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Objectives: The increasing use of sepsis screening in the Emergency Department (ED) and the Sepsis-3 recom-
mendation to use the quick Sepsis-related Organ Failure Assessment (qSOFA) necessitates validation. We com-
pared Systemic Inflammatory Response Syndrome (SIRS), qSOFA, and the National Early Warning Score
(NEWS) for the identification of severe sepsis and septic shock (SS/SS) during ED triage.
Methods: This was a retrospective analysis from an urban, tertiary-care academic center that included 130,595
adult visits to the ED, excluding dispositions lacking adequate clinical evaluation (n = 14,861, 11.4%). The SS/
SS group (n= 930) was selected using discharge diagnoses and chart review.Wemeasured sensitivity, specific-
ity, and area under the receiver-operating characteristic (AUROC) for the detection of sepsis endpoints.
Results: NEWSwas most accurate for triage detection of SS/SS (AUROC= 0.91, 0.88, 0.81), septic shock (AUROC=
0.93, 0.88, 0.84), and sepsis-related mortality (AUROC = 0.95, 0.89, 0.87) for NEWS, SIRS, and qSOFA, respec-
tively (p b 0.01 for NEWS versus SIRS and qSOFA). For the detection of SS/SS (95% CI), sensitivities were 84.2%
(81.5–86.5%), 86.1% (83.6–88.2%), and 28.5% (25.6–31.7%) and specificities were 85.0% (84.8–85.3%), 79.1%
(78.9–79.3%), and 98.9% (98.8–99.0%) for NEWS ≥ 4, SIRS ≥ 2, and qSOFA ≥ 2, respectively.
Conclusions: NEWSwas the most accurate scoring system for the detection of all sepsis endpoints. Furthermore,
NEWSwas more specific with similar sensitivity relative to SIRS, improves with disease severity, and is immedi-
ately available as it does not require laboratories. However, scoring NEWS is more involved and may be better
suited for automated computation. QSOFA had the lowest sensitivity and is a poor tool for ED sepsis screening.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

1.1. Background

Sepsis is a high-risk condition that carries considerable morbidity
and mortality. There has been interest in the rapid detection of sepsis
in the Emergency Department (ED) given the benefit of early interven-
tion [1-3]. Early intervention is key for treating most life-threatening
diseases, including myocardial infarction, stroke, and cardiac arrest [4].
However, compared to these diseases, the diagnosis of sepsis is often
more complex and lacks a rapid test, exam finding, or clinical decision
tool that has emerged as a reliable predictor [2,3,5-11]. Furthermore,
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there has been significant debate concerning the most appropriate
method to evaluate sepsis in the ED [10,12-14].

The Sepsis-1 [15] and Sepsis-2 [5] guidelines established the defini-
tion of sepsis and related conditions that many clinicians currently use
in practice. However, the Systemic Inflammatory Response Syndrome
(SIRS) has been criticized for its lack of specificity, prognostic value,
and utility [11,16-18]. Due to these concerns, the recent Sepsis-3 guide-
lines encourage the use of the quick Sepsis-relatedOrgan Failure Assess-
ment (qSOFA) when screening for sepsis [12]. Studies have shown that
in non-ICU settings, qSOFA is a better predictor for mortality than SIRS
[19-22].

1.2. Importance

The Surviving Sepsis Campaign [1] recommends the use of sepsis
screening, which has been shown to reduce treatment time and im-
prove outcomes [2,23,24]. Many severity scores have been developed
to identify critically ill patients and EDs are turning to these tools to
screen for sepsis. “Track and trigger” systems such as the National
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Early Warning Score (NEWS) have gained widespread adoption for
detecting clinical deterioration for inpatients and are now being
extended to the ED [25-29].
1.3. Goals of this investigation

The increased use of sepsis screening systems in the ED and the rec-
ommendation to use qSOFA suggests the need for comparison and ex-
ternal validation of these scoring systems [30-32]. The use of
electronic medical records (EMR) and availability of large clinical data
sets allows for comparison of different scoring systems. This study
reviewed the viability of NEWS as an early predictor of severe sepsis
and septic shock (SS/SS) in an ED triage setting and evaluated its perfor-
mance against SIRS and qSOFA.
2. Methods

The Institutional Review Board (IRB) at the University of Chicago
approved this study and consent was waived by the IRB.
2.1. Study design, setting, and eligibility

This was a retrospective data analysis from January 1, 2014 to April
30, 2015 and from February 1, 2016 to December 31, 2016. Data identi-
fying positive sepsis cases were originally collected as part of a quality
improvement initiative and were not available between these dates.
We collected data from all adult patients (age ≥ 18 years) who pre-
sented to the ED at an urban tertiary-care academic center with approx-
imately 60,000 visits per year. This ED serves predominantly African-
American patients, who constitute approximately 73% of all visits. We
excluded dispositions that did not allow for full calculation of scores
or adequate clinician evaluation (Fig. 1) and patients with a left ventric-
ular assist device (unless their lactic acid was N2.0 mmol/L).
Fig. 1. Study population, exclusions, inclusions, and endpoints. Shows included patients and as
and septic shock group with mortality rates. Patients were excluded if their stay was inadequat
defined as having severe sepsis plus one of the following: persistent hypotension (SBP b 90
N3.9 mmol/L, or need for vasopressor within 8 h of ED arrival. All-cause in-hospital mortality i
labor and delivery; ICD = International Classification of Diseases.
2.2. Data collection and quality control

All data were queried from a repository of records aggregated from
the EMR (Epic Systems, Verona, WI). We gathered variables recorded
at triage, including vitals, Glasgow Coma Scale (GCS), and oxygen sup-
plementation, in addition to demographics, leukocyte count, bands, dis-
position, and in-hospital mortality. Physiologically impossible or
implausible values were removed, which affected b1% of the data (see
A. Data Quality Control in the Online Supplementary Appendix).

2.3. Sepsis diagnosis

We evaluated our entire study population for the presence of SS/SS
within 8 h of ED arrival. First, we selected all ED encounters with ICD-
9 (prior to October 1, 2015) or ICD-10 (on and after October 1, 2015)
codes related to sepsis (see B. ICD Codes in the Online Supplementary
Appendix). Next, to capture instances where there was clinical concern
for infection, we flagged patients with orders for blood cultures, urine
cultures, or antibiotics within 12 h of ED arrival. Finally, an Emergency
Medicine physician (MAW) reviewed each flagged chart using a stan-
dardized process to determine whether suspected infection-related
organdysfunction occurredwithin 8 h of ED arrival. Given the subjectiv-
ity in determining “suspected infection,” identified cases were con-
firmed with the treating providers and a multidisciplinary quality
improvement group to offer additional information and improve quality
control. Data abstractors were blinded to input variables for sepsis
scores and clinical endpoints. The physician chart reviewer was not
blinded; however, cases were not originally identified for the purpose
of this study and therefore, sepsis scores were not calculated or pre-
sented to this reviewer.

Severe sepsis was defined as two ormore SIRS criteria, concern for in-
fection, and any of the following: lactic acid N 2.0 mmol/L, systolic blood
pressure (SBP) b 90 mm Hg, MAP b 65 mm Hg, creatinine 0.5 mg/dL
above baseline, INR N 1.5 (for patients not on anticoagulation), platelets
b 100 × 109/L, or total bilirubin N 2 mg/dL (that was not a previous base-
line) [5,15]. Septic shock was defined as having severe sepsis plus one of
sociated dispositions, excluded patients and associated dispositions, and the severe sepsis
e for clinical evaluation. Severe sepsis is defined per Sepsis-2 guidelines. Septic shock was
mm Hg or MAP b 65 mm Hg) despite a one-liter crystalloid fluid challenge, lactic acid
ncluded death during that visit's hospitalization. ED = emergency department; L + D =
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the following: persistent hypotension (SBP b 90 mm Hg or MAP
b 65 mm Hg)1 despite a one-liter crystalloid fluid challenge, lactic acid
N 3.9 mmol/L, or need for vasopressor within 8 h of ED arrival [33].

2.4. Endpoints

Our primary endpoint was the diagnosis of severe sepsis inclusive of
septic shock (SS/SS) within 8 h of ED arrival (as described above). Sec-
ondary endpoints were severe sepsis, septic shock, and sepsis-related
(in-hospital) mortality. The derivation of secondary endpoints can be
found in C. Derivation of Secondary Endpoints in theOnline Supplemen-
tary Appendix.

2.5. Sepsis scoring systems

Our target measure was the ability for scoring systems to discrimi-
nate patients with SS/SS. Three scoring systemswere selected for statis-
tical comparison: (1) SIRS [15], (2) qSOFA [12,19], and (3) NEWS
[34,35] (Table 1). Previous studies have identified NEWS as high-
performance, easily calculable in the ED, and useful for both inpatients
and ED patients [27-29,35,36]. TheMortality in Emergency Department
[9], Sequential Organ Failure Assessment [12], Multiple Organ Dysfunc-
tion Score [15], Acute Physiology and Chronic Health Evaluation II, and
SimplifiedAcute Physiology Score II scores are included for comparison;
however, these scoring systems were not viable as early predictors for
sepsis in an ED triage setting due to the timing of their constituent
variables.

We calculated scores using triage variables and, if present, the next
available WBC and bands (see D. Calculation of Scoring Systems in the
Online Supplementary Appendix). We conducted a complete case anal-
ysis and 96.7% of the records allowed for calculation of all scoring sys-
tems (we did not require lab values for the calculation of SIRS). SIRS
includes PaCO2 measurement, but we did not collect data on this vari-
able as arterial blood gases were rarely collected near the time of ED ar-
rival [15].

The AVPU (Alert, Voice, Pain, Unresponsive) scale is required for the
calculation of NEWS; however, our data only included GCS scores. We
calculated an AVPU equivalent using GCS as described in E. Calculation
of AVPU from GCS in the Online Supplementary Appendix.

2.6. Statistical analysis

Data analysis was conducted in R (R Foundation for Statistical Com-
puting, 2017) [37] and the ROCR [38] and cvAUC [39] packages were
used. We assessed predictive ability using the area under the receiver-
operating characteristic (AUROC) curves. Due to correlation between
scoring systems, we employed the method described by Hanley and
McNeil when comparing AUROCs [40,41]. A two-tailed p-value b 0.05
was required for statistical significance. Sensitivities and specificities
are reported with 95% Confidence Intervals (CI) using the Wilson
Score interval. Baseline characteristics were compared using two-
sample t-tests and chi-squared tests.

3. Results

3.1. Study population

We evaluated 130,595 ED visits comprising of 64,995 unique patients
(Fig. 1).We excluded 11.4% dispositions (n=14,861) with “LeftWithout
Being Seen” constituting 71.7% of all excluded cases (n= 10,657). Of the
remaining 115,734 patients, 72.5% were discharged (n = 83,961) and
25.6% were admitted (n = 29,658). There were 930 cases of SS/SS (~8
cases per 1000 visits). There was an 11.5%, 17.6%, and 21.2% mortality
1 This definition matches the PROCESS trial but also included MAP b 65.
rate for severe sepsis exclusive of septic shock, SS/SS, and septic shock,
respectively.

3.2. Baseline characteristics

Table 2 shows the SS/SS group had higher mortality (17.6 vs 0.6%),
proportionally fewer women (50.8 vs 62.1%), required more supple-
mental oxygen (55.4 vs 9.6%), and were older (63.0 [17.0] vs 46.5
[19.7] years) compared to all patients presenting to the ED, p b 0.001
for all comparisons.

3.3. Endpoint prediction

The AUROCs for the detection of SS/SS were SIRS = 0.88 (95% CI
0.867–0.897), qSOFA = 0.81 (95% CI 0.780–0.839), and NEWS = 0.91
(95% CI 0.903–0.926) (Table 1 and Fig. 2). Pairwise comparisons were
then conducted between NEWS, SIRS, and qSOFA. For predicting SS/SS
(Fig. 2), NEWS outperformed both SIRS (AUROC 0.91 vs 0.88, p b

0.001) and qSOFA (AUROC 0.91 vs 0.81, p b 0.001). Prediction results
for our secondary endpoints of septic shock, sepsis-related mortality,
and overallmortality is shown in F. ROC Curves for Secondary Endpoints
in the Online Supplementary Appendix. For predicting septic shock,
NEWS outperformed both SIRS (AUROC 0.93 vs 0.88, p b 0.001) and
qSOFA (AUROC 0.93 vs 0.84, p b 0.001). For predicting sepsis-related
mortality, NEWS outperformed both SIRS (AUROC 0.95 vs 0.89, p b

0.001) and qSOFA (AUROC 0.95 vs 0.87, p b 0.01). For predicting all-
cause mortality, NEWS outperformed both SIRS (AUROC 0.88 vs 0.79,
p b 0.001) and qSOFA (AUROC 0.88 vs 0.79, p b 0.001). SIRS
outperformed qSOFA in predicting SS/SS (Fig. 2, AUROC 0.88 vs 0.81, p
b 0.001) and septic shock (AUROC 0.88 vs 0.84, p b 0.05), while there
was no difference in the prediction of sepsis-related mortality (AUROC
0.89 vs 0.87, p N 0.1).

3.4. Test characteristics

Sensitivities and specificities for detecting sepsis endpoints are
shown in Table 3. Previous studies have evaluated NEWS cutoffs of ≥4
and ≥8 for moderate and high-risk categories [27-29,36]. For the detec-
tion of SS/SS, using a NEWS cutoff of ≥8 provides a sensitivity of 43.3%
(95% CI 39.9–46.7%) and a specificity of 97.6% (95% CI 97.5%–97.7%).
For the detection of SS/SS, the positive predictive value (PPV) of SIRS
≥ 2 is 3.3%, qSOFA ≥ 2 is 19.6%, NEWS ≥ 4 is 5.1%. For the detection of
SS/SS, the negative predictive value (NPV) of SIRS ≥ 2 is 99.9%, qSOFA
≥ 2 is 99.3%, NEWS ≥ 4 is 99.8%.

Based on our institution's volume and sepsis prevalence, for the de-
tection of SS/SS relative to NEWS (cutoff ≥4), qSOFA (cutoff ≥2) would
have missed approximately 5 positive cases per week and SIRS (cutoff
≥2) would have inappropriately flagged approximately 9 cases per day.

3.5. Sepsis severity

We report AUROCs across the spectrum of illness severity in Fig. 3
[15]. We found that qSOFA, while inferior in predicting less severe ill-
ness, improves with illness severity. SIRS shows no sizeable improve-
ment across severity. NEWS shows no statistically significant
difference compared with SIRS in predicting severe sepsis exclusive of
septic shock yet improves in predicting more severe illness and death.
NEWS is superior to qSOFA in predicting outcomes across all illness
severities.

4. Discussion

We found that NEWS is more accurate when compared with both
SIRS and qSOFA for the early detection of SS/SS, septic shock, and
sepsis-related mortality in an ED triage environment. SIRS is superior
to qSOFA for prediction of SS/SS and septic shock alone but show no



Table 1
Scoring systems' characteristics and variables.
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SIRS Non-ICU Sepsis Diagnosis 0.88 � � � � �

qSOFA Non-ICU Sepsis Screening 0.81 � � �

NEWS Inpa�ent All Deteriora�on 0.91 � � � � � �

MEDS ED Sepsis Prognosis - � � � � � � � � � �

SOFA ICU Sepsis Prognosis - � � � � � � � �

MODS ICU All Prognosis - � � � � � � � � �

APACHE II ICU All Prognosis - � � � � � � � � � � �

SAPS II ICU All Prognosis - � � � � � � � � �

� Required     �Op�onal / Alterna�ve     � Not available at triage 

Increasing Clinical Time

Shows a list of scoring systems and their location, disease states, and indications for which they were studied and
intended for use. Clinical variables are listed from those immediately available to those requiring lab analysis or his-
tory not routinely collected in the ED. AUROCs for determining severe sepsis and septic shock (SS/SS) are listed for
those scoring systems considered usable in an ED triage setting. NEWSwas determined to have the highest AUROC
for SS/SS for the initial presentation to the ED compared with SIRS and qSOFA, p b 0.001. SIRS = Systemic Inflam-
matory Response Syndrome, qSOFA = quick Sepsis-related Organ Failure Assessment, NEWS = National Early
Warning System, MEDS = Mortality in Emergency Department, SOFA = Sequential Organ Failure Assessment,
MODS = Multiple Organ Dysfunction Score, APACHE II = Acute Physiology and Chronic Health Evaluation II;
SAPS II = Simplified Acute Physiology Score II; O2 Sat. = oxygen saturation; Supp. O2 = use of supplemental ox-
ygen; FiO2 = fraction of inspire oxygen.
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statistically significant difference for prediction of sepsis-related mor-
tality. NEWS ≥ 4 is more specific and sensitivity is non-inferior com-
pared with SIRS ≥ 2 for detection of SS/SS, septic shock, and sepsis-
Table 2
Baseline characteristics.

Included patients
(n = 115,734)

SS/SS
(n = 930)

p-Value

Age, mean (SD), years 46.5 (19.7) 63.0 (17.0) b0.001
Gender, no. (%)

Male 43,808 (37.9) 458 (49.2) b0.001
Female 71,925 (62.1) 472 (50.8) b0.001

Vital signs, mean (SD)
Heart rate, beats/min 88.4 (17.7) 112.0 (24.1) b0.001
Respiratory rate, breaths/min 18.1 (2.6) 21.5 (6.5) b0.001
Temperature, °C 36.3 (0.7) 37.0 (1.5) b0.001
SBP, mm Hg 132.6 (23.1) 111.5 (27.9) b0.001
DBP, mm Hg 77.8 (16.1) 66.1 (22.0) b0.001
MAP, mm Hg 94.1 (16.4) 79.8 (21.8) b0.001
Oxygen saturation, % 98.3 (2.6) 95.6 (5.6) b0.001

Any supplemental oxygen, % 9.6 55.4 b0.001
GCS, mean (SD) 14.9 (0.8) 13.5 (3.0) b0.001
Laboratory values, mean (SD)

WBC, per mm3 8.8 (6.4) 14.6 (10.3) b0.001
Bands, % N/Aa 16.2 (13.3)
Lactic acid (mmol/L) N/Aa 3.5 (2.8)

Disposition, no. (%)
Admitted 29,657 (25.6) 916 (98.5) b0.001
Expired in ED 186 (0.2) 10 (1.1) b0.001
In-hospital mortality 730 (0.6) 164 (17.6) b0.001

Scoring systems, mean (SD)
SIRS 0.9 (0.8) 2.5 (1.0) b0.001
qSOFA 0.1 (0.4) 1.1 (0.9) b0.001
NEWS 1.9 (2.0) 7.1 (3.5) b0.001

Compares the baseline characteristics of all patient visits versus patientswith ED-onset se-
vere sepsis and septic shock. SS/SS= severe sepsis and septic shock, SD= standard devi-
ation, °C=degrees Celsius, SBP= systolic bloodpressure, DBP=diastolic blood pressure,
MAP = mean arterial pressure, mm Hg = millimeter of mercury, GCS = Glasgow Coma
Scale, WBC = white blood cell count, mmol/L = millimole per liter, SIRS = Systemic In-
flammatory Response Syndrome, qSOFA = quick Sepsis-related Organ Failure Assess-
ment, NEWS = National Early Warning System.

a Not reported due to a large proportion of unobtained values.
relate mortality. Additionally, NEWS is immediately available at triage
as it does not require laboratories like SIRS. QSOFA's low sensitivity
compared to NEWS and qSOFA makes it a poor choice as a screening
tool.

Scoring systems are tools thatmayheighten the clinical suspicion for
sepsis and encourage physicians to perform time-critical interventions.
Fig. 2. ROC curves for SIRS, qSOFA, and NEWS. Shows receiver operating characteristic
(ROC) curves and associated area under the ROC (AUROC) for the detection of severe
sepsis and septic shock (SS/SS) for SIRS, qSOFA, and NEWS. SIRS = Systemic
Inflammatory Response Syndrome; qSOFA = quick Sepsis-related Organ Failure
Assessment; NEWS = National Early Warning System.



Table 3
Sensitivities and Specificities for SIRS, qSOFA, and NEWS

Cutoff ≥ Sen. Spec. Sen. Spec. Sen. Spec.

1 98.0% 34.9% 97.8% 34.8% 98.1% 34.7%
2 86.1% 79.1% 87.1% 78.9% 88.6% 78.7%

3 51.8% 96.1% 53.7% 96.0% 55.7% 95.8%
4 15.1% 99.6% 15.8% 99.5% 18.4% 99.5%

Cutoff ≥ Sen. Spec. Sen. Spec. Sen. Spec.

1 71.8% 87.2% 77.9% 87.0% 83.3% 86.7%
2 28.5% 98.9% 32.7% 98.8% 43.3% 98.7%

3 5.4% 99.9% 6.9% 99.9% 10.7% 99.9%

Cutoff ≥ Sen. Spec. Sen. Spec. Sen. Spec.

1 99.5% 24.1% 99.6% 24.1% 99.3% 24.0%
2 96.5% 57.5% 96.7% 57.3% 98.6% 57.1%
3 91.3% 74.7% 92.8% 74.5% 97.9% 74.2%
4 84.2% 85.0% 88.1% 84.8% 92.9% 84.5%

5 74.3% 90.7% 80.0% 90.5% 87.9% 90.2%
6 63.3% 94.1% 69.1% 93.9% 81.6% 93.6%
7 53.5% 96.2% 60.4% 96.1% 75.2% 95.9%
8 43.3% 97.6% 50.7% 97.5% 66.7% 97.3%

9 33.4% 98.5% 39.1% 98.5% 50.4% 98.3%
10 25.9% 99.2% 30.2% 99.1% 37.6% 99.0%
11 18.9% 99.5% 22.2% 99.5% 27.0% 99.4%
12 13.2% 99.8% 15.7% 99.7% 19.1% 99.7%
13 8.0% 99.9% 9.3% 99.9% 13.5% 99.8%
14 4.8% 99.9% 5.4% 99.9% 7.8% 99.9%
15 2.2% 100.0% 3.0% 100.0% 4.3% 99.9%
16 0.9% 100.0% 1.3% 100.0% 2.1% 100.0%
17 0.4% 100.0% 0.4% 100.0% 1.4% 100.0%

NEWS
SS/SS Sep�c Shock Sepsis Mortality

SS/SS

SIRS

qSOFA

SS/SS Sep�c Shock Sepsis Mortality

Sep�c Shock Sepsis Mortality

Shows sensitivity and specificity at different cutoff values for thedetection of severe
sepsis and septic shock (SS/SS), septic shock, and sepsis-related mortality for SIRS,
qSOFA, and NEWS. The highlighted SIRS ≥ 2 and qSOFA ≥ 2 cutoffs are part of the
Sepsis-2 and -3 definitions, respectively. NEWS ≥ 4 and NEWS ≥ 8 are color-
matched for similar sensitivity (teal) and specificity (yellow) to SIRS and qSOFA, re-
spectively. SIRS = Systemic Inflammatory Response Syndrome; qSOFA = quick
Sepsis-relatedOrgan Failure Assessment; NEWS=National EarlyWarning System;
Sen. = sensitivity; Spec. = specificity.
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Therefore, scoring systems employed in the EDmust have a low enough
threshold to minimize missed sepsis cases [13,42]. Our results are con-
sistent with previous studies that show qSOFA favors specificity over
sensitivity [10,13,22,36,42,43]. One reason qSOFA may fail to achieve
high sensitivity is due to omitting important physiologic variables (e.g.
heart rate and temperature)—signals that often precede clinical deteri-
oration [6,27]. Treatment may be delayed while waiting for organ dys-
function to develop; and therefore, qSOFA may be better suited for
later stage screening [13].

Both NEWS and SIRS provide better sensitivity for the detection of
SS/SS in an ED triage setting comparedwith qSOFA (Table 3). To provide
some perspective, for SS/SS in this study population, qSOFA would have
missed almost five cases per week. NEWS provides superior specificity
over SIRS without any significant difference in sensitivity. SIRS would
inappropriately flag approximately 9 cases per day compared to
NEWS. Further, prediction accuracy for NEWS is progressively better
with increasing severity of sepsis relative to SIRS (Fig. 3). Therefore,
NEWS may be more useful in an ED triage setting compared with SIRS
and qSOFA. However, SIRS and qSOFA were created as simple bedside
screening tools and are easier to calculate than NEWS [5,12]. Therefore,
NEWS may best be implemented using automated EMR-based clinical
tool calculators [9,19].

Churpek et al. conducted a similar study and found that early warn-
ing scores are more accurate and provide an earlier response than
qSOFA and SIRS for predicting mortality and ICU transfer for patients
outside of the ICU with suspected infection [36]. We also found that
table-based aggregate weighted systems, such as NEWS, were more
predictive and robust compared with tally-based single parameter
scores such as qSOFA and SIRS. This may be due to more cutoff points,
bi-directional scoring (e.g. points for both hypothermia and fever)
[11], and the ability to capture non-linear relationships.

NEWS may offer scoring flexibility relative to SIRS and qSOFA by
allowing for the creation of multiple severity categories [11,27,28,35].
For example, the PPV for “low risk” patients (NEWS ≤ 3) was b3.3%,
“moderate risk” patients (NEWS between 4 and 8) was 5.1–14.7%, and
“high risk” patients (NEWS ≥ 9) was 17.8%–50%. Patients flagged as
“moderate risk” may suggest obtaining a lactic acid, whereas patients
flagged as “high risk” may benefit from the rapid mobilization of bun-
dled resources and early ICU consultation [1,2].

Using AUROC as a measure, NEWS outperforms SIRS; this is likely
due to the inclusion of mental status, blood pressure, and oxygenation,
which are readily available indicators of end-organ dysfunction
[10,35]. Another notable advantage of NEWS is that it has no reliance
on laboratory values and is fully calculable at the time of triage. SIRS re-
liance on laboratory values may delay the recognition and treatment of
sepsis [2,29,44].

NEWSwas developed for the detection of clinical deterioration in in-
patients and not for the detection of sepsis in the ED and, therefore, not
fully suited for the role towhich it has been appropriated [45,46]. This is
reflected in some of the NEWS components that may be inappropriate
in the context of sepsis. We hypothesize that adjusting some of these
variables or deriving a de novo sepsis scoring system may lead to im-
provement [47,48].

In contrast to most studies, we calculated scores for unselected pa-
tients versus only for those with suspicion for infection
[9,10,19,21,22,36,42,43,48,49]. Additionally, we calculated scores using
values available at the time of triage instead of using only the worst
values over a period of time [19,21,22,36]. Our approach is more suit-
able for screening at triage, when there is little information and the cli-
nician has not evaluated the patient. We first ask, “what is the score?”
and then ask, “based on this score, is there a concern for infection?”
Thiswas not the intended use of qSOFA,which first asks, “is there a con-
cern for infection” and then asks “is the qSOFA ≥ 2?” [12,19] Our strategy
carries a lower pretest probability and results in lower PPVs and higher
NPVs compared with previous studies.

We limited our endpoints to manifestations of sepsis within 8 h of
ED arrival, which differs from most other studies that do not hold this
time constraint. This distinction resulted in higher sensitivities, specific-
ities, and AUROCs for our study. It has beenpreviously shown—and is in-
tuitive—that predicting short-term events is easier and will increase
overall accuracy [31,34]. A recent study by Keep et al. supports the ex-
ternal validity of our results since they had similar patient and endpoint
selection methods and showed comparable sensitivity of 92.6% versus
91.3% in our study and specificity of 77.0% versus 74.7% in our study
for NEWS ≥ 3 [29].

Our reported mortality rate for SS/SS of 17.6% and septic shock of
21.2% was in line with other reports of between 12% and 30% for SS/SS
and 18% and 46% for septic shock [2,3,6,8,9,18,20,21]. Our mortality
AUROCs were generally larger than previously reported [21,22,31,42-
44,50-53]. This is due to our minimal inclusion criteria; studies that in-
clude sicker patients have shown worse accuracy for mortality predic-
tion [22,30,43].



Fig. 3. Sepsis prediction across disease severity. Shows area under receiver operating characteristic (AUROC) curve values versus the spectrum of illness severity for SIRS, qSOFA, and
NEWS. We found that qSOFA, while inferior in predicting less severe illness, improves with illness severity. SIRS shows no sizeable improvement across severity. NEWS shows no
statistically significant difference compared with SIRS in predicting severe sepsis exclusive of septic shock, yet improves in predicting more severe illness and death, p b 0.001. NEWS is
superior to qSOFA in predicting outcomes across all illness severities, p b 0.01. SIRS was non-inferior to qSOFA for sepsis-related mortality but outperforms qSOFA for severe sepsis,
severe sepsis and septic shock, and septic shock, p b 0.05. SIRS = Systemic Inflammatory Response Syndrome; qSOFA = quick Sepsis-related Organ Failure Assessment; NEWS =
National Early Warning System.
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We chose the diagnosis of SS/SS as our primary endpoint rather than
mortality. Researchers have encouraged the validation of qSOFA and
NEWS for outcomes other than mortality [19,22,35]. Many mortality-
based scoring systems were created for risk stratification of inpatients
and not for clinical decision-making in the ED [6,9,52,53].Mortality pre-
diction for sepsis in the ED was proposed by many during the era of
early goal-directed therapy and drotrecogin-alfa in order to determine
which patients should receive these aggressive and expensive treat-
ments [4,7,9,53]. However, with the subsequent de-emphasis of these
treatments, more importance is placed on the decision to treat sepsis.
Once this decision has beenmade, prognosticationmaynot significantly
affect the ED mainstays of sepsis treatment: early antibiotics, source
control, and cardiopulmonary optimization [1].

5. Limitations

Our studywas retrospective, whichmay increase risk formisclassifi-
cation biases and confounding. By calculating scores at triage,we dimin-
ished the effect of confounding actions by clinicians. However, endpoint
determination is still subject to reviewer bias as it was established retro-
spectively and unblinded. Our findings may not apply to clinical areas
outside of the ED as we limited our endpoints to manifestations within
8 h of presentation.

Our determination of severe sepsis is based on Sepsis-2 guidelines
which may result in an incorporation bias favoring SIRS. However,
Sepsis-2 organ-dysfunction is a subset of Sepsis-3 organ-dysfunction
[10,12], mitigating this effect.

This is a single-center study with a predominately African-American
population; multi-center inclusion would improve external validity.
Given that most EDs routinely gather the inputs necessary for this anal-
ysis, our study should be easily reproducible at other institutions.

6. Conclusions

From our retrospective analysis at one academic ED, we found that
NEWS ismore accurate thanboth SIRS andqSOFA for the early detection
of SS/SS. Furthermore, NEWS is calculable at the time of triage, improves
in prediction with increasing illness severity, and may better allow for
risk stratification. While a handful studies have compared qSOFA with
SIRS for mortality prediction, this is the first study to compare SIRS,
qSOFA, and NEWS for the early identification of sepsis in the ED.

All three of the scoring systems we analyzed showed the ability to
identify sepsis. This result argues in favor of more EDs adopting sepsis
screening systems, as recommended by the Surviving Sepsis Campaign
[1]. Indeed, such systems have increasingly been incorporated into the
triage process [52]. At our institution, we have adopted NEWS as an ini-
tial screen for sepsis. We use a two-tier system: any score greater than
six automatically flags the patient as potential severe sepsis and any
score greater than three flags the patient as potential severe sepsis if
deemed to be a high-risk for infection, including reported fever, history
of immunocompromise, indwelling catheter, or triage nurse concern for
infection.

We hope that this study will encourage other EDs to employ similar
sepsis detection strategies by incorporating a scoring system that is eas-
ily calculable, available at triage, and highly sensitive. In turn, these in-
terventions may increase the emergency physician's clinical suspicion
for sepsis, reduce missed cases, and decrease the time to critical
treatment.
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