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ABSTRACT

Introduction: This study was proposed to compare the ability and accuracy of modified sequential organ failure assessment (mSOFA), quick
SOFA (gSOFA), and gSOFA-65 in predicting the status of nontraumatic patients referred to hospital emergency departments (EDs).

Materials and methods: This study was a prospective design that performed on the 746 nontraumatic patients referred to the ED. Each patient
data was collected using a demographic questionnaire, mSOFA, qSOFA, and qSOFA-65 scales. Related variables of each scale were recorded
based on patients’ medical records. Then, the outcome of each patient in the ED was followed up and recorded. The severity and specificity of
each scale were estimated by the area under receiver operating characteristic (AUROC) curve at 99% confidence interval (Cl).

Results: The mean and standard deviation of scores were as follows: mSOFA = 4.40 + 2.58, gSOFA = 0.50 + 0.70, and qSOFA-65 = 0.92 + 0.96.
Patients requiring admission to the intensive care unit (ICU) were identified with AUROC curve as follows: mSOFA = 0.882 (99% Cl = 0.778-0.865);
gSOFA = 0.717 (99% Cl = 0.662-0.773); and qSOFA-65 = 0.771 (99% Cl = 0.721-0.820), which showed that mSOFA has higher sensitivity and
specificity than the other two scales in identifying patients requiring admission to the ICU.

Conclusion: All three scales were found to be reliable for identifying nontraumatic patients at risk of death and patients requiring admission to
the ICU. However, since the time and data required to complete gSOFA and qSOFA-65 are much less than those of mSOFA, it is recommended
that qSOFA and especially qSOFA-65 be used in ED to identify critically ill nontraumatic patients.
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INTRODUCTION

Overcrowding of in the last two decades,' studies have shown
that emergency department (ED) overcrowding can increase the
likelihood of morality within the next 1-3 days,> complications of
diseases,? delaying correct and effective treatment of patients,*
potential medical errors,” hospital stay,%” health expenses,® and
a reduction in patient satisfaction.’ Over the last decade, many
interventions have been conducted to reduce ED overcrowding,
patients leaving the ward without being seen, and waiting time.
Yet, ED overcrowding is still the main problem, and no reduction
has been observed in the total time of patient stay in ED.!°

One of the main reasons for the overcrowding of hospital EDs
is referring to nontraumatic patients to the hospital ED, which
accounts for over 80% of prehospital emergency referrals." Yet, not
all nontraumatic patients presenting to or referred to hospital EDs
require emergency services, and attending to patients according
to the referral order is not an appropriate criterion for providing
services in these wards.> Hence, solutions have to think up to
reduce mortality rates and other problems caused by overcrowding
of hospital EDs.

An efficient method with fewer errors that can be useful for
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latest version of SOFA called quick SOFA (qSOFA), in which only
respiratory rate, systolic blood pressure, and changes in the level
of consciousness that used to identify critical patients suspected of

accurate identification of patients at risk is the scoring systems. One
of the tools for identifying patients at risk in emergency and other
hospital wards is a modified sequential organ failure assessment
(mSOFA), which is the modified version of the SOFA that developed
in 2007 by Grissom et al.” In 2016, Seymour et al. introduced the

infection in EDs." Over recent years, some studies have investigated
the sensitivity and specificity of gSOFA in detecting the severity of
infection in patients presenting to hospital EDs, and have reported
conflicting results. Singer et al. showed that gSOFA is a suitable tool
foridentifying the possibility of death, the need for hospitalization
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in the intensive care unit (ICU), and the duration of hospital stay in
patients suspected of infection in ED."” Garbero et al. compared the
sensitivity of SOFA and qSOFA in identifying patients suspected
of infection and showed that qSOFA is not an appropriate tool for
identifying patients with sepsis and its prognosis.'® A new version
of gSOFA was introduced in 2020 by Jonghoo Lee and Jae-Uk Son,
in which, age over 65 years was added to qSOFA as an effective
variable in identifying patients suspected of infection in ED. They
showed that qSOFA-65 is a better tool than qSOFA for identifying
patients suspected of infection in ED." Some studies have used
qSOFA for screening other patients. Jawa et al. studied qSOFA for
determining the prognosis of trauma patients that showed the
qSOFA could identify trauma patients at risk of death, the need for
hospitalization in ICU, and the severity of injuries.'®

It seems that the qSOFA and qSOFA-65 appear to be suitable
for determining the status of nontraumatic patients dispatched
to hospital EDs. However, researchers found no study on the use
of these two scales to identify the likelihood of death, and the
need for nontraumatic patients to stay in ICU or other wards.
Thus, the present study was conducted to compare the ability of
mSOFA, gSOFA, and gSOFA-65 in predicting the disposition type
of nontraumatic patients referred to hospital EDs.

MATERIALS AND METHODS

Study Design, Setting, and Research Population

This study was a prospective design to assess the ability and
accuracy of mSOFA, gSOFA, and qSOFA-65 in predicting the status
of nontraumatic patients referred to hospital ED. The study was
conducted over 6 months from late February to late August 2019.
The study population included 923 nontraumatic patients who
had been transferred by prehospital emergency to ED of kowsar
hospital (a teaching-research hospital and a referral center for
nontraumatic patients in Semnan province with 220 beds) in the
city of Semnan. A total of 746 patients were ultimately selected
purposively and nonrandomly according to inclusion and exclusion
criteria. The study inclusion criteria were patients’ informed consent,
admission to ED, older than 18 years of age, and without trauma, or
psychiatric disorders. The study exclusion criteria were the patient’s
unwillingness to continue cooperation with the study, patient
transfer to another hospital, personal discharge against medical
advice, and insufficient information for completing demographics,
mMSOFA, qSOFA, and qSOFA-65 questionnaires.

Patients were referred to the hospital ED and examined based
on the chief complaint and received emergency treatment. Then,
patients’ disease was diagnosed based on the results of clinical and

Table 1: Modified sequential organ failure assessment (mSOFA) score

paraclinical tests. So, the chief complaint was considered as the
initial patients’ status in the admission time to the ED.

Data Collection and Measurement

At first, following their admission to hospital ED, patients were
first visited by the emergency physicians or internists, and the
physicians’ instructions were carried out by emergency nurses.
Then nurses performed the initial medical procedures.

Data were collected using a demographic questionnaire (age,
gender, and marital status, education, duration of stay in ED, history
of hospitalization, vital signs, and chief complaint) and mSOFA,
gSOFA, and gSOFA-65 scales.

At first, the three scales were completed according to the
values of the patient’s records such as the first vital signs, the first
oxygen-therapy request, the first dose of dopamine, dobutamine,
or norepinephrine, the first scleral examination, and the first time
creatinine level was measured in ED. Then, after the collection of
theinitial data, the patient outcome in the ED was followed up and
recorded. The patients divided into four categories according to
their status: (1) discharge from ED; (2) transfer to internal medicine
wards; (3) transfer to ICU; and (4) death in ED. Also, the criterion for
transferring patients from the ED to other wards was according
to the opinion of emergency medicine and internal medicine
specialists.

mMSOFA assesses parameters relating to 5 vital organs,
including the lungs, heart and vessels, liver, kidney, and central
nervous system, and scores each organ from 0 to 4 points, with
total score varying from 0 to 20 (Table 1)."* In qSOFA, SBP < 100
mm Hg, RR > 22 breaths/minute, and GCS > 14 score 1 point, and
the rest score 0. Therefore, the final score of gSOFA has ranged
between 0 and 3 points (14). In qSOFA-65, in addition to the
existing values, 1 point is added to the mSOFA score for age over
65 years, making a total score of gSOFA-65 from 0 to 4 points (16).
All these three scales that used in this study have been reported
with the confirmed validity and reliability in several studies to
assess a variety of patients’ critical conditions and to predict
mortality (13, 14, and 16).

Statistical Analysis

Data were analyzed in SPSS-16 using descriptive (frequency, mean,
and standard deviation) and analytical (Pearson and Spearman
correlation coefficients) statistical tests and area under receiver
operating characteristic (AUROC) curve at 99% confidence interval
(Cl). AUROC curve was used to determine the sensitivity and
specificity of mSOFA, gSOFA, and qSOFA-65 scales. Also, since the
distribution of variables was abnormal based on the Shapiro-Wilk

Organ system 0 1 2 3 4
Respiratory SpO,/FiO, >400 <400 <315 <235 <150
Liver No scleral icterus or Scleral icterus or

jaundice jaundice

Cardiovascular,
hypotension

No hypotension MAP <70 mm Hg

CNS, Glasgow coma 15 13-14
scale
Renal, creatinine, mg/dL  <1.2 1.2-1.9

Dopamine <5 or
dobutamine any dose

Dopamine >5 Dopamine >15

Epinephrine <0.1 Epinephrine >0.1
Norepinephrine <0.1  Norepinephrine >0.1
10-12 6-9 <6

2.0-34 3.5-4.9 >5.0
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test, the distribution assumption was selected as nonparametric
when analyzing the ROC curve.

Ethical Considerations

This study was approved by the research ethics committee
of Semnan university of medical sciences, Semnan, Iran (No:
IR.SEMUMS.REC.1397.280). The purpose of the study was explained
to each patient. Also, informed consent was obtained from all
patients. It was emphasized that the participation of each patient
was voluntary, and they were free to withdraw from the study.

REesuLTs

Of the 746 patients, 71 patients (9.51%) excluded for various reasons,
including transfer to another hospital (9 patients), discharge from ED
against medical advice (45 patients), age under 18 years (11 patients),
and inadequate information needed to complete questionnaires (17
patients), so data relating to 664 patients were analyzed ultimately.

Of all participants, 360 patients (54.2%) were males, and 304
(45.8%) were females. Participants’ mean age was 56.59 + 21.44
years, and 535 patients (80.6%) were married. The patients’ mean to
stay in the ED was 5.60 + 5.68 hours. A total of 396 patients (59.6%)
had a history of hospitalization at least once, and 268 (40.4%) had
not to experience hospitalization. A total of hospitalized patients,
227 patients (34.2%) were referred to the hospital for cardiovascular
problems, 18 patients (2.7%) died in ED, 110 (16.6%) were transferred
from ED to internal medicine ward, 110 (16.6%) were transferred to
ICU, and 426 (64.1%) were discharged from ED (Table 2). Pearson
correlation test showed a direct relationship between the length
of stay in ED of nontraumatic patients and scores obtained from
the three scales, that is, the higher the patients’ scores, the longer
their stay (p < 0.0001).

Mean and standard deviation of patients’ vital signs and other
medical measurements are as follows: systolic blood pressure 125.51
+29.44 mm Hg, diastolic blood pressure 76.98 + 16.75 mm Hg, mean
atrial pressure (MAP) 93.34 + 19.63 mm Hg, heart rate 81.37 + 20.09
bpm, respiratory rate 17.29 + 4.37 bpm, body temperature 36.83 +
0.71°C, O, saturation 94.58 + 7.57%, GCS 13.94 + 2.67, pain 1.56 +
3.04, and blood glucose 137.85 + 75.54 mg/dL (Table 2).

The mean and standard deviation of scores was as follows:
MSOFA =4.40 + 2.58,qSOFA = 0.50 + 0.70, and qSOFA-65 =0.92 +
0.96 (Table 3). None of the patients with an mSOFA score less than
6 died. The odds of mortality and hospitalization in ICU increased
with an increasing mSOFA score. All patients with gSOFA scores
higher than 2, either died or were hospitalized. None of the patients
with qSOFA-65 score less than 3 died, and none with score greater
than 3 were discharged. The cut-off point of the qSOFA scores for
hospitalization in the ICU and deathinthe ED is 3 and 6, respectively.

Patients at risk of dying were identified with AUROC as follows:
mMSOFA = 0.923 (99% Cl = 0.896-0.950); qSOFA = 0.925 (99% Cl =
0.885-0.965); and qSOFA-65 = 0.947 (99% Cl = 0.922-0.973), which
showed that mSOFA and qSOFA have equal sensitivities and
specificities, and qSOFA-65 had more ability than the other two
scales in detecting the likelihood of death (Fig. 1). Patients referred
to the ICU were identified with AUROC as follows: mSOFA = 0.882
(99% Cl = 0.778-0.865); qSOFA = 0.717 (99% ClI = 0.662-0.773);
and qSOFA-65 = 0.771 (99% Cl = 0.721-0.820), which showed that
mSOFA has higher sensitivity and specificity than the other two
scales in identifying patients requiring admission to the ICU (Fig.
2). Patients referred to other wards were identified with AUROC as
follows: mSOFA =0.569 (99% Cl = 0.512-0.626); gSOFA = 0.491 (99%
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Table 2: Background and physiological parameters of patients

Frequency (%) or
Demographic and physiological parameters mean (SD)
Age (year) 56.59 +21.44
Gender (male/fe- 360 (54.2)/304 (45.8)
male)
Marriage status (mar- 535(80.6)/129 (19.4)
ried/single)
Hospitalization his- 396 (59.6%)/268
tory (yes/no) (40.4%)
Patients chiefcom-  Neurological 85(12.8)
plain, n (%)
Cardiovascular 227 (34.2)
Gastrointestinal 52(7.8)
Respiratory 56 (8.4)
Renal 2(0.3)
Endocrinological 16 (2.4)
Weakness 75(11.3)
LoC 56 (8.4)
Poisoning 64 (9.6)
Other 31(4.7)
ED length of stay 5.60 + 5.68
(hours)
Patient’s status in ED, Discharge from ED 426 (64.1)
n (%)
Transport to general 110 (16.6)
ward
Transport to ICU 110 (16.6)
Death 18 (2.7)
SBP (mm Hg) 125.51 +£29.44
DBP (mm Hg) 76.98 + 16.75
MAP (mm Hg) 93.34+ 19.63
HR (bpm) 81.37 +20.09
RR 17.29 + 437
T 36.83 +0.71
O, Saturation 94.58 + 7.57
GCS 13.94 + 2.67
Pain* based on VAS 1.56 +3.04
BS 137.85 + 75.54

*|t refers to any pain that results from internal medicine conditions

Data are shown as mean + standard deviation or n.

LOC, loss of consciousness; ED, emergency department; ICU, intensive care
unit; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean
atrial pressure; HR, heart rate; bpm, beat per minute; RR, respiratory rate; T,
temperature; GCS, Glasgow coma scale; VAS, visual analog scale; BS, blood
sugar.

Cl = 0.443-0.549); and qSOFA-65 = 0.510 (99% ClI = 0.451-0.569),
which showed that none of the three scales is superior to the other
in sensitivity and specificity for identifying patients requiring
transfer to other wards (Fig. 3).

Discussion

The present study was purposed to assess the ability and accuracy
of mSOFA, gqSOFA, and qSOFA-65 in identifying patients at risk
of death, patients requiring admission to the ICU, and patients
requiring transfer to other wards.
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Table 3: Distribution of mMSOFA, qSOFA and qSOFA-65 scores in emergency patients

Patients status in emergency department

Transport to
Frequency, Discharge general ward,  Transport to
Scales Scores n (%) fromED, n (%) n (%) ICU, n (%) Death,n (%)  Mean + SD Median (IQR)
mSOFA 0 0(0) 0(0) 0(0) 0(0) 0(0) 440 + 2.58 3.70
1 0(0) 0(0) 0(0) 0(0) 0(0)
2 139 (20.8) 119 (85.6) 18(12.9) 2(1.5) 0(0)
3 156 (23.4) 129 (82.7) 17 (10.9) 10 (6.4) 0(0)
4 170 (25.6) 119 (70) 31(18.2) 20(11.8) 0(0)
5 57 (8.6) 31(54.4) 16 (28.1) 10(17.5) 0(0)
6 38(5.7) 15(39.5) 12(31.6) 10 (26.3) 1(2.6)
7 23 (3.5) 3(13) 5(21.7) 9(39.1) 6(26.1)
8 22 (3.3) 6(27.3) 4(18.2) 11 (50) 1(4.5)
9 13 (2.0) 0(0) 4(30.8) 6 (46.2) 3(23)
10 20 (3) 4(20) 0(0) 14 (70) 2(10)
11 5(0.8) 0(0) 1(20) 2 (40) 2 (40)
12 8(1.2) 0(0) 1(12.5) 6 (75) 1(12.5)
13 6(0.9) 0(0) 1(16.7) 4(66.7) 1(16.7)
14 5(0.8) 0(0) 0(0) 4 (80) 120)
15 1(0.2) 0(0) 0(0) 1(100) 0(0)
16 1(0.2) 0(0) 0(0) 1(100) 0(0)
>16 0(0) 0(0) 0(0) 0(0) 0(0)
qSOFA 0 409 (60.6) 305 (75.5) 67 (16.6) 32(7.9) 0(0) 0.50 +0.70 0.43
1 192 (28.4) 106 (56.4) 35(18.6) 44 (23.4) 3(1.6)
2 69 (10.2) 15 (22.1) 8(11.8) 31 (45.6) 14 (20.6)
3 5(0.8) 0(0) 0(0) 3(75) 1(25)
SOFA-65 0 280 (41.5) 218(79.3) 44 (16) 13 (4.7) 0(0) 0.92 +0.96 0.77
1 230 (34.1) 160 (70.8) 36 (15.9) 30(13.3) 0(0)
2 107 (15.8) 42 (39.6) 24 (22.6) 37 (34.9) 3(2.8)
3 56 (8.3) 6(10.9) 6(10.9) 28 (50.9) 15(27.3)
4 2(0.3) 0(0) 0(0) 2 (100) 0(0)
SD, standard deviation; IQR, interquartile range
1.0 1.0
0.8 0.8
g 0.6 :g 0.6
(2] (2]
o 0.4 - 3 0.4
n n
0.2 0.2 -
0.0 T T T T 0.0 - T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-specificity 1-specificity
—— gSOFA65 —— qSOFA —— mSOFA score —— gSOFA65 —— qSOFA —— mSOFA score

Fig. 1: mSOFA, qSOFA, and qSOFA-65 scales as detecting likelihood of
death

Theresults showed that patients with mSOFA score >2 needed
ED admission for further assessments, those with mSOFA score >6
needed provision of more care, and all those with mSOFA score
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Fig. 2: mSOFA, qSOFA, and qSOFA-65 scales as detecting likelihood of
ICU admission

>11 needed further serious care and were highly likely to die or be
admitted to the ICU. In support of this result, Macdonald et al. (2014)
reported that patients with SOFA score >2 needed ED admission,

4
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Fig. 3: mSOFA, qSOFA, and qSOFA-65 scales as detecting likelihood of
general ward admission

and those with SOFA score >6 were at risk of death.' This result
shows that the mSOFA can be used as a suitable scale for triage of
nontraumatic patientsin the ED. So that patients with mSOFA scores
between 0 and 1 do not need ED admission, and those with scores
between 2 and 6 receive green labels, and scores between 6 and
11 and higher receive red labels.

The results also showed that patients with scores of qSOFA
and qSOFA-65 between 0 and 1 needed admission to ED and
further assessments. Patients with scores of 2 and higher in these
two scales needed serious care and were highly likely to die or be
admitted to the ICU. In line with this result, Singer et al. showed
that the likelihood of death and admission to the ICU in patients
with gSOFA scores >2 were 37% and 48.2%, respectively.”” Jonghoo
and Jae-Uk Son showed that patients with qSOFA-65 score >2
were not well and were at risk of septic shock.!” This result shows
that qSOFA and gSOFA-65 cannot be used as a suitable tool for
identifying patients requiring admission to ED. But they can be
used to triage nontraumatic patients in ED, so that patients scoring
0, 1,and >2 in these two scales can be given green, yellow, and red
labels, respectively.

The study results were showed a direct relationship between
patients’ exacerbating condition and higher scores in all three
scales. This is confirmed in a study by Jawa et al., which showed
a direct relationship between higher gSOFA scores and increased
likelihood of death.'®

The AUROC for mSOFA scale was found 0.924 for identifying
patients at risk of death, 0.825 for identifying patients requiring
admission to the ICU, and 0.569 for patients requiring transfer to
other wards. This shows that this scale can be used in ED to identify
critically ill patients and those at risk of death. However, this scale
is not suitable for identifying patients requiring transfer to other
wards. Researchers found no study investigating the accuracy of
mSOFA in identifying critically ill patients in the ED. However, the
SOFA has been used in some to identify critically ill patients in the
ED. Macdonald reported AUROC of 0.78 for identifying patients
with infectious diseases at risk of death.'® Safari reported AUROC
of 0.73 for identifying patients with reduced consciousness and
infection at risk of death.?’ This finding shows that the mSOFA is
much more suitable than SOFA for identifying the likelihood of
death in nontraumatic patients presenting to ED.

Indian Journal of Critical Care Medicine, Volume 24 Issue 11 (November 2020)

For gSOFA and gqSOFA-65, AUROC was 0.924 and 0.947 for
identifying patients at risk of death, respectively, 0.719 and 0.773 for
identifying patients requiring admission to the ICU, respectively, and
0.495 and 0.512 for identifying patients requiring transfer to other
wards, respectively. These results show that compared to mSOFA,
these two scales are more capable of identifying nontraumatic
patients who are critically ill or at risk of death. But they are not
suitable for predicting the status of patients who are not critically
ill. Haydar et al. reported AUROC of 0.68 for identifying patients
with infectious diseases at risk of death using qSOFA.?' Hawang
et al. also reported that AUROC of 0.58 for identifying critically ill
patients at admission to ED, 0.60 at 3 hours after admission, and
0.57 at 24 hours after admission.?

LimiTATION

The criterion for transferring patients from the ED to other wards
was according to the opinion of emergency medicine and internal
medicine specialists. Although the specialists’ team did this very
carefully, they may have made a mistake in choosing the patient
ward. Therefore, this study is limited in this regard.

CONCLUSION

In summary, the present study showed that the likelihood of critical
iliness and death of nontraumatic patients referred to ED increased
with increasing scores of mSOFA, gSOFA, and gSOFA-65. The cut-off
point for identifying the risk of death was 6 for the mSOFA, 1 for
qSOFA, and 2 for gSOFA-65. All three scales were found to be reliable
for identifying nontraumatic patients at risk of death and patients
requiring admission to the ICU. However, since the time and data
required to complete qSOFA and gSOFA-65 are much less than those
of mSOFA, itis recommended that gSOFA and especially gSOFA-65
be used in ED to identify critically ill nontraumatic patients.
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