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Graphical Abstract

Study Highlights
• CLIF-SOFA is a simple tool used to predict organ dysfunction in cirrhotic patients with infection.

• Compared to Sepsis-3 and qSOFA score, CLIF-SOFA score is better at predicting in-hospital mortality of cirrhotic patients 
with infection.

• Higher CLIF-SOFA score is associated with higher in-hospital mortality in cirrhotic patients with infection. 
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INTRODUCTION

Patients with liver cirrhosis are at a high risk of developing 
bacterial infections and sepsis,1,2 and have a four-fold increase 
in mortality compared to patients without infection.3 Conse-

quently, it is critical to accurately diagnose sepsis and stratify 
its mortality risk. A panel of experts has recently revised the 
consensus definitions for sepsis and septic shock (Sepsis-3) in 
the general population, focusing on organ dysfunction rather 
than systemic inflammation.4 According to the Sepsis-3 crite-

Background/Aims: Sepsis-3 criteria and quick Sequential Organ Failure Assessment (qSOFA) have been advocated 
to be used in defining sepsis in the general population. We aimed to compare the Sepsis-3 criteria and Chronic Liver 
Failure-SOFA (CLIF-SOFA) scores as predictors of in-hospital mortality in cirrhotic patients admitted to the emergency 
department (ED) for infections.
Methods: A total of 1,622 cirrhosis patients admitted at the ED for infections were assessed retrospectively. We analyzed 
their demographic, laboratory, and microbiological data upon diagnosis of the infection. The primary endpoint was in-
hospital mortality rate. The predictive performances of baseline CLIF-SOFA, Sepsis-3, and qSOFA scores for in-hospital 
mortality were evaluated.
Results: The CLIF-SOFA score proved to be significantly better in predicting in-hospital mortality (area under the receiver 
operating characteristic curve [AUROC], 0.80; 95% confidence interval [CI], 0.78–0.82) than the Sepsis-3 (AUROC, 0.75; 
95% CI, 0.72–0.77, P<0.001) and qSOFA (AUROC, 0.67; 95% CI, 0.64–0.70; P<0.001) score. The CLIF-SOFA, CLIF-C-AD scores, 
Sepsis-3 criteria, septic shock, and qSOFA positivity were significantly associated with in-hospital mortality (adjusted 
hazard ratio [aHR], 1.24; 95% CI, 1.19–1.28; aHR, 1.13; 95% CI, 1.09–1.17; aHR, 1.19; 95% CI, 1.15–1.24; aHR, 1.88; 95% CI, 
1.42–2.48; aHR, 2.06; 95% CI, 1.55–2.72; respectively; all P<0.001). For CLIF-SOFA scores ≥6, in-hospital mortality was 
>10%; this is the cutoff point for the definition of sepsis.
Conclusions: Among cirrhosis patients presenting with infections at the ED, CLIF-SOFA scores showed a better predictive 
performance for mortality than both Sepsis-3 criteria and qSOFA scores, and can be a useful tool of risk stratification in 
cirrhotic patients requiring timely intervention for infection. (Clin Mol Hepatol 2022;28:540-552)
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ria, sepsis is defined as an acute change (≥2 points) in the Se-
quential Organ Failure Assessment (SOFA) score, which is sig-
nificantly associated with an in-hospital mortality rate 
greater than 10%.4 In addition, the quick SOFA (qSOFA) score 
has been proposed as a simple bedside check for infection in 
adult patients with poor expected outcomes.5 Both ap-
proaches have been validated within and outside intensive 
care units (ICUs) in the general population on a large-scale; 
however, they do not focus on cirrhosis patients.4,6,7 Further-
more, the scores have neither been validated nor studied 
specifically in the emergency department (ED). For the Sep-
sis-3 criteria to be globally endorsed, external validation is 
essential in cirrhosis patients visiting the ED for infections.

To apply the Sepsis-3 criteria to define sepsis, baseline 
SOFA scores before infection are required. If information on 
the patient’s baseline SOFA scores are unavailable, a default 
score of 0 is attributed when they present at the ED for infec-
tion. Such assumptions may be wrong in cirrhosis patients 
since most of these patients would have at least a baseline 
score of 1 (not 0) due to low platelet counts, high bilirubin 
levels, or some degrees of hepatic encephalopathy.

To date, the Chronic Liver Failure-SOFA (CLIF-SOFA) score 
has been used and validated in cirrhosis patients. It helps to 
diagnose acute-on-chronic liver failure (ACLF) and to assess 
the prognosis.8-15 Since the CLIF-SOFA score focuses on organ 
dysfunction, and infection is directly implicated in ACLF, this 
score may be useful in defining sepsis in cirrhosis patients. 
Besides, the CLIF-SOFA score is easily applicable and does not 
require baseline SOFA scores. However, the CLIF-SOFA score 
has yet to be assessed alongside the Sepsis-3 and qSOFA 
scores in a large cohort of cirrhosis patients who visit the ED 
for infections. The main purpose of this study was to assess 
the external validity of the Sepsis-3 criteria in cirrhosis pa-
tients presenting to the ED. Furthermore, we aimed to com-
pare the predictive performances of the Sepsis-3 and CLIF-
SOFA scores in predicting in-hospital mortality, and evaluate 
whether there is a significant association between the CLIF-
SOFA score and in-hospital mortality in this population. 

MATERIALS AND METHODS

Study population

For this retrospective analysis of a multicenter cohort, we 

assessed 1,622 consecutive cirrhosis patients with bacterial 
or fungal infections who visited the ED of four tertiary hospi-
tals (Kangwon National University Hospital, Gangneung Asan 
Hospital, Wonju Severance Christian Hospital, and Chun-
cheon Sacred Heart Hospital) between January 2010 and De-
cember 2018. The inclusion criteria were as follows: (1) diag-
nostic features of cirrhosis including platelet count <150,000/mL, 
ultrasound features of cirrhosis (i.e., blunt liver edges and 
nodularity, with splenomegaly [>12 cm]), clinical signs of por-
tal hypertension (ascites, esophageal or gastric varices), and 
hepatic encephalopathy;16 (2) diagnosis of bacterial and/or 
fungal infection at the ED visit (detailed definitions of bacte-
rial infections are shown in Supplementary Methods 1); (3) 
empirical initiation of antibiotics, and culture studies ob-
tained at EDs for bacterial and/or fungal infections; (4) age 
≥18 years; and (5) main reason for consultation being infec-
tion. We excluded the following: (1) patients aged <18 years; 
(2) patients who did not receive standard care based on the 
guidelines17 (such as inappropriate antibiotics or no culture 
study); (3) patients who received prophylactic antibiotics; and 
(4) patients who were lost to follow-up (those for whom we 
were unable to assess mortality). Regarding the in-hospital 
mortality, we used medical records to confirm the date of 
death in each hospital. Regarding the mortality after hospital 
discharge, we used mortality data from the Korean National 
Health Insurance Service database, which covers the entire 
Korean population and provides information on the vital sta-
tus of patients. Patient transfers (ward vs. ICU) were deter-
mined by the attending physicians based on the severity of 
organ dysfunction. The study protocol complied with the 
ethical guidelines of the World Medical Association Declara-
tion of Helsinki, and was approved by the Institutional Re-
view Boards of the participating hospitals.

Management of infection

Bacterial/fungal infections were characterized as commu-
nity-acquired (CA) or healthcare-associated (HCA), as previ-
ously shown.18 Once appropriate cultures were obtained, em-
piric antibiotic treatment was initiated based on the available 
international recommendations17,19,20 and local epidemiologi-
cal factors (high prevalence of resistance to quinolones, ex-
tended spectrum beta-lactamase-producing Enterobacteria-
ceae and Enterococci). In the event of positive cultures, 
antibiotic regimens were adjusted to align with the suscepti-
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bility testing. Septic shock resuscitation required the use of 
plasma expanders and vasopressors.

Endpoints and definitions

The primary endpoint was the in-hospital mortality rate. 
The secondary endpoints were the mortality rates at 1 and 3 
months. We also evaluated whether the CLIF-SOFA score was 
an independent risk factor associated with in-hospital mor-
tality. Index dates were the dates of initial patient presenta-
tion at the EDs with infection. Detailed definitions of bacterial 
infections are summarized in the Supplementary Methods 1, 
2.17,21-24 Since the Sepsis-3 criteria defines sepsis in patients 
with infection when the in-hospital mortality rates are great-
er than 10% and septic shock is defined when in-hospital 
mortality rates are greater than 40%,5 we assessed the Sep-
sis-3 and CLIF-SOFA scores to evaluate the two cut-off values 
of in-hospital mortality rates (>10% for sepsis and >40% for 
septic shock) in cirrhosis patients with infections. The CLIF-
SOFA scores and ACLF grading were calculated using the Eu-
ropean Association for the Study of the Liver-Chronic Liver 
Failure Consortium.8 The definitions of the Sepsis-3 criteria 
and qSOFA are explained in Supplementary Methods 2.5 For 
patients who acquired second infections, and/or for new ad-
missions for infections during the study period, only the first 
episode of infection qualified for the analysis.

Statistical analysis 

Numerical data were expressed as median (or mean) with 
interquartile range (or standard deviation), and categorical 
data as number (%). To compare the parameters, Student’s t-
test or Mann-Whitney’s U test was used as needed for con-
tinuous variables, and chi-squared test was applied for cate-
gorical variables. Univariate and multivariate Cox regression 
analyses were performed to assess significant associations 
between the models and in-hospital mortality.

We assessed the performances of the CLIF-SOFA, Sepsis-3, 
and qSOFA scores as predictors of in-hospital, 1-month, and 
3-month mortalities. Discrimination and calibration mea-
sures were also examined to assess the predictive perfor-
mances of the models. Accuracy in predicting mortality was 
evaluated using the area under the receiver operating char-
acteristic (AUROC) curve at each point in time (such as at hos-
pital discharge, 1 month, and 3 months). The AUROC curves 

were then compared using the DeLong method to assess the 
association of each prognostic model with in-hospital mor-
tality.25 We included all variables of the baseline characteris-
tics for univariable and multivariable analyses of in-hospital 
mortality. To avoid multicollinearity between variables and 
prognostic models, variables such as age, respiratory rate, 
body temperature, ACLF grade, median model for end-stage 
liver disease (MELD) score, Child-Pugh score, serum total bili-
rubin levels, serum creatinine levels, and platelet counts, in-
cluded in each prognostic model were excluded from multi-
variable analyses of in-hospital mortality. Furthermore, it was 
difficult to perform multivariable analyses for all prognostic 
models simultaneously, since the models shared similar vari-
ables. Thus, we separately performed multivariable analyses 
of each prognostic model for in-hospital mortality. The Hos-
mer-Lemeshow goodness-of-fit test was used to assess cali-
brations of the CLIF-SOFA score, measuring the differences 
between the expected and observed outcomes (in-hospital 
mortality) over deciles of risk.26 To define the optimal cut-off 
values for maximizing sensitivity and specificity, Youden’s in-
dex method was used.27 Kaplan-Meier curves served as esti-
mates of survival in each risk group according to the scores. 
The locally weighted scatterplot smoothing curve method 
was used to fit a smooth curve between two variables (CLIF-
SOFA or Sepsis-3 score and in-hospital mortality; span =0.80).28 
All tests were two-tailed and powered by a standard soft-
ware (R freeware v3.3.3; R Foundation for Statistical Comput-
ing, Vienna, Austria), with statistical significance set at P<0.05.

RESULTS

Baseline characteristics 

A total of 1,622 cirrhosis patients who presented to the ED 
for bacterial or fungal infections were enrolled; men were 
predominant (74.1%). The baseline characteristics of the 
study population are shown in Table 1. The mean age was 60 
years. The causes of cirrhosis were primarily alcohol-related, 
followed by hepatitis B virus infection; and 37.1% of the pa-
tients had ACLF. The median MELD, SOFA, and CLIF-SOFA 
scores were 15, 4, and 5, respectively. Baseline SOFA scores 
were available for 1,316 patients (81.1%), and the median 
score was 2 (interquartile range [IQR], 1–4). The median se-
rum albumin level was 2.9 g/dL, and the median platelet 
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Table 1. Baseline characteristics

Variable
Total population 

(n=1,622)
In-hospital mortality 

(-) (n=1,378)
In-hospital mortality 

(+) (n=244)
P-value‡

Age (years) 60±13 60±13 62±14 0.04
Gender, male 1,202 (74.1) 1,012 (73.4) 190 (77.9) 0.15
Etiology of cirrhosis 0.40

Alcohol 949 (58.5) 809 (58.7) 140 (57.4)
HBV 338 (20.8) 294 (18.1) 44 (18.0)
HCV 91 (5.6) 74 (5.4) 17 (7.0)
NAFLD 218 (13.4) 181 (13.1) 37 (15.2)
Others* 26 (1.6) 20 (1.5) 6 (2.5)

Diabetes 491 (30.3) 429 (31.1) 62 (25.4) 0.08
Body mass index (kg/m2) 22.8 (20.6–25.4) 22.9 (20.6–25.4) 22.3 (20.4–25.0) 0.21
Mean arterial pressure (mmHg) 87 (74–101) 89 (76–102) 79 (65–94) <0.001
Heart rate (beat/minute) 95 (81–111) 94 (80–110) 100 (84–116) 0.002
Body temperature (℃) 36.8 (36.2–37.5) 36.8 (36.3–37.5) 36.5 (35.9–37.2) <0.001
Respiratory rate (breath/min) 20 (18–20) 20 (18–20) 20 (19–22) <0.001
Ascites 734 (45.3) 607 (44.0) 127 (52.0) 0.02
Hepatic encephalopathy 330 (20.3) 239 (17.3) 91 (37.3) <0.001
ACLF 601 (37.1) 411 (29.8) 190 (77.9) <0.001
ACLF grade†  <0.001

No ACLF 1,021 (62.9) 967 (70.2) 54 (22.1)
Grade 1 401 (24.7) 314 (22.8) 87 (35.7)
Grade 2 132 (8.1) 76 (5.5) 56 (23.0)
Grade 3 68 (4.2) 21 (1.5) 47 (19.3)

INR 1.4 (1.2–1.6) 1.3 (1.2–1.6) 1.7 (1.4–2.3) <0.001
Total bilirubin (mg/dL) 2.1 (1.1–4.3) 1.9 (1.0–3.8) 3.8 (1.8–8.6) <0.001
Albumin (g/dL) 2.9 (2.5–3.4) 3.0 (2.6–3.5) 2.4 (2.0–2.9) <0.001
Creatinine (mg/dL) 1.0 (0.8–1.6) 1.0 (0.7–1.4) 1.8 (1.0–2.9) <0.001
Sodium (mEq/L) 136 (131–139) 136 (132–139) 134 (128–138) <0.001
Platelet (×109/L) 103 (69–159) 104 (69–158) 92 (60–160) 0.04
Leukocyte (×109/L) 8.0 (5.5–12.0) 7.8 (5.4–11.3) 10.0 (6.0–14.7) <0.001
C-reactive protein (mg/L) 23 (8–73) 20 (8–68) 47 (13–106) <0.001
MELD score 15 (11–21) 14 (11–19) 23 (18–31) <0.001
Child-Pugh score 8 (6–9) 7 (6–9) 9 (8–11) <0.001
SOFA score before ER visit§ 2 (1–4) 1 (1–4) 2 (1–4) 0.006
SOFA score 4 (3–6) 4 (2–6) 7 (5–11) <0.001
Sepsis-3 criteria (increase in SOFA ≥2) 1,160 (71.5) 945 (68.6) 215 (88.1) <0.001
qSOFA ≥2 231 (14.2) 146 (10.6) 85 (34.8) <0.001
CLIF-SOFA score† 5 (3–7) 4 (3–6) 9 (6–12) <0.001
CLIF-C-AD score† 56.1 (50.0–63.6) 54.9 (49.3–61.6) 64.9 (57.1–73.1) <0.001

Values are presented as mean±standard deviation, median (interquartile range), or number (%).
HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, nonalcoholic fatty liver disease; ACLF, acute-on-chronic liver failure; INR, international 
normalized ratio for prothrombin time; MELD, model for end-stage liver disease; SOFA, Sequential Organ Failure Assessment; ER, 
emergency room; qSOFA, quick Sequential Organ Failure Assessment; CLIF-SOFA, Chronic Liver Failure-Sequential Organ Failure 
Assessment; CLIF-C-AD, Chronic Liver Failure Consortium Acute Decompensation score.
*Others included the causes of autoimmune hepatitis, primary biliary cholangitis, and cryptogenic cirrhosis.
†ACLF defined according to the European Association for the Study of the Liver-Chronic Liver Failure Consortium (EASL-CLIF).
‡P-values estimated by chi-squared test or Fisher’s exact test for categorical variables, and by Mann-Whitney U test or Kruskal-Wallis test 
for continuous variables: a comparison of baseline characteristics of survivors versus non-survivors.
§Available in 1,316 patients.
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count was 103×109/L. Increased C-reactive protein (CRP) lev-
els were evident in most patients (median, 23 mg/L [upper 
normal value, 5 mg/L]).

During hospital stay, we recorded significantly lower mean 
arterial pressures and platelet counts in patients who died 
than in survivors. Patients who died during hospital stay 
were also more prone to have ascites and hepatic encepha-
lopathy, as well as higher ACLF grades, heart rates, blood leu-
cocyte counts, serum CRP level, MELD, Child-Pugh, SOFA, and 
CLIF-SOFA scores, compared to the survivors (Table 1). 

The median time from the baseline SOFA score to the onset 
of bacterial infection (ED visit) was 85 days (IQR, 40–168 
days). Sepsis, as defined by the Sepsis-3 criteria, was signifi-
cantly more common in patients without (272 of 306 pa-
tients) than in those with (888 of 1,316 patients) baseline 
SOFA scores (88.9% vs. 67.5%; P<0.001). It was also more 
common in patients with (236 of 260 patients) than in those 
without (924 of 1,362 patients) qSOFA positivity (90.8% vs. 
67.8%; P<0.001).

Characteristics of bacterial infections

Bacterial infections were CA in 1,466 patients (90.4%) and 
HCA in 156 patients (9.6%). The most common site of bacteri-
al infection was the abdomen (61.3%), followed by the lungs 
(15.2%), urinary tract (11.8%), and skin or soft tissues (4.3%) 
(Table 2). At least one microbial culture was positive in 399 
patients (24.6%), showing either gram-negative (72.2%) or 
gram-positive (27.3%) bacteria. The most common isolate 
was Escherichia coli (42.6%), followed by Klebsiella pneumoni-
ae (16.5%) and Staphylococcus aureus (12.3%). Ninety-nine 
patients (24.8%) harbored infections due to multidrug-resis-
tant (MDR) bacteria, and only 0.5% experienced fungal infec-
tions (Aspergillus and Candida species).

At the time of diagnosis of the infection, 231 patients 
(14.2%) showed qSOFA positivity. According to the Sepsis-3 
criteria, 1,160 patients (71.5%) had sepsis and 87 (5.4%) had 
septic shock. When defining sepsis as 10% in-hospital mor-
tality according to current guidelines (patients with CLIF-SO-
FA scores ≥6 in this study),5 663 patients (40.9%) had an in-
hospital mortality >10%. 

Table 2. Clinical and microbiological characteristics of bacterial in-
fections

Variable Value (n=1,622)

Site of infection

Abdominal 994 (61.3)

Pulmonary 247 (15.2)

Urinary tract 192 (11.8)

Skin and soft tissue 70 (4.3)

Catheter-related 5 (0.3)

Others 114 (7.0)

Type of infection

Community-acquired 1,466 (90.4)

Healthcare-associated 156 (9.6)

Positive qSOFA score 231 (14.2)

Sepsis according to Sepsis-3 criteria 1,160 (71.5)

Septic shock 87 (5.4)

Sepsis* according to in-hospital mortality of 10% 663 (40.9)

MELD score 19 (13–26)

Positive microbiological cultures 399 (24.6)

Type of strains isolated

Gram-positive 109 (27.3)

Gram-negative 288 (72.2)

Fungi 2 (0.5)

Type of bacteria isolated

Escherichia coli 170 (42.6)

Klebsiella pneumoniae 66 (16.5)

Enterococcus faecium 3 (0.8)

Enterococcus faecalis 13 (3.3)

Staphylococcus aureus 49 (12.3)

Pseudomonas aeruginosa 10 (2.5)

Other Enterobacteriaceae 10 (2.5)

Other Streptococci 39 (9.8)

Multimicrobial 16 (4.0)

Others 26 (6.5)

Multidrug-resistant bacteria 99 (24.8)

Values are presented as median (interquartile range) or number (%).
qSOFA, quick Sequential Organ Failure Assessment; MELD, model 
for end-stage liver disease; CLIF-SOFA, Chronic Liver Failure-
Sequential Organ Failure Assessment.
*Sepsis was defined when in-hospital mortality rates were greater 
than 10%, not based on the Sepsis-3 criteria. CLIF-SOFA score was 
6 when in-hospital mortality rates were greater than 10%.
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Predictive performances of the Sepsis-3, 
qSOFA, and CLIF-SOFA scores for in-hospital, 
1-month, and 3-month mortalities 

During in-hospital stay (median, 8 days; IQR, 5–15 days), the 
in-hospital mortality rate was 15.0% (244 of 1,622 patients). 
The median duration of follow-up for the study period (in-
hospital duration + duration of follow-up after discharge) 

was 11.2 months (IQR, 2.7–27.9 months). One-month and 
3-month mortality rates were 17.0% (n=275) and 25.2% 
(n=408), respectively. The AUROCs of the Sepsis-3, qSOFA, 
and CLIF-SOFA scores as predictors of in-hospital, 1-month, 
and 3-month mortalities are shown in Table 3 and Fig. 1. The 
CLIF-SOFA score (AUROC, 0.80; 95% CI, 0.78–0.82) was a bet-
ter predictor of in-hospital mortality than the Sepsis-3 (AU-
ROC, 0.75; 95% CI, 0.72–0.77; P<0.001) and qSOFA (AUROC, 

Table 3. Comparison of predictive performance for mortality (n=1,622)

Prediction model AUROC (95% CI) P-value* Sensitivity (%) Specificity (%)

In-hospital mortality

CLIF-SOFA (cut-off=6) 0.80 (0.78–0.82) Reference 66.0 78.7

Sepsis-3 (cut-off=2) 0.75 (0.72–0.77) <0.001 64.2 74.8

qSOFA (cut-off=2) 0.67 (0.64–0.70) <0.001 39.6 86.7

Static SOFA (cut-off=3) 0.78 (0.74–0.71) <0.001 69.7 73.6

1-month mortality

CLIF-SOFA (cut-off=6) 0.77 (0.75–0.80) Reference 61.3 78.8

Sepsis-3 (cut-off=2) 0.69 (0.66–0.71) <0.001 57.1 74.1

qSOFA (cut-off=2) 0.63 (0.61–0.66) <0.001 71.3 48.2

Static SOFA (cut-off=3) 0.75 (0.72–0.79) <0.001 65.5 73.7

3-month mortality

CLIF-SOFA (cut-off=6) 0.75 (0.72–0.77) Reference 66.1 69.9

Sepsis-3 (cut-off=2) 0.66 (0.63–0.69) <0.001 51.6 75.8

qSOFA (cut-off=2) 0.60 (0.57–0.63) <0.001 66.4 48.6

Static SOFA (cut-off=3) 0.71 (0.68–0.74) <0.001 57.6 75.4

AUROC, area under the receiver operating characteristics; CI, confidence interval; CLIF-SOFA, Chronic Liver Failure-Sequential Organ Failure 
Assessment; qSOFA, quick Sequential Organ Failure Assessment; SOFA, Sequential Organ Failure Assessment.
*P-values estimated by the Delong test.
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Figure 1. Receiver operating characteristic curve for the CLIF-SOFA scores, Sepsis-3, and qSOFA as predictors of (A) in-hospital mortality; (B) 
1-month mortality; and (C) 3-month mortality, CLIF-SOFA significantly surpassing all other methods at all time-points (P<0.001 by the DeLong 
test) in patients with cirrhosis and infection CLIF-SOFA, Chronic Liver Failure-Sequential Organ Failure Assessment; qSOFA, quick Sequential Or-
gan Failure Assessment.
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0.67; 95% CI, 0.64–0.70; P<0.001) scores (Fig. 1A). Likewise, re-
garding 1-month mortality, the CLIF-SOFA score (AUROC, 
0.77; 95% CI, 0.75–0.80) performed significantly better than 
did the Sepsis-3 (AUROC, 0.69; 95% CI, 0.66–0.71; P<0.001) 
and qSOFA (AUROC, 0.63; 95% CI, 0.61–0.66; P<0.001) scores 
(Fig. 1B). The predictive performance of the CLIF-SOFA scores 
for 3-month mortality was also better than that of the Sep-
sis-3 and qSOFA scores (all P<0.001; Fig. 1C). The predictive 
performances of the CLIF-SOFA score for in-hospital, 
1-month, and 3-month mortality were significantly higher 
than those of the static SOFA score at the time of diagnosis of 
the infection (Table 3, P<0.001). The predictive performance 
of the CLIF-SOFA for in-hospital mortality (AUROC, 0.80; 95% 
CI, 0.78–0.82) was also significantly better than those of the 
CLIF-C ACLF (AUROC, 0.77; 95% CI, 0.75–0.79; P=0.01) and 
CLIF-C-AD (AUROC, 0.74; 95% CI, 0.72–0.76; P<0.001) scores. 
Therefore, the CLIF-SOFA scores had the highest performance 
for predicting the in-hospital, 1-month, and 3-month mortal-
ities when compared to the Sepsis-3 and qSOFA scores. Re-

garding the calibration of the CLIF-SOFA score, the probabili-
ties of in-hospital, 1-month, and 3-months mortalities 
predicted by the CLIF-SOFA scores were not significantly dif-
ferent from the observed mortality rates (P=0.28 for in-hos-
pital mortality [Supplementary Fig. 1]; P=0.23 for 1-month 
mortality, and P=0.81 for 3-month mortality).

Based on the CLIF-SOFA score, Sepsis-3 criteria, and qSOFA 
positivity, the in-hospital mortality rates of patients were 
29.5%, 18.5%, and 35.5%, respectively (Table 4). The CLIF-SO-
FA score showed a significant linear relationship with in-hos-
pital mortality (r=0.97; 95% CI, 0.94–0.99; P<0.001) (Fig. 2A). 
According to the Sepsis-3 criteria, in-hospital mortality rates 
for sepsis and septic shock were 10% and 40% respectively,5 
whereas the CLIF-SOFA cut-off values were 6 for sepsis and 
10 for septic shock (Fig. 2A). Although the Sepsis-3 criteria 
were significantly correlated with in-hospital mortality 
(r=0.90, 95% CI, 0.78–0.96; P<0.001), the observed relation-
ship was not linear (Fig. 2B). The cut-off SOFA score was 4 for 
in-hospital mortality of >10% (sepsis) and 9 for in-hospital 

Table 4. Mortality rates according to CLIF-SOFA, Sepsis-3 criteria, and qSOFA

Prognostic model In-hospital mortality 1-month mortality 3-month mortality

CLIF-SOFA 202 (29.5) 219 (32.0) 290 (42.3)

Sepsis-3 criteria 215 (18.5) 240 (20.7) 345 (29.7)

qSOFA 85 (35.5) 93 (40.3) 104 (45.0)

Values are presented as number (%).
CLIF-SOFA, Chronic Liver Failure-Sequential Organ Failure Assessment; qSOFA, quick Sequential Organ Failure Assessment.
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Figure 2. Correlation of (A) CLIF-SOFA scores and (B) Sepsis-3 scores with in-hospital mortality in patients with cirrhosis and infection. Given 
that the in-hospital mortality rate was 10% for diagnosis of sepsis and 40% for diagnosis of septic shock according to the definition of sepsis, 
the cut-off point of CLIF-SOFA score was 6 for sepsis and 10 for septic shock. The cut-off point of SOFA score was 4 for sepsis and 9 for septic 
shock. CLIF-SOFA, Chronic Liver Failure-Sequential Organ Failure Assessment; SOFA, Sequential Organ Failure Assessment.
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mortality of >40% (septic shock).
In multivariable Cox regression analyses, the CLIF-SOFA 

score, CLIF-C-AD score, Sepsis-3 criteria, septic shock, and 
qSOFA positivity were significantly associated with in-hospi-
tal mortality (adjusted hazard ratio [aHR], 1.24; 95% CI, 1.19–
1.28; aHR, 1.13; 95% CI, 1.09–1.17; aHR, 1.19; 95% CI, 1.15–1.24; 
aHR, 1.88; 95% CI, 1.42–2.48; aHR, 2.06; 95% CI, 1.55–2.72; re-
spectively, all P<0.001; Supplementary Tables 1-5).

Predictive performances of Sepsis-3, qSOFA, 
and CLIF-SOFA scores in patients who had 
positive cultures

Among patients who had positive culture studies (n=399), 
the CLIF-SOFA score was a better predictor of in-hospital 
mortality (AUROC, 0.82; 95% CI, 0.77–0.86) compared to the 
Sepsis-3 (AUROC, 0.75; 95% CI, 0.70–0.80; P=0.003) and qSO-
FA (AUROC, 0.65; 95% CI, 0.60–0.71; P<0.001; Supplementary 
Table 6) scores. Regarding the 1-month mortality, the CLIF-
SOFA score (AUROC, 0.81; 95% CI, 0.76–0.86) significantly 
outperformed the Sepsis-3 (AUROC, 0.75; 95% CI, 0.70–0.80; 
P=0.01) and qSOFA (AUROC, 0.67; 95% CI, 0.61–0.72; P<0.001) 
scores. The predictive performance of CLIF-SOFA scores for 
3-month mortality (AUROC, 0.78; 95% CI, 0.72–0.82) was also 
better than that of the Sepsis-3 (AUROC, 0.72; 95% CI, 0.66–
0.77; P=0.01) and qSOFA (AUROC, 0.64; 95% CI, 0.58–0.70; 
P<0.001) scores. Therefore, in patients with confirmed infec-
tions on culture studies, the CLIF-SOFA scores had the high-
est performance for predicting the in-hospital, 1-month, and 

3-month mortalities compared to the Sepsis-3 and qSOFA 
scores. 

Risk stratification of survival according to the 
Sepsis-3, septic shock, and CLIF-SOFA scores

The cumulative 28-day mortality differed significantly with 
respect to the Sepsis-3 criteria as follows: absence of sepsis 
(7.6%, 35 out of 462 patients), positive Sepsis-3 criteria (17.6%, 
186 out of 1,055 patients), and septic shock (51.4%, 54 out of 
105 patients; all P<0.001 using the log-rank test) (Fig. 3A). 
Compared to patients without sepsis, the in-hospital mortali-
ty risk was significantly higher in patients with septic shock 
(HR, 8.18; 95% CI, 5.22–12.83; P<0.001) and those with posi-
tive Sepsis-3 criteria (HR, 2.14; 95% CI, 1.44–3.17; P<0.001).

Based on the CLIF-SOFA scores, the cumulative 28-day 
mortality differed significantly for scores <6 (6.0%, 56 out of 
937 patients), scores ≥6 but <10 (23.3%, 115 out of 493 pa-
tients), and scores ≥10 (54.2%, 104 out of 192 patients; all 
P<0.001 by using the log-rank test) (Fig. 3B). In-hospital mor-
tality risk was significantly greater at CLIF-SOFA scores ≥6 but 
<10 (HR, 3.53; 95% CI, 2.44–5.09; P<0.001) and at scores ≥10 
(HR, 10.98; 95% CI, 7.67–15.70; P<0.001), when compared to 
scores <6.

DISCUSSION 

Accurate diagnosis and prognostication of sepsis in the ED 
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Figure 3. Kaplan-Meier estimate of 28-day survival in patients with cirrhosis and infection: (A) significantly lower survival in the presence of 
septic shock or sepsis based on Sepsis-3 criteria compared to the absence of sepsis; and (B) significantly lower survival at CLIF-SOFA scores ≥6 
but <10 or CLIF-SOFA scores ≥10 compared to CLIF-SOFA scores <6. CLIF-SOFA, Chronic Liver Failure-Sequential Organ Failure Assessment.
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are important for timely management of cirrhosis patients 
with bacterial infections. In this study, we found that the Sep-
sis-3 criteria in cirrhosis patients who visited the ED for infec-
tions had limitations with respect to acute diagnosis of sepsis 
and risk stratification. When applying the Sepsis-3 criteria in 
these patients, the prevalence of sepsis was quite high (71.5% 
of our study cohort). The high prevalence of “sepsis” in this 
study was in line with the results of previous studies.29,30 The 
proportion of patients who met the Sepsis-3 criteria and died 
during hospital stay was 18.5% (215 out of 1,160 patients), 
which was higher than the usual in-hospital mortality rate of 
10% suggested in the Sepsis-3 criteria.5

Another issue is that 18.9% of the total population in this 
study lacked baseline SOFA scores. In such cases, the baseline 
SOFA score was defaultly taken to be 0, as recommended in 
the guidelines.5 However, this may not be the case for cirrho-
sis patients with low platelet counts and high serum bilirubin 
levels. Furthermore, among the patients with available base-
line SOFA scores, 50.2% had baseline SOFA scores ≥2. There-
fore, a default value of 0 may be an improper assumption in 
patients with cirrhosis.

Interestingly, sepsis, as defined by the Sepsis-3 criteria, was 
significantly more frequent in patients without an available 
baseline SOFA score (88.9%) than in those with a baseline 
SOFA score (67.5%). When cirrhosis patients did not have a 
baseline SOFA score, sepsis could be overestimated. Further-
more, although there was a 2.8-month interval between the 
baseline SOFA scoring and the SOFA scores generated at the 
time of infection in this study, the criteria are vague (with re-
spect to the appropriate time frames for baseline score calcu-
lations) when assessing SOFA disparities. In real practice, it 
may be complicated to accurately define sepsis using the 
Sepsis-3 criteria due to the dual scoring at baseline and ED 
visit, inappropriate assumption of baseline SOFA score, and 
no recommended time interval for dual scoring in cirrhosis 
patients with bacterial infections.

The findings of the CANONIC study clearly indicate that or-
gan dysfunction is a strong predictor of mortality in patients 
with acute decompensation of cirrhosis,8 and the CLIF-SOFA 
score has been validated as a predictor of ACLF-related mor-
tality. Given that bacterial infection is one of the pivotal pre-
cipitating events in ACLF, prompt diagnosis of sepsis in the 
ED is crucial. In this study, the CLIF-SOFA scores showed a sig-
nificant linear relationship with in-hospital mortality in cir-
rhosis patients with infections, significantly outperforming 

both the Sepsis-3 and qSOFA scores as predictors of in-hospi-
tal mortality. Regarding the in-hospital mortality cut-offs of 
Sepsis-3 (sepsis=10%; septic shock=40%) for patients with 
infection, we also determined the corresponding optimal 
CLIF-SOFA cut-offs to be 6 and 10, respectively, for risk strati-
fication during in-hospital stays. In this study, in-hospital 
mortality risk was significantly 3.5 times higher at CLIF-SOFA 
scores ≥6 and 11.0 times higher at scores ≥10 than at scores <6.

Current guidelines require the following three steps for 
evaluating cirrhosis patients with infections: 1) evaluating the 
SOFA score before infection to evaluate the underlying organ 
dysfunction, 2) re-evaluating the SOFA score at the onset of 
infection to evaluate the present organ dysfunction, and 3) 
evaluating the qSOFA score for rapid prognostication.19 How-
ever, given the excellent predictive/prognostic performance 
of CLIF-SOFA scores in this study, this algorithm may effec-
tively be reduced to the following (using a one-time CLIF-SO-
FA score evaluation): CLIF-SOFA score <6, no sepsis; CLIF-SO-
FA score ≥6 but <10, sepsis; and CLIF-SOFA score ≥10, septic 
shock. After adopting a CLIF-SOFA score >6 to define sepsis, 
the proportion of patients with sepsis was 41%, which is low-
er than the 66% generated using the Sepsis-3 criteria. There-
fore, CLIF-SOFA score evaluation may help to accurately iden-
tify patients at high risk for sepsis who are in need of intensive 
care, regardless of the availability of the baseline SOFA scores.

This study had several limitations that should be acknowl-
edged. First, there may be a possibility of selection bias. The 
study only included patients with CA infections visiting the 
ED, and not those with nosocomial infections. In addition, 
the majority of infections were abdominal (61.3%), though 
the distribution of infections can differ based on epidemio-
logical variations.22,31 This could also account for selection 
bias, and may limit the generalizability of this study. Howev-
er, a recent study reported that the most common type of in-
fection in Asian patients with cirrhosis was spontaneous bac-
terial peritonitis (SBP).21 Prevalence of SBP in Asian patients 
with cirrhosis and infection was 41%. In this study, 44.8% of 
the cirrhosis patients (n=726) had SBP, and 16.5% (n=268) 
had either infectious colitis or colonic diverticulitis. Thus, the 
prevalence of SBP as the main type of infection in this study 
was similar to the results of the previous study.21 In addition, 
there might be possibilities of selection bias originating from 
the exclusion criteria of this study. The findings of this study 
should be interpreted with caution as it excluded patients 
younger than 18 years of age, those not receiving standard 
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care based on the guidelines, and those treated with prophy-
lactic antibiotics. Second, there was a lack of geographical 
heterogeneity, which can explain the difference in the preva-
lence of ACLF and death from bacterial infection obtained 
from different regions.21 This study only included Asian pa-
tients. Further studies are needed to fully validate the pre-
dictability of the CLIF-SOFA score for in-hospital mortality 
compared to that of the Sepsis-3 criteria used for Caucasian 
patients with cirrhosis and infection in Western countries. 
However, the outcomes of an earlier Western study involving 
a smaller cohort already suggested that the CLIF-SOFA score 
in cirrhosis patients with bacterial infection was a better pre-
dictor of 30-day mortality than the Sepsis-3 criteria.29 Finally, 
other precipitating events other than bacterial infection have 
not been well considered. Prior to the onset of the bacterial 
infections, various factors may have influenced ACLF and 
mortality. In real practice, it may be difficult to precisely iden-
tify the precipitating factors other than infection in patients 
with cirrhosis and infection. Even in such cases, the CLIF-SO-
FA scores (reflecting acute decompensation from other pre-
cipitating factors) could be more helpful in stratifying high-
risk patients than the Sepsis-3 criteria.

In conclusion, the CLIF-SOFA score showed better predict-
ability for mortality than the Sepsis-3 criteria and the qSOFA 
score in cirrhosis patients who visited the ED for infections. 
The CLIF-SOFA score can be a simple and useful one-time 
tool for accurate risk stratification in patients with cirrhosis 
who need timely intervention for infection at the ED.
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