
   901Veldhuis L, et al. Emerg Med J 2021;38:901–905. doi:10.1136/emermed-2020-211054

Original research

Early warning scores to assess the probability of 
critical illness in patients with COVID- 19
Lars Veldhuis   ,1 Milan L Ridderikhof   ,1 Michiel Schinkel   ,2 
Joop van den Bergh,3 Martijn Beudel,4 Tom Dormans,5 Renee Douma,6 
Niels Gritters van den Oever,7 Lianne de Haan,6 Karen Koopman,8 
Martijn D de Kruif   ,5 Peter Noordzij,9 Auke Reidinga,8 Wouter de Ruijter,10 
Suat Simsek,10 Caroline Wyers,3 Prabath WB Nanayakkara,11 Markus Hollmann12

To cite: Veldhuis L, 
Ridderikhof ML, Schinkel M, 
et al. Emerg Med J 
2021;38:901–905.

Handling editor Katie Walker

For numbered affiliations see 
end of article.

Correspondence to
Lars Veldhuis, Emergency 
Medicine, Amsterdam UMC 
- Locatie AMC, Amsterdam, 
Netherlands;  
 l. i. veldhuis@ amsterdamumc. nl

Received 15 December 2020
Accepted 6 October 2021
Published Online First 
27 October 2021

© Author(s) (or their 
employer(s)) 2021. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective Validated clinical risk scores are needed 
to identify patients with COVID- 19 at risk of severe 
disease and to guide triage decision- making during 
the COVID- 19 pandemic. The objective of the current 
study was to evaluate the performance of early warning 
scores (EWS) in the ED when identifying patients with 
COVID- 19 who will require intensive care unit (ICU) 
admission for high- flow- oxygen usage or mechanical 
ventilation.
Methods Patients with a proven SARS- CoV- 2 infection 
with complete resuscitate orders treated in nine hospitals 
between 27 February and 30 July 2020 needing hospital 
admission were included. Primary outcome was the 
performance of EWS in identifying patients needing ICU 
admission within 24 hours after ED presentation.
Results In total, 1501 patients were included. Median 
age was 71 (range 19–99) years and 60.3% were male. 
Of all patients, 86.9% were admitted to the general 
ward and 13.1% to the ICU within 24 hours after ED 
admission. ICU patients had lower peripheral oxygen 
saturation (86.7% vs 93.7, p≤0.001) and had a higher 
body mass index (29.2 vs 27.9 p=0.043) compared 
with non- ICU patients. National Early Warning Score 
2 (NEWS2)  ≥ 6 and q- COVID Score were superior to 
all other studied clinical risk scores in predicting ICU 
admission with a fair area under the receiver operating 
characteristics curve of 0.740 (95% CI 0.696 to 0.783) 
and 0.760 (95% CI 0.712 to 0.800), respectively. 
NEWS2  ≥6 and q- COVID Score ≥3 discriminated 
patients admitted to the ICU with a sensitivity of 78.1% 
and 75.9%, and specificity of 56.3% and 61.8%, 
respectively.
Conclusion In this multicentre study, the best 
performing models to predict ICU admittance were the 
NEWS2 and the Quick COVID- 19 Severity Index Score, 
with fair diagnostic performance. However, due to the 
moderate performance, these models cannot be clinically 
used to adequately predict the need for ICU admission 
within 24 hours in patients with SARS- CoV- 2 infection 
presenting at the ED.

INTRODUCTION
Background
The SARS- CoV- 2 infection that causes COVID- 19 
poses multiple challenges to healthcare systems 
worldwide. A particular challenge is that a signif-
icant proportion of patients requires transfer to 

intensive care units (ICU) because of respiratory 
failure. In the current pandemic situation, early and 
effective identification and triage of patients at risk 
of severe disease/deterioration at the ED is crucial.

To recognise a patient’s clinical deterioration, 
several early warning scores (EWS) have been devel-
oped and validated.1 The National Early Warning 
Score 2 (NEWS2);2 Modified Early Warning Score 
(MEWS);3 the quick Sequential Organ Failure 
Assessment (qSOFA);4 the systemic inflammatory 
response syndrome (SIRS) criteria5 and Confusion, 
Urea nitrogen, Respiratory rate, Blood pressure and 
65 years or older (CURB- 65)6 are the most fitting 
models as they are validated for a short- term clinical 
outcome. The authors of a recent study concluded 
that NEWS2 may adequately predict ICU admission 
in patients with COVID- 19 at the ED, however 
the study population was very small.7 In addition, 
a COVID- 19- specific prognostic tool called the 
Quick COVID- 19 Severity Index (qCSI) has been 
recently developed. However, this COVID- 19- 
specific prognostic tool has not been externally 
validated yet.8

According to prior research, it was expected that 
qCSI and NEWS2 could adequately identify which 
patients with COVID- 19 are at risk for requiring 

Key messages

What is already known on this subject
 ► The SARS- CoV- 2 infection that causes COVID- 19 
poses multiple challenges to healthcare systems 
worldwide. A particular challenge is that a 
significant proportion of patients requires 
transfer to intensive care units because of 
respiratory failure. However, the effectiveness 
of early warning scores for predicting 
deterioration for patients with COVID- 19, 
remains unknown.

What this study adds
 ► The National Early Warning Score 2 and the 
Quick COVID- 19 Severity Index Score have 
fair diagnostic performance in predicting 
deterioration of patients with COVID- 19 
at the ED; however due to their moderate 
performance, these models cannot be 
adequately used to predict critical illness.
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ICU admission with an area under the receiver operating charac-
teristics (AUROC) curve of at least 0.70.7 8

Importance
The COVID- 19 pandemic is causing overcrowded EDs and leads 
to scarcity in medical personnel, medical equipment and hospital 
beds. Therefore, effective and easy- to- use risk- stratification tools 
are needed to identify patients that are at high risk of clinical 
deterioration and need admission to inhospital wards or, in 
particular, to ICUs.

Goals of this investigation
The aim of this study was to assess and compare the performance 
of several commonly used clinical risk scores in their ability to 
identify which patients with COVID- 19 are likely to deteriorate 
and will require ICU care within 24 hours after ED presenta-
tion defined as needing high- flow- oxygen usage or mechanical 
ventilation.

METHODS
Study design, population and setting
We used data from the ongoing COVIDPredict Clinical Course 
Cohort containing over 2000 patients with COVID- 19 who 
were recruited in nine hospitals in the Netherlands (of which 
seven are general and two are university hospitals). Included in 
the database were all subjects admitted to the hospital between 
24 February and 31 July 2020, with a positive result of a SARS- 
CoV- 2 PCR collected at the nasopharynx, the throat, from 
sputum or from a bronchoalveolar lavage sample or a CT scan 
with a COVID- 19 Reporting and Data System (CO- RADS) Score 
of 4 or more. CO- RADS is a categorical assessment scheme for 
pulmonary involvement of COVID- 19 at unenhanced chest CT 
that performs very well in predicting COVID- 19 in patients.9 
Exclusion criteria were patients with do- not- resuscitate orders 
and interhospital transferred patients.

Patient and public involvement
No patient was involved.

Data collection
The data extracted from the COVIDPredict database included 
baseline characteristics such as age, sex and a full set of vital 
variables including respiratory rate, peripheral oxygen satura-
tion (SpO2), heart rate, blood pressure and GCS at presenta-
tion at the ED. Additionally, the following interventions were 
recorded: administration of oxygen (yes/no); including mode of 

delivery (nasal cannula, non- rebreathing masks, continuous posi-
tive airway pressure masks, trachea intubation). To reduce bias, 
we used single imputation with normal value substitution for 
missing values needed to calculate the total risk scores.

Employed scoring systems
NEWS2, MEWS, qSOFA and CURB- 65 are all risk models 
developed to identify patients likely to deteriorate; deteriora-
tion is often defined as death, severe adverse event or admission 
to the ICU. They are based on aggregated scoring of physio-
logical parameters, the usage of supplementary oxygen and 
patient characteristics, see (table 1). Each model has its own 
maximum sumscore and its threshold point (cut- off point) for 
optimal usage. qCSI is a similar risk model as NEWS2, however 
it includes less vital parameters and is developed specifically to 
predict deterioration of patients suffering from SARS- CoV- 2.8

Outcomes
The primary outcome was the model performance of NEWS2, 
qCSI, MEWS, qSOFA, SIRS criteria and CURB- 65 risk model to 
discriminate patients needing ICU admittance within 24 hours 
after presentation at the ED.

Sample size analysis
The sample size was calculated with a two- sided 95% CI for 
a single proportion with a fixed margin of error of 2.5%. 
According to a systematic review, the observed proportion of 
ICU admission was 0.26.10 Using these numbers this resulted in 
a needed sample size of 1183 patients.

Data analyses
Recorded data were presented as absolute values with percent-
ages and continuous data as mean values with SD or median 
values with IQRs, depending on whether data were normally 
distributed. Normal distribution of variables was assessed with 
Kolmogorov- Smirnoff tests as well as exploring frequency 
distributions (histograms). Numerical variables with a normal 
distribution were evaluated using the Student’s t- test or the 
Mann- Whitney U test in case there was no normal distribution. 
χ2 analyses were used for statistical testing of categorical data.

Our hypothesis was tested by means of assessing model accu-
racy using a specified reference value (ie, AUROC curve) with 
binomial 95% CIs. In addition to the AUROC, sensitivity and 
specificity were calculated for the key thresholds.

The AUROC resulted from the different risk scores in 
predicting the need of ICU admission were calculated and the 

Table 1 Early Warning Score characteristics

qCSI NEWS2 MEWS qSOFA SIRS CURB- 65

Temperature √ √ √

Heart rate √ √ √

Systolic blood pressure √ √ √ √

Respiratory rate √ √ √ √ √ √

Oxygen saturation √ √

Use of supplemental oxygen √ √

Mental status √ √ √ √

Leucocyte count   √

Age   √

Cut- off score/total sumscore 3/12   5 or 6/23 3/15 2/3 2/4 3/5

MEWS, Modified Early Warning Score; NEWS2, National Early Warning Score 2; qCSI, Quick COVID- 19 Severity Index; qSOFA, quick Sequential Organ Failure Assessment; SIRS, 
systemic inflammatory response syndrome.
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performance was compared using the method of Hanley and 
McNeil.11 All analyses were performed with SPSS (V.23.0; SPSS, 
Chicago, Illinois, USA). All tests of significance used a two- sided 
p<0.05.

RESULTS
Between 24 February and 31 July 2020, a total of 2338 patients 
was admitted to one of the nine participating hospitals. All 
patients had a positive SARS- CoV- 2 PCR test or a CO- RADS of 
4 or higher confirmed by a radiologist. Of these patients, 242 
were excluded as they were transferred from other hospitals 
and 595 were excluded as they had a ‘do not resuscitate’ order. 
This resulted in a study group of 1501 patients included in the 
analysis.

The median age was 71 years (range 19–99 years), and 905 
out of 1501 patients (60.3%) were male. In total, 1304 patients 
(86.9%) were admitted to the ward and 197 (13.1%) to the ICU 
within 24 hours after initial presentation at the ED. Compared 
with the non- ICU patients, the ICU patients were more often 
male (75.6% vs 50.4%, p≤0.01), had lower SpO2 (86.7% vs 
93.7, p=<0.001), were more tachypnoeic (28.8 vs 22.4 breaths/
min, p≤0.001) and had a higher body mass index (29.2 vs 27.9 
p=0.043) compared with the non- ICU patients (see table 2).

No vital parameters were missing to calculate the investi-
gated risk scores. However, leucocyte count was missing for 762 
patients.

In total, 889 patients had NEWS2  ≥ 5 and 720 patients had 
NEWS2  ≥ 6 at admission. NEWS2  ≥ 6 was superior to the 
other studied clinical risk scores with an AUROC of 0.740 (95% 
CI 0.696 to 0.783) (see table 3), in predicting critical illness 
within 24 hours after ED presentation. The qCSI risk model had 

an AUROC of 0.760 (95% CI 0.719 to 0.800), comparable to 
that of NEWS2 (p=0.25) (see figure 1).

Based on the AUROC of the NEWS2, sensitivity and speci-
ficity were calculated for a score ≥5. We observed a sensitivity 
and specificity of 84.7% (95% CI 78.9% to 89.4%) and 44.3 
(95% CI 41.5% to 47.0%), respectively. With a threshold score 
of ≥6, sensitivity decreased to 78.1% (71.6–83.6) and specificity 
increased to 56.3% (53.5–59.0).

DISCUSSION
In the current COVID- 19 pandemic, early identification and 
triage of patients at risk of severe disease requiring ICU admit-
tance is crucial as hospital resources are scarce. Many EWS have 
been developed to identify the deteriorating patient. The main 
finding of the current study was that the predictive power of 
NEWS2  ≥ 6 to discriminate patients at the ED to be submitted 
to the regular ward or to the ICU is comparable for the qCSI 
score with fair AUROC of 0.740 and 0.760, respectively. NEWS2 
and qCSI score are both superior to the other investigated risk 
scores. However, qCSI consists of less physiological parameters 
compared with NEWS2 and may therefore be easier to use. 
However, the performance of the best performing models is 
moderate. Due to the relatively poor performance, these models 
cannot be clinically used to adequately predict the need for ICU 
admission for the investigated study population.

NEWS2  ≥6 discriminated patients needing ICU admission 
with 78.1% sensitivity and 56.3% specificity. A qCSI score ≥3 
at admission discriminated patients needing ICU admission with 
75.9% sensitivity and 61.8% specificity. While sensitivity of 
both models is high and the number of false- negative results is 
therefore expected to be relatively low, specificity is moderate, 
resulting in potential false positives.

EWS may be valuable as they can assist the medical staff in 
estimating the chance of the patient’s clinical deterioration and 
empower escalation of medical care in forms of more intensive 
treatment or continued monitoring of vital parameters, which 
improves patients outcome.12 13 However, since EWS are devel-
oped to aid clinical decision- making and the model performance 
is relatively poor, they should not be used as a barrier to, or an 
alternative for, skilled clinical judgement.2

The qCSI is a recently developed model to predict which 
patients needing supplemental oxygen at the ED are likely to 
deteriorate. The original qCSI study excluded patients who 
required >6 L O2 administration in the ED, as these patients 
were likely to deteriorate and thus required ICU admission. 
However, one of the main reasons to use an EWS is that it should 
be easy to use and be applicable to a wide variety of patients. 
Therefore, we did not exclude patients needing >6 L O2 in our 
analysis.

Table 2 Patient characteristics

ICU Non- ICU P value

Number of patients (%) 197 (13.1) 1304 (86.9)

Age, years, median (IQR) 67.0 (60.0–74.0) 73.0 (62.1–83.9) <0.01

Body mass index in kg/
m2, mean (SD)

29.2 (5.9) 27.9 (5.7) 0.043

Male sex n (%) 149 (75.6) 756 (50.4) <0.01

Comorbidities ICU Non- ICU

Chronic cardiac disease 53 (26.9) 451 (34.9) 0.044

Hypertension 94 (47.7) 627 (48.5) 0.069

Chronic pulmonary 
disease

28 (14.2) 282 (21.8) 0.041

Asthma 24 (12.2) 131 (10.1) 0.440

Chronic kidney disease 22 (11.2) 170 (11.4) 0.714

Diabetes mellitus 
without complications

39 (19.8) 239 (18.5) 0.650

Diabetes mellitus with 
complications

17 (8.6) 106 (8.2) 0.872

Active smoker 87 (44.4) 445 (34.5) 0.033

Alcohol abuse 7 (3.6) 31 (2.4) 0.227

Vital parameters ICU, mean (SD) Non- ICU, mean (SD) P value

Oxygen saturation, % 86.7 (10.7) 93.7 (4.9) <0.001

Respiratory rate 
(breaths/min)

28.9 (9.3) 22.4 (6.5) <0.001

Systolic blood pressure 
(mm Hg)

136.0 (26.2) 137.0 (23.9) 0.385

Heart rate (beats/min) 99.3 (20.8) 91.0 (18.9) 0.106

GCS Score 14.1 (2.0) 14.8 (1.0) <0.001

Body temperature (°C) 37.9 (1.1) 37.8 (1.1) 0.715

ICU, intensive care unit.

Table 3 Clinical risk scores and their area under the receiver 
operating characteristics (AUROC) curve

AUROC (95% CI)

qCSI 0.760 (0.719 to 0.800)

NEWS2 0.740 (0.696 to 0.783)

MEWS 0.671 (0.622 to 0.719)

qSOFA 0.641 (0.594 to 0.688)

SIRS 0.603 (0.553 to 0.654)

CURB- 65 0.600 (0.549 to 0.651)

MEWS, Modified Early Warning Score; NEWS2, National Early Warning Score 2; qCSI, 
Quick COVID- 19 Severity Index; qSOFA, Quick Sequential Organ Failure Assessment; 
SIRS, systemic inflammatory response syndrome.
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Strengths and limitations
The main strength of our study is our large study cohort, 
including consecutive patients with COVID- 19 admitted to 
nine teaching hospitals in the Netherlands from the start of 
the outbreak. Also, all vital signs needed for the EWS were 
complete and available at ED admission, with no missing data 
and reducing any potential selection bias. However, leucocyte 
count, used in calculating the SIRS criteria, was missing for 762 
patients and therefore had to be imputed. Missing data were 
imputed as normal values, leading to a potential concerning bias 
as normal values may not have been underestimated. As SIRS 
performed significantly worse compared with the other models, 
extra sensitivity analysis using multiple imputations with chained 
equities was not performed.

Another limitation is that although vital parameters were all 
measured at the ED, the timing of the measurements is unclear. 
In addition, due to the nature of the study design, unstructured 
provider judgement is missing, therefore, it remains unknown 
whether the investigated tools have utility beyond clinical 
gestalt. Further research should investigate the effectiveness of 
EWS in addition to clinical gestalt for predicting the need for 
ICU admission.

Data of patients not being admitted to the hospital 24 hours 
after ED admission, but who were discharged directly form the 
ED, were not included in the database. Therefore, selection bias 
may have been introduced. However, our results are comparable 
with prior literature as the AUROC of NEWS2 is often around 
0.750 in the average ED population.14

The median age of the ICU population was significantly lower 
compared with the non- ICU patients. In the Netherlands the first 
part of the pandemic led to strict selection of patients (based on 
age, Clinical Frailty Score and comorbidities) for ICU admittance. 

Therefore, 25.5% of the patients were excluded as they had a 
do- not- resuscitate order. Due to the shortage of hospital beds in 
the first wave of the pandemic, the do- not- resuscitate topic was 
often discussed with the frail and elderly. Therefore, the high 
amount of do- not- resuscitate patients may be explained. This is 
in concordance with prior research, that demonstrated that in 
the first wave of COVID- 19, patients accepted for ICU treat-
ment were younger and less frail than those previously accepted 
for ICU treatment.15

During the first months of the pandemic, no specific treat-
ment guide was present. Therefore, many patients with low 
pulse oxymetry in combination with high supplemental oxygen 
usage were transferred to the ICU as early intubation was recom-
mended to avoid prolonged non- invasive ventilation and to 
reduce aerosol exposure for the medical staff. However, with 
dexamethasone as a treatment and evidence that high- flow nasal 
cannula may reduce the need for invasive ventilation and ICU 
admission, the investigated patient group may differ from the 
patients currently admitted to the ICU with COVID- 19.16 17

In this multicentre study, the best performing models to 
predict ICU admittance were NEWS2 and the qCSI Score, with 
fair diagnostic performance. However, due to the relatively 
poor performance, these models cannot be clinically used to 
adequately predict the need for ICU admission within 24 hours 
in patients with SARS- CoV- 2 infection presenting at the ED.
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