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Abstract

Objective: This study compared the prognostic performances of the Brescia-COVID
Respiratory Severity Scale (BCRSS) and the Quick COVID-19 Severity Index (qCSI) scores
in hospitalized patients diagnosed with COVID-19.
Methods:The data of all adult patients (over 18 y of age) whowere admitted into a state hospital
with confirmed COVID-19 between May 1, 2020, and October 31, 2020, were retrospectively
examined. The area under the receiver operating characteristic (ROC) curve, known as the area
under the curve (AUC), was used to assess the BCRSS prediction rule and the qCSI score to
assess the discriminatory power in predicting in-hospital mortality and intensive care unit
(ICU) admission.
Results: There were 341 patients included in this study. Themean age of the patients was 58.2 ±
17.2, of which 165 were men and 176 were women, and 61.3% of patients had at least 1 comor-
bidity. The most common comorbidity was hypertension. The predictive power scores of
BCRSS and qCSI were found as very good in terms of in-hospital mortality (AUC 0.804
and 0.847, respectively) and likewise in terms of ICU admission (AUC 0.842 and 0.851,
respectively).
Conclusions: Both BCRSS and qCSI scoring systems were found to be successful in predicting
in-hospital mortality and ICU admission in our patient population.

The novel coronavirus disease 2019 (COVID-19), which was caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), became an international pandemic.1,2

The epidemic, which started in Wuhan, China, passed from person to person through respira-
tory droplets and aerosolization, allowing the disease to spread rapidly throughout the world.3,4

As of April 17, 2021, there were more than 139 million confirmed cases of COVID-19 and more
than 2.9 million deaths worldwide.5

With such a large number of individuals affected by this disease, the supply and demand of
emergency department (ED) beds and intensive care unit (ICU) beds has created an imbalance,
which strains available health-care resources.6 To effectivelymaintain health-care services, iden-
tifying patients who will require critical care is important. Various risk models have been devel-
oped for this purpose. Among these, patients are classified in 5 risk levels based on 4 risk factors
in the Brescia-COVIDRespiratory Severity Scale (BCRSS). In this predictionmodel, patients are
offered treatment recommendations according to their examination and imaging findings. This
algorithm is a step-wise approach to managing patients with confirmed/presumed COVID-19
pneumonia.7 Quick COVID-19 Severity Index (qCSI), on the other hand, is evaluated into 4 risk
classes by a 12-point system (0-3 low risk, 4-6 low-intermediate risk, 7-9 high-intermediate risk,
and ≥10 high risk) based on 3 variables (nasal cannula flow rate, respiratory rate, and minimum
documented pulse oximetry).8

Sufficient validation studies of these risk predictionmodels, for clinical prognoses in different
patient populations, have not yet been performed. The aim of this study was to compare the
prognostic performance of the BCRSS and the qCSI scores of hospitalized patients diagnosed
with COVID-19.

Methods

Study Design

This retrospective observational study was carried out on data from patients admitted into the
ED of a state hospital betweenMay 1, 2020, and October 31, 2020. The local institutional review
board approved this analysis and issued a waiver of consent (Ethics Committee Ruling number:
08012021/2668).
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Selection of Patients

All adult patients over the age of 18 who were admitted into the ED
with COVID-19 symptoms between May 1, 2020, and October 31,
2020, who had oropharyngeal and nasopharyngeal swabs, were
included in this study. However, excluded from this study were
patients whose test results for reverse transcriptase polymerase
chain reaction (RT-PCR) were negative as well as those whose data
could not be obtained, which is required to determine the risk
scores. Also, patients who were in a state of shock at the time of
admission to the ED and who received inotrope positive pressure
support were not included in the study.

Measurements

For each of the patients included in this study, data were recorded
on a form that included age, gender, examination on admission to
the ED, and imaging findings. The 4 risk factors were calculated
and recorded for BCRSS on the form: (1) the patient had wheezing
or was unable to speak in full sentences, at rest or with minimal
effort; (2) respiratory rate > 22; (3) oxygen saturation (SpO2)
< 90%; and (4) repeat chest X-ray (CXR) is significantly worsening
(defined as bilateral or diffuse infiltrates). The 3 variables for qCSI,
that is, nasal cannula flow rate, respiratory rate, andminimumdoc-
umented pulse oximetry, are based on a 12-point scale which was
then divided into 4 risk classes (0-3 low risk, 4-6 low-intermediate
risk, 7-9 high-intermediate risk, and ≥10 high risk), which was cal-
culated for each patient and recorded on the form.

Outcome Measures

The primary outcome was all-cause in-hospital death. The secon-
dary outcome is to determine the relationship between each scor-
ing systems and ICU requirement. Outcomes were retrospectively
assessed by reviewing of the hospital medical database.

Statistical Analysis

Statistical analyses were performed using SPSS 21.0 for Windows
andMedCalc. Descriptive criteria, that include mean and standard
deviation as well as median andmin-max values, are presented as a
percentage distribution. The compliance of the data with normal
distribution was checked with a Kolmogorov-Smirnov test. A
receiver operating characteristic (ROC) curve analysis was used
to determine the predictive values of risk scores for determining
in-hospital mortality and ICU admission. The ROC curves of
the risk scores were then compared. The following was calculated
using the DeLong method with the Youden index and with a 95%
confidence interval of the area under the curve (AUC) for calcu-
lating the optimal cutoff value: positive predictive value (PPV);
negative predictive value (NPV), positive likelihood ratio (LRþ);
and negative likelihood ratio (LR-).9 For the significance level
P< 0.05 was appropriated.

Results

The data of a total of 447 patients were examined; of that total, 341
patients who met the inclusion criteria were identified, and these
patients were included in the study.

The main characteristic findings of these patients are summa-
rized in Table 1. There were 165 men and 176 women patients; the
mean age was 58.2 ± 17.2 and 61.3% had at least 1 comorbidity.
The most common comorbidities seen were hypertension
(34%), COPD (20.5%), and cardiovascular disease (17.3%). The

in-hospital mortality rate was 11.4%, and the ICU admission rate
was 26.7%.

Table 2 shows the in-hospital mortality rate and the ICU admis-
sion rate in different BCRSS and qCSI risk classes. In both scoring
systems, both the risk of in-hospital mortality and the risk of ICU
admission increases as the risk class increases.

Table 1. Baseline characteristics of patients (n=341)

Variables n (%)/mean ± SD

Age, y 58.2 ± 17.2

Gender

Female 176 (51.6)

Male 165 (48.4)

Comorbidity

Hypertension 116 (34.0)

Diabetes 31 (9.1)

Chronic renal failure 24 (7.0)

Neurological diseases 27 (7.9)

Cardiovascular disease 59 (17.3)

COPD 70 (20.5)

Cancer 41 (12.0)

Comorbidity, any 203 (61.3)

Comorbidities, two or more 122 (35.8)

Pulse, beat/min 77.9 ± 13.8

Body temperature, oC 37.5 ± 1.1

Systolic blood pressure, mmHg 137.7 ± 32.8

Respiratory rate, breathe/min 19.4 ± 6.5

Respiratory rate, grouped

≤22 breaths/min 236 (69.2)

23-28 breaths/min 56 (16.4)

≥28 breaths/min 49 (14.4)

CXR – bilateral or diffuse infiltration 169 (49.6)

Saturation O2 91 ± 6.9

Saturation O2, grouped

≥92 182 (53.4)

89-92 60 (17.6)

≤88 99 (29.0)

In-hospital mortality 39 (11.4)

ICU admission 91 (26.7)

Table 2. Distribution of in-hospital mortality and ICU admission rates by risk
groups

Risk scores
No. of patients
(n= 341), n (%)

In-hospital mortality
(n = 39), n (%)

ICU admission
(n= 91), n (%)

BCRSS

0 150 (44.0) 0 2 (1.3)

1 33 (9.7) 2 (6.1) 11(33.3)

2 47 (13.8) 6 (12.8) 14 (29.8)

3 20 (5.9) 9 (45.0) 9 (45.0)

4 91 (26.7) 22 (24.2) 55 (60.4)

qCSI

0 225 (66.0) 2 (0.9) 15 (6.7)

1 29 (8.5) 5 (17.2) 11 (37.9)

2 14 (4.1) 10 (71.4) 14 (100)

3 73 (21.4) 22 (30.1) 51 (69.9)
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Shown in Tables 3 and 4 are the sensitivity, specificity, positive
and negative predictive values, and odds ratios for the in-hospital
mortality rate and ICU admission rate at different cutoff values for
each prediction rule. With regard to in-hospital mortality, for the

BCRSS and the qCSI scoring systems, the maximum value of the
Youden Index was shown at the cutoff point ≥2 (Youden Index
0.548, sensitivity 94.9, specificity 59.9) and ≥1 (Youden Index
0.687, sensitivity 94.9, specificity 73.8). In terms of ICU admission,

Table 3. Sensitivity, specificity, PPV, NPV, LRþ, and LR- of risk scores for predicting in-hospital mortality

Risk score Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) (þ) LR (95% CI) (-) LR (95% CI)

BCRSS

0 100 0 11.4 - 1 -

1 100 (91.0 - 100) 49.7 (43.9 - 55.5) 20.4 (18.7 - 22.3) 100 2.0 (1.8 - 2.2) 0

2 94.9 (82.7 – 99.4) 59.9 (54.2 – 65.5) 23.4 (20.7 – 26.3) 98.9 (95.9 – 99.7) 2.4 (2.0 - 2.8) 0.09 (0.02 – 0.35)

3 79.5 (63.5 – 90.7) 73.5 (68.1 – 78.4) 27.9 (23.3 – 33.2) 96.5 (93.7 – 98.1) 3.0 (2.3- 3.8) 0.28 (0.15 - 0.52)

4 56.4 (39.6 – 72.2) 77.2 (72.0 – 81.8) 24.2 (18.4 – 31.1) 93.2 (90.5 – 95.2) 2.5 (1.8 – 3.5) 0.56 (0.39 – 0.80)

qCSI

0 100 0 11.4 - 1 -

1 94.9 (82.7 - 99.4) 73.8 (68.5 - 78.7) 31.9 (27.7 - 36.5) 99.1 (96.7 - 99.8) 3.6 (3.0 - 4.5) 0.07 (0.02 - 0.27)

2 82.1 (66.5- 92.5) 81.8 (77.0 - 86.0) 36.8 (30.5 - 43.5) 97.2 (94.7 - 98.6) 4.5 (3.4- 6.0) 0.22 (0.11 - 0.43)

3 56.4 (39.6 – 72.2) 83.1 (78.4 – 87.2) 30.1 (22.9 – 38.5) 93.6 (91.2 – 95.5) 3.3 (2.3 – 4.9) 0.52 (0.36 - 0.75)

Table 4. Sensitivity, specificity, PPV, NPV, LRþ, and LR- of risk scores for predicting ICU admissions

Risk score Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) (þ) LR (95% CI) (-) LR (95% CI))

BCRSS

0 100 (96.0 - 100) 0 26.7 - 1 -

1 97.8 (92.3 – 99.7) 59.2 (52.8 – 65.4) 46.6 (42.8 - 50.4) 98.7 (94.9 – 99.7) 2.5 (2.1 – 2.8) 0.04 (0.01 – 0.16)

2 85.7 (76.8 – 92.2) 68.0 (61.8 – 73.7) 49.4 (44.4 – 54.3) 92.9 (88.7 – 95.6) 2.7 (2.2 – 3.3) 0.21 (013 - 0.35)

3 70.3 (59.8 – 79.5) 81.2 (75.8 – 85.9) 57.7 (50.5 – 64.5) 88.3 (84.5 – 91.2) 3.7 (2.8 – 5.0) 0.37 (0.27 – 0.51)

4 60.4 (49.6 – 70.5) 85.6 (80.6 – 89.7) 60.4 (52.0 – 68.3) 85.6 (82.1 – 88.5) 4.2 (3.0 – 5.9) 0.46 (0.36 – 0.60)

qCSI

0 100 (96.0 - 100) 0 26.7 - 1 -

1 83.5 (74.3 – 90.5) 84.0 (78.9 – 88.3) 65.5 (58.5 – 71.9) 93.3 (89.8 – 95.7) 5.2 (3.9 – 7.0) 0.20 (0.13 – 0.32)

2 71.4 (61.0 – 80.4) 91.2 (87.0 – 94.4) 74.7 (66.0 – 81.8) 89.8 (86.3 – 92.4) 8.1 (5.3 – 12.3) 0.31 (0.22 – 0.43)

3 56.0 (45.3 – 66.4) 91.2 (87.0 – 94.4) 69.9 (59.9 – 78.2) 85.1 (81.8 – 87.8) 6.4 (4.1 – 9.9) 0.48 (0.38 – 0.61)

Figure 1. The ROC curves for in-hospital mortality for the BCRSS and qCSI scores. Figure 2. The ROC curves for ICU admission for the BCRSS and qCSI scores.
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for the BCRSS and qCSI scoring systems, the maximum Youden
index was shown at the cutoff point 1 (Youden Index 0.570, sen-
sitivity 97.8, specificity 59.2) and ≥1 (Youden index 0.675, sensitiv-
ity 83.5, specificity 84.0).

The ROC curves for in-hospital mortality and ICU admission
for each of the prognostic scoring system for COVID-19 are shown
in Figures 1 and 2. The prognostic performance of the BCRSS and
the qCSI scores were found as very good for in-hospital mortality
(AUC 0.804 and 0.847, respectively) and as very good for ICU
admission (AUC 0.842 and 0.851, respectively).

When the predictive powers of BCRSS and qCSI for in-hospital
mortality were compared, no statistically significant difference was
found between them (P= 0.029). Likewise, when the predictive
powers of BCRSS and qCSI for ICU admission were compared,
no statistically significant difference was found (P= 0.549)
(Table 5).

Discussion

In this study, we compared the prognostic performance of BCRSS
and qCSI scores for in-hospital mortality and ICU admission of
hospitalized patients diagnosed with COVID-19. In this patient
group, the predictive power scores of BCRSS and qCSI were found
as very good in terms of in-hospital mortality (AUC 0.804 and
0.847, respectively) and, likewise, in terms of ICU admission
(AUC 0.842 and 0.851, respectively).

In our study, 61.3% of the patients had at least 1 comorbidity. In
a study by Wang et al.,10 this rate was 72.2%, while for Grasselli
et al., it was 68%11; however, there have been studies that do report
a lower rate than ours.2,12 Similar to previous research, our study
showed the most common comorbidity in patients was hyperten-
sion,10,12 followed by COPD, and cardiovascular diseases. In our
study, the in-hospital mortality rate was 11.4%, while the ICU admis-
sion rate was 26.7%. Different in-hospital mortality rates have been
reported in the literature, ranging from 16% to 78%.4,10–13

The availability of ICU beds and the provision of intensive care
vary between countries.14 Information on the main characteristics
and outcomes of critically ill patients, during a pandemic period in
order to sustain health-care services is very important. For this pur-
pose, a series of diagnostic and prognostic prediction models have
been proposed for COVID-19.15 We examined the qCSI and the
BCRSS models.

In our study, the AUC outcomes of the qCSI score for in-hos-
pital mortality and ICU admission were 0.804 and 0.847, respec-
tively. In the study by Rodriguez-Nava et al., the rates given
were 0.781 and 0.761, respectively.16 The primary outcome of

the study by Haimovich et al. for the qCSI score was determined
as AUC 0.89: oxygenation flow rate ≥10 L/min, high-flow oxygena-
tion, noninvasive ventilation, invasive ventilation, or death.8

The AUC outcomes of the BCRSS score for in-hospital mortal-
ity and ICU admission were 0.842 and 0.851, respectively. These
rates were given as 0.663 and 0.735 in the study by Rodriguez-
Nava et al., respectively.16

The predictive performance of the scores from our study were
found to be higher than those of other studies in the literature. We
postulate that this difference in performance might be related to
differences in clinical and demographic characteristics among pop-
ulations. In addition, these scores are relatively new to the litera-
ture, and there have not yet been a sufficient amount of validation
studies performed. For this reason, there are not enough studies
available to compare with our study. In the light of this informa-
tion, our study should be considered a validation study for both the
BCRSS and the qCSI scores.

There are some limitations in our study. First, our study was
conducted on a relatively small population from a single center
and needs to be confirmed with a larger, multicenter cohort.
In addition, due to the retrospective nature of our study, data
were obtained from an electronic registration system, which
might create limitations due to providing incomplete or out-
dated information.

In conclusion, both BCRSS and qCSI scoring systems were
found to be successful in predicting in-hospital mortality and
ICU admission in our patient population. Despite this, more stud-
ies are required to establish effectiveness for a wider range of
settings.
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