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Objective: This study aimed to determine the prognostic accuracy of SOFA in comparison
to quick-SOFA (qSOFA) and systemic inflammatory response syndrome (SIRS) in predicting
28-day mortality in the emergency department (ED) patients with infections.

Methods: A secondary analysis of data from a prospective study of adult patients with
documented or suspected infections admitted to an ED in Denmark from Oct-2017 to Mar-
2018. The SOFA scores were calculated after adjustment for chronic diseases. The prog-
nostic accuracy was assessed by analysis of sensitivity, specificity, predictive values, like-
lihood ratios, and area under the receiver operating characteristic curve (AUROC) with 95%
confidence intervals (CI).

Results: A total of 2045 patients with a median age of 73.2 (IQR: 60.9-82.1) years were
included. The overall 28-day mortality was 7.7%. In patients meeting a SOFA score >2,
gSOFA score >2, and SIRS criteria >2 the 28-day mortality was 13.6% (11.2-16.3), 17.8%
(12.4-24.3) and 8.3% (6.7-10.2), respectively. SOFA >2 had a sensitivity of 61.4% (53.3—
69.0) and specificity of 67.3% (65.1-69.4), qSOFA >2 had a sensitivity of 19.6% (13.7-26.7)
and specificity of 92.4% (91.1-93.6), and SIRS >2 had a sensitivity of 52.5% (44.4-60.5)
and specificity of 51.5% (49.2-53.7). The AUROC for SOFA compared to SIRS was: 0.68 vs
0.52; p<0.001 and compared to gSOFA: 0.68 vs 0.63; p=0.018.

Conclusion: A SOFA score of at least two had better prognostic accuracy for 28-day
mortality than SIRS and qSOFA. However, the overall accuracy of SOFA was poor for the
prediction of 28-day mortality.

Keywords: emergency department, infectious disease, SOFA, SIRS, qSOFA, sepsis,

mortality, prognostic accuracy

Background

Sepsis is a serious clinical condition with high mortality.'* The incidence of sepsis
has been reported to 83—731/100,000 person-years at risk depending on the defini-
tion and severity of sepsis.'*

Since 1992, Systematic Inflammatory Response Syndrome (SIRS) (Appendix-1)
criteria have been used to early identification of infected patients with sepsis. Due
to the low predictive validity of SIRS® and a better understanding of the pathobio-
logical mechanism, sepsis has since 2016 (Sepsis-3) been defined as a life-
threatening organ dysfunction caused by a dysregulated host response to
infection.” Organ dysfunction is defined as an increase of two points or more

from the baseline of the Sequential Organ Failure Assessment (SOFA) score
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(Appendix 1).° Since SOFA requires laboratory tests with
the risk of delaying the identification of patients with
sepsis, a simple bedside test, quick-SOFA (qSOFA)’
(Appendix 1) was proposed as a clinical tool for early
identification of infected patients with increased risk of
serious outcomes.

However, data from our institution® and other studies’*®
have reported that qSOFA’s prognostic accuracy is not
substantially better than SIRS, and qSOFA is nowadays
considered a prognostic tool rather than a diagnostic
t00l.%!” Thus, we still lack a method for early identifica-
tion of infectious patients with a sepsis-like condition and
an increased risk of a poor outcome.

The use of SOFA may be unfeasible. Clinicians often
have to await laboratory results (appendix 1), and comor-
bidities (lung, kidney, liver diseases, and dementia) may
influence the SOFA calculations, which may delay the
identification of septic patients and treatment with anti-
biotics. With these considerations, SOFA seems, after all,
to have superior prognostic accuracy.”'''* However,
prospective evaluations of SOFA’s prognostic perfor-
mance in patients with infections compared to other
tools in the emergency department (ED) settings are
scarce.”'""'* Therefore, the present study aimed to com-
pare the prognostic accuracy of SOFA compared to
gqSOFA and the SIRS criteria for predicting 28-day mor-
tality in a study of patients with documented or suspected
infection admitted to an ED. A secondary purpose was to
estimate the incidence of sepsis based on the new Sepsis-

3 criteria.

Method

The present study is a secondary analysis of data from
a previously published prospective observational cohort
study of the prognostic accuracy of gSOFA among adult
(> 18 years) ED patients with an infection.® All patients
were admitted to the ED at Slagelse Hospital, Denmark,
during the period October 1, 2017, to March 31, 2018.°
Slagelse Hospital is a tertiary care center that serves the
entire population in the catchment area, and the ED has an
uptake area of 198,000 adult inhabitants with 26,500 visits
annually. The Danish healthcare system offers equal
access to all residents. Patients who are admitted acutely
are either referred by general practitioners or by ambu-
lance to the hospital. Danish privately funded hospitals
have no acute patient intake.'>

Patients with Infections

During the study period, triage records and electronic
patient records for all patients (N= 12,092) were every
working-day reviewed by the authors (SMOBA, RHS)
for inclusion. As previously described,® all patients with
either documented or suspected infection were diagnosed
by an ED physician in charge. If delivered either intrave-
nous or peroral antibiotics (AB) within 24 hours from
arrival (N=3176), the patients were initially registered as
patients with infectious diseases.

Patients who had a qSOFA score of at least two or
fulfilled the SIRS criteria for sepsis, or were critically ill,
were given priority for prompt medical examination by an
ED physician. Septic patients were treated according to
a protocol during the study period. If a physician suspected
sepsis, treatment with oxygen, lactate measurement, blood
tests, an electrocardiogram (ECQ), treatment with intrave-
nous fluids, and intravenous broad-spectrum AB after
blood cultures were drawn was recommended initiated
within one hour from recognition of sepsis irrespective
of disease severity.®

Inclusion and Exclusion

Patients treated with antibiotics within 24 hours after ED
admission and continued for at least 48 hours were con-
sidered to have an infection and were included in the
present study. Among the 3176 patients initially registered
as having an infection on admission patients with foreign
nationality without a Danish Civil Registration number
(n=6), if AB treatment was discontinued within 48 hours
(n=174), prophylactic AB treatment with surgery (n=240),
transfer to or from other hospitals (n=224), if previously
included during the study period (n=354), missing data
(n=123) and registration errors (n=10) were excluded.

Definitions
We used the Charlson Comorbidity Index (CCI) to classify
the burden of chronic disorders.'®

Patients who fulfilled a SOFA score of at least two on
admission were considered to have sepsis.” A baseline
SOFA score of zero was registered for all patients without
chronic disorders. An adjusted baseline score of SOFA was
calculated for patients with known chronic diseases (kid-
ney, liver, respiratory, or dementia). SOFA scoring was not
a routine in our ED during the study period. The SOFA

calculation method has been described in detail in

2764

Dove!

Infection and Drug Resistance 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Abdullah et al

Appendix 2. The definitions of gSOFA and SIRS followed
the guidelines described in Appendix 1.

The altered mental state was defined as either
a Glasgow Coma Scale (GCS) value less than 15 or
AVPU (Alert, Verbal, Pain, Unresponsive) other than
A on admission to the ED. Positive blood culture was
defined as at least one positive blood culture during the
stay in the
excluded).

ED (coagulase-negative staphylococci

Data Collection

All patients admitted to our ED were triaged immediately
after the arrival. We obtained the following triage variable,
laboratory test and medical history from the triage forms
and the electronic medical record daily by the authors
(SMOBA, RHS): Glasgow Coma Scale (GCS) or the
Alert-Voice-Pain-Unresponsive (AVPU) scale,
blood pressure (SBP)(mm Hg), respiratory rate (RR)
(breaths/min), heart rate (HR)(beats/min), body tempera-
ture (Tp)(°C), haemoglobin (mmol/L), C-reactive protein
(CRP), leucocyte count (x10%/L), paO,-(kPa), peripheral
oxygen saturation (%), creatinine (umol/L), bilirubin

systolic

(umol/L), platelets count (x10°/L) and information regard-
ing comorbidities (CCI).

Information on site of infection was based on a review
of all electronic records at discharge with specific details
on infectious sources diagnosed and documented in the
records by the physicians during hospital stay. Foci of
infection were specified by bacterial culturing of suspected
infected tissues and body fluids. Other examinations (eg
x-ray, ultrasound, computed tomography, gynecological
examinations) were performed if relevant.

gSOFA and SIRS scores were calculated (appendix 1)
based on the arrival variables. Survival status was obtained
from the Danish Civil Registration System,'” a national
registry with information on vital status among all Danish
citizens. Each person has a unique personal registration
number (CPR) in Denmark, making the linkage between
health registries possible.'’

Statistical Analysis

The primary outcome was 28-day mortality. In-hospital
mortality and transfer to the ICU were secondary out-
comes. Continuous data are reported as medians with
interquartile ranges (IQR). Categorical variables are
reported as counts and percentages with 95% confidence
intervals (CI). Differences within medians with 95% CI

and exact differences of proportions with 95% CI were

used to compare the groups. Differences were assumed
significant if the 95% CI for the median difference or the
95% CI for the difference of proportions did not include
zero. We have calculated the incidence as (number of
patients with sepsis defined by either SOFA, qSOFA, or
SIRS/adult population in the area x 0.5) x 100.000 person-
years at risk (95% CI). Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
positive- and negative likelihood ratio (LR+/LR-) with
95% CI and area under the receiver operating character-
istic curve (AUROC) was used to assess the prognostic
accuracy of the scores. The equality of the AUROC was
reported by p-value. AUROC values at 0.5 suggest no
ability to discriminate between patients with or without
the outcome of interest, 0.6 to 0.7 was considered poor,
adequate at 0.7 to 0.8, good at 0.8—0.9 and excellent at 0.9
or higher.'>'®

Mortality rates among patients fulfilling the qSOFA
score and SIRS criteria, and the prognostic accuracy of
the scores, have previously been published® but are
included in the present analyses for comparison purposes.

All statistical
STATA 15.1.

analyses were performed using

Results

Study Population
A total of 2045 patients (48.6% male) with a median age
of 73.2 years (IQR 60.9-82.1) were included (Figure 1).

Baseline Characteristics

The baseline characteristics, according to the sepsis cri-
teria (SOFA >2), are shown in Table 1. A total of 61
(3.0%) of the patients had systolic blood pressure < 90
mmHg on admission, and 20 (1%) were treated with
vasopressors (Table 1). The proportion of hypotensive
(6.9% vs 0.9%) and vasopressor treated patients (2.2% vs
0.3%) was highest among sepsis patients (Table 1)

Sepsis patients were older, more often male, and had
higher comorbidity scores (Table 1). The proportion of
patients with congestive heart failure, ischemic heart dis-
ease, cerebrovascular disease, diabetes, chronic kidney
disease, and hypertension was higher among patients
with sepsis (Table 1). C-reactive protein, leucocyte count,
creatinine, bilirubin, and lactate values were higher among
septic patients while platelets were lower (Table 1). Blood
cultures were more often obtained among septic patients,
and positive blood cultures were more common in patients
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N=2178 patients had an infection

Excluded:

i
v

A 4

Missing data (n=123)

N=2045 were included for final analysis

Registration error (#=10)

l

qSOFA >2:n=174 SOFA >2: n=714

SIRS >2: =999

Figure | Study flow chart.

with sepsis (Table 1). Pulmonary origin of infection was
more frequent in septic patients, while skin and urinary
infections were more common in non-sepsis patients
(Table 1). A total of 139 (6.8%) had unknown sites of
infections (Table 1).

Incidence of Sepsis

A total of 714 (34.9%;32.8-37.0) patients had a SOFA
score of >2 on admission, 174 (8.5%;7.3-9.8%) had
a qSOFA score of >2, and 999 (48.9%; 46.6-51.0%)
fulfilled at least two SIRS criteria (Table 2). The incidence
of sepsis based on SOFA was 721 (663-768) per
100,000 person-years, based on qSOFA 176 (149-202)
per 100,000 person-years, and based on SIRS criteria
1009 (938—-1062) per 100,000 person-years (Table 2).

Mortality

A total of 158 (7.7%) patients died within 28 days, and the
mortality in patients with a SOFA score >2, gSOFA >2,
and SIRS >2 was 13.6% (11.2-16.3), 17.8% (12.4— 24.3),
and 8.3% (6.7-10.2), respectively. The 28-day mortality
increased with increasing SOFA scores (Table 3) and was
significantly higher (13.6% vs 4.5%; 6.3-11.8%) in
patients with sepsis (SOFA > 2) compared to patients
without sepsis (SOFA < 2) (Table 2).

The 28-day mortality was highest among patients
meeting a SOFA score >2 compared to SIRS >2 (13.6 vs
8.3%; 2.3—8.3%) on admission (Table 2). There was no
difference in 28-day mortality between patients with
SOFA >2 and qSOFA > 2 (13.6 vs 17.8%; —2.0 —
10.4%) (Table 2).

The in-hospital mortality was also higher among
patients with SOFA >2 than SIRS >2, (7.3% vs 4.2%;
0.8-5.4%) (Table 2). However, there was no difference

in in-hospital mortality between patients with SOFA >2
and qSOFA >2 (7.3% vs 9.2%; —6.5 — 2.8) (Table 2).

Transfer to ICU

The proportion of patients transferred to the ICU was
higher among patients with a SOFA score >2 than patients
with SIRS >2 (13.5 vs 10.0%; 0.3—6.6%) (Table 2).
However, there was no difference between patients with
a SOFA score >2 and qSOFA >2 (13.5 vs 16.1%; -8.6
—3.4%) (Table 2).

Prognostic Accuracy for 28-Day Mortality
Patients with SOFA >2 had a sensitivity of 61.4% (53.3
—69.0) and a specificity of 67.3% (65.1—69.4) (Table 4).
Patients meeting qSOFA >2 had a sensitivity of 19.6%
(13.7-26.7) and a specificity of 92.4% (91.1-93.6)
(Table 4). Patients with SIRS >2 had a sensitivity of
52.5% (44.4-60.5) and a specificity of 51.5% (49.2
—53.7) (Table 4). Overall AUROC for SOFA was signifi-
cantly higher compared to qSOFA (0.68 vs 0.63; P=0.018)
and SIRS (0.68 vs 0.52; p<0.001) (Table 4). Likelihood
ratios are close to 1.0 (for both LR+ and LR-) for SOFA
and qSOFA (Table 4). PPV and NPV for the scores are
shown in Table 4. The AUROC curves and corresponding
AUROC values showed that SOFA and qSOFA had poor
prognostic ability to predict 28-day mortality (Figure 2).
SIRS could not predict mortality (Figure 2).

Supplementary Analyses

We found no significant changes for AUROC values
according to the three scores after excluding patients
with systolic blood pressure < 90 mmHg or need of vaso-
pressor treatment (Supplement Table 1).
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Table | Baseline Characteristics According to Sepsis Classification

All Patient Sepsis (SOFA No Sepsis (SOFA | Difference (95% CI) Between
N=2045 22) n=714 <2) n=1331 Sepsis and No Sepsis

Male sex, n(%) 993(48.6) 417(58.4) 576(43.3) 15.1(10.6—19.6)
Age in years, median, (IQR) 73.2(60.7-82.7) 75.1(66.2-84.1) 72.2(57.1-81.4) 4.4(3.1-5.8)
Chronic disorders
Charlson Comorbidity Index, n(%)

0 630(30.8) 175(24.5) 455(34.2) 9.7(5.6-13.8)

1-2 969(47.4) 350(49.0) 619(46.5) 2.5(-2.0-7.0)

3+ 446(21.8) 189(26.5) 257(19.3) 7.2(3.3-11.0)
Congestive heart failure 222(10.9) 110(15.4) 112(8.4) 7.0(4.0-10.0)
Ischemic heart disease® 225(11.0) 95(13.3) 130(9.8) 3.5(0.5-6.5)
Cerebrovascular disease 285(13.9) 128(17.9) 157(11.8) 6.1(2.8-94)
Chronic pulmonary disease 540(26.4) 174(24.4) 366(27.5) 3.1(-0.9-7.1
Diabetes mellitus® 344(16.8) 152(21.3) 192(14.4) 6.9(3.4-10.5)
Malignancy® 275(13.5) 100(14.0) 175(13.2) 0.8(—2.3-3.9)
Chronic kidney disease® 116(5.7) 61(8.5) 55(4.1) 4.4(2.1-6.7)
Chronic mild or severe liver disease | 36(1.8) 14(2.0) 22(1.7) 0.3(-0.9-1.5)
Hypertension 672(32.9) 260(36.4) 412(31.0) 5.4(1.1-9.7)
Altered mental status, n(%) 285(13.9) 196(27.5) 89(6.7) 20.8(17.2-24.3)
qSOFA 22, n(%) 174(8.5) 140(19.6) 34(2.6) 17.0(14.0-20.0)
SIRS 22, n(%) 999(48.9) 425(59.5) 574(43.1) 16.4(11.9-20.9)
SBP < 90 mmHg, (%) 61(3.0) 49(6.9%) 12(0.9) 6.0(4.1-7.9)
Treatment with vasopressor, n(%) 20(1.0) 16(2.2) 4(0.3) 1.9(0.8-3.0)
Laboratory results, median (IQR)

Haemoglobin (mmol/L) 8.1(7.2-8.8) 8.0(7.0-8.9) 8.1(7.3-8.8) 0.1(0-0.2)

C-reactive protein (mg/L) 65(20-137) 78(23-148) 61(18-130) 9.0(3.6-14.5)

White blood cell count (x 10%/L) 11.1(8.5 —14.9) 11.8 (8.6-16.4) 10.8 (8.4-14.1) 0.9(0.4-1.3)

Creatinine (umol/L) 82 (63 —113) 114 (76-175) 74 (60-93) 36(31-42)

Platelet count (x 10°/L) 241 (187-315) 213.5 (148-290.5) | 255 (206-323) 46(37-55)

Bilirubin (umol/L) 9 (6-13) 10 (7-17) 8 (6-11) 2(2-3)

Lactate® (mmol/L) 1.2 (0.8-1.9) 1.3 (0.9-2.1) 1.0 (0.7-1.7) 0.2(0.1-0.3)

Missing lactate values, n(%) 1273(62.2%) 301(42.2%) 972(73.0%) 30.8(26.5-35.1)

Length of stay, median (IQR) 6.2(2.2-7.9) 6.1(3.7-10.1) 3.9(1.3-6.8) 2.2(1.9-2.7)
Blood cultures, n(%)

Number blood cultures obtained 1101(53.8) 438(61.3) 663(49.8) 11.5(7.0-16.0)

Positive blood cultures 123(6.0) 60(8.4) 63(4.7) 3.7(1.4-6.0)

(Continued)
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Table | (Continued).

All Patient Sepsis (SOFA No Sepsis (SOFA | Difference (95% CI) Between
N=2045 22) n=714 <2) n=1331 Sepsis and No Sepsis
Foci of infection, n(%)’

Lungs 1086(53.1) 423(59.2) 663(49.8) 9.4(4.9-13.9)

Urinary 525(25.7) 157(22.0) 368(27.7) 5.7(1.8-9.6)

Abdominal 217(10.6) 71(9.9) 146(11.0) I.1(-1.7-3.9)

Skin 182(8.9) 48(6.7) 134(10.1) 3.4(1.0-5.8)

Endocarditis 9(0.4) 3(04) 6(0.5) 0.1(-0.5-0.7)

Central nervous system 9(0.4) 5(0.7) 4(0.3) 0.4(-0.3-1.1)

Devices/implants 2(0.1) 1(0.1) 1(0.08) -

Facial/teeth 11(0.5) 2(0.3) 9(0.7) 0.4(-0.2-1.0)

Others 9(0.4) 3(04) 6(0.5) 0.1(-0.5-0.7)

Unknown 139(6.8) 60(8.4) 79(5.9) 2.5(0.14.9)

2 infection foci 135(6.6) 54(7.6) 8l(6.1) 1.5(—0.8-3.8)

3+ infection foci 5(0.2) 3(04) 2(0.2) 0.2(-0.3-0.7)

Notes: “A history with either myocardial infarction or other symptoms of ischemic heart disease. PDiabetes with or without organ damage. “Metastatic tumor or tumor
without metastasis, leukemia and lymphoma. “Severe or mild chronic kidney disease. ®A total of 772 (37.8%) patients had blood measurements of lactate on admission to the

ED. ‘Some patients had more than one site of infection.

Abbreviations: Cl, confidence interval; gSOFA, quick sequential organ failure assessment; SBP, systolic blood pressure; SOFA, sequential organ failure assessment; SIRS,

systemic inflammatory response syndrome.

Prognostic Accuracy for in-Hospital

Mortality and Transfer to ICU

The sensitivity for SOFA >2, qSOFA >2, SIRS >2 in
predicting in-hospital mortality was 67.5% (55.9-77.8),
20.8% (12.4-31.5), 54.5% (42.8—65.9), respectively. The
specificity was 67.5 (55.9-77.8), 92.0% (90.7-93.1),
51.4% (49.1-53.6), respectively. Analyses applying ICU-
admission as endpoint did not show any significant differ-
ences across the scores (data not shown).

Patients without Chronic Disorders

In a sensitivity analysis excluding patients with chronic
disorders and leaving patients with a baseline SOFA score
of zero, we found a sensitivity of 64.5% (51.3-76.3),
a specificity of 70.7% (67.9—73.4), and AUROC of 0.70
(0.63-0.77) for SOFA, which is not notable deviating

values compared to the total group of patients (Table 4).
The sensitivity analyses were repeated for qSOFA and
SIRS without significant new findings (data not shown).

Discussion
In this study, we found that a SOFA score of at least two in
patients with infectious diseases on admission to an ED
had better prognostic accuracy than SIRS and qSOFA to
predict 28-day mortality. However, the overall accuracy of
SOFA was poor for the prediction of 28-day mortality. Our
study also revealed that sepsis incidence based on the
SOFA criteria was 721/100,000 person-years, which was
considerably higher compared to estimates based on
gSOFA, and lower compared to the SIRS criteria.

The Sepsis-3 guidelines were based on a retrospective
study of both ICU and non-ICU patients.'> Since the
introduction of SOFA in 2016, only one prospective

Table 2 Incidence, Transfer to ICU and Mortality According to Different Sepsis Criteria

n Incidence/Person- Years at Transfer to ICU % In-Hospital Mortality % | 28-Day Mortality %
Risk (95% CI) (95% CI) (95% CI) (95% CI)
All patients 2045 7.5 (6.4-8.7) 3.8 (3.04.7) 7.7 (6.6-9.0)
SOFA 22 714 | 721/100,000 (663-768/100,000) 13.5 (11.0-16.2) 7.3 (55-94) 13.6 (11.2-16.3)
qSOFA 22 174 176/100,000 (149-202/100,000) 16.1 (11.0-22.4) 9.2 (5.3-14.5) 17.8 (12.4-24.3)
SIRS = 2 999 1009/100,000 (938-1062/100,000) | 10.0 (8.2-12.0) 4.2 (3.0-5.6) 8.3 (6.7-10.2)

Abbreviations: Cl, confidence interval; ICU, Intensive care unit.
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Table 3 28-Day Mortality According to the SOFA Scores

SOFA Score N(%) Mortality, n(%; 95% CI)
0 834(40.8) 33(4.0;2.7-5.5)

| 497(24.3) 28(5.6;3.7-8.0)

2 337(16.5) 30(8.9;6.1-12.5)

3 183(9.0) 22(12.0;7.7-17.6)
4 100(4.9) 13(13.0;7.1-21.2)
5 55(2.7) 20(36.4;23.8-50.4)
6 21(1.0) 4(19.0;5.4-41.9)

7 7(0.3) 3(42.9;9.9-81.6)

8 6(0.3) 3(50.0;11.8-88.2)
9 4(0.2) 2(50.0;11.8-88.2)
10 1(0.05) 0

Abbreviations: Cl, confidence interval; SOFA, sequential organ failure assessment.

study of SOFA’s prognostic accuracy in ED patients has
been published.'" Freund et al'' found in a multicentre
study of 879 ED patients with infectious diseases that
SOFA outperformed SIRS; however, SOFA was not better
than qSOFA. The sensitivity and specificity of SOFA for
predicting in-hospital mortality were 73% and 70%,
respectively.!" The AUROC values for SOFA, qSOFA,
and SIRS for in-hospital mortality were 0.77, 0.80, and
0.65, respectively.!' The higher values of sensitivity, spe-
cificity, and AUROC compared to our study can be
explained by differences in the SOFA measurement. We
have used clinical and laboratory values on arrival to
calculate the SOFA score. In contrast, Freund et al used
the worst values during the ED stay, explaining the
different performances of the scores. However, in our
study, we have taken chronic disorders into account and
examined the validity of the SOFA scores as a secondary
data analysis of prospectively collected data. Freund et al
did not the method behind the SOFA
calculations.

describe

A retrospective study by Boillat-Blanco et al of 519
infected patients admitted to an ED in Dar es Salaam
concluded that SOFA had a prognostic accuracy for 28-
day mortality similar to qSOFA but superior to SIRS.'"
The study reported AUROC values for 28-day mortality
for SOFA, qSOFA, and SIRS of 0.79, 0.80, and 0.61,
respectively, which were also higher than our study. The
higher discriminatory ability of SOFA and qSOFA was
probably due to the high prevalence of various infectious
diseases (Malaria, Dengue, HIV, etc.) among febrile adult
patients.'’

A screening tool for sepsis requires adequate sensitiv-
ity and specificity to identify sepsis patients. However, the
study by Seymour et al'’, which was the basis for the
Sepsis-3 definition of sepsis, did not report sensitivity or
specificity for SOFA. The sensitivity and specificity of
SOFA score were higher in our study in comparison to
SIRS. However, it was slightly lower than prior studies
conducted among infected patients in the ED.'-"
Furthermore, we found that the sensitivity of the SOFA
was substantially higher than gSOFA.

Few studies found that the prognostic accuracy (mea-
sured by the AUROC) of qSOFA was better than SOFA for

11,19 recent

non-ICU patients. However, prospective
studies®® and a meta-analysis’ of qSOFA concluded
that gSOFA cannot stand alone as a tool to identify infec-
tious patients with a high risk of serious outcomes due to
its low sensitivity.

AUROC for the SOFA was in our study lower than in
prior studies (Table 4).>'!"1419:21225 The different findings
can be explained by differences in methodology. Several
studies”'""'***?* have used the worst values of variables
from the ED stay to calculate SOFA. Many studies were

undertaken among patients with critical clinical conditions

Table 4 Prognostic Accuracy of SOFA, gSOFA, and SIRS for 28-Day Mortality

SOFA >2 qSOFA >2 SIRS >2
Sensitivity (95% Cl) 61.4 (53.3-69.0) 19.6 (13.7-26.7) 52.5 (44.4-60.5)
Specificity (95% Cl) 67.3 (65.1-69.4) 92.4 (91.1-93.6) 51.5 (49.2-53.7)
PPV (95% Cl) 13.6 (11.2-16.3) 17.8 (12.4-24.3) 8.3 (6.7-102)
NPV (95% Cl) 95.4 (94.2-96.5) 93.2 (92.0-94.3) 92.8 (91.1-94.3)
Likelihood ratio (+) 1.9 (1.6-22) 2.6 (1.8-37) 1.1 (0.93-13)
Likelihood ratio (-) 0.6 (0.5-0.7) 0.9 (0.8-0.9) 0.9 (0.8-1.1)
SOFA qSOFA SIRS
AUROC (95% Cl) 0.68 (0.64-0.73) 0.63 (0.58-0.67) 0.52 (0.47-0.56)

Abbreviations: AUROC, area under the receiver operating characteristic curve; Cl, confidence interval; NPV, negative predictive value; PPV, positive predictive value.
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g based molecular assays to detect sepsis at an early stage of
= the disease.”’
o | The incidence of sepsis in our study was lower when the
2 new sepsis-3 (SOFA) criteria were used compared to the
g 3 previously used SIRS criteria, which is consistent with
§d another large retrospective study conducted by Donnelly
9 et al among non-ICU patients.”> Donnelly et al reported the
2 sepsis incidence according to SOFA and SIRS criteria to 580-
3 and 820 pr. 100.000 person-years at risk, respectively.”®
© 0:00 025 050 075 1.00

1-Specificity

—&— gSOFA ROC area: 0.63
—&—— SOFAROC area: 0.68

—&—— SIRS ROC area: 0.52
Reference

Figure 2 The area under the receiver operating characteristics (AUROC) curves.
Abbreviations: qSOFA, quick sequential organ failure assessment; ROC, receiver
operating curve; SIRS, Systemic inflammatory response syndrome; SOFA, sequential
organ failure assessment

and admitted to the ICU?""** or among mixed cohorts of
ICU and non-ICU.">"'* Further on, the definition of infec-
tion varied across the studies.”'''*!%21"2% All these stu-
dies reported better prognostic accuracy of SOFA than
SIRS, and seven out of ten studies reported slightly better
prognostic performance of SOFA than gSOFA.

The apparent poor performance of the tools to identify
patients with sepsis and the use of prognosticators rather
than specific diagnostic tools calls for the development of
other and better methods for early identification of sepsis
patients. Two meta-analyses examining the role of more
than 200 hundreds biomarkers have shown that the precise
role of biomarkers in the management of sepsis patients
has not been well-defined.?®*” The methodology used in
the studies are not adequate, and most of the studies are
based on old sepsis definition and are performed in differ-
2627 The highest
AUROC’s were described in studies with limited sample

ent settings. biomarkers with the
sizes.”” Both meta-analyses call for new studies with
a standardized methodology to evaluate the biomarker’s
ability to identify septic patients.”®*” With rapid techno-
logical advancement within the point-of-care diagnostic
tests of different biomarkers, it is desirable to look into
their usefulness together with different scores of sepsis
and, for example, combining biomarkers as Interleukin-6
(IL-6) and procalcitonin (PCT) with SOFA or qSOFA. IL-
6 nor PCT cannot identify patients with sepsis alone;
however, the combination of these with clinical criteria
may improve their prognostic accuracy.?**® There are also

ongoing promising research initiatives in developing host-

Strength and Limitation

The main strength of this study was its prospective design of
data collection. Although the SOFA calculations were per-
formed as secondary analyses, the analyses were based on
prospective data collection. The study was designed to
identify all infected patients based on well-defined infection
criteria and consecutively admitted to our ED. A complete
follow-up was ensured by the CPR number of all the
included patients, which reduced the risk of selection bias.
Furthermore, we assume no referral bias as all acute patients
from the uptake area were referred to our ED.

The study has potential limitations. First, the median
age in our cohort seems higher compared to other studies
(Table 5), which should be taken into account when com-
paring mortality rates.

Second, different definitions of infection should be con-
sidered when comparing prognostic performances of the
scores across the studies. Other definitions used are suspicion

11.14.24 i fection criteria

19,21

of infection by the on-duty physician,
derived from national Infectious Diseases Societies and
a combination of AB and culture obtained'***~° (Table 5).
Third, the method used to adjust the SOFA score for chronic
diseases with potential impact on the baseline SOFA value
was not protocolized before the study start. The SOFA cal-
culations were performed as secondary analyses, and the
information on chronic diseases was based on diseases that
were included in the CCI classification. We did not have
precise information on the severity of chronic diseases before
admission to ED, and our method used to adjust the SOFA
values has not been validated. Therefore, we cannot exclude
the risk of misclassification of septic patients based on the
SOFA score. However, we have reanalyzed the prognostic
accuracy of SOFA after excluding patients with chronic
diseases with a potential impact on the baseline SOFA
value and did not find any important differences.
Furthermore, we only used admission variables to calculate
the SOFA score. Serial SOFA measurements during the first
hours of admission may have detected some patients with
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clinical deterioration and fulfilling the sepsis criteria during
the initial ED stay. Fourth, sepsis treatment was primarily
guided by a sepsis treatment protocol for patients fulfilling
the qSOFA>2 criteria, SIRS>2 criteria, or if the patients were
critically ill. According to the protocol, some of the septic
patients identified by the SOFA criteria in our study did not
fulfill the gSOFA and SIRS criteria, and sepsis treatment
according to the protocol may therefore have been opted-
out. The extent to which this may have affected the outcomes
in patients only fulfilling the SOFA criteria is difficult to
explore due to the observational study design and risk of
bias. Fifth, the accuracy of our estimates could have been
increased with larger sample size. Finally, the study was
undertaken at a single Danish center and may not be general-
izable to other centers in different countries.

Conclusion

A SOFA score of at least two among infectious patients
admitted to an ED had better prognostic accuracy than
SIRS and qSOFA
However, the overall results of the scores indicate that

in predicting 28-day mortality.

SOFA is not an ideal sepsis screening tool and cannot
stand alone in the identification of infected patients with
the risk of serious outcomes. The incidence of sepsis
depends on the definition used, and the findings from our
and other studies indicate a need to rewrite parts of the
epidemiology of sepsis.
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