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INTRODUCTION 

Variceal bleeding is a critical complication in patients with liver 

cirrhosis (LC),1 and accounts for one-third of all mortalities in this 

patient population.2-4 Patients hospitalized with variceal bleeding 

appear to have poor prognoses because variceal bleeding is likely 

to be accompanied by multi-organ damage due to blood supply 

insufficiency. Furthermore, it was reported that variceal bleeding 

associated organ damages were main causes of death in patients 

with variceal bleeding, even in those that recover completely from 

variceal bleeding.5-7 Therefore, in order to investigate the 

prognoses of these patients, dysfunctions of organs related to 

variceal bleeding should be considered carefully in addition to 

hepatic dysfunction.

Several factors, such as hepatic venous pressure gradient 

(HVPG), presence of portal vein thrombosis, cause of underlying 
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chronic liver disease, hepatic encephalopathy (HE), and presence 

of hepatocellular carcinoma (HCC), have been reported to be as-

sociated with the prognosis of patients that have experienced an 

episode of variceal bleeding.8,9 Studies in these patients using risk 

assessment models such as the Child-Turcotte-Pugh (CTP), Model 

for End-Stage Liver Disease (MELD), and the MELD-sodium (Na) 

model have been conducted,10-12 but, studies that place focus 

solely on the liver itself may not sufficiently reflect the prognoses 

of patients with variceal bleeding.

A recent study concluded upper gastrointestinal bleeding was 

not a significant risk factor of mortality in cirrhotic patients with 

acute deterioration or acute-on-chronic liver failure (ACLF),13 but 

did not compare the survival outcomes of study subjects with or 

without ACLF. In addition, the proportion of ACLF patients with 

upper gastrointestinal bleeding was small as 15 (8.8%), and the 

study was conducted at a single center. Moreover, of the upper 

gastrointestinal bleeding, variceal bleeding needs to be differently 

approached and treated because it is resulted by increased portal 

hypertension, unlike peptic ulcer bleeding.14

Therefore, in this multicenter cohort study, we investigated risk 

factors associated with mortality in cirrhotic patients hospitalized 

with variceal bleeding, and also evaluated the effect of the pres-

ence of ACLF on prognosis in these patients. In addition, we tried 

to identify a more reliable model for predicting mortality in cir-

rhotic patients with variceal bleeding based on the use of CTP, 

MELD, MELD-Na, or the chronic liver failure-sequential organ fail-

ure assessment (CLIF-SOFA) scores.

PATIENTS AND METHODS

Study subjects 

Between January and December 2013, a total of 1,861 consecu-

tive adult patients admitted due to the acute deterioration of 

cirrhosis at 21 hospitals, were enrolled in this study. The definition 

of acute deterioration was previously described as follows: acute 

development of overt ascites, HE, gastrointestinal bleeding, infec-

tion, or liver dysfunction,15,16 and except for liver dysfunction, this 

definition was adopted from the European Association for the 

Study of the Liver-Chronic Liver Failure (EASL-CLIF) Consortium 

Acute-on-Chronic Liver Failure in Cirrhosis (CANONIC) study.17 In 

the present study, we tried to enroll as many patients as possible 

considering the retrospective study design, and therefore, we set 

the lower limit for bilirubin with ≥3 mg/dL as the standard used to 

diagnose jaundice, and defined liver dysfunction as an acute in-

crease in serum bilirubin level of ≥3 mg/dL.18

ACLF was defined as the development of acute deterioration of 

liver function in cirrhotic patients who had organ failure (OF) de-

fined by the CLIF-SOFA score and high 28-day mortality rate 

(>15%) based on CANONIC study.17 OF was defined based on the 

CLIF-SOFA score,17 and more in detail, liver failure was defined by 

an increased serum bilirubin level (≥12 mg/dL); renal failure was 

defined by an increased serum creatinine level (≥2.0 mg/dL) or by 

the use of hemodialysis; cerebral failure was defined by severe HE 

(grade III or IV) based on the West Haven classification; coagula-

tion failure was defined by an increased international normalized 

ratio (>2.5) and/or a decreased platelet count (<20×109/L); circu-

latory failure was defined by the use of inotropics (dopamine, do-

butamine, or terlipressin); respiratory failure was defined by a 

PaO2/FiO2 ≤200 or an SpO2/FiO2 ≤200. The CLIF-SOFA score was 

stratified ranging from 0 to 4 for each of the 6 OFs.17 ACLF was 

graded according to the EASL-CLIF consortium diagnostic criteria 

for ACLF of the CANONIC study.17 LC was diagnosed based on the 

histological confirmation, or clinical, imaging, and biochemical 

findings.19

Of the 1,861 patients considered, 350 were excluded for the 

following reasons; an age of <18 years, absence of cirrhosis, pres-

ence of HCC, presence of severe chronic extra-hepatic disease, 

admission due to other chronic illness, human immunodeficiency 

virus infection, chronic decompensation of end-stage liver dis-

ease, such as ascites over 2 weeks or chronic HE, less than 28 

days of follow-up, and incomplete data. Of the remaining 1,470 

patients, 996 patients with acute deterioration caused by condi-

tions other than variceal bleeding were also excluded. Patients 

who had a prior history of variceal bleeding before the study peri-

od (n=281) were included in the present study. Therefore, 474 pa-

tients hospitalized with variceal bleeding were finally analyzed in 

this retrospective study (Fig. 1). Follow-up durations were as-

sessed from date of initial admission to date of death or liver 

transplantation (LT) or to follow-up loss date or June 30, 2014. 

Patients who received subsequent LT or with follow-up loss were 

censored. This study was conducted in accordance with the ethi-

cal guidelines of the Declaration of Helsinki, and was approved by 

the Institutional Review Boards at all participating hospitals. 

Acquisition of clinical data

Clinical data, such as age, gender, etiology of cirrhosis, and lab-

oratory results, were obtained from the electronic medical re-
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cords. The types of events responsible for the acute deterioration, 

the presence of OF, the occurrence of ACLF, and laboratory results 

obtained within 24 hours of hospitalization and at the time of 

ACLF occurrence were evaluated. CTP, MELD, MELD-Na,12 and 

CLIF-SOFA scores17 were calculated within 24 hours of hospitaliza-

tion. Clinical data for ACLF that occurred within 28 days of hospi-

talization due to the acute deterioration of cirrhosis were ana-

lyzed.

Precipitating factors of acute deterioration of cirrhosis were 

classified as follows: bacterial infection, gastrointestinal bleeding, 

active alcoholism, exacerbation of underlying viral hepatitis, toxic 

liver injury, and others. Active alcoholism was considered as >21 

drinks/week in men, and >14 drinks/week in women over the 3 

months prior to hospitalization.20 Systemic inflammatory response 

syndrome was defined according to the diagnostic criteria issued 

by the American College of Chest Physicians/Society of Critical 

Care Medicine.21 

Statistical analyses 

Clinical characteristics of the enrolled patients were expressed 

as medians (ranges) for continuous variables, and numbers (per-

centages) for categorical variables. Differences between categori-

cal or continuous variables were analyzed using the chi-square 

test, or Fisher’s exact test and the Student’s t  test. Short-term 

mortality was defined as death within 28 days of admission due 

to variceal bleeding. Overall survival (OS) rates were estimated us-

ing Kaplan-Meier method with the log-rank test. Cox proportional 

hazards models were used to evaluate hazard ratios (HRs) and 

95% confidence intervals (CIs) for mortality. To evaluate the pre-

dictive performances of risk prediction models for 28- and 90-day 

mortality, areas under receiver operating curves (AUROCs), sensi-

tivities, specificities, positive predictive values, and negative pre-

dictive values were assessed. Two-tailed P-values of <0.05 were 

considered statistically significant, and the statistical analysis was 

performed using SPSS ver. 19.0 (SPSS Inc, Chicago, IL, USA).

Figure 1. Flowsheet of the study subjects (n=474). LC, liver cirrhosis; CLD, chronic liver disease; HCC, hepatocellular carcinoma; KACLiF, the Korean 
Acute-on-Chronic Liver Failure; GI, gastrointestinal; ACLF, acute-on-chronic liver failure; CLIF-C, chronic liver failure consortium.

1,861 patients with acute deterioration of chronic liver disease were
retrospectively screened (Jan. 2013 to Dec. 2013) Exclusion (n=391)

1. Absence of LC or CLD (n=34)
2. Presence of HCC (n=42)
3. Severe chronic extrahepatic disease (n=35)
4. ‌�Other causes including decompensated end- 

stage liver disease (n=95)
5. Short-term follow up <28 days (n=144)
6. Death <24 hours (n=4)
7. Incomplete data (n=37)

Exclusion (n=996)
Other causes of acute deterioration
1. Ascites (n=485)
2. Hepatic encephalopathy (n=244)
3. Non-variceal GI bleeding (n=113)
4. Infection (n=154)

Patients with acture deterioration of chronic liver disease were screened 
in KACLiF study (n=1,470)

Cirrhotic patients hospitalized with varix bleeding
(n=474)

ACLF (CLIF-C)
(n=61)

No ACLF
(n=413)
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RESULTS

Baseline characteristics

Baseline clinical characteristics of the 474 study subjects are 

provided in Table 1, and about 13 percent (n=61) were ACLF pa-

tients. Median patient age was 54.8 years and 372 patients were 

male (78.5%). All patients had variceal bleeding as a complication 

of cirrhosis, and the most common etiology was alcohol use. No 

differences were found between patients with or without ACLF 

with respect to age, gender, or etiology. Serum alanine amino-

transferase level (U/L) was not significantly different in these two 

groups (80.0 vs. 50.4, P=0.186), but serum aspartate aminotrans-

ferase level (U/L) (209.0 vs. 98.0, P=0.002), white blood cell 

(WBC; ×103/uL) count (12.1 vs. 8.3, P<0.001), and C-reactive pro-

tein (CRP; mg/dL) (0.64 vs. 0.43, P=0.036) were higher in the 

ACLF group. Of the acute deterioration events, only HE event was 

more frequently found in ACLF group (13.1 % vs. 3.1%, P<0.001). 

Assessments of preserved liver function and organ failure, showed 

median CTP (10.0 vs. 7.5, P<0.001), MELD (26.3 vs. 13.0, P<0.001), 

and CLIF-SOFA score (9.8 vs. 3.7, P<0.001) were higher in the 

ACLF group.

Table 1. Baseline clinical characteristics of study subjects

Variable All (n=474) Non-ACLF (n=413) ACLF (n=61) P-value*

Age (years) 54.8 (17–88) 54.6 (17–88) 56.6 (34–84) 0.202

Gender, male 372 (78.5)  323 (78.2)  49 (80.3) 0.707

WBC (×103/uL) 8.8 (0.08–3.01) 8.3 (0.8–30.1)  12.1 (3.1–26.9) <0.001

Hb (g/dL) 8.6 (2.6–19.1) 8.7 (2.6–16.8) 8.0 (3.0–19.1) 0.048

Platelets (×103/uL) 102 (12–659) 102 .3 (12–659) 102.4 (12–247) 0.999

Albumin (g/dL) 2.9 (1.3–4.8) 3.0 (1.5–4.8) 2.5 (1.3–4.0) <0.001

Bilirubin (mg/dL) 2.9 (0.2–40.3) 2.3 (0.2–35.0) 7.2 (0.3–40.3) <0.001

AST (IU/L) 112.2 (4–3,399) 98.0 (4–3,399) 209.0 (17–2,620) 0.002

ALT (IU/L) 54.2 (4–2,886) 50.4 (4–2,886) 80.0 (8–807) 0.186

Prothrombin time (INR) 1.5 (0.9–5.6) 1.4 (0.9–3.1) 2.1 (1.0–5.6) <0.001

CRP (mg/dL) 0.46 (0.01–28.5) 0.43 (0.1–28.5) 0.64 (0.03–26.8) 0.036

Sodium (mEq/L) 136.9 (111–162) 137.3 (111–153) 134.7 (118–162) <0.001

Creatinine (mg/dL) 1.1 (0.1–11.2) 0.9 (0.1–1.9) 2.8 (0.7–11.2) <0.001

Ascites, presence 28 (5.9) 23 (5.6) 5 (8.2) 0.416

HE, presence 21 (4.4) 13 (3.1) 8 (13.1) <0.001

Infection, presence 5 (1.1) 3 (0.7) 2 (3.3) 0.069†

MELD score 14.7 (6–26) 13.0 (6–26) 26.3 (13–47) <0.001

CTP score 7.8 (5–15) 7.5 (5–12) 10.0 (6–15) <0.001

CLIF-SOFA score 4.5 (0–21) 3.7 (0–10) 9.8 (3–21) <0.001

Etiology of CLD 0.145†

Viral, HBV or HCV 92 (19.4) 85 (20.6) 7 (11.5)

Alcohol 320 (67.6) 271 (65.6) 49 (80.3)

Viral+alcohol 31 (6.5) 28 (6.8) 3 (4.9)

Others 31 (6.5) 29 (7.0) 2 (3.3)

Values are presented as median (range) or number (%).
ACLF, acute on chronic liver failure; WBC, white blood cell; Hb, hemoglobin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international 
ratio; CRP, C-reactive protein; HE, hepatic encephalopathy; MELD, model of end-stage liver disease; CTP, Child-Turcotte-Pugh; CLIF SOFA, the chronic liver 
failure-sequential organ failure assessment; CLD, chronic liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus.
*P-values were calculated using the t -test or Fisher’s exact test between ACLF and no-ACLF groups.
†Fisher’s exact test.
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Cumulative survival rates of cirrhotic patients 
hospitalized with variceal bleeding 

Median follow up for all study subjects was 216 days (range, 

1–611). Among all 474 patients, 52 patients were died during a 

90-day follow-up period and cumulative OS rates at 28- and 90-

days were 91.8% and 88.1%, respectively (Supplementary Fig. 1). 

When compared between patients with and without ACLF, 14 

and 25 patients were died during a 28-day follow-up period of 

the patients with and without ACLF, respectively (Fig. 2A), and 22 

and 30 patients were died during a 90-day follow-up period of 

the patients with and without ACLF, respectively (Fig. 2B). The 

28- and 90-day cumulative OS rates were significantly lower in 

patients with ACLF than in those without ACLF, respectively 

(59.0% vs. 96.6%, P<0.001; and 50.8% vs. 94.7%, P<0.001; re-

spectively) (Fig. 2A, B). To evaluate the prognostic effects of ACLF 

A

C

B

D

Figure 2. Cumulative overall survival rates of cirrhotic patients hospitalized with variceal bleeding. The 28-day (A) and 90-day (B) cumulative OS rates 
were significantly lower in patients with ACLF than in those without ACLF, respectively (59.0% vs. 96.6%, P<0.001, and 50.8% vs. 94.7%, P<0.001, respec-
tively). (C) The 28-day cumulative OS rates of patients with ACLF grade III tended to be lower than those with ACLF grade II (P=0.087). (D) The 90-day 
cumulative OS rates of patients with ACLF grade III were significantly lower than those with ACLF grade II (P=0.010). ACLF, acute-on-chronic liver failure; 
gr, grade; OS, overall survival.
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grade on survival outcomes of the enrolled patients, we compared 

OS rates of the patients according to the ACLF grade, defined as 

described by the EASL-CLIF consortium (Fig. 2C, D). During a 28-

day follow-up period, 14, two, two, and 21 patients were died 

among patients without ACLF, and with ACLF grade I, II, and III, 

respectively (Fig. 2C). During a 90-day follow-up period, 22, 2, 3, 

and 25 patients were died among patients without ACLF, and 

with ACLF grade I, II, and III, respectively (Fig. 2D). The 28-day 

cumulative OS rates of patients without ACLF or with ACLF grade 

I were almost 90%, and no significant difference was found be-

tween these two groups (Fig. 2C, P=0.296), and these results 

were similar in analysis for the 90-day cumulative OS rates (Fig. 

2D, P=0.543). The 28-day cumulative OS rates of patients with 

ACLF grade III tended to be lower than those with ACLF grade II 

(Fig. 2C, P=0.087), and 90-day cumulative OS rates of patients 

with ACLF grade III were significantly lower than those with ACLF 

grade II (Fig. 2D, P=0.010). In addition, patients with ACLF grades 

II or III had significantly lower 28-day and 90-day OS rates than 

those without ACLF or with ACLF grade I, respectively (all P-val-

ues <0.001) (Fig. 2C, D). In particular, the 90-day cumulative OS 

rate of patients with ACLF grade III was very low at <10% (Fig. 

2D). In subgroup analysis for causes of mortality in the study sub-

jects, most patients died due to hepatic failure or varix bleeding 

(Supplementary Table 1). 

Risk factors for 28-day mortality in cirrhotic patients 
with variceal bleeding

To identify risk factors for mortality within 28-day in all patients 

hospitalized with variceal bleeding (n=474), univariable analysis 

was performed, and WBC, albumin, total bilirubin, prothrombin 

time (PT), sodium, creatinine, presence of HE, MELD score, CTP 

score, and CLIF-SOFA score were found to be significant (P-values 

for all <0.01) (Table 2). On the other hand, total bilirubin and PT 

are common individual components of CTP, MELD, and CLIF-SO-

FA, and creatinine was one of the components of the MELD or 

Table 2. Risk factors for 28 days mortality in all patients hospitalized with variceal bleeding (n=474)*

Variable
Univariable analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (years) 1.00 (0.98–1.03) 0.828

Gender, male 0.65 (0.27–1.56) 0.335

WBC (×103/uL) 1.14 (1.09–1.20) <0.001 1.03 (0.97–1.10) 0.282

Hb (g/dL) 0.97 (0.85–1.09) 0.581

Platelets (×103/uL) 1.00 (0.99–1.01) 0.828

Albumin (g/dL) 0.16 (0.09–0.29) <0.001 0.64 (0.31–1.31) 0.219

Bilirubin (mg/dL) 1.10 (1.07–1.13) <0.001

AST (IU/L) 1.00 (0.99–1.01) 0.062

ALT (IU/L) 1.00 (0.99–1.01) 0.277

Prothrombin time (INR) 3.19 (2.48–4.10) <0.001

CRP (mg/dL) 1.06 (0.99–1.13) 0.071

Sodium (mEq/L) 0.93 (0.89–0.98) 0.004 1.03 (0.98–1.09) 0.222

Creatinine (mg/dL) 1.43 (1.27–1.60) <0.001

Ascites, presence 2.99 (1.25–7.15) 0.013

HE, presence 6.57 (3.02–14.31) <0.001

MELD score 1.14 (1.11–1.17) <0.001

CTP score 1.90 (1.63–2.21) <0.001

CLIF-SOFA score 1.44 (1.36–1.53) <0.001 1.40 (1.30–1.50) <0.001

HR, hazard ratio; CI, confidence interval; WBC, white blood cell; Hb, hemoglobin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, 
international ratio; CRP, C-reactive protein; HE, hepatic encephalopathy; MELD, model of end-stage liver disease; CTP, Child-Turcotte-Pugh; CLIF SOFA, the 
chronic liver failure-sequential organ failure assessment.
*Subjects (n=474), event: death (n=39).
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CLIF-SOFA score. In addition, HE was one of the components of 

the CLIF-SOFA score. Thus, only the WBC, albumin, sodium, and 

CLIF-SOFA score were used for multivariable analysis in this study. 

Multivariable analysis showed that CLIF-SOFA (HR, 1.40; 95% CI, 

1.30–1.50; P<0.001) was a significant predictor of the 28-day 

mortality in cirrhotic patients hospitalized with varix bleeding (Ta-

ble 2). In order to identify more pivotal factors among the individ-

ual components that make up the CLF-SOFA scores, subgroup 

analysis was performed (Supplementary Table 2). Creatinine, HE, 

and PT were significant predictors for the 28-day mortality in cir-

rhotic patients with variceal bleeding 

In addition, the risk factors for the 28-day mortality in ACLF pa-

tients with varix bleeding (n=61) were analyzed (Table 3). Univari-

able analysis showed that the albumin, PT, MELD score, CTP 

score, and CLIF-SOFA score were to be significant (P-values for all 

<0.05). For the same reasons mentioned above, albumin (P=0.023) 

and the CLIF-SOFA score (P<0.001) were used in multivariable 

analysis, and only CLIF-SOFA (HR, 2.19; 95% CI, 1.47–3.24; 

P<0.001) was found to be a significant predictor of the 28-day 

mortality in these patients (Table 3).

Predictive performances of the risk prediction 
models for 28- and 90-day mortalities in patients 
with variceal bleeding 

To assess the prognostic role of the CLIF-SOFA scores on the 

Table 3. Risk factors for 28 days mortality in ACLF patients with variceal bleeding (n=61)*

Variable
Univariable analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (years) 0.98 (0.94–1.02) 0.251

Gender, male 1.38 (0.47–4.02) 0.554

WBC (×103/uL) 1.00 (0.99–1.01) 0.096

Hb (g/dL) 1.00 (0.87–1.15) 0.955

Platelets (×103/uL) 1.00 (0.99–1.01) 0.605

Albumin (g/dL) 0.37 (0.16–0.88) 0.023 0.72 (0.30–1.71) 0.455

Bilirubin (mg/dL) 1.03 (0.99–1.07) 0.127

AST (IU/L) 1.00 (0.99–1.01) 0.538

ALT (IU/L) 1.00 (0.99–1.01) 0.182

Prothrombin time (INR) 1.68 (1.21–2.33) 0.002

CRP (mg/dL) 0.99 (0.91–1.08) 0.815

Sodium (mEq/L) 1.01 (0.96–1.07) 0.673

Creatinine (mg/dL) 1.00 (0.82–1.22) 0.970

Ascites, presence 1.21 (0.29–5.16) 0.792

HE, presence 1.82 (0.68–4.86) 0.231

MELD 1.06 (1.01–1.11) 0.010

CTP score 1.32 (1.08–1.62) 0.006

CLIF-SOFA 1.33 (1.21–1.47) <0.001 1.32 (1.19–1.46) <0.001

Etiology of CLD

Viral, HBV or HCV 1

Alcohol 1.56 (0.37–6.66) 0.547

Viral+alcohol 3.24 (0.45–23.09) 0.241

Others 0.01 (0.01–0.02) 0.985

ACLF, acute on chronic liver failure; HR, hazard ratio; CI, confidence interval; WBC, white blood cell; Hb, hemoglobin; AST, aspartate transaminase; ALT, alanine 
aminotransferase; INR, international ratio; CRP, C-reactive protein; HE, hepatic encephalopathy; MELD, model of end-stage liver disease; CTP, Child-Turcotte-
Pugh; CLIF SOFA, the chronic liver failure-sequential organ failure assessment; CLD, chronic liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus.
*Subjects (n=61), event: death (n=25).
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28- and 90-day mortalities in cirrhotic patients hospitalized with 

variceal bleeding, we compared the predictive performances of 

CLIF-SOFA scores with those of the CTP, MELD, and MELD-Na 

scores (Table 4). As compared to CTP, MELD, and MELD-Na 

scores, the AUROCs estimated for CLIF-SOFA scores for the pre-

diction of 28- and 90-day mortality were higher, respectively, and 

Table 4. Predictive performance of risk prediction models for 28- and 90-day mortality in cirrhotic patients with variceal bleeding

CTP score MELD score MELD-Na score CLIP-SOFA score

Mortality risk at 28 days 

AUROC 0.842 (0.711–0.914) 0.857 (0.783–0.931) 0.828 (0.746–0.909) 0.895 (0.829–0.962)

Optimal cut-off value 8.5 18.5 22.5 6.5

Sensitivity (%) 84.6 (71.8–94.9) 74.4 (61.5–87.2) 69.2 (53.8–84.6) 79.5 (66.7–92.3)

Specificity (%) 69.9 (65.6–74.3) 84.8 (81.4–88.3) 87.1 (83.9–90.1) 87.6 (84.4–90.6)

PPV (%) 20.1 (17.1–23.5) 30.5 (24.8–37.5) 32.6 (25.6–40.2) 36.3 (30.0–44.0)

NPV (%) 98.1 (96.7–99.4) 97.4 (96.0–98.7) 96.9 (95.4–98.4) 97.9 (96.7–99.2)

Mortality risk at 90 days

AUROC 0.846 (0.786–0.906) 0.867 (0.806–0.927) 0.834 (0.764–0.904) 0.897 (0.842–0.951)

Optimal cut-off value 8.5 15.5 22.5 6.5

Sensitivity (%) 82.7 (71.2–92.3) 86.5 (76.9–94.2) 65.4 (53.8–78.8) 76.9 (65.4–86.5)

Specificity (%) 71.6 (66.9–76.3) 74.5 (70.1–78.6) 89.3 (85.9–92.4) 89.6 (86.2–92.7)

PPV (%) 28.3 (24.4–32.7) 31.5 (27.5–36.0) 45.3 (37.2–54.8) 50.6 (42.4–59.2)

NPV (%) 96.8 (94.9–98.6) 97.6 (95.9–99.0) 95.0 (93.3–96.8) 96.7 (95.0–98.1)

Values are presented as number (95% confidence interval).
CTP, Child-Turcotte-Pugh; MELD, model of end-stage liver disease; Na, sodium; CLIF-SOFA, the chronic liver failure-sequential organ failure assessment; 
AUROC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative predictive value.

Figure 3. Areas under the receiver operating curves of the risk prediction models for the 28- and 90-day mortalities in patients with variceal bleeding. 
With regard to the prediction of mortality risk at 28-day (A) and 90-day (B) using the CLIF-SOFA scores, AUROCs were 0.895 (95% CI, 0.829–0.962) and 
0.897 (95% CI, 0.842–0.951), respectively. CLIF-SOFA, chronic liver failure-sequential organ failure assessment; CTP, Child-Turcotte-Pugh; MELD, model of 
end-stage liver disease; Na, sodium; AUROC, areas under receiver operating curves; CI, confidence interval.
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exhibited about 3–7% better discriminatory abilities than those of 

the CTP, MELD, MELD-Na scores (Table 4, Fig. 3). With regard to 

the prediction of mortality risk at 28- and 90-day using CLIF-SOFA 

scores, the AUROCs were 0.895 (95% CI, 0.829–0.962) and 

0.897 (95% CI, 0.842–0.951), respectively, and optimal cut-off 

values were 6.5 and 6.5, respectively (Table 4). Using these opti-

mal cut-off values, patients were dichotomized into two groups 

based on the CLIF-SOFA scores of <7 or ≥7 (Fig. 4). The 28- and 

90-day cumulative OS rates of the patients with CLIF-SOFA scores 

≥7 were found to be significantly lower than those with CLIF-SO-

FA score <7, respectively (P-values for all <0.001) (Fig. 4). In addi-

tion, we also compared the AUROC for the CLIF-SOFA scores for 

the prediction of the 28- and 90-day mortality with those for the 

chronic liver failure consortium (CLIF-C) OF and CLIF-C acute liver 

failure (ALF) scores (Supplementary Fig. 2). The AUROCs of the 

CLIP-SOFA score for predicting the 28- and 90-day mortality were 

higher than those of the CLIF-C OF (0.860 [95% CI, 0.793–0.928] 

and 0.862 [95% CI, 0.784–0.939], respectively) and CLIF-C ALF 

(0.849 [95% CI, 0.787–0.910] and 0.871 [95% CI, 0.799–0.944], 

respectively) (Supplementary Fig. 2).

DISCUSSION 

In this multicenter cohort study, we found that median WBC 

count and CRP level were higher, and median hemoglobin (Hb) 

levels were lower in ACLF patients with variceal bleeding than in 

those without, and the CTP and MELD scores were higher in pa-

tients with ACLF. Furthermore, the cumulative OS rates of the pa-

tients with variceal bleeding were significantly lower in those with 

ACLF, and lower in those with a higher ACLF grade. Multivariable 

analysis showed the CLIF-SOFA score was the only prognostic fac-

tors of short-term mortality in cirrhotic patients with variceal 

bleeding, and that the CLIF-SOFA score was a prognostic factor of 

short-term mortality in ACLF patients with variceal bleeding. In-

terestingly, the CLIF-SOFA score was found to more reliably pre-

dict the 28- and 90-day mortalities, respectively, than the CTP, 

MELD, or MELD-Na scores in cirrhotic patients with variceal 

bleeding. Given there are few studies that provide a role of the 

CLIF-SOFA score influencing mortality of ACLF patients induced 

by variceal bleeding, this study has some strengths. First, this 

study provided the prognostic role of CLIF-SOFA score with regard 

to the short-term mortality in cirrhotic patients with variceal 

bleeding, even in ACLF patients with variceal bleeding. Second, 

this study was conducted in a multi-center, and analyzed a rela-
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Figure 4. Cumulative overall survival rates of patients according to the CLIF-SOFA scores (<7 or ≥7). The 28-day (A) and 90-day (B) cumulative OS rates 
of patients with a CLIF-SOFA score ≥7 were found to be significantly lower than those with a CLIF-SOFA score <7, respectively (P-values for all <0.001). 
CLIF-SOFA, chronic liver failure-sequential organ failure assessment.
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tively large number of cirrhotic patients with variceal bleeding, 

even in ACLF patients.

In the present study, the cumulative 28-day survival rate of the 

patients with ACLF admitted with variceal bleeding was lower 

than that of ‘all cause’ ACLF patients reported in the previous 

study.22 However, our result was similar to that (63.6%) reported 

in another previous study, which evaluated the mortality within 6 

weeks after variceal bleeding in cirrhotic patients with or without 

ACLF.7 These outcomes suggest the prognosis of ACLF patients 

with variceal bleeding may be poorer than that of ACLF patients 

with other causes. In addition, as reported in a previous study,23 

hypoxic hepatitis can occur in patients with variceal bleeding, and 

the 6-week mortality of patients with hypoxic hepatitis was as 

high as 83.3%, which is significantly higher than the 24.6% mor-

tality of patients without hypoxic hepatitis. Interestingly, although 

the data for ischemic hepatitis were not collected in the present 

study, the CLIF-SOFA score, which reflects organ failure, signifi-

cantly predicted the short-term mortality of cirrhotic patients with 

variceal bleeding, even in ACLF patients, which is in-line with the 

results of a previous study,17 and which suggests that bleeding-in-

duced hypovolemic change may have caused the ischemic dam-

age, and promoted multi-organ failure.23-25 In the present study, 

patients with ACLF had significantly lower Hb and albumin levels, 

respectively, than patients without ACLF, but multivariable analy-

sis showed these two factors did not significantly predict short-

term mortality in cirrhotic patients admitted with variceal bleed-

ing, even in ACLF patients. However, at this point, it should be 

considered that these two factors can be corrected by a red blood 

cell transfusion or albumin replacement, suggesting that rapid 

correction of these variables may prevent hypoxic hepatitis or he-

modynamic instability as well as have a good effect on the pa-

tients’ survival. Furthermore, these findings indicate that organ 

failure rather than Hb or albumin levels itself, may have a more 

important effect on the survival of patients with variceal bleeding. 

Therefore, patients with higher CLIF-SOFA scores should be care-

fully managed, and liver transplantation requirements should be 

prepared at an early stage.

This study evaluated the prognostic effects of the ACLF grade 

on the survival outcomes of the cirrhotic patients with variceal 

bleeding, and compared the OS rates of these patients with re-

spect to the ACLF grade. With regard to the short-term progno-

ses, we found that the OS rates of the patients with higher ACLF 

grades were lower than those of the patients with a lower ACLF 

grade or no ACLF. In particular, patients with ACLF grade III 

showed the lowest survivals, and in fact, most with variceal 

bleeding succumbed within 7 days of admission, which suggests 

that these patients should be registered as transplantation recipi-

ents as early as possible. Moreover, these patients need to be 

carefully managed to prevent progression to organ failure and to 

actively correct the reversible factors, such as infections, hemody-

namics, Hb level, and serum creatinine and albumin levels. On the 

other hand, OS rates of the patients with ACLF grade I and pa-

tients without ACLF were not different. This suggests the kidney 

failure in patients of ACLF grade I due to variceal bleeding may be 

of the pre-renal type, resulting from hypovolemia induced by 

blood loss associated with variceal bleeding. Moreover, fluid re-

suscitation or red blood cell transfusion may recover these pa-

tients from transient renal failure.26 Patients with ACLF grade II 

showed poorer survival rate than those with ACLF grade I on the 

graph (Fig. 2C), but only a trend toward statistical differences was 

noted (P=0.087). This lack of significance may have been caused 

by the small number of patients with ACLF grade II. Nevertheless, 

as the follow-up duration increased, this difference achieved sta-

tistical significance (Fig. 2D). Therefore, ACLF grading based on 

the EASL-CLIF consortium may assist in treatment decision mak-

ing in cirrhotic patients admitted with variceal bleeding.

In recent systemic reviews and a meta-analysis, the CTP and 

MELD scores were found to produce similar prognostic values in 

patients with LC.27 On the other hand, when extrahepatic organ 

dysfunction began to develop, the extent of organ dysfunction 

was probably more important for the prognosis of ACLF patients 

than the severity of liver disease.28-30 In another study, it was re-

ported that a high HVPG (≥20 mmHg) importantly predicted re-

bleeding and a poor prognosis in patients with variceal bleed-

ing.8,31,32 However, HVPG measurements involve a relatively 

invasive procedure, and thus, cannot be used routinely in patients 

with variceal bleeding. Therefore, a straightforward, non-invasive 

means of accurately predicting the prognosis of ACLF patients is 

required. Interestingly, the CLIF-SOFA score predicted 28- and 90-

day mortalities well in ACLF patients hospitalized with variceal 

bleeding. This suggests that active treatment may be needed to 

improve the prognosis of such patients with a CLIF-SOFA score of 

≥7. The CLIF-SOFA score should be sequentially observed to pre-

dict the prognosis of patients with variceal bleeding.

In this study, the WBC count and CRP levels were elevated more 

in patients with ACLF than in those without. However, the infec-

tion incidence rate was relatively low in the patients admitted 

with variceal bleeding, and no significant difference was observed 

between the patients with or without ACLF. In a previous study, it 

was reported neutrophil dysfunction with elevated WBC and re-
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duced phagocytic activity was associated with increased rates of 

infection, organ failure, and mortality in patients with cirrhosis.33 

Furthermore, pro-inflammatory cytokines are known to influence 

the development of ACLF34,35 by promoting the development of 

multiple organ failure via progressive vasodilatory shock. There-

fore, an increase in the WBC counts or CRP levels without evi-

dence of infection may be related to the development of ACLF due 

to increased pro-inflammatory cytokines production.35 However, 

further studies will be needed to elucidate the mechanism respon-

sible for the WBC and CRP elevations in the context of the devel-

opment of ACLF in patients with variceal bleeding.

The present study has some limitations that warrant consider-

ation. First, this study is inherently limited because it was based 

on a cohort of retrospective the Korean Acute-on-Chronic Liver 

Failure (KACLiF) studies. Although the KACLiF study group at-

tempted to register as many patients with acute exacerbations of 

cirrhosis as possible, selection bias cannot be ruled out complete-

ly. Moreover, detailed clinical information about the bleeding fo-

cus (esophageal vs. gastric varix), bleeding prophylaxis before ad-

mission, pre-emptive transjugular intrahepatic portosystemic 

shunt, technical problems (exact time to endoscopic therapy, en-

doscopist’s skill, treatment modality, re-bleeding rate, and avail-

ability of alternative treatments after the failure of initial hemo-

stasis), and the transfusion volume could not be obtained. This 

limitation should be overcome by a prospective study. Second, 

this study evaluated relatively short-term mortality rates, and 

thus, was not able to provide information on long-term progno-

ses. However, if ACLF patients overcome well the acute phase, 

they can remain stable in the long term. Gustot et al.36 reported 

that the 90- and 180-day mortalities of ACLF patients are not dif-

ferent, and another study reported that >50% of deaths occurred 

within 100 days.13 Thus, we would argue prognostic analysis be-

yond 90 days in ACLF patients is probably not clinically relevant. 

Third, the number of ACLF patients included in the present study 

was relatively small. However, in view of recent developments 

made in emergency endoscopic treatment, radiologic interven-

tions, pharmacological drugs, or active intensive care unit man-

agement strategies related to the treatment of variceal bleeding, 

the incidence of ACLF in cirrhotic patients due to variceal bleeding 

is likely to decrease despite the large number of patients in-

volved.37 Therefore, the clinical significance of the present study is 

that the CLIF-SOFA score might helpfully be used to predict the 

prognoses of variceal bleeding patients, even of patients with 

ACLF. Nonetheless, further study is required to validate these 

findings.

In conclusion, the development of ACLF in cirrhotic patients 

hospitalized with variceal bleeding was associated with a poor 

prognosis. Notably, higher CLIF-SOFA scores were associated with 

a poorer prognosis, and the optimal CLIF-SOFA cut-off score for 

predicting mortality risk at 28-days was 6.5. Furthermore, the 

CLIF-SOFA scores were found to more accurately predict 28- and 

90-day mortalities for cirrhotic patients with variceal bleeding, re-

spectively, than CTP, MELD, or MELD-Na scores. These findings 

provide useful information regarding the early prediction of sur-

vival among cirrhotic patients hospitalized with variceal bleeding, 

and for deciding whether the patients should be registered early 

as potential transplant recipients. However, to validate the out-

comes of this study, we are currently compiling a large-scaled 

prospective cohort.
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