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Chest X-Ray Scoring System in COVID-19 Pneumonia:
An Added Value in the Evaluation of the Disease Severity
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Abstract

Giovanni Rinaldi?

Objectives: To analyze the added value of a new CXR scoring system in the evaluation of the COVID-19 pneumonia
severity.

Methods: This retrospective study included, from March to April 2020, 169 (132M/37F) hospitalized COVID-19 patients,
mean age 65.6+10.8 years; 57 had low-pressure ventilation (Group A), 50 positive-pressure ventilation (Group B) and
62 invasive ventilation (Group C). Two radiologists in consensus evaluated the CXRs using an 18-points scoring system.
CXR scores were compared in each Group and among the three Groups. Then in each Group CXR scores were correlated
with Pa02/Fi02 and, in Group C, with Simplified Acute Physiology Score (SAPS). Non-parametric tests were used.
Results: In Group A the median score at admission was 8 [Interquartile range (IR) 7-9] and the median of the highest
scores was 9 [IR 8-10](p=0.0738). Median scores at admission and before the start of the ventilation (pre-ventilation) are
resulted, in Group B, 10 [IR 8-10] and 11 [IR 10-14](p<0.0001) and, in Group C, 10 [IR 8-11] and 12 [IR 11-13](p<0.0001).
In Group A the CXR scores at admission were lower than in Group C (p=0.0257), and the highest scores were lower than
the pre-ventilation ones of Groups B (p=0.0018) and C (p=0.0001). The CXR scores correlated negatively with Pa02/Fi02
and positively with SAPS.

Conclusion: CXR scoring system could be an added value in the evaluation of COVID-19 pneumonia severity. With low-
pressure ventilation, the CXR scores were lower than with positive-pressure and invasive ventilation. Furthermore, CXR
scores showed negative correlation with Pa02/Fi02 and positive with SAPS.

Implications for practice: This new CXR scoring system could be a useful diagnostic tool to quantify the COVID-19
pneumonia severity and to guide to choice of the correct ventilation support.
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evere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is responsible for the new world-wide respiratory

pandemic, called coronavirus disease 2019 (COVID-19)."2

Since the beginning, Radiological Departments played a
crucial role in the diagnosis and in the assessment of the
disease evolution.®

Computed tomography (CT) is the most accurate imaging

modality to detect the lung abnormalities, especially in the
early stage, and to assess the disease progression with se-
rial chest CT exams at different times (from three to seven
days). "

These considerations are also reported in a consensus
statement of the Fleischner Society, in which was explored
the application of CT in the detection, evaluation and risk
stratification of the patients with COVID-19.
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However, during COVID-19 pandemic, in the hospitals with
a high number of patients admitted, the routine use of CT
is difficult to sustain, due to the need to move many bed-
ridden patients raising the risk of cross-infection and due
to the necessity of frequent CT scanner disinfections with a
huge increasing in time and in work for the whole Radiol-
ogy Department. Moreover, serial chest CT exams cause an
excessive cumulative radiation dose, with particular con-
cern in young patients.”-8

Finally, especially in hospital with reduced economic and
medical resources, the use of dedicated CT scanner may
disrupt radiological service availability.*

Consequently, the American College of Radiology and the
Society of Thoracic Radiology suggested considering por-
table chest X-ray (CXR) as an alternatives to CT for large-
scale diagnosis and disease evolution control.®

Although it is known that CXR has low sensitivity for diag-
nosis of COVID-19, its usefulness in the evaluation of the
disease severity and in the follow-up of the evolution re-
mains unclear.'?

To improve the risk stratification, as already happened for
the CT,' in our Radiology Department was introduced a
new CXR scoring system to better quantify the lung disease
severity and to aid in defining an appropriated level of care
for patients. This new CXR scoring system (named Brixia
Score), already used in previous works and based on an
18-point severity scale, ranks the pulmonary involvement
according to the types and the extension of COVID-19 lung
abnormalities.' 1

Therefore, the purpose of this study is to analyze the added
value of this CXR scoring system in the evaluation of the
disease severity in COVID-19.

Methods

Study Population

The Institutional Review Board approved the study proto-
col. The Ethics Committee deemed is not necessary the in-
formed patient consent.

In this retrospective study we enrolled, from March 01 to
April 05, 2020, consecutive patients at our hospital with
COVID-19 infection confirmed by real-time reverse tran-
scription polymerase chain reaction with oropharyngeal
swab. The enrolled patients, based on the type of respi-
ratory support, were divided into three groups: with low-
pressure ventilation (Group A), with positive-pressure ven-
tilation (Group B) and with invasive ventilation (Group C).
The inclusion criteria in Group A were the presence of CXR
at admission and during hospitalization, in Groups B and

C the presence of CXR at admission and before the start
of the ventilation (pre-ventilation). Exclusion criteria were
inaccessible clinical data and CXR unavailable.

The final study population was composed by 169 patients,
of which 57 in Group A, 50 in Group B and 62 in Group C.
Patient’s selection is illustrated in Figure 1.

Clinical Features

For each patient age, gender and PaO2/FiO2 were anno-
tated. Finally, pre-ventilation Simplified Acute Physiology
Score (SAPS) in Group C was collected.

Distribution gender and mean age were compared among
the three Groups.

CXR Evaluation and Comparison

Two radiologists assessed in consensus the CXRs using an
18-points score system. In each CXR both lungs were di-
vided into three equal parts: upper, middle and lower, for
a total of six zones. Then a score (from 0 to 3) was assigned
to each zone based on the lung abnormalities detected on
frontal view as follow:

0 - no abnormalities;

1 - interstitial infiltrates;

2 - interstitial and alveolar infiltrates (interstitial predomi-
nance);

3 - interstitial and alveolar infiltrates (alveolar predomi-
nance).

The scores of the six lung zones were then added to obtain

an overall CXR score ranging from 0 to 18. To minimize bias,
two radiologists were blinded to patient histories.

In Group A the CXR scores at admission and the highest CXR
scores during hospitalization were collected. In Groups B
and C the CXR scores at admission and pre-ventilation were
collected. In each Group the CXR scores at different times
were compared.

Then, among the three Groups, the CXR scores at admis-

n=202
nsecutive hospitalized patients with
COVID-19 infection

Abbreviations. - n: number; CXR: chest X-ray.

Figure 1. Patient’s selection.



sion and the highest CXR scores of Group A with the pre-
ventilation CXR scores of Groups B and C were compared.

CXR Score Correlation

In group A the highest CXR scores were correlated with the
Pa02/FiO2 of the same day. In Groups B and C, the pre-ven-
tilation CXR scores were correlated with the pre-ventilation
PaO2/FiO2. Finally, in Group C, the pre-ventilation CXR
scores were correlated with the pre-ventilation SAPS.

Statistical Analysis

A dedicated statistical software was used (MedCalc
v19.1.6, MedCalc Software, Ostend, Belgium). Continu-
ous variables were reported as meanzstandard deviation
and categorical variables as counts and percentages or
as median and interquartile range. Mean age and gender
distribution were compared between each group using,
respectively, Friedman test and chi-square test. The CXR
scores at different times were compared, in each group,
using Wilcoxon test. The highest CXR scores of Group A
and the pre-ventilation CXR scores of Groups B and C
were compared using Friedman test for paired samples.
CXR scores were correlated with Pa02/Fi02 and SAPS us-
ing Spearman's correlation. p<0.05 was defined as statisti-
cally significant.

Results

Study Population

Out of the 169 included patients, 132 (78.1%) were males
and 37 (21.9%) females, mean age 65.6+£10.8 [95% IC: 63.6-
67.7] years. Patients’ clinical features are illustrated in Table 1.

Table 1. Patients’ clinical features

Features All patients (n=169)
Age (y) 65.6 + 10.8 [95% IC: 63.6-67.7]
Gender

Male 132 (78.1%)

Female 37 (21.9%)
Height (cm) 170.6 £7.9[95% IC: 168.6-172.7]
Weight (kg) 82.5+14.0[95% IC: 78.5-85.8]
Smoker 45 (26.6%)

Previous pathologies

Pulmonary Hypertension 81 (47.9%)
Diabetes 40 (23.7%)
Pulmonary disease 29 (17.1%)
Renal disease 18 (10.6%)
Cardiovascular disease 30(17.8%)
Oncologic disease 32 (18.9%)

Abbreviations. — n: number; IC: interval of confidence.
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Clinical Features

Out of the 57 patients included in Group A, 47 were males
and 10 females, mean age 64.7+11.5 [95% IC: 61.4-67.9]
years. Out of 50 patients included in Group B, 38 were
males and 12 females, mean age 64.9+10.8 [95% IC: 61.2-
68.6] years. Out of the 62 patients included in Group C, 47
males and 15 females, mean age 66.6+9.9 [95% IC: 63.5-
68.9]. No statistical difference was observed in mean age
(p=0.6279) and in gender distribution (p=0.6212) among
the three Groups.

CXR Evaluation and Comparison
A total of 338 CXR scored was selected.

In Group A, median CXR score at admission was 8 [IR 7-9]
and the median of the highest CXR scores was 9 [IR 8-10],
with no statistically significant difference (p=0.0738).

In Group B, median CXR score at admission was 10 [IR
8-10] and the median of the highest CXR scores was 10 [IR
10-14, range 0-16], with statistically significant difference
(p<0.0001).

In Group C, median CXR score at admission was 10 [IR 8-11]
and the median of the highest CXR scores was 12 [IR 11-13],
with statistically significant difference (p<0.0001).

The CXR scores at admission in Group A were statisti-
cally lower than in Group C (p=0.0257), the highest CXR
scores were lower than pre-ventilation scores of Group B
(p=0.0018) and Group C (p=0.0001). CXR scores and their
comparison are summarized in Table 2. Clinical cases of pa-
tients in each Groups are showed in Figures 2-4.

CXR Clinical Correlation

In group A, CXR scores had a significant negative correla-
tion with PaO2/FiO2 (r=-0.297, p=0.0261).

In group B, CXR scores had a significant negative correla-
tion with PaO2/FiO2 (r=-0.332, p=0.0224).

In group C, CXR scores had a significant negative correlation
with PaO2/FiO2 (r=-0.267, p=0.0330), and they had a sig-
nificant positive correlation with SAPS (r=0.308, p=0.0134).

Discussion

CT is considered the most effective method in the detec-
tion and evaluation of COVID-19 pneumonia,l'® but the
increasing number of patients and the high challenge for
cross-infection control make the routine use of CT difficult
to sustain.”! Therefore, the American College of Radiology
and the Society of Thoracic Radiology suggested the use
of portable CXR to avoid disruption of radiological service
availability.®"7T However, CXR usefulness in the evaluation
of disease severity remains unknown.'2'® An 18-point se-
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Admission Admission Admission 0.1998 0.0257 0.2027
8[IR 7-9] 10 [IR 8-10] 10[IR 8-11]
Highest Pre-ventilation Pre-ventilation 0.0018 0.0001 0.8955
9[IR 8-10] 11 [IR 10-14] 12[IR11-13]
p=0.0738 p<0.0001 p<0.0001

Figure 2. 61 year-old-female with low-pressure ventilation.

CXR at admission (a) had a score of 5, the highest CXR score during
hospitalization was.

Figure 3. 64 year-old-male with positive-pressure ventilation.

CXR at admission (b) had a score of 3, and the pre-ventilation CXR
had a score of 9.

Figure 4. 62 year-old-male with invasive ventilation.

CXR at admission (a) had a score of 10 and pre-ventilation CXR had
ascore of 12.

verity scale CXR scoring system! ™ was introduced in our
Radiology Department to improve the evaluation of the
severity and progression of COVID-19 lung abnormalities.

Therefore, the purpose of this study was to evaluate the
added value of this new CXR scoring system in the assess-
ment of disease severity in COVID-19.

In our study, there was a male predominance of positive
COVID-19 cases in all three groups, without a significant
difference between groups in gender distribution.

In the present study, in patients with low-pressure venti-
lation, CXR scores at admission were not statistically dif-
ferent from the highest CXR scores during hospitalization
(p=0.0738). On the contrary, in patients with positive-
pressure and invasive ventilation, CXR scores at admis-
sion were significantly lower than the pre-ventilation ones
(p<0.0001). These results could suggest that in the latter
two groups the higher pre-ventilation CXR scores are relat-
ed to the higher severity of lung disease progression, while
in patients with low-pressure ventilation the lung disease
progression is lower.

Interestingly, the admission CXR scores in patients with
low-pressure ventilation were lower than in patients with
invasive ventilation. This could be explained because pa-
tients with a mild clinical course have also a lower initial
pulmonary involvement. In support of this hypothesis, pa-
tients with a moderate or severe clinical course, in which
a positive-pressure or invasive ventilation was needed,
had no statistically difference in admission CXR scores
(p=0.2027). Based on these results, our CXR score system
could have a predictive role in the risk stratification of the
disease severity progression.

Moreover, the highest CXR scores in Group A were statisti-
cally lower than the pre-ventilation CXR scores in Group B
(p=0.0018) and Group C (p=0.0001).This result is also notewor-
thy because the CXR score system could have an important
added value in the selection of patients who need a greater
respiratory support (positive-pressure or invasive ventilation).

In each group, CXR scores had a significant negative cor-
relation with Pa/FiO2, probably because a higher or lower
CXR score is related to a major or minor lung disease se-



verity and consequent reduction or increment of alveolar
gas exchange. Based on this result, CXR score system could
have a role in the description of lung disease severity and
could have a direct relationship with the lung functional
involvement.

Finally, in our work, CXR scores correlate positively with
SAPS in patients with invasive ventilation. Consequently,
we hypothesized that our CXR scoring system could have a
prognostic role in the disease progression in Intensive Care
Unit patients. Therefore, our study, as with previous work,
confirmed that the radiological quantification of the dis-
ease severity and the evaluation of the disease progression
with CXRis extremely important in the managementandin
the choice of the more appropriate respiratory support for
infected patients."

These results are similar with other previous studies that in-
vestigated the role of chest CT in predicting disease course
in COVID-19. Indeed, Wang et al.™ created a prognostic
model, based on the CT visual severity score, with a strong
performance in predicting in-hospital complications and
Erturk et al.”” concluded that CT examinations performed
early could predict the disease course, allowing to plan of
resources, such as ICU beds.

Moreover, using the same scoring system, Borghesi et al.
showed a significant positive correlation between the CXR
score and age in both males and females and demonstrat-
ed that higher CXR scores are strongly associated with in-
hospital mortality.'*'>!

This study has some limitations. First, it is a retrospective
mono-centric study. Second, this study does not evaluate
the CXR scores during the hospitalization, but only at se-
lected different times. Thirdly, radiologists scored the CXR
in consensus and the accordance was not evaluated.

The role of CXR, in this new viral pneumonia, could be
further enhance using this 18-points scoring system and,
above all, radiologists will able to provide clear and relevant
information to aid in the management of patients with CO-
VID-19 disease. This score could be an added value in the
evaluation of COVID-19 severity, it could have a predictive
role in the risk stratification of lung involvement and, there-
fore, in the selection of patients who need a stronger respi-
ratory support; finally, it could have a prognostic role in the
disease progression in Intensive Care Unit patients.

We believe that, in the current emergency setting and, lat-
er, during follow-up of the disease, this CXR scoring system
could be a useful diagnostic tool in the assessment of lung
abnormalities in COVID-19.

However, further similar prospective multi-centric studies
are needed to confirm our hypothesis.
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