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Quick Sepsis-related Organ Failure Assessment predicts 72-h
mortality in patients with suspected infection

Fu-Cheng Chen?, Chia-Te Kung? Hsien-Hung Cheng® Chi-Yung Cheng?,
Tsung-Cheng Tsai®, Sheng-Yuan Hsiao® and Chih-Min Su®®

Objective The aim of this study was to compare quick
Sepsis-related Organ Failure Assessment (qSOFA) and
Systemic Inflammatory Response Syndrome (SIRS)
scores for predicting mortality.

Patients and methods A single-center, retrospective
study of adult patients with suspected infection was
conducted. Area under the curve (AUC) and multivariate
analyses were used to explore associations between the
qSOFA and SIRS scores and mortality.

Results Of the 69 115 patients enrolled, 1798 died
within 72 h and 5640 within 28 days. The qSOFA scores
were better than SIRS scores at predicting 72-h mortality
(AUC: 0.77 vs. 0.64). However, the discriminatory power of
both scores was low in terms of 28-day mortality (AUC:
0.69 vs. 0.60). Patients with gSOFA score of at least 2 had
a higher hazard ratio for 72-h mortality than for 28-day
mortality (2.64 vs. 1.91).

Introduction

In the emergency department (ED), sepsis is a time-
dependent disease. Within 72 h, a significant proportion
of patients with milder severity progress to severe sep-
sis or death [1]. The most common preventable medical
error leading to unexpected death within 72h is inap-
propriate treatment for sepsis [2]. Early recognition of
patients at risk of early mortality is important, as such
patients may benefit from aggressive and prompt thera-
peutic intervention. According to a recent meta-analysis
of heterogeneous populations of patients with sepsis [3],
carly and quantitative resuscitation strategies confer a
survival benefit.

The Third International Consensus Definitions for
Sepsis and Septic Shock (Sepsis-3) [4] recommends
a new scoring system, the quick Sepsis-related Organ
Failure Assessment (qSOFA), for screening patients
with suspected sepsis. In the original study [5], gSOFA
scores were better than SOFA scores at predicting mor-
tality. Moreover, it is simple, comprising only three
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clinical components (hypotension, tachypnea, and altered
consciousness).

Several studies [6-9] showed that gSOFA scores were
better than systemic Inflammatory Response Syndrome
(SIRS) scores for predicting mortality; gSSOFA scores have
better areas under the receiver operating characteristic
curve (AUCs) for mortality than SIRS scores. In contrast,
other studies [10,11] have demonstrated that qSOFA
scores are no better than SIRS scores and have lower
sensitivity. We hypothesized that the ability of SOFA
scores to predict in-hospital mortality may be affected by
a time factor (i.e. it more effectively detects early mortal-
ity within 72 h of ED presentation). This study aimed to
compare gSOFA and SIRS scores for predicting early and
late mortality in ED patients with suspected infection.

Patients and methods

Design and setting

We conducted a single-center, retrospective, observa-
tional cohort study at Kaohsiung Chang Gung Memorial
Hospital, a 2300-bed medical center providing primary
and tertiary level care in southern Taiwan. It receives
more than 100 000 ED visits per year. The hospital’s
Institutional Review Committee on Human Research
(103-0053B) approved the study with a waiver of
informed consent.
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Patients

Patients presenting with suspected infection between
January 2007 and December 2013 were included if older
than 18 years of age and if blood samples were collected
for culture and antibiotics were initiated within 24h of
ED triage.

Measurements

Demographic data, vital signs, and laboratory results
were extracted from the electronic medical record.
Information on underlying disease(s) and site of infec-
tion was obtained by identifying International Statistical
Classification of Diseases and Related Health Problems
(9th revision) codes [12].

"To calculate gSOFA scores, one point was awarded for each
of the following: systolic blood pressure of 100 mmHg
or less, respiratory rate of at least 22 breaths/min, and
Glasgow Coma Scale score of up to 13, giving a score of
0-3 [5]. To calculate SIRS scores, one point was awarded
for each of the following: body temperature of more than
38 or less than 36°C, heart rate of more than 90 beats/min,
respiratory rate of more than 20 breaths/min, and abnor-
mal white blood cell count [>12 000 or <4000/ul or
>10.0% immature forms (bands)], giving a score of 0—4
[13]. For both scores, the initial values (vital signs at
triage and first blood test results) were used. However,
patients without vital signs at the time of triage were not
excluded. Medical records were reviewed to add the first
value (all within 1h of triage).

Definitions

The diagnosis of suspected infection by the treating
emergency physicians was based on obvious sources
of infection (including laboratory and image data) or
potential infection (e.g. fever and inflammatory reac-
tion). According to the clinical protocol of our hospital,
most patients with suspected infection or sepsis received
intravenous antibiotics, and blood cultures were taken.
Patients were defined as having suspected infection if
blood cultures were sent before intravenous antibiot-
ics were administered, within 24h of ED triage. Septic
shock was defined as the persistence of sepsis-induced
hypotension requiring vasoactive drug administration
despite adequate fluid resuscitation [14,15]. The primary
and secondary outcomes were 72-h and 28-day mortal-
ity, respectively. The primary objective was to compare
qSOFA and SIRS scores for predicting 72-h mortality.
The secondary objective was to compare gSOFA scores
for predicting 72-h and 28-day mortality.

Statistical analyses

Statistical analyses were performed using Statistical
Package for the Social Sciences for Windows (software,
version 20.0; IBM Corp., Armonk, New York, USA)
and MedCalc 2015 statistical software (version 15.8).
Continuous variables (mean+SD) were analyzed using

Student’s 7-tests. Categorical variables [# (%)] were com-
pared using the y*-test or Fisher’s exact test, as appropri-
ate. Sensitivity, specificity, and AUCs were calculated for
qSOFA and SIRS scores of at least 2 to compare their abil-
ity to predict mortality. AUCs for both scores were com-
pared using the Delong test. Multivariate analysis was
performed to determine hazard ratios (HRs), adjusted for
age, sex, septic shock, and comorbidities. A P value less
than 0.05 was considered statistically significant.

Results

During the study period, 77 942 patients with suspected
infection were identified. After exclusions [<18 years
of age (#=8827)], 69 115 patients were enrolled: 1798
(2.6%) died within 72h and 5640 (8.2%) died within 28
days (Fig. 1).

Several differences were noted between survivors and
nonsurvivors (Table 1). Nonsurvivors were older and
included a greater proportion of men with qSOFA and
SIRS scores of at least 2 and septic shock. Liver cirrhosis,
chronic kidney disease, and malignancies were the pre-
dominant comorbidities among nonsurvivors, whereas
diabetes mellitus was more common among survivors.
The respiratory tract was the most common site of infec-
tion among nonsurvivors.

Among patients with SIRS scores of at least 2, the 72-h
mortality rate (3.4%) was approximately one-third that
of the 28-day mortality rate (10.1%). Among patients
with gSOFA scores of at least 2, the 72-h mortality rate
(11.7%) was almost half that of the 28-day mortality rate
(24.5%).

The qSOFA score was a better predictor of 72-h mortality
than the SIRS score (AUC: 0.77 vs. 0.64). The AUC for
both scores reduced for 28-day mortality (0.69 vs. 0.60)

Fig. 1

All patients with suspected infection in the ED
N =77,942

——>| Age < 18 years: 8,827
A
Eligible patients
N =69,115
A
72 hours
Survivors Non-survivors
n =67,317 (97.4%) n=1,798 (2.6%)
.
28 days
Survivors Non-survivors
n =63,475 (91.8%) n =5,640 (8.2%)

Study flow chart. ED, emergency department.
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Table 1 Baseline characteristics
72-h mortality 28-day mortality
Baseline characteristics Survivors (n=67 317) Nonsurvivors (n=1798) P value Survivors (n=63 475) Nonsurvivors (n=5640) P value
Age (years) 62.9+175 69.3+15.1 <0.001* 62.6+17.6 68.8+14.9 <0.001*
Sex (male) 36 525 (54.3) 1086 (60.4) <0.001* 34 146 (53.8) 3465 (61.4) <0.001*
SIRS score
<2 30714 (45.6) 496 (27.6) <0.001* 29 388 (46.3) 1822 (32.3) <0.001*
>2 36 603 (54.4) 1302 (72.4) 34 087 (53.7) 3818 (67.7)
Leukocyte count 31613 (47.0) 1147 (63.8) <0.001* 29 376 (46.3) 3384 (60.0) <0.001*
Temperature 19 574 (29.1) 519 (28.9) 0.853 18 744 (29.5) 1349 (23.9) <0.001*
RR 11 700 (17.4) 733 (40.8) <0.001* 10 497 (16.5) 1936 (34.3) <0.001*
Heart rate 45 631 (67.8) 1301 (72.4) 0.001* 42 728 (67.3) 4204 (74.5) <0.001*
qSOFA score
<2 61502 (91.4) 1024 (57.0) <0.001* 58 498 (92.2) 4028 (71.4) <0.001*
>2 5815 (8.6) 774 (43.0) 4977 (7.8) 1612 (28.6)
SBP<100.0 mmHg 7190 (10.7) 690 (38.4) <0.001* 6369 (10.0) 1511 (26.8) <0.001*
RR>22 breaths/min 10 240 (15.2) 694 (38.6) <0.001* 9149 (14.4) 1785 (31.6) <0.001*
GCS<13 12 473 (18.5) 1003 (55.8) <0.001* 11 077 (17.5) 2399 (42.5) <0.001*
Septic shock 2469 (3.7) 922 (51.3) <0.001* 1854 (2.9) 1537 (27.3) <0.001*
Major comorbidities
Liver cirrhosis 5495 (8.2) 231 (12.8) <0.001* 4739 (7.5) 987 (17.5) <0.001*
Diabetes mellitus 19 229 (28.6) 418 (23.2) <0.001* 18 133 (28.6) 1514 (26.8) 0.006*
CKD 8452 (12.6) 373 (20.7) <0.001* 7227 (11.4) 1598 (28.3) <0.001*
CHF 3619 (5.4) 110 (6.1) 0.167 3245 (5.1) 484 (8.6) <0.001*
CVD 6919 (10.3) 166 (9.2) 0.158 6410 (10.1) 675 (12.0) <0.001*
Malignancy 14 223 (21.1) 593 (33.0) <0.001* 12 275 (19.3) 2541 (45.1) <0.001*
Site of infection
Respiratory tract 21100 (31.3) 773 (43.0) <0.001* 18 920 (29.8) 2053 (52.4) <0.001*
Urinary tract 16 121 (23.9) 195 (10.8) <0.001* 15 357 (24.2) 959 (17.0) <0.001*
Skin/soft tissue 10 502 (15.6) 4 (3.6) <0.001* 10 265 (16.2) 301 (5.3) <0.001*
Intra-abdominal 9133 (13.6) 1 18 (6.6) <0.001* 8614 (13.6) 637 (11.3) <0.001*
Other/unknown 17 227 (25.6) 769 (42.8) <0.001* 16 391 (25.8) 1605 (28.5) <0.001*

Data expressed as n (%) or mean®SD.

CHEF, congestive heart failure; CKD, chronic kidney disease; CVD, cerebrovascular disease; GCS, Glasgow Coma Scale; gSOFA, quick Sepsis-related Organ Failure
Assessment; RR, respiratory rate; SBP, systolic blood pressure; SIRS, Systemic Inflammatory Response Syndrome.

*P<0.05.

(Fig. 2a and b). The sensitivity and specificity of gSOFA
scores of at least 2 for predicting 72-h and 28-day mor-
tality were 0.43 and 0.91 and 0.29 and 0.92, respectively.
The corresponding values of SIRS scores of at least 2
were 0.72 and 0.45 and 0.67 and 0.46, respectively. The
difference in the AUCs for gSOFA and SIRS scores was
greater for 72-h mortality than for 28-day mortality (0.13
vs. 0.09).

The 72-h and 28-day mortality rates of patients with
qSOFA scores of 0, 1, 2, and 3 were 0.8, 3.6, 10.2, and
23.4% and 4.2, 11.9, 22.7, and 37.2%, respectively (both
P<0.001) (Fig. 3). In the multivariate analysis, the HR of
a qSOFA score of at least 2 was higher than that of a SIRS
score of at least 2 in predicting 72-h mortality (2.64 vs.
1.34). The HRs of both scores reduced for 28-day mortal-
ity (1.91 vs. 1.28) ('Table 2).

Discussion

The main findings of our study were that gSOFA scores
were more accurate than SIRS scores for predicting 72-h
mortality and that gSOFA scores were better for predict-
ing 72-h mortality than 28-day mortality.

Several studies [6-9] found that gSOFA scores were bet-
ter than SIRS scores for predicting mortality. In a large,
international, prospective cohort study of 879 patients in
the ED (in-hospital mortality rate, 8.0%) [6], the AUC

for in-hospital mortality was better for qSOFA scores
than for SIRS scores (0.80 vs. 0.65). In a prospective
cohort study of 152 critically ill patients with infec-
tion (in-hospital mortality rate, 19.0%) [7], the AUC for
in-hospital mortality was also better for gSOFA scores
than for SIRS scores (0.74 vs. 0.59). Similarly, a retro-
spective cohort study of 184 875 patients with infection
(in-hospital mortality rate, 18.7%) [8] reported AUC val-
ues for in-hospital mortality of 0.61 and 0.59 for gSOFA
and SIRS scores, respectively. Likewise, in a study of 30
677 patients with suspected infection (in-hospital mor-
tality rate, 5.4%) [9], the AUC for in-hospital mortality
was better for gSOFA scores than for SIRS scores (0.69
vs. 0.65).

In contrast, several studies [10,11] have found that
qSOFA and SIRS scores have similar discriminatory
power and that qSOFA scores are poorly sensitive.
A retrospective cohort study of 8871 patients with
infection (30-day mortality rate, 3.7%) [10] demon-
strated that SIRS and qSOFA scores were similar in
predicting organ dysfunction (AUC: 0.72 vs. 0.73).
Another retrospective cohort study of 24 164 patients
with infection (in-hospital mortality rate, 4.9%) [11]
also demonstrated that SIRS and qSOFA scores had
similar discriminatory power in terms of in-hospital
mortality (AUC: 0.66 vs. 0.64) and that the sensitivity
of the qSOFA score was lower than that of the SIRS
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score (AUC: 0.14 vs. 0.68). Thus, the sensitivity of
the qSOFA score is inferior to that of the SIRS score,
especially when mortality is low. However, when mor-
tality is higher, the sensitivity and specificity of the
qSOFA score increase, making it better able to predict
mortality. Mortality differences in the aforementioned
studies could be because of differences in defin-
ing infection. Studies with low mortality may have
included a disproportionate number of mild cases or
patients who received aggressive treatment.

In the present study, the sensitivity of the qSOFA
score for 72-h mortality was lower than that of the SIRS
score. The SIRS score, designed by expert consensus,
focuses on identifying general systemic manifesta-
tions and stratifying severity [13,15]. It is criticized
for being too sensitive and unspecific. As the qSOFA
score is less sensitive than the SIRS score, it is not
very suitable as a screening tool for infected patients.
However, a better AUC and higher specificity mean
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Table 2 Multivariate analysis of predictors of 72-h and 28-day mortality

72-h mortality 28-day mortality

Variables HR 95.0% CI P value HR 95.0% CI P value

qSOFA score>2 2.64 2.37-2.94 <0.001* 1.91 1.79-2.04 <0.001*
SIRS score>2 1.34 1.21-1.49 <0.001* 1.28 1.21-1.35 <0.001*
Age (years) 1.02 1.01-1.02 <0.001* 1.02 1.01-1.02 <0.001*
Sex (male) 1.1 1.01-1.22 0.034* 1.12 1.06-1.18 <0.001*
Septic shock 13.38 12.05-14.87 <0.001* 4.67 4.38-4.98 <0.001*
Liver cirrhosis 1.31 1.14-1.51 0.001* 1.57 1.46-1.69 <0.001*
Diabetes mellitus 0.68 0.61-0.76 <0.001* 0.72 0.68-0.76 <0.001*
CKD 0.91 0.81-1.02 0.120 1.67 1.67-1.77 <0.001*
CHF 0.72 0.59-0.88 0.001* 1.06 0.96-1.16 0.256

CVD 0.58 0.49-0.69 <0.001* 0.83 0.77-0.91 <0.001*
Malignancy 1.47 1.33-1.63 <0.001* 2.43 2.29-2.57 <0.001*

CHEF, chronic heart failure; Cl, confidence interval; CKD, chronic kidney disease; CVD, cerebrovascular disease; HR, hazard ratio; gSOFA, quick Sepsis-related Organ

Failure Assessment; SIRS, Systemic Inflammatory Response Syndrome.
*P<0.05.

the qSOFA score is more suitable as a prognostic tool
to classify severity.

Although the outcomes of patients with sepsis have
improved over the past few decades, in-hospital mortal-
ity rates remain high (10.0-30.0%) [16,17]. In our study of
infected patients in the ED, the 72-h and 28-day mortality
rates were 2.6 and 8.2%, respectively; 31.9% of patients
who died within 28 days did so within 72 h. Many critically
ill septic patients board in the ED for prolonged periods
[18,19]. [llness progression during this period is an impor-
tant determinant of outcome. Increased length of ED stay
can affect the total length of hospital stay and in-hospital
mortality [20]. Hence, fast and effective risk stratification
and the prediction of 72-h mortality are crucial.

Our study has several limitations. First, as in the origi-
nal gSOFA study [5], we chose all-cause mortality over
sepsis-related mortality and selected patients with sus-
pected infection rather than critically ill patients. Second,
given its retrospective design, the study may have been
subject to selection bias and documentation and data
entry errors. For some patients, vital signs were not eval-
uated at triage. However, we used the first documented
vital sign (within 1h of triage) instead of excluding these
patients to avoid selection bias. Third, we did not con-
trol for potential confounders, such as laboratory tests,
because these would not have been available to the phy-
sician calculating qSOFA scores. Finally, the data and
results are limited to a single institution and may not be
representative of other settings.

Conclusion

The qSOFA more accurately predicted 72-h mortality
than the SIRS. The qSOFA also predicted 72-h mortality
more accurately than 28-day mortality. In a busy ED with
limited resources, physicians could prioritize treating
patients with suspected infection and a qSOFA score of
at least 2, thereby making effective use of resources and
potentially reducing mortality.
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