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Design: A systematic review with meta-analysis.

10, 2022. Study quality was assessed using the Quality Assessment of Diagnostic

ratios were pooled by using the bivariate random effects model. Overall performance
was summarised by using the hierarchical summary receiver-operating characteristics
curve. This paper adhered to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses of Diagnostic Test Accuracy Studies (PRISMA-DTA) guidelines.
Results: Ten studies involving 52,474 subjects were included in the review. For pre-
dicting sepsis diagnosis, the pooled sensitivity of EWS (65%, 95% Cl: 55, 75) was simi-
lar to SIRS 22 (70%, 95% Cl: 49, 85) and higher than gSOFA 22 (37%, 95% Cl: 20, 59).
The pooled specificity of EWS (77%, 95% Cl: 64, 86) was higher than SIRS >2 (62%,
95% Cl: 41, 80) but lower than gSOFA >2 (94%, 95% Cl: 86, 98). Results were similar
for the secondary outcome of in-hospital mortality.

Conclusions: Although no one scoring system had both high sensitivity and specific-
ity, the EWS had at least equivalent values in most measures of diagnostic accuracy
compared with SIRS or gSOFA.

Implications for the profession: Healthcare systems in which EWS is already in place
should consider whether there is any clinical benefit in adopting gSOFA or SIRS.
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1 | INTRODUCTION

Sepsis is a leading cause of morbidity and mortality worldwide (Rudd
et al., 2020). A global estimated burden of sepsis is reported to be
48.9 million cases, with a mortality rate of 20% (Rudd et al., 2020).
Timely administration of antibiotics is associated with an increased
survival rate in patients with sepsis, thus screening and early rec-
ognition of sepsis are paramount (Im et al., 2022; Liu et al., 2017).
As such, sepsis screening tools have been devised and integrated as
part of nurses' routine patient assessment to facilitate early identi-
fication of sepsis, which can lead to more timely investigations and
treatment of sepsis (Kleinpell, 2017).

For many years before the updated definitions of sepsis
(Sepsis-3) by the Third International Consensus Definitions for
Sepsis and Septic Shock in 2016, the systemic inflammatory re-
sponse syndrome (SIRS) criteria was used for screening and
diagnosing sepsis. However, the updated sepsis-3 definitions-'life-
threatening organ dysfunction caused by a dysregulated host
response to infection’-have moved away from the centrality of in-
flammation and the SIRS criteria, which have been shown to be lack-
ing in specificity (Singer et al., 2016, p. 804). The Quick Sequential
Organ Failure Assessment (QSOFA) score, which uses three clinical
parameters-systolic blood pressure, mental status and respiratory
rate-is proposed as a surrogate for organ dysfunction and may act
as a screening tool for clinicians to consider the diagnosis of sepsis
among patients with known or suspected infection.

The Early Warning Score (EWS), calculated from a patient's
vital signs and mental status, has gained widespread use in detect-
ing acutely deteriorating patients. Although the EWS was origi-
nally designed to grade the severity of physiologic derangement
and assess risk for all-cause clinical deterioration, it is increasingly
being implemented in both hospital and pre-hospital settings as a
sepsis screening tool, with studies comparing the performance of
SIRS, gSOFA and national early warning score (NEWS) for identi-
fication of sepsis and mortality prediction (Brunetti et al., 2022;
Churpek et al,, 2017; Lane et al., 2020; Oduncu et al,, 2021). In
particular, the NEWS of >5 has been widely adopted by National
Health Service England as a trigger for possible sepsis (National
Health Service England, 2017).

Notwithstanding the recommendation to use a qSOFA score
>2 for sepsis screening by the 2016 Sepsis Task Force, the 2021
Surviving Sepsis Campaign recommended against using gSOFA com-
pared with SIRS, NEWS, or modified early warning score (MEWS) as
a single screening tool for sepsis or septic shock (Evans et al., 2021).
This is because of concerns related to the low sensitivity of gSOFA
(Tusgul et al., 2017; Williams et al., 2017) and sepsis identification
only in the later course of the disease with less reversibility and
worse prognosis (Sprung et al., 2016).

What does this paper contribute to the wider
global clinical community?

e The review demonstrates that the EWS had similar or
superior values in most measures of diagnostic accuracy
compared with SIRS or gSOFA in predicting sepsis di-
agnosis and in-hospital mortality in adult patients with
sepsis, calling into question the value of SIRS or gSOFA
in institutions where EWS is already in use.

o While the findings also suggest that the EWS is not an
ideal standalone screening tool for sepsis nor prognosti-
cating patients with sepsis, it could offer utility either in
a two-stage screening approach or in combination with

other clinical risk factors or point-of-care biomarkers.

Notably, three recent reviews studied the performance ac-
curacy of EWS in the diagnosis and mortality prediction of adult
patients with sepsis (Adegbite et al., 2021; Hamilton et al., 2018;
Wang et al., 2022). However, two of the reviews included articles
that had a mixture of sepsis definitions—both sepsis-3 definitions
and the old sepsis-2 definition, defined as proven or suspected
infection in combination with at least 2 SIRS criteria (Adegbite
et al., 2021; Hamilton et al., 2018). While the recent review by
Wang et al. (2022) included articles published after 2016 and re-
ported that the gSOFA had a higher overall prediction accuracy
of mortality than SIRS and NEWS, the result is limited by pooling
together different mortality measures (in-hospital mortality or
30/28/60-day mortality) and including patients with sepsis or sus-
pected sepsis (Wang et al., 2022).

To date, no published meta-analysis compares the diagnostic accu-
racy of SIRS, gSOFA, and EWS for diagnosing sepsis according to the
sepsis-3 definitions. Furthermore, given that the EWS is being more
routinely used clinically, there will be little operational benefit in intro-
ducing additional screening tools if the EWS is shown to perform bet-
ter or is comparable with other sepsis screening tools. Therefore, this
review aimed to (1) summarise the diagnostic accuracy of EWS in pre-
dicting sepsis and in-hospital mortality in patients with sepsis and (2)
compare the performance of EWS with that of the gSOFA and SIRS.

2 | METHODS
2.1 | Design

This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
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of Diagnostic Test Accuracy Studies (PRISMA-DTA) guidelines
(Data S1—Supplemental Material 1) (Mclnnes et al., 2018). The re-
view was registered in the International Prospective Register of
Systematic Reviews PROSPERO (CRD42021259829).

2.2 | Search strategy and study selection

A search strategy was developed with the keywords, Medical
Subject Headings (MeSH) terms and free text variations for sep-
sis linked by the Boolean operator ‘AND’ to the keywords MeSH
terms, and free text variations for EWSs (Data S1—Supplemental
Material 2). Seven electronic databases (MEDLINE, Embase,
Scopus, Web of Science, The Cochrane Central Register of
Controlled Trials, CINHAL and PsycINFO) were searched from
01/01/2016 to 10/03/2022 to identify full-text, peer-reviewed,
English language studies published after the release of the Third
International Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3) that described the clinical criteria of sepsis-3 definitions
(Singer et al., 2016). The reference lists of relevant articles, re-
views, commentaries and views identified by the search strategy
were searched manually for additional articles.

Studies were eligible for inclusion if they involved adult patients
(216 years old) in any setting and provided sufficient data for the con-
struction of 2x2 contingency tables using true positive (TP), false
positive (FP), true negative (TN) and false negative (FN) values, (1) on
the diagnostic value of any form of EWS for sepsis diagnosis or out-
comes of sepsis; or (2) that directly compared the diagnostic value of
EWS with the qSOFA or SIRS criteria for sepsis diagnosis or outcomes
of sepsis in the same population. EWS were included if they gener-
ated a score by combining commonly measured physiological param-
eters, including pulse rate, blood pressure, respiratory rate, oxygen
saturation and level of consciousness. A diagnosis of sepsis was con-
sidered if it adhered to the clinical criteria of sepsis-3 definition—the
presence of suspected or confirmed infection with a concurrent rise
in 22 in SOFA score (Singer et al., 2016)—or the presence of suspected
or confirmed infection with at least one organ or system dysfunction.

Two reviewers independently screened titles, abstracts, and full
text for eligibility. Any disagreement was resolved with discussion in

the presence of a third reviewer.

2.3 | Quality appraisal

Two reviewers independently assessed the quality of the included
studies by using the Quality Assessment of Diagnostic Accuracy
Studies 2 (QUADAS-2) tool (Whiting et al., 2011). Four key do-
mains (patient selection, index test, reference standard, and flow-
ing and timing) were assessed for risk of bias and applicability
(first three domains only). No overall summary score was calcu-
lated; however, each domain was rated ‘low’, ‘high’ or ‘unclear’. No
study was excluded from the review based on its methodological
quality to maintain a comprehensive analysis. Discrepancies were
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discussed between the two independent reviewers until a consen-

sus was reached.

2.4 | Dataextraction

The following information was extracted using a predesigned form
by one reviewer from each article: author and year, country, setting,
study design, participant characteristics (e.g. age, sample size), type
of EWS used and its threshold, presence of comparators (qQSOFA
or SIRS criteria), criteria to diagnose sepsis, outcomes assessed (i.e.
sepsis-3 diagnosis and in-hospital mortality) and data required to
construct the 2x2 contingency tables of TP, FP, TN and FN counts.
Authors were contacted for data where required. Another reviewer

cross-checked all extracted data for accuracy.

2.5 | Data analysis and synthesis

The primary outcome of the review was the diagnosis of sepsis, and
the secondary outcome was in-hospital mortality among patients
with sepsis. The diagnostic values of the EWS for the studied out-
comes were evaluated and compared head-to-head with those of
the gSOFA and SIRS criteria. Where studies reported data for multi-
ple thresholds, the threshold that was consistent with other studies
was used.

The meta-analysis was conducted using Review Manager
software, version 5.4 (Review Manager, 2020), and MetaDTA:
Diagnostic Test Accuracy Meta-Analysis Version 2.01 (Freeman
et al., 2019). The pooled sensitivity, specificity, positive and neg-
ative likelihood ratios (LR+ and LR-, respectively), and diagnostic
odds ratios (DOR) with 95% Cl were calculated under bivariate
random-effects and hierarchical summary receiver operating char-
acteristic (HSROC) modelling (Rutter & Gatsonis, 2001). The sum-
mary estimates of sensitivity and specificity with a 95% confidence
interval for each test were presented graphically on the coupled
forest plots and the HSROC curves. The overall diagnostic perfor-
mance of the index tests could also be determined by the HSROC
curves, whereby the closer the curve approaches the upper-left
corner, the higher the overall performance. Heterogeneity be-
tween studies was evaluated through visual assessment of study
results in the ROC space and forest plots. Subgroup analyses were
performed to investigate the effect of the type of EWS, setting,
and threshold.

3 | RESULTS
3.1 | Searchresults
The search identified a total of 5394 records and were exported

into the EndNote software where duplicates were removed. After
removing 1915 duplicates, the resulting 3479 records were screened
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for relevance by their title and abstract. Subsequently, 62 articles
were considered potentially relevant and screened as full-text arti-
cles. A final 10 articles (52,474 participants) were included in this re-
view (Figure 1; rejected articles are listed in Data S1—Supplemental
Material 3).

3.2 | Study characteristics

Table 1 presents an overview of the included studies. Eight stud-
ies were single-site studies, with four conducted in the emergency
department (ED) (Boonmee et al., 2020; Oduncu et al., 2021; Ortega
et al., 2019; Prasad et al., 2021), one in both the ED and inpatient
wards (Churpek et al., 2017), one in inpatient wards (Pairattanakorn
et al., 2021), one in medical intensive care unit (ICU) (Khwannimit
et al., 2019), and one in acute geriatric unit (Brunetti et al., 2022).
Two studies were conducted in the prehospital settings (Lane
etal., 2020; Wallgren et al., 2021), with EWS evaluated based on am-
bulance or prehospital service records; both were multi-site studies.

The most frequently evaluated version of the EWS was the
NEWS (n=7). Six studies compared EWS with both the qSOFA
and SIRS criteria (Boonmee et al., 2020; Churpek et al., 2017; Lane
et al., 2020; Oduncu et al., 2021; Ortega et al., 2019; Pairattanakorn
et al., 2021), and three studies compared EWS with qSOFA (Brunetti
et al., 2022; Khwannimit et al., 2019; Prasad et al., 2021). A sum-
mary of the parameters included in each EWS, the score range and
the recommended threshold for sepsis diagnosis and/or predicting
in-hospital mortality among patients with sepsis can be found in
Data S1—Supplemental Material 4.

The diagnosis of sepsis was evaluated at varied timings across all
studies. For the reference standard of sepsis, four studies employed
the clinical criteria of sepsis-3 definition (Oduncu et al., 2021; Ortega
et al., 2019; Prasad et al., 2021; Wallgren et al., 2021) while three
studies employed the definition of presence of infection with at
least one organ dysfunction (Brunetti et al., 2022; Lane et al., 2020;
Pairattanakorn et al., 2021). Except for Ortega (Ortega et al., 2019),
patients included in the evaluation of sepsis diagnosis were either
suspected or confirmed with an infection that was based on blood
cultures drawn with concomitant administration of antibiotics
(Brunetti et al., 2022; Oduncu et al., 2021; Prasad et al., 2021), clinical
judgement (Pairattanakorn et al., 2021; Wallgren et al., 2021) or in-
fection diagnosis codes (Lane et al., 2020). One prehospital study set-
ting further examined a sub-cohort of patients in which a suspicion of
infection that was based on the paramedic's clinical judgement of the
patient's chief complaint and clinical presentation (Lane et al., 2020).

Among studies that evaluated the diagnostic ability of EWS to
predict in-hospital mortality in sepsis, two studies used the clin-
ical criteria of the sepsis-3 definition as the basis of their sepsis
diagnosis (Boonmee et al., 2020; Khwannimit et al., 2019) and two
studies used the sepsis definition of presence of infection with at
least one organ dysfunction (Churpek et al., 2017; Pairattanakorn
etal.,, 2021).

3.3 | Assessment of study quality

In general, all the studies had limitations in study quality (Figure 2).
The domain with the lowest risk of bias was the patient selection.

[ Identification of studies via datab. and registers
‘o
5 Records identified from databases (n = 5,394)
s MEDLINE® (Ovid) (n=544); EMBASE (n=1,638); -
§ (Ovid) (n=544); ) SE (n=1,638); Records removed before screening:
= Scopus (n=2,015); Web of Science (n= 862); .
=] e Duplicate records removed
< CINAHL (n=207); PsycINFO (n=11); -
[ (n=1,915)
= The Cochrane Library (n=117)
—
— A4
Records screened »| Records excluded based on title and
(n=3,479) abstract (n = 3,378)
Reports not retrieved (n = 39):
© Non-English report (n = 1)
2 Reports sought for retrieval »| e Abstract published into full-text
'E (n=101) report (n = 8)
o o Conference abstract only (29)
ﬁ © No access to full-text report (n = 1)
Reports excluded (n = 52):
v  Sepsis definition not specified or not
Reports assessed for eligibility based on sepsis-3 clinical criteria (n =
(n=62) 40)
e Relevant data not reported/available
—
l (n=6)

) © Did not report the use of any early .
B Studies included in review warning score (n = 1) FIGURE 1 Preferred Reporting Items
= (n=10) . o Insufficient data to construct 2 x 2 for Systematic Reviews and Meta-
5 Reports of induded studes table (n = 5) Analyses flow diagram.
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FIGURE 2 Risk of bias and applicability concerns of
studies using QUADAS-2 tool.

The primary source of bias was related to the flow and timing, where
most of the index test and reference standard-the assessment of
sepsis diagnosis-were not collected at the same time. The index
tests collected could have changed over time during the evolu-
tion of sepsis. For the index test and reference standard domains,
blinding of interpretation of index test results to the outcomes of
interests and vice versa was either lacking or not reported (Data S1—
Supplemental Material 5). Concerns regarding the applicability of
the index tests were related to insufficient information on whether
the index tests were calculated based on the worst values for each
item of the scoring systems at different time points or based on the
entire set of parameters collected at one time point. A few studies

also evaluated the index tests based on the worst values obtained.

3.4 | Sepsisdiagnosis

Seven studies with 15 EWS tests in 40,525 patients assessed the di-
agnostic accuracy of EWS on sepsis diagnosis (Brunetti et al., 2022;
Lane et al.,, 2020; Oduncu et al., 2021; Ortega et al., 2019;
Pairattanakorn et al., 2021; Prasad et al., 2021; Wallgren et al., 2021).
Data S1—Supplemental Material 6 shows the summary statistics of
the seven studies that assessed the diagnosis of sepsis. As shown in
Table 2a, the pooled sensitivity and specificity of the EWS were 65%
(95% Cl: 55,75) and 77% (95% Cl: 64, 86) respectively. However, vis-
ual inspection of the forest plot (Data S1—Supplemental Material 7)
and plotted points in the HSROC curve (Figure 3) revealed consider-
able variation in individual estimates of the sensitivity and specificity
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across studies. The prediction region covered over one-third of the
SROC space and was substantially larger relative to the confidence
region, suggesting moderate to substantial heterogeneity beyond
chance alone.

The estimated DOR for EWS was 6.49 (95% Cl: 4.47, 9.44), which
is significantly greater than 1, suggesting that the EWS has a good
accuracy of the overall diagnostic power (Table 2a). The pooled posi-
tive and negative likelihood ratios were 2.89 (95% Cl: 2.00, 4.18) and
0.45 (95% Cl: 0.36, 0.55), respectively.

3.4.1 | Subgroup analyses

The effect of the type of EWS, threshold, and setting were investi-
gated (Table 2a and Figure 4). The HSROCS curves for the analyses
are presented in Figures el-e5 in Data S1—Supplemental Material
8. The prediction regions for NEWS/NEWS2 and MEWS 24 were
similar to the prediction region for EWS. The performance of the
NEWS/NEWS2 27 was slightly better in predicting sepsis diagnosis
(LR+: 4.00, 95% CI [1.45, 11.00]) than NEWS/NEWS2 25 (LR+: 2.76,
95% Cl [1.49, 5.08]) and MEWS 24 (LR+: 2.49, 95% ClI [1.93, 3.22]).
Although the NEWS/NEWS2 >7 performed poorer in sensitivity
than NEWS/NEWS2 >5 and MEWS 24, it had better pooled speci-
ficity estimates (Table 2a).

3.4.2 | Direct comparison of the EWS with
qSOFA and SIRS

Data from 40,202 patients in six studies investigated the accu-
racy of both the EWS and qSOFA =2 on sepsis diagnosis (Brunetti
et al., 2022; Lane et al., 2020; Oduncu et al., 2021; Ortega
et al., 2019; Pairattanakorn et al., 2021; Prasad et al., 2021). While
estimates of the pooled sensitivity were in favour of the EWS, the
gSOFA (LR+: 6.06, 95% Cl [3.72, 9.88]) performed better than the
EWS (LR+: 2.75, 95% ClI [1.76, 4.30]) in predicting sepsis (Data S1—
Supplemental Material 9). In the subgroup analyses for the direct
comparison of (i) NEWS/NEWS2 =5 and qSOFA 22, and (ii) MEWS
24 and qSOFA 22, the qSOFA 22 was found to be better in predict-
ing sepsis diagnosis than both the NEWS/ NEWS2 25 and MEWS
24 although it had lower pooled sensitivity (Data S1—Supplemental
Material 10 and 11). The removal of the ward setting in the direct
comparison of NEWS/NEWS2 25 and gSOFA 22 did not change with
the result.

Four studies incorporating 16,135 patients reported the ac-
curacy of both the EWS and SIRS 22 on sepsis diagnosis (Lane
etal.,2020; Oduncu et al., 2021; Ortega et al., 2019; Pairattanakorn
et al.,, 2021). While estimates of the pooled sensitivity were in
favour of the SIRS, the EWS (LR+: 3.18, 95% CI [1.80, 5.61]) per-
formed better than the SIRS (LR+: 1.85, 95% CI [1.29, 2.67]) in pre-
dicting sepsis (Data S1—Supplemental Material 12). In contrast to
a comparable pooled sensitivity estimates when MEWS 24 (73%,
95% Cl [51, 87]) was compared directly to SIRS 22 (72%, 95% Cl
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TABLE 2 Summary estimates of sensitivity, specificity, diagnostic odd ratios and likelihood ratios for the primary analysis and sensitivity
analyses.

No. of dataset Sensitivity Specificity Positive likelihood  Negative likelihood  Diagnostic odd
Group/subgroup (No. of patients) (%) (95% Cl) (%) (95% Cl) ratio (95% Cl) ratio (95% Cl) ratio (95% ClI)
(a) Sepsis diagnosis
All studies (EWS) 15 (40,525) 65 [55, 75] 77 [64, 86] 2.89[2.00, 4.18] 0.45[0.36, 0.55] 6.49 [4.47,9.44]
NEWS/NEWS2 only 9(27,785) 58 [47, 68] 84 [69, 93] 3.65[2.02, 6.59] 0.50[0.42,0.59] 7.33[4.04, 13.30]
NEWS/NEWS2 250nly  5(27,092) 65 [56, 72] 77 [59, 88] 2.76 [1.49, 5.08] 0.46[0.36, 0.61] 5.94[2.60, 13.54]
NEWS/NEWS2 =5 in 3(26,823) 58 [53, 63] 82 [59, 94] 3.25[1.19, 8.88] 0.51[0.39,0.68] 6.33[1.78,22.45]
ED only
NEWS/NEWS2 =7 only ~ 3(3076) 52[28,75] 87 [55, 971 4.00 [1.45, 11.00] 0.55[0.40, 0.77] 7.23[3.33, 15.70]
MEWS 24 only 4(13,379) 67 [46, 83] 73 [60, 83] 2.49[1.93,3.22] 0.45[0.29,0.71] 5.51[3.38,9.00]
qSOFA 7 (40,202) 37 [20, 59] 94 [86, 98] 6.06[3.72,9.88] 0.67 [0.50, 0.89] 9.07 [5.56, 14.80]
SIRS 5(16,135) 70 [49, 85] 62 [41, 80] 1.85[1.29,2.67] 0.49[0.32,0.72] 3.82[2.19, 6.67]
(b) In-hospital mortality
All studies (EWS) 7 (12,358) 94 [83, 98] 21[12, 35] 1.18[1.08, 1.29] 0.31[0.17,0.57] 3.86[2.12,7.00]
NEWS/NEWS2 only 5(12,358) 96 [80, 99] 18[9, 31] 1.16 [1.07, 1.25] 0.26[0.09, 0.76] 4.47 [1.55, 12.87]
NEWS/NEWS2 =5 only  3(10,769) 90 [85, 94] 20 [14, 27] 1.12[1.07, 1.18] 0.50[0.39, 0.65] 2.25[1.69, 2.99]
qSOFA 3(12,358) 65 [48, 75] 59 [48, 69] 1.58 [1.29,1.92] 0.59 [0.41, 0.85] 2.66[1.59, 4.46]
SIRS 3(10,769) 92 [86, 96] 12 (7, 19] 1.04 [1.02, 1.07] 0.69 [0.56, 0.84] 1.52[1.23,1.87]

Abbreviations: EWS, early warning score; MEWS, modified early warning score; NEWS, national early warning score; gSOFA, quick sequential organ

failure assessment; SIRS, systemic inflammatory response syndrome.
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Sepsis: NEWS/NEWSZ only

Study TP FFP  FN TN Setting  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Brunetti 2021 (NEWS2) 53 62 18 97 Acute geriatric unit 0.75 [0.63, 0.84] 0.61[0.53, 0.69] . e
Oduncu 2021 (NEWS) 164 33 123 143 Emergency Department 0.57 [0.51, 0.63] 0.81[0.75, 0.87] e —-
Ortega 2019 (NEWS)a 24 139 15 2345 Emergency Department 0.62 [0.45, 0.77] 0.94 [0.93, 0.95] S L
Ortega 2019 (NEWS)b 17 86 22 2398 Emergency Department 0.44 [0.28, 0.60] 0.97 [0.98, 0.97] —
Ortega 2019 (NEWS)c 10 47 29 2437 Emergency Department 0.26 [0.13, 0.42] 0.98 [0.97, 0.99] e
Pairattanakorn 2021 (NEWS) 154 80 52 143 Ward 0.75[0.68, 0.81] 0.70 [0.64, 0.77] e .
Prasad 2021 (NEWS2) 7208 4624 5720 6285 Emergency Department 0.56 [0.55, 0.57] 0.58 [0.57, 0.59] . .
Wallgren 2021 (NEWS2)a 106 70 38 108 Emergency medical service 0.74 [0.66, 0.81] 0.61[0.53, 0.68] —.— —-—
Wallgren 2021 (NEWS2)b 84 a9 60 140 Emergency medical service 0.58 [0.50, 0.66] 0.78[0.71, 0.84] e —-
0 02 04 06 08 10 02 04 06 08
Sepsis: NEWS/NEWS 2 25
Study TP FP FN TN Setting  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% Cl)
Oduncu 2021 (NEWS) 164 33 123 143 Emergency Department 0.57 [0.51, 0.63] 0.81[0.75, 0.87] - -
Ortega 2019 (NEWS)a 24 139 15 2345 Emergency Department 0.62[0.45, 0.77] 0.94 [0.93, 0.95] ——
Pairattanakorn 2021 (NEWS) 154 60 52 143 Ward 0.75[0.68, 0.81] 0.70 [0.64, 0.77] - -
Prasad 2021 (NEWS2) 7208 4624 5720 6285 Emergency Department 0.56 [0.55, 0.57] 0.58 [0.57, 0.59] . .
Wallgren 2021 (NEWS2)a 106 70 38 108 Emergency medical service 0.74 [0.66, 0.81] 0.61[0.53, 0.68] e i
0 02 04 06 08 10 02 04 06 08
Sepsis: NEWS/NEWS 2 25 in ED only
Study TP FP FN TN Setting  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity {95% CI) Specificity (95% CI)
Oduncu 2021 (NEWS) 164 33 123 143 Emergency Department 0.57 [0.51, 0.63] 0.81[0.75, 0.87] i -
Ortega 2019 (NEWS)a 24 139 15 2345 Emergency Department 0.62 [0.45, 0.77] 0.94 [0.93, 0.95] —
Prasad 2021 (NEWS2) 7208 4624 5720 6285 Emergency Department 0.56 [0.55, 0.57] 0.58 [0.57, 0.59] . .
0 02 04 06 08 1 0 02 04 06 08
Sepsis: NEWS/NEWS2 score 27
Study TP FP FN TN Setting  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% Cl)
Brunetti 2021 (NEWS2) 53 62 18 97 Acute geriatric unit 0.75[0.63, 0.84] 0.61[0.53, 0.69] —.— =
Ortega 2019 (NEWS)c 10 47 29 2437 Emergency Department 0.26[0.13, 0.42] 0.98 [0.97, 0.99] e
Wallgren 2021 (NEWS2)b 84 39 60 140 Emergency medical service 0.58 [0.50, 0.66] 0.78 [0.71, 0.84] —.— -
0 02 04 06 08 10 02 04 06 08
Sepsis: MEWS 24
Study TP FP FN TN Setting  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity {95% CI) Specificity (95% Cl)
Brunetti 2021 (MEWS) 3 34 40 125 Acute geriatric unit 0.44 [0.32, 0.56] 0.79[0.71, 0.85] — - -
Lane 2020a (MEWS) 1450 2266 1280 7734 Emergency medical service 0.53 [0.51, 0.55] 0.77 [0.77, 0.78] - [
Lane 2020b (MEWS) 29 852 129 3589 Emergency medical service 0.69 [0.65, 0.74] 0.81[0.80, 0.82] - [
Pairattanakorn 2021 (NEWS) 183 105 23 98 Ward 0.89 [0.84, 0.93] 0.48 [0.41, 0.55] - ——
0 02 04 06 08 1 0 02 04 06 08

FIGURE 4 Forest plot of sensitivity and specificity of the early warning scores for detection of sepsis sorted by type of EWS, threshold

and setting.

[40, 92]) (Data S1—Supplemental Material 13), the direct compari-
son between NEWS/NEWS2 25 (64%, 95% Cl [52, 74]) and SIRS 22
found a higher pooled sensitivity estimates in SIRS 22 (79%, 95%
Cl [56, 92]) (Data S1—Supplemental Material 14). Nevertheless,
both the MEWS 24 and NEWS/NEWS2 25 had higher DOR and
LR+ than the SIRS 22 (Data S1—Supplemental Material 13 and 14).

3.5 | In-hospital mortality
Four studies, incorporating seven EWS tests, examined the diagnostic
accuracy of EWS on in-hospital mortality among 12,358 patients with
sepsis (Data S1—Supplemental Material 6) (Boonmee et al., 2020;
Churpek et al., 2017; Khwannimit et al., 2019; Pairattanakorn
et al., 2021). The pooled sensitivity and specificity of the EWS was
94% (95% Cl: 83, 98) and 21% (95% Cl: 12, 35), respectively (Table 2b).
As seenin Figure 5 and Data S1—Supplemental Material 15, the forest
plot and HSROC curve revealed variation in individual estimates of
the sensitivity and specificity across studies. In addition, the predic-
tion region was substantially larger relative to the confidence region,
suggesting moderate heterogeneity beyond chance alone.

The estimated DOR for EWS was 3.86 (95% Cl: 2.12, 7.00),
suggesting that EWS has a satisfactory overall diagnostic accuracy

for in-hospital mortality among patients with sepsis (Table 2b).
However, the pooled LR+ of 1.18 (95% Cl: 1.08, 1.29) indicates
that the EWS is associated with minimal difference in the proba-
bility of predicting in-hospital mortality among patients with and
without sepsis.

3.5.1 | Subgroup analyses

Sufficient data were available to perform subgroup analysis only of
studies that evaluated NEWS/NEWS2 (n=5) and NEWS/NEWS2 >5
(n=3) (Figure 6 and Data S1—Supplemental Material 16). Despite
the high pooled sensitivity estimates of >90% in both subgroup
analyses, both subgroups had pooled specificity estimates of <20%.
Furthermore, both subgroups had LR+ close to one, suggesting both
tests had negligible ability to predict in-hospital mortality (Table 2b).

3.5.2 | Comparison of the EWS, gSOFA and SIRS

Three studies incorporating 12,358 patients evaluated the accu-
racy of the EWS, qSOFA 22 and SIRS 22 in predicting in-hospital
mortality in sepsis (Boonmee et al., 2020; Churpek et al., 2017;
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FIGURE 5 Summary receiver
operating characteristic plot for all studies
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In-hospital mortality: NEWS/NEWS2

Study T FP FN TN Setting Threshold
Boonmee 2020 (NEWS) 407 952 49 208 Emergency Department 5
Churpek 2017 (NEWS)a 1081 6509 69 1085 ED & ward 5
Churperk 2017 (NEWS)b 1005 5051 145 2543 ED & ward 7
Khwannimit 2019 (NEWS) 731 0 816 42 Intensive care unit 6
Pairattanakorn 2021 (NEWS) 78 70 12 35 Ward 5

In-hospital mortality: NEWS/NEWS2 25

Study T FP FN TN Setting Threshold
Boonmee 2020 (NEWS) 407 952 49 208 Emergency Department 5
Churpek 2017 (NEWS)a 1081 6509 69 1085 ED & ward 5
Pairattanakorn 2021 (NEWS) 78 70 12 35 Ward 5

FIGURE 6 Forest plot of sensitivity and specificity of the studies

Khwannimit etal., 2019; Pairattanakorn et al., 2021). While the pooled
sensitivity estimate was less in favour of the gSOFA >2 (65%, 95% Cl
[48, 75]) when compared against the EWS (94%, 95% Cl [83, 98]), the
qSOFA (LR+: 1.58, 95% [1.29, 1.92]) performed slightly better than
the EWS (LR+ 1.18, 95% CI [1.08, 1.29]) in predicting in-hospital mor-
tality in sepsis (Data S1—Supplemental Material 17). The results were
similar in the subgroup analysis for directly comparing the NEWS/
NEWS2 =5 and gqSOFA =22 (Data S1—Supplemental Material 18).
Despite the lower pooled sensitivity, the gSOFA >2 (LR+: 1.58, 95%
Cl: [1.29, 1.92]) performed better than the NEWS/NEWS2 25 (LR+:
1.12, 95% CI [1.07, 1.18]) in predicting in-hospital mortality in sepsis.

On the other hand, a comparison between the EWS and
SIRS 22 revealed comparable pooled sensitivity estimates and
LR+ (Data S1—Supplemental Material 19). However, the NEWS/

T T
0.8 10

Sensitivity (95% C1)  Specificity (95% Cl) Sensitivity (5% CI) Specificity (35% CI)

0.89 [0.86, 0.92] 0.18 [0.16, 0.20] - .

0.94 [0.92, 0.95] 0.14 [0.14, 0.15] . .

0.87 [0.85, 0.89] 0.33 [0.32, 0.35] . .

0.47 [0.45, 0.50] 1.00 [0.92, 1.00] - =]
0.87 [0.78, 0.93] 0.33 [0.24, 0.43] e —.—

0 02 04 06 08 10 02 04 06 08 1

Sensitivity (95% C1)  Specificity (95% Cl) Sensitivity (5% ClI) Specificity (35% C1)

0.89 [0.86, 0.92) 0.18 [0.16, 0.20] - .
0.94 [0.92, 0.95] 0.14 [0.14, 0.15] . .
0.87 [0.78, 0.93] 0.33 [0.24, 0.43] == ——

0 02 04 06 08 10 02 04 06 08 1

of NEWS/NEWS?2 in predicting in-hospital mortality in sepsis.

NEWS2 25 yielded better DOR between the two tests (Data S1—
Supplemental Material 20). In addition, with an LR+ of 1.04 (95%
Cl: 1.02, 1.07), the SIRS 22 is associated with almost no difference
in the probability of predicting in-hospital mortality among patients

with and without sepsis.

4 | DISCUSSION

A meta-analysis of 10 relevant studies was conducted to investi-
gate the diagnostic accuracy of EWS on the new sepsis-3 definition
and predicting in-hospital mortality in adult patients with sep-
sis, and to compare the performance with that of the gSOFA and
SIRS. However, there is no single screening tool that has both high
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sensitivity and specificity to predict the diagnosis of sepsis and in-
hospital mortality among patients with sepsis.

In this meta-analysis, EWS had an intermediate sensitivity and
specificity compared to qSOFA and SIRS in predicting the diagnosis
of sepsis. Our findings suggest that EWS performed slightly poorer
than gSOFA but outperformed SIRS in terms of DOR and predic-
tion ability while avoiding the low sensitivity of gSOFA. Considering
the lethality and high mortality in sepsis, high sensitivity is pre-
ferred over specificity for a sepsis screening tool because the cost
of delayed or missed treatment caused by FNs far outweighs the
cost of unnecessary antibiotics caused by FPs (Goulden et al., 2018;
Wang et al., 2022). Hence, the gSOFA might not be an appropriate
screening tool for initiating investigation and treatment in the earlier
course of sepsis, which has more reversibility.

By contrast, both the EWS and SIRS provide higher sensitivity
for detecting sepsis compared with gSOFA, rendering both better
options than gSOFA as screening tools for early sepsis care and pre-
venting missed sepsis diagnosis. Of note, EWS provides better dis-
criminatory and prediction ability and superior specificity than SIRS
with comparable pooled sensitivity estimates. This finding may sug-
gest that EWS could outperform SIRS in detecting patients with sep-
sis. The lack of specificity in SIRS limits its utility as a sepsis screen,
and this was manifested in the results of one large database study
conducted in the United States, whereby only 14% of the 270,000
patients hospitalised on regular wards developed organ dysfunction
despite almost half of the cohort presenting with SIRS during their
hospital stay (Churpek et al., 2015). The high false-positive rates in
SIRS could lead to a risk of overtreatment, and there are legitimate
concerns about excessive fluid administration and overuse of anti-
biotics (McLymont & Glover, 2016). Nonetheless, echoing Adegbite
et al. (2021), the SIRS still has value in screening patients with infec-
tions who might require higher level care owing to its high sensitiv-
ity. However, it is not necessarily capable of identifying patients with
sepsis due to its low specificity (Adegbite et al., 2021).

In this review, the MEWS and NEWS/NEWS2 were the two com-
monly identified EWS. Our subgroup analyses, though limited by
the small number of studies, provided some initial evidence to sug-
gest that the pooled sensitivity estimates of MEWS 24 and NEWS/
NEWS2 25 were comparable to those of SIRS criteria. Although both
outperformed SIRS in specificity, the EWS generally lacks the ability
to differentiate between all-cause clinical deterioration and deteri-
oration due to sepsis. Notwithstanding this limitation, the EWS has
three notable advantages. First, with the EWS being commonplace in
hospitals as an integral part of patient monitoring and initial patient
assessment at triage, doubling the EWS to screen for sepsis would
ease nurses' workload and confusion about implementing an addi-
tional sepsis screening tool. Second, unlike SIRS, EWS has no reliance
on laboratory values and is readily available, especially for screening
at triage, which will avoid delays in initiating time-critical interven-
tions for possible sepsis (Keep et al., 2016). A few studies suggest
that adding biomarkers such as serum lactate to EWS may provide
greater specificity (Almutary et al., 2020; Hargreaves et al., 2020). To
that end, MEWS 24 or NEWS/NEWS2 =5 may be a useful initial tool
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to trigger systematic screening for sepsis, followed by looking spe-
cifically for signs of infection and obtaining point-of-care biomarkers
and, where needed, starting fluid resuscitation and antibiotic therapy.
However, further prospective validation is required. Third, the EWS
is a predictive scoring system that uses simple clinical assessment,
which may be valuable to resource-poor settings to facilitate the rec-
ognition of patients at greater risk of sepsis, allowing optimal use of
limited critical care resources.

Although three recent systematic reviews have evaluated the
ability of EWS to predict mortality in patients with sepsis, none
of them measured specifically on in-hospital mortality (Adegbite
et al., 2021; Hamilton et al., 2018; Wang et al., 2022). More impor-
tantly, most of the studies included in the three reviews reported on
the predictive ability of EWS in sepsis patients diagnosed according
to the previous sepsis-1 or 2 guidelines, which might create bias, fa-
vouring the SIRS criteria. Generally, this meta-analysis demonstrates
that all three scoring systems have poor prognostic value in predict-
ing in-hospital mortality in patients diagnosed with sepsis according
to the new criteria. The pooled likelihood ratios ranged from 1.04 to
1.58, and pooled negative likelihood ratios ranged from 0.26 to 0.69,
indicating that they are not sufficiently accurate to rule in or rule out
in-hospital mortality in patients with sepsis. This finding is consis-
tent with earlier systematic reviews (Adegbite et al., 2021; Hamilton
et al., 2018; Wang et al., 2022), further iterating that none of these
three scoring systems is suitable for prognosticating sepsis or is a
true sepsis-specific scoring system.

Furthermore, two reviews had warned about the possibility of a
biased estimate of the predictive accuracy of EWS due to a reduced
risk of mortality in prospective studies as the ‘track and trigger’
nature of EWS would have encouraged actions to be taken on the
higher EWS scores (Hamilton et al., 2018; Patel et al., 2018). One
of the four included studies in this review was potentially at risk of
this (Pairattanakorn et al., 2021). However, there were too few stud-
ies with a variation in patient study groups to determine whether
there is a true difference in mortality. Nevertheless, the EWS had
the highest DOR and pooled sensitivity among the three scoring
systems in predicting in-hospital mortality in patients with sepsis,
suggesting its clinical utility as an initial screening tool to identify
patients ‘suspicious’ of sepsis and subsequently with a more sepsis-

specific tool to guide management decision.

5 | STRENGTHS AND LIMITATIONS

To our knowledge, this is the first systematic review to evaluate the
performance of traditional sepsis scoring systems against the updated
sepsis-3 definitions. We devised a comprehensive search strategy to
locate as many relevant studies as possible. Although a formal assess-
ment of publication bias was not conducted due to the lack of suitable
and reliable methods for systematic reviews of diagnostic test accu-
racy (Macaskill et al., 2022), all stages of the review process involved
two investigators, which minimises bias and errors. The validated
QUADAS-2 tool was used to assess the quality of each study.
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However, results from the meta-analysis, especially those from
the subgroup analyses, should be interpreted prudently due to the
limitations of this review. First, this meta-analysis has considerable
heterogeneity of sources of data and selection bias because of the
variations in study populations, clinical settings, sample sizes, study
designs, criteria for suspected infection, criteria for sepsis diagnosis,
timing of index tests collected and timing of sepsis diagnosis made
relative to index test. A few studies also had patients with a high pos-
sibility of having sepsis or a clinical diagnosis of sepsis. Furthermore,
most studies were judged to be of low quality. Second, we could not
include five studies in the review due to insufficient data to con-
struct the 2x 2 contingency tables despite efforts to contact the au-
thors. The addition of these studies could produce different results.
Third, despite the variations of existing EWS, our analysis of EWS
was only limited to NEWS/NEW2 and MEWS and based on the pre-
defined cut-off values with sufficient data to perform meta-analysis.

6 | CONCLUSION & RELEVANCE TO
CLINICAL PRACTICE

In conclusion, neither the EWS, SIRS, nor qSOFA are ideal standalone
screening tools for sepsis or prognosticating patients with sepsis.
However, the EWS had similar or superior values in most measures of
diagnostic accuracy compared with SIRS or gSOFA, calling into ques-
tion the value of SIRS or gSOFA in institutions where EWS is already
in use. Our study suggests that the EWS could offer utility, even in
resource-constrained settings, either (1) in a staged approach, whereby
the EWS is used to first screen all cases to identify patients requir-
ing a higher level of care followed by a more sepsis-specific tool to aid
clinical decision-making or (2) in combination with other clinical risk
factors or point-of-care biomarkers that were not investigated in this
review. Large-scale, multi-centre studies are needed to investigate the
performance of an EWS two-staged sepsis screening or combination
of EWS with sepsis point-of-care biomarkers. To improve the quality of
evidence, future studies should use more homogenous methodologies

to evaluate EWS in sepsis screening.
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