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ABSTRACT

Background: Early recognition of sepsis is a critical challenge in emergency medicine, particularly in resource-constrained
settings, where timely intervention is essential to improve patient outcomes.

Objective: This study aimed to compare the effectiveness of different Early Warning Scores (EWS), including the National
Early Warning Score (NEWS), Modified Early Warning Score (MEWS), quick Sequential Organ Failure Assessment
(qSOFA), and Systemic Inflammatory Response Syndrome (SIRS), in predicting outcomes such as mortality, ICU
admission, and septic shock in the emergency departments of Pakistan.

Methods: A retrospective study was conducted at the Emergency Department of Khyber Teaching Hospital, Peshawar,
from January to December 2023. Patients diagnosed with sepsis based on Sepsis-3 criteria were included. The predictive
performance of each EWS was assessed using AUROC, logistic regression, and calibration plots.

Results: NEWS demonstrated superior predictive accuracy for in-hospital mortality (AUROC: 0.873) and ICU admission
(AUROC: 0.890) compared to MEWS, qSOFA, and SIRS. It showed robust sensitivity (88%) and specificity (75%) and
was identified as an independent predictor of mortality and ICU admission through multivariate analysis.

Conclusion: In resource-limited settings, NEWS proved to be the most effective tool for early risk stratification in sepsis
patients. Its adoption could significantly enhance sepsis management and improve outcomes in emergency departments
with constrained resources.
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settings to improve patient outcomes[1]. Despite the
advances in the sepsis definitions and diagnostic criteria,

INTRODUCTION

Sepsis is a life-threatening condition in which a

dysregulated immune response to infection results in
widespread organ dysfunction and high mortality. Sepsis
affects more than 50 million people worldwide each year
and costs about 11 million lives. Sepsis is a major public
health problem in Pakistan where the limited healthcare
resources, overcrowded emergency departments (EDs),
and long delays in diagnosis and treatment, make it a more
challenging problem. Identification and intervention of
prompts are particularly important in resource-constrained

i.e., the shift from Systemic Inflammatory Response
Syndrome (SIRS) to Sepsis-3 definition, recognition of
sepsis remains a challenge predominantly due to the early
recognition of sepsis. In Pakistan, emergency departments
are overwhelmed by patients with different clinical
conditions, and clinicians must decide rapidly with fewer
diagnostic tools available. To facilitate the identification of
at-risk patients and prediction of adverse outcomes,
modified early warning scores (MEWS) and the National
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early warning score (NEWS), as well as quick sequential
organ failure score (QSOFA), have been developed|2, 3].

In studies in diverse healthcare settings, NEWS has
shown superior predictive accuracy among these tools.
NEWS comprises a mix of vital parameters such as
respiratory rate, oxygen saturation, systolic blood pressure,
pulse rate, temperature, and level of consciousness to give
a complete picture of the patient's condition[4]. Although
simpler, MEWS and qSOFA have not shown consistency
in their sensitivity and specificity, and qSOFA is
specifically designed for sepsis-related organ dysfunction.
Despite this, these tools are underutilized in applying
Pakistan’s EDs, which present unique challenges in terms
of lack of access to advanced diagnostics and varying
clinician expertise. The strengths and limitations of EWS
are highlighted in the existing literature. The high accuracy
of NEWS in predicting mortality and ICU admissions has
been demonstrated, but inconsistencies in study design,
patient populations, and outcome measures limit the
universal application of this test. In addition, biomarkers,
including lactate levels and Glasgow Coma Scale (GCS)
scores could be integrated to increase the predictive value
of these tools. Nevertheless, studies examining such
combined approaches in Pakistan are lacking[5].

Further compounded by socio-economic factors such
as high incidence of infectious diseases, lack of public
awareness, and unavailability of healthcare infrastructure,
the burden of sepsis is higher in Pakistan[6]. A solutions-
oriented approach to overcome these challenges will
require an evidence-based approach to optimize the use of
EWS and sepsis management in EDs. The goal of this
study is to compare the predictive performance of NEWS,
MEWS, qSOFA, and SIRS for predicting outcomes for
sepsis patients in Pakistani EDs. The research integrates
biomarker data and performs robust statistical analyses to
identify the most effective strategies for early risk
assessment and generate actionable insights for improving
clinical practices in resource-limited settings[7, 8].

MATERIALS AND METHODS

A retrospective study was carried out at the Emergency
Department of Khyber Teaching Hospital Peshawar from
January to December 2023. As in the first study, the
methodology was robust, and the reporting was
transparent, as required by the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
guidelines. The hospital is a major tertiary care facility in
the Khyber Pakhtunkhwa province and serves a diverse
population drawn from urban and peri-urban areas. The
study included all adult patients of age 18 years and older,
admitted to the emergency department and diagnosed with
sepsis based on the Sepsis- 3 criteria during their
emergency admission. Data for sepsis patients, eligible for
inclusion, were purposively sampled. Patients with
incomplete medical records, preexisting terminal diseases,

or those referred to the emergency department after the
initiation of sepsis treatment elsewhere were excluded.

Primary predictor variables were the scores from four
early warning systems i.e. National Early Warning Score
(NEWS), Modified Early Warning Score (MEWS), quick
Sequential Organ Failure Assessment (qSOFA), and
Systemic Inflammatory Response Syndrome (SIRS). Vital
signs, mental status evaluations, and available laboratory
findings were recorded upon patient presentation and were
used to obtain these scores. Patient demographics (age,
gender), comorbidities (e.g., diabetes, hypertension),
presenting symptoms, and biomarker data (e.g., lactate,
Sp0O2, and systolic blood pressure) were added as
additional data.

They assessed the primary outcomes of in-hospital
mortality and ICU admission. Secondary outcomes
included septic shock, mechanical ventilation requirement,
and hospital stay. To ensure data accuracy and reliability,
these outcomes were extracted from electronic medical
records and were verified by independent clinical auditors.
To detect meaningful differences in predictive accuracy
among the scoring systems, a target sample size of 150
patients was calculated assuming 25% anticipated
mortality, 80% power, and 5% significance level to detect
differences.

The Institutional Review Board gave ethical approval
for the study ref no.(ERC/2022/22D). As the study was
retrospective, informed consent was waived, while
maintaining patient confidentiality and data protection
according to the Declaration of Helsinki. The data were
anonymized and entered into a secure, password-protected
database. Means with standard deviations or medians with
interquartile ranges were used to summarize continuous
variables according to their distribution. Those categorical
variables were reported as frequencies and percentages. T-
tests, Mann-Whitney U tests, or chi-square tests, as
appropriate, were used to analyze group differences.

Receiver operating characteristic (ROC) curves were
used to evaluate the predictive performance of each
scoring system, and the ROC area under the curve
(AUROC) measured accuracy. DeLong method was used
for pairwise comparisons of AUROCs. Sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated for each scoring
system, with key thresholds being assessed to calculate
these parameters. Statistical significance (p < 0.05) was set
for confounding variables (age, gender, and comorbidities)
to construct multivariate logistic regression models. Data
were analyzed with SPSS (v. 26.0) and R (v. 4.1.0). The
ggplot2 package in R was used to create visualizations
(ROC curves and calibration plots) to guarantee clear and
precise reports of results.

RESULTS
The study included a total of 150 patients of whom 56%
were male. The median age was 64 years (interquartile
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range: 52-76). The study population had comorbidities;
diabetes mellitus was present in 45%, hypertension in
35%, and chronic kidney disease in 20%. Most patients
were at an advanced stage with altered mental status (68%)
and hypotension (55%).

The four scoring systems were evaluated for their
predictive performance. NEWS demonstrated the highest
overall accuracy for predicting both in-hospital mortality
and ICU admission, with an AUROC of 0.873 (95% CI:
0.830-0.915) for mortality and 0.890 (95% CI: 0.848—
0.932) for ICU admission. MEWS also performed well,
with an AUROC of 0.810 (95% CI: 0.755-0.865).
Specifically, the AUROC for mortality was 0.755 (95% CI:
0.713-0.796), and for ICU admission, it was 0.825 (95%
CI: 0.772-0.878). In contrast, qSOFA and SIRS showed
lower predictive accuracies. gSOFA had an AUROC of
0.750 (95% CI: 0.688-0.812) for mortality and 0.770 (95%
CI: 0.710-0.830) for ICU admission, with odds ratios of

0.688 (95% CI: 0.618-0.763) for mortality and 0.770 (95%
CI: 0.710-0.830) for ICU admission. SIRS had the lowest
predictive value, with an AUROC of 0.690 (95% CI:
0.623-0.757) for mortality and 0.700 (95% CI: 0.634-
0.766) for ICU admission

Fig-1 described the Area Under the Receiver Operating
Characteristic (AUROC) curves for NEWS, MEWS,
qSOFA, and SIRS, including their 95% confidence
intervals. NEWS demonstrated the highest AUROC for
both mortality and ICU admission, highlighting its
superior predictive accuracy compared to the other scoring
systems. This Fig-2 compares the sensitivity and
specificity of NEWS, MEWS, qSOFA, and SIRS for
predicting mortality and ICU admissions. NEWS showed
the highest sensitivity (88%) and robust specificity (75%),
emphasizing its reliability as a risk stratification tool in
emergency departments.

Table-1: Predictive Performance and Threshold Characteristics of Early Warning Scores (EWS

NEWS | 0.873 (0.830— 0.890 42(2.8-6.4), | 3.9(2.6-5.8),
27 0.915) (0.848— p < 0.001 p < 0.001
0.932)
MEWS | 0.810 (0.755- 0.825 82% 70% 80% 72% 3.5(2.3-5.3), | 3.1(2.1-4.7),
24 0.865) (0.772— p <0.001 p <0.001
0.878)
qSOFA | 0.750 (0.688— 0.770 68% 85% 65% 88% 2.8 (1.8-4.1), | 2.6 (1.7-3.8),
>2 0.812) (0.710— p < 0.001 p < 0.001
0.830)
SIRS 22 | 0.690 (0.623— 0.700 65% 60% 62% 65% 19(1.2-3.1), | 1.8(1.1-2.9),
0.757) (0.634— p <0.01 p <0.01
0.766)
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Fig-1: AUROC Comparison for Early Warning Scores
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Fig-2: Sensitivity and Specificity of Early Warning Scores

To adjust for confounding variables such as age,
gender, and comorbidities, we performed multivariate
logistic regression analysis. NEWS emerged as the
strongest independent predictor of in-hospital mortality
(OR: 4. ICU admission (OR: 3.9; 95% CI: 2.6 to 5.8, p <
0.001) and ICU admission (OR: 2; 95% CI: 2.8-6.4, p <
0.001). Lactate levels (OR: 2. Both systolic blood pressure
<90 mmHg (OR: 3.1; 95% CI: 2.0-4.9, p < 0.001) and
systolic blood pressure <140 mmHg (OR: 3.1; 95% CI:
1.8-5.5, p < 0.001) were also significant predictors.
Secondary outcomes showed that septic shock developed
in 42% of patients, and NEWS >7 predicted this outcome
with an AUROC of 0.860. Mechanical ventilation was
required in 35% of patients, and the mean length of
hospital stay was 12 days (SD: £3.4 days).

In summary, NEWS had superior predictive
performance compared to other scoring systems making it
an important tool to early risk stratify sepsis patients.
NEWS integration into clinical workflows may improve
decision-making and improve patient outcomes in
resource-constrained settings.

DISCUSSION

Results from this study were demonstrated the utility of
early warning scores (EWS) in predicting sepsis outcomes
in resource-constrained settings like Pakistan. MEWS;
gSOFA, and SIRS were all outperformed by NEWS for
both in-hospital mortality and ICU admission[9]. This is
consistent with prior studies in high-resource settings,
where NEWS has been demonstrated to be the only
multiple physiological parameter-based assessment of
patient risk. For example, Wattanasit et al. (2020)
compared NEWS to qSOFA and MEWS in the prediction
of mortality in septic patients and discovered that NEWS
achieved the highest AUROC, also as found in this study.
Nevertheless, the lower sensitivity of qSOFA in this
research is consistent with the criticism of its limited
applicability beyond intensive care units as pointed out by
Hamilton F et al. (2018). MEWS also performed well, but

its moderate sensitivity and specificity indicate that it
would not be as good for sepsis-specific risk stratification
as for general patient monitoring. The inferior performance
of SIRS is consistent with the transition from SIRS-based
definitions to Sepsis-3 criteria and suggests limited clinical
utility[10, 11].

This study is important because it contributes to
understanding EWS performance in low-resource settings
including, but not limited to, Pakistan where emergency
departments  struggle with overcrowding, limited
diagnostic facilities, and delayed patient presentation.
NEWS' robust performance suggests its ability to improve
early sepsis recognition and timely interventions in
resource-constrained environments[12]. While overall
trends are consistent with studies from high-income
countries like Aygun U et al. (2024) and Nannan Panday
RS et al. (2017), adaptation to local healthcare challenges
is key to maximizing the effectiveness of these tools. In
addition, this study emphasizes the necessity of adjusting
sepsis management strategies to local settings. NEWS
showed its ability to stratify patient risk effectively and
guide timely interventions, making it an easy-to-implement
and cost-effective tool for resource-limited healthcare
systems[ 13, 14].

The retrospective design of this study also limits
causal inference and depends on the accuracy of the
existing medical records. Second, the single center setting
at Khyber Teaching Hospital, Peshawar, may restrict the
generalizability of findings to other regions in Pakistan
with varying healthcare resources[15]. Third, data for
long-term follow-up are lacking, and hence we cannot
assess post-discharge outcomes such as readmissions and
long-term mortality. This study did not evaluate emerging
biomarkers and machine learning approaches that could
improve predictive accuracy but were not already included
as NEWS[16]. These findings should be validated in the
future by multicenter prospective studies involving
different healthcare settings in Pakistan. Combining
advanced analytics including machine learning algorithms
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with traditional EWS may provide personalized risk
stratification and enhance clinical decision-making[17,
18]. Furthermore, the cost-effectiveness of the
implementation of NEWS and related tools will be
critically important for their wider adoption in resource-
poor settings. Research can also be expanded to include
post-discharge outcomes and quality-of-life measures to
better understand sepsis management effectiveness[16,
17].

CONCLUSION

In the resource-constrained emergency department settings
of Pakistan, NEWS demonstrated robust predictive
performance for mortality and ICU admissions among
sepsis patients. Its superiority over MEWS, qSOFA, and
SIRS underscores its potential for widespread adoption. By
addressing local healthcare challenges, such as limited
resources and diagnostic capabilities, NEWS offers a
valuable tool for early sepsis detection and timely clinical
intervention, contributing significantly to improved patient
outcomes.

Ethical Statement: The Institutional Review Board
approved this study ref no.(ERC/2022/22D). The study
was designed retrospectively, which made it possible to
waive the informed consent, and throughout the study,
strict adherence to confidentiality and data protection was
maintained by the Declaration of Helsinki.

Patients Consent: Not required.

Conflict of Interest: The authors declare no conflict of
interest.

Funding: This study was not supported by any external
funding. Institutional resources supported all the research
activities.

Acknowledgment: The authors thank the clinical and
administrative staff of Khyber Teaching Hospital for their
support in facilitating this research.

Authors' Contributions: M.F, SH., and S.A.A.S.
contributed to study design and data collection. A.R.
performed statistical analysis and manuscript review. All
authors have read and approved the final version of the
manuscript and agree to its publication.

Data Availability Statement: The data used in this study
are available wupon reasonable request from the
corresponding author, subject to ethical and institutional
guidelines.

REFERENCES

1. Wattanasit P, Khwannimit B. Comparison the accuracy of early
warning scores with gSOFA and SIRS for predicting sepsis in the
emergency department. Am J Emerg Med. 2021;46:284-288.
doi:10.1016/j.ajem.2020.07.077

2. Asgarzadeh S, Ebadi A, Shahrbabaki AS, Safari S, Aghili SH,
Farhang Ranjbar M, et al. National Early Warning Score in
Predicting Adverse Outcomes for Patients Admitted to Emergency
Department; a Prognostic Accuracy Study. Arch Acad Emerg Med.
2024;12(1):el. doi:10.22037/aaem.v12i1.2155

11.

13.

14.

15.

Chua WL, Rusli KDB, Aitken LM. Early warning scores for sepsis
identification and prediction of in-hospital mortality in adults with
sepsis: A systematic review and meta-analysis. J Clin Nurs.
2024;33(6):2005-2018. doi:10.1111/jocn.17061

Liengswangwong W, Siriwannabhorn R, Leela-Amornsin S,
Yuksen C, Sanguanwit P, Duangsri C, et al. Comparison of
Modified Early Warning Score (MEWS), Simplified Acute
Physiology Score II (SAPS 1I), Sequential Organ Failure
Assessment (SOFA), and Acute Physiology and Chronic Health
Evaluation II (APACHE II) for early prediction of septic shock in
diabetic patients in Emergency Departments. BMC Emerg Med.
2024;24(1):161. doi:10.1186/s12873-024-01078-8

Wattanasit P, Khwannimit B. Comparison the accuracy of early
warning scores with qSOFA and SIRS for predicting sepsis in the
emergency department. Am J Emerg Med. 2021;46:284-288.
doi:10.1016/j.ajem.2020.07.077

Hsieh MS, Chiu KC, Chattopadhyay A, Lu TP, Liao SH, Chang
CM, et al. Utilizing the National Early Warning Score 2 (NEWS2)
to confirm the impact of emergency department management in
sepsis patients: a cohort study from Taiwan 1998-2020. Int J
Emerg Med. 2024;17(1):42. doi:10.1186/512245-024-00614-4
Nannan Panday RS, Minderhoud TC, Alam N, Nanayakkara PWB.
Prognostic value of early warning scores in the emergency
department (ED) and acute medical unit (AMU): A narrative
review. Eur J Intern Med. 2017;45:20-31.
doi:10.1016/j.€jim.2017.09.027

Liu VX, Lu Y, Carey KA, Gilbert ER, Afshar M, Akel M, et al.
Comparison of Early Warning Scoring Systems for Hospitalized
Patients With and Without Infection at Risk for In-Hospital
Mortality and Transfer to the Intensive Care Unit. JAMA Netw
Open. 2020;3(5):¢205191.
doi:10.1001/jamanetworkopen.2020.5191

Martin-Rodriguez F, Martin-Conty JL, Sanz-Garcia A, Rodriguez
VC, Rabbione GO, Cebrian Ruiz I, et al. Early Warning Scores in
Patients with Suspected COVID-19 Infection in Emergency
Departments. J Pers Med. 2021;11(3):170.
doi:10.3390/jpm11030170

Hamilton F, Arnold D, Baird A, Albur M, Whiting P. Early
Warning Scores do not accurately predict mortality in sepsis: A
meta-analysis and systematic review of the literature. J Infect.
2018;76(3):241-248. doi:10.1016/j.jinf.2018.01.002

Pullyblank A, Tavaré A, Little H, Redfern E, le Roux H, Inada-
Kim M, et al. Implementation of the National Early Warning Score
in patients with suspicion of sepsis: evaluation of a system-wide
quality improvement project. Br J Gen Pract. 2020;70(695):¢381-
¢388. doi:10.3399/bjgp20X 709349

Zhang K, Zhang X, Ding W, Xuan N, Tian B, Huang T, et al.
National Early Warning Score Does Not Accurately Predict
Mortality for Patients With Infection Outside the Intensive Care
Unit: A Systematic Review and Meta-Analysis. Front Med
(Lausanne). 2021,8:704358. doi:10.3389/fmed.2021.704358

Guan G, Lee CMY, Begg S, Crombie A, Mnatzaganian G. The use
of early warning system scores in prehospital and emergency
department settings to predict clinical deterioration: A systematic
review and meta-analysis. PLoS One. 2022;17(3):¢0265559.
doi:10.1371/journal.pone.0265559

Goodacre S, Sutton L, Thomas B, Hawksworth O, Iftikhar K, Croft
S, et al. Prehospital early warning scores for adults with suspected
sepsis: retrospective diagnostic cohort study. Emerg Med J.
2023;40(11):768-774. doi:10.1136/emermed-2023-213315

Yu SC, Shivakumar N, Betthauser K, Gupta A, Lai AM, Kollef
MH, et al. Comparison of early warning scores for sepsis early
identification and prediction in the general ward setting. JAMIA
Open. 2021;4(3):00ab062. doi:10.1093/jamiaopen/00ab062

Aygun U, Yagin FH, Yagin B, Yasar S, Colak C, Ozkan AS, et al.
Assessment of Sepsis Risk at Admission to the Emergency
Department: Clinical Interpretable Prediction Model. Diagnostics.
2024;14(5):457. doi:10.3390/diagnostics 14050457

22

Dev. Med. Life Sci., Vol. No. 2, January, 2025



Mehran Farzand et al

17. McLymont N, Glover GW. Scoring systems for the
characterization of sepsis and associated outcomes. Ann Transl
Med. 2016;4(24):527.

18.  Kim SH, Choi HS, Jin ES, Choi H, Lee H, Lee SH, et al.
Predicting severe outcomes using national early warning score
(NEWS) in patients identified by a rapid response system: a
retrospective  cohort study. Sci Rep. 2021;11(1):18021.
doi:10.1038/s41598-021-97121-w

This Article May be cited As: Farzand M, Haider S, Rana A, Shah SAA. Assessing the Efficacy of Early Warning Scores in
Predicting Sepsis Outcomes in Emergency Departments: Early Warning Systems for Sepsis Outcomes. Dev Med Life Sci.
2024;1(10):4-12. doi:10.69750/dmls.02.01.088

Publisher’s Note:
Deve!opmental M.edlco-Llfe-Sc.ler]ce.s _ DS
remains neutral with regard to jurisdictional

. X . e Pebliotien
claims in published maps. and institutional
affiliations. Developmental Medico-Life-Sciences Research
and Publications Pvt Ltd.

Dev. Med. Life Sci., Vol. No. 2, January, 2025 23



