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Abstract The Asian Pacific Association for the Study of

the Liver (APASL) set up a working party on acute-on-

chronic liver failure (ACLF) in 2004, with a mandate to

develop consensus guidelines on various aspects of ACLF

relevant to disease patterns and clinical practice in the

Asia-Pacific region. Experts predominantly from the Asia–

Pacific region constituted this working party and were

requested to identify different issues of ACLF and develop
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the consensus guidelines. A 2-day meeting of the working

party was held on January 22–23, 2008, at New Delhi,

India, to discuss and finalize the consensus statements.

Only those statements that were unanimously approved by

the experts were accepted. These statements were circu-

lated to all the experts and subsequently presented at the

Annual Conference of the APASL at Seoul, Korea, in

March 2008. The consensus statements along with relevant

background information are presented in this review.

Keywords Acute-on-chronic liver failure �
Acute-on-chronic liver disease � Liver failure �
Hepatic failure � Hepatitis � Cirrhosis

Introduction

Liver failure can develop as acute liver failure (ALF) (in

the absence of any pre-existing liver disease), acute-on-

chronic liver failure (ACLF) (an acute deterioration of

known or unknown chronic liver disease), or a chronic

decompensation of an end-stage liver disease. There is

limited data on the entity of ACLF and there are no con-

sensus guidelines on its definition, diagnosis, and

management. The Asian Pacific Association for the Study

of the Liver (APASL) set up a working party on ACLF in

2004 with a mandate to study and analyze the various

aspects of this clinical entity and to develop consensus

guidelines on ACLF relevant to the disease pattern and

clinical practice. Experts from all over the globe, especially

from the Asia–Pacific region, constituted this working

party and were requested to identify different issues of

ACLF and develop the consensus guidelines. The process

for the development of these consensus guidelines con-

tained the following steps: review of all available published

literature on ACLF; an effort to define the acute hepatic

insults, the underlying chronic liver disease, and the liver

failure of ACLF; a survey of the current approaches for the

diagnosis and management of ACLF; discussion on con-

tentious issues; and deliberations to prepare the consensus

statement by the experts of the working party. A 2-day

meeting was held on January 22–23, 2008, at New Delhi,

India, to discuss and finalize the recommendations and

guidelines. Only those statements that were unanimously
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approved by the experts were accepted. These statements

were circulated to all the experts, posted on the ACLF Web

site (www.aclf.in), and subsequently finalized. The work-

ing party adopted the Oxford System [1] of evidence-based

approach for developing the consensus statements. The

group assessed the level of existing evidence and accord-

ingly ranked the recommendations (i.e., level of evidence

from 1 (highest) to 5 (lowest); grade of recommendation

from A (strongest) to D (weakest)).

The consensus statements are presented in this review. A

brief background note has been added to explain in more

detail the genesis of the consensus statements.

The concept of ACLF and need for a definition

Acute liver failure is a well-defined and understood entity

and connotes a poor outcome. Acute-on-chronic liver

failure is also a serious condition with varied etiology and

manifestations, as well as high mortality. This term was

first used in 1995 to describe a condition in which two

insults to liver are operating simultaneously, one of them

being ongoing and chronic and the other acute [2]. How-

ever, a clear definition of ACLF is lacking, and this term is

being used to mean different entities by different clinicians.

Any patient who had underlying chronic liver disease with

superimposed acute insult is being labeled as having

ACLF. Most people raised the concern that this would lead

to overlap with decompensated liver disease. The main

emphasis of the APASL Working Party was to identify

from this large group of patients a subset of patients who

have a homogenous presentation and similar outcome and

restrict the use of the label ‘‘acute on chronic liver failure’’

to this subset.

There is a lack of uniformity in diagnostic criteria of

ACLF with many unresolved and contentious issues as well

(Fig. 1); for example, what constitutes the chronic liver

disease in ACLF. The spectrum of underlying chronic liver

disease can range from bland steatosis to hepatitis to

compensated cirrhosis to decompensated cirrhosis. Simi-

larly, what constitutes the acute insult: hepatotropic

viruses, toxins, sepsis, or even a variceal bleed? Moreover,

the definition of liver failure in ACLF has been imprecise

in terms of which criteria to include: level of bilirubin and

the time period of deterioration from the onset, initiating

event to be accepted as jaundice, or any symptom per-

taining to hepatic dysfunction. The experts in the working

party deliberated on these issues at length.

Definition of ACLF

The aim of the APASL Working Party was to carefully

analyze the existing terminologies and first of all identify

whether there is any need for a new terminology. The main

emphasis was whether one could identify a subset of

patients who have a relatively homogenous presentation

and likely similar outcome.

There is no consistent definition of ACLF in literature.

Each study done previously on ACLF has used its own

definition, and there is no unanimity in these definitions in

terms of criteria for liver failure, the acute event precipi-

tating ACLF, and the diagnosis of underlying chronic liver

disease. Since most of these studies were on patients who

Fig. 1 Contentious issues in

acute-on-chronic liver failure
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required liver support devices or liver transplantation, these

studies were biased toward including sicker patients in the

definition and patients having a milder course were gen-

erally excluded from this definition.

The definitions of the hyperacute, acute, and subacute

liver failure [3]; fulminant and subfulminant liver failure

[4]; and late-onset hepatic failure [5] were carefully

reviewed (Fig. 2). The recent guidelines of American

Association for the Study of Liver Disease to include liver

failure up to 24 weeks as a revised definition of ALF [6]

was also critically analyzed in the wake of the etiology,

diagnosis, transplant need, and outcome.

After reviewing all the published literature on the

subject and sharing live cases from nearly 20 countries, a

working definition of ACLF was unanimously agreed

upon by the working party to define patients who belon-

ged to this subgroup. Special emphasis was given to the

fact that a homogenous population of patients is identified

so that the natural history and interventions to improve

the outcome could be applied universally. The experts

also felt that the primary precipitating event, the acute

hepatic insult, should be hepatic in origin. This may not

always be easy to discern; however, the theme should be

adhered to in identifying the patient group with ACLF.

There was unanimity that any new entity, if christened,

should be clinically distinct from ALF and decompen-

sated liver disease, terms that are clearly understood and

defined.

Recommendation

1. Definition of ACLF: Acute hepatic insult manifesting

as jaundice and coagulopathy, complicated within

4 weeks by ascites and/or encephalopathy in a patient

with previously diagnosed or undiagnosed chronic

liver disease. (2a, B)

What constitutes the acute event?

While chronic decompensation of the end-stage liver dis-

ease usually results in an irreversible deterioration, with

liver transplantation being the only realistic therapeutic

option, both ALF and ACLF result due to acute episodes,

which are potentially reversible. The reversibility depends

on the severity and nature of the acute insult and the degree

of underlying chronic liver disease.

The acute episodes vary depending on the geographic

region and the population under study. They include both

infectious and noninfectious causes. It was also appreciated

that the major etiologic agents responsible for precipitating

ACLF are quite distinct in the East and the West. Alcohol

and drugs constitute the majority of acute insults in the

West, whereas infectious etiologies predominate in the

East. The difference in the etiologies of ACLF between the

East and the West reflects the differences in the etiology of

the underlying chronic liver disease in the different geo-

graphic regions as well.

Among the infectious etiologies, reactivation of hepati-

tis B virus (HBV) infection is one of the major causes of

ACLF in the Asian region [7–13]. Reactivation may be

either spontaneous or due to intensive chemotherapy or

immunosuppressive therapy [7, 8], immune restoration

after highly active antiretroviral therapy for HIV [9, 10],

treatment related [11], or reactivation of the occult HBV

infection by rituximab (anti-CD20)-based chemotherapy

[12, 13]. Similarly, reactivation of hepatitis C virus

infection has also been reported, especially after immu-

nosuppressive therapy [14, 15]. The other very important

infectious etiology of the acute event is superinfection with

hepatitis E virus, predominantly in patients in the Indian

subcontinent [16–20]. Various bacterial, parasitic, and

fungal infections may affect the liver. Spirochetal, proto-

zoal, helminthic, or fungal organisms may directly infect

Fig. 2 Various definitions of

acute and acute-on-chronic liver

failure

272 Hepatol Int (2009) 3:269–282

123



the liver, whereas bacterial or parasitic infection may

spread to the liver from other sites [21]. These infections

may lead to liver failure in patients with underlying chronic

liver disease.

Among the noninfectious etiologies, alcoholic hepatitis

is the major cause of acute deterioration in stable known or

unknown chronic liver diseases, more often in the western

countries [22–24]. Hepatotoxic drugs and herbal indige-

nous medicines are important causes for liver failure in the

Asia–Pacific region [25, 26].

Acute variceal bleeding has been included as one of the

events to define hepatic decompensation in the natural

history of cirrhosis [27]. Variceal bleeding has also been

taken as an acute insult of ACLF in some western trials of

ACLF. It was extensively debated whether to consider

variceal bleed as an acute event of ACLF. It was discussed

that for a patient with chronic liver disease who presents

for the first time with variceal bleed without any previous

or present signs or symptoms of chronic liver disease, it

would not constitute an acute insult. This is especially

relevant if such a patient does not develop any jaundice. On

the other hand, the definition of ACLF includes hepatic

decompensation in the form of jaundice. Most experts

considered variceal bleed as an expression of elevated

portal pressure and a form of decompensation of underly-

ing chronic liver disease but not as an acute event leading

to ACLF. However, no unanimous consensus could be

reached to label acute variceal bleeding as an acute event

for ACLF.

Sepsis plays an important role in the progression and

management decisions of ACLF, but whether it itself acts

as an initial precipitating event was debatable. The

existing literature from the United Kingdom and the

United States has included sepsis as an integral cause for

the development of ACLF. However, it was argued that

sepsis alone might not directly cause an acute hepatic

insult but could result in worsening of the condition of the

patient. Furthermore, sepsis per se can cause organ failure

in cirrhotic patients without direct hepatic derangements.

It was therefore not considered as a cause of acute insult.

To bring homogeneity of the population under consider-

ation of the hepatorenal syndrome of ACLF, it was

proposed that any infectious agent directly afflicting the

liver leading to acute derangement in its function should

be included.

Recent publications from the West have shown that

major surgical procedures could pose an acute insult to

liver [28, 29]. There was conflicting opinion among the

experts whether surgery would qualify for a direct hepatic

insult or not. However, it was finally agreed that if the

outcome of surgery would result in a clinical syndrome

befitting the current accepted definition of ACLF, it could

be considered as a precipitating event.

It was also agreed that in spite of the best evaluation to

detect the etiology of the acute event, in some patients it

could not be clearly defined.

Following etiologies were finally agreed upon by the

working party to be included as acute events leading to the

development of ACLF.

Recommendations

2. Defining the acute event in ACLF:

2.1 Infectious etiology:

2.1.1 Hepatotropic and nonhepatotropic

viruses. (1a, A)

2.1.2 Reactivation of hepatitis B (overt or

occult) or hepatitis C. (2b, B)

2.1.3 Other infectious agents afflicting the

liver. (5, D)

2.2 Noninfectious etiology:

2.2.1 Alcohol: active drinking within the last

4 weeks. (1a, A)

2.2.2 Use of hepatotoxic drugs, herbs. (2b, B)

2.2.3 Flare of autoimmune hepatitis or Wil-

son’s disease. (3b, B)

2.2.4 Surgical intervention. (3b, B)

2.2.5 Variceal bleed.1 (4, C)

2.3 Unknown hepatotoxic etiology. (5, D)

Defining the underlying chronic liver disease

Etiologic profile of cirrhosis in ACLF is similar to etiology

of cirrhosis in general in the respective countries (Table 1)

[19, 20, 30–39]. Alcoholic cirrhosis constitutes 50–70% of

all the underlying liver diseases of ACLF in the western

countries, whereas hepatitis-related cirrhosis constitutes

about 10–15% of all the cases. However, in most of the

Asian countries, hepatitis B constitutes 70% and alcohol

only about 15% of all the etiologies of ACLF (Table 1).

Autoimmune liver disease, Wilson’s disease, metabolic

liver disease, and chronic cholestatic liver disease consti-

tute only minority of patients (Table 1).

Nonalcoholic steatohepatitis (NASH), irrespective of

stage of fibrosis, has been included as an underlying

chronic liver disease in ACLF. There was unanimity that

patients with NASH do behave differently compared with

subjects with a healthy liver. Nonalcoholic steatohepatitis

could be anticipated in an obese, diabetic subject especially

if he or she is older than 40 years. There could, however,

1 No consensus.
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be a difficult situation in which due to an acute onset the

underlying NASH cannot be diagnosed. In such subjects, a

liver biopsy through percutaneous or transjugular route

with additional hepatic venous-pressure gradient (HVPG)

measurements could be of help. It was debated whether to

consider benign fatty liver, steatosis, as chronic liver dis-

ease as well. Several experts brought to notice the data

from transplant centers that live donors or cadaver livers

with steatosis do not constitute the best organs for liver

transplantation. However, since simple steatosis may not

always be progressive, it was decided not to include this as

an underlying chronic liver disease for ACLF.

Recommendations

3. Defining the underlying CLD: diseases qualified as

underlying CLD:

3.1 Included:

3.1.1 Compensated cirrhosis of any etiology.

(1a, A)

3.1.2 Chronic hepatitis. (5, D)

3.1.3 Nonalcoholic steatohepatitis. (5, D)

3.1.4 Cholestatic liver disease. (2b, B)

3.1.5 Metabolic liver disease. (2b, B)

3.2 Not included:

3.2.1 Steatosis. (5, D)

Defining the liver failure in ACLF

Acute liver failure has widely accepted definition that

includes evidence of coagulation abnormality, usually an INR

[1.5, and any degree of mental alteration (encephalopathy)

in a patient without pre-existing cirrhosis and with an illness

of less than 26 weeks’ duration [40]. Beyond 26 weeks, this is

considered as chronic liver failure. There is, however, a great

degree of heterogeneity in the current definition of ALF. The

outcome of various entities included in ALF would indeed be

different. There have been several attempts in the past to

define the timeline of liver failure from the time of onset of the

jaundice or symptoms. Terms such as ‘‘hyperacute liver

failure’’ (\7 days), ‘‘acute liver failure’’ (8–28 days), and

‘‘subacute liver failure’’ ([28 days) have been proposed [3].

On the other hand, the timeline for fulminant and subfulmi-

nant hepatic failure (\2 weeks) [4] and late-onset hepatic

failure ([8 weeks) has also been reported [5].

On the other extreme, the group of patients with

decompensated liver disease has been well defined and

acute decompensation of liver disease has also been doc-

umented. Development of jaundice, ascites, hepatic

encephalopathy, or variceal bleed is known to constitute

hepatic decompensation.

Patients with ACLF manifest in varied forms owing to

the heterogeneity in the patient population. In the published

reports, patients included as having ACLF had severe

jaundice associated with organ failure manifested as either

hepatic encephalopathy or hepatorenal syndrome (HRS)

[41, 42]. Systemic hemodynamic changes generally

accompany the development of ACLF. Defining the liver

failure in ACLF, therefore, required a detailed consideration

of all the existing terminologies and to analyze first the need

for a new term. In the only available previous attempt to

define the entity, ACLF has been described as deterioration

of liver function in cirrhotic patients over a period of

2–4 weeks, associated with progressive jaundice, hepatic

encephalopathy and/or HRS, and signs of multiorgan dys-

function [41, 42]. However, a precise definition of the level

of jaundice and the seminal defining feature of liver fail-

ure—the coagulopathy—have not been given attention.

Jaundice is considered an essential criterion for the

diagnosis of ACLF. Various authors have used different

Table 1 Etiology of underlying

chronic liver disease in ACLFa

a Values given are percentages

Alcohol Hepatitis B/C Cryptogenic Others

UK (n = 312) [30] 65 17 5 13

Germany (n = 143) [31] 75 14 4 7

Germany (n = 27) [32] 52 33 7 8

Germany (n = 13) [33] 54 23 – 23

Germany (n = 24) [34] 79 8 13

Austria (n = 196) [35] 71 10 10 9

Korea (n = 10) [36] 80 20

Singapore (n = 9) [37] 78 22

Singapore (n = 26) [38] 15 42 19 24

China (n = 338) [39] 13 82 5

India (n = 42) [20] 17 67 9 7

India (n = 43) [19] 26 52 17 5
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cutoff levels of jaundice, varying from a serum bilirubin of

6–20 mg/dl [37–39, 43]. All the experts unanimously agreed

to take a lower cutoff level of serum bilirubin (i.e.,[5 mg/

dl) to enroll a larger group of patients for the evaluation of

the natural history of these patients. All agreed on the con-

cept of coagulopathy as mandatory for defining liver failure.

As in ALF, INR[1.5 was considered an essential criterion

for the diagnosis of coagulopathy. Measurement of INR is

easy and widely available in every country. However, in

some countries where prothrombin index is widely used as a

marker of coagulopathy, prothrombin activity of less than

40% can be used to define coagulopathy [44]. Development

of clinical ascites and/or encephalopathy was also taken as a

marker of decompensation and included in defining the liver

failure as in the previous studies.

Recommendations

4. Defining the liver failure in ACLF:

4.1 Jaundice (serum bilirubin C5 mg/dl [85 lmol/l])

and coagulopathy (INR C1.5 or prothrombin

activity \40%) are mandatory. (2a, B)

4.2 Ascites and/or encephalopathy as determined by

physical examination. (2b, B)

Pathophysiology of ACLF

Systemic inflammatory response, characterized by a pre-

dominantly proinflammatory cytokine profile, causes the

transition from stable cirrhosis to ACLF. Proinflammatory

cytokines are believed to mediate hepatic inflammation,

apoptosis, and necrosis of liver cells; cholestasis; and

fibrosis [32, 45]. Wasmuth et al. [32] demonstrate that

patients with ACLF have immunologic ‘‘defects’’ that are

comparable with those in patients with sepsis. The clinical

picture of both ACLF and septic shock is strikingly similar,

characterized by progressive vasodilatory shock and mul-

tiple organ failure. ACLF is a state of severe functional

failure of neutrophils in a proportion of patients with cir-

rhosis and alcoholic hepatitis and that these defects are

associated with increased risk of infection, organ failure,

and mortality. The ex vivo studies support the notion that

this neutrophil dysfunction is contributed by endotoxins

and is reversible if the plasma is treated with endotoxin-

removal strategies. The clinical importance of these neu-

trophil abnormalities, identified by a high resting oxidative

burst of 55% or more and a reduced phagocytic capacity

(relative geometric mean fluorescence intensity \42%), is

highlighted by the observation of increased risk of infec-

tion and the association with organ failure and mortality in

these patients [46].

Inflammation and oxidative stress also induce produc-

tion of nitric oxide (NO), which appears to cause the

circulatory and renal disturbances of liver failure. There is

increasing evidence that the mediators of inflammation

(e.g., proinflammatory cytokines, NO, and oxidative stress)

could modulate the effect of hyperammonemia in precipi-

tating encephalopathy. The liver plays a prominent role in

the metabolism of asymmetric dimethyl-L-arginine

(ADMA), an endogenous inhibitor of NO synthase.

Hepatocellular damage is a main determinant of elevated

ADMA concentration in advanced alcoholic cirrhosis [47–

51]. By inhibiting NO release from vascular endothelium,

ADMA might oppose the peripheral vasodilation caused by

excessive NO production in severe cirrhosis [49]. Plasma

ADMA and stereoisomer symmetric dimethylarginine

(SDMA) are significantly high in patients with alcoholic

hepatitis and nonsurvivors [50].

Recommendations

5. Major pathophysiologic events of ACLF:

5.1 There is a central role of inflammation and

neutrophil dysfunction in organ failure. (2a)

5.2 Systemic inflammatory response syndrome as a

marker of prognosis in predicting mortality in

patients with ACLF needs further validation. (3a, C)

5.3 High ADMA and SDMA concentrations are

markers of poor prognosis in patients with

ACLF. Dimethyl arginine score of [1.23 indi-

cates higher mortality. The role of ischemia-

modified albumin (IMA) needs assessment in

ACLF. (3b, C)

Role of sepsis and cytokines in ACLF

Cytokines are believed to play an important role in ACLF.

Elevated serum levels of several cytokines, including TNF-

a, sTNF-aR1, sTNF-aR2, IL-2, IL-2R, IL-4, IL-6, IL-8,

IL-10, and interferon-c, have been described in patients with

ACLF [52]. Elevated levels of circulating cytokines in ACLF

may be the result of increased production due to endotoxe-

mia, cytokine release by necrotic liver cells, and/or reduced

hepatic removal. TNF-a can induce apoptosis of hepato-

cytes, especially in alcoholic liver disease when hepatocytes

are sensitized to TNF-a-induced apoptosis [53, 54]. There-

fore, removal of proinflammatory cytokines such as TNF-a
from plasma might be considered beneficial. However,

cytokines such as TNF-a and IL-6 may also promote liver

regeneration by inducing acute-phase proteins and hepatic

proliferation and exhibiting antiapoptotic effects [52].

Because cytokines represent not only endocrine but also
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autocrine and paracrine effector molecules, it should be

pointed out that elevated systemic levels are not represen-

tative of their role in the pathophysiology of liver failure [52–

54]. Recent studies suggest that the transition from a stable

cirrhotic condition to the burst of an acute decompensation

leading to liver failure is based on an acute systemic

inflammatory response, mainly mediated by cytokines [54].

Fibrin deposition and thrombosis within the microvas-

culature is now appreciated to play a pivotal role in the

hepatocellular injury observed in viral hepatitis. Impor-

tantly, the pathways by which fibrin generation is elicited

in viral hepatitis may be mechanistically distinct from the

classical pathways of coagulation induced by mechanical

trauma or bacterial lipopolysaccharide. Activated endo-

thelial cells and macrophages express distinct cell-surface

procoagulants, including a novel prothrombinase, fgl2/fi-

broleukin, which are important for both the initiation and

the localization of fibrin deposition. Fgl2/fibroleukin plays

a critical role in the pathophysiology of viral hepatitis [55].

Human fgl2 (hfgl2) was detected in 21 of 23 patients (91%)

with severe ACLF due to HBV infection [56]. There was a

positive correlation between hfgl2 expression and the

severity of the liver disease as indicated by the levels of

bilirubin. The measurement of hfgl2/fibroleukin expression

in peripheral blood mononuclear cell may serve as a useful

marker to monitor the severity of acute-on-chronic hepa-

titis B and a target for therapeutic intervention [56].

Recommendations

6. Role of sepsis and cytokines in ACLF:

6.1 It is likely that cytokines influence the develop-

ment and course of ACLF. (3b)

6.2 Inhibition of the inflammatory cytokine

responses might offer a novel approach for

reducing the morbidity and mortality in patients

with ACLF. (3b, C)

6.3 Circulating toxins in the setting of ACLF cause

secondary liver damage, and liver regeneration is

impaired despite circulating growth factors. (2b)

6.4 TNF-a and IL-6 probably have dual action,

induce hepatocyte death on one hand and

promote hepatocyte proliferation on the other

through differential interactions with Kupffer

cells and hepatocytes. (3b)

Hemodynamics in ACLF

Characteristic hemodynamic alterations in cirrhotic patients

include increased portal pressure, increased cardiac output, a

dilated and hyporesponsive peripheral circulation, increased

portosystemic shunting, and a reduced renal blood flow [57,

58]. These phenomena are thought to be secondary to a

reduction in vascular responsiveness and downregulation of

receptors leading to hyporesponsive vasoconstrictors. As

these alterations are reversible with liver transplantation, it

seems likely that they are related to the liver dysfunction

and a common mechanism probably underlies their

development.

ACLF is an acute event on an underlying liver disease

and hence the portal hemodynamics of such patients is

likely to be different from patients with compensated

and decompensated liver diseases. Hyperdynamic circula-

tion and portal hypertension characterize ACLF, partially

because of circulating mediators. While patients with

ACLF with small varices had HVPG values (13.2

(±5.5) mm Hg) comparable with those of compensated

cirrhotic patients, those with large varices had HVPG

values comparable with those of decompensated cirrhotic

patients (18.2 (±6.5) mm Hg) [59]. The data clearly

showed that patients with small varices and lower HVPG

levels have a higher chance of recovery after the acute

insult settles down.

Alcoholic hepatitis over underlying alcoholic cirrhosis is

a prototype of ACLF. TNF-a plays an important role in the

development of portal hypertension in alcoholic hepatitis.

TNF-a has been reported to be elevated in alcoholic liver

disease, and, in particular, high levels of TNF-a are found

in alcoholic hepatitis.

Catalina et al. [60] evaluated the portal pressure and sys-

temic hemodynamic in patients with ACLF. All patients had

severe portal hypertension (HVPG = 23 ± 7 mm Hg) and

pronounced hyperdynamic circulation (mean arterial pressure

(MAP) = 77.8 ± 11.7 mm Hg; cardiac output = 11.2 ±

1.6 l/min; SVRI = 478.5 ± 105 dynes/cm5).

Recommendations

7. Hemodynamics in ACLF:

7.1 HVPG of patients with ACLF ranges between

those with compensated and decompensated

chronic liver diseases. (3b)

7.2 Large varices in patients with ACLF reflect high

HVPG resulting in poor prognosis. (3b)

7.3 Higher liver blood flow levels in patients with

ACLF correlate with higher mortality. (3b, C)

Liver histology in ACLF

There is scarcity of histologic data on ACLF. Prognosis

and treatment depend upon the etiology along with the
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extent of parenchymal collapse and stage of fibrosis.

There was unanimity among the experts that liver histo-

pathology is very helpful for the assessment and diagnosis

of ACLF. Moreover, liver biopsy is a good predictor of

outcome in patients with ACLF [61]. Ballooning and/or

eosinophilic degeneration of hepatocytes, cholestasis, and

other features of acute hepatitis, parenchymal necrosis, or

collapse with features of underlying chronic liver disease,

especially fibrosis, are main biopsy findings. Differenti-

ating ALF and chronic hepatitis with flare is based on

findings of fibrous bands (spurs and bridges) and ductular

proliferation. Features of cholestasis and bile duct prolif-

eration are more common in patients with acute injury

(classical features of acute hepatitis along with cellular

and ductular cholestasis are indicative of acute injury).

Differentiation between cirrhosis with acute deterioration

and compensated cirrhosis is based on the presence of

necrosis and features of acute hepatitis in the former

group of patients. It was proposed that the diagnostic

stains for fibrosis and necrosis be mentioned. It was also

proposed that connective tissue stains (especially Shikata’s

orcein) should be done in all such cases for differentiating

necrosis from fibrosis.

Since it is not easy and practical to obtain a liver biopsy

in patients with ACLF who are relatively sick, it was

agreed that the need for liver biopsy should be individu-

alized in patients with ACLF, considering the clinical

condition of the patients. It not only helps in the assessment

of the underlying cirrhosis or severe fibrosis but can also be

useful in identifying the etiology of the chronic liver dis-

ease. Transjugular liver biopsy is relatively safe and the

best approach to get a liver biopsy. None of the histologic

features, however, was accepted to be pathognomonic of

ACLF. Single-center data from India [62] on 40 patients

with ACLF suggested two patterns of liver histology in

patients with ACLF: pattern I: hepatocyte ballooning,

rosette formation, cellular cholestasis, variable interface

activity, and fibrosis; pattern II: marked ductular prolifer-

ation, coarse, inspissated bile plugs, foci of confluent

necrosis/bridging necrosis, eosinophilic degeneration of

hepatocytes, higher stage of fibrosis, and variable activity.

Pattern II was associated with a much worse prognosis.

These findings were found to be quite convincing and

consistent with the observations of other experts.

Recommendations

8. Liver histology in ACLF:

8.1 Liver histology is quite helpful in assessing the

presence and degree of hepatic fibrosis and/or

cirrhosis. (1a, A)

8.2 Two distinct histologic patterns are seen: (3b, C)

8.2.1 Pattern I: Hepatocyte ballooning, rosette

formation, cellular cholestasis, variable

interface activity, and fibrosis

8.2.2 Pattern II: Marked ductular proliferation,

coarse, inspissated bile plugs, foci of

confluent necrosis/bridging necrosis,

eosinophilic degeneration of hepatocytes,

higher stage of fibrosis, and variable

activity

8.3 The need of liver biopsy in ACLF should be

individualized. (2a, B)

Prognostic scores for ACLF

ACLF constitutes an illness condition in which two

simultaneous insults are operating: acute and chronic. The

degree of each insult would defer quantitatively, never-

theless resulting in the same level of decompensation

(Fig. 3). Whether the prognosis of the patient depends on

the degree of acute insult, chronic insult, or the combina-

tion of the two, is still not well defined.

Two categories of prognostic models are commonly

used: first, those evaluating the severity of illness: Acute

Physiology and Chronic Health Evaluation (APACHE) II

and III, Simplified Acute Physiology Score (SAPS) II, and

Mortality Prediction Model II, which are most commonly

used, and, second, models quantifying organ dysfunction

and failure: Logistic Organ Dysfunction System, Multiple

Organ Dysfunction Score, Organ System Failure (OSF),

and Sequential Organ Failure Assessment (SOFA). Several

prognostic scoring systems have been developed for

patients with chronic liver disease as well as patients

admitted to an intensive care unit (ICU). Liver-specific

scoring systems (Mayo Risk Score, Combined Clinical and

Laboratory Index) are adequate, but the APACHE II and III

proved to be more powerful, because they include addi-

tional physiologic parameters and therefore also take into

account additional complications associated with this liver

disorder [63, 64]. It was considered that both SOFA and

APACHE were not primarily developed for liver failure

and APACHE III is better than APACHE II. Sakka et al.

[65] suggested that measurement of the indocyanine green

plasma disappearance rate has a sensitivity and specificity

comparable with that of APACHE II and SAPS II scores

for estimating survival on ICU admission. Concept of pre-

ACLF was raised, and it was agreed that all these scores

are helpful only when patients are admitted in the ICU and

may not be useful when they are in a pre-ACLF state, that

is, not meeting the criteria of ACLF. Thabut et al. [66]

concluded that the presence of SIRS, with or without

infection, is a major independent prognostic factor in
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patients with cirrhosis and acute functional renal failure.

This suggests that preventing and treating SIRS could

decrease mortality in patients with cirrhosis and acute renal

failure. In a meta-analysis by Cholongitas et al. [30],

general ICU models had better performance in cirrhotic

populations than those with Child-Turcotte-Pugh (CTP)

score; both OSF and SOFA had the best predictive ability.

Recently, dimethylarginine-dimethylamino-hydrolase pro-

tein expression was reduced and that of protein-arginine-

methyltransferase-1 increased in alcoholic hepatitis livers.

Asymmetric dimethylarginine, SDMA, and their combined

sum, which is termed as dimethylarginine score, were

reported as better predictors of outcome than CTP score,

Mayo end-stage liver disease (MELD), and Maddrey’s

discriminant function. Elevated dimethylarginines may

serve as important biologic markers of deleterious outcome

in alcoholic hepatitis [51]. Role of serum levels of Gc

globulin, a hepatically synthesized component of the

extracellular actin scavenger system responsible for com-

plexing circulating actin and attenuating intravascular

microthrombus formation, is associated with poor outcome

in ALF [67], and IMA levels predict mortality in patients

with end-stage renal disease and acute coronary event

needs evaluation for predicting mortality in ACLF [68, 69].

Recommendations

9. Prognostic scores for ACLF: CPT, MELD, SOFA, and

APACHE scores are generally not different in patients

with different etiologies of ACLF. (3b, C)

Use of antivirals in ACLF

Spontaneous or treatment-induced flares of inflammation

are frequently observed in chronic hepatitis B. These

abrupt elevations in serum ALT levels are the result of an

increase in intrahepatic necroinflammation associated with

expanded numbers of intrahepatic lymphocytes, in

particular cytotoxic T lymphocytes. Cytotoxic T lympho-

cytes are important to control HBV but can also induce

liver damage, depending on the environment and functional

capability. The reactivation of HBV is common (14–50%)

following chemotherapy and is associated with a high

mortality (5%–12%) despite prompt antiviral treatment.

The reactivation HBV may necessitate interruption of

chemotherapy, with adverse prognostic consequences for

the hematologic disease. Chemotherapy-induced immune

suppression may lead to increased HBV replication.

Immune reconstitution within the weeks and months fol-

lowing recovery from chemotherapy may be associated

with a flare of hepatitis B manifested by hepatocellular

injury. Risk factors associated with HBV reactivation

include treatment with corticosteroids, young age, male

gender, and drug resistance. While both acute hepatitis B

and reactivation of chronic hepatitis B may present simi-

larly, HBV DNA levels are high in the later group of

patients. Lamivudine has been shown to be effective during

HBV reactivation due to immune suppression [70–72].

Despite the potential benefits of the prophylactic approach,

careful clinical monitoring is still required. In patients with

chronic HBV infection, prolonged lamivudine therapy that

exceeds 6 months is reportedly associated with an

increased risk of treatment-induced HBV variants with

YMDD mutations [73]; so alternative treatments with

adefovir, tenofovir, or entecavir should be tested [74].

Recommendations

10. Use of antivirals in ACLF:

10.1 Antiviral therapy should be initiated in

patients with ACLF due to hepatitis B. (3b, C)

10.2 Lamivudine may be used for a short-term

period, but other potent drugs such as enteca-

vir or tenofovir may be preferred in view of

the long-term need for viral suppression with

low frequency of drug resistance. (3b, C)

Fig. 3 Degree of acute and chronic insult in acute-on-chronic liver

failure (ACLF): Two scenarios. The first artwork shows a patient with

mild chronic liver disease but severe acute liver insult leading to

ACLF. The second artwork shows a patient with moderate chronic

liver disease and less severe acute insult. The resulting severity of

ACLF is same in these two situations
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10.3 Prophylactic therapy is recommended for

HBsAg-positive patients undergoing chemo-

therapy. (3b, C)

10.4 There is insufficient data to recommend anti-

viral therapy for HBsAg-negative and anti-

HBc-positive patients. (3b, C)

Use of liver support devices in ACLF

Molecular adsorbent recirculating system (MARS) is an

important option for patients with liver failure either to

give them additional time for recovery or to serve as a

‘‘bridge’’ to transplantation. This therapy offers a valid

therapeutic option in patients with ACLF by removing

toxins generated during liver failure, as well as lowering

the levels of proinflammatory cytokines TNF-a, IL-10, and

IL-6 that may perpetuate the liver damage and extend the

inflammatory cascade to other organs [23, 52]. Moreover, a

recent article published by Guo et al. [75] demonstrated

that among patients affected by severe liver failure asso-

ciated with multiple organ dysfunction syndrome, MARS

treatment efficiently removed TNF-a, IL-6, IL-8, interleu-

kin-c, and IL-4. Plasma levels of these cytokines in

nonsurvivors were significantly higher than those in sur-

vivors and that the removal rates of these molecules were

lower than those in the survivors. Therefore, lowering of

the concentrations of these cytokines may represent useful

markers to assess the effectiveness of MARS therapy.

However, in a meta-analysis [76], MARS treatment did

not appear to reduce mortality significantly compared with

standard medical treatment (relative risk, 0.56; 95% con-

fidence interval, 0.28–1.14; P = 0.11). Subgroup analysis

of two trials for ACLF did not reveal any benefit to survival

with MARS treatment. In contrast, explorative analysis of

two nonrandomized trials showed a significant survival

benefit with MARS treatment (relative risk, 0.36; 95%

confidence interval, 0.17–0.76; P = 0.007). This was

possibly related to bias in the selection of patients in the

nonrandomized trials. In conclusion, MARS treatment had

no significant survival benefit on patients with liver failure

when compared with standard medical therapy.

In a report from China, plasma exchange was found to

significantly improve survival [77]; however, it needs fur-

ther validation.

Recommendations

11. Use of liver support devices for treatment of ACLF:

11.1 Molecular adsorbent recirculating system does

not offer any survival benefit to patients with

ACLF. (1a, A)

11.2 Role of MARS as a bridge to transplantation in

patients with ACLF is still to be defined. (2b, B)

11.3 Molecular adsorbent recirculating system may

improve hepatic encephalopathy in patients

with ACLF. (1a, A)

11.4 Plasma exchange needs further validation for

the treatment of ACLF. (3b, C)

Liver transplant in ACLF

There is scarcity of data on liver transplant in ACLF.

Orthotopic liver transplantation remains the only definitive

therapy for patients who do not improve with supportive

measures to sustain life. Although post-transplant survival

rates for ALF have been reported to be as high as 80–90%,

accurate long-term outcome data are not yet available for

ACLF. Developing effective methods of liver support or

other alternatives for transplantation and better prognostic

scoring systems remains key goals to further improve

overall survival rates for the condition. Long-term results

from chronic hepatitis B-related liver disease were satis-

factory [78–81]. In a study by Liu et al. [82], patients

received liver grafts that were 52 ± 2% of the estimated

standard liver weight. At a median follow-up of 23 months,

both patient and graft survival rates were 88%. They

concluded that live donor liver transplantation (LDLT)

using right lobe is an effective therapeutic option for

patients with ACLF due to hepatitis B. It results in satis-

factory survival outcomes comparable with those in

patients undergoing LDLT for elective conditions.

The experts agreed to the use of standard King’s college

hospital criteria for liver transplant in patients with ACLF

and the need for earlier intervention if HRS develops. The

most ominous complications in these patients are sponta-

neous bacterial peritonitis and rapid-onset (type I) HRS.

Less than half of those in whom spontaneous bacterial

peritonitis develops are expected to survive for more than

1 year, and the median survival among patients with type I

HRS is less than 2 weeks [83, 84]. All patients with liver

failure are at risk for acquisition of bacterial or fungal

infection or sepsis, which may preclude transplantation or

complicate the post-operative course [85, 86]. While ade-

quate fluid replacement and treatment of potential infection

and sepsis may help correct hypotension, inotropic or

pressor support may be required to maintain mean arterial

pressures (MAPs) of at least 50–60 mm Hg. Hemodynamic

instability and need for high-dose inotropes make the

patients unsuitable for liver transplant. Similarly, raised

intracranial pressure (ICP) and reductions in cerebral per-

fusion pressure (calculated as MAP minus ICP) are

considered relative contraindications to liver transplanta-

tion in many centers.
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Recommendations

12. Liver transplant in patients with ACLF:

12.1 Criteria when to transplant:

12.1.1 Liver transplantation should be per-

formed according to prognosis scores

suggesting death within the next

3 months. (2b, B)

12.1.2 King’s College Hospital criteria need

further validation for patients with

ACLF. (2b, B)

12.1.3 Earlier intervention if HRS develops.

(2b, B)

12.1.3.1 However, liver transplanta-

tion should not be performed

when there is HRS with

anuria. (3b, C)

12.1.3.2 Results of liver transplanta-

tion are better when HRS has

been partially controlled by

terlipressin. (2b, B)

12.2 Criteria when not to transplant:

12.2.1 Hemodynamic instability and high-

dose inotrope requirement (sepsis,

bleeding). (2a, B)

12.2.2 Severe bacterial infection. (2a, B)

12.2.3 Fungal infection. (2a, B)

12.2.4 Cerebral edema or intracranial bleed-

ing. (1a, A)

12.3 Living donor liver transplantation for patients

with ACLF:

12.3.1 The use of liver graft of sufficient

graft weight for the recipient and with

uniform venous outflow is preferred.

(3b, C)

Conclusion

In summary, ACLF is a distinct clinical entity. There is

now sufficient data on the presentation and course of

patients with this profile of liver failure. The recommen-

dations made by the global experts are likely to help the

readers improve the identification and management of

these patients. There is every possibility that with the

availability of newer information, especially correlated

with liver histology, would help further improve our

understanding of this disease entity in the future.
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