiotic treatment is strongly associated with 
an improvement in survival. Thus, empirical high-dose 
broad-spectrum antibiotic therapy, which relies on the 
organism isolated, suspected site of infection and local 
epidemiological patterns, should be started in ACLF 

patients with possible infection [60, 61]. Empirical anti-
fungal therapy in patients without risk factors for inva-
sive fungal infections is not recommended [52].

Alcohol‑related hepatitis
Alcohol-related hepatitis is a major precipitating event of 
ACLF worldwide. Corticosteroids are the first-line treat-
ment for severe alcoholic hepatitis. The response to corti-
costeroids can be assessed by dynamically calculating the 
Lille score, and the probability of response is negatively 
correlated with the number of OFs at baseline (52% for 1 
OF, 42% for 2 OFs and 8% for 3 OFs) [53, 62–64]. Moreo-
ver, patients who responded to the treatment exhibited a 
higher short-term survival rate [64, 65]. However, consid-
ering the high risk of bacterial infections in patients with 
ALD-ACLF [52] and HBV reactivation in patients with 
HBV-ACLF [66], the benefit of corticosteroids should be 
carefully evaluated before use [55].

Acute variceal haemorrhage
For patients with cirrhosis, acute variceal haemor-
rhage is a common precipitating event. Standard medi-
cal treatment for this life-threatening precipitant is 
the combination of a vasoconstrictor (including terli-
pressin, somatostatin or analogues such as octreotide, 
maintained for 2–5 days) and endoscopic therapy (endo-
scopic variceal ligation or endoscopic sclerotherapy) 

Fig. 2  Schematic diagram showing a paradigm for ACLF management. In the chronic liver disease stage, standardization of management 
protocols for the treatment of precipitating events is needed to close the “switch” of acute deterioration. Once patients develop to the acutely 
decompensated stage, different populations could be diagnosed using different criteria depending on the phenotype specificity of ACLF. 
Non-ACLF patients should be predicted the risk of progression to ACLF to prevent the onset of ACLF with intense intervention, while ACLF patients 
should be assessed for different prognostic stratifications by scores. Patients with ACLF who can derive a high survival benefit from LT by evaluation 
should be prioritized for liver transplantation, making efficient use of the limited donor organs and reducing the risk of futile transplantation. ACLF, 
acute-on-chronic liver failure; ALD, alcohol-related liver disease; HBV, hepatitis B virus; CLIF-C ACLFs, chronic liver failure consortium ACLF score; 
COSSH, Chinese Group on the Study of Severe Hepatitis B; COSSH- ACLF IIs, COSSH- ACLF II score; COSSH-onset-ACLFs, COSSH-onset-ACLF score; 
G-CSF, granulocyte colony-stimulating; SDC, stable decompensated cirrhosis; UDC, unstable decompensated cirrhosis
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with antibiotic prophylactic therapy [53, 67]. In addi-
tion, preemptive transjugular intrahepatic portosystemic 
shunts might also improve the survival of ACLF patients 
with acute variceal haemorrhage; however, further stud-
ies are still needed to validate their role in outcomes in 
patients with ACLF [68].

Organ failure support
The artificial liver support system (ALSS) has been rec-
ognized as a promising alternative therapy to LT in 
patients with ACLF by replacement of the dysfunctional 
liver since it can remove toxins, modulate haemodynam-
ics, clear cytokines, and improve metabolism and con-
sciousness [69–73]. To date, various ALSSs have been 
tried as treatments for ACLF [73–75]. Albumin dialy-
sis with the molecular adsorbent recirculation system 
and fractionated plasma separation and adsorption, the 
most commonly used ALSS models for the treatment of 
ALD-ACLF in Europe, have shown beneficial effects for 

improving hepatic and renal functions [76–79]. Recently, 
a retrospective study and a meta-analysis showed that 
the use of an ALSS could improve short-term survival 
(14 and 28 days) in patients with ACLF and multiple OFs 
[80, 81]. However, two large randomized clinical trials 
demonstrated no improvement in short-term survival in 
ACLF patients treated with albumin dialysis compared 
with standard medical therapy [76, 78]. Other studies 
on plasma exchange, haemofiltration, and haemoperfu-
sion have shown benefits for the short-term survival of 
HBV-ACLF and have considered these models as bridges 
to LT [70, 73, 82]. The clinical utility of these systems for 
survival benefit was different among studies, and further 
prospective randomized clinical trials are still needed.

Principles of treatment for extrahepatic OFs of ACLF 
are summarized in Table 3. Recommendations are based 
on current clinical guidelines and recent reviews on the 
management of critically ill patients with or without cir-
rhosis [53, 55, 83, 84].

Table 3  Principles of treatment for extrahepatic organ failures of ACLF

Recommendations are based on current clinical guidelines and recent reviews on the management of critically ill patients with or without cirrhosis. ACLF acute-on-
chronic liver failure; AKI acute kidney injury; HE hepatic encephalopathy; INR international normalized ratio; KDIGO kidney disease improving global outcomes; LT liver 
transplantation; NSAIDs nonsteroidal anti-inflammatory drugs; PPIs proton pump inhibitors; RRT​ renal replacement therapy

Type of organ failure What should be done What should be avoided

Coagulation Perform the test of blood cell count and coagulation status;
Administer fibrinogen and/or platelets in patients with 
hypofibrinogenemia (< 1 g/L) and/or thrombocytopenia 
(< 20 × 109/L) with invasive procedures;
Prophylaxis for deep-vein thrombosis in patients without 
severe coagulopathy

Avoid correction of INR with fresh frozen plasma for patients 
without bleeding or a planned procedure

Kidneys Assess the severity of acute kidney injury (AKI) with modified 
KDIGO criteria of the International Club of Ascites;
20% albumin (1 g/kg for 48 h) for patients with AKI stage 2–3;
For patients with type-1 hepatorenal syndrome: 20% albu-
min (1 g/kg for 48 h and then 20–40 g/day) + terlipressin 
(2 mg/24 h) or norepinephrine (0.5 mg/hour, when terlipres-
sin is not available);
RRT serves as a bridge to LT

Avoid nephrotoxic drugs, e.g., NSAIDs;
Avoid unnecessary RRT or early initiation of RRT​

Respiration Assess respiratory status (calculating the PaO2/FiO2 or SpO2/
FiO2 and performing imaging examination);
Oxygen inhalation and lung protective ventilation strategy;
Endotracheal intubation for patients with West-Heaven grade 
3–4 HE to facilitate airway management, prevent aspiration, 
and control ventilation;
PPIs are suggested to be used in patients on a ventilator

Avoid delay in intubation even if with normal blood oxygen 
level

Circulation Assess haemodynamic state at admission;
Maintain mean arterial pressure  > 65 mmHg;
Norepinephrine is the first choice of vasopressor, epinephrine 
and terlipressin serve as additional agents;
Administer crystalloids and 5% albumin as resuscitation fluid;
Administer 20% albumin for patients with spontaneous bac-
terial peritonitis, large volume paracentesis or AKI

Avoid using starches formulations;
Limit saline solutions in patients with ascites or anasarca

Brain Evaluation of the mental status, care of the airway, treatment 
of the precipitating factors, and empiric HE therapy should be 
performed simultaneously;
Use lactulose and enemas to clear the bowel;
Use short-acting sedative agents

Avoid deep sedation;
Avoid using benzodiazepines;
Ventilation in patients without altered mental status should not 
be considered as brain failure
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Liver transplantation
LT is an effective therapy for ACLF. The results of an 
international collaborative study in Europe showed 
that the 1-year post-LT survival was 81% in 234 ACLF 
patients, providing clear evidence of a survival benefit 
from LT [85]. Data from other studies based on multi-
centre cohorts or national registries also confirmed that 
LT could markedly improve survival in selected patients, 
even in those with ACLF-3, with a 1-year survival over 
80% [86, 87]. However, the prioritization for LT in these 
specific populations remains unclear. Current organ allo-
cation around the world is based on a prognostic model, 
called the MELD score, although studies have shown that 
the MELD score is not sensitive or accurate enough to 
predict survival in patients with ACLF since the impact 
of extrahepatic OF is not reflected in the score [88, 89]. 
The criteria and prognostic scores, which were developed 
specifically for patients with ACLF, such as the COSSH-
ACLF score and CLIF-C ACLF score, should be used 
to assess the prognosis and to determine the prioritiza-
tion and ideal timing for LT in patients with ACLF [6, 
13, 85, 90, 91]. Researchers from Europe have proposed 
the worldwide adoption of new organ allocation poli-
cies for patients with ACLF and have designed a global 
study, referred to as the CHANCE study, to solve these 
issues [92]. In addition, dynamic assessment of the dis-
ease severity after hospitalization may be helpful to 
optimize patients for LT listing and transplantation. The 
CANONIC study showed that the high risk of early death 
in patients with ACLF-2 or ACLF-3 made it necessary to 
consider LT, and the futility of LT may be considered for 
patients with 4 or more OFs or a CLIC-C ACLF score > 64 
(at days 3–7) if they have other contraindications for LT 
[90]. The COSSH study currently also assessed the out-
comes of patients with HBV-ACLF who underwent LT 
and proposed a net survival benefit-based priority for 
LT of HBV-ACLF to decrease the risk of futile LT. The 
COSSH-ACLF II score identified the risk of death on the 
waitlist and accurately predicted post-LT mortality and 
survival benefit for HBV-ACLF. Patients with a COSSH-
ACLF II score of 7–10 derived a higher net survival ben-
efit from LT [93].

Future perspectives
Despite improvements in understanding of how patients 
with ACLF might progress from underlying chronic liver 
disease to death, controversies in many fields still exist 
and require further scientific exploration.

With the increasing prevalence of risk factors for the 
development of chronic liver disease, such as alcohol 
addiction, drug abuse and obesity, ACLF is expected to 
become more prevalent in the coming years [1]. How-
ever, given regional limitations, any definitions of ACLF 

now proposed may be considered only transitional defi-
nitions, both in the East and in the West. The multiple 
definitions have also accounted for substantial confusion 
among multidisciplinary teams caring for ACLF patients. 
A uniform definition of ACLF applicable in all parts of 
the world should be based on global, prospectively col-
lected and validated data, which can provide a sufficient 
theoretical basis for standardized clinical management. 
Patients with chronic liver disease (with or without cir-
rhosis), with any type of precipitating event (intrahe-
patic or extrahepatic), and extrahepatic OFs should be 
included for data collection to ultimately arrive at a 
comprehensive definition of ACLF. More efforts are also 
required to develop and validate more accurate prog-
nostic scores that can accommodate various aetiolo-
gies and phenotypes around the world. In addition, the 
unmet medical needs of diagnosing patients who have a 
high risk of progression to ACLF (pre-ACLF) at admis-
sion are eagerly awaited to be addressed in future stud-
ies. Using advanced approaches such as transcriptomics, 
proteomics and metabolomics, biomarkers including 
inflammatory markers, cell-death markers and functional 
characteristics of immune cells would also help accu-
rately identify pre-ACLF patients to refine clinical prog-
nostic models and provide novel therapeutic targets [94].

To delve deeper into the pathogenesis of ACLF, future 
work should not only decipher the respective contribu-
tions of each immune cell type and their interactions 
and increase our understanding of dynamic changes 
in inflammatory, immune and metabolic status during 
the natural history of ACLF but also generate tractable 
therapeutic targets through recent advances in single-cell 
genomics technologies and the rapidly evolving fields of 
spatial transcriptomic and proteomic profiling [95, 96]. 
Reliable ACLF animal models are needed to uncover 
detailed features of the disease pathogenesis. Inflam-
mation-induced ACLF models, in which chronic injury 
is induced by carbon tetrachloride, bile duct ligation or 
porcine serum and acute injury is induced by D-galac-
tosamine/lipopolysaccharide, have a high short-term 
mortality rate after acute insult and rarely lead to the 
development of portal hypertension, ascites, and multi-
ple OFs [97–102]. Currently, a bacteria-induced ACLF 
model has been developed using Klebsiella pneumoniae, 
which provided the survival window to understand the 
pathophysiology of liver failure in response to infection 
[103]. A porcine serum-induced liver cirrhosis-based 
ACLF animal model verified immune-metabolism disor-
der as the core-axis mechanism in the clinical pathophys-
iology, which positively contributed to the interpretation 
of disease pathogenesis [104]. Nevertheless, establishing 
an HBV-based ACLF model is an arduous task because 
of the extremely narrow host range of HBV, which mostly 
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infects humans. The application of sophisticated technol-
ogies has led to the generation of dual humanized trans-
genic mice that are susceptible to chronic HBV infection 
and ultimately generate liver cirrhosis [105]. This model 
could serve as a potential resource for HBV-ACLF mod-
eling with a suitable secondary trigger.

Several interventions targeting immune regulation 
and metabolic balance are receiving attention as poten-
tial treatments for ACLF. Glucocorticoids can suppress 
excessive immune responses and have been tried in the 
treatment of ACLF. However, due to the side effects of 
glucocorticoids and the rapid changes in the immune 
status of ACLF patients, only some ACLF patients can 
benefit from glucocorticoids. Therefore, it is difficult 
to determine the optimal timing for glucocorticoids 
in patients with ACLF. Granulocyte-colony stimulat-
ing factor (G-CSF), which can induce the mobilization 
of bone mesenchymal stem cells, has been studied to 
reduce the short-term mortality of ACLF [106]. A meta-
analysis demonstrated that G-CSF significantly reduced 
short-term mortality and the incidence of complications 
[107]. However, this result was not validated in a recent 
multicentre randomized clinical trial, which enrolled 
176 patients with ACLF from 18 European centres; the 
interim analysis showed no benefit of G-CSF on 90- or 
360-day LT-free survival, overall survival or disease 
severity scores [108]. Based on current data, the use of 
G-CSF is debatable. G-CSF may be beneficial in early 
stages of ACLF before the onset of sepsis and extrahe-
patic OFs [109] but may not be recommended as a part 
of routine management for patients in late stages of 
ACLF [52]. Stem cell therapies, including human alloge-
neic liver-derived progenitor cell, mesenchymal stem cell 
(MSC) or multipotent MSC and bone mesenchymal stem 
cell therapies, are emerging as alternatives because of the 
shortage of liver donors and the high cost of LT. A clini-
cal phase II study that involved 24 patients suggested that 
the intravenous infusion of low doses of human alloge-
neic liver-derived progenitor cells to treat patients with 
ACLF is safe [110]. Other studies have demonstrated that 
the transplantation of MSCs improved liver function and 
short-term survival in HBV-ACLF, and the procedure 
appeared to be safe during the observational time [111, 
112]. However, these studies were preliminary, with small 
sample sizes and limited follow-up periods. Further stud-
ies are required to confirm the safety and assess the effi-
cacy before widespread use in clinical practice.

Conclusions
ACLF has been recognized as a severe clinical syndrome 
based on the acute deterioration of chronic liver dis-
ease, and it is characterized by organ failure and high 
short-term mortality. The specific pathophysiology of 

ACLF remains unclear, but it is likely related to systemic 
inflammation and immune-metabolism disorder. Current 
therapeutic management of ACLF relies on supportive 
therapy for organ failure and liver transplantation. ACLF 
is still a major challenge in the field of hepatology, and 
future studies are needed to clarify its pathogenesis and 
achieve precise management through spatiotemporal 
multi-omics.

Abbreviations
ACLF	� Acute-on-chronic liver failure
AARC​	� Asian Pacific Association for the Study of the Liver ACLF Research 

Consortium
ALD	� Alcohol-related liver disease
ALSS	� Artificial liver support system
APASL	� Asian Pacific Association for the Study of the Liver
AUROC	� Area under the receiver operating characteristic curve
CANONIC	� Chronic liver failure (CLIF) consortium acute-on-chronic liver 

failure in cirrhosis
C-index	� Concordance index
COSSH	� Chinese Group on the Study of Severe Hepatitis B
DAMPs	� Damage-associated molecular patterns
EASL-CLIF	� European Association for the Study of the Liver-Chronic Liver 

Failure
G-CSF	� Granulocyte-colony stimulating factor
HBV	� Hepatitis B virus
HE	� Hepatic encephalopathy
INR	� International normalized ratio
IL	� Interleukin
LT	� Liver transplantation
MELD	� Model for end-stage liver disease
MSC	� Mesenchymal stromal cell
NACSELD	� North American Consortium for the Study of End-stage Liver 

Disease
OFs	� Organ failures
PRRs	� Pattern-recognition receptors
PAMPs	� Pathogen-associated molecular patterns
SOFA	� Sequential organ failure assessment
TB	� Total bilirubin
WBC	� White blood cell

Acknowledgements
Not applicable.

Author contributions
All authors participated in the drafting of the manuscript and were involved in 
critical revision of the manuscript for important intellectual content.

Funding
This study was supported by the National Natural Science Foundation of 
China (81830073,82272426), the National Special Support Program for 
High-level Personnel Recruitment (Ten-thousand Talents Program), National 
Key Research and Development Program of China (2022YFC2304800, 
2022YFA1104100), and Zhejiang Public Welfare Project (LGF21H200006, 
LY21H030007).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.



Page 11 of 13Luo et al. Critical Care          (2023) 27:259 	

Competing interests
The authors declare that they have no competing interests.

Received: 15 May 2023   Accepted: 22 June 2023

References
	 1.	 Mezzano G, Juanola A, Cardenas A, Mezey E, Hamilton JP, Pose E, et al. 

Global burden of disease: acute-on-chronic liver failure, a systematic 
review and meta-analysis. Gut. 2022;71(1):148–55.

	 2.	 Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Burden of liver diseases in 
the world. J Hepatol. 2019;70(1):151–71.

	 3.	 Li J, Liang X, Jiang J, Yang L, Xin J, Shi D, et al. PBMC transcriptomics 
identifies immune-metabolism disorder during the development of 
HBV-ACLF. Gut. 2022;71(1):163–75.

	 4.	 Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, et al. Acute-on-
chronic liver failure is a distinct syndrome that develops in patients with 
acute decompensation of cirrhosis. Gastroenterology. 2013;144(7):1426-
37.e9.

	 5.	 Jalan R, Saliba F, Pavesi M, Amoros A, Moreau R, Gines P, et al. 
Development and validation of a prognostic score to predict 
mortality in patients with acute-on-chronic liver failure. J Hepatol. 
2014;61(5):1038–47.

	 6.	 Wu T, Li J, Shao L, Xin J, Jiang L, Zhou Q, et al. Development of diagnos-
tic criteria and a prognostic score for hepatitis B virus-related acute-on-
chronic liver failure. Gut. 2018;67(12):2181–91.

	 7.	 Sarin SK, Kumar A, Almeida JA, Chawla YK, Fan ST, Garg H, et al. 
Acute-on-chronic liver failure: consensus recommendations of the 
Asian Pacific Association for the study of the liver (APASL). Hep Intl. 
2009;3(1):269–82.

	 8.	 Sarin SK, Kedarisetty CK, Abbas Z, Amarapurkar D, Bihari C, Chan AC, 
et al. Acute-on-chronic liver failure: consensus recommendations of the 
Asian Pacific Association for the study of the liver (APASL) 2014. Hepatol 
Int. 2014;8(4):453–71.

	 9.	 Sarin SK, Choudhury A, Sharma MK, Maiwall R, Al Mahtab M, Rahman S, 
et al. Acute-on-chronic liver failure: consensus recommendations of the 
Asian Pacific association for the study of the liver (APASL): an update. 
Hepatol Int. 2019;13(4):353–90.

	 10.	 Bajaj JS, O’Leary JG, Reddy KR, Wong F, Biggins SW, Patton H, et al. 
Survival in infection-related acute-on-chronic liver failure is defined by 
extrahepatic organ failures. Hepatology. 2014;60(1):250–6.

	 11.	 Trebicka J, Fernandez J, Papp M, Caraceni P, Laleman W, Gambino C, 
et al. The PREDICT study uncovers three clinical courses of acutely 
decompensated cirrhosis that have distinct pathophysiology. J Hepatol. 
2020;73(4):842–54.

	 12.	 Luo J, Liang X, Xin J, Li J, Li P, Zhou Q, et al. Predicting the onset of hepa-
titis B virus-related acute-on-chronic liver failure. Clin Gastroenterol 
Hepatol. 2023;21(3):681–93.

	 13.	 Li J, Liang X, You S, Feng T, Zhou X, Zhu B, et al. Development and 
validation of a new prognostic score for hepatitis B virus-related acute-
on-chronic liver failure. J Hepatol. 2021;75(5):1104–15.

	 14.	 Choudhury A, Jindal A, Maiwall R, Sharma MK, Sharma BC, Pamecha 
V, et al. Liver failure determines the outcome in patients of acute-on-
chronic liver failure (ACLF): comparison of APASL ACLF research consor-
tium (AARC) and CLIF-SOFA models. Hepatol Int. 2017;11(5):461–71.

	 15.	 O’Leary JG, Reddy KR, Garcia-Tsao G, Biggins SW, Wong F, Fallon MB, 
et al. NACSELD acute-on-chronic liver failure (NACSELD-ACLF) score 
predicts 30-day survival in hospitalized patients with cirrhosis. Hepatol-
ogy. 2018;67(6):2367–74.

	 16.	 Claria J, Stauber RE, Coenraad MJ, Moreau R, Jalan R, Pavesi M, et al. Sys-
temic inflammation in decompensated cirrhosis: characterization and 
role in acute-on-chronic liver failure. Hepatology. 2016;64(4):1249–64.

	 17.	 Laleman W, Claria J, Van der Merwe S, Moreau R, Trebicka J. Systemic 
inflammation and acute-on-chronic liver failure: too much. Not Enough 
Can J Gastroenterol Hepatol. 2018;2018:1027152.

	 18.	 Xin J, Ding W, Hao S, Chen X, Zhang J, Jiang L, et al. Serum macrophage 
inflammatory protein 3alpha levels predict the severity of HBV-related 
acute-on-chronic liver failure. Gut. 2016;65(2):355–7.

	 19.	 Jalan R, D’Amico G, Trebicka J, Moreau R, Angeli P, Arroyo V. New clinical 
and pathophysiological perspectives defining the trajectory of cirrhosis. 
J Hepatol. 2021;75(Suppl 1):S14–26.

	 20.	 Bernardi M, Moreau R, Angeli P, Schnabl B, Arroyo V. Mechanisms 
of decompensation and organ failure in cirrhosis: from peripheral 
arterial vasodilation to systemic inflammation hypothesis. J Hepatol. 
2015;63(5):1272–84.

	 21.	 Lucey MR, Mathurin P, Morgan TR. Alcoholic hepatitis. N Engl J Med. 
2009;360(26):2758–69.

	 22.	 Zhao RH, Shi Y, Zhao H, Wu W, Sheng JF. Acute-on-chronic liver failure 
in chronic hepatitis B: an update. Expert Rev Gastroenterol Hepatol. 
2018;12(4):341–50.

	 23.	 Jenne CN, Kubes P. Immune surveillance by the liver. Nat Immunol. 
2013;14(10):996–1006.

	 24.	 Albillos A, Lario M, Alvarez-Mon M. Cirrhosis-associated immune 
dysfunction: distinctive features and clinical relevance. J Hepatol. 
2014;61(6):1385–96.

	 25.	 Beckebaum S, Cicinnati VR, Dworacki G, Muller-Berghaus J, Stolz D, 
Harnaha J, et al. Reduction in the circulating pDC1/pDC2 ratio and 
impaired function of ex vivo-generated DC1 in chronic hepatitis B 
infection. Clin Immunol. 2002;104(2):138–50.

	 26.	 Martinet J, Dufeu-Duchesne T, Bruder Costa J, Larrat S, Marlu A, Leroy 
V, et al. Altered functions of plasmacytoid dendritic cells and reduced 
cytolytic activity of natural killer cells in patients with chronic HBV infec-
tion. Gastroenterology. 2012;143(6):1586-96.e8.

	 27.	 Tavakoli S, Mederacke I, Herzog-Hauff S, Glebe D, Grun S, Strand D, et al. 
Peripheral blood dendritic cells are phenotypically and functionally 
intact in chronic hepatitis B virus (HBV) infection. Clin Exp Immunol. 
2008;151(1):61–70.

	 28.	 van der Molen RG, Sprengers D, Binda RS, de Jong EC, Niesters HG, 
Kusters JG, et al. Functional impairment of myeloid and plasmacy-
toid dendritic cells of patients with chronic hepatitis B. Hepatology. 
2004;40(3):738–46.

	 29.	 Park JJ, Wong DK, Wahed AS, Lee WM, Feld JJ, Terrault N, et al. Hepatitis 
B virus-specific and global T-cell dysfunction in chronic hepatitis B. 
Gastroenterology. 2016;150(3):684-95.e5.

	 30.	 Gao S, Joshi SS, Osiowy C, Chen Y, Coffin CS, Duan ZP. Chronic hepatitis 
B carriers with acute on chronic liver failure show increased HBV 
surface gene mutations, including immune escape variants. Virol J. 
2017;14(1):203.

	 31.	 Wu W, Yan H, Zhao H, Sun W, Yang Q, Sheng J, et al. Characteristics of 
systemic inflammation in hepatitis B-precipitated ACLF: differentiate it 
from No-ACLF. Liver Int. 2018;38(2):248–57.

	 32.	 Weiss E, de la Grange P, Defaye M, Lozano JJ, Aguilar F, Hegde P, et al. 
Characterization of blood immune cells in patients with decompen-
sated cirrhosis including ACLF. Front Immunol. 2020;11:619039.

	 33.	 Boussif A, Rolas L, Weiss E, Bouriche H, Moreau R, Perianin A. Impaired 
intracellular signaling, myeloperoxidase release and bactericidal 
activity of neutrophils from patients with alcoholic cirrhosis. J Hepatol. 
2016;64(5):1041–8.

	 34.	 Rolas L, Boussif A, Weiss E, Letteron P, Haddad O, El-Benna J, et al. 
NADPH oxidase depletion in neutrophils from patients with cir-
rhosis and restoration via toll-like receptor 7/8 activation. Gut. 
2018;67(8):1505–16.

	 35.	 Wu W, Sun S, Wang Y, Zhao R, Ren H, Li Z, et al. Circulating neutrophil 
dysfunction in HBV-related acute-on-chronic liver failure. Front Immu-
nol. 2021;12:620365.

	 36.	 O’Brien AJ, Fullerton JN, Massey KA, Auld G, Sewell G, James S, et al. 
Immunosuppression in acutely decompensated cirrhosis is mediated 
by prostaglandin E2. Nat Med. 2014;20(5):518–23.

	 37.	 Vergis N, Khamri W, Beale K, Sadiq F, Aletrari MO, Moore C, et al. Defec-
tive monocyte oxidative burst predicts infection in alcoholic hepatitis 
and is associated with reduced expression of NADPH oxidase. Gut. 
2017;66(3):519–29.

	 38.	 Liang J, Long Z, Zhang Y, Wang J, Chen X, Liu X, et al. Chloride intercel-
lular channel 3 suppression-mediated macrophage polarization: a 
potential indicator of poor prognosis of hepatitis B virus-related acute-
on-chronic liver failure. Immunol Cell Biol. 2022;100(5):323–37.

	 39.	 Bernsmeier C, Triantafyllou E, Brenig R, Lebosse FJ, Singanayagam 
A, Patel VC, et al. CD14(+) CD15(−) HLA-DR(−) myeloid-derived 



Page 12 of 13Luo et al. Critical Care          (2023) 27:259 

suppressor cells impair antimicrobial responses in patients with acute-
on-chronic liver failure. Gut. 2018;67(6):1155–67.

	 40.	 Zeng Y, Li Y, Xu Z, Gan W, Lu L, Huang X, et al. Myeloid-derived sup-
pressor cells expansion is closely associated with disease severity and 
progression in HBV-related acute-on-chronic liver failure. J Med Virol. 
2019;91(8):1510–8.

	 41.	 Jung MC, Pape GR. Immunology of hepatitis B infection. Lancet Infect 
Dis. 2002;2(1):43–50.

	 42.	 Kao JH, Chen DS. Global control of hepatitis B virus infection. Lancet 
Infect Dis. 2002;2(7):395–403.

	 43.	 Tan W, Xia J, Dan Y, Li M, Lin S, Pan X, et al. Genome-wide association 
study identifies HLA-DR variants conferring risk of HBV-related acute-
on-chronic liver failure. Gut. 2018;67(4):757–66.

	 44.	 McPhail MJW, Shawcross DL, Lewis MR, Coltart I, Want EJ, Antoniades 
CG, et al. Multivariate metabotyping of plasma predicts survival in 
patients with decompensated cirrhosis. J Hepatol. 2016;64(5):1058–67.

	 45.	 Trieb M, Rainer F, Stadlbauer V, Douschan P, Horvath A, Binder L, et al. 
HDL-related biomarkers are robust predictors of survival in patients 
with chronic liver failure. J Hepatol. 2020;73(1):113–20.

	 46.	 Juanola A, Graupera I, Elia C, Piano S, Sole C, Carol M, et al. Urinary 
L-FABP is a promising prognostic biomarker of ACLF and mortality in 
patients with decompensated cirrhosis. J Hepatol. 2022;76(1):107–14.

	 47.	 Claria J, Curto A, Moreau R, Colsch B, Lopez-Vicario C, Lozano JJ, et al. 
Untargeted lipidomics uncovers lipid signatures that distinguish severe 
from moderate forms of acutely decompensated cirrhosis. J Hepatol. 
2021;75(5):1116–27.

	 48.	 Moreau R, Claria J, Aguilar F, Fenaille F, Lozano JJ, Junot C, et al. Blood 
metabolomics uncovers inflammation-associated mitochondrial 
dysfunction as a potential mechanism underlying ACLF. J Hepatol. 
2020;72(4):688–701.

	 49.	 Zaccherini G, Aguilar F, Caraceni P, Claria J, Lozano JJ, Fenaille F, et al. 
Assessing the role of amino acids in systemic inflammation and organ 
failure in patients with ACLF. J Hepatol. 2021;74(5):1117–31.

	 50.	 Zhang IW, Curto A, Lopez-Vicario C, Casulleras M, Duran-Guell M, Flores-
Costa R, et al. Mitochondrial dysfunction governs immunometabolism 
in leukocytes of patients with acute-on-chronic liver failure. J Hepatol. 
2022;76(1):93–106.

	 51.	 Weiss E, de la Pena-Ramirez C, Aguilar F, Lozano JJ, Sanchez-Garrido C, 
Sierra P, et al. Sympathetic nervous activation, mitochondrial dysfunc-
tion and outcome in acutely decompensated cirrhosis: the metabo-
lomic prognostic models (CLIF-C MET). Gut. 2023. https://​doi.​org/​10.​
1136/​gutjnl-​2022-​328708.

	 52.	 Bajaj JS, O’Leary JG, Lai JC, Wong F, Long MD, Wong RJ, et al. Acute-
on-chronic liver failure clinical guidelines. Am J Gastroenterol. 
2022;117(2):225–52.

	 53.	 Arroyo V, Moreau R, Jalan R. Acute-on-chronic liver failure. N Engl J Med. 
2020;382(22):2137–45.

	 54.	 Bernal W, Karvellas C, Saliba F, Saner FH, Meersseman P. Intensive care 
management of acute-on-chronic liver failure. J Hepatol. 2021;75(Suppl 
1):S163–77.

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

	 56.	 Wang J, Ma K, Han M, Guo W, Huang J, Yang D, et al. Nucleoside analogs 
prevent disease progression in HBV-related acute-on-chronic liver 
failure: validation of the TPPM model. Hepatol Int. 2014;8(1):64–71.

	 57.	 Garg H, Sarin SK, Kumar M, Garg V, Sharma BC, Kumar A. Tenofovir 
improves the outcome in patients with spontaneous reactivation of 
hepatitis B presenting as acute-on-chronic liver failure. Hepatology. 
2011;53(3):774–80.

	 58.	 Fernandez J, Acevedo J, Wiest R, Gustot T, Amoros A, Deulofeu 
C, et al. Bacterial and fungal infections in acute-on-chronic liver 
failure: prevalence, characteristics and impact on prognosis. Gut. 
2018;67(10):1870–80.

	 59.	 Shi Y, Yang Y, Hu Y, Wu W, Yang Q, Zheng M, et al. Acute-on-chronic liver 
failure precipitated by hepatic injury is distinct from that precipitated 
by extrahepatic insults. Hepatology. 2015;62(1):232–42.

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

	 61.	 Wong F, Piano S, Singh V, Bartoletti M, Maiwall R, Alessandria C, et al. 
Clinical features and evolution of bacterial infection-related acute-on-
chronic liver failure. J Hepatol. 2021;74(2):330–9.

	 62.	 European Association for the Study of the Liver. Electronic address 
EEE, European Association for the Study of the L. EASL Clinical Practice 
Guidelines for the management of patients with decompensated cir-
rhosis. J Hepatol. 2018;69(2):406–60.

	 63.	 Gustot T, Jalan R. Acute-on-chronic liver failure in patients with alcohol-
related liver disease. J Hepatol. 2019;70(2):319–27.

	 64.	 Serste T, Cornillie A, Njimi H, Pavesi M, Arroyo V, Putignano A, et al. The 
prognostic value of acute-on-chronic liver failure during the course of 
severe alcoholic hepatitis. J Hepatol. 2018;69(2):318–24.

	 65.	 Forrest EH, Atkinson SR, Richardson P, Masson S, Ryder S, Thursz MR, 
et al. Prevalent acute-on-chronic liver failure and response to corti-
costeroids in alcoholic hepatitis. J Hepatol. 2018;69(5):1200–1.

	 66.	 Zhong Z, Liao W, Dai L, Feng X, Su G, Gao Y, et al. Average corti-
costeroid dose and risk for HBV reactivation and hepatitis flare 
in patients with resolved hepatitis B infection. Ann Rheum Dis. 
2022;81(4):584–91.

	 67.	 Garcia-Tsao G, Bosch J. Management of varices and variceal hemor-
rhage in cirrhosis. N Engl J Med. 2010;362(9):823–32.

	 68.	 Trebicka J, Gu W, Ibanez-Samaniego L, Hernandez-Gea V, Pitarch C, 
Garcia E, et al. Rebleeding and mortality risk are increased by ACLF 
but reduced by pre-emptive TIPS. J Hepatol. 2020;73(5):1082–91.

	 69.	 Carpentier B, Gautier A, Legallais C. Artificial and bioartificial liver 
devices: present and future. Gut. 2009;58(12):1690–702.

	 70.	 Larsen FS. Artificial liver support in acute and acute-on-chronic liver 
failure. Curr Opin Crit Care. 2019;25(2):187–91.

	 71.	 MacDonald AJ, Karvellas CJ. Emerging role of extracorporeal support 
in acute and acute-on-chronic liver failure: recent developments. 
Semin Respir Crit Care Med. 2018;39(5):625–34.

	 72.	 Struecker B, Raschzok N, Sauer IM. Liver support strategies: 
cutting-edge technologies. Nat Rev Gastroenterol Hepatol. 
2014;11(3):166–76.

	 73.	 Yang L, Wu T, Li J, Xin J, Shi D, Jiang J, et al. Artificial liver treatment 
improves survival in patients with hepatitis B virus-related acute-on-
chronic liver failure: a case-control matched analysis. Hepatol Res. 
2020;50(6):656–70.

	 74.	 Hassanein TI, Schade RR, Hepburn IS. Acute-on-chronic liver 
failure: extracorporeal liver assist devices. Curr Opin Crit Care. 
2011;17(2):195–203.

	 75.	 Karvellas CJ, Subramanian RM. Current evidence for extracorporeal liver 
support systems in acute liver failure and acute-on-chronic liver failure. 
Crit Care Clin. 2016;32(3):439–51.

	 76.	 Banares R, Nevens F, Larsen FS, Jalan R, Albillos A, Dollinger M, et al. 
Extracorporeal albumin dialysis with the molecular adsorbent recircu-
lating system in acute-on-chronic liver failure: the RELIEF trial. Hepatol-
ogy. 2013;57(3):1153–62.

	 77.	 Hassanein TI, Tofteng F, Brown RS Jr, McGuire B, Lynch P, Mehta R, 
et al. Randomized controlled study of extracorporeal albumin dialysis 
for hepatic encephalopathy in advanced cirrhosis. Hepatology. 
2007;46(6):1853–62.

	 78.	 Kribben A, Gerken G, Haag S, Herget-Rosenthal S, Treichel U, Betz C, 
et al. Effects of fractionated plasma separation and adsorption on sur-
vival in patients with acute-on-chronic liver failure. Gastroenterology. 
2012;142(4):782-9.e3.

	 79.	 Krisper P, Haditsch B, Stauber R, Jung A, Stadlbauer V, Trauner M, et al. 
In vivo quantification of liver dialysis: comparison of albumin dialysis 
and fractionated plasma separation. J Hepatol. 2005;43(3):451–7.

	 80.	 Gerth HU, Pohlen M, Tholking G, Pavenstadt H, Brand M, Husing-Kabar 
A, et al. Molecular adsorbent recirculating system can reduce short-
term mortality among patients with acute-on-chronic liver failure—a 
retrospective analysis. Crit Care Med. 2017;45(10):1616–24.

	 81.	 Shen Y, Wang XL, Wang B, Shao JG, Liu YM, Qin Y, et al. Survival benefits 
with artificial liver support system for acute-on-chronic liver failure: a 
time series-based meta-analysis. Medicine. 2016;95(3):e2506.

	 82.	 Chen JJ, Huang JR, Yang Q, Xu XW, Liu XL, Hao SR, et al. Plasma 
exchange-centered artificial liver support system in hepatitis B virus-
related acute-on-chronic liver failure: a nationwide prospective multi-
center study in China. Hepatobiliary Pancreat Dis Int. 2016;15(3):275–81.

https://doi.org/10.1136/gutjnl-2022-328708
https://doi.org/10.1136/gutjnl-2022-328708


Page 13 of 13Luo et al. Critical Care          (2023) 27:259 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	 83.	 Gines P, Fernandez J, Durand F, Saliba F. Management of critically-ill 
cirrhotic patients. J Hepatol. 2012;56(Suppl 1):S13-24.

	 84.	 Nadim MK, Durand F, Kellum JA, Levitsky J, O’Leary JG, Karvellas CJ, et al. 
Management of the critically ill patient with cirrhosis: a multidiscipli-
nary perspective. J Hepatol. 2016;64(3):717–35.

	 85.	 Belli LS, Duvoux C, Artzner T, Bernal W, Conti S, Cortesi PA, et al. Liver 
transplantation for patients with acute-on-chronic liver failure (ACLF) 
in Europe: results of the ELITA/EF-CLIF collaborative study (ECLIS). J 
Hepatol. 2021;75(3):610–22.

	 86.	 Artru F, Louvet A, Ruiz I, Levesque E, Labreuche J, Ursic-Bedoya J, 
et al. Liver transplantation in the most severely ill cirrhotic patients: a 
multicenter study in acute-on-chronic liver failure grade 3. J Hepatol. 
2017;67(4):708–15.

	 87.	 Thuluvath PJ, Thuluvath AJ, Hanish S, Savva Y. Liver transplantation in 
patients with multiple organ failures: feasibility and outcomes. J Hepa-
tol. 2018;69(5):1047–56.

	 88.	 Hernaez R, Liu Y, Kramer JR, Rana A, El-Serag HB, Kanwal F. Model 
for end-stage liver disease-sodium underestimates 90-day mortal-
ity risk in patients with acute-on-chronic liver failure. J Hepatol. 
2020;73(6):1425–33.

	 89.	 Sundaram V, Shah P, Mahmud N, Lindenmeyer CC, Klein AS, Wong RJ, 
et al. Patients with severe acute-on-chronic liver failure are disadvan-
taged by model for end-stage liver disease-based organ allocation 
policy. Aliment Pharmacol Ther. 2020;52(7):1204–13.

	 90.	 Gustot T, Fernandez J, Garcia E, Morando F, Caraceni P, Alessandria C, 
et al. Clinical course of acute-on-chronic liver failure syndrome and 
effects on prognosis. Hepatology. 2015;62(1):243–52.

	 91.	 Zhang X, Ying Y, Zhou P, Liu X, Li R, Tao Y, et al. A Stepwise evalu-
ation of hepatitis B virus-related acute-on-chronic liver failure to 
optimize the indication for urgent liver transplantation. Dig Dis Sci. 
2021;66(1):284–95.

	 92.	 Arroyo V, Angeli P, Moreau R, Jalan R, Claria J, Trebicka J, et al. The 
systemic inflammation hypothesis: towards a new paradigm of 
acute decompensation and multiorgan failure in cirrhosis. J Hepatol. 
2021;74(3):670–85.

	 93.	 Li P, Liang X, Luo J, Li J, Xin J, Jiang J, et al. Predicting the survival 
benefit of liver transplantation in HBV-related acute-on-chronic liver 
failure: an observational cohort study. Lancet Reg Health West Pac. 
2023;32:100638.

	 94.	 Bajaj JS, Reddy KR, O’Leary JG, Vargas HE, Lai JC, Kamath PS, et al. Serum 
levels of metabolites produced by intestinal microbes and lipid moie-
ties independently associated with acute-on-chronic liver failure and 
death in patients with cirrhosis. Gastroenterology. 2020;159(5):1715-30.
e12.

	 95.	 Hwang WL, Jagadeesh KA, Guo JA, Hoffman HI, Yadollahpour P, 
Reeves JW, et al. Single-nucleus and spatial transcriptome profiling of 
pancreatic cancer identifies multicellular dynamics associated with 
neoadjuvant treatment. Nat Genet. 2022;54(8):1178–91.

	 96.	 Guilliams M, Bonnardel J, Haest B, Vanderborght B, Wagner C, Remmerie 
A, et al. Spatial proteogenomics reveals distinct and evolutionarily 
conserved hepatic macrophage niches. Cell. 2022;185(2):379-96.e38.

	 97.	 Harry D, Anand R, Holt S, Davies S, Marley R, Fernando B, et al. Increased 
sensitivity to endotoxemia in the bile duct-ligated cirrhotic rat. Hepatol-
ogy. 1999;30(5):1198–205.

	 98.	 Carl DE, Ghosh SS, Gehr TW, Abbate A, Toldo S, Sanyal AJ. A model 
of acute kidney injury in mice with cirrhosis and infection. Liver Int. 
2016;36(6):865–73.

	 99.	 Ni S, Li S, Yang N, Tang X, Zhang S, Hu D, et al. Deregulation of regula-
tory T cells in acute-on-chronic liver failure: a rat model. Mediators 
Inflamm. 2017;2017:1390458.

	100.	 Tripathi DM, Vilaseca M, Lafoz E, Garcia-Caldero H, Viegas Haute G, 
Fernandez-Iglesias A, et al. Simvastatin prevents progression of acute 
on chronic liver failure in rats with cirrhosis and portal hypertension. 
Gastroenterology. 2018;155(5):1564–77.

	101.	 Engelmann C, Sheikh M, Sharma S, Kondo T, Loeffler-Wirth H, Zheng 
YB, et al. Toll-like receptor 4 is a therapeutic target for prevention and 
treatment of liver failure. J Hepatol. 2020;73(1):102–12.

	102.	 Engelmann C, Habtesion A, Hassan M, Kerbert AJ, Hammerich L, Novelli 
S, et al. Combination of G-CSF and a TLR4 inhibitor reduce inflamma-
tion and promote regeneration in a mouse model of ACLF. J Hepatol. 
2022;77(5):1325–38.

	103.	 Xiang X, Feng D, Hwang S, Ren T, Wang X, Trojnar E, et al. Interleukin-22 
ameliorates acute-on-chronic liver failure by reprogramming impaired 
regeneration pathways in mice. J Hepatol. 2020;72(4):736–45.

	104.	 Hassan HM, Cai Q, Liang X, Xin J, Ren K, Jiang J, et al. Transcriptomics 
reveals immune-metabolism disorder in acute-on-chronic liver failure 
in rats. Life Sci Alliance. 2022;5(3):e202101189.

	105.	 Yuan L, Jiang J, Liu X, Zhang Y, Zhang L, Xin J, et al. HBV infection-
induced liver cirrhosis development in dual-humanised mice 
with human bone mesenchymal stem cell transplantation. Gut. 
2019;68(11):2044–56.

	106.	 Garg V, Garg H, Khan A, Trehanpati N, Kumar A, Sharma BC, et al. Granu-
locyte colony-stimulating factor mobilizes CD34(+) cells and improves 
survival of patients with acute-on-chronic liver failure. Gastroenterol-
ogy. 2012;142(3):505-12.e1.

	107.	 Chavez-Tapia NC, Mendiola-Pastrana I, Ornelas-Arroyo VJ, Norena-Her-
rera C, Vidana-Perez D, Delgado-Sanchez G, et al. Granulocyte-colony 
stimulating factor for acute-on-chronic liver failure: systematic review 
and meta-analysis. Ann Hepatol. 2015;14(5):631–41.

	108.	 Engelmann C, Herber A, Franke A, Bruns T, Reuken P, Schiefke I, et al. 
Granulocyte-colony stimulating factor (G-CSF) to treat acute-on-
chronic liver failure: a multicenter randomized trial (GRAFT study). J 
Hepatol. 2021;75(6):1346–54.

	109.	 Jindal A, Sarin SK. G-CSF in acute-on-chronic liver failure—art of ‘patient 
selection’ is paramount! J Hepatol. 2022;76(2):472–3.

	110.	 Nevens F, Gustot T, Laterre PF, Lasser LL, Haralampiev LE, Vargas V, et al. 
A phase II study of human allogeneic liver-derived progenitor cell 
therapy for acute-on-chronic liver failure and acute decompensation. 
JHEP Rep. 2021;3(4):100291.

	111.	 Shi M, Zhang Z, Xu R, Lin H, Fu J, Zou Z, et al. Human mesenchymal 
stem cell transfusion is safe and improves liver function in acute-on-
chronic liver failure patients. Stem Cells Transl Med. 2012;1(10):725–31.

	112.	 Lin BL, Chen JF, Qiu WH, Wang KW, Xie DY, Chen XY, et al. Allogeneic 
bone marrow-derived mesenchymal stromal cells for hepatitis B virus-
related acute-on-chronic liver failure: a randomized controlled trial. 
Hepatology. 2017;66(1):209–19.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Acute-on-chronic liver failure: far to go—a review
	Abstract 
	Introduction
	Definitions
	European Association for the Study of the Liver-Chronic Liver Failure (EASL-CLIF) ACLF
	Chinese Group on the Study of Severe Hepatitis B (COSSH) ACLF
	Asian Pacific Association for the Study of the Liver (APASL) ACLF
	North American Consortium for the Study of End-stage Liver Disease (NACSELD) ACLF

	Prediction and prognosis
	Pathophysiology
	Systemic inflammation
	Immune-metabolism disorder

	Clinical treatment
	Treatment principle
	Treating acute precipitants
	Hepatitis B virus reactivation
	Infection
	Alcohol-related hepatitis
	Acute variceal haemorrhage

	Organ failure support
	Liver transplantation

	Future perspectives
	Conclusions
	Acknowledgements
	References


