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Abstract

Background Emergency department (ED) overcrowding has become a global public health concern, underscoring
the importance of rapid and reliable risk stratification tools. Early warning scores are widely used to identify patients
at risk of deterioration and mortality. The recently developed International Early Warning Score (IEWS), which
incorporates age and sex adjustments into the National Early Warning Score (NEWS) model, has shown promising
results and has undergone initial external validation in a Danish cohort; however, no prospective external validation
has yet been conducted, and broader international validation remains limited. This study aimed to evaluate the
performance of [EWS compared with NEWS in predicting in-hospital mortality, 30-day mortality, and ICU admission
among adult ED patients.

Methods This prospective observational cohort study was conducted between July and August 2024 in a tertiary
university hospital ED with an annual census of ~ 70,000 visits. Adult patients presenting to the ED were included,
while trauma cases, patients without vital signs on arrival, interhospital transfers, and cases with incomplete data were
excluded. IEWS and NEWS were calculated at presentation. The primary outcome was all-cause in-hospital mortality;
secondary outcomes included 30-day mortality and ICU admission.

Results A total of 8,666 patients were analyzed. The median age was 40 years (IQR: 26-58), and 51.5% were female.
In-hospital mortality was 1.5% (n=134), and 30-day mortality was 1.9% (n=163). [EWS demonstrated excellent
discriminative ability for in-hospital and 30-day mortality (AUC: 0.944 and 0.930, respectively), and good performance
for ICU admission (AUC: 0.876). In contrast, NEWS showed good performance for in-hospital and 30-day mortality
(AUC: 0.884 and 0.848, respectively) and moderate performance for ICU admission (AUC: 0.781). IEWS consistently
outperformed NEWS across all outcomes (p <0.05, DeLong's test).

Conclusion IEWS outperformed NEWS in predicting in-hospital mortality, 30-day mortality, and ICU admission
among non-traumatic ED patients. Given its high sensitivity, specificity, and overall discriminative performance, IEWS
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may serve as a reliable bedside tool for patient risk stratification in the ED. Large-scale multicenter studies are needed

to confirm its generalizability across diverse populations.
Clinical trial number Not applicable.

Keywords Early warning score, International Early Warning Score, National Early Warning Score, Mortality prediction,
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Introduction

Emergency department (ED) utilization has risen mark-
edly in recent years, transforming ED overcrowding into
a pressing public health issue [1, 2]. Overcrowding con-
tributes to adverse consequences, including prolonged
waiting times, an increased risk of medical errors and
adverse events, and reduced patient satisfaction [1, 3-5].
Evidence from multiple studies has linked extended ED
length of stay to unfavorable outcomes across diverse
patient groups [6—8]. Furthermore, timely intervention
is crucial in life-threatening conditions, including sepsis,
myocardial infarction, stroke, and cardiac arrest [9-11].
Collectively, these observations underscore the crucial
importance of early risk stratification in distinguishing
between high- and low-acuity patients, thereby enabling
the rapid allocation of care to the appropriate level or
facilitating timely discharge.

Especially in highly congested EDs, predicting which
patients are at risk of deterioration represents a major
challenge. This challenge is magnified during crises such
as disasters and pandemics, where excessive demand and
resource scarcity necessitate accurate discrimination
between critical and non-critical patients. Early warning
scores (EWS) represent “track-and-trigger” tools specifi-
cally developed to identify patients at risk of clinical dete-
rioration outside intensive care units (ICUs), enabling
early stabilization, timely escalation of care, and preven-
tion of avoidable cardiac arrests [12]. By design, EWS
provide a structured risk estimate to aid clinical decision-
making. To ensure broad utility, an ideal EWS must rely
on variables that are readily accessible, easily measurable,
rapidly calculable, and strongly associated with patient
outcomes.

Since the first proposal of EWS in the 1990s, they have
been widely recognized as valuable tools for anticipat-
ing clinical deterioration [12, 13]. The development of
the National Early Warning Score (NEWS) by the Royal
College of Physicians in 2012 marked a significant step
forward, as it established a standardized framework for
risk assessment and was formally recommended for rou-
tine clinical use [12]. The adoption of EWS has subse-
quently been linked to a measurable reduction in adverse
clinical outcomes [14]. Over the following decades,
numerous validation studies have examined their perfor-
mance across diverse patient populations and healthcare

settings, further supporting their role in modern emer-
gency and acute care practice [6, 15-22].

Although widely implemented, EWS have shown
inconsistent predictive performance across different
patient populations and age groups [15, 18, 22]. Rec-
ognizing that the NEWS tends to underestimate risk in
older adults while overestimating it in younger patients,
Candel et al. proposed the International Early Warn-
ing Score (IEWS) in 2023, incorporating age- and sex-
adjusted parameters [23]. Initial derivation and validation
studies suggested that IEWS outperformed NEWS; how-
ever, subsequent external validation studies reported only
moderate discriminative ability for mortality prediction
[16, 23]. Despite these evaluations, no prospective exter-
nal validation of the IEWS has yet been conducted. Given
the limited evidence currently available, further external
validation of IEWS is essential.

Accordingly, the present study aims to externally vali-
date the IEWS and compare its performance with NEWS
in predicting in-hospital mortality, 30-day mortality, and
ICU admission among adult ED patients.

Methods

Study design

We conducted a prospective, observational cohort study
from July 1 to August 31, 2024, in the ED of a tertiary
university hospital with an annual census of approxi-
mately 70,000 visits. Serving as the city’s sole tertiary care
facility, the hospital is also designated as a primary per-
cutaneous coronary intervention center, a stroke center,
and a level 1 trauma center. At the time of the study, no
EWS, including NEWS or IEWS, was routinely used in
the emergency department. This study was conducted to
identify the most appropriate EWS for our clinical work-
flow, and the implementation of the most suitable score is
planned based on the study findings. The study protocol
received approval from the institutional ethics committee
(Approval ID: 2024.04.11; Date: 17.04.2024) and was per-
formed in compliance with the Declaration of Helsinki.

Patient selection and groups

All patients aged>18 years who presented to the ED
between the study dates and provided informed consent
were eligible for inclusion. Exclusion criteria included
patients who arrived in cardiac arrest (no measurable
vital signs), trauma-related presentations, incomplete
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clinical data, and interfacility transfers. For patients who
were unable to provide informed consent (e.g., due to
altered mental status), consent was obtained from legally
authorized representatives or accompanying relatives.

Trauma patients were excluded because they differ
markedly from medical ED patients in terms of presen-
tation mechanisms, clinical management processes, and
expected outcomes. As these cases follow trauma-specific
evaluation pathways rather than medical deterioration
scoring, their inclusion would introduce heterogeneity
inconsistent with the primary aim of this study.

Data on demographics, comorbid conditions, present-
ing vital parameters, level of consciousness, and clini-
cal outcomes were collected from both electronic and
paper-based records and entered prospectively into stan-
dardized case report forms by the research team. IEWS
and NEWS were subsequently calculated by researchers
blinded to patient outcomes, using their original scoring
algorithms without modification.

Patients with incomplete data for IEWS/NEWS calcu-
lation were excluded during eligibility screening; thus,
the final analytic cohort contained no missing values
for required variables, and complete-case analysis was
performed.

For outcome analysis, patients were stratified accord-
ing to in-hospital mortality, 30-day mortality, and ICU
admission.

Thirty-day mortality was determined using electronic
hospital records for in-hospital deaths and structured
telephone follow-up for patients discharged before day
30.

ICU admission decisions follow standardized institu-
tional criteria, including hemodynamic instability, need
for vasopressor or mechanical ventilatory support, or
conditions requiring continuous monitoring beyond
ward capability. Throughout the study period, ICU bed
availability remained stable, and no capacity-related
admission restrictions were reported.

Scoring systems

The National Early Warning Score (NEWS), introduced
in 2012 by the Royal College of Physicians, was designed
to facilitate the early detection of clinical deterioration
[12]. It encompasses seven physiological parameters—
respiratory rate, oxygen saturation, supplemental oxygen
requirement, temperature, systolic blood pressure, heart
rate, and level of consciousness—yielding a total score of
0-20.

In 2023, Candel et al. developed the International Early
Warning Score (IEWS), an age- and sex-adjusted modifi-
cation of NEWS [23]. By incorporating age and sex into
the original framework, the IEWS consists of nine vari-
ables and generates a score between 0 and 29.
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In this study, both scoring systems were applied exactly
as defined in their original derivation studies. All param-
eters were recorded at the time of ED presentation. To
avoid bias, score calculations were performed prospec-
tively by an independent investigator blinded to clinical
outcomes.

Outcomes

The primary endpoint of this study was all-cause in-hos-
pital mortality. Secondary endpoints were defined as all-
cause 30-day mortality and ICU admission.

Statistical analysis

Sample size estimation was informed by the study of
Candel et al. (n = 95,553; in-hospital mortality: 2.4%),
resulting in a calculated requirement of 5,465 patients
(expected mortality: 3%, power: 80%, o = 0.05) [23]. Cal-
culations were performed using an online sample size
calculator (www.clincalc.com).

Continuous variables were summarized as mean *
standard deviation or median with interquartile range
(IQR), while categorical variables were expressed as
frequencies and percentages. Normality of continuous
variables was evaluated with the Kolmogorov—Smirnov
test, and subsequent statistical tests were selected based
on these distributional assessments. Group compari-
sons were conducted with the Mann-Whitney U test for
continuous data and the chi-square test for categorical
data. The discriminative ability of each scoring system
was assessed by calculating the area under the receiver
operating characteristic curve (AUC). Optimal cut-off
points were identified using the Youden index, and per-
formance was expressed as AUC values with 95% confi-
dence intervals (Cls), along with sensitivity, specificity,
and likelihood ratios. Statistical analyses were conducted
using SPSS® for Windows, version 23.0 (IBM, Chicago,
IL, USA). Statistical significance was set at a two-sided
p-value < 0.05. Calibration for both IEWS and NEWS was
assessed for all outcomes (in-hospital mortality, 30-day
mortality, and ICU admission). Calibration was evalu-
ated visually using calibration plots, in which observed
event rates were plotted against predicted probabilities
across deciles of risk. The 45-degree diagonal line repre-
sented perfect calibration. Deviations above the line indi-
cated underestimation, whereas deviations below the line
reflected overestimation of risk. Brier scores were calcu-
lated to quantify overall calibration performance. Deci-
sion curve analysis (DCA) was performed to evaluate the
clinical utility of IEWS and NEWS by quantifying their
standardized net benefit across a range of threshold prob-
abilities (0.01-0.35). Net benefit was calculated using the
standard formula proposed by Vickers et al., and decision
curves for each outcome (in-hospital mortality, 30-day
mortality, ICU admission) were plotted against “treat
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all” and “treat none” strategies [24]. Higher net benefit
indicated greater clinical usefulness at a given threshold
probability. Calibration plots and decision curve analyses
were performed using Python (version 3.11; Python Soft-
ware Foundation, Wilmington, DE, USA).

Results
Of the 10,493 patients assessed for eligibility, 1,785 were
excluded due to trauma, 21 owing to incomplete data, 11
due to inter-hospital transfer, and 10 because of absent
vital signs on arrival. Thus, the final analysis comprised
8,666 patients. The study flowchart is illustrated in Fig. 1.
The cohort had a median age of 40 years (IQR: 26-58),
with 4,462 (51.5%) female participants. Overall, 506
patients (5.7%) were admitted to hospital wards, and 243
(2.8%) were admitted to the ICU. The remaining patients
were discharged. In-hospital mortality was 1.5% (n=134),
while 30-day mortality was 1.9% (n=163). Baseline
demographic and clinical characteristics are presented in
Table 1.

10,493 patients

(Initially enrolled)
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The IEWS outperformed the NEWS across all out-
comes. For in-hospital and 30-day mortality, IEWS
achieved excellent discriminative ability (AUC: 0.944,
95% CI: 0.939-0.948; and AUC: 0.930, 95% CI: 0.924—
0.935, respectively), whereas NEWS yielded only good
performance (AUC: 0.884, 95% CI: 0.877-0.891; and
AUC: 0.848, 95% CI: 0.840-0.855, respectively). Simi-
larly, in predicting ICU admission, IEWS demonstrated
good accuracy (AUC: 0.876, 95% CI: 0.869-0.883), while
NEWS performed at a moderate level (AUC: 0.781, 95%
CI: 0.772-0.789).

Using the Youden index to determine optimal cut-off
values (in-hospital mortality: IEWS > 5; 30-day mortality
and ICU admission: IEWS >4), the IEWS achieved sen-
sitivities of 88%, 92%, and 81% and specificities of 87%,
80%, and 81% for in-hospital mortality, 30-day mortality,
and ICU admission, respectively. In contrast, for NEWS,
the optimal cut-offs (in-hospital and 30-day mortal-
ity: NEWS>1; ICU admission: NEWS>2) yielded sen-
sitivities of 86.6%, 82.8%, and 58.0% with specificities of
76.7%, 76.8%, and 87.8%, respectively. Comprehensive

J

=

8,666 patients
(Final inclusion)

Exclusion
1785 trauma-related
21 missing records
11 inter-hospital transfer
10 absent vital signs

8,532 patients

(Survivor)

134 patients

(Non-survivor)

Fig. 1 Flow diagram of the study
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Table 1 Baseline demographic and clinical characteristics of the patients
Variables Total Survivor Non-survivor p
(n=8666) (n=8532) (n=134)
Gender, female* 4462 (51.5) 4414 (51.7) 48 (35.8) <0.001
Arrival, ambulance* 1167 (13.5) 1137 (13.3) 30(22.4) 0.002
Triage* <0.001
Red 252 (2.9) 196 (2.3) 56 (41.8)
Yellow 5160 (59.4) 5072 (59.4) 78 (58.2)
Green 3264 (37.7) 3264 (38.3) 0(0.0)
Comorbid diseases*
COPD 400 (4.6) 371 (4.3) 29(21.6) <0.001
Asthma 39(0.5) 39(0.5) 0(0.0) 0433
Diabetes mellitus 1014 (11.7) 985 (11.5) 29 (21.6) <0.001
Hypertension 1530(17.7) 1473 (17.3) 57 (42.5) <0.001
Coronary artery disease 935(10.8) 878 (10.3) 57 (42.5) <0.001
Chronic heart failure 239 (2.8) 217 (2.5) 22 (164) <0.001
Chronic kidney disease 80 (0.9) 74(0.9) 6 (4.5) <0.001
Active malignancy 239 (2.8) 209 (2.4) 30(22.4) <0.001
Chronic liver disease 18(0.2) 15(0.2) 3(2.2) <0.001
Hyperthyroidism 13(0.2) 13(0.2) 0(0.0) 0.651
Hypothyroidism 188 (2.2) 185 (2.2) 3(22) 0.956
Benign prostate hyperplasia 92 (1.1) 86 (1.0) 6 (4.5) <0.001
Alzheimer disease 28(0.3) 22(0.3) 6 (4.5) <0.001
Parkinson disease 13(0.2) 13(0.2) 0(0.0) 0.651
Epilepsy 30(0.3) 29(0.3) 1(0.7) 0427
Cerebrovascular disease 121 (1.4) 113 (1.3) 8 (6.0) <0.001
Other 276 (34) 274 (3.0) 2(14) <0.001
Age** 40 (26-58) 40 (26-57) 74 (64-84) <0.001
Systolic blood pressure (mmHg)** 125(118-134) 125 (118-134) 118 (103-137) <0.001
Diastolic blood pressure (mmHg)** 78 (71-84) 78 (71-84) 74 (59-87) 0.005
Heart rate (bpm)** 86 (78-94) 86 (78-93) 97 (81-107) <0.001
Respiratory rate (/min)** 16 (14-16) 16 (14-16) 16 (14-18) <0.001
Oxygen saturation (%)** 98 (96-98) 98 (96-98) 92 (86-96) <0.001
Fever (° C)** 36.6 (36.5-36.7) 36.6 (36.5-36.7) 36.6 (36.5-36.8) 0.001
Glasgow coma scale** 15 (15-15) 15(15-15) 15 (14-15) <0.001
Emergency length of stay (min)** 50 (14-144) 48 (13-140) 292 (212-408) <0.001
[EWS** 2(1-4) 2 (1-4) 10 (7-12) <0.001
NEWS** 0(0-1) 0(0-1) 6(2.7-8) <0.001
Disposition* <0.001
Discharge 7643 (88.4) 7643 (89.6) 0(0.0)
Ward admission 506 (5.7) 459 (5.4) 47 (35.1)
ICU admission 243 (2.8) 156 (1.8) 87 (64.9)
Discharge against medical advice 274 (3.2) 274 (3.2) 0(0.0)
In-hospital mortality* 134 (1.5)
30-day mortality* 163 (1.9)

COPD: Chronic obstructive pulmonary disease, IEWS: International Early Warning Score, NEWS: National Early Warning Score, ICU: Intensive care unit, *n (%)-Chi-

square test, **median (Q1-Q3)-Mann-Whitney U test

performance results are detailed in Table 2. Comparative
analysis using the DeLong test demonstrated statistically
significant differences between the IEWS and NEWS
AUC:s for all outcomes (p <0.05 for in-hospital mortality,
30-day mortality, and ICU admission). Figure 2 provides
the corresponding ROC curves for visual comparison.
For in-hospital mortality, IEWS demonstrated superior
calibration compared with NEWS (Fig. 3). IEWS showed

closer alignment with the ideal 45-degree line across all
deciles, particularly in mid- and high-risk strata. NEWS
exhibited greater fluctuation and underestimation in
intermediate predicted-risk ranges. Both scores had
identical Brier scores (0.013), although the graphical
calibration favored IEWS. For 30-day mortality, IEWS
again showed better calibration, with smaller deviations
from perfect calibration compared with NEWS. NEWS
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Table 2 Performance of the scores in predicting outcomes

Page 6 of 10

Cut-off AUC 95% Cl Sensitivity Specificity +LR -LR PPV NPV
In-hospital mortality
IEWS >5 0.944 0.939-0.948 88.81 87.10 6.88 0.13 9.7 99.8
NEWS >1 0.884 0.877-0.891 86.57 76.66 3.71 0.18 5.1 99.7
30-day mortality
IEWS >4 0.930 0.924-0.935 92.02 80.84 4.80 0.09 8.4 99.8
NEWS >1 0.848 0.840-0.855 82.82 76.81 3.57 0.22 6.3 99.5
ICU admission
IEWS >4 0.876 0.869-0.883 81.07 81.22 432 0.23 109 99.3
NEWS >2 0.781 0.772-0.789 58.02 87.75 4.74 022 121 98.7

IEWS: International Early Warning Score, NEWS: National Early Warning Score, ICU: Intensive care unit, AUC: Area under the curve, Cl: Confidence interval, LR:

Likelihood ratio, PPV: Positive predictive value, NPV: Negative predictive value
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Fig. 2 Receiver operating characteristic curves of the scores in different outcomes

Calibration Plots of Clinical Scores

In-Hospital Mortality

30-Day Mortality

ICU Admission

- Keal
IEWS (AUC: 0.930, Brier: 0.015)
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Fig. 3 Calibration plots comparing the International Early Warning Score (IEWS) and the National Early Warning Score (NEWS) for in-hospital mortality,
30-day mortality, and ICU admission. Observed event rates were plotted against predicted probabilities across deciles of risk, with the dashed diagonal
line representing perfect calibration. Across all outcomes, [EWS demonstrated closer alignment with the ideal line and smaller deviations than NEWS,
indicating better overall calibration and more accurate estimation of absolute risk

consistently underestimated risk in several deciles,
whereas IEWS demonstrated more stable agreement
between predicted and observed mortality. IEWS had a
slightly lower Brier score (0.015) than NEWS (0.016). For
ICU admission, both scores showed generally accept-
able calibration; however, IEWS displayed a closer overall
fit to the ideal line, with less underestimation at higher

predicted probabilities. IEWS also had a marginally lower
Brier score (0.023) compared with NEWS (0.024).
Decision curve analysis demonstrated that IEWS
provided consistently higher standardized net benefit
than NEWS for all three outcomes (Fig. 4). For in-hos-
pital mortality, IEWS showed a modest but sustained
net benefit advantage over NEWS between threshold
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Decision Curve Analyses

In-Hospital Mortality

30-Day Mortality

ICU Admission
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Fig. 4 Decision curve analyses comparing the standardized net benefit of the International Early Warning Score (IEWS) and the National Early Warning
Score (NEWS) for in-hospital mortality, 30-day mortality, and ICU admission. Net benefit was plotted against threshold probabilities from 0.01 to 0.35, with
“treat all”and “treat none”strategies shown for reference. Across all outcomes, IEWS provided consistently higher net benefit than NEWS at most clinically
relevant thresholds, indicating greater potential clinical utility for risk-based decision-making in the emergency department

probabilities of 0.01-0.20. Similar patterns were observed
for 30-day mortality and ICU admission, where IEWS
offered greater clinical utility at lower thresholds and
maintained comparable benefit at higher thresholds.
Both scores performed better than “treat all” and “treat
none” strategies throughout clinically relevant threshold
ranges.

There were significant differences in many baseline
characteristics between the two groups (Table 1). These
findings underscore both clinical and demographic fac-
tors as significant determinants of in-hospital mortality.

Discussion

This study provides evidence that the IEWS, an age- and
sex-adjusted refinement of NEWS, offers superior predic-
tive accuracy compared to NEWS for in-hospital mortal-
ity, 30-day mortality, and ICU admission in adult patients
presenting to the ED.

Consistent with existing evidence, our study confirms
that vital signs and level of consciousness—core elements
of most EWS—remain strongly associated with mortal-
ity risk [25-28]. By integrating age and sex into these
established parameters, Candel et al. developed IEWS,
which consistently outperformed NEWS in derivation
and external validation cohorts [23]. Subsequent external
validation in septic patients by Devia-Jaramillo et al. fur-
ther reinforced the superiority of IEWS over NEWS [16].
However, a more recent study by Candel and Veldhuis
reported substantially lower discriminative performance
for IEWS (AUROC ~ 0.64), particularly in high-acuity
ambulance-transported patients [29]. These discrepan-
cies likely reflect methodological and population differ-
ences: our prospective cohort was considerably larger,
included all ED presentations rather than only prehospi-
tal high-risk patients, and had lower and more balanced
mortality rates, which may stabilize model estimates

and enhance discriminative accuracy. Additionally, dif-
ferences in clinical workflows, timing of vital sign mea-
surement, and outcome definitions across settings may
further contribute to the variation in predictive perfor-
mance observed between studies.

Our findings are in line with previous reports, showing
that IEWS demonstrated higher accuracy than NEWS
in predicting in-hospital mortality in our cohort (AUC:
0.944 vs. 0.884) [16, 17, 19, 23]. Whereas NEWS generally
exhibits moderate-to-good discriminative performance
for mortality outcomes, the excellent predictive perfor-
mance of IEWS observed in this study suggests that it
may offer improved risk stratification for ED patients.
However, although higher discriminative accuracy is
an important prerequisite for clinical usefulness, our
study did not evaluate whether the application of IEWS
in real-time ED practice leads to measurable improve-
ments in clinical management, patient flow, or outcomes.
Therefore, any potential clinical implications of IEWS—
such as earlier recognition of high-risk patients or more
appropriate allocation of monitoring resources—should
be interpreted cautiously and considered hypothetical.
Future implementation studies are required to determine
whether these predictive improvements translate into
meaningful clinical impact.

The higher age observed among non-survivors in our
cohort may partly explain the strong predictive contribu-
tion of age within the IEWS model. Importantly, unlike
many Western healthcare systems, Do Not Attempt
Resuscitation (DNAR) orders are not legally permitted
in Tirkiye. Therefore, differences in resuscitation prac-
tices or treatment-limitation decisions did not influence
mortality outcomes in our study. As a result, age-related
differences in mortality likely reflect genuine differences
in illness severity rather than variations in resuscitative
intent.
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To our knowledge, this is the first study to assess
IEWS for predicting 30-day mortality and ICU admis-
sion. Consequently, no direct comparisons with prior
reports could be made. In this prospective cohort, [EWS
achieved good-to-excellent predictive performance for
in-hospital mortality, 30-day mortality, and ICU admis-
sion (AUC: 0.944, 0.930, and 0.876, respectively), under-
scoring its promise as a reliable tool for early detection
of clinical deterioration. However, as a newly developed
scoring system, IEWS requires broader external valida-
tion in larger patient populations before it can be widely
implemented in clinical practice.

Graham et al. and Sbiti-Rohr et al. reported poor pre-
dictive ability of NEWS for 30-day mortality (AUC: 0.61
and 0.65), whereas subsequent studies have shown mod-
erate-to-good performance [18, 30—34]. Consistent with
these latter reports, our study demonstrated good dis-
criminative performance of NEWS in predicting 30-day
mortality (AUC: 0.848). While IEWS outperformed
NEWS overall, the original NEWS model nonetheless
retained clinically relevant predictive value. Although
several modifications of NEWS have been suggested
to improve its prognostic accuracy, its original form
remains a valid and practical tool. Variability in published
results may be explained by differences in study popula-
tions, selected thresholds, and outcome prevalence [35].

The predictive ability of NEWS for ICU admission has
been inconsistent across studies. While Graham et al.
reported poor performance (AUC: 0.65), several other
investigations demonstrated moderate-to-good discrim-
inative capacity (AUC: 0.70-0.90) [6, 32, 34, 36-38]. In
our cohort, NEWS achieved only moderate accuracy
(AUC: 0.781). Conversely, IEWS showed superior perfor-
mance with good discriminative ability (AUC: 0.876), and
its higher sensitivity and specificity enabled more precise
identification of patients with and without critical care
needs in the ED.

In terms of calibration, an essential complement to
discriminative performance, IEWS consistently showed
better agreement between predicted and observed risks
than NEWS across all evaluated outcomes. IEWS showed
smaller deviations from the ideal 45-degree calibration
line and lower or equal Brier scores for in-hospital mor-
tality, 30-day mortality, and ICU admission. These find-
ings suggest that IEWS not only discriminates risk more
effectively but also provides more reliable absolute risk
estimation, particularly in higher-risk strata. Improved
calibration strengthens the clinical applicability of IEWS
by ensuring more accurate prediction of absolute event
probabilities.

In addition to its stronger discriminative performance
and superior calibration, IEWS demonstrated slightly
higher net benefit than NEWS across a wide range of clin-
ically relevant risk thresholds. This suggests that IEWS
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may offer greater practical utility in supporting early risk-
based decisions in the ED, particularly when clinicians
prioritize sensitivity at low-to-moderate threshold prob-
abilities. These findings are consistent with the original
derivation and validation work by Candel et al., reinforc-
ing the potential of IEWS as an improved alternative to
NEWS in real-world emergency care settings [23].

An additional strength of IEWS lies in its real-time
applicability. Although it incorporates age- and sex-
adjusted parameters, IEWS—Ilike NEWS—relies solely
on routinely collected physiological measurements and
can therefore be calculated rapidly at the bedside without
requiring laboratory data or additional diagnostics. This
preserves its practicality for use in fast-paced emergency
settings, enabling clinicians to identify high-risk patients
promptly upon presentation.

The optimal IEWS thresholds in this study were deter-
mined using the Youden index, which statistically bal-
ances sensitivity and specificity for the best overall
discrimination. However, in a fast-paced ED environ-
ment, the clinical practicality of these thresholds must
also be considered. In our cohort, the Youden-derived
cut-off for IEWS achieved excellent sensitivity while
maintaining acceptable specificity, allowing early iden-
tification of high-risk patients without excessive false
positives. This finding suggests that IEWS may facilitate
earlier recognition of clinical deterioration and support
timely triage and monitoring decisions. Nevertheless,
further real-world validation is needed to confirm the
optimal balance between diagnostic accuracy and opera-
tional feasibility across diverse healthcare settings.

Although EWSs were originally developed to detect
short-term clinical deterioration—typically within hours
to the first few days of presentation—we evaluated in-
hospital and 30-day mortality to maintain consistency
with prior NEWS and IEWS validation studies. However,
these longer-term outcomes extend beyond the tradi-
tional scope of early warning score applications, as they
may be influenced by inpatient management, comorbidi-
ties, and treatment decisions occurring outside the ED.
Therefore, while our findings provide valuable informa-
tion on overall prognostic performance, they should
be interpreted with the understanding that EWSs are
primarily designed to identify imminent deterioration
rather than to predict long-term mortality. Future stud-
ies incorporating ED-specific outcomes, such as early
clinical deterioration, in-ED cardiac arrest, or the need
for time-critical interventions, would offer a more direct
assessment of the real-time utility of these scores in
emergency care.
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Limitations

Several limitations should be acknowledged. First, the
single-center design restricts the external validity of
our results, and multicenter studies are warranted to
confirm these findings across diverse populations. Sec-
ond, the scores were derived exclusively from param-
eters measured at ED presentation, without accounting
for dynamic changes during follow-up, which may have
influenced predictive accuracy. Third, although NEWS
was originally developed as a track-and-trigger system
relying on repeated measurements, our evaluation was
based solely on baseline ED values. This approach does
not capture the dynamic monitoring advantage of NEWS
and limits comparison with its intended clinical use.
Fourth, the use of optimal cut-off values determined by
the Youden index may limit generalizability, as different
thresholds could potentially alter the predictive perfor-
mance. In addition, although subgroup analyses (e.g.,
restricted to high-acuity triage levels or hospitalized
patients) could potentially offer further clinical insights,
such analyses were not prespecified in the study protocol
or ethics committee approval. Performing post hoc sub-
group analyses would substantially reduce the number of
outcome events within each stratum, leading to under-
powered estimates with limited reliability and generaliz-
ability. Therefore, subgroup analyses were not conducted,
and future studies specifically designed and adequately
powered for these comparisons are warranted. Finally,
the study was conducted over a relatively short period
(July—August 2024), which may limit temporal generaliz-
ability. Seasonal fluctuations in ED patient volume, case
mix, and operational factors—such as staffing patterns
during summer months—could have influenced model
performance. Although no major organizational changes
occurred during the study window, validation across lon-
ger and seasonally diverse periods is warranted.

Conclusion

The present study demonstrated that IEWS showed
higher discriminative performance than NEWS in pre-
dicting in-hospital mortality, 30-day mortality, and ICU
admission among non-traumatic ED patients. Although
NEWS performed more modestly, both scores retained
prognostic value for risk stratification at ED presentation.
Because our study evaluated predictive accuracy rather
than real-time clinical impact, these findings should be
interpreted as evidence of statistical performance rather
than direct indicators of improved patient outcomes or
decision-making in the ED. Further multicenter stud-
ies and implementation-focused research are needed to
determine whether the superior discriminative ability
of IEWS translates into meaningful clinical benefits and
improved operational management in diverse emergency
care settings.
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Abbreviations

IEWS International Early Warning Score
NEWS  National Early Warning Score
EWS Early Warning Score

ED Emergency department

ICU Intensive care unit

IQR Interquartile range

a Confidence interval

AUC Area under the curve
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