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Background: The chest X-ray is the most available imaging modality enabling semi-quantitative evaluation of pulmonary in-
volvement. Parametric evaluation of chest radiographs in patients with SARS-CoV-2 infection is crucial for triage
and therapeutic management. The CXR Score (Brixia Score), SARI CXR Severity Scoring System, and Radiographic
Assessment of Lung Edema (RALE), proposed to evaluate SARS-CoV-2 infiltration of the lungs, were analyzed
for interobserver agreement.

Material/Methods: This study analyzed 200 chest X-rays from 200 consecutive patients with confirmed SARS-CoV-2 infection, hospi-
talized at the Central Clinical Hospital of the Ministry of the Interior and Administration in Warsaw. Radiographs
were evaluated by 2 radiologists according to 3 scales: SARI, RALE, and CXR Score.

Results: The overall interobserver agreement for SARI ratings was good (k=0.755; 95% Cl, 0.817-0.694), for RALE scale
assessments it was very good (k=0.818; 95% Cl, 0.844-0.793), and for CXR scale assessments it was very good
(k=0.844; 95% Cl, 0.846-0.841). A moderate correlation was found between the radiological image assessed
using each of the scales and the clinical condition of the patient in MEWS (Modified Early Warning Score)
(r=0.425-0.591).

Conclusions: The analyzed scales are characterized by good or very good interobserver agreement of assessments of the ex-
tent of pulmonary infiltration. Since the CXR Score showed the strongest correlation with the clinical condition
of the patient as expressed using the MEWS scale, it is the preferred scale for chest radiograph assessment of
patients with COVID-19 in the light of data provided.
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Background

Besides computed tomography scans, chest radiographs
(CXR) are the primary method for the assessment of the ex-
tent of pulmonary lesions in the course of SARS-CoV-2 infec-
tion [1-10]. Despite its lower sensitivity in the detection of
pulmonary lesions compared to chest CT, radiography is the
preferred diagnostic modality in multiple sites owing to its
availability [3,10,11]. Toussie et al demonstrated the useful-
ness of chest radiographs acquired at a hospital emergency
department as predictors of hospitalization and intubation of
patients with COVID-19 [1]. Previous work involving patients
examined during the acute respiratory syndrome (SARS) coro-
navirus outbreak in 2003 as well as patients with other pneu-
monias confirmed the relationship between the extent of pul-
monary infiltrates and prognosis [12-14].

To determine the appropriate clinical management and respirato-
ry support for COVID-19 patients, it is essential to quantitatively
assess the extent of pulmonary infiltrates. There is no standard-
ized and acknowledged scale that would be considered a crite-
rion standard for reporting and interpretation of chest X-ray re-
sults in COVID-19 patients. At least 3 different scales have been
described in the literature to evaluate chest radiographs of pa-
tients with COVID-19. The SARI CXR Severity Scoring System and
RALE Classification have been proposed prior to the outbreak of
COVID-19 and the CXR Score was designed specifically for evalu-
ation of patients with confirmed SARS-CoV-2 infection [11,15,16].

The SARI CXR Severity Scoring System was proposed in the
pre-COVID era, with an aim to simplify the clinical grading of
CXR reports from inpatients with confirmed acute respirato-
ry infection into 5 severity categories [15]. The CXR findings
were categorized as: 1 — normal; 2 — hyperinflation and/or
patchy atelectasis and/or bronchial wall thickening; 3 — focal
consolidation; 4 — multifocal consolidation; and 5 - diffuse al-
veolar changes (Figure 1). Soon Ho Yoon et al used this scor-
ing system to quantify the pulmonary involvement in patients
with COVID-19 [4].

The Radiographic Assessment of Lung Edema (RALE) score as
proposed by Warren et al was simplified by Wong et al and
used in the assessment of COVID-19 patients [10,16]. This
scale assessed each lung individually. The score of O to 4 points
was assigned based on the extent of involvement, ie, ground-
glass opacity or consolidation (0 — no involvement; 1 — less
than 25%; 2-25% to 50%; 3-50% to 75%; 4 — more than 75%
involvement), with the overall score being the total of points
from both lungs (Figure 2).

To date, the CXR Score (Brixia Score) is the only available meth-
od for CXR assessment that has been designed specifically for
patients with confirmed COVID-19 [11]. This CXR scoring system,
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as proposed by Andrea Borghesi and Roberto Maroldi, is com-
prised of 2 steps of imaging analysis [11]. The first step is to di-
vide each lung as seen in frontal chest projection (posteroan-
terior — PA or anteroposterior AP view) into 3 zones designated
with letters A, B, and C for the right lung and D, E, and F for the
left lung. The letters divide lungs into 3 levels: the upper level (A
and D) above the inferior wall of the aortic arch, the middle lev-
el (B and E) below the inferior wall of the aortic arch and above
the inferior wall of the right inferior pulmonary vein (the hilar
structures), and the lower level (C and F) below the inferior wall
of the right inferior pulmonary vein (the lung bases) (Figure 3).

The purpose of this study was to analyze the interobserver
agreement of chest radiographs obtained from patients with
COVID-19 as assessed using the 3 scales described above by the
same group of 2 independent radiologists as well as to estab-
lish correlations between the radiological image and the clin-
ical condition of the patient as expressed using the Modified
Early Warning Score (MEWS), which includes measurements of
systolic blood pressure, heart rate, respiratory rate, body tem-
perature, and level of consciousness (Table 1) [17].

Material and Methods

A total of 200 chest X-ray examinations collected from 200
consecutive patients hospitalized due to SARS-CoV-2 infection
at the Central Clinical Hospital of the Ministry of the Interior
and Administration in Warsaw were analyzed retrospectively in
the study. Each patient admitted to the hospital had to have a
positive PCR test result confirmed twice. All the patients’ data
were fully anonymized before they were accessed. Within the
analyzed group there were 109 men and 91 women. The mean
age was 62.6 (range 19-90 years old).

The study was approved by the Bioethics Committee of the
Central Clinical Hospital of the Ministry of the Interior and
Administration in Warsaw.

Radiographs were acquired using 2 Siemens Multix Pro station-
ary units and 1 Shimadzu Mobile Dart Evolution MX8 portable
device, using a standardized technique (80 kV, 10 mAs, 180-cm
film-focus distance for posteroanterior; 80 kV, 10 mAs, 100-cm
film-focus distance for anteroposterior). There were 128 pos-
teroanterior and 72 anteroposterior radiographs.

CXRs were independently assessed by 2 radiologists with 7
years of experience (B.M.) and 16 years of experience (K.S).
Radiologists were aware of the positive results of RT-PCR tests
for the presence of SARS-CoV-2 while having no access to the
results of other laboratory tests, clinical data, and previous
imaging scans. CXRs were interpreted using diagnostic work-
stations running OsiriX MD v.8.0.2 software.
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Figure 1. Chest X-ray images of 3 COVID-19-positive patients with different intensity of lung involvement assessed with SARI scoring
system. In the left picture both lungs present no radiological signs of parenchymal involvement and were assessed as 1 with
SARI scoring system; in the middle picture multifocal consolidations can be spotted and the image was assessed as 4 with
SARI scoring system; in the right image nearly entire parenchyma of both lungs present diffuse alveolar changes and the
image was assessed as 5 with SARI scoring system.

Figure 2. Chest X-ray images of 3 COVID-19-positive patients with different intensity of lung involvement assessed with RALE
classification. In the left picture both lungs present no involvement and the overall score was assessed as 0; in the middle
picture the right lung involvement is assessed as 25-50% and the left lung as 50-75%, the overall RALE score was assessed
as 5; in the right image lungs are involved in nearly 100%, the overall RALE score was assessed as 8.

Figure 3. Chest X-ray images of 3 COVID-19-positive patients with different intensity of lung involvement assessed with CXR scoring
system. In the left picture the image of lungs was assessed by CXR Sore at 0 points; in the middle picture the image of lungs
was assessed by CXR Sore at 11 points; in the right picture the image of lungs was assessed by CXR Score at 18 points.
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Table 1. The Modified Early Warning Score (MEWS).
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Score 3 2

Systolic blood pressure

(mmHg) <70 71-80

Heart rate

(beats per minute) <40 41-50
Respiratory rate ©

(breaths per minute)

Temperature (°C) <35

Level of consciousness

0 1 2 3
101-199 =200
51-100 101-110 11-129 2130
9-14 15-20 21-29 230
"""""""" sa sws
""""""""" Ne  Reactigto  Reactingto L

voice pain

Radiographs were evaluated according to 3 scales: SARI in the
range of 1-5 points; RALE in the range of 1-4 points for each
of the 2 lungs (range 1-8 for both lungs); and CXR Score in
the range of 1-3 points for each of the 6 anatomical regions
of the lungs (range 1-18 for both lungs).

All patients whose images were included in the analysis had
their clinical condition assessed using MEWS scale (on the day
of the CXR). For the purposes of statistical analyses, patients
were divided into 3 groups: Group A (MEWS score 0-1; 96 pa-
tients), Group B (MEWS score 2-3; 53 patients), and Group C
(MEWS score >4; 51 patients).

To assess the interobserver agreement of CXR interpretation
between 2 radiologists, Cohen’s k was calculated. Since the
results were presented on ordinal scales, weighted Cohen’s k
was used for the interobserver agreement analysis. The weights
were selected using the Fleiss-Cohen method [18]. The inter-
class correlation coefficient (ICC) was also calculated for the
CXR scale. The weighted « values were interpreted according
to McHugh, while ICCs were interpreted according to Koo and
Li [19,20]. Agreement was defined as moderate (k »0.4-0.6),
good (x »0.6-0.8) and very good (k >0.8-1.0). Spearman’s lin-
ear correlation coefficient was used to analyze the correlation
between the extent of inflammatory lesions and the clinical
condition of the patient. The correlation coefficient was de-
fined as low (r=0-0.3), moderate (r=0.3-0.5), strong (r=0.5-0.7),
or very strong (r=0.7-1).

For the SARI scale, a general population and a group-by-group
interobserver agreement analysis were performed depending
on the type of exam (PA vs AP) and the patient’s clinical condi-
tion as expressed using MEWS on the day of the exam: Group
A (MEWS 0-1), Group B (MEWS 2-3), and Group C (MEWS >4).

For the RALE scale, a general population, the left and the right
lung and a group-by-group interobserver agreement analysis
were performed depending on the type of exam (PA vs AP)

and the patient’s clinical condition as expressed using MEWS
on the day of the exam: Group A (MEWS 0-1), Group B (MEWS
2-3), and Group C (MEWS >4).

For the CXR Score scale, interobserver agreement analysis was
performed for a general population, for 6 individual anatomi-
cal lung regions and a group-by-group analysis depending on
the type of exam (PA vs AP) and the patient’s clinical condi-
tion as expressed using MEWS on the day of the exam: Group
A (MEWS 0-1), Group B (MEWS 2-3), and Group C (MEWS >4).

Results

SARI Scale

The overall interobserver agreement of SARI ratings was good
(k=0.755; 95% Cl, 0.817-0.694). With regard to the group-by-
group analyses carried out in patients with different MEWS
scores, the highest interobserver agreement was observed in
patients with mild disease (MEWS 0-1 points): ¥=0.791; 95% Cl,
0.835-0.746. The lowest interobserver agreement was observed
in the group of patients with MEWS in the range of 2-3 points
(k=0.574; 95% Cl, 0.849-0.349). In the group of patients with
the most severe clinical course (MEWS >4), the kappa value
was 0.681 (95% Cl, 0.828-0.533). Significant differences were
noted in the interobserver agreement of the radiographic as-
sessments depending on the type of examinations. The interob-
server agreement of the assessments of AP radiographs was
lower (k=0.624; 95% Cl, 0.874-0.475) than the assessments
of PA examinations (k=0.819; 95% Cl, 0.892-0.789) (Table 2).

RALE Scale

The overall interobserver agreement of RALE scale assessments
was very good (k=0.818; 95% Cl, 0.844-0.793). With regard to
the group-by-group analyses carried out in patients with dif-
ferent MEWS ratings, the highest interobserver agreement was
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Table 2. Analysis of the interobserver agreement of SARI assessments of radiographs. The table presents the weighted « values for
the overall population as well as for individual exam types (PA vs AP) and the patient’s clinical condition as expressed using
MEWS: Group A (MEWS 0-1), Group B (MEWS 2-3), and Group C (MEWS >4).

Exam type

Table 3. Analysis of the interobserver agreement of RALE assessments of radiographs. The table presents the weighted « values for
the overall population as well as for individual exam types (PA vs AP) and the patient’s clinical condition as expressed using
MEWS: Group A (MEWS 0-1), Group B (MEWS 2-3), and Group C (MEWS >4).

Exam type

observed in patients with mild disease (MEWS 0-1 pt): (k=0.840;
95% Cl, 0.846-0.833). The lowest interobserver agreement was
observed in the group of patients with MEWS score in the range
of 2-3 points (k=0.799; 95% Cl, 0.822-0.758). In the group of
patients with the most severe clinical course (MEWS >4), the
kappa value was (k=0.807; 95% Cl, 0.849-0.865). The interob-
server agreement of the assessments of AP radiographs was
lower (k=0.796; 95% Cl, 0.812-0.778) than the assessments
of PA examinations (k=0.825; 95% Cl, 0.841-0.783). The k val-
ues were similar for both lungs and were indicative of nearly
perfect interobserver agreement (Tables 3, 4).

CXR Scale

The overall interobserver agreement of CXR scale assess-
ments was very good (k=0.844; 95% Cl, 0.846-0.841). With
regard to the group-by-group analyses carried out in patients
with different MEWS ratings, the highest interobserver agree-
ment was observed in patients with mild disease (MEWS 0-1):
k=0.846 (95% Cl, 0.849-0.843). The worst interobserver agree-
ment was observed for patients with the most severe clinical
course (MEWS >4): k¥=0.724; 95% Cl, 0.792-0.676. In the group
of patients with MEWS of 2-3, the kappa weighted value was
0.747; 95% Cl, 0.8-0.695. The interobserver agreement of the
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Table 5. Analysis of the interobserver agreement of CXR assessments of radiographs. The table presents the weighted k and ICC
values for the overall population as well as for individual exam types (PA vs AP) and the patient’s clinical condition as
expressed using MEWS scale: Group A (MEWS 0-1), Group B (MEWS 2-3), and Group C (MEWS >4).

95% CI

LLF — lower left field; MLF — middle left field; ULF — upper left field; LRF — lower right field; MRF — middle right field; URF — upper right

field.

assessments of AP radiographs was lower (k=0.796; 95% Cl,
0.817-0.775) than the agreement of the assessments of PA
examinations (k=0.846; 95% Cl, 0.849-0.844) (Tables 5, 6).

Correlation Between the Radiological Image and the
Clinical Condition of the Patient as Expressed Using MEWS

There was a moderate correlation between the clinical condi-
tion of the patient as expressed using MEWS and the radio-
logical image as assessed using each of the scales (r=0.425-
0.591) (Table 7). According to both radiologists, the strongest
correlation was observed for the CXR scale (r=0.577 and 0.591)
and the weakest correlation was observed for the RALE scale
(r=0.425 and 0.462).

Discussion

The analysis confirmed good and very good interobserver
agreement of assessments for CXRs evaluated using each of
the 3 scales. Scores obtained using CXR Score scales are com-
parable to these presented by Borghesi et al (k=0.82; 95% Cl,
0.79-0.86) [11].

Although no validation of the SARI and RALE scales was per-
formed in a COVID-19 patient group, the agreement of the 2
radiologists of the scale as assessed on the basis of pulmonary
infiltrates of other etiology is within the range of k¥=0.75-83
for SARI and 1CC=0.93 for RALE scale [15,16].

Lower interobserver agreement was observed for AP ra-
diographs as compared to PA radiographs for each scale,
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Table 7. Analysis of the correlation between the radiological image as assessed in individual scales and clinical condition as expressed

using MEWS scale.

Radiologist 1

Radiologist 2

Spearman’s p 0.534 0.425
p <0.001 <0.001
uL 0.661 0.574
95% Cl o e
LL 0.377 0.249

0.577 0.541 0.462 0.591
""" 0001 <001 <001 <0001
"""" 0698 0668 0604 0711
"""" 0417 0414 029 0452

suggesting the relationship between the reported results and
the quality of the scan.

In the anatomical context, somewhat lower interobserver
agreement was observed for SARI scale assessments of the
left lung as compared to the right lung. Similarly, in the case
of the CXR Score scale, the lowest interobserver agreement
was observed for the lower left lung field.

These findings may suggest a conclusion that evaluation of re-
gions where other structures cover the parenchyma of lungs
(such as heart) can be more subjective. This affects the over-
all scoring of an assessing radiologist, and their evaluation
may be biased.

In each of the analyzed scales, the best interobserver agree-
ment was observed in patients in mild clinical condition (MEWS
of 0-1). Lower agreement was observed both in patients with
the moderate severity of symptoms (MEWS of 2-3) and in pa-
tients in severe condition (MEWS >4). Moderate correlation
(r=0.425-0.591) was identified in the study between the score
obtained in each of the analyzed scales and the clinical condi-
tion of the patient as expressed using MEWS.

The strongest correlation with the patient’s clinical condi-
tion was shown for the 18-point CXR Score scale (r=0.577
and 0.591).

The present study is limited by a relatively small number of
patients (200 cases) and radiologists assessing the scans.
However, kappa values comparable to those presented in oth-
er studies on patients with COVID-19 suggest that these fac-
tors had no effect on the obtained results.

In our opinion, parametric evaluation of chest radiographs in
patients with SARS-CoV-2 infection is crucial for patient tri-
age and therapeutic decision making.

Further validation is required with regard to quantitative anal-
ysis of chest radiographs and their predictive value in the con-
text of the clinical course of the disease.

Parameterization of radiological images can also provide a

useful tool for the development of computer-aided diagnosis
and Al artificial intelligence systems.

Conclusions

The analyzed scales are characterized by good or very good
interobserver agreement of assessments of the extent of pul-
monary lesions being made by independent, experienced
radiologists.

The lowest interobserver agreement was observed for the
SARI scale, while the results for the RALE and the CXR Score
scales were similar, with overlapping Cls. Since the CXR Score
showed the strongest correlation with the clinical condition of
the patient as expressed using the MEWS scale, it is the pre-
ferred scale for chest radiograph assessment of patients with
COVID-19 in the light of data provided.
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