DOI: 10.14744/cm.2022.94103
Comprehensive Medicine 2023;15(1):20-26

RESEARCH ARTICLE

Pandemic Medical Early Warning Score Value to
Predict Patient Triage and Mortality During the
COVID-19 Pandemic Period

® Dilay Satilmis, ® Egemen Yildiz, ® Erdem Cevik

Department of Emergency Medicine, University of Health Sciences, Sultan 2. Abdulhamid Han Training and Research Hospital, istanbul, Turkiye

ABSTRACT

Objective: Pandemics and epidemics have significantly affected public health over the years and have shown us the importance of evaluating the prognosis at
the early stage. In the coronavirus disease-19 (COVID-19) pandemic, the necessity of clinical scoring in the triage of patients with similar clinical characteristics
in the primary care was highlighted. This study aims to investigate the effectiveness of the Pandemic Medical Early Warning Score (PMEWS), which is a clinical
score, in the primary care triage of patients and in distinguishing the risk of 30-day mortality in the COVID-19 pandemic.

Materials and Methods: Data from confirmed COVID-19 patients in the emergency department (ED) were analyzed retrospectively between March 2020, and
July 2020. The area under the curve (AUC) was used to evaluate the discriminatory power of the PMEWS in predicting all-cause 30-day mortality.

Results: Four hundred and fifty-eight patients were included in this study. The median age of the patients was 54.5 years (IQR 32.25 years). There was at least
one coexisting disease in 227 (49.6%) of the patients, and it was significantly higher in non-survivor patients compared to survivors (p<0.05). ROC analysis of
the PMEWS showed the optimal cutoffs for the 30-day mortality to be 4 (sensitivity 93.33, specificity 82.62). The AUC of the PMEWS for predicting all-cause
30-day mortality was 0.931.

Conclusion: PMEWS is a non-disease-specific and physiological-social score at times of high ED admissions in a pandemic and can be a potentially useful
triage tool for pre-examination patient triage and for estimating mortality during pandemic periods. More detailed studies are needed to determine the effec-
tiveness of scorings in pandemics.
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Coronavirus disease-19 (COVID-19), which has infected more
than 4.5 million people since March 11, 2020, and was de-
clared a pandemic and public health emergency by the World
Health Organization, is a novel beta-coronavirus.?3 In the
pandemic, there have been differences in the disease changes
and prognoses of similar clinical features of patients with the
same clinical features all over the world, and this complexity
in COVID-19 has highlighted the need for the early analysis of
patients according to their clinical features.”

INTRODUCTION

Pandemics and epidemics have significantly affected, shaped,
and changed public health over the years. The socialization
of humans and animals led to the adaptation of zoonotic mi-
crobes to humans and the transmission of diseases such as
tuberculosis, smallpox, influenza, and pertussis from animals
to humans. The similarities of the Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) pandemic in 2019 to
the SARS-CoV pandemics in 2003, and the Middle East Re-

spiratory Syndrome Coronavirus (CoV) pandemics in 2012 re-
mind us of the importance of analyzing the clinical features
of patients and evaluating the prognosis in the early period.%

Pandemic Medical Early Warning Score (PMEWS) is a purely
clinical scoring system that can be applied by health scan-
ners in the primary and secondary care. The purpose of the
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scoring is to identify patients who need hospitalization and to
easily discharge patients who do not indicate hospitalization.
Bl Challen et al.®! found that the PMEWS score, which includes
age, social isolation, presence of chronic disease, and activity
limitation in addition to the temperature, heart rate, oxygen
saturation, respiratory rate, systolic blood pressure, and neu-
rological signs (level of alertness), has an effective perfor-
mance in determining the triage level according to the appro-
priate care level of the patients and in the decision of patient
admission in hospitals. Unlike other scores, the PMEWS score
was designed as an isolated and rapid “snapshot” tool for ap-
propriate triage at the time of physiological dysregulation.

The study not only measured the effectiveness of the PMEWS
score in the emergency triage of patients in the COVID-19
pandemic period but also investigated the effectiveness of
PMWES in distinguishing the 30-day mortality risk in pa-
tients. In addition, in the article, the effectiveness of dynamic
changes in laboratory values in predicting 30-day all-cause
mortality in COVID-19 patients and their relationship with
the PMEWS score were also evaluated.

MATERIALS and METHODS

Study Design and Setting

This is a single-center, retrospective, and observational
study. Data were extracted from the medical records of 663
consecutive patients with the pre-diagnosis of COVID-19 who
applied to the Emergency Medicine Departments of Sultan
2, Abdulhamid Han Training and Research Hospital between
March 01, 2020, and July 01, 2020. Since all hospital data
of the patients could be accessed in this period, the records
were Llimited to this time interval. The common character-
istics of the patients were that they were admitted to the

emergency department (ED) with suspicious clinical findings
of COVID-19 and that their laboratory values were checked.
A total of 205 patients followed in the ED with imaging or
clinical features compatible with COVID-19, but negative
for the COVID-19 throat swab test was excluded from the
study, and a total of 458 patients with a positive COVID-19
throat swab result, who were diagnosed and treated in the
ED, that is, confirmed COVID-19 patients were included in
the study. We evaluated records of all 458 patients with a
positive COVID-19 throat swab result, who were followed up
with a pre-diagnosis of COVID-19 in the ED in terms of their
demographic characteristics, ED admission clinics, labora-
tory parameters, comorbidities, and the effectiveness of the
PMEWS in predicting 30-day mortality. The sub-parameters
of the PMEWS of the patients (Table 1) with positive COVID-19
throat swab test results requested at the ED admissions were
recorded separately, the PMEWS result was calculated, and
its effectiveness in predicting the patients' all-cause 30-day
mortality was evaluated.

Data Analysis

All statistical analyses were conducted using IBM Statistical
Package for the Social Sciences Statistics 25.0 (IBM Corp,
Armonk, NY) and MedCalc Statistical Software version 20.1
(MedCalc Software Ltd, Ostend, Belgium) applications for
Windows. ALl continuous data in this study were expressed
as a median and interquartile range (IQR) (normality was
assessed using the Kolmogorov—Smirnov, and Shapiro-Wilk
tests). The Mann-Whitney U-test was used to compare con-
tinuous variables between two groups, whereas the Chi-
square test was performed to compare categorical variables.
The area under the ROC curve (AUROC) was used to evaluate
the score's performance, and sensitivity and specificity were

Table 1. PMEWS algorithm

Score 3 2 1 0 1 2 3
Physiological data
Respiratory rate, cycle/min <8 9-18 19-25 26-29 >30
Oxygen saturation, % <89 90-93 94-96 >96
Heart rate, beats/min <40 41-50 51-100 101-110 111-129 >130
SBP, mmHg <70 71-90 91-100 >100
Temperature, °C <35.0 35.1-36 36.1-37.9 38-38.9 >39
Neurological status Alert Confused Voice Pain

Patient data (Score 1 for each factor)
Age >65

Social isolation or chronic disease or performance status >2 (limited activity or confined to bed/chair)

PMEWS: Pandemic medical early warning score; SBP: Systolic blood pressure
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Table 2. Demographic characteristics, clinical, and radiographic characteristics of the patients

Total Survivors, Non-survivors, p
population, n=443 n=15
n=458
n % n % n %
Age, median (IQR), years 54.5 (32.25) 54.0 (32.0) 75.0 (14.0) <0.001!
Sex, no 0.324*
Male 280 61.1 269 60.7 1 73.3
Female 178 38.9 174 39.3 4 26.7
Coexisting diseases, no 227 49.6 215 485 12 80.0 0.017*
Hypertension 142 31.0 135 30.5 7 46.7 0.182*
Cerebrovascular disease 12 2.6 11 25 1 6.7 0.333*
Coronary artery disease 63 13.8 60 135 3 20.0 0.446*
Diabetes mellitus 79 17.2 77 174 2 13.3 0.506*
Cancer 28 6.1 22 5.0 6 40.0 <0.001%
Liver disease 6 1.3 6 1.4 - - 0.875*
COPD 39 8.5 37 8.4 2 133 0.371%
Asthma 31 6.8 31 7.0 - - 0.613*
Kidney disease 20 4.4 18 41 1 6.7 0.135*
Admission measures, median (IQR)
Temperature, °C 36.9 (1.13) 36.9 (L.1) 37.2 (2.5) 0.392!
Heart rate, beats/min 91 (23.25) 90 (23) 101 (42) 0.107!
Oxygen saturation 97 (3) 97 (3) 94 (16) 0.034!
SBP, mmHg 130 (21) 90 (21) 133 (42) 0.828'
DBP, mmHg 79.5 (16.25) 79 (16) 80 (36) 0.879!
Symptoms, No
Cough 171 373 167 377 4 26.7 0.385*
Fever 114 24.9 108 24.4 6 40.0 0.220%
Dyspnea 110 24.0 101 22.8 9 60.0 0.001*
Myalgia/arthralgia 71 15.5 68 15.3 3 20.0 0.714*
Fatigue 49 10.7 47 10.6 2 133 0.818*
Anosmia 26 5.7 26 5.9 - -
Sore Throat 63 13.8 63 14.2 - -
Nausea or Vomiting 32 7.0 32 7.2 - -
Diarrhea 32 7.0 32 7.2 - -
Syncope 5 11 4 0.9 1 6.7 0.154*
Headache 51 11.1 51 11.5 - -
Loss of Taste 12 2.6 12 2.7 - -
Chest CT or radiography, no 0.668
Normal 208 45.4 202 45.6 6 40.0
Covid Pneumonia 250 54.6 241 54.4 9 60.0
PMEWS, median (IQR) 2(3) 2(3) 10 (8) <0.001'
ED final status, no
Discharge from ED 204 445 201 45.4 3 20.0
Hospitalization 220 48.0 210 474 10 66.7 0.067*
ICU 34 7.4 32 72 2 133 0.150*

I Mann-Whitney U-test was used to compare differences; *: Chi-square test was used for analysis. IQR: Interquartile range; COPD: Chronic obstructive pulmonary
disease, SBP: Systolic blood pressure; DBP: Diastolic blood pressure; CT: Computed tomography; PMEWS: Pandemic medical early warning score; ED: Emergency
department; ICU: Intensive care unit
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Table 3. The main laboratory findings associated with survivor and non-survivor

patients

Laboratory findings, Survivors, Non-Survivors, p
median (IQR) n=443 n=15

WBC, 10°/mm3 6.65 (4.02) 9.3 (14.85) 0.06!
Lymphocyte count, 10°/mm3 1.38(0.96) 0.81 (0.65) 0.002!
ALT, U/L 24.5 (20) 33 (33) 0.329
AST, U/L 23 (15) 37 (53) 0.009!
Lactate dehydrogenase, U/L 400.5 (212) 694 (213) <0.001!
CRP, mg/L 15.2 (54.73) 103 (123.7) <0.001!
D-dimer, ug/L 368 (776) 2520 (5875) <0.001!
Creatinine, mg/dL 1.06 (0.43) 1.38 (0.96) <0.001!

:Mann-Whitney U-test was used to compare differences. WBC: White blood count; ALT: Alanine aminotransferase;

AST: Aspartate aminotransferase; CRP: C-reactive protein

calculated. Cutoff points were determined using Youden's
ROC index. The 95% confidence interval was used to evaluate
all analyses, and significance was determined at p<0.05 level.

Ethical Consideration

Approval was obtained from the Ethics Committee of the
University of Health Sciences Hamidiye Scientific Research
Ethics Committee (28499/20-79). It was conducted in com-
pliance with the principles of the Declaration of Helsinki. The
hospital ethics committee waived written informed consent
because the study was retrospective and evaluated only the
clinical data of the patients and did not involve any potential
risk. The results of this study are reported according to the
Strengthening the Reporting of Observational Studies in Ep-
idemiology (STROBE) recommendations.!®

RESULTS

The study included 458 patients who were admitted to the
ED and diagnosed with COVID-19. The median age of the
patients was 54.5 years (IQR 32.25 years). Fifteen patients
(3.3%) died in the study population. The median age of the
non-survived patients was 75 years (IQR 14 years), which is
higher than survivors (IQR 32 years, p<0.001). The majority
of the patients in the study were men (61.1% n=280), and 11
(73.7%) of the non-survivors were male.

There was at least one coexisting disease in 227 (49.6%) of
the patients and it was significantly higher in non-survived
patients compared to survivors (p<0.05). The most common
ones were hypertension (HT) (n=142, 31%), followed by dia-
betes mellitus (DM) (n=79, 17.2%), coronary artery disease
(CAD) (n=63, 13.8%), chronic obstructive pulmonary disease
(COPD) (n=39, 8.5%), asthma (n=31, 6.8%), and cancer (n=28,

6.1%). Cancer was more common in non-survived patients
than in survivors (p<0.001) (Table 2).

The admission oxygen saturation of the survivor and
non-survivor patients was 97 (IQR 3) and 94 (IQR 16), re-
spectively (p<0.05). There were no statistically significant
differences in the other admission measures between pa-
tients who survived or died. The main admission symptom
was cough (n=171, 37.3%), followed by fever (n=114, 24.9%),
dyspnea (n=110, 24%), and myalgia/arthralgia (n=71, 15.5%).
A total of 208 patients (45.4%) had a normal chest computed
tomography (CT) or radiography. There were no statistical-
ly significant differences in having COVID-19 pneumonia on
chest CT or radiography between patients who survived or
non-survived.

The median PMEWS scores of survived and non-survived pa-
tients were 2 (IQR 3) and 10 (IQR 8), respectively (p<0.001).
Thirty-four (7.4%) patients were admitted to the intensive
care unit (ICU) and 220 (48%) were hospitalized (Table 2).

The main laboratory findings are shown in Table 3. The lym-
phocyte count was statistically significantly lowerin non-sur-
vivor patients (median 0.81, IQR 0.65) than in survivors
(median 1.38, IQR 0.96) (p<0.01). Aspartate aminotransfer-
ase, lactate dehydrogenase (LDH), C-reactive protein (CRP),
and D-dimer values were statistically significantly higher in
non-survivor patients than survivors (0.009, <0.001, <0.001,
and <0.001, respectively).

Table 4 shows sensitivity and specificity values for various
cutoff points for each of the scores. Computation of the Youd-
en index and criterion value of the PMEWS score showed the
optimal cutoff for the 30-day mortality to be four. For this
cutoff, sensitivity was 93.33 (95% Cl 0.681-0.998) and specific-
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Table 4. Diagnostic performance of PMEWS according to

different cutoff values

PMEWS score Sensitivity Specificity
>0 100 0
>2 100 56
>3 93.3 73.9
>4 93.3 82.7
>5 66.7 89
>8 66.7 97.3
>9 53.3 98
>10 333 98.4
>11 26.7 99.3
>12 26.7 99.6
>13 13.3 99.8
>14 0 100

PMEWS: Pandemic medical early warning score

ity was 82.62 (95% Cl 0.788-0.86). In the ROC analysis of the
PMEWS score predicting all-cause 30-day mortality, the area
under the curve (AUC) was 0.931 (95% Cl 0.903-0.952) (Fig. 1).

DISCUSSION

This retrospective study evaluated the efficacy of PMEWS in
predicting effective triage and the prognostic performance
of the PMEWS in estimating 30-day mortality in the primary
admissions of patients with positive COVID-19 throat swab
test results requested during the pandemic period. In this
study group, PMEWS had high accuracy (AUC was 0.931,
sensitivity 93.33, and specificity 82.62) for the prediction of
30-day mortality. Studies showed the presence of COVID-19
more frequently in male patients than in female patients.
The study population in this study consisted of 61.1% male
and 38.9% female patients. Although the difference between
the two groups was small, the number of male patients was
higher. This could be related to sex hormones and x chro-
mosomes, similar to the studies conducted.”® In the study
of Zhou et al.,*® in which 813 patients included 191 COVID-19
positive patients, approximately half of the patients had a
comorbid disease, and HT was the most common comorbid
disease, followed by DM and CAD, and the mortality rate of
patients with comorbid diseases was high (67%). In anoth-
er study, 46.4% of 138 patients had one or more comorbid
diseases. HT (31.2%), DM (10.1%), and CAD (14.5%) were the
most common diseases.! Similar to other studies, this study
showed that 49.6% of COVID-19 positive patients had at least
one comorbid disease, and HT (31.1%), DM (17.2%), and CAD
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Figure 1. ROC analysis of PMEWS in predicting 30-day
mortality

ROC: Receiver operating characteristicc PMEWS: Pandemic
Medical Early Warning Score; AUC: Area under curve

(13.8%) were the most common comorbid diseases, and the
30-day mortality rate (80%) of patients with the comorbid
disease was significantly higher (P = 0.017).661412

In the studies, when the clinical presentation complaints
of COVID-19 were evaluated as common, the main clinical
symptoms were fever (90% or more), cough (approximately
75%), and dyspnea (up to 50%) and, unlike other pandemics,
it showed that in the COVID-19 pandemic, patients were also
applying to the ED for non-respiratory reasons.' In a study
by Talavera et al.,™ although it is accepted that the symp-
toms of loss of taste and smell in the COVID-19 pandemic
will be effective as a characteristic symptom in early diag-
nosis and isolation of patients; it has been determined that
COVID-19 patients with anosmia have a lower probability of
ICU admission and have a better prognosis in terms of mor-
tality and disease severity. Similar to the studies conducted
in this study, patients with loss of taste and smell (2.6% and
5.7%, respectively) were evaluated in the ED and their treat-
ment was planned. However, no mortality was detected.!

In the study of Shi et al.," based on 11 studies with 2091
cases, which suggested that dyspnea in COVID-19 patients
was positively associated with mortality risk, dyspnea was
found to be significantly associated with higher mortality
in COVID-19 patients. Cough, fever, and dyspnea were the
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most common causes of admission according to the anal-
ysis of the clinical symptoms of the patients similar to the
studies, and the mortality rates of the patients who pre-
sented with only dyspnea were significantly higher (60.0%)
according to the relationship between clinical symptoms
and mortality rates (p=0.001).

Zhang et al.,™ in a systematic review of 28 studies includ-
ing 4663 patients, showed that the most common labora-
tory findings in COVID-19 patients were lymphopenia and
elevated LDH and CRP. They emphasized that these results
require more attention when interpreting laboratory findings
in COVID-19 patients and that the management of patients
with lymphopenia and increased LDH and CRP are import-
ant and that patients should be transferred to the ICU if
necessary. Wang et al." evaluated the dynamic change in
laboratory findings among 138 surviving and non-surviving
COVID-19 patients. The most common laboratory abnor-
malities observed were significantly decreased lymphocyte
levels and significantly elevated CRP, LDH, and D-dimer lev-
els in non-survivors. In the same study, dynamic changes
in laboratory parameters in non-survivors were interpreted
as SARS-CoV-2 infection may be associated with cellular
immunodeficiency, coagulation abnormalities, myocardial
injury, hepatic and kidney injury, and the coagulation abnor-
malities, a cellular immune response may lead to clinical
sepsis. In this study, total lymphocyte levels were significant-
ly decreased and CRP, LDH, and D-dimer levels were signifi-
cantly elevated in non-survivors (p<0.001). This showed us
that close follow-up of changes in laboratory parameters in
the COVID-19 pandemic, as has been studied in other studies,
could be effective in the early evaluation of clinical changes
in patients and in estimating the risk of mortality.®0

PMEWS was calculated using the algorithm, with scores al-
located for varying values of the following indicators: tem-
perature, heart rate, oxygen saturation, respiratory rate, sys-
tolic blood pressure, and neurological signs. A score was also
given for age =65 years, performance status of social isola-
tion, which refers to living alone or not having a social place,
chronic disease including respiratory, renal, cardiac, DM or
immunosuppression, and limited activity.® The PMEWS is
a score that increases with the severity of the disease, and
studies have shown that it can be used as a clinical triage
tool to assist hospital admission decisions in adult patients
during a pandemic situation.t!

In the current data, the optimal cutoff value of PMEWS in
predicting disease severity and mortality was four. The AUC
outcome of the PMEWS for 30-day mortality was 0.931 (95%
C1 0.903-0.952). This rate was given as 0.69 in another study.

U The predictive performance of the study was found to
be higher and more significant compared to other studies
in the literature. This difference, from similar triage studies
conducted during pandemic periods, may be related to the
fact that patients were admitted to the ED for reasons oth-
er than respiratory and cardiovascular problems during the
COVID-19 pandemic period, and that the scoring results of
these patients were normal and their mortality rates were
low. In addition, in the literature, there is no adequate com-
parison and evaluation study for this score in the COVID-19
pandemic. For this reason, this study should be evaluated as
a study that can be used in the triage of patients who apply to
the ED in different clinics during the pandemic period.

The present study has several limitations. First of all, it is an
important limitation that the study is single-centered and
retrospective. However, in an ED with a high volume of pan-
demic patients, all consecutive patients meeting the criteria
were included, thereby limiting patient selection bias.

Second, since the study was retrospective, the data were ob-
tained from electronic recording media, and there is a lack of
data on laboratory parameters.

Third, patients with negative throat swab tests but with im-
aging or clinical features consistent with COVID-19 were
excluded from the study. Cases with positive throat swab
tests were included in the study. This caused a lack of data.
COVID-19 patients with negative swab results could not par-
ticipate in the scoring and were excluded from the evalua-
tion. This is another important limitation of the study.

A shortcoming of the PMEWS is the lack of inclusion of some
risk factors for a poor outcome, like obesity. Furthermore,
COVID-19 vaccination status is not included in the PMEWS
or the study data.

CONCLUSION

In pandemics and epidemics, the increase in hospital admis-
sions of patients with similar clinical characteristics all over
the world and the differences in the clinical prognosis of pa-
tients has caused emergency physicians to use new clinical
tools for safe and high-quality patient triage and care. As in
the COVID-19 pandemic, the use of effective scores in patient
triage in ED during the pandemic period has also increased its
importance. The PMEWS score, a non-disease-specific, physi-
ological-social scoring system at times of high ED admissions
in the pandemic, is a potentially useful triage tool for pre-ex-
amination patient triage and for estimating 30-day mortali-
ty. More studies are needed to determine the effectiveness of
such a scoring system in patient triage during the pandemic.
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