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Objective The quick sequential organ failure assessment (qSOFA) score, which includes menta-
tion, systolic blood pressure, and respiratory rate, was developed to identify serious sepsis in out-
of-hospital or emergency department (ED) settings. We evaluated the ability of the qSOFA score
to predict poor outcome in South Korean ED patients with suspected infection.

Methods The qSOFA score was calculated for adult ED patients with suspected infection. Pa-
tients who received intravenous or oral antibiotics in the ED were considered to have infection.
In-hospital mortality rate, admission rate, intensive care unit (ICU) admission rate, length of
hospital stay (LOS), and lactate levels were compared between the qSOFA score groups. Receiver
operating characteristic curves and area under the receiver operating characteristic curve values
for in-hospital mortality were calculated according to qSOFA cut-off points and lactate levels.

Results Of 2,698 patients, in-hospital mortality occurred in 134 (5.0%). The mortality rate in-
creased with increasing gSOFA score (2.2%, 6.4%, 17.5%, and 42.4% for qSOFA scores 0, 1, 2,
and 3, respectively, P<0.001). The admission rate, ICU admission rate, LOS, and lactate level also
increased with increasing gSOFA score (all P<0.001). The area under the receiver operating char-
acteristic curve values for predicting in-hospital mortality associated with gSOFA score, lactate
>2 mmol/L, and lactate >4 mmol/L were 0.719 (95% confidence interval [CI], 0.670 to 0.768),
0.657 (95% Cl, 0.603 to 0.710), and 0.632 (95% Cl, 0.571 to 0.693), respectively.

Conclusion Patients with a higher gSOFA score had higher admission, ICU admission, and in-
hospital mortality rates, longer LOS, and higher lactate level. The qSOFA score showed better
performance for predicting poor outcome than lactate level.
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What is already known

Capsule
Summary

situation or the emergency department.

What is new in the current study

The quick sequential organ failure assessment (qSOFA) score was developed to identify serious sepsis for out of hospital

This study evaluated how adequately gSOFA score can predict poor outcome of patients with suspected infection in the
emergency department setting in South Korea. Higher gSOFA score patients had higher admission rate, intensive care
unit admission rate, in- hospital mortality rate, longer hospital stay and lactate level.

INTRODUCTION

In 2016, an international task force convened by the Society of
Critical Care Medicine and the European Society of Intensive Care
Medicine newly defined sepsis as life-threatening organ dysfunc-
tion caused by a dysregulated host response to infection, and
strongly recommended administration of antibiotics within 1
hour after recognition of sepsis." Mortality increases with delayed
antimicrobial treatment.?

The sequential organ failure assessment (SOFA) score has been
used to determine the extent of a person's organ function or rate
of failure.” However, since the SOFA requires laboratory results
that take time, it is not adequate for out-of-hospital or emergen-
cy department (ED) use. For these purposes, the quick sequential
organ failure assessment (qSOFA) was developed in 2016." The
qSOFA includes altered mentation, systolic blood pressure of 100
mmHg or less, and respiratory rate of 22/min or greater. Each cri-
terion is assigned 1 point, and organ dysfunction is suspected for
scores of 2 and higher. The gSOFA can be calculated rapidly in the
ED without need for laboratory or advanced testing, which makes
it useful in emergency settings.

Since most unstable patients, including those with sepsis, come
through the emergency department, it is important for the emer-
gency physician to recognize these patients as soon as possible
and start resuscitation. Faster recognition of sepsis leads to faster
administration of antibiotics, which lowers patient mortality. A
highly sensitive prediction tool can be helpful for early recogni-
tion and early resuscitation. To date, a variety of tools have been
introduced and studied to predict outcomes, including the gSOFA
score. However, there are still controversial results for the gSOFA
score as a screening tool.

Recently, studies were performed in the US and Europe to de-
termine the association between qSOFA scores and poor outcomes
in patients with and without suspected infection in the ED.** Based
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on these studies, we aimed to validate the ability of the gSOFA
score to predict poor outcome of patients with suspected infec-
tion in the ED setting in South Korea.

METHODS

Study design and setting

This was a retrospective study at one urban emergency medical
center in Seoul, Korea from January to December 2016. This study
included adult patients (>18 years) who presented to the ED with
suspicion of infection, and for whom qSOFA score could be cal-
culated. Electronic medical records and National Emergency De-
partment Information System (NEDIS) data were reviewed for
this period. The institutional review board of the Soonchunhyang
University Seoul Hospital approved this study (2018-07-002). The
requirement for informed consent was waived due to retrospec-
tive nature of the study.

NEDIS data and triage

NEDIS data include patient visit date, chief complaint, initial vital
signs, reason for ED visit (illness-related or injury-related), mental
status, method of transportation to the hospital, triage level, etc.
NEDIS data is collected for all patients at the time of presenta-
tion to the ED, and triage by the Korean Triage and Acuity Scale
(KTAS) occurs as soon as possible. The KTAS is a triage scale that
was developed in Korea to recognize patients' severity.® It includes
simple history taking, vital signs (blood pressure, pulse rate, respi-
ratory rate, temperature, and oxygen saturation) and mental sta-
tus, as determined by a nurse who has completed a KTAS course
and who has at least 1-year experience working in an ED. Ambu-
latory patients enter a triage room to collect triage data before
entering the ED. Patients in serious condition who cannot ambu-
late come directly into the ED, and triage data is collected within
a few minutes of patient arrival.
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Patient selection

Patients who were administered intravenous or oral antibiotics
during the ED visit (including those who were prescribed antibi-
otics as discharge medication) were considered to have infection
and were included in the study. We included every antibiotic avail-
able in our hospital. The exclusion criteria were patients younger
than 18 years, patients who presented to the ED with injury, pa-
tients who presented to the ED for medical record copies or med-
ical certification, and those in whom the gSOFA score could not
be calculated.

Measurements

The qSOFA score was calculated by NEDIS data, and patients were
grouped according to qSOFA score of O, 1, 2, and 3. Patient age,
gender, admission rate, intensive care unit (ICU) admission rate,
in-hospital mortality rate, length of hospital stay (LOS, days) from
ED presentation to hospital discharge, and lactate level were com-
pared among each qSOFA group. The calculation of in-hospital
mortality included patients who were discharged as “expired," so
those patients who were transferred to another health facility or
discharged against medical advice were considered discharged
alive and were not included in the calculation of in-hospital mor-
tality. In addition, the lactate level of patients in the ED was com-
pared for each qSOFA group to evaluate if lactate level increases
as qSOFA increases, since lactate level and clearance rate are also
known to affect the outcome of critically il patients.®® The initial
lactate level checked in the ED was used in the study. Usually, the
lactate level was measured in those patients who were initially
considered critically ill and were suspected to have infection. Lac-
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tate cut-off points of 2 and 4 mmol/L were used because these
levels are commonly used in sepsis intervention.’

Statistical analysis

The chi-square test was used to compare categorical variables,
and the Kruskal-Wallis test was used to analyze continuous vari-
ables. Values are given as the median and range. The linear-by-
linear trend test was used to see the trend of qSOFA score com-
pared with admission, ICU admission and mortality. Correlation
analysis for qSOFA and LOS, qSOFA and lactate level was per-
formed using the Spearman method. P-values <0.05 were con-
sidered statistically significant. To compare prognostic accuracy
of qSOFA score and lactate level for in-hospital mortality, receiver
operating characteristic curves and areas under the receiver op-
erating characteristic curves (AUC) were calculated for gSOFA cut-
off points and lactate levels of 2 mmol/L or higher and 4 mmol/L
or higher. Analyses were performed with PASW Statistics ver. 18.0
(SPSS Inc., Chicago, IL, USA) and R ver. 3.3.1 ("AUC" package).

RESULTS

Study subjects characteristics
A total of 39,394 patients presented to the ED of Soonchunhyang
University Seoul Hospital from January 2016 to December 2016.
A total of 19,065 patients met the inclusion criteria. Finally, the
study group included 2,698 patients, after excluding those with
missing qSOFA scores and those without presumed infection (no
antibiotics prescription in the ED) (Fig. 1).

Table 1 shows the number of patients, mean age, sex, and lac-

39,394 Total patients who
presented to the ED

Exclusion:
6,797 Age <18
13,532 Non-disease related ED visit

Inclusion criteria:
Age > 18 years
19,065 ED visit with illness

2,698 Antibiotics prescription (+)

1,230 Lactate measured

16,367 Antibiotics prescription (-)

1,468 Lactate not measured

Fig. 1. Flowchart of patient selection. ED, emergency department; qSOFA, quick sequential organ failure assessment.
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Table 1. Study group characteristics
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qSOFA score
Total P-value
0 1 2 8
No. of patients 2,698 (100) 1,665 (61.7) 829 (30.7) 171 (6.3) 33(1.2)
Mean age (yr) 529+21.4 49.3+20.2 56.5+22.4 65.0+£19.8 76.5+13.5 <0.001?
Female 1,436 (53.2) 886 (53.2) 444 (53.6) 87 (50.9) 19 (57.6) 0.667"
Lactate level measured 1,230 (45.6) 680 (38.4) 437 (52.7) 123 (71.9) 30 (90.9)

Mean lactate level (95% CI) (mmol/L) 2.2 (2.11-2.37)

1.8 (1.72-1.96)

2.3 (2.07-2.50) 3.2 (2.58-3.73) 6.2 (4.08-8.41) <0.001¢

Values are presented as number (%) or mean * standard deviation unless otherwise indicated.

qSOFA, quick sequential organ failure assessment; Cl, confidence interval.
?Chi-square test. “Kruskal Wallis test. “Spearman method.

Table 2. Admission rate, ICU admission rate, mortality rate, and length of hospital stay of patients based on qSOFA score

Total qSOFA Score
P-value?
(n=2,698) 0 (n=1,665) 1 (n=829) 2(n=171) 3(n=33)
Admission 1,668 (61.8) 920 (55.3) 569 (68.6) 148 (86.5) 31(93.9) <0.001
ICU admission 238 (8.8) 44 (2.6) 98 (11.8) 72 (42.1) 24 (72.7) <0.001
In-hospital mortality 134 (5.0) 37(2.2) 53 (6.4) 30(17.5) 14 (42.4) <0.001
Length of hospital stay (day) 4(1-216) 3(1-216) 5(1-186) 9 (1-205) 1 (1-97) <0.001?
Values are presented as number (%) or median (min-max).
ICU, intensive care unit; qSOFA, quick sequential organ failure assessment.
“Linear-by-linear trend test. “Spearman method.
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Fig. 2. Correlation between (A) quick sequential organ failure assessment (qSOFA) score and length of hospital stay (LOS), and (B) gSOFA score and lac-

tate level.

tate level of patients in each qSOFA score group. The mean age
was significantly different in each qSOFA score group and each
group had a high proportion of women.

Main results

Table 2 shows the admission rate, ICU admission rate, in-hospital
mortality rate, and LOS for patients in each qSOFA group. Nota-
bly, both admission and ICU admission rates, mortality rate, and
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LOS (Fig. 2) all increased with increasing qSOFA score. Lactate
levels were available for almost half of the patients, and the lac-
tate level also increased with increasing gSOFA score (Table 1 and
Fig. 2). The AUCs for predicting in-hospital mortality associated
with qSOFA score, lactate =2 mmol/L, and lactate >4 mmol/L
were 0.719 (95% confidence interval [Cl], 0.670 to 0.768), 0.657
(95% Cl, 0.603 to 0.710), and 0.632 (95% Cl, 0.571 to 0.693), re-
spectively (Fig. 3).
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Fig. 3. Receiver operating characteristic curves for in-hospital mortality
with lactate level >4 mmol/L, lactate level 22 mmol/L, and quick se-
quential organ failure assessment (qSOFA).

DISCUSSION

Identifying critically ill patients is an important task for emergency
physicians. Our study showed positive performance of the gSOFA
score as a screening tool for poor outcomes among ED patients
with suspected infection in South Korea.

Previous sepsis guidelines used systemic inflammatory response
syndrome (SIRS) to identify sepsis patients. SIRS is calculated from
blood laboratory test results. For out-of-hospital or ED settings,
however, waiting for laboratory reports may delay the resuscita-
tion of critically ill patients. Therefore, the new sepsis guideline
suggested use of the qSOFA score. Many studies have been per-
formed after the release of this new guideline to confirm that the
qSOFA score has significant predictive value in recognizing criti-
cally il patients.***'* To the best of the authors' knowledge, only
a few studies of the qSOFA score have been conducted in South
Korean-based EDs."*"” Qur study was the first to verify whether
qSOFA could predict in-hospital mortality, admission rate, ICU
admission rate, and LOS in South Korea in patients with suspect-
ed infection that present to the ED.

Our results showed that the patients’ age increased with incre-
asing qSOFA score. This is probably because older patients tend to
have more serious (or advanced) presentation than younger pa-
tients. In addition to age, the qSOFA score was significantly asso-
ciated with all outcomes, including admission rate, ICU admission

318

Validation of gSOFA score in the ED

rate, in-hospital mortality, and LOS, all of which increased with
increasing gSOFA score. Furthermore, the qSOFA score had better
performance for predicting poor outcome than lactate level. There-
fore, our study showed positive results for gSOFA as a screening
tool, and the qSOFA score might have strong predictive value in
the ED for initial patient care.

Singer et al.® studied qSOFA scores to predict in-hospital mor-
tality in adult patients with or without suspected infection who
visited an ED in the US. Like our study, theirs showed that qSOFA
had a significant predictive value for in-patient mortality, admis-
sion, ICU admission, and hospital LOS. The mortality rate was 0.6%,
2.8%, 12.8%, and 25.0% for qSOFA scores 0, 1, 2, and 3, respec-
tively. However, their study included noninfectious patients and
selected infectious patient to whom only intravenous antibiotics
were administrated. They used the Modified Early Warning Sys-
tem to calculate the qSOFA score, whereas we used a triage sys-
tem, the KTAS, as a tool to screen patient severity, which allowed
our study to calculate the gSOFA score during the initial patient
encounter.

Freund et al.* conducted a study in Europe to validate qgSOFA
as a mortality predictor. They included adult patients who visited
the ED with suspected infection. The overall in-hospital mortality
rate was 8%, and patients with a gSOFA score of 2 or higher had
a 24% mortality. Their results showed that qSOFA performed bet-
ter than both SIRS and severe sepsis criteria. The AUCs were 0.80
(95% Cl, 0.74 to 0.85) for gSOFA vs. 0.65 (95% Cl, 0.59 to 0.70)
for SIRS and severe sepsis (P < 0.001).

Rodriguez et al.’ conducted a study in the US to compare qSO-
FA to lactate levels for their ability to identify ED patients with
sepsis with critical illness. This multicenter retrospective cohort
study showed that the qSOFA criteria was better than lactate
levels in predicting critical illness. The AUCs were 0.788 for qSO-
FA score and 0.763 for lactate, and the predictability of the qSO-
FA score was significantly higher (P=0.0026).

A study conducted in South Korea compared SIRS and gSOFA
score for predicting organ failure and in-hospital mortality in the
ED." They compared the AUC for total of 1,009 patients. The pre-
dictive validity of qSOFA for in-hospital mortality was higher than
that of SIRS (AUC=0.733 [95% Cl, 0.64 to 0.83] vs. AUC=0.599
[95% Cl, 0.51 to 0.69], P=0.04).

Hwang et al.”® studied the diagnostic performance of gSOFA
for predicting 28-day mortality in critically ill septic patients in a
Korean ED. They only included patients who were diagnosed with
severe sepsis or septic shock. Contrary to our study, their outcome
showed a poor diagnostic performance of qSOFA score (2 points
or higher). This result might have been due to high illness severity
of the study patients. In addition, the timing and methods of qSO-
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FA score variation might have caused these results.

There are some limitations in this study. First, owing to possible
selection bias, the total number of study patients might have been
over or under estimated. We defined study patients with suspect-
ed infection as those who had received intravenous or oral anti-
biotics in the ED, not by final diagnosis. Some patients without
suspected infection in the ED but with a final diagnosis of infec-
tion-related disease might have received antibiotics after they
were admitted to the hospital, and some might have stopped an-
tibiotics after being admitted because they were ultimately diag-
nosed with a disease not related to infection. Nonetheless, we
suppose that defining patients with suspected infection by their
final diagnosis may result in selection bias as well. Second, our
study included those who were transferred to other health care
facilities or discharged against medical advice (173 of 2,698 pa-
tients, 6.4%) as discharged alive; therefore, those who were trans-
ferred to hospice care or the moribund patients who were sent
home were not included in our mortality count. Third, we did not
check patient comorbidities, which might have affected the mor-
tality cause. In addition, we did not review the hospital course, so
whether infection was the cause of death was not fully deter-
mined. Even with these limitations, our study had a larger study
group than previous studies that were performed in South Korea-
based EDs.

In summary, this study analyzed whether the qSOFA score is
reliable to predict poor outcome in patients with suspected infec-
tion in a Korean ED and showed that the qSOFA score was asso-
ciated with poor outcome. Patients with higher qSOFA scores had
higher admission rate, ICU admission rate, mortality rate, lactate
level, and LOS. The qSOFA score had a better performance for pre-
dicting poor outcome than lactate level.
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