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Ab s t r ac t
Background: Delayed transfer to the intensive care unit (ICU) contributes to increased mortality. Clinical tools, developed to shorten this delay, 
are especially useful in hospitals where the ideal healthcare provider-to-patient ratio is not met. This study aimed to validate and compare the 
accuracy of the well-accepted modified early warning score (MEWS) and the newer cardiac arrest risk triage (CART) score in the Philippine setting.
Patients and methods: This case–control study involved 82 adult patients admitted to the Philippine Heart Center. Patients who had 
cardiopulmonary (CP) arrest at the wards and those transferred to the ICU were included. Vital signs and alert-verbal-pain-unresponsive (AVPU) 
scales were recorded from recruitment until 48 hours prior to CP arrest or ICU transfer. The MEWS and CART scores were computed at specific 
time points and compared using measures of validity.
Results: The highest accuracy was obtained by the CART score with a cut-off of ≥12 at 8 hours prior to CP arrest or ICU transfer, with a specificity 
of 80.43% and sensitivity of 66.67%. At this time point, the MEWS with a cut-off of ≥3 had a specificity of 78.26% but a lower sensitivity of 
58.33%. The area under the curve (AUC) analysis revealed that these differences were not statistically significant.
Conclusion: We recommend an MEWS threshold of 3 and a CART score threshold of 12 to help identify patients at risk for clinical deterioration. 
The CART score had comparable accuracy to the MEWS, but the latter’s computation may be easier.
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Hi g h l i g h ts
Tan and colleagues compared the accuracy of the well-accepted 
MEWS and the newer CART score and found that the CART 
score had higher sensitivity and specificity in predicting CP 
arrest compared to the MEWS. However, this difference was not 
statistically significant.

In t r o d u c t i o n
Failure to recognize a decline in status among patients in the 
hospital wards is common and leads to delayed transfer to the 
ICU, subsequently increasing mortality rates.1,2 This is a familiar 
scenario in many hospitals, where the ratio of patients to health 
providers greatly favors the former. Many patients who experience 
clinical deterioration have abnormal vital signs, laboratory findings, 
and clinical parameters several hours to days prior to CP arrest.3,4 
Several studies have thus developed tools to predict CP arrest and 
promote early ICU transfers.4–9 The end-point of these studies was 
to provide health care providers with simple yet efficient criteria 
to activate rapid response teams (RRTs). The most well-known of 
these clinical tools is the MEWS.10

The original MEWS was developed by Morgan et  al.11 and 
refined by several studies for use in internal medicine, surgical, and 
even obstetric cases.10,12,13 The introduction of this tool in hospitals 
has been associated with better clinical outcomes.13 The current 
version of the MEWS is the usual comparator by which other tools 
are measured against. It has been utilized in several studies and 
actual practice to activate RRTs.14,15

The MEWS uses simple observable bedside parameters 
to predict the risk of CP arrest (Table 1). In 2012, Churpek et  al. 

developed another tool using similar bedside parameters to predict 
CP arrest. This system, the CART Score, demonstrated greater 
accuracy than the MEWS (Table 2).16 Unlike other risk stratification 
scores,6–9 the beauty of the CART Score and MEWS is their 
practicability and ease of use. These tools do not need laboratory 
tests or sophisticated equipment and instead rely on parameters 
gathered through basic bedside physical examination. These 
include age, heart rate (HR), respiratory rate (RR), blood pressure 
(BP), temperature, and neurologic status.

These factors can be observed universally in all settings, 
regardless of available equipment. This is an important consideration 
in developing countries, where many health facilities may lack 
advanced devices and laboratory capabilities.
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To our knowledge, no study has validated the use of ward risk 
scores in hospitals in our country. It was, therefore, our goal to 
determine if these tools have practical value for predicting cardiac 
arrest in our local setting.

The main objective of this study was to validate the MEWS and 
CART scores and compare their accuracy in predicting CP arrest 
among patients admitted to the wards. The specific objectives 
were: (1) to determine the sensitivity and specificity of both 
tools in predicting cardiac arrest and ICU transfers; and (2) to 
determine the optimal cut-off points of both tools for predicting 
these events.

Pat i e n ts a n d Me t h o d s 
Study Population
This single-center case–control study was conducted from May 
2018 to May 2019. The study was approved by the Institutional 
Review Board of the institution which waived informed consent.

Flowchart 1 illustrates the methodology applied in this study. 
Patients were selected from those admitted to the wards. All 
adult patients (≥19 years of age) who were admitted for at least 
48 hours were eligible for the study. Patients who were on a do 

not resuscitate (DNR) directive prior to arrest were excluded. 
Cases and their matched controls were simultaneously selected 
from the same ward. Cases were divided into two subsets: (1) 
patients who had a CP arrest at the wards despite the outcome 
(return of spontaneous circulation or death) and (2) patients who 
were attended by the RRT and subsequently transferred to the 
ICU. This second subset was included because the main purpose 
of the CART and MEWS tools is to detect clinical deterioration 
for immediate intervention (i.e. , ICU transfer) before CP  
arrest occurs.

A total of 82 subjects were required based on a level of 
significance of 5%, an AUC of 0.71, and a half-width of the confidence 
interval of 0.10,17 as noted from the reference article.16

For each individual case enrolled, 1–2 patients were selected 
as controls. Controls were patients with similar or matched 
characteristics to the cases (age, co-morbidities, main diagnosis, 
and whether the management was medical or surgical) who did 
not experience CP arrest or ICU transfers.

Data Collection
For all patients, basic and demographic information, diagnoses, vital 
signs, and level of consciousness prior to the arrest were collected 
from the chart. If there were missing vital signs in the chart, the most 
recent recording was imputed as the parameter for that hour. This 
simulates what is usually done in clinical practice.

The corresponding MEWS and CART scores were computed 
for each 4-hour interval starting from the time of enrollment 
up to 48 hours prior. For cases, the starting point was the time 
of CP arrest or ICU transfer. Only the first arrest was considered 
when computing the risk scores for cases. Measures of diagnostic 
accuracy were computed and compared for each time point that 
the scores were measured.

Statistical Analysis
Descriptive statistics were used to summarize the demographic 
and clinical characteristics of the patients. Frequency and 
proportion were used for categorical variables, and mean and 
SD for normally distributed continuous variables. Independent 
Sample t-test and Fisher’s Exact/Chi-square test were used to 
determine the difference in mean and frequency, respectively, 
between case and control. Sensitivity, specificity, and likelihood 
ratios as well as the AUCs were used to determine the diagnostic 
accuracy of CART and MEWS scores to predict CP arrest and ICU 
transfer. All statistical tests were two-tailed tests. Shapiro–Wilk 
was used to test the normality of the continuous variables. 
Missing variables were neither replaced nor estimated. Null 
hypotheses were rejected at a 0.05α-level of significance. STATA 
13.1 was used for data analysis.

Table 1: Modified early warning score (MEWS)

Parameter

Score

3 2 1 0 1 2 3
Respiratory rate ≤8 9–14 15–20 21–29 >29
Heart rate ≤40 41–50 51–100 111–129 >129
Systolic BP ≤70 71–80 81–100 101–199 ≥200
Temperature ≤35 35.1–36 36.1–38 38.1–38.5 ≥38.6
Neurologic status Alert Voice Pain Unresponsive

BP, blood pressure

Table 2: Cardiac arrest risk triage (CART) score

Parameter Score
Respiratory Rate

<21 0
21–23 8
24–25 12
26–29 15
>29 22

Heart Rate
<110 0
110–139 4
>139 13

Diastolic BP
>49 0
40–49 4
35–39 6
<35 13

Age
<55 0
55–69 4
>69 9

BP, blood pressure
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Re s u lts
A total of 82 patients were enrolled in the study. All patients who 
were eligible during the study period were enrolled. There were 
no significant differences between the case and control groups 
in terms of age, sex, height and weight, and main diagnosis 
classification (Table 3). Most of the patients enrolled in the study 
were admitted for cardiovascular disease (47.6%), followed 
by respiratory (25.8%) and infectious diseases (11%). The top 
comorbid conditions were hypertension, diabetes mellitus, and 
chronic kidney disease (CKD). Only among patients with CKD was 
a significant difference noted (p-value = 0.019) between the two 
groups. Sensitivity analysis, however, showed that removing these 
patients from the analysis did not significantly alter the measures 
of validity of the MEWS and CART among cases and controls.

Subjects were categorized into four groups based on their 
primary management: whether they were admitted for cardiac 
disease and managed medically (cardiac medical, n = 27) or 
surgically (cardiac surgical, n = 13); or whether they were admitted 
for a non-cardiac illness and managed medically (non-cardiac 
medical, n = 39) or surgically (non-cardiac surgical, n = 3). No 
significant difference was found between these groups among 
cases and controls (p-value = 0.91).

None of the patients had prior RRT calls. There was no difference 
between cases and controls in terms of prior ICU admissions 
(p-value = 0.48).

Table 4 presents the various cut-off points for the MEWS and 
CART score 8 hours prior to either event (CP arrest or ICU transfer 
post RRT). The CART score had a higher accuracy than the MEWS 
at all time points prior to any event. The highest accuracy of the 
CART score was 74.39%, noted 8 hours prior to an event. A cut-off 
of ≥12 at this time point had a specificity of 80.43% and a sensitivity 
of 66.67 (AUC 0.74). At this time point, a MEWS score of ≥3 had an 
accuracy of 69.51% with a lower specificity of 78.26% and a lower 
sensitivity of 30.56% (AUC 0.71).

Considering only cases who were ICU transfers post RRT, a CART 
score of ≥12 had an accuracy of 76.56% with a specificity of 80.43% 

and a sensitivity of 66.67% (AUC 0.82) 8 hours prior. At this time 
point, a MEWS score of ≥3 had an accuracy of 73% with a specificity 
of 78.26% and a sensitivity of 61.11% (AUC 0.71).

Looking at patients who experienced CP arrest, a CART score of 
≥12 also had an accuracy of 76.56% with a specificity of 80.43% and 
a sensitivity of 66.67% (AUC 0.67) 8 hours prior. At this time point, 
a MEWS score of ≥3 had an accuracy of 71.88% with a specificity of 
78.26% and a sensitivity of 55.56% (AUC 0.71).

Despite the above results, however, the AUC analysis of both 
scores showed that there was no significant difference between 
the MEWS and CART score across all time points prior to an event  
(Table 5). Among patients detected by both risk scores, a MEWS 
score of ≥3 detected CP arrest earlier than a CART score of 
≥12 (median, 16 hours vs 8 hours), although this value was not 
statistically significant (p-value = 0.23).

Di s c u s s i o n
Our reason for choosing the MEWS and CART scores for validation 
and comparison was the premise that simple bedside parameters 
should be enough to risk-stratify ward patients for ICU transfers. 
Both scores are primarily comprised of vital signs. These 
parameters have been found by research to become abnormal 
several hours prior to CP arrest, and to be individually correlated 
with CP arrest.18–21

We determined the optimal MEWS cut-off as ≥3, which is less 
than the cut-off score in other studies.22–26 While the sensitivity 
of this cut-off was quite low across all time points, it has better 
specificity than other values. Our argument was that it is more 
important to have a higher specificity than sensitivity because our 
intent is to “rule in” the probability of a CP arrest so that we can 
intervene and prevent its occurrence.

In all time points prior to CP arrest or ICU transfer, a CART 
score of ≥12 was found to have higher accuracy than a MEWS 
of ≥3. The highest accuracy for both scores was noted 8 hours 
prior to an event. However, unlike the study of Churpek et  al. 
which demonstrated greater accuracy of the CART score than the 

Flowchart 1: Schematic diagram of methodology
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MEWS with AUCs of 0.84 vs 0.76 (p = 0.001), respectively,16 there 
was no significant difference between the AUCs of both scores 
in our study. The former study found the median times of CP 
arrest detection of the CART score and MEWS to be 48 hours vs 
42 hours prior to an event, respectively. By comparison, our study 
found that the median times of CP arrest detection by both scores 
were closer to the actual time of CP arrest (16 hours for the CART 
score and 8 hours for the MEWS). However, similar to their results, 
the difference between the two scores was also not statistically 
significant (p-value = 0.23).

The AUC values of both the MEWS and CART scores in our 
study progressively improved as the time-point neared the actual 
event (CP arrest or ICU transfer). At around 16 hours prior, the 

AUCs fall within moderate levels of discrimination (Table 5).27 
These AUCs are midway between the findings of other recent 
studies on the MEWS.23–26 They are higher than the findings of 
Kruisselbrink et  al. (AUC 0.69)23 and Ho et  al. (AUC 0.68)24 but 

Table 3: Baseline characteristics

Characteristic
Cases

(n = 36)
Control
(n = 46)

Age (years), mean ± SD     63.56 ± 16.40     59.76 ± 17.55

Sex

Male 20 20

Female 16 26

Height (cm), mean ± SD 162.06 ± 6.54 159.20 ± 9.18

Weight (kg), mean ± SD     64.15 ± 11.99     62.13 ± 12.40

Main diagnosis classification

Cardiovascular    17 (47.2)    22 (47.8)

Respiratory      8 (22.2)    14 (30.4)

Infectious      5 (13.9)    4 (8.6)

Gastrointestinal    2 (5.6)    3 (6.5)

Neurologic    1 (2.8)    2 (4.4)

Others    3 (8.3)    1 (2.2)

Comorbidities

Hypertension 18 (50) 23 (50)

Diabetes    10 (27.8)    11 (23.9)

Chronic kidney disease       8 (22.2)*     2 (4.3)*

Management classification

Cardiac medical    11 (30.6)    16 (34.8)

Cardiac surgical      5 (13.9)      8 (17.4)

Non-cardiac medical    19 (52.8)    20 (43.5)

Non-cardiac surgical    1 (2.8)    2 (4.3)

Prior ICU admission    13 (36.1)    13 (28.3)
Data are shown as numbers (percentage) unless otherwise specified.*Denotes statistically different from controls at p <0.05. ICU, intensive care unit

Table 4: Diagnostic accuracy of MEWS and CART scores at 8 hours prior 
to a CP arrest or ICU transfer

Score Sensitivity (%) Specificity (%) Accuracy (%)

MEWS

≥3 58.33   78.26 69.51

≥4 30.56   97.83 68.29

≥6 11.11 100.00 60.98

CART

≥8 77.78   54.35 64.63

≥12 66.67   80.43 74.39

≥16 41.67   86.96 67.07

Table 5: Comparison of AUC values of CART and MEWS scores at different 
time points prior to CP arrest or ICU transfer

Time point (hours)

AUC  values

p-valueMEWS CART

  4 0.72 0.74 0.74

  8 0.71 0.74 0.61

12 0.68 0.71 0.57

16 0.71 0.72 0.93

20 0.61 0.67 0.36

24 0.65 0.69 0.62

28 0.61 0.67 0.42

32 0.66 0.66 0.99

36 0.63 0.64 0.96

40 0.62 0.62 0.96

44 0.66 0.68 0.84

48 0.62 0.65 0.64
AUC, area under the curve; CART, cardiac arrest risk triage; CP, 
cardiopulmonary; ICU, intensive care unit; MEWS, modified early warning 
score
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less than the findings of Xie et  al. (AUC 0.83)25 and Peng et  al.  
(AUC 0.96).26 Our inference is that while these risk stratification 
tools are useful predictors of CP arrest and ICU transfer, they 
should be viewed as part and parcel of the larger clinical picture 
of the individual patient.

Based on our study we recommend a MEWS threshold of 3 and 
a CART score threshold of 12. Both tools were proven to be reliable 
in our setting. The selection of which tool to use will thus depend 
on the staff’s preference. The CART score contains fewer variables 
but may take slightly longer to compute. Our personal opinion is 
that the MEWS may be easier to calculate because of the relatively 
short range of value options (0–3) assigned per parameter. It also 
has the advantage of being a tried and tested warning score as 
previously mentioned.

These scores should not be used in isolation, but rather taken as 
part of the overall clinical context of a particular patient. In practical 
terms, Filipino patients with a MEWS of ≥3 or a CART score of ≥12 
will need close monitoring and frequent reevaluation by ward 
physicians and must be transferred to the ICU in the instance of 
further deterioration.

Li m i tat i o n s
We have identified two main limitations to our study. The first 
is the relatively small sample size. Although this was within the 
statistically determined sample size target, we acknowledge that 
a larger population could have provided more robust results. The 
second limitation is related to the study design. We recognize 
that our study could have benefited from a prospective design 
where the vital signs of all admitted patients would be recorded 
consecutively until an event occurred. However, our hospital does 
not have a digital system for tracking vital signs since admission. 
Hence, we felt that a more practical approach was to begin at the 
time of the event and trace the previous vital signs up to the 48th 
hour mark prior to the event. The basis for this was the ability of the 
CART score to detect the risk for CP arrest at a median of 48 hours, 
based on the study by Churpek et al.16

Co n c lu s i o n
Having a valid and accurate risk score for predicting CP arrest 
is an invaluable tool for the management of patients in the 
wards. This is especially important in the setting of a developing 
country such as ours, where patients greatly outnumber the 
healthcare staff. Our study demonstrated that the CART score had 
statistically comparable accuracy to the MEWS, which is currently 
the internationally recognized tool for detecting CP arrest at the 
wards. This research proves that risk scores have great utility 
in clinical practice and must be used in tandem with a clinical 
assessment to detect patients at risk for clinical deterioration.
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