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Abstract
Background and Aim: Acute-on-chronic liver failure (ACLF) leads to multi-organ
failure related to high mortality rates. This study aimed to gather epidemiological data
and validate a scoring system to predict mortality in ACLF.
Methods: This retrospective cohort study collected data from multicenter tertiary care
hospitals in Thailand. A total of 638 hospitalized patients (acute decompensated liver
disease [ADLD], 292 patients; ACLF, 346 patients) from January 2019 to June 2020
were enrolled in this study. We compared the mortality rate at days 30 and 90 between
patients with ADLD and ACLF. Areas under the receiver operating characteristic
(AUROC) curves of chronic liver failure–sequential organ failure assessment (CLIF-
SOFA) and other existing scoring systems were compared among patients
with ACLF.
Results: The incidence of patients with ACLF was 54%. The main cause of chronic
liver disease was alcohol (38%), with sepsis (50%) as the most common precipitating
factor. ACLF with coagulopathy (AUROC 0.58, 95% confidence interval [CI]:
0.52–0.64), metabolic acidosis (AUROC 0.58, 95% CI: 0.52–0.64), and high aspartate
aminotransferase (AST) (AUROC 0.59, 95% CI: 0.53–0.66) were associated with
high 30-day mortality. The 30-day mortality rate of patients with acute decompensa-
tion and patients with ACLF was 46 and 58%, respectively. Respiratory system
(P = 0.001) failure was the major end result in ACLF and constituted a significant
factor to predict mortality. The AUROC of CLIF-SOFA score was superior to that of
the other predicted score (AUROC 0.64, 95% CI: 0.585–0.704).
Conclusion: Patients with ACLF with more organ failure and high CLIF-SOFA score
were associated with high short-term mortality. Future studies should include an
ACLF prospective registry to confirm these finding.
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Introduction
Acute-on-chronic liver failure (ACLF) is the condition where
acute decompensated liver function is aggravated by precipitating
factors in patients with cirrhosis. Acute decompensation (AD) is
associated with organ failure(s) including declining liver func-
tion, kidney failure, coagulopathy, and/or failure of other organs.
Patients with ACLF are at high risk of short-term mortality.
Related studies have provided information about ACLF epidemi-
ology, burden of the disease, and outcomes of patients with
ACLF.1 However, these studies have been conducted in different
countries and with possibly limited generalizability to patients
seen outside their center. Targeting ACLF is a proposed priority
of the national health policy.

We conducted the first multicenter study in Thailand
aimed at determining the prevalence of ACLF in the tertiary
medical center network in Thailand and short-term mortality
among patients with decompensated cirrhosis admitted to
hospitals.

Methods

Study populations. This retrospective study using patient
registry was performed among patients with cirrhosis hospital-
ized with acute decompensation (AD) in multicenter tertiary care
hospitals in Thailand (nine hospitals) from January 2019 to June
2020. Patients were included if they met the following criteria:
(i) Thai nationals with age greater than 18 years; (ii) the presence
of cirrhosis as diagnostic sign from clinical, biochemical, radio-
logic, endoscopic, or histopathologic results from any causes;
(iii) hospitalized due to AD of the liver, and (iv) admitted
between January 2019 and June 2020. Patients were excluded if
they had the following conditions: (i) chronic kidney disease as
defined by the KDOQI guidelines (glomerular filtration rate;
[GFR] < 60 mL/min/1.73 m2 for 3 months, or kidney damage
[functional or structural abnormalities] for more than 3 months);
(ii) hospitalized and scheduled for treatment or procedure;
(iii) severe chronic extrahepatic disease; (iv) receiving immuno-
suppressive drugs for causes other than severe alcoholic hepatitis,
and (v) pregnant. This study used individual retrospective admin-
istrative claims data. Data were de-identified and comply with
the 1964 Helsinki Declaration and its later amendments or com-
parable ethical standards. The study protocol was approved by
the Human Research Ethics Committee (HREC) of all the partici-
pating centers. Informed consent was waived, as the data were
retrospectively retrieved and analyzed in a de-identified format,
and the case record form was also approved by the HREC of all
participating centers. The members of the writing committee
assumed responsibility for the accuracy and completeness of the
data and for the fidelity of the study to the protocol. All authors

had access to the study data and reviewed and approved the final
manuscript.

ACLF was diagnosed according to the EASL-CLIF Con-
sortium (CANONIC study) by the chronic liver failure–
sequential organ failure assessment (CLIF-SOFA) score or
according to the APASL ACLF research consortium (AARC) by
the AARC score.1,2 The EASL-CLIF Consortium identified fail-
ures of the liver, coagulation, kidney, circulation, lungs, and
cerebral systems. Concisely, the definition of organ failure uses a
modified SOFA score, namely the CLIF-SOFA score (Table S1,
Supporting information). Patients who had one organ failure with
the presence of declined kidney function (creatinine 1.5–
1.9 mg/dL) or mild-to-moderate hepatic encephalopathy,3 single
kidney failure and more than two organ failures were diagnosed
as suffering from ACLF. ACLF was categorized into three
grades, namely 1, 2, and 3, according to the EASL-CLIF Consor-
tium definition.1 The AARC score includes subscores ranging
from 1 to 3 for each of five components (total bilirubin, hepatic
encephalopathy grade, INR, creatinine levels, and blood lactate
levels). Aggregated scores range from 5 to 15, with higher scores
indicating more severe ACLF.4 In our study, we did not have the
treatment protocol consensus by the investigators. However, all
investigators followed management of ACLF in the ICU, related
to EASL-CLIF Consortium and/or APASL ACLF research con-
sortium recommendations.

Primary outcome and data collection. The primary
outcome was transplant-free mortality within 30 and 90 days
after collecting the data on admissions for decompensated cirrho-
sis. The clinical and laboratory data were collected, including
age, sex, cause of cirrhosis, comorbidity, precipitating events,
laboratory information, events of organ failures, and time to
death. The precipitating events that directly or indirectly affected
hepatocytes such as alcohol consumption, acute exacerbation of
hepatitis B virus, drug-induced liver injury, bacterial infection, or
upper gastrointestinal bleeding were collected. All variables of
data used to analyze all models were collected at the onset of
ACLF. Prognostic models used in anticipating the time-depen-
dent death of patients with ACLF were Child-Turcotte-Pugh
score (CTP), model for end-stage liver disease (MELD), MELD-
sodium (MELD-Na), chronic liver failure-sequential organ failure
assesment (CLIF-SOFA), chronic liver failure-organ failure
(CLIF-OF), and chronic liver failure-consortium (CLIF-C).

The CTP score (range: 5�15) was computed by hepatic
encephalopathy, ascites, serum albumin, serum bilirubin, and
INR.5 The MELD score (range: 6–40) was calculated as
9.6 � log(creatinine [mg/dL]) + 3.8 � log(bilirubin [mg/dL])
+ 11.2 � log(INR) + 6.43.6 The MELD-Na score was adjusted
based on the MELD score and calculated as follows: MELD-
Na = MELD-Na – [0.025 � MELD � (140 � Na)] + 140,
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where the serum sodium concentration (Na) is bound between
125 and 140 mmol/L. Similar to the MELD score, the MELD-Na
score is rounded to the nearest integer.7 The CLIF-SOFA score
(range: 0–24) was computed by the sum of scores for six organ
systems, comprising the liver, coagulation, respiratory, cardiovas-
cular, renal, and nervous systems. The CLIF-C OF score was cal-
culated by the sum of the modified six organ systems of the
CLIF-SOFA score. The CLIF-C score was modified based on the
CLIF-C OF score and calculated as follows: 10 �
[0.33 � CLIF-C OF + 0.04 � age + 0.63 � log(white cell coun-
t) � 2].1 The AARC score (range: 5–15), determined by five var-
iables (total bilirubin, creatinine, serum lactate, hepatic
encephalopathy, and INR), was calculated, and patients were
divided in three grades: Grade A (score 5–7), Grade B (score 8–
10), and Grade C (score 11–15).4,8

Statistical analysis. Data were collected using an electronic
case record form. According to incidence of ACLF from the
CANONIC study (22%), the sample size of our study was
374 (adding 10% lost to follow-up). Continuous variables are
shown as mean � SD or interquartile range and categorical vari-
ables as percentage. Statistical analyses were performed using
the chi-square or Fisher’s exact test for categorical variables and
the Mann–Whitney test for continuous variables. The statistical
significance was defined at a P-value <0.05. We used the SPSS
Software, version 26.0 (SPSS Inc., Chicago, IL, USA) to analyze
the data.

Results

Baseline demographic data and prevalence of
ACLF in the tertiary medical center network. We
identified 638 patients hospitalized for more than 24 h with an
episode of decompensated cirrhosis from January 2019 to June
2020 with acute decompensated liver disease (ACLD) in nine
multicenter tertiary care hospitals in Thailand; 346 patients
(54%) presented with clinical conditions eligible to classify them
as ACLF and 292 patients (46%) presented with only
AD. Patients with AD had fewer laboratory signs indicating
organ failures than those with ACLF (Table 1). Among patients
presenting ACLF, those meeting the criteria for ACLF comprised
grade 1 ACLF (31%), grade 2 ACLF (37%), and grade
3 ACLF (32%).

Baseline demographic data and laboratory results of
patients with AD and ACLF are summarized in Table 1. In this
study, the main study population was male (66%), and the aver-
age age was 58 � 13.9 years. Among patients with ACLF, the
etiologies of cirrhosis included alcohol consumption (38%), hep-
atitis B (17%), hepatitis C (12%), non-alcoholic steatohepatitis
(NASH), and others (21%). The main precipitating factors among
patients with ACLF included sepsis (50%), gastrointestinal
bleeding (21%), spontaneous bacterial peritonitis (14%), and
alcohol consumption (12%). Patients with ACLF had a signifi-
cantly higher white blood cell count (10.48 � 109/L vs
8.56 � 109/L; P < 0.001), higher INR (1.82 vs 1.41; P < 0.001),
higher aspartate aminotransferase (AST) (117 vs 62 U/L;
P < 0.001), and lower bicarbonate level (18 vs 21 mEq/dL).

Mortality of ACLF. Three-hundred and thirty-three (52%)
patients died within 30 days and 409 (64%) within 90 days. The
30-day mortality was higher among patients with ACLF than
those with AD (58 vs 46%, P < 0.001) (Table 1). The risk of
30-day mortality increased with the severity of ACLF. Grade
2 and grade 3 ACLF had similar risk of 30-day mortality. At
90 days, mortality was higher among patients with ACLF than
among patients with AD (70 vs. 57%, P < 0.001). A similar trend
was observed in that increasing the grade of organ failures
resulted in an increase in 90-day mortality in the ACLF group
(Table 2). The overall mortality rate of AD and ACLF at 30 days
and 90 days were 52 and 64%, respectively. Patients with ACLF
and coagulopathy (AUROC 0.58, 95% confidence interval [CI]:
0.52–0.64), metabolic acidosis (AUROC 0.58, 95% CI: 0.52–
0.64), and high AST (AUROC 0.59, 95% CI: 0.53–0.66) were
associated with high 30-day mortality. Respiratory system
(P = 0.001) failure was the major event in ACLF that signifi-
cantly predicted mortality. Figures 1 and 2 show the comparisons
of the ROC curves for 30-day and 90-day mortality at admission
by INR, AST, serum bicarbonate, and medical scores.

Prognostic factors for mortality among patients
with ACLF. Table 2 summarizes the clinical factors associated
with 30- and 90-day mortality among patients with ACLF.
Coagulopathy and worsening of renal and respiratory functions,
decompensation of liver function, and hepatic encephalopathy
were significantly associated with 30-day mortality. All prognos-
tic scores (MELD, MELD-Na, CLIF-SOFA, CLIF-OF, and
CLIF-C) were significantly higher in 30-day and 90-day mortal-
ity. In all grades of ACLF, kidney failure was the most common
cause of death among patients. Low bicarbonate level
(P = 0.011), high AST level (P = 0.005), and high INR level
(P = 0.013) correlated with 30-day mortality.

Comparison between prognostic models. Tables 3
and 4 show the comparisons of AUROC between six prognostic
models, namely MELD, MELD-Na, CLIF-SOFA, CLIF-OF,
CLIF-C, and ACLF grading by CLIF-SOFA. The AUROC of
CLIF-SOFA for 30-day mortality was significantly better than
for other prognostic models (0.64, 95% CI: 0.59–0.70;
P < 0.001). Chronic liver failure–sequential organ failure assess-
ment (CLIF-SOFA) score ≥12 and model for end-stage liver
disease-sodium (MELD-Na) score >30 were associated with high
mortality rates. The AUROC of the CLIF-SOFA score was supe-
rior to those of other predicted scores.

Discussion
We report three major findings among patients with cirrhosis
admitted with hepatic decompensation in multicenter tertiary care
hospitals in Thailand. First, ACLF was present among 54% of
patients admitted with decompensated cirrhosis. The most com-
mon underlying predisposing liver disease in ACLF was alcohol
consumption (38%), whereas bacterial sepsis (50%) and gastroin-
testinal bleeding (21%) were identified as major predisposing
factors for ACLF. Second, nearly one-half of these patients
(55%) died within 30 days of admission and almost 65% died
within 90 days. The presence of two or more organ failures,
defined by the ACLF grade by CLIF-SOFA, was associated with
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30- and 90-day mortality. Third, presenting acidosis, prolonged
INR, and high AST level were associated with mortality among
patients with ACLF.

ACLF was more common in our population (54 vs 23%)
than the related original cohort in the CANONIC study.1 This
implicates a referral bias because all subjects enrolled in our

Table 1 Baseline demographic data of acute decomposition (AD) and acute-on-chronic liver failure (ACLF)

Characteristic Total (n = 638) AD (n = 292) ACLF (n = 346) P value

Sex
Male 420 (66%) 190 (65%) 230 (67%) 0.709
Female 218 (34%) 102 (35%) 116 (33%)

Age 58 � 13.9 59 � 13.4 58 � 14.3 0.244
Precipitating factors

Sepsis 267 (42%) 95 (33%) 172 (50%) <0.001*
Gastrointestinal bleeding 197 (31%) 124 (43%) 73 (21%) <0.001*
Spontaneous bacterial peritonitis 72 (11%) 24 (8%) 48 (14%) 0.025*
Alcoholic consumption 52 (8%) 10 (3%) 42 (12%) <0.001*

Cause of chronic liver disease
Alcohol 247 (39%) 114 (39%) 133 (38%) 0.876
Hepatitis B 95 (15%) 38 (13%) 57 (17%) 0.221
Hepatitis C 95 (15%) 52 (18%) 43 (12%) 0.057
Hepatitis B + alcohol 23 (4%) 8 (3%) 15 (4%) 0.281
Hepatitis C + alcohol 29 (6%) 12 (4%) 17 (5%) 0.627
NASH and others 149 (21%) 68 (23%) 81 (24%) 0.328

Na+ (mEq/dL) 133 � 7.11 134 � 5.87 132 � 7.86 <0.001*
Hemoglobin (g/dL) 9.7 � 3.49 9.6 � 4.41 9.7 � 2.48 0.744
Hematocrit (%) 29.2 � 11.01 28.7 � 8.08 29.5 � 12.99 0.391
White blood cell (�109/L) 9.50 (6.24, 14.05) 8.56 (5.43, 12.45) 10.48 (6.88, 15.80) <0.001*
Platelet (�109/L) 108 (70, 164) 108 (71, 167) 109.5 (68, 164) 0.656
INR 1.6 (1.34, 2.11) 1.41 (1.28, 1.68) 1.82 (1.5, 2.5) <0.001*
BUN (mg/dL) 22 (13, 37.5) 18 (11, 28) 29 (14.9, 45.3) <0.001*
Creatinine (mg/dL) 1.11 (0.78, 1.87) 0.9 (0.7, 1.19) 1.65 (0.93, 2.49) <0.001*
HCO3

� (mEq/dL) 19.3 � 6.59 21 � 6.72 17.86 � 6.13 <0.001*
Total bilirubin (mg/dL) 3.6 (1.6, 10.45) 2 (1.18, 4.21) 7.1 (2.82, 17.1) <0.001*
Direct bilirubin (mg/dL) 2.3 (0.9, 6.9) 1.19 (0.63, 2.41) 4.76 (1.9, 12.01) <0.001*
AST (U/L) 88.05 (48, 174) 62 (39, 124) 117.25 (61, 224) <0.001*
ALT (U/L) 39 (23, 69) 32 (20, 51) 46 (28, 84) <0.001*
Alkaline phosphatase (U/L) 125 (90, 182) 121 (86.5, 167.5) 129 (92, 191) 0.077
Albumin (g/dL) 2.5 (2.1, 3) 2.7 (2.3, 3.1) 2.4 (2, 2.9) <0.001*
Hepatic encephalopathy

1 357 (56%) 283 (96.7%) 38 (10%) <0.001*
2 89 (14%) 4 (1.5%) 85 (25%)
3 103 (16%) 1 (0.3%) 120 (35%)
4 89 (14%) 4 (1.5%) 103 (30%)

Child–Turcotte–Pugh 10 (8, 12) 9 (7, 11) 11 (10, 13) <0.001*
Status at 30th day

Alive 305 (48%) 159 (54%) 146 (42%) 0.001*
Dead 333 (52%) 133 (46%) 200 (58%)

Status at 90th day
Alive 229 (36%) 125 (43%) 104 (30%) <0.001*
Dead 409 (64%) 167 (57%) 242 (70%)

CLIF-OF 10 � 2.33 8 � 1.46 11 � 2.18 <0.001*
CLIF-C 49 � 10.75 43 � 8.76 54 � 9.99 <0.001*
CLIF-SOFA 9 � 3.75 7 � 2.45 11 � 3.28 <0.001*
Total AARC 9 � 2.03 8 � 1.42 10 � 1.86 <0.001*
MELD 22 � 9.31 16 � 6.24 27 � 8.58 <0.001*
MELD-Na 24 � 8.51 19 � 6.27 29 � 7.45 <0.001*

Value presented as mean � SD or median (interquartile range) and n (%). P value corresponds to independent t-test or the Mann–Whitney test and
chi-square test.
*The significance of P < 0.05.
AARC, APASL ACLF research consortium; ACLF, acute-on-chronic liver failure; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
CLIF-C, chronic liver failure-consortium; CLIF-OF,chronic liver failure-organ failure CLIF-SOFA, chronic liver failure–sequential organ failure assess-
ment; MELD, model for end-stage liver disease; NASH, non-alcoholic steatohepatitis.
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study were from tertiary care centers. Moreover, the short-term
mortality in our study was also higher than that in the CANONIC
study (55% died within 30 days vs 34% within 28 days). We
believe the difference was due to demographic factors (age,

race), socioeconomic status, and underlying liver disease, espe-
cially chronic hepatitis B infection. Moreover, almost all of our
patients with ACLF were involved with bacterial infection (sep-
sis, gastrointestinal bleeding, and spontaneous bacterial

Table 2 Prognostic factors for 30- and 90-day mortality in patients with acute-on-chronic liver failure

30-day mortality 90-day mortality

Characteristic Alive (n = 146) Dead (n = 200) P value Alive (n = 104) Dead (n = 246) P value

Sex
Male 96 (66%) 136 (68%) 0.914 67 (64%) 160 (65%) 0.791
Female 50 (34%) 64 (32%) 37 (36%) 86 (35%)

Age 57 � 14.76 59 � 13.57 0.104 56 � 14.14 59 � 13.57 0.010*
Child–Turcotte–Pugh 11 (9, 13) 12 (10, 13) 0.821 11 (8, 12) 12 (10, 13) 0.775
Na+ (mEq/dL) 133 (129, 135) 132 (127, 137) 0.806 133 (129, 136) 132 (127, 137) 0.396
Hemoglobin (g/dL) 9.8 (7.9, 11.5) 10 (8.1, 11.2) 0.953 9.8 (7.55, 11.8) 10 (8.1, 11.2) 0.923
Hematocrit (%) 29.2 (23.1, 34.4) 29.1 (24.3, 33.4) 0.906 29.2 (22.75, 35) 29.1 (24.3, 33.3) 0.957
White blood cell (�109/L) 10.11 (6.9, 15.33) 11.11 (6.84, 16.50) 0.367 10.84 (6.92, 15.74) 10.46 (6.70, 15.8) 0.884
Platelet (�109/L) 107 (73, 156) 111 (61, 164) 0.822 103.5 (73, 155) 112 (65, 173) 0.765
INR 1.76 (1.47, 2.25) 1.95 (1.52, 2.74) 0.013* 1.76 (1.48, 2.22) 1.93 (1.5, 2.6) 0.097
BUN (mg/dL) 23 (13, 39) 31 (17.5, 53) 0.001* 23 (13, 39.5) 31 (17, 51) 0.009*
Creatinine (mg/dL) 1.46 (0.86, 2.34) 1.8 (1, 2.69) 0.024* 1.56 (0.895, 2.37) 1.73 (0.97, 2.6) 0.276
HCO3

� (mEq/dL) 19 (16, 22) 17.1 (13, 21) 0.011* 18.5 (16, 22) 17.6 (13.3, 21.3) 0.213
Total bilirubin (mg/dL) 5.9 (2.48, 15.23) 7.8 (3.2, 17.1) 0.087 6.6 (2.77, 17.75) 7.1 (2.83, 15.39) 0.762
Direct bilirubin (mg/dL) 4 (1.65, 11) 5.67 (2.2, 12.6) 0.037* 4.3 (1.57, 11.75) 4.9 (2, 11.6) 0.360
AST (U/L) 103 (57, 175) 143 (68, 307) 0.005* 110 (57.5, 178) 122 (66, 266) 0.122
ALT (U/L) 41 (27, 72) 53 (31, 109) 0.005* 42 (27.5, 77) 50 (30, 93) 0.085
Alkaline phosphatase (U/L) 129 (91, 189) 130 (92, 197) 0.678 117 (87, 187) 133 (93, 198) 0.166
Albumin (g/dL) 2.4 (2, 3) 2.4 (2.1, 2.9) 0.836 2.4 (2, 3.05) 2.4 (2.07, 2.8) 0.482
Hepatic encephalopathy
1 27 (18%) 19 (10%) 0.007* 20 (19%) 29 (12%) 0.028*
2 43 (29%) 48 (24%) 32 (31%) 61 (25%)
3 44 (30%) 65 (33%) 30 (29%) 79 (32%)
4 32 (23%) 65 (33%) 22 (21%) 77 (31%)

CLIF-OF 10 (9, 11) 11 (10, 13) <0.001* 10 (9, 11) 11 (9, 12.5) 0.008*
CLIF-C 51 (45, 57) 55 (49, 62) <0.001* 51 (46, 56) 55 (47, 62) 0.001*
MELD 24 (19.81, 29.74) 28 (21.46, 33.79) 0.001* 24 (20.07, 29.62) 27 (20.32, 33.32) 0.069
MELD-Na 28 (22.47, 32.31) 30 (24.33, 35.22) 0.001* 28 (22.59, 32.31) 30 (23.32, 34.82) 0.035*
Organ failure
Liver 49 (34%) 71 (37%) 0.470 38 (37%) 79 (35%) 0.845
Kidney 50 (34%) 80 (42%) 0.143 36 (35%) 89 (40%) 0.359
Cerebral 38 (26%) 65 (34%) 0.107 27 (26%) 74 (33%) 0.188
Coagulation 28 (19%) 57 (30%) 0.024* 20 (19%) 62 (28%) 0.096
Circulation 52 (36%) 72 (38%) 0.668 39 (38%) 83 (37%) 0.961
Lung 25 (17%) 69 (36.3%) <0.001* 17 (16%) 76 (34%) 0.001*

Total CLIF-SOFA 10 (8, 13) 12 (10, 15) <0.001* 10 (8, 13) 11 (9, 14) 0.001*
ACLF grade by CLIF-SOFA
Grade 0 32 (22%) 19 (9%) 0.003* 20 (19%) 29 (12%) 0.082
Grade 1 43 (30%) 45 (23%) 33 (32%) 52 (21%)
Grade 2 42 (28%) 68 (34%) 30 (29%) 84 (34%)
Grade 3 29 (20%) 68 (34%) 21 (20%) 81 (33%)

ACLF grade by AARC
Grade 1 43 (30%) 44 (23%) 0.058 33 (32%) 52 (23%) 0.090
Grade 2 42 (29%) 62 (33%) 30 (29%) 71 (32%)
Grade 3 29 (20%) 62 (33%) 21 (20%) 68 (31%)

Total AARC 9.8 � 1.72 10.5 � 1.9 0.005* 9.9 � 1.68 10.3 � 1.92 0.161

*The significance of P < 0.05.
AARC, APASL ACLF research consortium; ACLF, acute-on-chronic liver failure; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
CLIF-C, chronic liver failure-consortium; CLIF-OF, chronic liver failure-organ failure; CLIF-SOFA, chronic liver failure–sequential organ failure assess-
ment; MELD, model for end-stage liver disease.

S Chirapongsathorn et al. Acute-on-chronic liver failure in real-world outcome

JGH Open: An open access journal of gastroenterology and hepatology 6 (2022) 205–212

© 2022 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.

209



infection). Bacterial infection is a well-known precipitating factor
of organ failure and ACLF among patients with cirrhosis. Studies
have shown that the in-hospital mortality and 28-day mortality in
Asia are higher than in America and Europe.4,9 Patients

developing ACLF in Asia more often had infection frequently
caused by multidrug or extensively drug-resistant bacteria.10,11

All these factors may have contributed to the variations in the
epidemiology and outcomes of ACLF in different areas globally.

Figure 1 Comparisons of the receiver operating characteristic (ROC) curves for 30-day mortality at admission by INR, aspartate aminotransferase (AST),
serum bicarbonate, and medical scores. Source of the curve: ( ), INR; ( ), AST; ( ), HCO3; ( ), MELD; ( ), MELD-Na; ( ), chronic liver
failure (CLIF)–sequential organ failure assessment; ( ), CLIF-OF; ( ), CLIF-C; ( ), ACLF grade by CLIF-SOFA; ( ), reference line.

Figure 2 Comparisons of the receiver operating characteristic (ROC) curves for 90-day mortality at admission by INR, aspartate aminotransferase
(AST), serum bicarbonate, and medical scores. Source of the curve: ( ), INR; ( ), AST; ( ), HCO3; ( ), model for end-stage liver disease
(MELD); ( ), MELD-Na; ( ), CLIF-SOFA; ( ), CLIF-OF; ( ), CLIF-C; ( ), ACLF grade by CLIF-SOFA; ( ), reference line
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However, the precipitating factor in our study is sepsis in nearly
half, and is missing some entities such as drug-induced liver
injury, hepatitis B reactivation, and autoimmune hepatitis flare. It
may be due to referral bias or not actual presentation of registry
data. In our study, we used the CLIF-SOFA score to identify
patients with ACLF. Patients with AD had fewer features related
to organ failure than those with ACLF. However, in our cohort,
patients with AD were still at risk of short-term mortality because
most patients were admitted to hospitals due to critical illness
conditions (sepsis and gastrointestinal bleeding). Although
patients with cirrhosis admitted with AD had not developed
ACLF, these patients should also be targeted to provide strategies
to improve their survival. We also found that the AARC score
could also be used to differentiate patients with ACLF. However,
we encountered limitations in using the AARC score because it
included the lactate level at admission, which was inapplicable in
routine practice to every patient from our centers.

The presence of organ failure was strongly related to the
patients’ short-term mortality. Active alcohol consumption, alcoholic
hepatitis, and bacterial infection were the most frequent factors

precipitating the development of ACLF in alcohol liver disease.12

The specific clinical and pathologic features are related to presenting
systemic and hepatic inflammation.12 In our study, patients who were
active alcohol consumers tended to develop ACLF more frequently
than those who were nondrinkers or reported absolute abstinence.

Many models and laboratory features may predict the progno-
sis of ACLF. As the ACLF grades increased, the survival rates
decreased. We cross-validated the diagnostic performances for short-
term mortality among models and found that the AUROCs of the
CLIF-SOFA, CLIF-OF, and CLIF-C scores showed a modest effect
to predict short-term mortality and CLIF-SOFA, CLIF-OS, and
CLIF-C were similar to MELD and MELD-Na. However, our study
found that all prognostic variables had lower AUROC to predict mor-
tality than in the related Asian cohort.11 To explain this result, our
cohort had higher short-term and long-term mortality. It could have
resulted from using a model to validate severe cirrhotic cases of those
admitted in tertiary care centers. The diagnostic performances among
thosemodelsmay have been lower.

Our study had some limitations. First, this study was con-
ducted using a retrospective cohort, which could lead to selection bias

Table 3 Areas under the receiver operating characteristic (AUROC) curves of prognostic models to predict 30-day mortality

Test result variable(s) AUROC Std. error† P value Asymptotic 95% confidence interval

Lower bound Upper bound
INR 0.58 0.031 0.012 0.519 0.642
AST 0.59 0.031 0.003 0.533 0.656
HCO3

� 0.58 0.031 0.012 0.519 0.642
MELD 0.60 0.031 0.002 0.539 0.661
MELD-Na 0.60 0.031 0.002 0.541 0.662
CLIF-SOFA 0.64 0.030 <0.001 0.585 0.704
CLIF-OF 0.62 0.031 <0.001 0.563 0.684
CLIF-C 0.62 0.031 <0.001 0.557 0.678
ACLF grade by CLIF-SOFA 0.61 0.031 0.001 0.549 0.672
ACLF grade by AARC 0.597 0.037 0.01 0.525 0.669

†The significance of P < 0.05.
AARC, APASL ACLF research consortium; ACLF, acute-on-chronic liver failure; AST, aspartate aminotransferase; CLIF-C, chronic liver failure-consor-
tium; CLIF-OF, chronic liver failure-organ failure; CLIF-SOFA, chronic liver failure–sequential organ failure assessment; MELD, model for end-stage
liver disease.

Table 4 Areas under the receiver operating characteristic (AUROC) curves of prognostic models to predict 90-day mortality

Test result variable(s) AUROC Std. error† P value Asymptotic 95% confidence interval

Lower bound Upper bound
INR 0.56 0.033 0.093 0.493 0.623
AST 0.56 0.034 0.094 0.491 0.625
HCO3 0.54 0.033 0.226 0.476 0.607
MELD 0.56 0.033 0.113 0.490 0.620
MELD-Na 0.57 0.033 0.053 0.501 0.632
CLIF-SOFA 0.61 0.033 0.002 0.541 0.672
CLIF-OF 0.59 0.033 0.014 0.519 0.651
CLIF-C 0.61 0.033 0.002 0.544 0.673
ACLF grade by CLIF-SOFA 0.58 0.034 0.022 0.513 0.646
ACLF grade by AARC 0.561 0.040 0.141 0.483 0.639

†The significance of P < 0.05.
AARC, APASL ACLF research consortium; ACLF, acute-on-chronic liver failure; AST, aspartate aminotransferase; CLIF-C, chronic liver failure-consor-
tium; CLIF-OF, chronic liver failure-organ failure; CLIF-SOFA, chronic liver failure–sequential organ failure assessment; MELD, model for end-stage
liver disease.
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and their retrospective nature of data. Second, all subjects enrolled in
our study were from tertiary care centers in Thailand, which also
could lead to a referral bias and may not be generalizable to other
areas in the healthcare system. Third, we had limited access to investi-
gate data concerning artificial liver support, which may have altered
our cohort outcome. However, the volume to use artificial liver sup-
port is very limited to access in our country. Finally, we could not val-
idate the diagnostic performance of the AARC score because we
lacked data on the lactate level.

In conclusion, hospitalized patients with cirrhosis were at
risk of mortality, especially those developing ACLF. The CLIF-
SOFA, CLIF-OF, CLIF-C, and ALCF grading systems were sig-
nificantly associated with mortality among patients with ACLF
but provided only modest means to discriminate mortality in our
ACLF cohort. Finally, the predictive accuracies of the CLIF-
SOFA, CLIF-OF, and CLIF-C grading systems were not superior
to those of the MELD and MELD-Na scores among patients with
ACLF according to the CLIF-C definition. Despite the limitations
of using retrospective database, this study’s results could have
clinical implications as of potential assistance to physicians to
target high-risk cirrhotic patients.
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