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The Role of the Quick Sequential Organ Failure
Assessment Score (qSOFA) in the Pre-Hospitalization
Prediction of Coronavirus Disease 2019 (COVID-19)
Prognosis

Eren Usul' @, Semih Korkut? &

Objective: Researchers have been investigating numerous biomarkers and scoring systems to predict the prognosis of coro-
navirus disease 2019 (COVID-19). We aimed to determine the effectiveness of the quick sequential organ failure assessment
(qSOFA) scoring system in pre-hospital emergency health care for predicting COVID-19 prognosis in terms of the intensive
care unit (ICU) admission and mortality.

Materials and Methods: We enrolled 9850 patients suspected to have COVID-19 who were transferred by 112 emer-
gency medical services (EMS) between April 1, 2020 and July 1, 2020. Demographic and clinical data of the patients were
obtained from the Ankara Emergency Health Services Automation System. The qSOFA score was calculated based on the
data obtained from the ambulance medical records.

Results: The 28-day mortality rate was 6.2% (n=13) and the cut-off for the gSOFA score was >1 [area under the curve
(AUC)=0.955, sensitivity 84.62%, specificity 90.4%, p<0.001, 95% confidence interval (CI): 0.918-0.979)]. The cut-off for
ICU admission was a qSOFA score >1 (AUC=0.942; sensitivity 97.37%,; specificity 84.97%; p<0.001; 95% CI, 0.901-0.969).
The mortality risk was 51.8 times more in patients with a high gSOFA score (p<0.001; 95% CI, 10.682-251.340). Moreover,
patients with a high gSOFA score were 47.7 times more likely to require ICU admission (p<0.001; 95% CI, 16.735-136.039).
Conclusion: Thus, the pre-hospital gSOFA score that comprises the ambulance vital signs of the patients can be used to
predict ICU admissions and mortality in patients with COVID-19.
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INTRODUCTION

Cases of pneumonia of unknown etiology were reported in Wuhan, Hubei, China, in December 2019 (1). The
causative agent was the 2019 novel coronavirus (2019-nCoV), a virus that closely resembles certain beta-coron-
aviruses detected in bats, belonging to the sarbecovirus subgenus of the coronaviridae family (2). 2019-nCoV is
believed to be transmitted from person-to-person via infected people or carriers (3). The epidemic rapidly spread
across the world and was eventually declared a global pandemic by the World Health Organization (4).

Coronaviruses can cause various respiratory, enteric, neurological, and hepatic diseases (5). The prognosis of respi-
ratory infections is more severe, especially among elderly individuals and those with existing underlying diseases (6).
Early diagnosis of 2019-nCoV is crucial because the time interval between admission to the hospital and the develop-
ment of acute respiratory distress syndrome is short, and the mortality rate is high (7). The rapid course of the disease
and its high mortality rate requires a careful choice of hospital. As per a recent study conducted in the United States
of America, 4000 patients could have been saved during 1 v if they were transferred to a more qualified hospital (8).
Currently, an increasing number of patients in critical condition are in need of a transfer between medical care units.
Inter-unit transfer poses significant risks to critical patients, especially those requiring multiple organ support (9).

There is a need to develop a clinical tool that can be used in emergency medical services (EMS) in a pre-hospital
setting before examining any laboratory parameter to identify infected patients at increased risk of poor outcomes
and complications (10). For paramedics and emergency room triage, it is primarily important to establish a clinical
score to identify the most severe cases among the infected patients as early as possible (11). The quick sequential
organ failure assessment (GQSOFA) is a scoring system that includes basic vital signs and can be easily calculated at the
bedside in pre-hospital and emergency department settings. The gSOFA score is reportedly successful in predicting
poor clinical outcomes among the non-intensive care unit (ICU) patients with suspected infections (12). Calculating
early warning scoring systems during hospitalization can help predict critical outcomes in patients with coronavirus
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disease 2019 (COVID-19). Thus, early intervention can improve the
clinical outcomes in high-risk patients with COVID-19 (13).

The increasing number of COVID-19 patients in our country and
around the world requires intensive in hospital-based care and pre-
hospital EMS. It is necessary to select hospitals that can provide
advanced or specific examination and treatment facilities as per the
patients’ needs and ensure advanced life support and intensive care
services along with sufficient medical equipment with the EMS. If
patient prognosis in COVID-19 can be predicted by the EMS per-
sonnel using qSOFA score, more accurate hospital selection can
be made without too much time spent on pre-hospital admission.
Pandemic hospitals have been identified in our country; medical
services and intensive care bed numbers of pandemic hospitals are
monitored, and the patient is accordingly directed to the appropriate
hospital. If this is not implemented, transfers between medical units
would become necessary, and a second transfer between units poses
a risk for critical patients and increases the workload during urgent
need periods. Early diagnosis and correct hospital selection by the
pre-hospital EMS personnel are predicted to shorten the patient’s
time to treatment and this lower the mortality and morbidity rates. In
this study, we aimed to reveal the place and effectiveness of the use
of gSOFA scoring systems in pre-hospital emergency health services
for predicting the prognosis of patients with COVID-19.

This was a retrospective cohort study that was approved by the
local ethics committee for research studies of the Dr. Abdurrahman
Yurtaslan Oncology Education and Research Hospital (Date: July
22, 2020, No: 2020-07/707).

Overall, 9850 patients with suspected COVID-19 transferred by
112 EMS in the period from April 1, 2020 to July 1, 2020 were
enrolled. Patients suspected to have COVID-19 were registered
in the system with ICD code Z.03.8-observation for other sus-
pected diseases and conditions were ruled out. Eligible patients
were screened for the following inclusion criteria during the study
period: age >18 y and a positive RT-PCR result. The exclusion
criteria were as follows: no gSOFA score due to lack of data and
negative RT-PCR result.

Of the screened subjects, 9639 did not meet our criteria and were ex-
cluded; 211 patients who fulfilled the inclusion criteria were enrolled.
The demographic and clinical data of the patients were obtained
from the Ankara Emergency Health Services Automation Systemn.
The qSOFA score was calculated based on the data obtained from
the ambulance patient records. Data concerning 30-day mortality
were obtained from the Turkish Death Notification System.

QSOFA score: This scale uses the following 3 criteria, assigning a
score each for low blood pressure (SBP <100 mmHg), high respi-
ratory rate (22 breaths per minute), or altered mentation (Glasgow
coma scale <15). The score ranged from 0 to 3.

Data were analyzed using IBM SPSS Statistics 25.0 (IBM Corp.,
Armonk, NY, USA) and MedCalc 15.8 (MedCalc Software bvba,
Ostend, Belgium). Descriptive statistics, including frequency, per-
centages, mean values, standard deviation values, median values,
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Table 1. Patient characteristics

n=211 %

Sex

Female 103 48.8

Male 108 51.2
Age (y)* 50.2+18.8 50 (16-93)
Cough

Yes 129 61.1
Fever

Yes 86 40.8
Dyspnea

Yes 55 26.1
Headache

Yes 16 7.6
Nausea

Yes 18 8.5
Myalgia

Yes 56 26.5
Diarrhea

Yes 10 4.7
Low back pain

Yes 1 0.5
Anosmia

Yes 9 4.3
Abdominal pain

Yes 1 0.5
Arthralgia

Yes 10 4.7
Ageusia

Yes 9 4.3
ICU admission

Yes 38 18.0
Survival

Died 13 6.2

Survived 198 93.8
qSOFA Score* 0.5+0.9 0(0-3)

0 148 70.1

1 33 15.6

2 16 7.6

3 14 6.6
Mortality risk according to
the gSOFA Score

Low 181 85.8

High 30 14.2

*: Mean+SD/Median (minimum-maximum); gSOFA: Quick Sequential Organ
Failure Assessment Score; ICU: Intensive care uni

and minimum-maximum values were calculated. The qualitative
data were evaluated using the chi-square (Yates Chi-Square, Fish-
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Table 2. gSOFA Score ICU Admission and Survival ROC analysis
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AUC 95% CI Cut-off* Sensitivity 95% CI Specificity 95% CI Youden’s index p**
qSOFA Score - 0.942 =1 97.37 84.97 0.823 0.000
ICU admission 0.901-0.969 86.2-99.9 78.8-89.9
qSOFA Score — 0.955 =2 84.62 90.4 0.750 0.000
Survival 0.918-0.979 54.6-98.1 85.4-94.1

qSOFA: Quick sequential organ failure assessment score; AUC: Area under the curve; Cl: Confidence interval; ICU: Intensive care unit; *: Cut-off values for the test were
set according to Youden'’s index (Sensitivity + Specificity -1); **: ROC (Receiver operating characteristics) curve
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ROC analysis to determine the parameters con-
tributing to ICU admission

ROC: Receiver operating characteristics; ICU: Intensive care unit; qSOFA:
Quick Sequential Organ Failure Assessment Score

er’s Exact) test. Odds ratio was calculated with risk analysis. The
receiver operating characteristic (ROC) curve method was used to
assess the diagnostic significance of the tested parameters. Cut-off
values for the test were set as per Youden'’s index. Statistical signif-
icance was accepted at a=0.05.

Our study population included 108 men (51.2%), and the aver-
age patient age was 50.2+18.8 y. The most common reasons
for seeking EMS in patients with COVID-19 were cough (61.1%,
n=129), fever (40.8%, n=86), myalgia (26.5%, n=56), and dys-
pnea (26.1%, n=55). In addition, 18% (n=38) of the patients di-
agnosed with COVID-19 were admitted to the ICU. The 28-day
mortality rate was 6.2% (n=13). Of these patients, 70.1% (n=148)
had a qSOFA score of 0, 15.6% (n=33) had a score of 1, 7.6%
(n=16) had a score of 2, and 6.5% (n=14) had a score of 3. Thus,
30 patients had an increased mortality risk (Table 1).
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ROC analysis regarding the parameters for pre-
dicting 28-day mortality

ROC: Receiver operating characteristics; gSOFA: Quick Sequential Organ Fail-
ure Assessment Score

In terms of ICU admission, patients with a qSOFA score >1 were
significantly more likely to be admitted to the ICU (p<0.05) (Table 2).

The ROC analysis revealed that for ICU admission, the cut-off was
a gSOFA score >1 [area under the curve (AUC)=0.942, sensitivity
97.37%, specificity 84.97%, p<0.001, 95% confidence interval
(CI): 0.901-0.969] (Fig. 1).

The 28-day mortality rate was significantly higher among patients
with a gSOFA score >2 (p<0.05) (Table 2).

The ROC analysis revealed that for the 28-day mortality, the cut-
off was a qSOFA score >1 (AUC=0.955; sensitivity 84.62%; spec-
ificity 90.4%; p<0.001; 95% CI, 0.918-0.979). (Fig. 2).

The gSOFA criteria could significantly help in predicting early mortal-
ity. The mortality risk was 51.8 times higher in patients with a high
qSOFA score (p<0.001; 95% CI, 10.682-251.340) (Table 3).
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Table 3. gSOFA Score Comparisons

Mortality risk as per

the qSOFA score
High Low
(n=30) (n=181)

ICU admission

Yes 24 (80.0%) 14 (7.7%)

No 6 (20.0%) 167 (92.3%)
Survival

Died 11 (36.7%) 2 (1.1%)

Survived 19 (63.3%) 179 (98.9%)
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P OR 95% CI
0.000* 47.7 16.735-136.039
0.000%* 51.8 10.682-251.340

qSOFA: Quick Sequential Organ Failure Assessment Score; *: Yates chi-square test; **: Fisher's exact test; OR: Odds ratio; CI: Confidence interval; ICU: Intensive care unit

Moreover, the gSOFA score could significantly enable the predic-
tion of ICU admission. Patients with a high gSOFA score were
47.7 times more likely to require ICU admission (p<0.001; 95%
Cl, 16.735-136.039) (Table 3).

The present findings indicate that the pre-hospital gSOFA score
that comprises the ambulance vital signs of patients can be used to
predict ICU admissions and mortality of patients with COVID-19.

Moreover, 51.2% (n=108) of the subjects were men, and the
average patient age was 50.2+18.8 y. A large-scale study by
Richardson et al. (14) reported that the mean age of their study
population that comprised patients with COVID-19 was 63 v;
of these, 60.3% were men. Fu et al. (15) indicated that the av-
erage age of patients with COVID-19 was 46.6+14 years; of
which, 60% of these were men. These data are consistent with
the findings reported in the literature in terms of the age and sex
distribution of patients with COVID-19.

In this study, the most common reasons for seeking EMS in pa-
tients with COVID-19 were cough, fever, myalgia, and dyspnea.
Similarly, Argenziano et al. (16) reported that the most com-
mon symptoms in these patients were cough (732/1000), fever
(728/1000), and dyspnea (631/1000). Yang et al. (17) reported
fever, shortness of breath, and myalgia in patients with COVID-19
who were transported by EMS. These patients indicated similar
complaints in pre-hospital EMS as those on hospital admission.

In the context of the global COVID-19 pandemic, early diagno-
sis of patients who are at risk of severe disease and choosing the
correct hospital are crucial. The gSOFA score was proposed by
the Sepsis-3 study published in 2016 as a good prognostic factor
for predicting the mortality and ICU hospitalization in non-ICU
patients and was emphasized to have successfully predicted the
in-hospital mortality (12). Despite being commonly used in clinical
practice, the predictive performance of the gSOFA score has not
been evaluated in patients with COVID-19. Jang et al. (13) report-
ed an AUC value of 0.779 (95% CI, 0.600-0.957) of the admis-
sion qSOFA scores for predicting the mortality of COVID-19 pa-
tients. Myrstad et al. (18) reported that the AUC value for a gSOFA
score >1 for predicting the mortality in patients with COVID-19

was 0.624 (0.446-0.810). Fan et al. (19) indicated that in patients
with COVID-19 pneumonia, a gSOFA score >1 had an AUC value
of 0.73 (95% CI, 0.69-0.78) with 82% sensitivity (0.75-0.89) and
57% specificity (0.53-0.61). In this study, the AUC for a gSOFA
score >1 for predicting the mortality of patients with COVID-19
was calculated as 0.942 (95% CI, 0.901-0.969, sensitivity 94%,
specificity 84.97%).

Jang et al. (13) reported that the AUC value for a gSOFA score >1
for predicting ICU admission was 0.776 (95% CI, 0.620-0.899).
In this study, the AUC value of a qSOFA score >1 was 0.942
(95% CI, 0.901-0.969, sensitivity 94%, specificity 84.97%). The
pre-hospital gSOFA score had high sensitivity and specificity in
patients with COVID-19.

Based on the patient’s vital signs, EMS technicians calculate the
pre-hospital gSOFA score to predict the ICU admission and mor-
tality of patients with COVID-19. A high gSOFA score was associ-
ated with a 47.7-fold increase in ICU admission and a 51.8-fold in-
crease in the mortality. To our knowledge, this is the first study on
the predictive performance of a pre-hospital scoring system in the
context of COVID-19; more studies on this subject are warranted.

We received PCR confirmation positivity in the diagnosis of
COVID-19. However, we were unable to include PCR negative,
clinical, and computed tomography compatible patients with
COVID-19.

In conclusion, the pre-hospital gSOFA score that comprises the
ambulance vital signs of patients can be used to predict ICU admis-
sions and mortality among patients with COVID-19.

This was a retrospective cohort study that
was approved by the local ethics committee for research studies of the Dr.
Abdurrahman Yurtaslan Oncology Training and Research Hospital (date:
22.07.2020, number: 2020-07/707).

Wiritten informed consent was obtained from patients
who participated in this study.

Externally peer-reviewed.
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