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Abstract:

Background: Cardiopulmonary arrest is a major cause of in-hospital mortality. Early detection of clinical
deterioration using physiological scoring systems can significantly improve patient outcomes. Modified Early
Warning Score (MEWS) and Cardiac Arrest Risk Triage (CART) score are widely used tools for predicting
deterioration among hospitalized patients.

Objective: To compare the predictive performance of Modified Early Warning Score and Cardiac Arrest Risk
Triage score for early identification of patients at risk of cardiopulmonary arrest.

Methods: A prospective case-control study was conducted at PMCH between March 2025 and September 2025.
A total of 105 patients were included. Vital parameters were recorded and MEWS and CART scores were
calculated. Statistical analysis included independent t-test, chi-square test, logistic regression, and ROC curve
analysis.

Results: Mean MEWS score was significantly higher in patients who developed cardiopulmonary arrest (6.2 +
1.9) compared to controls (3.1 + 1.4), p <0.001. The CART score also showed significantly higher values among
cases (17.6 £ 5.2) compared with controls (9.1 + 3.7), p <0.001. ROC analysis demonstrated superior predictive
accuracy of CART (AUC 0.89) compared with MEWS (AUC 0.78).

Conclusion: Both MEWS and CART scores are useful tools for early detection of clinical deterioration. However,
CART score demonstrated better predictive performance for cardiopulmonary arrest in hospitalized patients.
Keywords: MEWS, CART score, cardiopulmonary arrest, early warning score, patient deterioration.
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Introduction

Cardiopulmonary arrest is a life-threatening routinely measured vital signs and convert them into
condition that frequently occurs in hospitalized numerical scores that reflect the severity of patient
patients and is associated with high mortality rates instability [5].

worldwide. Despite advances in critical care
medicine, many in-hospital cardiac arrests remain
potentially preventable when early signs of
deterioration are recognized promptly [1].

The Modified Early Warning Score (MEWS) is one
of the most widely used early warning systems in
hospital wards. It uses five physiological parameters
including respiratory rate, heart rate, systolic blood

Several studies have shown that physiological pressure, temperature, and mental status [6]. Higher
abnormalities  often  occur  hours  before MEWS values have been shown to correlate with
cardiopulmonary arrest, providing a critical increased risk of clinical deterioration, intensive
opportunity for early intervention [2]. These care admission, and mortality [7].

abnormalities typically include alterations in
respiratory rate, heart rate, blood pressure, and level
of consciousness [3].

MEWS has been validated in several clinical
settings and has demonstrated moderate predictive
ability for adverse outcomes in hospitalized patients

Early warning scoring systems were developed to [8]. However, some investigators have suggested
assist healthcare providers in recognizing these early that MEWS may not always provide sufficient
signs of deterioration and initiating appropriate sensitivity for predicting imminent cardiac arrest
interventions [4]. These systems are based on [9].
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To address these limitations, alternative scoring
systems have been developed that focus more
specifically on predicting cardiac arrest. One such
scoring system is the Cardiac Arrest Risk Triage
(CART) score [10].

The CART score was designed to improve
prediction of cardiac arrest using a smaller number
of variables with stronger predictive power. It
incorporates respiratory rate, heart rate, diastolic
blood pressure, and patient age [11].

Previous studies have demonstrated that CART
score may outperform traditional early warning
scores in identifying patients at risk of
cardiopulmonary arrest [12]. In particular, CART
has shown higher sensitivity and specificity for
predicting in-hospital cardiac arrest events [13].

Accurate prediction of clinical deterioration is
especially important in general hospital wards where
continuous monitoring is often limited [14].

Therefore, this study aimed to compare the
predictive ability of the Modified Early Warning
Score and the Cardiac Arrest Risk Triage score for
identifying patients at risk of cardiopulmonary
arrest.

Materials and Methods

Study Design: This investigation was conducted as
a prospective cross-sectional case—control study
designed to evaluate and compare the predictive
performance of the Modified Early Warning Score
(MEWS) and the Cardiac Arrest Risk Triage
(CART) score for identifying patients at risk of
cardiopulmonary arrest.

A case—control analytical framework was selected
because it allows comparison between patients who
experienced cardiopulmonary arrest and those who
did not, while evaluating the predictive value of
physiological scoring systems measured prior to the
event.

Study Setting: The study was carried out at PMCH,
a tertiary care teaching hospital that provides
multidisciplinary medical and surgical services. The
hospital has multiple inpatient wards where patients
are routinely monitored through periodic
measurement of vital signs.

Data were collected from general medical and
surgical wards, where early recognition of clinical
deterioration is particularly important due to limited
continuous monitoring compared with intensive care
units.

Study Duration: The study was conducted over a
nine-month period from March 2025 to September
2025.
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During this period, all eligible patients admitted to
the selected wards were screened for inclusion
according to predefined criteria.

Study Population: The study population consisted
of adult patients admitted to general wards during
the study period.

Participants were divided into two groups:

Cases: Patients who experienced cardiopulmonary
arrest during hospitalization.

Cardiopulmonary arrest was defined as the sudden
cessation of cardiac mechanical activity confirmed
by absence of pulse, apnea, and loss of
consciousness requiring cardiopulmonary
resuscitation (CPR).

Controls: Patients admitted to the same wards
during the study period who did not develop
cardiopulmonary arrest.

Controls were selected to ensure similar clinical
conditions and ward environment as cases.

Sample Size: A total of 105 patients were included
in the study.

The participants were categorized as follows:

e Cases: 35 patients who developed
cardiopulmonary arrest

e Controls: 70 patients who did not develop
cardiopulmonary arrest

The case-to-control ratio of 1:2 was used to improve
statistical power and allow meaningful comparison
between the two groups.

Sampling Technique: A consecutive sampling
method was used for selecting study participants.

All eligible patients meeting the inclusion criteria
during the study period were included until the
required sample size was achieved.

Inclusion Criteria

The following patients were eligible for inclusion in
the study:

e Patients aged 18 years or older

e Patients admitted to medical or surgical wards

e Patients with complete clinical and
physiological data

e Patients whose vital signs were documented
before the occurrence of cardiopulmonary arrest

Exclusion Criteria

Patients were excluded from the study if they met
any of the following conditions:

e Patients admitted directly to the intensive care
unit (ICU)
e  Patients with incomplete medical records
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e Patients discharged within 24 hours of
admission
e Patients with do-not-resuscitate (DNR) orders

Data Collection Procedure: Data collection was
performed using a structured clinical data collection
form designed specifically for the study.

Patient data were obtained from:

e Patient medical records
e Nursing observation charts
e  Vital sign monitoring records

For each patient, the following information was
recorded:

Demographic Data
o Age
e  Gender

Physiological Parameters

Vital signs measured during routine ward
monitoring were recorded, including:

Respiratory rate (breaths per minute)
Heart rate (beats per minute)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Body temperature (°C)

Level of consciousness

These physiological variables were used to calculate
both MEWS and CART scores.

Calculation of Modified Early Warning Score
(MEWS)

The Modified Early Warning Score (MEWS) was
calculated using five physiological parameters:

Respiratory rate

Heart rate

Systolic blood pressure
Body temperature
Level of consciousness

Each parameter was assigned a score ranging from 0
to 3 depending on the severity of deviation from
normal physiological values.

The total MEWS score was obtained by summing
individual parameter scores.

Higher MEWS values indicate greater physiological
instability and increased risk of clinical
deterioration.

Calculation of Cardiac Arrest Risk Triage (CART)
Score

The Cardiac Arrest Risk Triage (CART) score was
calculated using the following variables:

e Respiratory rate
e  Heart rate
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e Diastolic blood pressure
o Age

Each variable contributes weighted points based on
its association with risk of cardiac arrest.

The total CART score represents the overall
probability of clinical deterioration and risk of
cardiopulmonary arrest.

Higher CART scores indicate greater risk of cardiac
arrest.

Outcome Measures: The primary outcome of
interest in this study was the occurrence of
cardiopulmonary arrest during hospitalization.

Secondary outcomes included:

e Differences in physiological parameters
between cases and controls

o  Comparison of MEWS and CART scores

e Diagnostic performance of each scoring system

Statistical Analysis: All data were entered into a
spreadsheet and analyzed using Statistical Package
for the Social Sciences (SPSS) version 25.

Both descriptive and inferential statistical methods
were applied.

Descriptive Statistics
Continuous variables were summarized using:

e Mean
e Standard deviation (SD)

Categorical variables were expressed as:

¢  Frequencies
e Percentages

Inferential Statistical Analysis

Independent t-test: The independent t-test was
used to compare mean values of continuous
variables between cases and controls, including:

Age
Respiratory rate
Heart rate
Blood pressure
Temperature
MEWS score
CART score

A p value less than 0.05 was considered statistically
significant.

Chi-square Test: The Chi-square test was applied
to evaluate associations between categorical
variables such as gender distribution between cases
and controls.

Logistic Regression Analysis: Logistic regression
analysis was performed to evaluate the association
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between MEWS score, CART score, and the
occurrence of cardiopulmonary arrest.

Results were expressed as:

e Odds ratios (OR)
e 95% confidence intervals (CI)

This analysis helped determine whether MEWS and
CART scores independently predicted
cardiopulmonary arrest.

Receiver Operating Characteristic (ROC) Curve
Analysis: ROC curve analysis was used to evaluate
the diagnostic accuracy of MEWS and CART scores
in predicting cardiopulmonary arrest.

The Area Under the Curve (AUC) was calculated for
each scoring system.

Interpretation of AUC values:

0.5 — No discrimination

0.7-0.8 — Acceptable discrimination
0.8-0.9 — Excellent discrimination
0.9 — Outstanding discrimination

Sensitivity and specificity values were also
calculated for both scoring systems.

Ethical Considerations: Ethical approval for the
study was obtained from the institutional ethics
committee of PMCH prior to initiation of the
research.
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Patient confidentiality was strictly maintained
throughout the study. Personal identifiers were
removed from the dataset to ensure privacy and
anonymity.

Since the study involved analysis of routinely
collected clinical data, it posed minimal risk to
participants.

Results

A total of 105 patients were included in the present
study, consisting of 35 cases (patients who
developed cardiopulmonary arrest) and 70 controls
(patients without cardiopulmonary arrest). The
results were analyzed to compare demographic
characteristics, physiological parameters, and
predictive scores between the two groups.

Demographic Characteristics: The demographic
characteristics of the study population are presented
in Table 1.

As shown in Table 1, the mean age of patients in the
case group was 58.9 = 12.6 years, which was
significantly higher than the control group (51.4 +
11.9 years) with p =0.01.

Regarding gender distribution, 57.1% of cases were
male and 42.9% were female, whereas in the control
group 54.3% were male and 45.7% were female.
The difference in gender distribution between the
two groups was not statistically significant (p =
0.78).

Table 1: Demographic Characteristics of Study Participants

Variable Cases (n=35) Controls (n=70) p value
Age (years) 589+12.6 5144119 0.01
Male 20 (57.1%) 38 (54.3%) 0.78
Female 15 (42.9%) 32 (45.7%) 0.78

Comparison of Physiological Parameters:
Physiological parameters including respiratory rate,
heart rate, systolic blood pressure, and temperature
were compared between cases and controls. The
results are summarized in Table 2.

As shown in Table 2, the mean respiratory rate
among cases was significantly higher (26.8 + 5.1
breaths/min) compared with controls (19.5 + 3.7
breaths/min) with p <0.001.

Similarly, the mean heart rate was significantly
elevated in the case group (111.9 + 17.8 beats/min)
compared to controls (87.6 + 11.9 beats/min) with p
<0.001.

The mean systolic blood pressure was significantly
lower among cases (97.4 = 14.8 mmHg) compared
to controls (118.2 = 13.7 mmHg) with p <0.001.

Temperature was also slightly higher among cases
(37.8 £ 1.0 °C) compared with controls (37.2 = 0.9
°C), and the difference was statistically significant
(p =0.02).

These findings indicate that abnormal vital signs
were significantly associated with patients who
experienced cardiopulmonary arrest.

Table 2: Comparison of Physiological Parameters Between Cases and Controls

Parameter Cases (Mean = SD) Controls (Mean + SD) p value
Respiratory Rate (breaths/min) 26.8+5.1 19.5+3.7 <0.001
Heart Rate (beats/min) 111.9+17.8 87.6+11.9 <0.001
Systolic BP (mmHg) 97.4+14.8 118.2+13.7 <0.001
Temperature (°C) 37.8+1.0 372409 0.02
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Comparison of MEWS and CART Scores: The
comparison of Modified Early Warning Score
(MEWS) and Cardiac Arrest Risk Triage (CART)
score between the two groups is shown in Table 3.

As demonstrated in Table 3, the mean MEWS score
among cases was 6.2 + 1.9, which was significantly
higher compared with controls (3.1 + 1.4) with p <
0.001.
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Similarly, the mean CART score among cases was
17.6 + 5.2, which was markedly higher than controls
(9.1 £3.7) with p <0.001.

These results indicate that both scoring systems
were significantly associated with cardiopulmonary
arrest; however, CART score showed a greater
difference between cases and controls.

Table 3: Comparison of MEWS and CART Scores

Score Cases (Mean = SD) Controls (Mean + SD) p value
MEWS 62+19 3.1+14 <0.001
CART 17.6 +£5.2 9.1+3.7 <0.001

Diagnostic Performance of MEWS and CART
Scores: The diagnostic performance of MEWS and
CART scores in predicting cardiopulmonary arrest
was evaluated using sensitivity, specificity, and area
under the receiver operating characteristic curve
(AUC). The results are presented in Table 4.

As shown in Table 4, the MEWS score demonstrated
a sensitivity of 74% and specificity of 69%, with an
AUC of 0.78.

In comparison, the CART score demonstrated
higher sensitivity (87%) and specificity (82%), with
a higher AUC of 0.89.

These findings indicate that the CART score had
superior predictive performance compared to
MEWS for identifying patients at risk of
cardiopulmonary arrest.

Table 4: Diagnostic Performance of MEWS and CART Scores

Score Sensitivity Specificity AUC
MEWS 74% 69% 0.78
CART 87% 82% 0.89

Logistic Regression Analysis: Logistic regression
analysis was performed to determine the association
between MEWS score, CART score, and the risk of
cardiopulmonary arrest. The results are summarized
in Table 5.

As shown in Table 5, both MEWS and CART scores
were significantly associated with cardiopulmonary
arrest.

The odds ratio for MEWS was 1.72 (95% CI: 1.24—
2.36, p = 0.003), indicating that an increase in

MEWS score significantly increased the risk of
cardiopulmonary arrest.

However, the CART score showed a stronger
association, with an odds ratio of 2.41 (95% CI:
1.60-3.64, p < 0.001).

This suggests that CART score was a stronger
independent predictor of cardiopulmonary arrest
compared with MEWS.

Table 5: Logistic Regression Analysis for Prediction of Cardiopulmonary Arrest

Variable Odds Ratio 95% Confidence Interval p value
MEWS 1.72 1.24 -2.36 0.003
CART 241 1.60 —3.64 <0.001

ROC Curve Analysis: Receiver Operating
Characteristic (ROC) curve analysis was performed
to compare the predictive accuracy of MEWS and
CART scores for cardiopulmonary arrest.

As illustrated in Figure 1, the CART score
demonstrated a larger area under the ROC curve
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compared to MEWS, indicating better

discrimination ability.

The area under the ROC curve for CART score was
0.89, while the AUC for MEWS score was 0.78.
This difference indicates that CART score had
superior predictive accuracy for cardiopulmonary
arrest in the study population.
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ROC Curve: MEWS vs CART for Predicting Cardiopulmonary Arrest
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Figure 1: ROC Curve Comparing Predictive Performance of MEWS and CART Scores

Summary of Findings

Overall, the results of the present study
demonstrated that:

e Patients who developed cardiopulmonary arrest
had significantly abnormal vital signs compared
with controls.

e Both MEWS and CART scores were
significantly higher among cases.

e CART score demonstrated higher sensitivity,
specificity, and predictive accuracy than
MEWS.

e Logistic regression analysis showed that CART
score was a stronger independent predictor of
cardiopulmonary arrest.

These findings suggest that CART score may be a
more reliable tool for early identification of patients
at risk of cardiopulmonary arrest in hospital wards.

Discussion

Early detection of physiological deterioration
remains a major priority in improving hospital
patient safety. In the present study, both MEWS and
CART scores were effective predictors of
cardiopulmonary arrest; however, CART score
demonstrated  significantly  better  predictive
performance.

Previous studies have reported that abnormal vital
signs often precede cardiac arrest by several hours,
providing an opportunity for early intervention [15].
Early warning scoring systems help clinicians
recognize these abnormalities and respond promptly
[16].

In this study, respiratory rate and heart rate were
significantly higher among patients who developed
cardiopulmonary arrest. Similar findings have been
reported in earlier studies emphasizing the
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importance of respiratory rate as a sensitive
indicator of clinical deterioration [17].

The mean MEWS score among cases was
significantly higher than controls. These results are
consistent with studies demonstrating that elevated
MEWS values are associated with increased risk of
ICU admission and mortality [18].

However, MEWS has been criticized for limited
sensitivity in predicting cardiac arrest events [19]. In
our study, MEWS showed moderate predictive
accuracy with an AUC of 0.78.

The CART score demonstrated superior predictive
performance with an AUC of 0.89. Similar results
were reported in previous investigations comparing
CART with traditional early warning scores [20].

One advantage of CART score is its focus on fewer
but more predictive variables that are strongly
associated with cardiac arrest [21]. This targeted
approach may improve predictive accuracy in
hospital wards.

Our findings also showed that CART score had
higher sensitivity and specificity compared with
MEWS. This observation aligns with earlier studies
suggesting that CART may provide more reliable
prediction of cardiopulmonary arrest [22].

Early identification of high-risk patients enables
timely clinical interventions and may prevent
deterioration requiring intensive care [23].

In resource-limited hospital settings, simple bedside
scoring systems such as CART can be particularly
valuable for improving patient monitoring [24].

Overall, the results of this study support the
implementation of CART score as an effective tool
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for predicting cardiopulmonary arrest

among

hospitalized patients [25].

Conclusion

Both Modified Early Warning Score and Cardiac
Arrest Risk Triage score are useful tools for
detecting early clinical deterioration. However, the
CART score demonstrated superior predictive
ability for cardiopulmonary arrest in this study.
Implementation of CART scoring in hospital wards
may improve early recognition of high-risk patients
and enhance patient safety.

References

1.

10.

Kumar et al.

Buist MD, Moore GE, Bernard SA, Waxman
BP, Anderson JN, Nguyen TV. Effects of a
medical emergency team on reduction of
incidence of and mortality from unexpected
cardiac  arrests in  hospital.  Lancet.
2002;360:387-390.

Schein RM, Hazday N, Pena M, Ruben BH,
Sprung CL. Clinical antecedents to in-hospital
cardiopulmonary arrest. Chest. 1990;98:1388—
1392.

Franklin C, Mathew J. Developing strategies to
prevent in-hospital cardiac arrest: analyzing
responses of physicians and nurses in the hours
before the event. Crit Care Med. 1994;22:244—
247.

Smith GB, Prytherch DR, Schmidt PE,
Featherstone PI. Review and performance
evaluation of aggregate weighted “track and
trigger” systems. Resuscitation. 2008;77:170—
179.

Gao H, McDonnell A, Harrison DA, Moore T,
Adam S, Daly K, et al. Systematic review and
evaluation of physiological track and trigger
warning systems for identifying at-risk patients
on the ward. Crit Care. 2007;11:R77.

Subbe CP, Kruger M, Rutherford P, Gemmel L.
Validation of a modified early warning score in
medical admissions. QJM. 2001;94:521-526.
Goldhill DR, McNarry AF, Mandersloot G,
McGinley A. A physiologically-based early
warning score forward patients: the association
between score and outcome. Anaesthesia.
2005;60:547-553.

Ludikhuize J, Smorenburg SM, de Rooij SE, de
Jonge E. Identification of deteriorating patients
on general wards: measurement of vital
parameters and potential effectiveness of the
Modified Early Warning Score. Crit Care Med.
2012;40:2641-2648.

Kyriacos U, Jelsma J, Jordan S. Monitoring
vital signs using early warning scoring systems:
a review of the literature. Int J Nurs Stud.
2011;48:1265-1276.

Churpek MM, Yuen TC, Winslow C, Meltzer
DO, Kattan MW, Edelson DP. Multicenter
comparison of machine learning methods and

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

conventional regression for predicting clinical
deterioration on the wards. Crit Care Med.
2016;44:368-374.

Churpek MM, Yuen TC, Edelson DP. Risk
stratification of hospitalized patients on the
wards. Chest. 2013;143:1758-1765.

Jarvis S, Kovacs C, Briggs J, Meredith P,
Schmidt PE, Featherstone PI, et al. Aggregate
National Early Warning Score (NEWS) values
are more important than high scores for a single
vital sign parameter for discriminating the risk
of  adverse  outcomes.  Resuscitation.
2015;87:75-80.

Prytherch DR, Smith GB, Schmidt PE,
Featherstone PI. VIEWS—towards a national
early warning score for detecting adult inpatient
deterioration. Resuscitation. 2010;81:932-937.
Royal College of Physicians. National Early
Warning Score (NEWS): Standardising the
assessment of acute-illness severity in the NHS.
London: RCP; 2012.

Hillman KM, Bristow PJ, Chey T, Daffurn K,
Jacques T, Norman SL, et al. Duration of life-
threatening antecedents prior to intensive care
admission. Intensive Care Med. 2001;27:1629—
1634.

DeVita MA, Bellomo R, Hillman K, Kellum J,
Rotondi A, Teres D, et al. Findings of the first
consensus conference on medical emergency
teams. Qual Saf Health Care. 2006;15:59—63.
Cretikos MA, Bellomo R, Hillman K, Chen J,
Finfer S, Flabouris A. Respiratory rate: the
neglected vital sign. Med J Aust.
2008;188:657-659.

Jones D, Duke G, Green J, Briedis J, Bellomo
R, Casamento A, et al. Medical emergency
teams and cardiac arrests: a prospective
controlled trial. Resuscitation. 2011;82:118—
122.

McGaughey J, Alderdice F, Fowler R, Kapila
A, Mayhew A, Moutray M. Outreach and early
warning systems for the prevention of intensive
care admission and death of critically ill adult
patients on general hospital wards. Cochrane
Database Syst Rev. 2007;3:CD005529.
Churpek MM, Yuen TC, Park SY, Meltzer DO,
Hall JB, Edelson DP. Using electronic health
record data to develop and validate a prediction
model for adverse outcomes on the wards. J
Hosp Med. 2014;9:469-475.

Escobar GJ, Liu VX, Schuler A, Lawson B,
Greene JD, Kipnis P. Automated identification
of adults at risk for in-hospital clinical
deterioration. N Engl J Med. 2020;383:1951—
1960.

Alam N, Vegting IL, Houben E, van Berkel B,
Vaughan L, Kramer MH, et al. Exploring the
performance of the National Early Warning
Score (NEWS) in a European emergency
department. Crit Care. 2014;18:R190.

International Journal of Current Pharmaceutical Review and Research

3135



International Journal of Current Pharmaceutical Review and Research

23.

24.

Kumar et al.

Winters BD, Weaver SJ, Pfoh ER, Yang T,
Pham JC, Dy SM. Rapid-response systems as a
patient safety strategy. Crit Care Med.
2013;41:993-1005.

Kyriacos U, Jelsma J, James M. Early warning
scoring systems versus standard observations
charts forward patients: a systematic review. J
Clin Nurs. 2014;23:276-290.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

25. Smith GB, Prytherch DR, Meredith P, Schmidt

PE, Featherstone PI. The ability of the National
Early Warning Score (NEWS) to discriminate
patients at risk of early cardiac arrest,

unanticipated ICU admission, and death.
Resuscitation. 2013;84:465-470.

International Journal of Current Pharmaceutical Review and Research

3136



