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ABSTRACT
Objective: To compare the effectiveness of early warning score systems in predicting 30-day poor outcomes in Coronavirus Disease
(COVID-19) patients admitted to the emergency department.
Study Design: Descriptive study.
Place and and Duration of the Study: Fatih Sultan Mehmet Education and Research Hospital, Istanbul, Turkiye, from March 2020
to March 2021.
Methodology: The patients who presented to the emergency department, diagnosed with COVID-19 and tested positive for poly-
merase chain reaction were analysed. The study included the calculation of the rapid emergency medicine score, risk stratification in
the emergency department in acutely ill older patients score, 4C mortality score, and modified early warning score for the patients.
These scores were then compared in terms of their ability to predict adverse outcomes, defined as intensive care admission and/or
mortality.
Results: During the study period, 10,281 COVID-19 patients were admitted to the emergency department. Out of them, 1,826
patients were included in the study. There were 159 (8.7%) cases with poor outcomes. The risk stratification in the emergency depart-
ment in acutely ill older patients Score was the most successful in poor prognosis.
Conclusion: Based on the findings of this study, the risk stratification in the emergency department in acutely ill older patients score
demonstrated greater efficacy compared to other early warning scores in identifying patients diagnosed with COVID-19 who had an
early indication of a poor prognosis.
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INTRODUCTION

Provision  of  24-hour  uninterrupted  healthcare  is  one  of  the
essential  roles  of  emergency  departments  worldwide.
However, one of the biggest challenges facing these depart-
ments is the increasing number of non-emergency cases that
are admitted for treatment alongside real emergency cases.
This problem can be attributed to a lack of adequate primary
care and outpatient  clinics,  which leads to patients  seeking
treatment in emergency departments, as well as the lack of
health literacy among patients.1

In many countries, including Turkiye, hospital admissions have
been on the rise in recent years, with emergency department
admissions  accounting  for  a  significant  proportion  of  these
admissions.2 
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The  Coronavirus  Disease  (COVID-19)  pandemic  has  further
highlighted the importance of managing emergency depart-
ments  effectively.  The  fear  and  obscurity  created  by  the
pandemic have led to increased pressure on emergency depart-
ments as patients flock to these facilities.3 As a result, it has
become even more critical to have efficient systems in place,
such as early  warning scores,  to help identify  and prioritise
urgent cases. Early warning scores can be a valuable tool in iden-
tifying and prioritising truly urgent cases, helping emergency
departments to manage their resources effectively and provide
optimal care to patients.

Early warning scores are scoring systems based on the quantita-
tive and rapid evaluation of changes in vital signs.4 Initially, they
were developed to predict the need for intensive care units
(ICU)  among  patients  currently  under  follow-up  in  inpatient
units, as well as to identify and monitor unstable patients to
detect  preventable  cardiac  arrests.5,6  The  rapid  emergency
medicine score (REMS) is a scoring system developed in 2004 to
predict  in-hospital  mortality  in  non-surgical  patients.7  The
REMS, which was redesigned by adding peripheral oxygen satu-
ration  and  patient  age  to  the  rapid  acute  physiology  score
(RAPS), was found to be superior to the RAPS in predicting in-hos-
pital mortality. The modified early warning score (MEWS), on
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the other hand, is an estimation tool that has been used for
years.  Scores of  five or more are associated with increased
mortality and hospitalisation in the ICU.8  The risk stratification
in the emergency department in acutely ill older patients (RISE-
UP) score was tested in the Netherlands in 2019, involving 603
geriatric patients, a significant portion of the emergency depart-
ment  population;  later  publications  have  indicated  that  the
RISE-UP can also  be used in  non-geriatric  patients.9  The 4C
mortality  score  was  designed  in  2020  following  a  study
conducted with approximately 35,000 patients diagnosed with
COVID-19 in 260 hospitals in Scotland.10

This study aimed to compare the effectiveness of early warning
score systems in predicting 30-day poor outcomes (intensive
care  hospitalisation  and  mortality)  in  COVID-19  patients
admitted to the emergency department and to examine the
potential value of laboratory tests in this context.

METHODOLOGY

It was a descriptive study conducted at Fatih Sultan Mehmet
Education  and  Research  Hospital,  Turkiye,  between  March
2020 and March 2021. The data of patients over the age of 18
years who were admitted to the emergency department, whose
international classification of disease (ICD) code was entered as
“U07.3 2019-nCov (Novel Coronavirus) Disease” in the prelimi-
nary or final diagnosis, and whose polymerase chain reaction
(PCR) result on the relevant date was positive, were analysed.
Patient  data  were  obtained  from  the  hospital  information
management system. Patients with negative test results, <18
years  old,  who  were  pregnant,  or  patients  whose  medical
records lacked the necessary data to  calculate scores were
excluded from the study.

Demographic data, examination findings at the time of admis-
sion to the emergency department, vital parameters, history,
and some laboratory values were accepted as prognostic indica-
tors at that time (C-reactive protein, albumin, lactate dehydro-
genase (LDH), total bilirubin, urea, and blood urea nitrogen)
were recorded. The clinical course of patients was examined,
and patients with poor outcomes (intensive care hospitalisation
and  mortality)  were  identified  within  30  days.  Patients  who
received outpatient treatment and/or were discharged after
inpatient  hospitalisation  were  considered  to  have  a  good
outcome. Among the patients whose initial treatment plan or
afterwards hospitalisation at the ward was outpatient, those
who needed intensive care or died within 30 days were also
included in the poor outcome group. The REMS, RISE-UP, 4C
mortality score,  and MEWS were calculated for the patients
included in the study, and these scores were compared in terms
of their ability to predict poor outcomes.

All  statistical  analyses  were  performed  using  the  Statistical
Package  for  the  Social  Sciences  for  Windows  20.0  (SPSS,
Chicago, IL, USA). The conformity of the continuous variable
data  to  normal  distribution  was  evaluated  with  the
Shapiro–Wilk test. When comparing the differences of contin-
uous variables between the two groups, the student’s t-test

or the Mann–Whitney U test was used based on their confor-
mity  to  normal  distribution. The percentage and numerical
values for categorical variables of patients, the mean (standard
deviation), and the median (25th quartile to 75th quartile) values
were specified for continuous variables. Pearson’s chi-squared
test was used to compare categorical variables. Receiver oper-
ating characteristic (ROC) curve analysis was performed to eval-
uate the effectiveness of variables derived from the scoring
systems  in  predicting  ICU  requirements  and  mortality
outcomes. The closer the area under the curve (AUC) value is to
one as a result of this analysis, the more valuable the test is.
Sensitivity,  specificity,  positive  predictive  value  (PPV),  and
negative predictive value (NPV) calculations were performed
for scoring systems based on the predictive value obtained from
the ROC curve analysis. All data were expressed based on a 95%
confidence interval (CI) and a significance level of p<0.05.

RESULTS

A total of 10,281 COVID-19 patients who were admitted to the
emergency department during the study period and whose diag-
nosis was confirmed by polymerase chain reaction (PCR) test
were detected. Since this study was retrospective, patients who
did not have all the data required to calculate all four scores
were excluded from the study. In addition, five patients who
were brought to the emergency department with cardiopulmo-
nary arrest and were considered dead were excluded from the
study. A total of 1,826 patients were included in the study. The
patient flow chart is presented in Figure 1.

To calculate the power of the study, the results of the current
data  and  the  results  of  the  post-hoc  analysis  based  on  the
number of patients were evaluated. The authors calculated the
strength of the study using the mean and SD data of the 4C
mortality score from two independent patient groups (patients
ending in mortality and other patients). The number of patients
who ended in mortality was 110, while the number of other
patients was 1.716, and the mean 4C mortality score of these
groups was 12.16 (4.36) and 4.84 (3.61), respectively. As a
result of the post-hoc analysis performed on these data, the
calculated power of the study was 100%, while the type I patient
(alpha) was 0.01. When the same calculation was made consid-
ering the mean MEWS and mean REMS of these two patient
groups, the power analysis results did not change.

Figure  1:  Patient  flow  chart  for  the  study.



COVİD-19 prognosis  and early  warning scores

Journal  of  the College of  Physicians and Surgeons Pakistan 2024,  Vol.  34(02):166-171168

Table I: Distribution of data by poor and good outcomes.

 Poor outcome (n=159) Good outcome (n=1667) p-values**
Age 70.87±13.81 49.79±18.09 <0.001
Gender    
      Female 79 (49.7%) 858 (51.5%) 0.667
      Male 80 (50.3%) 809 (48.5%)  
Comorbidity 126 (79.2%) 652 (39.1%) <0.001
Vital parameters    
     SBP (mmHg) 133.15±26.14 128.66±18.83 0.006
     DBP (mmHg) 73.02±12.71 74.93±11.59 0.049
     Fever (°C) 36.70 [36.40–37.00] 36.50 [36.2–36.70] <0.001
     Pulse (beats/min) 96.36±18.92 92.66±17.03 0.010
     SpO2 (%) 93 [88–96] 97 [96–98] <0.001
     RR (breaths/minute) 18 [15–24] 15 [13–17] <0.001
     MAP (mmHg) 92.39±16.01 92.82±12.44 0.683
Laboratory values    
     Albumin (g/L; normal range 35–52) 37.04±5.48 43.30±4.29 <0.001
     CRP (mg/L; normal range 0–3) 7.86 [1.63–17.43] 0.65 [0.00–3.11] <0.001
     LDH (U/L; normal range 135–225) 307 [230–439] 200[171–248] <0.001
     BUN (mmol/L; normal range 2,1–7,1) 0.83[0.62–1.58] 0.63[0.57–0.76] <0.001
BUN = Blood urea nitrogen; CRP = C-reactive protein; GCS = Glasgow coma score; DBP = Diastolic blood pressure; LDH = Lactate dehydrogenase; MAP =
Mean arterial pressure; SBP = Systolic blood pressure; SpO2 = Oxygen saturation; RR = Respiratory rate.
*Data are expressed as n (percent), mean±standard deviation, median [25th quantile-75th quantile]. **When giving p-values, the student test was used for
continuous variables with normal distribution, and the Mann–Whitney U test was used for non-normal distribution. Pearson’s chi-squared test was used to
compare categorical data.

Table II: Sensitivity, specificity, positive and negative predictive values of 4C mortality score, RISE-UP, MEWS, and REMS in predicting an ICU
admission and/or mortality outcome.

Scoring ROC AUC Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%) p-value
4C Mortality Score 0.876 (0.848-0.903) ≥8 82 77 25 98 p<0.001
RISE-UP 0.881 (0.856-0.906) ≥8 72 83 29 97 p<0.001
MEWS 0.715 (0.669-0.761) ≥2 64 72 18 95 p<0.001
REMS 0.850 (0.824-0.875) ≥5 83 69 20 98 p<0.001
4C = Coronavirus clinical characterisation Consortium; AUC = Area under curve; MEWS = Modified early warning score; NPV = Negative predictive value; PPV
= Positive predictive value; REMS = Rapid emergency medicine score; RISE-UP = Risk stratification in the emergency department in acutely ill older patients;
ROC = Receiver operating characteristic.

Figure 2. ROC curve of 4C mortality score, RISE-UP, MEWS, and REMS
to  predict  intensive  care  admission  and/or  mortality  status  of
COVID-19 patients.

Of  the  patients  included  in  the  study,  937  (51.3%)  were
females and 889 (48.7%) were males. The ages of all patients
were between 18 and 95, with a mean age of 51.62 (18.71)
years.  A  total  of  778  patients  (42.6%)  had  at  least  one
comorbid  disease  (liver  disease,  diabetes,  chronic  renal
disease  (estimated  GFR  <30),  chronic  heart  disease,

dementia,  chronic  neurological  diseases,  connective  tissue
diseases,  HIV,  malignancy,  and chronic  pulmonary disease
except for asthma) were present. The distribution of demo-
graphic data, vital  parameters,  and laboratory data of the
patients according to their outcomes are presented in Table I.

The cut-off values of the 4C mortality score, RISE-UP, MEWS,
and REMS scoring systems were calculated to predict the
clinical  poor  outcome  of  patients,  and  their  sensitivity,
specificity, PPV, and NPV values were calculated.

The total number of patients with poor outcomes (intensive
care  admission  and/or  mortality)  in  this  study  was  159
(8.7%).  In  Table  II,  the  cut-off  values  of  the  4C  mortality
score,  RISE-UP,  MEWS,  and  REMS  scoring  systems  in
predicting a clinically poor outcome of these patients and
their  sensitivity,  specificity,  PPV,  and  NPV  values  are
described. The ROC curve analysis used to determine these
values is illustrated in Figure 2.

When the data were evaluated separately for intensive care
hospitalisation  and  mortality,  the  RISE-UP  score  was  the
most successful in predicting both intensive care admission
and mortality with AUC: 0.874 (95% CI: 0.847–0.901) and
AUC:  0.907  (95%  CI:  0.884–0.930)  respectively.  The  4C
mortality  score  was  calculated  as  AUC:  0.873  (95%  CI:
0.845-0.902) and AUC: 0.889 (95% CI: 0.856-0.923), respec-
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tively, in terms of ICU admission and/or mortality outcome,
making it the second-best performing scoring system.

DISCUSSION

In this study, the performances of the 4C mortality score,
RISE-UP, MEWS, and REMS scoring systems were compared
in predicting the clinical poor outcome in patients diagnosed
with COVID-19. The RISE-UP score was the most successful
score in predicting ICU admission and/or mortality, with AUC:
0.881 (95% CI:  0.856-0.906).  The 4C mortality score was
calculated as 0.876 (95% CI:  0.848-0.903),  making it  the
second-best performing scoring system.

When  the  demographic  data  of  this  study  group  were
examined,  the  authors  found  that  the  mean  age  of  all
patients was 51.62 (18.71) years (min:18–max:95), while the
mean age of 110 patients with mortality was 72.66 years.
While the mean age was 70.87 (13.81) years in all patients
in the poor outcome group, it was 49.79 (18.09) years in the
good outcome group, and there was a significant correlation
between increasing age and poor outcome. Similar to the
results of this study, in Pepe et al.'s study of 5.746 patients,
it was found that the rate of unstable clinical presentation
increased with increasing age. In that study, the mortality
rate in the group below 65 years of age was 6.8%, while the
in-hospital mortality rate above the age of 65 was found to
be  32%.11  Again,  in  another  retrospective  study,  it  was
reported that worsening outcomes are more common with
age, and mortality and admission to the ICU are high.12

Although it was not statistically significant, in this study, the
male  gender  indicated  a  worse  outcome.  An  article
published in August 2020 revealed that the higher COVID-19
case fatality  rate  and increased disease severity  in  men
compared  to  women are  likely  due  to  a  combination  of
behavioural/lifestyle risk factors, the prevalence of comor-
bidities, and ageing.13

A meta-analysis of 1,786 patients found that patients with
comorbidities had a higher risk of  poor outcomes. In the
study,  when  the  comorbidities  of  1,786  patients  were
compared, it was observed that hypertension (15.8%) was
the most common, followed by cardiovascular and cerebro-
vascular diseases (11.7%), which increased the risk.14 In this
study, it was found that 79.2% of the patients in the poor
outcome group had comorbidities, in line with the literature.
There was a significant correlation between the two groups
in terms of poor outcomes and comorbidity. There was also
a significant difference in oxygen saturation and respiratory
rate between the poor and good outcome groups. In a multi--
centric retrospective study including 4.800 patients, it was
reported that oxygen saturation was below 95% in 72% of
101 patients who ended in mortality, while only 11% of the
remaining 4.705 patients had oxygen saturation below 95%
and hypoxia increased mortality. In the same study, when
patients were compared in terms of the respiratory rate per

minute, it was reported that the respiratory rate was 23.00
(20.00–27.00) in the mortality group, whereas it was 20.00
(19.00–20.00) in the other group, and there was a significant
difference between the two groups.15

When the poor and good outcome groups in terms of labora-
tory parameters were compared, a decrease in albumin and
an increase in CRP, BUN, and LDH values were found to be
significant in the group with poor outcomes compared to the
group with good outcomes. In a meta-analysis that included
21  studies  in  which  the  data  of  3.377  patients  were
examined, it was found that patients who ended in mortality
had lower albumin levels and higher CRP, LDH, and BUN
values  compared to  the  other  group.16  This  study’s  data
were found to be compatible with the literature.

Looking at the literature, many studies have compared the
scoring systems used in COVID-19 and other diseases. The
RISE-UP and 4C mortality score were found to be the most
successful  scoring  systems in  a  study  that  included 403
patients from the Netherlands and compared the predicta-
bility of intensive care hospitalisation and mortality rates of
11  different  scoring  systems.17  In  a  study  of  693  patients
published in Japan, the RISE-UP, 4C mortality score, REMS,
and A-DROP scores were compared. In predicting in-hospital
death, the RISE-UP score was 0.82. The authors stated that
they found the difference between these two significant.18 In
a  retrospective  single-centric  study  of  5.127  patients
conducted in Poland, it was found that a MEWS score above
5 was a warning sign for poor outcomes.19

A total of 20.891 suspected COVID-19 patients from 70 emer-
gency departments were included in an observational cohort
study  that  examined  the  pandemic  respiratory  infection
emergency system triage (PRIEST) score, which was created
by adding age, gender, and patient performance status to
the national early warning score 2 (NEWS2) score. It  has
been reported that a PRIEST score of ≥5 predicts 30-day
mortality with 98% precision.20

Heydari  et  al.  compared  the  qSOFA  4C  mortality  score,
NEWS2,  and PRIEST scores  in  921 COVID-19 patients,  to
predict mortality. It was found that the PRIEST and NEWS2
scores  outperformed  the  others.  However,  no  significant
superiority  was  found  between  the  PRIEST  and  NEWS2
scores. The PRIEST score was found to be the score with the
highest  sensitivity  and  negative  predictive  value  for
predicting mortality. For this reason, it was stated that it can
be used in  the  emergency department  to  recognise  and
discharge non-critical patients earlier.21  Again, in the same
study, it was found that the other scores were more suitable
for triage because they included laboratory parameters in
the 4C mortality score.

In  a  prospective  validation  analysis  that  included  101
patients, the 4C mortality score, CURB-65, COVID-GRAM, and
NEWS-2  scores  were  compared.  In  terms  of  predicting
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mortality, the 4C Mortality Score was found to be the best
predictor with AUC: 0.80, and when compared in terms of
hospitalisation to the ICU, it was found to be the second-per-
forming score after NEWS-2.22

On December 2022, when the Omicron variant was domi-
nant in China, a new scoring system was studied by Zhang
et al, to detect critical illness early in patients with only the
Omicron variant. The score, called critical illness risk scoring
(CIRS) was compared with CURB-65, SOFA, and 4C mortality
score. A total of 2.459 patients were divided into two groups
as derivation and validation cohorts. A significant difference
was found when the CIRS was compared with the CURB-65,
SOFA, and 4C mortality score.23

In another study conducted by Hager et al. in Germany, a
total  of  347  patients  with  COVID-19  PCR  positivity  were
divided into three separate groups, and cohort analysis was
performed. The NEWS, qSOFA, COVID-GRAM, CURB-65, and
4C mortality score were compared. While the NEWS score
indicated the best performance in terms of admission to the
ICU, the 4C mortality score indicated the best performance
in terms of in-hospital mortality estimation.24

An important limitation of this study is that it was conducted
in  a  single-centre  and  tertiary  education  and  research
hospital. In this sense, the application of the results of the
study  to  the  general  population  is  limited.  During  the
COVID-19 pandemic, different clinical courses were observed
with  different  variants  of  the  virus  at  different  times.
Although the alpha variant was dominant in Turkiye at the
time of this study, the patients included in the study may
still  have  been  infected  with  different  variants.  While
conducting  the  study,  the  effect  of  the  vaccination  process
in Turkiye was not known, since vaccination of those over
the age of 18 started on 25 June 2021. Since it was attem-
p-ted to include patients with all the necessary parameters
to calculate each of the scores retrospectively, a significant
amount of data was lost.

Patient  treatment  guidelines  in  Turkiye  were  constantly
updated  based  on  scientific  evidence.  Although  the  criteria
for hospitalisation in the ICU did not change much, there
may have been different applications at different times, espe-
cially in the indications for hospitalisation. In addition, the
timing of intubation was also one of the areas that were
discussed at that time. Its contribution to mortality remains
unclear.  In  this  retrospective  study,  possible  different
approaches  to  intubation  timing  may  have  affected  the
results.

CONCLUSION

An  optimal  scoring  system is  still  being  investigated.  In
conclusion, according to the results of this study, the RISE-
UP score was found to be more successful than other early
warning scores in recognising patients with a diagnosis of

COVID-19 with a poor prognosis earlier. The use of the RISE-
UP score in the management of COVID-19 patients in emer-
gency departments may contribute to the correct and effec-
tive use of resources and also it might be an effective tool in
guiding clinicians in estimating mortality and intensive care
hospitalisations.
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