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Abstract
Background It is necessary to identify critical patients requiring hospitalization early due to the rapid increase in the number 
of COVID-19 cases.
Aim This study aims to evaluate the effectiveness of scoring systems such as emergency department triage early warning 
score (TREWS) and modified early warning score (MEWS) in predicting mortality in COVID-19 patients.
Methods In this retrospective cohort study, PCR positive patients evaluated for COVID-19 and decided to be hospitalized 
were evaluated. During the first evaluation, MEWS and TREWS scores of the patients were calculated. Intensive care needs 
as well as 24-h and 28-day mortality rates were evaluated.
Results A total of 339 patients were included in the study. While 30 (8.8%) patients were hospitalized in the intensive care 
unit, 4 (1.2%) died in the emergency. The number of patients who died within 28 days was found to be 57 (16.8%). In 24-h 
mortality, the median MEWS value was found to be 7 (IQR 25–75) while the TREWS value was 11.5 (IQR 25–75). In the 
ROC analysis made for the diagnostic value of 28-day mortality of MEWS and TREWS scores, the area under the curve 
(AUC) for the MEWS score was found to be 0.833 (95% CI 0.777–0.888, p < 0.001) while it was identified as 0.823 (95% 
CI 0.764–0.882, p < 0.001) for the TREWS.
Conclusion MEWS and TREWS calculated at emergency services are effective in predicting 28-day mortality in patients 
requiring hospitalization due to COVID-19.
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Introduction

To determine the severity of the disease of patients admit-
ted to emergency departments, different triage systems are 
used worldwide. These systems may guide emergency pro-
fessionals in terms of the seriousness of diagnostic processes 
and have an important role in the functioning of emergency 

services in effective and rapid treatment planning. Today, 
many scoring systems are being used to determine hospitali-
zation needs of emergency patients and to predict in-hospital 
mortality.

Modified early warning score (MEWS), rapid emer-
gency medicine score (REMS), and rapid acute physiol-
ogy score (RAPS) are among the most commonly used 
scoring systems in emergencies [1, 2]. Subble et al. devel-
oped MEWS in 2001 through the modification of the early 
warning score [3]. Systolic blood pressure is evaluated 
by scoring the parameters of heart rate, respiratory rate, 
body temperature, and AVPU (A: alert, V: verbal, P: pain, 
U: unresponsive) between 0 and 3 points. No consensus 
has been reached regarding the results of the MEWS-
related studies. It is frequently used in critically ill patient 
identification and mortality prediction in intensive care 
and emergency services [4–6]. However, its prognostic 
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effectiveness has been found to be unsuccessful in studies 
conducted with different patient groups [7, 8].

In studies on the efficiency assessment of MEWS, the 
cutoff value in predicting in-hospital mortality varies [1, 
4, 7]. Additionally, in studies on nontraumatic emergency 
patients, the cutoff value to predict mortality has been 
identified to be varied between 2 and 5. In another study 
conducted on intensive care patients, it has been found that 
when the MEWS is ≥ 6, it can predict mortality [9–11]. 
This suggests that the performance and effective cutoff 
value of MEWS may differ in particular patient groups.

In studies on COVID-19 patients with PCR positive test 
results, the MEWS, which was evaluated during the first 
admission to the emergency department, has been found 
to be effective in determining the need for intensive care 
hospitalization [12, 13]. In addition, it has been evalu-
ated as an important parameter in determining in-hospital 
mortality especially in COVID-19 patients over 65 [14].

In these days, as the coronavirus pandemic has been 
continuing, the scoring systems that are used in the identi-
fication of critically ill patients in emergency departments 
have gained more importance. Moreover, they have con-
tributed more to the rapid and effective use of existing 
potential.

Considering the information obtained about COVID-19, 
it is now known that low sPO2 is an important cause of mor-
tality [15]. Studies have found that scoring systems such as 
REMS, which includes the sPO2 parameter, are superior to 
MEWS in predicting mortality in COVID-19 patients evalu-
ated in emergency services [13, 16]. Additionally, independ-
ent of oxygen saturation, the TREWS, which includes the 
oxygen need and patient age among its parameters, may be 
effective in predicting severity in COVID-19 patients admit-
ted to emergencies.

TREWS is another important scoring system developed 
by Lee et al. in 2020. It has been developed by evaluating the 
efficiency of the national early warning score that are used 
as an important prognostic indicator. It includes physiologi-
cal parameters such as respiratory rate, oxygen saturation, 
need for oxygen support, body temperature, systolic blood 
pressure, heart rate, and consciousness. Peripheral oxygen 
saturation is excluded as it is insufficient in determining the 
severity in all groupings among the parameters, even at the 
lowest rates and final multivariable analyses are performed 
by including the age of patients in the assessment. Compared 
to MEWS, TREWS has been found to be more effective in 
predicting in-hospital mortality [17]. In the literature regard-
ing TREWS, a newly developed scoring system, no evalua-
tion related to COVID-19 has been encountered.

The aim of our study is to evaluate the prognostic signifi-
cance of MEWS and TREWS which are calculated during 
the admission of hospitalized COVID-19 patients in predict-
ing mortality.

Material and methods

Patients over the age of 18 who were evaluated for 
COVID-19 due to the positive PCR performed through a 
combined nasal and throat swab and who underwent tho-
rax computed tomography (TCT) and then were hospital-
ized were retrospectively screened. In the planning stage 
of the study, necessary permissions were obtained from 
the ethics committee of our hospital (2011-KAEK-25 2020 
/ 05–16) and from the XX Ministry of Health, General 
Directorate of Health Services. Patients who were under 
the age of 18, pregnant, and who had a negative PCR were 
excluded.

Selected patients’ age, gender, chronic disease, symp-
toms, vital signs measured at the time of arrival, TCT 
findings, and hospitalization information were recorded 
through the patient files registered in the hospital automa-
tion system. PCR test results were recorded over the Public 
Health Management System, Case Tracking Module of the 
Republic of Turkey Ministry of Health.

TCT results of the patients were recorded as typical 
(peripheral, bilateral ground glass opacity (GGO) with or 
without consolidation or visible intralobular lines, multi-
focal GGO of rounded morphology or visible intralobu-
lar lines, reverse halo sign, or other findings of organ-
izing pneumonia), intermediate, atypical, and negative in 
accordance with the Radiological Society of North Amer-
ica Expert Consensus Statement on Reporting Chest CT 
Findings Related to COVID-19 classification [15].

MEWS and TREWS were calculated as a result of 
the vital signs and evaluations of the patients at the first 
admission. MEWS, TREWS, and their components are 
summarized in Table 1. The relationship between MEWS 
and TREWS scores with in-hospital, 14-day, and 28-day 
mortality was evaluated. The effectiveness of scoring sys-
tems in predicting mortality was compared.

Statistical analysis

IBM SPSS Statistics for Windows, Version21.0 (IBM Corp. 
Armonk, NY: USA, released 2012) was used for statisti-
cal analysis. While descriptive statistics were expressed as 
mean ± standard deviation (minimum–maximum), median 
and range, and/or interquartile range (IQR) for numerical 
variables, categorical variables were presented as the num-
ber of cases and (%). Kolmogorov–Smirnov test was used for 
the normality distribution of the data. Whether the assump-
tion of homogeneity of variances was met was investigated 
by Levene’s test. The significance of the difference between 
the groups in terms of continuous numerical variables where 
parametric test statistics assumptions were met was exam-
ined with the Student’s t test, while the significance of the 
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difference in terms of continuous numerical variables where 
parametric test statistics assumptions were not met was eval-
uated with the Mann–Whitney U test. One-way ANOVA test 
was used for comparisons of three and more normally dis-
tributed groups, while Kruskal–Wallis test was used in those 
which did not show normal distribution. Pearson correla-
tion analysis was used to evaluate the relationships between 
variables showing parametric distribution. Chi-square and 
Fisher’s exact tests were used to analyze whether there was 
a relationship between categorical variables. ROC curves 
were drawn to investigate the diagnostic value of MEWS and 
TREWS in predicting 24-h, 14-day, and 28-day mortalities. 
p < 0.05 was considered statistically significant. Results were 
presented at 95% confidence interval.

Results

A total of 339 patients with positive PCR results were 
included in the study. Of these patients, 54.9% (n = 186) 
were male and the median age was 65 (IQR 25–75: 25–93). 
Patients’ mean fever was found to be 36.72 ± 0.64  °C, 
median SBP value was 122 mmHg (IQR 25–75: 110–135), 
median heart rate was 80/min (IQR 25–75: 75–90), and 
median respiratory rate was 16/min (IQR 25–75: 12–18).

The median MEWS was calculated as 1 (IQR 25–75: 0–1) 
whereas the median TREWS was 5 (IQR 25–75: 3–6).

While 35.1% of the patients (n = 119) did not have any 
comorbidities, 81.4% (n = 276) had typical COVID-19 find-
ings on thorax CT. While 30 (8.8%) of the patients were 
hospitalized in the intensive care unit, 4 (1.2%) died in the 
emergency department. Six (1.8%) of these patients died 
within the first 24 h. The number of patients who died within 
28 days was 57 (16.8%) (Table 2).

Mann–Whitney U test was performed to investigate 
whether there was a difference between MEWS and TREWS 
with 24-h, 14-day, and 28-day mortality. The results indi-
cated that the MEWS and TREWS of the patients who died 
within 24 h, 14 days, and 28 days were found to be sig-
nificantly different [(p < 0.001), (p < 0.001)]. Additionally, 
the median MEWS was found to be 7 (IQR: 25–75) while 
the TREWS was 11.5 (IQR 25–75) in mortality within 24 h 
(Table 3).

In the ROC analysis conducted to detect the diagnostic 
value of MEWS and TREWS in predicting 28-day mortality, 
the area under the curve (AUC) was found to be 0.833 [(95% 
CI 0.777–0.888), (p < 0.0 01)] for MEWS, while the AUC 
was identified as 0.823 [(95% CI 0.764–0.882), (p < 0.001))] 
for TREWS (Fig. 1).

When the cutoff value of the MEWS was 0.5, the sensitiv-
ity was found to be 96.5% and specificity was 46.8%. When 

Table 1  MEWS and TREWS 
components

MEWS modified early warning score, TREWS triage in emergency department early warning score, AVPU 
A: alert, V: verbal (reacting to voice), P: pain (reacting to pain), U: unresponsive

Variable 3 2 1 0 1 2 3

Systolic blood pressure (mmHg)
MEWS  < 70 71–80 81–100 101–199  ≥ 200
TREWS  ≤ 90 91–100 101–110  ≥ 111
Heart rate (bmp)
MEWS  < 40 41–50 51–100 101–110 111–129  ≥ 130
TREWS  ≤ 110 111–120  ≥ 121
Respiratory rate (bmp)
MEWS  < 9 9–14 15–20 21–29  ≥ 30
TREWS  ≤ 8 9–11 12–17 18–24  ≥ 25
Body temperature (°C)
MEWS  < 35 35–38.4  ≥ 38.5
TREWS  ≤ 35 35.1–36  ≥ 36
AVPU score
MEWS A V P U
TREWS A V,P,U
Oxygen supply
MEWS - - - - - - -
TREWS Yes No
Age
MEWS - - - - - - -
TREWS  < 40 41–70  ≥ 71
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the cutoff value was 1.5, the sensitivity was identified as 
63.2% and specificity was 87.2%. When the cutoff value of 
the TREWS was 4.5, the sensitivity was found to be 94.7% 
and specificity was 52.1%. Finally, when the cutoff value 
was 5.5, the sensitivity was identified as 77.2% and specific-
ity was 67.7% (Table 4).

Discussion

With a total of 2.7 million deaths, the COVID-19 pandemic 
has been continuing to be an international public health 
emergency worldwide. While mild symptoms are observed 
in most of the cases, some patients die due to viral pneumo-
nia and multiorgan dysfunction. Quick and accurate identifi-
cation of serious and critically ill patients enables the correct 
use of medical resources and effective treatment.

Implementing scoring systems can facilitate effective 
assessment by emergency or intensive care physicians to 
screen critically ill patients. However, currently, there is no 
specific scoring system for evaluating COVID-19 patients. 
Until a new and effective scoring system is developed, it is 
appropriate to adopt existing scoring systems to predict the 
mortality in patients with severe COVID 19 symptoms.

In our study, we evaluated the role of MEWS and TREWS 
in predicting mortality of COVID-19 patients requiring hos-
pitalization. We found that MEWS and TREWS were sig-
nificantly higher in the cases of mortality.

Of PCR positive COVID-19 patients with hospitalization 
indication, 64.9% had comorbid diseases and often had two 
or more comorbidities. Similar to our results, comorbidity 
has been found to be an important determinant in hospitali-
zation and intensive care needs in various studies [18, 19].

Thoracic CT findings for COVID-19 were found in 81.4% of 
the patients and 8.8% had an indication for intensive care hospi-
talization. Thoracic CT findings are effective in determining the 
severity of the COVID-19 disease as well as in determining the 
hospitalization indications and even the need for intensive care 
[20, 21]. In the studies conducted, intensive care hospitalization 
rates vary in a range of 21.4–69% [22, 23]. This rate was found 
to be low in our study. This may be due to the inclusion of only 
PCR positive patients in our patient population.

COVID-19 mortality rates vary regionally. In the study 
conducted by Ciceri et al. with 950 patients in the Italian 
population, the 30-day mortality was found to be 17%, while 
it was reported as 10.7% in the American population includ-
ing 8625 patients with positive PCR results [24, 25]. In our 
study, the 28-day mortality rate was 16.8%, which is similar 
to the literature.

Table 2  Clinical and 
demographic data

Frequency Percent

Gender Female 153 45.1
Male 186 54.9

Comorbidity None 119 35.1
Hypertension 24 7.1
Diabetes 13 3.8
Coronary artery disease 5 1.5
Asthma/COPD 18 5.3
Malignancy 8 2.4
Other 17 5.0
Coexistence of 2 or more comorbidities 135 39.8

Thorax CT findings Typical 276 81.4
Intermediate 52 15.3
Atypical 6 1.8
Negative 5 1.5

Emergency service outcome Clinical hospitalization 305 90.0
Intensive care hospitalization 30 8.8
Exitus in the emergency 4 1.2

Mortality within 24 h No 333 98.2
Yes 6 1.8

Mortality within 14 days No 291 85.8
Yes 48 14.2

Mortality within 28 days No 282 83.2
Yes 57 16.8

Total 339 100.0
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When mortality rates were examined, the rate of exitus in 
the emergency department was found to be 1.2%. Early diag-
nosis of critical patients and early access to effective treat-
ment modalities may affect mortality rates. At this point, 
scoring systems can guide emergency physicians. There are 
many studies conducted to evaluate the efficacy of MEWS 
which is frequently used in the follow-up of mortality, ICU 
hospitalization, and prognosis in COVID-19 patients. In 
the study conducted by Wang et al. with 235 PCR positive 
COVID-19 patients, the MEWS was found to be effective in 
predicting mortality; the cutoff value was calculated as 2.5 in 
males over the age of 75 and 3.5 in the other age group [9].

In order to investigate the use of MEWS in predicting 
hospital outcomes of emergency patients. A MEWS of 
higher than 5 within 24 h following admission was found 
to have a significant relationship with in-hospital mortal-
ity (p < 0.0001). The ROC (receiver operator character-
istic) curve demonstrated that in patients whose MEWS 
was ≥ 5 within 24 h, the AUC was found to be 0.9. (95% 
CI 0.95–0.98). Therefore, it was concluded that MEWS 
was effective in predicting in-hospital mortality with a 
sensitivity of 78% and specificity of 94%. Three hundred 
patients who were planned to be hospitalized after being 
evaluated in the emergency department were included 
in the study. However, the mortality was not evaluated 
within the first 24 h in this study [26]. In our study, when 
the cutoff value was 1.5 for MEWS, the sensitivity was 
found to be 63.2% and specificity was 87.2% (AUC 0.833 
(0.777–0.888 95% CI)). We evaluated that MEWS, which 
is calculated at the emergency admission, is an important 
and effective method to identify critically ill patients and 
to predict 28-day mortality.
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Fig. 1  Area under curve (AUC) values of MEWS and TREWS to pre-
dict mortality
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In another study involving 142 PCR positive patients con-
ducted at the University of Toledo, 14 patients were hospital-
ized in the intensive care unit and the cutoff value for MEWS 
was found to be 5 in predicting intensive care admission of 
these patients (AUC was 0.935) [8]. The significant determi-
nant status of MEWS on mortality may guide physicians in 
identifying critically ill patients in emergency departments.

In another study conducted by Hu et al. with 319 patients 
by comparing 5 early warning scores to evaluate critical 
COVID-19 patients, it was found that NEWS and NEWS2 
had a moderate discriminatory power and those scores had 
a potential as prognostic tools for screening critically ill 
COVID-19 patients. On the other hand, it was found in a 
study that MEWS was not a good prognostic predictor. In 
the study, the AUC for MEWS was found to be 0.670 (95% 
CI 0.573–0.767) to predict mortality and MEWS was found 
not to be a good prognostic predictor for COVID-19 [27]. 
This significant difference in the results can be explained by 
the presence of COVID-19 patients in our study population 
who were only indicated for hospitalization and that these 
patients were often in the serious and critically ill group.

In our study, we evaluated TREWS as well as MEWS 
in predicting mortality. Unlike MEWS, we think that 
TREWS, which includes the patient’s age and the need for 
oxygen support, may be effective in predicting the critical 
patient due to the current pathology in which hypoxia is 
at the forefront. In our study, the effective cutoff value of 
TREWS in predicting 28-day mortality was found to be 
5.5 (AUC (95% CI) 0.823 (0.764–0.882), sensitivity was 
77.2%, and specificity was 67.7%). Lee et al. found the 
AUC of the TREWS to be 0.906, 0.899, 0.853, and 0.801 
for in-hospital mortality within 24 h, 48 h, 7 days, and 
30 days, respectively. These results indicate that the prog-
nostic performance of the TREWS to predict in-hospital 
mortality in emergency patients is superior to those of 
NEWS and MEWS. In the study, a total of 81,520 patients 
admitted to the emergency department were retrospec-
tively examined, and all patients over the age of 16 were 
included but were not associated with COVID-19. Our 
study supports the effective use of this newly developed 
scoring system in COVID-19-specific patients [17].

In our study, in 6 (1.8%) cases with 24-h mortality, the 
median MEWS was found to be 7 (IQR 25–75) while the 
TREWS was 11.5 (IQR 25–75). In the 28-day mortality 
group, the median MEWS was identified as 2 (IQR 25–75), 
while the TREWS value was 7 (IQR 25–75). The calcu-
lated scores were found to be significantly higher than 
those of the surviving group (p < 0.01). High TREWSs, 
which were identified especially in the group with mortal-
ity within the first 24 h, can significantly guide emergency 
physicians in predicting mortality.

Conclusion

Emergency services are places where fast and efficient 
patient care and treatment modalities are carried out simul-
taneously. Especially in situations such as COVID-19 that 
require effective use of multiple applications and resources, 
the rapid recognition of the critical patient is vital.

MEWS and TREWS, which are fast and easily calculable 
scoring methods, can assist physicians in predicting mor-
tality. TREWS can guide the clinical course in the initial 
evaluation of patients in emergency departments, especially 
in clinical practice, and can be used effectively to evaluate 
patient prognosis. We think that this can form the basis for 
multicenter prospective studies addressing this issue.

Since our study was planned retrospectively, some data 
regarding patients were lost. We used scoring systems to 
predict mortality only in severe COVID-19 patients with 
hospitalization indication. However, we did not evaluate 
the moderate and mild group followed up according to the 
disease classification or the patients with negative PCR 
test and CT findings compatible with COVID-19. We did 
not include the effects of the treatments applied to hospi-
talized patients on the 28-day mortality.
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