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Abstract

AIM: To compare the utility of the Chronic Liver Failure–Sequential Organ Failure Assessment (CLIF-SOFA) and Asia-Pacific Association for the Study of Liver (APASL) definitions of acute-on-chronic liver failure (ACLF) in predicting short-term prognosis of patients with ACLF. 
METHODS: Consecutive patients of cirrhosis with acute decompensation were prospectively included. They were grouped into ACLF and no-ACLF groups as per CLIF-SOFA and APASL criteria. Patients were followed up for 3 mo from inclusion or mortality whichever was earlier. Mortality at 28-d and 90-days was compared between no-ACLF and ACLF groups as per both criteria. Mortality was also compared between different grades of ACLF as per CLIF-SOFA criteria. Prognostic scores like CLIF-SOFA, Acute Physiology and Chronic Health Evaluation (APACHE)-II, Child-Pugh and Model for End-Stage Liver Disease (MELD) scores were evaluated for their ability to predict 28-day mortality using area under receiver operating curves (AUROC). 
RESULTS: Of 50 patients, 23 had ACLF as per CLIF-SOFA and 19 as per APASL criteria. Males (86%) were predominant, alcoholic liver disease (68%) was the most common etiology of cirrhosis, sepsis (66%) was the most common cause of acute decompensation while infection (66%) was the most common precipitant of acute decompensation. The 28-day mortality in no ACLF and ACLF groups was 8.3% and 47.4% (P = 0.018) as per CLIF-SOFA and 39% and 37% (P = 0.665) as per APASL criteria. The 28-day mortality in patients with no ACLF (n = 12), ACLF grade 1 (n = 11), ACLF grade 2 (n = 14) and ACLF grade 3 (n = 13) as per CLIF-SOFA criteria was 8.3%, 18.2%, 42.9% and 76.9% (χ2 for trend, P = 0.002) and 90-d mortality was 16.7%, 27.3%, 78.6% and 100% (χ2 for trend, P < 0.0001) respectively. Patients with prior decompensation had similar 28-d and 90-d mortality (39.3% and 53.6%) as patients without prior decompensation (36.4% and 63.6%) (P = NS). AUROCs for 28-dmortality were 0.795, 0.787, 0.739 and 0.710 for CLIF-SOFA, APACHE-II, Child-Pugh and MELD scores respectively. On multivariate analysis of these scores, CLIF-SOFA was the only significant independent predictor of mortality with an odds ratio 1.538 (95%CI: 1.078-2.194). 
CONCLUSION: CLIF-SOFA criteria is better than APASL criteria to classify patients into ACLF based on their prognosis. CLIF-SOFA score is the best predictor of short-term mortality. 
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The most common acute precipitant for acute-on-chronic liver failure (ACLF) is infection. The Chronic Liver Failure–Sequential Organ Failure Assessment (CLIF-SOFA) criteria is better than Asia-Pacific Association for the Study of Liver criteria in defining ACLF as the CLIF-SOFA criteria identifies patients with a high likelihood of mortality who could benefit from liver transplantation or inclusion into trials of newer therapeutic modalities. Mortality increases with increasing grades of ACLF based on number of organ failures in Asian-Indian patients similar to the results seen in the European population. Also, the multi-organ failure CLIF-SOFA score is better than liver specific MELD and Child-Pugh scores, suggesting that ACLF leads to multi-organ failure and is not limited to the liver. 
Dhiman RK, Agrawal S, Gupta T, Duseja A, Chawla Y. Chronic Liver Failure–Sequential Organ Failure Assessment is better than the Asia-Pacific Association for the Study of Liver criteria for defining acute-on-chronic liver failure and predicting outcome. World J Gastroenterol 2014; In press
INTRODUCTION
The definition of acute-on-chronic liver failure (ACLF) differs between the Asia-Pacific region and Europe and USA. While the Asia-Pacific Association for the Study of Liver (APASL) stresses on arbitrarily defined values of degree of liver dysfunction within a 4 weeks time frame[1], the American Association for the Study of Liver Disease and the European Association for the Study of the Liver focus of organ dysfunction and increased 3-mo mortality[2]. Also, unlike the Western definitions, the APASL criteria do not recognize non-hepatitic insults like sepsis as acute precipitating events and excludes previously decompensated patients from the ambit of ACLF. Recently the Chronic Liver Failure (CLIF) Acute-on-Chronic Liver Failure in Cirrhosis (CANONIC) study proposed the Chronic Liver Failure–Sequential Organ Failure Assessment (CLIF-SOFA) scoring system based on number and type of organ failure to define ACLF and stratify patients according to their 28-day mortality[3]. They demonstrated increasing mortality with increasing number of organ failures. Also, they found infections to be a major cause of ACLF. However, in an accompanying editorial, Bajaj JS emphasized the need to validate this system in Asian patients as the etiology of acute and chronic components of ACLF may be different in them[4]. It is important to have a universally applicable definition of ACLF that is predictive of prognosis so as to identify patients most at need of liver transplantation or newer treatment modalities, and also to have common inclusion criteria for further research into ACLF. Also, the utility of the APASL and CLIF-SOFA definitions have never been directly compared. 
To address this issue, we for the first time compared the CLIF-SOFA and APASL definitions in Asian-Indian patients of acute decompensation of cirrhosis with regards to the short-term mortality and compared various prognostic scores to predict 28-d mortality.
MATERIAL AND METHODS
Patients
The study was a prospective observational cohort study. The patients of cirrhosis admitted under Department of Hepatology, Postgraduate Institute of Medical Education and Research, Chandigarh, India from July 2013 to December 2013 were screened for enrollment after ethical approval from the institute ethics committee. Consecutive patients with cirrhosis with acute decompensation were included. Both previously compensated and decompensated patients were enrolled in the study provided the previous decompensation had improved after treatment. All patients were followed up for 3 mo from inclusion into the study or until mortality, whichever was earlier.
Definitions

The diagnosis of cirrhosis of liver was based on previous liver biopsy if available or based on clinical, imaging (heterogenous echotexture of liver with irregular outline, altered liver size, or portosystemic collaterals), laboratory (low serum albumin, aspartate aminotransferase/ alanine aminotransferase ratio > 1 and endoscopic findings (≥ grade II oesophageal varices).
Acute decompensation of cirrhosis was defined as per the criteria of the CANONIC study[3]. Acute ascites was defined as development of grade 2 to 3 ascites, according to the International Ascites Club Classification[5] within a period of 2 weeks, either as the first episode or recurrence in a previously controlled patient. Acute hepatic encephalopathy was defined as acute change in metal status in the absence of other acute neurological disease, either as first episode or recurrence in a previously treated patient. Worsening of chronic hepatic encephalopathy or uncontrolled ascites were not considered as acute decompensation. Acute gastrointestinal bleed was defined by upper or lower gastrointestinal hemorrhage of any etiology. Acute bacterial infections included spontaneous bacterial peritonitis, urinary tract infection, respiratory tract infections, cellulitis, bacteremia, or bacterial infections of any other site. Infections were diagnosed either based on culture positivity, or if procalcitonin was elevated in a patient with systemic inflammatory response with evidence of infection based on chest imaging for pneumonias, urine microscopy showing pus cells for urinary tract infection, ascitic fluid polmorphonuclear count more than 250 cells/mL for spontaneous bacterial peritonitis or clinical examination compatible with cellulitis. Active alcoholism was defined as alcohol consumption within the previous 3 mo. 
ACLF as per the APASL criteria was defined as “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.” As per the APASL criteria patients with prior decompensated cirrhosis were not considered to be having ACLF, and infections were not included as acute precipitating events[1].
Definition of ACLF as per CLIF-SOFA system and grading of severity of ACLF was based on number and type of organ failures as per the CANONIC study.[3] Organ failures were defined as per the CANONIC study criteria.[3] Diagnosis of liver failure was by a serum bilirubin level of ≥ 12.0 mg/dL. Kidney failure was defined if serum creatinine level was ≥ 2.0 mg/dL or the need for renal replacement therapy. Cerebral failure was defined by grade III or IV hepatic encephalopathy as per the West Haven classification[6]. Coagulation failure included an international normalized ratio of ≥ 2.5 and/or platelet count of ≤ 20000/cc. Circulatory failure was defined by need for the use of vasopressors like dopamine, dobutamine, or terlipressin at any dose. Respiratory failure was defined by a PaO2 to FiO2 ratio of ≤ 200 or a SpO2 to FiO2 ratio of ≤ 214.

Prognostic scores including CLIF-SOFA[3], Acute Physiology and Chronic Health Evaluation (APACHE)-II[7], Child-Pugh[8] and UNOS modified Model for End-Stage Liver Disease (MELD) (according to http://www.mayoclinic.org/meld/mayomodel6.html) scores were calculated as per previously published criteria. All scores and definitions were applied at the time of admission to this Institute.
Management of patients

All patients underwent detailed clinical evaluation including history and physical examination, and routine biochemical and imaging evaluation. Investigations for etiology of cirrhosis and cause of acute deterioration were performed as required on a case by case basis. Acute viral hepatitis was diagnosed based on compatible clinical presentation, liver function tests and a positive serology for hepatitis E virus (IgM anti-HEV) or hepatitis A virus (IgM anti-HAV) by ELISA). The diagnosis of hepatitis B virus (HBV) flare was based on the American Association for the Study of Liver Diseases (AASLD) practice guidelines[9], and the diagnosis of autoimmune hepatitis (AIH) was based on the simplified criteria for AIH[10].
Screening for infections including bacterial cultures of blood, urine, and ascitic fluid, blood fungal culture, galactomannan and procalcitonin assays was done at admission and subsequently as required according to the clinical suspicion of the treating physician. All patients were given intravenous antibiotics for gram negative cover empirically at admission and later modified according to culture and sensitivity patterns. Antibiotics were escalated and gram positive coverage was added after 48 h of treatment if there was evidence of infection and no improvement with the initial antibiotics. Antifungal therapy was added after 5 d of hospitalization if there was evidence of infection but bacterial cultures were sterile, procalcitonin was normal and patient had features of ongoing sepsis. Acute kidney injury was managed with intravenous 20% human albumin with vasoactive agents if needed and dialysis when required indicated. Patients with hepatic encephalopathy were treated with lactulose and rifaximin. Diuretics were given for ascites if no contraindications like renal failure or hepatic encephalopathy were present. Inotropes were given for hypotension and endotracheal intubation with mechanical ventilation was done for respiratory failure. Patients requiring inotropes, mechanical ventilation or having evidence of multi-organ failure were managed in the liver intensive care unit. 
Specific therapy included pentoxifylline 400 mg three times per day per orally for alcoholic hepatitis and tenofovir 300mg once daily (modified according to renal function) for hepatitis B infection. No patient underwent liver transplantation or any experimental therapy during the period of the study. 
Statistical analysis

All data were presented as mean with standard deviation (SD) and/or range for quantitative variables and as proportions with percentages for qualitative variables. Comparison between groups was done using Chi-square and Fischer exact tests for categorical variables and student’s t-test and Mann-Whitney test for parametric and non- parametric variables respectively. The 28-d mortality was compared between various grades of ACLF using analysis of variance. Prediction of 28-d mortality by CLIF-SOFA, Child-Pugh, MELD and APACHE-II scores was evaluated using area under receiver operating curves (AUROC). Backward conditional logistic regression analysis was done to compare the utility of these scores. A p value of ≤ 0.05 was considered statistically significant. 
Statistical analysis was done using SPSS software version 17.0 (SPSS Inc., Chicago, IL).

RESULTS
Characteristics of patients with acute decompensation
Out of 50 patients recruited, ACLF was present in 38 (76%) as per CLIF-SOFA criteria and 19 (38%) as per APASL criteria. Majority [43 (86%)] of the patients were male and mean age was 46 ± 13 years (range 22-78 years) (Table 1). Prior decompensation was present in 28 (56%) patients. Alcoholic liver disease (58%) was the most common etiology of cirrhosis followed by cryptogenic (14%), hepatitis C virus with alcohol (10%), autoimmune liver disease (6%), hepatitis B virus (6%), and Wilson disease (6%). Active alcoholism was present in 56% of the patients with alcohol related chronic liver disease. Precipitant for acute decompensation were bacterial infections (66%), active alcoholism (40%), flare of autoimmune hepatitis (4%), flare of hepatitis B virus (4%), acute gastrointestinal bleed (4%), acute HEV infection (2%), cytomegalovirus infection (2%) and unknown cause (8%). More than one acute precipitating cause was identified in 30% of patients, most commonly active alcoholism with infection. Infection (66%) was the most common form of acute decompensation followed by hepatic encephalopathy (34%), ascites (16%), and acute gastrointestinal bleeding (10%). More than one form of acute decompensation was seen in 26% of patients, most commonly infection with hepatic encephalopathy (Table 1).
Comparison of patients with and without ACLF

Compared to no ACLF patients, ACLF patients as per CLIF-SOFA criteria were younger and had significantly higher international normalized ratio (INR), serum creatinine and Child-Pugh, MELD, CLIF SOFA and APACHE II scores (P < 0.05). The 28-d mortality [8.3% and 47.4% respectively, (P = 0.018)] and 90-d mortality [16.7% and 71.1% respectively, (P = 0.002)] differed significantly between no ACLF and ACLF groups (Table 2). However, when the groups were defined as per APASL criteria, ACLF patients did not significantly differ from no ACLF patients except for higher bilirubin, INR and proportion of patients with ascites, younger age and higher Child-Pugh score in ACLF group. The 28-d mortality [38.7% and 36.8% respectively, (P = 0.895)] and 90-day mortality [51.6% and 68.4% respectively, (P = 0.242)] was not different between no ACLF and ACLF groups using the APASL definition (Table 2).
Mortality according to the grade of ACLF

The 28-day mortality in patients with no ACLF (n = 12), grade 1 (n = 11), grade 2 (n = 14) and grade 3 ACLF (n = 13) as per CLIF-SOFA criteria was 8.3%, 18.2%, 42.9% and 76.9% (χ2 for trend, P = 0.002) respectively and 90-day mortality was 16.7%, 27.3%, 78.6% and 100% (χ2 for trend, P < 0.001) respectively (Figure 1). 
Comparison of survivors and non-survivors at 28-d

Non-survivors irrespective of ACLF status had significantly higher incidence of hepatic encephalopathy [53% vs 23% (P = 0.037)], cerebral failure [26% vs 0% (P = 0.005)] and kidney failure [63% vs 32% (P = 0.033)], and higher mean Child-Pugh [12.3 vs 10.8 (P = 0.002)], MELD [32.8 vs 27.1 (P = 0.010)], CLIF SOFA [11.6 vs 8.8 (P < 0.001)] and APACHE II [15.0 vs 10.0 (P = 0.001)] scores as compared to survivors (Table 3). Patients with prior decompensation had similar 28-d and 90-d mortality (39.3% and 53.6% respectively) as patients without prior decompensation (36.4% and 63.6% respectively) (P = 1.000 and 0.569 respectively).
Utility of prognostic scores

AUROC for 28-d mortality for CLIF-SOFA, APACHE-II, Child-Pugh and MELD scores was 0.795, 0.787, 0.739 and 0.710 respectively (Figure 2). A CLIF-SOFA score cut-off of 8 had a high sensitivity of 97% and with specificity of 38% while a cut-off of 12 had sensitivity of 38% with a high specificity of 95%. The best single value for prediction of 28-d mortality was 10 with a sensitivity and specificity of 72% and 71% respectively. On multivariate analysis of these scores CLIF-SOFA score was the only significant independent predictor of mortality with an odds ratio 1.538 (95%CI: 1.078-2.194). 

DISCUSSION
This study demonstrated that the common causes of acute worsening in patients with ACLF were infections and active alcoholism, whereas the most common causes of chronic liver disease was alcohol. Infection was present in 66% of patients at admission while 56% of the patients had prior history of decompensation. ACLF was present in 76% by the CLIF-SOFA criteria and only 38% by the APASL criteria. Mortality was significantly higher in patients with ACLF as per CLIF-SOFA criteria but not with APASL criteria compared to patients without ACLF. Mortality significantly increased with increasing grades on ACLF. Mortality depended upon organ failures and higher values of various prognostic scores. Of all the prognostic scores tested the CLIF-SOFA score had the best accuracy for predicting 28-d mortality and was the only independent predictor of mortality.
The common causes of acute deterioration (bacterial infection and active alcoholism) and underlying chronic liver disease (alcohol related) in Asian-Indian patients was similar to that seen in the West[2,3,11]. This is similar to our earlier observation in Indian patients[12,13]. However, most studies from countries in eastern Asia like China have reported mainly Hepatitis B virus related ACLF[14,15]. Conversely, a retrospective study from Bangladesh found Hepatitis E infection and septicemia to be important acute precipitants for ACLF and did not find any case of Hepatitis B related ACLF[16]. This reflects the heterogeneity of the ACLF population even within the same continent. This could be a function of the different endemicity of various hepatotropic viruses in different regions along with differences in religious and social customs. 
The predominance of active alcoholism could explain the high frequency of sepsis in our study as it has been demonstrated previously that alcohol predisposes to infections[17,18]. Infections were similarly common in the original CANONIC study which had a high prevalence of patients alcohol related cirrhosis and alcoholic hepatitis[3]. While it is possible that in some cases infections are a consequence of ACLF rather than a cause, the CANONIC study also demonstrated that non-ACLF patients who had infections at admission were more likely to develop ACLF in the same hospitalization. This suggests a role for infections in the development of ACLF. 
Even in Asian-Indian patients with acute decompensation of cirrhosis, the CLIF-SOFA criteria better stratifies patients into ACLF according to short-term mortality as compared to the APASL criteria. This is the first study from Asia to validate the CLIF-SOFA definition of ACLF. Previous studies on prognosis of ACLF from Asia have focused on prognostic scores such as MELD, Child Pugh, APACHE II and SOFA,[12-14] or have looked at individual parameters like presence of hepatic encephalopathy and renal dysfunction[15]. Along with no difference in mortality, there were also no significant clinical or biochemical differences between patients with and without ACLF on APASL criteria except for parameters used to define ACLF (bilirubin, INR and ascites) and the Child-Pugh score which is a composite of the previous 3 parameters. Hence, the APASL criteria were unable to identify patients with poor prognosis among the cohort of patients presenting with acute decompensation of cirrhosis. As the major need of accurately defining ACLF is to identify patients with poor prognosis who may benefit with newer treatment modalities such as artificial liver support systems[19], liver transplantation[20,21] or granulocyte-colony stimulating factor therapy[22,23]. any definition of ACLF should be able to predict mortality. The CLIF-SOFA definition seems to be more useful clinically for prognostication of these patients and evaluation for urgent liver transplantation. Also, CLIF-SOFA system seems to be better suited to be used as inclusion criteria for recruiting patients into therapeutic trials in ACLF. This may be because many patients who met CLIF-SOFA criteria for ACLF did not meet APASL criteria because APASL definition excludes patients with prior decompensation and does not include sepsis as cause of acute deterioration[1] both of which were seen in a majority of the patients in this study. Our previous experience from India has also suggested that non-hepatitic insults like systemic infections are a common cause of ACLF[12,13]. Similar to the European multicentre study[3], grading of severity of ACLF as per CLIF-SOFA criteria remains relevant for prognostication in Asian-Indian patients. Many studies, including one by us previously has found multi-organ failure scores like APACHE-II and SOFA to be better than liver specific scores like MELD and CTP for predicting mortality in patients with ACLF[10,24-26]. Similarly, the CLIF-SOFA score was better than liver specific scores in this study. These results suggest that ACLF is not a disease limited to the liver but is part of a systemic derangement resulting in multi-organ failure. This is probably related to development of systemic inflammatory response[27] and oxidative stress[28] leading to hemodynamic derangements[29] resulting in progressive tissue damage and organ failure. Systemic hemodynamic disturbances leading to multi-organ failure can theoretically result from non-hepatitic insults like infections and gastrointestinal bleeding. Infections as discussed above and variceal bleeding[3,12,13] have previously been demonstrated to be frequent precipitating events for ACLF. The CANONIC study had also found that only hepatic failure without any other organ failure was not associated with increased mortality[3]. The APASL definition does not consider non-hepatic organ involvement or non-hepatic insults in the definition of ACLF and hence fails to identify many patients at high risk of mortality. 
The sample size in this was relatively small and being a single centre study the spectrum of ACLF reported by us may not be representative of all of Asia, thus further prospective multicenter and multinational studies are required. 
In conclusion, the spectrum of ACLF seen in this study was similar to that in the West. Infections are frequently present in these patients and multi-organ failure is common and results in high mortality. Thus, we recommend the use of the CLIF-SOFA criteria which considers multiple organ failures rather than the liver-specific APASL criteria for definition of ACLF and prognostication even in Asian patients with ACLF.

COMMENTS
Background

Acute-on-chronic liver failure (ACLF) compared to chronic liver failure due to decompensation of cirrhosis is associated with high mortality. It is important to identify this sub-group of patients who need specialized management in intensive care units and may be candidates for newer therapeutic modalities. However, there are no universally accepted criteria to define ACLF and the definitions used in the Asia-Pacific region greatly differ from those used in Europe and North America. It is necessary to compare these definitions to ascertain the best criteria to identify patients with ACLF.
Research frontiers

This is the first prospective study to directly compare the Asia-Pacific and western criteria of defining ACLF and assessing their utility in identifying patients with high mortality. It also compares various liver-specific and general prognostic scores to identify the best prognostic scoring system in patients with ACLF.
Innovations and breakthroughs

This study demonstrated that among patients with acute decompensation of cirrhosis using the Chronic Liver Failure (CLIF) Acute-on-Chronic Liver Failure in Cirrhosis (CANONIC) criteria to define ACLF, which was derived from a European study, was able to identifying patients with high mortality even in India patients. Conversely patients with and without ACLF as per the Asia-Pacific criteria had similar mortality, suggesting that the Asia-Pacific criteria were not useful in categorizing patients as having ACLF. Also, mortality increased with increasing number of organ failures as defined by the CANONIC criteria, suggesting that ACLF results in death by multi-organ failure rather than liver failure alone.
Applications

Accurately identifying patients with ACLF at high risk of mortality with conventional management will allow better prognostication, selection of patients for intensive care and early liver transplantation as well as for inclusion into trials of newer therapeutic modalities like liver support devices and stem cell based therapies.
Terminology

Acute-on-chronic liver failure is a condition in which a patient having underlying chronic liver disease has a rapid worsening of liver functions leading to liver failure, manifested by ascites, jaundice, altered sensorium or gastrointestinal bleeding. This is usually due to a superimposed injury to the liver due to alcohol, drugs or other toxins; sepsis; infections by viruses affecting the liver; or a rapid worsening of inflammation in the liver by the preexisting cause of liver disease. 
Peer review

This is an outstanding paper! Editorial suggestions are as follows: insert into the article under Materials and Methods the APASL and CLIF-SOFA criteria for classification of ACLF for the benefit of the readers.
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Figure 1 28-d and 90-d mortality according to the grade of acute-on-chronic liver failure.


Figure 2 Receiver operating curves of child pugh, model for end-stage liver disease, chronic liver failure–sequential organ failure assessment and acute physiology and chronic health evaluation scores for prediction of 28-d mortality. APACHE-II: Acute Physiology and Chronic Health Evaluation; CLIF-SOFA: Chronic Liver Failure–Sequential Organ Failure Assessment; MELD: Model for end-stage liver disease.
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Table 1 Characteristics of study population n (%)
	Characteristics
	n = 50

	Age (yr)
	46 ± 131

	Male gender
	43 (86)2

	Cause of cirrhosis

	  Alcohol
	29 (58) 

	  Hepatitis C virus + Alcohol
	5 (10) 

	  Autoimmune
	3 (6) 

	  Hepatitis B virus
	3 (6) 

	  Wilson
	3 (6) 

	  Cryptogenic
	7 (14) 

	Acute precipitating event

	  Sepsis
	33 (66) 

	  Active alcoholism
	20 (40) 

	  Autoimmune flare
	2 (4) 

	  Hepatitis B virus flare
	2 (4) 

	  Upper gastrointestinal bleed 
	2 (4) 

	  Acute hepatitis E virus infection
	1 (2) 

	  Cytomegalovirus infection
	1 (2) 

	  Unknown
	4 (8) 

	  More than one cause
	15 (30) 

	Type of acute decompensation

	  Sepsis
	33 (66) 

	  Ascites
	8 (16) 

	  Hepatic encephalopathy
	17 (34) 

	  Upper gastrointestinal bleed
	5 (10) 

	  More than one decompensation
	13 (26) 

	Prior decompensation
	28 (56) 

	Bilirubin (mg/dL)
	13.2 (0.6-43.0)3

	Total leukocyte count (/mm3)
	10100 (2700-39000)

	Platelet count (103/ mm3)
	90.0 (14.4-444.0)

	International normalized ratio
	2.5 ± 0.8

	Serum creatinine (mg/dL)
	1.6 (0.5-7.9)

	Jaundice
	45 (90) 

	Ascites
	42 (84) 

	Hepatic encephalopathy
	17 (34) 

	Upper gastrointestinal bleed
	6 (12) 

	Organ failures

	  Liver 
	29 (58) 

	  Kidney
	22 (44) 

	  Cerebral
	5 (10) 

	  Coagulation
	23 (46) 

	  Respiratory
	2 (4) 

	  Circulation
	2 (4) 

	  ≥ 2 organ failures
	14 (28) 

	Prognostic scores

	Child-Pugh score
	11.4 ± 1.7

	MELD score
	29.2 ± 7.8

	APACHE-II score
	13.0 (4.0-41.0)

	CLIF-SOFA score
	9.9 ± 2.7

	Mortality

	28-d mortality
	19 (38) 

	90-d mortality
	29 (58) 


1Mean ± SD; 2Number (percentage); 3Median (range). APACHE: Acute Physiology and Chronic Health Evaluation; CLIF-SOFA: Chronic Liver Failure–Sequential Organ Failure Assessment; MELD: Model for end-stage liver disease.
Table 2 Comparison of patients with and without acute-on-chronic liver failure as per Chronic Liver Failure–Sequential Organ Failure Assessment and asia-Pacific Association for the Study of Liver definitions n (%)
	
	CLIF-SOFA criteria
	APASL criteria

	Characteristics
	No ACLF (n = 12)
	ACLF (n = 38)
	P value
	No ACLF (n = 31)
	ACLF (n = 19)
	P value

	Age (years)


	53 ± 161
52 (26-78)3
	44 ± 12

44 (22-70)
	0.048


	50 ± 12

48 (34-78)
	41 ± 14

37 (22-70)
	0.020



	Male gender
	11 (92)2
	32 (84)
	1.000
	29 (94)
	14 (33)
	0.089

	Bilirubin (mg/dL)
	9.6 (2.1-30.6)
	15.5 (0.6-43.0)
	0.195
	10.7 (0.6-43.0)
	18.0 (5.0-32.6)
	0.029

	Total leukocyte count (/mm3)
	9450 (4500-21500)
	10100 (2700-39000)
	1.000
	9300 (3600-36400)
	11300 (2700-39000)
	0.460

	Platelet count (103/ mm3)
	85.5 (14.4-151.0)
	91.5 (14.8-444.0)
	0.525
	72.0 (14.4-444.0)
	110.0 (14.8-382.0)
	0.276

	International normalized ratio
	1.8 ± 0.3
	2.7±0.8
	< 0.001
	2.2 ± 0.6
	2.9 ± 0.9
	0.005

	Serum creatinine (mg/dL)
	1.0 (0.6-1.9)
	2.1 (0.5-7.9)
	0.002
	2.1 (0.5-7.9)
	1.5 (0.5-3.3)
	0.112

	Jaundice
	11 (92) 
	34 (90)
	1.000
	26 (84)
	19 (100)
	0.142

	Ascites
	8 (67) 
	34 (90)
	0.082
	23 (74)
	19(100)
	0.018

	Hepatic encephalopathy
	3 (25) 
	14 (37)
	0.510
	13 (42)
	4 (21)
	0.218

	Acute gastrointestinal bleed
	2 (17) 
	4 (11)
	0.621
	5 (16)
	1 (5)
	0.387

	Organ Failures

	  Liver 
	4 (33) 
	25 (66)
	0.091
	14 (45)
	15 (79)
	0.037

	  Kidney
	0 (0) 
	22 (58)
	< 0.001
	16 (52)
	6 (32)
	0.166

	  Cerebral
	0 (0) 
	5 (13)
	0.319
	4 (13)
	1 (5)
	0.637

	  Coagulation
	0 (0) 
	23 (61)
	< 0.001
	11 (36)
	12 (63)
	0.057

	  Respiratory
	0 (0) 
	2 (5)
	1.000
	2 (7)
	0 (0)
	0.519

	  Circulation
	1 (8) 
	1 (3)
	0.426
	2 (7)
	0 (0)
	0.519

	Prognostic scores

	Child-Pugh score
	10.3±1.6
	11.7 ± 1.6
	0.014
	11.0 ± 1.9
	12.0 ± 1.3
	0.045

	MELD score
	21.8 ± 5.6
	31.6 ± 6.9
	< 0.001
	28.5 ± 8.3
	30.4 ± 6.9
	0.408

	APACHE-II score
	9.5 (4.0-21.0)
	14.0 (6.0-41.0)
	0.019
	12.0 (4-41)
	14.0 (4-22)
	0.508

	CLIF-SOFA score
	7.7 ± 2.3
	10.6 ± 2.5
	0.002
	9.6 ± 2.7
	10.3 ± 2.7
	0.356

	Mortality

	28-d mortality
	1 (8.3) 
	18 (47.4)
	0.018
	12 (38.7)
	7 (36.8)
	0.895

	90-d mortality
	2 (16.7) 
	27 (71.1)
	0.002
	16 (51.6)
	13 (68.4)
	0.242


1Mean ± SD; 2Number (percentage); 3Median (range). ACLF: Acute-on-Chronic Liver Failure; APACHE: Acute Physiology and Chronic Health Evaluation; APASL: Asia-Pacific Association for the Study of Liver; CLIF-SOFA: Chronic Liver Failure–Sequential Organ Failure Assessment; MELD: Model for End-stage Liver Disease.
Table 3 Comparison of survivors and non-survivors at 28 d n (%) 

	
	28-d mortality

	Characteristics
	Yes (n = 19)
	No (n = 31)
	P value

	Age (yr)
	45 ± 121
	47 ± 14
	0.649

	Male gender
	16 (84)2
	27 (87)
	1.000

	Prior decompensation
	11 (57.9) 
	17 (54.8)
	0.833

	Bilirubin (mg/dL)
	17.7 (1.2-37.6)3
	10.7 (0.6-43.0)
	0.139

	Total leukocyte count (/mm3)
	11200 (2700-39000)
	9300 (3600-36400)
	0.873

	Platelet count (103/ mm3)
	81.0 (14.8-382.0)
	90.0 (14.4-444.0)
	0.734

	International normalized ratio
	2.7±0.7
	2.3±0.8
	0.054

	Serum creatinine (mg/dL)
	2.2 (0.5-7.9)
	1.6 (0.6-6.3)
	0.509

	Jaundice
	18 (95) 
	27 (87)
	0.637

	Ascites
	17 (90) 
	25 (81)
	0.693

	Hepatic encephalopathy
	10 (53) 
	7 (23)
	0.037

	Upper gastrointestinal bleed
	1 (5) 
	5 (16)
	0.387

	Organ Failures

	  Liver 
	14 (74) 
	15 (48)
	0.139

	  Kidney
	12 (63) 
	10 (32)
	0.033

	  Cerebral
	5 (26) 
	0 (0)
	0.005

	  Coagulation
	12 (63) 
	11 (36)
	0.057

	  Respiratory
	0 (0) 
	2 (11)
	0.140

	  Circulation
	1 (5) 
	1 (5)
	1.000

	Prognostic scores

	Child-Pugh score
	12.3 ± 1.3
	10.8 ± 1.7
	0.002

	MELD score
	32.8 ± 7.1
	27.1 ± 7.5
	0.010

	APACHE-II score
	15.0 (8-41)
	10.0 (4.0-25.0)
	0.001

	CLIF-SOFA score
	11.6 ± 2.5
	8.8 ± 2.3
	< 0.001


1Mean ± SD; 2Number (percentage); 3Median (range). ACLF: Acute-on-Chronic Liver Failure; APACHE: Acute Physiology and Chronic Health Evaluation; APASL: Asia-Pacific Association for the Study of Liver; CLIF-SOFA: Chronic Liver Failure–Sequential Organ Failure Assessment; MELD: Model for end-stage liver disease.
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