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Abstract

Background: The aim of this study was to compare the ability of the Modified Early Warning
Score (MEWS), Rapid Emergency Medicine Score (REMS), and Rapid Acute Physiology Score
(RAPS) to predict 30-d mortality in patients with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection aged 65 y and over.
Methods: This prospective, single-center, observational study was carried out with 122 volun-
teers aged 65 y and over with patients confirmed to have SARS-CoV-2 infection according to
the reverse transcriptase-polymerase chain reaction (RT-PCR) test, who presented to the emer-
gency department between March 1, 2020, andMay 1, 2020. Demographic data, comorbidities,
vital parameters, hematological parameters, and MEWS, REMS, and RAPS values of the
patients were recorded prospectively.
Results:Among the 122 patients included in the study, the median age was 71 (25th-75th quar-
tile: 67-79) y. The rate of 30-d mortality was 10.7% for the study cohort. The area under the
receiver operating characteristic curve values for MEWS, RAPS, and REMS were 0.512 (95%
confidence interval [CI]: 0.420-0.604; P= 0.910), 0.500 (95% CI: 0.408-0.592; P= 0.996), and
0.675 (95% CI: 0.585-0.757; P= 0.014), respectively. The odds ratios of MEWS (≥2), RAPS
(>2), and REMS (>5) for 30-d mortality were 0.374 (95% CI: 0.089-1.568; P= 0.179), 1.696
(95% CI: 0.090-31.815; P= 0.724), and 1.008 (95% CI: 0.257-3.948; P= 0.991), respectively.
Conclusions:REMS, RAPS, andMEWS do not seem to be useful in predicting 30-dmortality in
geriatric patients with SARS-CoV-2 infection presenting to the emergency department.

Since the coronavirus disease 2019 (COVD-19) outbreak was recognized as a pandemic in
March 2020 by the World Health Organization, it has placed an extra burden on the health
and financial systems of countries and the social lives of individuals.1 Numerous studies have
been conducted on laboratory parameters that may be predict the necessity of hospitalization,
intensive care unit admission, and mortality in emergency departments (EDs).2 Researchers
have also improved existing early warning systems to be used in decision-making concerning
the admission of patients to health-care centers and early detection of critical illness.3 However,
to the best of our knowledge, there is no study in the literature regarding an emergency warning
system that can be used in geriatric patients with severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection.We consider that early warning systems should be studied separately
in geriatric patients, who are already at higher risk of severe SARS-CoV-2 infection.

We aimed to compare the ability of the Modified Early Warning Score (MEWS), Rapid
Emergency Medicine Score (REMS), and Rapid Acute Physiology Score (RAPS) to predict
30-d mortality in patients with SARS-COV-2 infection aged 65 y and over.

Methods

Study Design

This prospective, single-center, observational study was carried out at the University of Health
Sciences Ümraniye Training and Research Hospital, a 695-bed tertiary hospital with 4110
patient admissions per month (annual average) to the tertiary ED. The data of the geriatric vol-
unteers who presented to ED between March 1, 2020, and May 1, 2020 were recorded
prospectively.

Study Population

Our study population consisted of volunteers aged 65 y and over, who presented to our ED
between March 1, 2020, and May 1, 2020, with SARS-CoV-2 infection symptoms or a diagnosis
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of SARS-CoV-2 infection confirmed by the reverse transcription
polymerase chain reaction (RT-PCR) test. Patients with SARS-
CoV-2 infection who were admitted to the ED due to trauma were
excluded from the study.

Data Collection

Data were collected using 3 sources: study form, hospital com-
puter-based system, and researcher phone call notes. The study
form was completed for each patient providing consent at the
time of presentation to ED. This form contained information
on age, gender, vital parameters, Glasgow Coma Scale (GCS)
score, AVPU (Alert, Verbal, Pain, Unresponsive) score, and
comorbidities. Clinical outcome within the first 24 h, initial lab-
oratory parameters, and 30-d mortality data of inpatients were
noted from the hospital computer-based system. MEWS was
calculated using systolic blood pressure, pulse rate, respiratory
rate, temperature, and AVPU score. RAPS was determined
using pulse rate, mean arterial pressure, respiratory rate, and
GCS score. REMS was obtained using age, peripheral oxygen
saturation, pulse rate, mean arterial pressure, respiratory rate,
and GCS score. All these rapid scoring systems were calculated
separately by 3 researchers.

Statistical Analysis

SPSS version 22.0 for Windows (SPSS Inc, Chicago, IL) was used
for statistical analyses. The Kolmogorov-Smirnov test was used for
the normality analysis of continuous data. Categorical data were
presented as n (%) and compared using the chi-squared test.
Quantitative variables were presented as median and interquartile
range (IQR; 25th-75th percentile) values, and then compared using
the Mann-Whitney test or Student’s t-test according to the nor-
mality of distribution for the 2 groups. The Bonferroni correction
was used to counteract the problem of multiple comparisons. The
receiver operating characteristic (ROC) curves were used to assess
the accuracy in predicting mortality. The DeLong equality test was
used to evaluate the differences between the area under the curve
(AUC) values. The odds ratios were calculated using the optimal
cutoff values of the scores. Statistical significance was defined
at P< 0.05.

Results

Of the 122 patients included in the study, 62 (50.8%) were male.
The median of age of the 122 patients was 71 (25th-75th quartile:
67-79) y. The rate of 30-dmortality was 10.7% for the study. All the
patients had a GCS score of 15 and AVPU score of A. The dem-
ographic characteristics, clinical outcomes within the first 24 h,
comorbidities, symptoms, vital parameters at presentation, ini-
tial laboratory findings, MEWS, REMS, RAPS, and mortality
data, and the comparison of these data between the survivor
and non-survivor groups are shown in Table 1. Significant
differences were observed between the survivor and non-survivor
groups in terms of age (71 [66-76] vs 80 [77-73] y; P< 0.001),
chronic renal failure (3 [2.8%] vs 1 [7.1%]; P= 0.026), diastolic
blood pressure (73 [70-80] vs 68 [65-72] mmHg; P= 0.022),
oxygen saturation (96 [94-97] vs 94 [90-96]%; P= 0.044), neutro-
phil count (4.58 [3.05-6.97] vs 6.82 [5.15-8.75] /μL; P= 0.038), and
REMS (5 [5-7] vs 6 [6-7]; P= 0.031).

The analysis of the ROC curve was performed to determine the
discriminative ability of the 3 scoring systems for 30-d mortality.
According to the best Youden’s index, the cutoff (including

sensitivity and specificity) and AUC (including 95% confidence
interval [CI]) values of the scores are shown in Table 2. There
was no statistically significant difference in the AUC value
between MEWS and the remaining scores (difference: 0.163;
95% CI: -0.138-0.464; P = 0.288 for REMS and difference:
0.012; 95%CI: -0.322-0.346; P = 0.943 for RAPS; DeLong equality
test). The AUC value of REMS was statistically significantly
higher than that of RAPS (difference: 0.175; 95% CI: 0.082-
0.267; P = 0.0002, DeLong equality test). The odds ratios of
MEWS (≥2), RAPS (>2), and REMS (>5) for 30-d mortality were
0.374 (95% CI: 0.089-1.568, P = 0.179), 1.696 (95% CI: 0.090-
31.815, P = 0.724), and 1.008 (95% CI: 0.257-3.948, P = 0.991),
respectively.

Discussion

In this study, we compared 3 emergency scoring systems and found
these scoring systems not to be useful in predicting 30-d mortality
in geriatric patients with SARS-CoV-2 infection. To the best of our
knowledge, this is the first study to evaluate geriatric patients pre-
senting to the emergency department with SARS-CoV-2 infection
using REMS, RAPS, and MEWS.

In the data analysis, first, non-parametric comparison tests
were used to evaluate the relationship between mortality and
scoring systems. While no significant relationship was found
between RAPS andMEWS andmortality, REMSwas significantly
higher in the patients in the non-survivor group. As a further
analysis, the ROC curves were constructed to evaluate the 3 scor-
ing systems’ ability to distinguish whether a patient survived or
died. AUC values of<0.5 were evaluated as no different from ran-
dom, while those close to 1 were close to the optimum model.4,5

Ideally, the AUC value should be greater than 0.8.6 We deter-
mined the AUC values of the scores as >0.8, which was unaccept-
able in the discriminatory power analysis. On the other hand,
potentially useful scores tend to have diagnostic odds ratios above
20.7 In our study, the odds ratios of the scores were not close to 20,
and the odds ratio value of MEWS was below 1. Although there
was a correlation between REMS and mortality in the non-para-
metric tests, when we evaluated the overall statistics, we found
that REMS, RAPS, and MEWS were not able to predict mortality
in geriatric patients with SARS-CoV-2 infection presenting
to ED.

In the literature, there are several studies conducted by many
researchers investigating the ability of early warning scores to pre-
dict poor outcomes in patients with SARS-CoV-2 infection.4,5,8,9

Covino et al. reported that REMS could predict a 7-d poor outcome
in adult patients with SARS-CoV-2 infection, while MEWS did not
have this ability.10 Hu et al. determined that MEWS was not a good
predictor of critical SARS-CoV-2 infection patients due to its low
AUC value (0.670). In the subgroup analysis performed in the
same study, similar results were found for the patients aged 65 y
and older (AUC: 0.705).4 In another study, Hu et al. compared
the predictive ability of MEWS, RAPS, and REMS in adult patients
with SARS-CoV-2 infection and found the AUC values for the
scores to be 0.705, 0.641, and 0.841, respectively. The authors con-
cluded that REMS was a good predictor in these patients.5 In a
third study, Hu et al. evaluated the predictability of mortality of
MEWS and REMS in critically ill adult patients with SARS-
CoV-2 infection.8 As a result, they reported that, while only
REMS was a good predictor of mortality in the overall cohort,
REMS and MEWS were not good predictors in the patients aged
65 and over according to the subgroup analysis.8Martín-Rodríguez
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et al. evaluated the predictive ability of RAPS for 2-d mortality in
patients with SARS-CoV-2 infection and reported RAPS as a poor
predictor with a value of 0.750 AUC.9 In all of these studies, age was
associated with mortality among the patients with SARS-CoV-2
infection.4,5,8,9

A plausible explanation for these results may be that the age
component makes REMS successful in predicting mortality and
selecting critically ill patients from the general population. The fact
that patients in the elderly population have similar risk factors in
terms of age may have reduced the predictive ability of the scores.

Table 1. Baseline characteristics of the enrolled patients and comparison of the patient characteristics between the survivor and non-survivor groups

Variables
Total
n= 122

Survivor
n = 109 (89.3%)

Non-survivor
n= 13 (10.7%) P-Values

Age, y 71 (67-79) 71 (66-76) 80 (77-73) <0.001

Gender 0.413

Male 62 (50.8%) 54 (45%) 8 (61.5%)

Female 60 (49.2%) 55 (50.5%) 5 (38.5%)

ED outcomes <0.001

Discharge 33 (27%) 33 (30.3%) 0

Hospitalization 84 (68.9%) 76 (69.7%) 8 (61.5%)

Intensive care unit admission 5 (4.1%) 0 5 (38.5%)

Comorbidities

Chronic obstructive pulmonary disease 16 (13.3%) 15 (13.8%) 1 (7.7%) 0.542

Hypertension 60 (49.2%) 55 (50.5%) 5 (38.5%) 0.413

Diabetes mellitus 31 (25.4%) 28 (25.7%) 3 (23.1%) 0.839

Coronary artery disease 14 (11.5%) 12 (11%) 2 (15.2%) 0.645

Chronic renal failure 4 (3.3%) 3 (2.8%) 1 (7.1%) 0.026

Congestive heart failure 7 (5.7%) 4 (3.7%) 3 (23.1%) 0.367

Malignancy 1 (0.8%) 1 (0.9%) 0 0.730

Vital parameters, median (IQR)

Systolic blood pressure (mmHg) 130 (120-143) 130 (120-143) 120 (117-131) 0.174

Diastolic blood pressure (mmHg) 72 (67-80) 73 (70-80) 68 (65-72) 0.022

Pulse rate (/min) 90 (76-100) 89 (76-100) 93 (75-99) 0.762

Body temperature (°C) 36.5 (36.4-37) 36.5 (36.4-36.9) 36.8 (36.2-37.2) 0.188

Respiratory rate (/min) 20 (18-22) 20 (18-22) 20 (16-24) 0.967

Oxygen saturation (%) 96 (94-97) 96 (94-97) 94 (90-96) 0.044

Mean arterial pressure (mmHg) 93 (85-99) 93 (87-100) 87 (83-93) 0.05

Laboratory parameters

White blood cell count (/μL) 7.45(5.43-9.76) 7.44 (5.49-9.63) 7.76 (4.93-9.99) 0.904

Neutrophil count (/μL) 4.75 (3.09-7.18) 4.58 (3.05-6.97) 6.82 (5.15-8.75) 0.038

Lymphocyte count (/μL) 1.47 (0.94-2.04) 1.53 (0.97-2.09) 1.34 (0.73- 1.47) 0.096

Platelet count (/μL) 213 (176-274) 213 (177-279) 199 (176-242) 0.307

Hemoglobin 12.9 (11.2-14.1) 13.1 (11.4-14.1) 11.5 (10.3-13.5) 0.317

Hematocrit 39.2 (34.4-41.9) 39.6 (35.8-41.9) 33.5 (30.9-39.1) 0.043

Mean corpuscular volume 85.9 (82.6-89.5) 86.5 (82.7-89.5) 85.1 (79.3-89.3) 0.567

Neutrophil-to-lymphocyte ratio 3.24 (177-6.17) 2.84 (1.75-5.84) 5.09 (3.81-9.62) 0.058

Platelet-to-lymphocyte ratio 142.4 (109-221.2) 141.3 (105.1-222.8) 151.7 (126.6- 186.4) 0.404

Scores

Modified Early Warning Score (MEWS) 2 (1-3) 2 (1-3) 1 (1-3) 0.880

Rapid Emergency Medicine Score (REMS) 6 (5-7) 5(5-7) 6 (6-7) 0.031

Rapid Acute Physiology Score (RAPS) 0 (0-1) 0 (0-1) 0 (0-1) 0.996

Table 2. Accuracy of the MEWS, REMS, and RAPS in predicting 30-d all-cause mortality

Scores AUC 95% CI P-Value Accuracy Cutoff value Sensitivity Specificity PPV NPV LRþ LR-

MEWS 0.512 0.420-0.604 0.910 20.47 ≥2 53.85 25.69 8 82.4 0.72 1.80

RAPS 0.500 0.408-0.592 0.996 9.88 >2 15.38 96.50 25 90.4 2.79 0.90

REMS 0.675 0.585-0.757 0.014 35.07 >5 84.62 50.46 16.9 96.5 1.71 0.30

Abbreviations: AUC, area under the curve; CI, confidence interval; LR, likelihood ratio; MEWS, Modified Early Warning Score; NPV, negative predictive value; PPV, positive predictive value; RAPS,
Rapid Acute Physiology Score; REMS: Rapid Emergency Medicine Score.
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Limitations

The main limitation of our study was the small size of the study
population. At the beginning of the study period, citizens aged
65 and older, as well as those with chronic conditions were not
allowed to leave their residence addresses after 9:00 PM. Ten
days later, a further curfew was imposed on people aged 65 y
and older. This was the most important factor limiting our
study population. Another limitation of our study is the sin-
gle-center design, which reduces the generalizability of the
results to other health-care institutions. We recommend multi-
center studies in larger populations to confirm our findings and
increase their generalizability.

Conclusions

We investigated the predictive value of 3 early warning scores for
mortality in geriatric patients with SARS-CoV-2 infection. In light
of the obtained results, REMS, RAPS, andMEWSdo not seem to be
useful in predicting 30-d mortality in geriatric patients with SARS-
CoV-2 infection presenting to ED.
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