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INTRODUCTION 

Sepsis is a life-threatening condition and constitutes major health care problems around the 

world [1,2]. Sepsis was associated with nearly 20% of all global deaths, and the majority of 

sepsis cases occurred in low- or middle-income countries [1]. In 2017, the World Health Or-

ganization recommended actions to reduce the global burden of sepsis [2]. Sepsis has been 

defined as acute life-threatening organ dysfunction due to dysregulation of host responses to 
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infection [3]. The Sequential Organ Failure Assessment (SOFA) 

score has been the most commonly used model for evaluation 

of organ dysfunction and failure in critically ill patients [4-6]. 

Because organ failure is associated with bad prognoses [5-

7], several studies have reported that higher SOFA scores are 

associated with morbidity and mortality in various critically-ill 

patients [6-9]. In 2016, the third international consensus pro-

posed new criteria for sepsis (Sepsis-3) using SOFA to substi-

tute the Systemic Inflammatory Response Syndrome (SIRS) 

criterion [3]. Documented or suspected infection and an 

increased SOFA score of 2 or more serve as the clinical criteria 

for sepsis [3]. 

The SOFA score represents six organ systems (cardiovascular, 

respiratory, renal, neurological, hematological, and hepatic 

systems), and each system is scored ranging from 0 to 4 and is 

cumulated in the total score, ranging from 0 to 24 [4]. However, 

prior studies found that each organ component of the SOFA 

score had varied abilities to predict mortality. 

Williams et al. [9] demonstrated that neurological dysfunc-

tion was most highly associated with mortality risk; in con-

trast, hepatic dysfunction had a low predictive capacity for 

mortality risk. This is also consistent with a previous study in 

our intensive care unit (ICU), which showed that the hepatic 

component of the SOFA score conferred the least accurate 

mortality prediction [6]. Some variables of the SOFA score are 

not routinely measured in sepsis patients [10], especially in 

resource-limited countries [11]. Serum bilirubin was not mea-

sured in 84% of surgical cases, though it is required to calculate 

the Simplified Acute Physiology Score (SAPS) II [12]. Ferreira 

et al. [5] reported that serum bilirubin was the most commonly 

missing physiological variable required for SOFA score calcu-

lation in critically ill patients in ICUs. Moreover, serum bili-

rubin was only documented in 17.5% of sepsis patients in the 

emergency department [10]. 

Therefore, we modified SOFA (mSOFA) score by omitting 

the hepatic parameter while preserving the other variables of 

the SOFA score. We hypothesized that the ability of mSOFA to 

predict mortality in patients with sepsis would not be inferior 

to that of the original SOFA sore and could be utilized in re-

source-limited ICU settings. We conducted this study to deter-

mine the accuracy and ability of the mSOFA score, compared 

with the standard SOFA score, to predict mortality in ICU pa-

tients with sepsis. 

MATERIALS AND METHODS 

This study was conducted in a medical ICU at a tertiary uni-

versity teaching hospital. We retrospectively analyzed sepsis 

patients consecutively admitted to our unit from January 

2011 to December 2018. Patients 18 years of age or older with 

diagnostic codes of infection, sepsis, or septic shock by In-

ternational Classification of Diseases 10th revision (ICD-10) 

were screened for enrollment in this study. Sepsis was defined 

by the Sepsis-3 definition (SOFA score ≥2) [3]. Septic shock 

was defined by sepsis requiring vasoactive agents to maintain 

mean arterial pressure at 65 mm Hg minimum and serum 

lactate ≥2 mmol/L [3]. Patients were excluded if there were no 

data for serum bilirubin or lactate within 24 hours of ICU ad-

mission. Only the first admission was included in the analysis 

for patients who had multiple ICU admissions. The Institution-

al Human Research Ethic Committee approved this study (REC 

60-223-14-1) and waived the need to obtain informed consent. 

The SOFA score allocates 0–4 points for increasing acute 

organ failure severity across six organ systems; SOFA scores 

range from 0 to 24 [4]. The mSOFA assigns the same score 

points but selects only five organ systems, eliminating the he-

patic component and ranging from 0 to 20. We calculated the 

total SOFA and mSOFA scores for component measurements 

during the first 24 hours of ICU admission. The primary out-

come was the ability of the mSOFA score to predict all-cause 

in-hospital mortality, and the secondary outcomes were all-

cause ICU and 28-day mortality prediction.  

■ The Sequential Organ Failure Assessment (SOFA) score is 
associated with morbidity and mortality in sepsis patients, 
and the third international consensus proposed new cri-
teria for sepsis (Sepsis-3) outlines the new sepsis criterion 
using SOFA substituted for Systemic Inflammatory Re-
sponse Syndrome.

■ Some variables of the SOFA score are not routinely mea-
sured in sepsis patients, especially in countries with lim-
ited resources. Serum bilirubin was the most common 
missing variable required for SOFA score calculation.

■ The performance of modified SOFA omitting the liver 
component was similar to that of the original SOFA in pre-
dicting all-cause in-hospital, intensive care unit, and 28-
day mortality.

KEY MESSAGES
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Statistical Analysis  
Categorical variables are presented as percentages and pro-

portions and compared with the chi-square or Fisher’s exact 

test. Continuous variables are presented as mean±standard 

deviation or median (interquartile range) and compared using 

the Student t-test or Wilcoxon’s rank-sum test as appropriate. 

The discrimination of each score was evaluated by the area 

under the receiver operating characteristic curve (AUC) with 

a 95% confidence interval (CI). We compared the difference 

in AUCs between the two scores using the method described 

by Delong et al. [13]. The AUC and odds ratio (OR) for hospital 

mortality for each organ system component of the SOFA score 

were calculated. The Yoden index was used to calculate sen-

sitivity, specificity, and the cut-off values of SOFA and mSOFA 

scores [14]. We also performed subgroup analysis for age 

groups, cirrhosis, level of serum bilirubin, and sepsis severity 

to evaluate the accuracy of each score. A two-sided P-value 

<0.05 was considered statistically significant. Statistical analy-

ses were performed with Stata software version 11 (Stata Corp., 

College Station, TX, USA). 

RESULTS 

Between 2011 and 2018, there were 2,019 patients with ICD-

10 codes for infection, sepsis, or septic shock at our medical 

intensive care unit. After excluding 497 patients (Figure 1), a 

total of 1,522 sepsis patients, including 892 (58.6%) with septic 

shock, was finally analyzed. The overall all-cause in-hospital, 

ICU, and 28-day mortalities were 44.9%, 30.6%, and 43.6%, 

respectively. The cohort’s demographic data are summarized 

in Table 1. Of all patients, 49.2% were admitted to the ICU 

from the emergency department, 43.8% were admitted from 

general wards, and 7% were referred from other hospitals. The 

causative organisms and etiologies were found in 1,212 pa-

tients (79.6%), and hemocultures were positive in 461 patients 

(30.3%). 

The distributions of SOFA and mSOFA scores, along with 

the correlation of hospital mortalities, are shown in Figure 2, 

respectively. Hospital mortality gradually increased according 

to the score. The accuracy of the SOFA and mSOFA scores for 

all sepsis patients and subgroups is shown in Table 2. The AUC 

of mSOFA was significantly higher than that of the SOFA score 

for predicting all-cause in-hospital mortality (0.891 [95% CI, 

0.875–0.907] vs. 0.879 [0.862–0.896], P<0.001 (Figure 3A), all-

cause ICU mortality (0.880 [0.863–0.898] vs. 0.871 [0.853–0.889], 

P=0.01 (Figure 3B), and all-cause 28-day mortality (0.887 

Figure 1. Study flow diagram. ICD-10: International Classification 
of Diseases 10th revision; MICU: medical intensive care unit; SOFA: 
Sequential Organ Failure Assessment.

[0.871–0.904] vs. 0.874 [0.856–0.892], P<0.001 (Figure 3C). 

Furthermore, the discrimination ability of the mSOFA score 

for predicting all-cause in-hospital and 28-day mortalities was 

higher than that of the SOFA score within subgroups of sepsis 

according to age, sepsis severity (sepsis or septic shock), as 

well as serum lactate levels (Table 2). The scores had similar 

accuracies for predicting all-cause ICU mortality in sepsis pa-

tients with liver cirrhosis or nosocomial infection. Leaving out 

the hepatic score did not decrease the ability to predict mortal-

ity, even in patients with underlying liver cirrhosis or hepatic 

dysfunction and total serum bilirubin level higher than 2 mg/

dl. There were 378 patients who were excluded from analy-

sis due to missing serum bilirubin data. Accurate all-cause 

in-hospital, ICU, and 28-day mortalities were consistently pre-

dicted using the mSOFA, even more accurately than that of the 

original SOFA score (Supplementary Table 1). 

Substantial variations of each organ component of SOFA 

score to predict hospital mortality and ORs for all-cause 

in-hospital mortality are presented in Table 3. The neurologi-

cal component conferred the best discrimination and was as-

sociated with the greatest mortality risk. Moreover, only neuro-

logical, cardiovascular, and hematological system scores were 

significantly associated with all-cause in-hospital mortality. 

The SOFA score threshold of 10 allowed 82.9% sensitivity and 

76.5% specificity, and the mSOFA score threshold of 9 provid-

ed 85.6% sensitivity and 74.6% specificity for the prediction of 

all-cause in-hospital mortality.  

DISCUSSION 

This study demonstrated that the mSOFA score had a higher 

1,522 Sepsis patients
enrolled in our study

Between 2011 and 2019
2,019 Patients diagnosed with infection, sepsis or 

septic shock by ICD-10 admitted in our MICU

497 Patients excluded
24 SOFA score <2
70 No lactate level

378 No bilirubin
25 Repeat ICU admission
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ability than the original SOFA score to predict all-cause in-hos-

pital, ICU, and 28-day mortalities. To the best of our knowl-

edge, our study is the first to evaluate the utility of the mSOFA 

score, a SOFA score without the hepatic component, to predict 

mortality in sepsis patients, and the results show that mSOFA 

can be a good alternative to the original SOFA score in re-

source-limited settings. Also, the mSOFA score did not affect 

the accuracy of mortality prediction in subgroups of sepsis 

patients with cirrhosis or hepatic dysfunction. 

Originally, the SOFA score was developed to assess organ 

dysfunction and failure, not to predict mortality. Nevertheless, 

organ failure is an important cause of death in critically ill pa-

tients. Prior studies show that the SOFA score can effectively 

predict morbidity and mortality in various ICU patients, along 

with patients with sepsis [5-9,15-18]. Mortality prediction can 

help clinicians triage or classify critically ill patients, make 

clinical decisions, allocate resources, and evaluate ICU qual-

ity [19-21]. Several methods for predicting outcomes in ICUs 

are available, such as standard severity scores and organ fail-

ure scores [19,21]. The use of rapid, simple, and inexpensive 

methods to determine sepsis severity and predict mortality 

is essential in clinical practice. This is especially true in low-

to-middle-income countries, where resources and financial 

assistance are limited, and sepsis patients have higher disease 

severity and mortality. Recently, the SOFA score was endorsed 

as a component of the diagnostic criteria for sepsis [3]. The 

SOFA score classifies the organ dysfunction of each system 

using three clinical parameters (mean arterial pressure, PaO2/

FiO2, and the Glasgow coma score [GCS]) and three laboratory 

parameters (platelet count, serum creatinine, and bilirubin) 

Table 1. Patient clinical characteristics stratified by hospital death
Variable All patients (n=1,522) Survivor (n=839) Non-survivor (n=683) P-value
Age (yr) 63 (47–75) 61 (45–74) 64 (50–76) 0.001
Male 855 (56.2) 459 (53.7) 396 (46.3) 0.200
Community-acquired infection 1,036 (68.1) 673 (80.2) 363 (53.1)  <0.001
On mechanical ventilator 1,359 (89.3) 681 (81.2) 678 (99.3)  <0.001
Vasopressor used 1,263 (83.0) 629 (74.9) 634 (92.8) <0.001
Site of infection
  Respiratory 780 (51.2) 400 (47.7) 380 (55.6) 0.002
  Gastrointestinal 203 (13.3) 122 (14.5) 81(11.8) 0.130
  Primary bacteremia 156 (10.2) 64 (7.6) 92 (13.5) <0.001
APACHE II score 22 (16–32) 13 (17–21) 32 (27–37) <0.001
APACHE III score 83 (59–122) 61 (48–77) 127 (106–144) <0.001
SAPS II 53 (39–72) 41 (32–48) 73 (63–85) <0.001
SOFA score 10 (6–13) 7 (5–9) 13 (10–15) <0.001
mSOFA score 9 (6–12) 6 (4–9) 12 (10–14) <0.001
Each organ component of SOFA
  Cardiovascular 2.8±1.4 2.3±1.5 3.4±1.1 <0.001
  Pulmonary 1.9±1.2 1.7±1.2 2.1±1.2 <0.001
  Neurological 1.9±1.8 0.5±0.8 3.5±1.1 <0.001
  Renal 1.3±1.3 1.2±1.3 1.4±1.3 <0.001
  Hematological 0.9±1.2 0.7±1.1 1.2±1.3 <0.001
  Hepatological 0.9±1.1 0.7±1.0 1.1±1.3 <0.001
Serum lactate (mmol/L) 2.8 (1.4–6.2) 2 (1.1–3.9) 4.2 (2.2–9.4) <0.001
ICU LOS (day) 4 (2–8) 4 (2–7) 4 (2–8) 0.410
Hospital LOS (day) 15 (7–31) 18 (9–35) 12 (4–26) <0.001
All-cause in-hospital mortality 683 (44.9) - - -
All-cause ICU mortality 466 (30.6) - - -
All-cause 28-day mortality 663 (43.6) - - -

Values are presented as median (interquartile range), number (%), or mean±standard deviation.
APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure Assessment; mSOFA: 
modified SOFA; ICU: intensive care unit; LOS: length of stay.
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[4]. Some variables of the SOFA score require invasive proce-

dures, have long turnaround times, and are costly. Currently, 

clinicians try to modify the SOFA score for rapid, easy calcu-

lation and cost-effectiveness. A previous study demonstrated 

that a modified cardiovascular component of the SOFA score 

improved the accuracy of predicting outcomes in critically 

ill patients [22]. This SOFA was modified by representing the 

use of vasoactive agents, shock index, and serum lactate and 

improved the ability to predict mortality compared to the stan-

dard SOFA score [22]. In contrast, another study demonstrated 

that modified neurological and renal components did not 

improve the performance of the mSOFA score. Vasilevskis et 

al. [23] selected the Richmond Agitation Sedation Scale (RASS) 

for neurological evaluation as a substitution for the GCS in the 

original SOFA score. This study also found that the RASS-SOFA 

score had a similar ability to the GCS-SOFA score. Another 

study modified the renal component of the SOFA score by 

replacing the Kidney Disease: Improving Global Outcomes 

Figure 2. Distribution of Sequential Organ Failure Assessment (SOFA) (A) and modified SOFA (mSOFA) scores (B) and all-cause in-hospital 
mortalities.
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(KDIGO) criteria. The results showed that the accuracy of the 

KDIGO-based SOFA score was comparable with the original 

SOFA score [24]. Two studies mSOFA score by replacing serum 

bilirubin measurement with the clinical assessment of jaun-

Figure 3. Comparison of the Sequential Organ Failure Assessment 
(SOFA) and modified SOFA (mSOFA) areas under the receiver 
operating characteristic curves (AUCs) for predicting all-cause in-
hospital (A), intensive care unit (B), and 28-day mortalities (C). Values 
are presented as AUC (95% confidence interval).
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dice, omitted platelet count, and substituted SpO2 with PaO2 

[25,26]. They found that their mSOFA score predicted mortali-

ty as well as the standard SOFA score. 

There is no specific definition or diagnostic marker for sep-

sis-associated liver dysfunction. The Surviving Sepsis Cam-

paign guidelines define liver dysfunction in sepsis by increased 

serum bilirubin >2 mg/dl or coagulopathy (international 

normalized ratio >1.5) [27]. Several studies demonstrated that 

serum bilirubin was independently associated with mortal-

ity in cirrhosis patients admitted into ICUs [28,29]. However, 

increased serum bilirubin level is neither a specific nor a sen-

sitive marker for detecting liver dysfunction in sepsis patients 

[30]. Some dynamic parameters for determining liver function, 

such as indocyanine green clearance and maximal liver func-

tion capacity (LiMax) testing, should be further studied in sep-

sis patients [30]. 

Similar to prior studies, this study found that each individual 

organ component of the SOFA score varied in its contribution 

to mortality prediction. The neurological component showed 

the strongest association with mortality, whereas the hepatic 

system showed the weakest association with mortality [6,9]. 

In our study, removing the hepatic component from the SOFA 

score did not affect the accuracy in predicting sepsis mortality. 

A possible explanation of this finding might be that the total 

bilirubin level is the weakest component of the SOFA score for 

mortality prediction. However, we could not clearly explain 

why the mSOFA score showed better performance than the 

original SOFA score. Because our results were driven from a 

single-center observational study, they need to be externally 

validated in a larger study. We further reanalyzed our data us-

ing the Sepsis-1 definition (SIRS ≥2). A total of 1,452 patients 

was diagnosed with sepsis by the Sepsis-1 definition, and we 

found similar results regarding the performance of both the 

original and mSOFA scores. The mSOFA score presented a 

better performance for predicting hospital mortality than the 

original SOFA score (AUC, 0.891 [95% CI, 0.874–0.907] vs. 0.879 

[0.861–0.896], P<0.001). 

We also acknowledge some limitations to our study. First, 

our study was conducted in a single academic medical facility 

with both high disease severity and mortality. This should be 

a concern due to the possibility of site bias along with overall 

generalization. Second, the number of subgroup analyses for 

cirrhosis and hepatic dysfunction was small, so another larger 

study is necessary to confirm our results. In conclusion, from a 

single-center study of ICU sepsis patients, the mSOFA score can 

be a good alternative to the original SOFA score for predicting 

mortality in sepsis patients in resource-limited settings. Based 

on the different impact of each score in mortality estimation, 

future studies are needed to validate the modification of the 

SOFA score for easy and appropriate prediction of outcomes. 
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