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Abstract

Purpose: To explore whether chest X-ray severity scoring (CX-SS) could be reliable to assess the severity of pulmonary
parenchymal disease in COVID-19 patients.

Material and methods: The study consisted of 325 patients whose COVID-19 was confirmed by RT-PCR test and who
underwent chest X-ray and computed tomography (CT) studies to assess parenchymal disease severity. Only 195 cases
included in the final analysis after exclusion of cases with previous chest disease and cases having more than 24 hours
interval between their X-ray and CT chest studies. Both chest X-ray and CT severity scores (CT-SS) were recorded by
2 experienced radiologists and were compared to the clinical severity. Interobserver agreement was assessed for CX-SS
and CT-SS.

Results: In relation to the clinical severity, the sensitivity of the CX-SS for diagnosis of moderate to severe parenchy-
mal disease was high (90.4% and 100%) and low for mild cases (66.2%), while the specificity was high for mild to
moderate parenchymal disease (100%) compared to severe cases (86.7%). The sensitivity, specificity, and diagnos-
tic accuracy of the CT-SS were higher than CX-SS. Pearson correlation coefficient demonstrated a strong positive
correlation between CX-SS and CT-SS (rs = 0.88, p < 0.001). The inter-observer agreement for CX-SS was good
(k=0.79, p = 0.001), and it was excellent for CT-SS (k = 0.85, p = 0.001).

Conclusions: CX-SS is reliable to assess the severity of COVID-19 pulmonary parenchymal disease, especially in
moderate and severe cases, with the tendency of overestimation of severe cases.
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very difficult due to insufficient laboratory kits [4]. That is
why chest imaging became a very important tool during
the COVID-19 outbreak [5]. Computed tomography (CT)
is considered the most effective method for the detection of

Introduction

COVID-19 is a severe acute respiratory syndrome caused
by coronavirus 2 (SARS COV-2), which is a beta-corona-

virus, which first developed in China at the end of 2019,
specifically in Wuhan [1]. On 5 January 2021, the cumu-
lative number of reported cases reached over 83 million,
with over 1.8 million deaths globally [2]. At present, the
reference standard to make a definitive diagnosis of SARS-
CoV-2 infection is the reverse-transcription-polymerase-
chain-reaction assay (RT-PCR) [3]; however, the dramatic
diseases dissemination made early diagnosis of the disease

lung abnormalities because it offers more sensitive results
than chest radiographs, particularly in the early stage of the
disease [6-9].

Pulmonary parenchymal disease severity is considered
as a potential risk factor associated with fatal outcome;
physicians should be aware of this so as to improve the
risk stratification and adjust the level of care for high-risk
patients [10,11]. Several studies examined the sensitivity
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and specificity of CT as a semi-quantitative method to
assess the severity of COVID-19 infection in the initial
chest CT by implementing the CT severity scoring sys-
tem, and the results were very reliable [12]. Furthermore,
serial chest CT imaging with different time intervals
(3-7 days) has been reported as a helpful tool in assessing
the disease progression from the time of initial diagno-
sis till the patient’s discharge [13]. Nevertheless, the de-
pendence on CT as the only reliable radiological method
to assess the severity of lung involvement is difficult to
sustain over time and creates a great burden on radiol-
ogy departments [14]. Chest radiographs could serve as
substitute to CT examinations in terms of assessment of
parenchymal disease severity, especially in monitoring the
rapid progression of lung abnormalities in COVID-19.

Some radiographic scoring systems have been tried to
reduce the burden on the CT chest as a semi-quantitative
method for assessment of the severity of COVID-19 in-
fection, but none of them were properly correlated with
clinical severity and CT severity scores. One of the ex-
perimental chest X-ray scoring systems (named Brixia
score) was designed by Borghesi and Maroldi [15] for
hospitalized patients with SARS-CoV-2 infection in Italy,
and was assessed on 100 hospitalized patients for whom
the final outcome (recovery or death) was available. The
results were very promising and led to consideration of
this chest X-ray scoring system (CX-SS) as a useful pa-
rameter for predicting mortality in hospitalized patients
with SARS-CoV-2 infection. In this study, we assess the
accuracy of CX-SS using the Brixia score by comparing it
to the clinical severity and CT severity scores.

Material and methods

We retrospectively studied patients who were diagnosed
with COVID-19 from March 2020 to October 2020 in
our hospital. The study consisted of 325 patients in whom
COVID-19 was confirmed by RT-PCR throat swab and
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+ Previous pulmonary infection
(n=23)

+ Previous pulmonary tumor
(n=16)

« Previous lung surgery
(n=7)

Analysis

Excluded (n = 84)
Long interval between X-ray and (T

Y
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Figure 1. Flow chart of the study
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who underwent X-ray and CT chest studies to assess pa-
renchymal disease severity. Patients with a history of lung
malignancy (n = 16), lobectomy (n = 7), and tuberculosis
(n = 23) were excluded from this study. Patients who had
along interval (> 24 hrs) between the X-ray and CT chest
studies (n = 84) were excluded from analysis to rule out
the possibility of disease progression between the X-ray
and CT studies that may affect the subsequent severity
scoring results. The final analysis of this study included
195 patients (152 males and 43 females); the age range
was from 22 to 80 years old, and mean age + SD was 55.73
+ 10.64. The study flow chart is illustrated in Figure 1.

Chest X-ray scoring system

The Brixia severity score [15] divides the lungs into 6 zones
on frontal chest projection: (i) upper zones (I and IV):
above the inferior wall of the aortic arch, (ii) middle zones
(IT and V): below the inferior wall of the aortic arch and
above the inferior wall of the right inferior pulmonary vein
(i.e. hilar structures), and (iii) lower zones (II and VI): be-
low the inferior wall of the right inferior pulmonary vein
(i-e., lung bases) (Figure 2). A score (from 0 to 3) is given
to each zone based on the lung abnormalities detected on
frontal chest projection, as follows: (i) score 0: no lung ab-
normalities, (ii) score 1: interstitial infiltrates, (iii) score 2:
interstitial and alveolar infiltrates (interstitial predomi-
nance), and (iv) score 3: interstitial and alveolar infiltrates
(alveolar predominance).

The score of the 6 lung zones are summed to have an
overall CX-SS ranging from 0 to 18. Near to the overall

Figure 2. Divisions of lungs into 6 zones on frontal chest X-ray for the Brixia
scoring system. Line A is drawn at the level of the inferior wall of the aortic
arch. Line B is drawn at the level of the inferior wall of the right inferior
pulmonary vein
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score, the partial score of each zone (from I to VI) is also
entered between square brackets. Other chest X-ray find-
ings (such as pleural effusion, pulmonary vessel enlarge-
ment) were not included in the scoring system. For ease
of comparison, our patients were classified according to
their total radiographic score into 4 groups, as follows:
(i) normal: 0, (ii) mild group: from 1 to 6, (iii) moderate
group: from 7 to 12, and (iv) severe group: from 13 to 18.

Chest computed tomography severity score

The CT-SS is an adaptation of a method used previously
to describe ground glass opacity, interstitial opacity, and
air trapping, which was correlated with clinical and labo-
ratory parameters in patients after SARS [12]. The 18 seg-
ments of both lungs are divided into 20 regions, in which
the posterior apical segment of the left upper lobe is di-
vided into apical and posterior segmental regions, while
the anteromedial basal segment of the left lower lobe was
subdivided into anterior and basal segmental regions.
The lung attenuations in all of the 20 lung regions are sub-
jectively evaluated on chest CT and given a score of 0.1 or
2 if the parenchymal opacification involved 0%, less than
50% or equal or more than 50% of each region, respective-
ly. The CT-SS was defined as the sum of each individual
score in the 20 lung segment regions, which may range
from 0 to 40 points. The same as in X-ray studies, we
classified all the CT studies of our patients into 4 groups
according to their total CT-SS, as follows: (i) normal: 0,
(ii) mild disease: from 1 to 13, (iii) moderate disease:
from 14 to 27, and (iv) severe disease: from 28 to 40.

All patients were examined in a supine position, and
images were acquired during a single inspiratory breath-
hold. The scanning range was from the apex of the lung to
costophrenic angle. CT scan parameters were as follows:
X-ray tube parameters: 120 KVp, 350 mAs; rotation time:
0.5 second; pitch: 1.0; section thickness: 5 mm; intersec-
tion space: 5 mm; additional reconstruction with sharp
convolution kernel and slice a thickness of 1.5 mm.

All the X-rays and CT images were independently re-
viewed by 2 radiologists with more than 10 years’ experi-
ence in chest imaging, blinded to the correlation between
the X-ray and CT images for each patient to avoid the
subsequent bias in the corresponding scoring system. All
thin-section CT scans were reviewed at a window width
and level of 1000 to 2000 HU and -700 to -500 HU, re-
spectively, to assess the lung parenchyma.

Clinical severity scoring

We classified our patients into 3 groups according to the
COVID-19 severity stratification by the World Health Or-
ganisation [16] into the following: (i) a mild-disease group
that included symptomatic patients without evidence of
viral pneumonia or hypoxia, (ii) a moderate disease group
that had clinical signs of pneumonia such as fever, cough,
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dyspnea, fast breathing but no signs of severe pneumo-
nia, including SpO, > 90% on room air [17], and (iii)
a severe disease group who presented with clinical signs
of pneumonia plus one of the following: respiratory rate
> 30 breaths/min, severe respiratory distress, or SpO,
< 90% on room air.

Statistical analysis

SPSS software (version 22; IBM, Chicago, IL, USA) was
used to perform statistical analysis. P-values < 0.05 were
considered to indicate statistical significance. The Sha-
piro-Wilk test was used to assess the normality of data.
Continuous variables were reported as mean * standard
deviation. We used Student’s ¢-test to compare between
continuous variables when the distribution was normal
and Fisher’s exact test to compare between categorical
variables. The kappa (k) values were used to estimate the
proportion of interobserver agreement for CX-SS and
CT-SS. The « values were interpreted as follows: k values
between 0.61 and 0.80 represented good; k values between
0.81 and 1.00 represented excellent. Pearson’s correlation
coefficient was used for assessment to correlate between
the CX-SS and CT-SS after calculation of mean scores for
both observers.

Results

All the included patients had variable degrees of present-
ing symptoms and signs on admission; fever (82.5 %),
cough (59%), fatigue (43.5%), anorexia (40%), shortness
of breath (n = 60, 30.7%), myalgias (n = 21, 10.7%), other

Table 1. Chest X-ray characteristics among the study population

Parameter | n (%)
X-ray features
Normal scan 19(9.7)
Interstitial infiltrates 92(47.2)
Alveolar infiltrates 133(68.2)
Pulmonary vessels enlargement 46 (23.5)
Pleural effusion 2(1)
Laterality
Unilateral 45(23.1)
Bilateral 131(67.2)
Side
Right 161(82.5)
Left 146 (74.8)
Predominant distribution
Peripheral 66(33.8)
Central 16(8.2)
Diffuse 94 (48.2)
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Table 2. Chest computed tomography (CT) characteristics among the study
population

Parameter | n (%)
(T features
Normal scan 9(4.6)
Ground-glass opacity 186 (95.4)
Consolidation 120 (61.5)
(razy paving 123 (63.0)
Reversed halo 37(18.9)
Subpleural bands 93 (47.7)
Bronchiectasis 82(42.0)
Nodules 21(10.7)
Lymphadenopathy 36(18.4)
Pleural effusion 4(2.0)
Laterality
Unilateral 51(26.1)
Bilateral 135(69.2)
Side
Right 167 (85.6)
Left 154 (78.9)
Predominant distribution
Peripheral 91 (46.6)
Central 24(12.3)
Diffuse 71(36.4)

IS chest X-ray severity scoring for COVID-19 pneumonia reliable?

non-specific symptoms such as sore throat, nasal conges-
tion, headache, diarrhoea, nausea, vomiting, loss of smell
(anosmia), or loss of taste (ageusia) preceding the onset of
respiratory symptoms were also recorded. Based on WHO
stratification, COVID-19 clinical severity was mild in 60
patients (30.8%), moderate in 104 patients (53.3%), and
severe in 31 patients (15.9%).

According to the chest radiographic findings, inter-
stitial infiltrates were found in 47.2% of the patients, al-
veolar infiltrates in 68.2%, pulmonary vessel enlargement
in 23.5%, and pleural effusions in 1%. Lesions were more
frequent bilaterally and in the right lung. Lung involve-
ment was more diffuse than peripheral and to lesser extent
central. Chest X-ray characteristics among the study popu-
lation are summarized in Table 1. CX-SS indicated normal
radiographs in 19 patients (9.7%), mild disease in 22 pa-
tients (11.3%), moderate disease in 93 patients (47.7%),
and severe disease in 61 patients (31.2%). The inter-
observer agreement for CX-SS was good (i« = 0.79, p = 0.001).

According to the HRCT findings, 95.4% of the study
population had ground glass attenuations, consolidations
were found in 61.5%, crazy paving in 63%, reversed halo
sign in 18.9%, sub-pleural bands in 47.7 %, and bron-
chiectasis in 42% of the patients. Atypical CT features as
nodules were found in 10.7%, mediastinal lymphadenopa-
thy in 18.4%, and pleural effusion in 2%. Similar to X-ray
findings, lung affection was predominantly bilateral and
more in the right lung. Lesions had more peripheral than
diffuse distribution and to lesser extent central distribu-

Figure 3. Mild COVID-19 by CX-SS and (T-SS. A) Chest X-ray for a 42-year-old male shows bilateral infiltrates and was given a radiographic score of 4/18
(mild disease), B) coronal, and C, D) axial chest (T images show subsegmental peripherally distributed areas of ground-glass opacity (GGO), given a (T-SS
of 9/40 (5 on the right side and 4 on the left side), and categorized as mild disease

© Pol J Radiol 2021; 86: e432-e439
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Figure 4. Discrepancy between COVID-19 severity by X-ray scoring system (CX-SS) and computed tomography (CT) scoring system (CT-SS). A) Chest X-ray of
72-year-old male shows bilateral infiltrates sparing the right upper zone and given a radiographic score of 6/18 (mild disease). B) Coronal (C, D) axial chest CT
images show bilateral segmental areas of ground-glass opacity (GGO) and right lower lobe basal consolidation. It was given a (T-SS of 16/40 (10 on the right
side and 6 on the left side) and categorized as moderate disease. CX-SS was underestimated as GGO in the right upper lobe were missed during interpretation

S | = s =
Figure 5. Discrepancy between COVID-19 severity by X-ray scoring system (CX-SS) and computed tomography (CT) scoring system (CT-SS). A) Chest X-ray
of 72-year-old male shows alveolar opacities in the lower lung zones and right middle zone, and given a radiographic score of 9/18 (moderate disease).
B) coronal (C, D) axial chest CT images show patchy areas of consolidation within both lung fields , more basally, and given a CT-SS of 10/40 (7 on the right
side and 3 on the left side) and categorized as mild disease. CX-SS was overestimated secondary to overshadowing caused by lung consolidation

e436 © Pol J Radiol 2021; 86: e432-e439
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Figure 6. Severe COVID-19 by X-ray scoring system (CX-SS) and computed tomography (CT) scoring system (CT-SS). A) Chest X-ray of 57-year-old female
shows bilateral alveolar infiltrates sparing the left upper lung zone and given a radiographic score of 15/18 (severe disease). B) Coronal (C, D) axial chest CT
images show widely spread bilateral areas of consolidation. CT-SS was 37/40 (20 on the right side and 17 on the left side) and categorized as severe disease

tion. Chest CT characteristics among the study popula-
tion are summarized in Table 2. CT-SS was normal in
9 patients (4.6%), indicated mild disease in 45 patients
(23.1%), moderate in 108 patients (55.4%), and severe
in 33 patients (16.9%). The inter-observer agreement for
CTSS was excellent (k = 0.85, p = 0.001). Figures 3-6 are
demonstrative cases for CX-SS and CT-SS.

In relation to the clinical severity, sensitivity, specific-
ity, and diagnostic accuracy of the CX-SS for diagnosis
of mild cases was 66.2%, 100%, and 83.7%, for moder-
ate cases 90.4%, 100%, and 94.6%, and for severe cases
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Figure 7. Pearson correlation chart shows strong positive correlation be-
tween (X-SS and CT-SS (rs = 0.88, p < 0.001)

100%, 84.5%, and 86.7%, respectively. Sensitivity, specific-
ity, and diagnostic accuracy of the CT-SS for diagnosis of
mild cases was 80%, 100%, and 92.8%, for moderate cases
100%, 95.7%, and 97.9%, and for severe cases 100%, 98.8%,
and 98.9%. For assessment of the correlation between the
CT-SS and CX-SS, Pearson’s correlation coefficient demon-
strated a strong positive correlation (rs = 0.88, p < 0.001)
(Figure 7).

Discussion

We examined the accuracy of the CX-SS using the Brix-
ia score to assess the severity of pulmonary parenchy-
mal disease in COVID-19 patients by comparing it to
the clinical severity and correlation with more sensitive
CT-SS proposed by Yang et al. [9]. We found that the CX-SS
was efficient in expressing the degree of lung involvement
in COVID-19-positive cases. CX-SS in this study showed
low sensitivity to indicate mild disease, high sensitivity in
detection of moderate to severe disease, and lesser specific-
ity compared to CT-SS in the diagnosis of severe disease.
These findings were in concordance with Stephanie et al.,
who found that COVID-19 chest X-ray severity and sensi-
tivity are linked and that they increased with time, whereas
chest X-ray specificity decreased over time and disease
progression [18]. However, reviewers were asked to assign
a severity score for the chest X-ray findings (from 0 to 3)
as normal, mild, moderate, or severe, not a numerical-
based scoring system like CX-SS.

© Pol J Radiol 2021; 86: e432-e439
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The Brixia score is an experimental CX-SS designed
for semiquantitative assessment of the severity and pro-
gression of pulmonary involvement in hospitalized pa-
tients with COVID-19. The preliminary validation study
found that the inter-observer agreement was good and
the CX-SS was a useful parameter for predicting mortality
in hospitalized patients with SARS-CoV-2 infection [15].
Similarly, this study demonstrated well the interobserver
agreement regarding the CX-SS score. During the early
months of the pandemic, studies used scoring systems cre-
ated in the pre-COVID-19 era [19,20] to assess chest radio-
graphs severity scores, such as severe acute respiratory in-
fection (SARI) [21] and Radiographic Assessment of Lung
Edema (RALE) [22]. A retrospective study [9] including
350 COVID-19 (+ve) cases assessed the initial plain chest
radiographs at the time of presentation and the follow-up
chest X-ray for the same patients using the RALE scoring
system [22]; it found a significant statistical correlation of
the maximum total severity score and time to maximum
score to the patient’s outcome (alive or dead) and concluded
that CX-SS are a good monitor of COVID-19 chest mani-
festations and that its scoring system provides an accurate
method to predict the disease severity.

Recently, other scoring systems were designed specifi-
cally for patients with confirmed COVID-19. Similar to the
Brixia score, Monaco et al., [23] subdivided each lung into
3 zones and gave each zone a score on a scale from 0 to 3;
however, the point assignment was based on the percent-
age of pulmonary involvement in each zone rather than the
type of opacity. They reported moderate to excellent inter-
observer agreement in the assessment of severity scores but
weak correlation with clinical parameters. CO X-RADS is
another system that was proposed by Bediar et al. [24] us-
ing chest radiographs to classify COVID-19 severity into
5 categories (0 to IV) according to the number and pres-
ence of different radiological signs attributed to COVID-19,
such as vascular shadowing, interstitial thickening, alveolar
opacities, consolidation, pleural effusion, and hilar enlarge-
ment. They concluded that CO X-RADS correlated well
with the clinical severity score of patients.

Our results showed a level of correlation between
CX-SS and CT-SS. The timing of the chest radiograph and
CT acquisition was close (maximum 24-hr interval) to ex-
clude any possibility of disease progression or regression
in between. To validate the efficacy of CX-SS, we used the
CT-SS proposed by Yang et al. in March 2020. The CT-SS
is an adaptation of a scoring system previously used dur-
ing the SARS epidemic in 2005 [24]. They found that
CT-SS is higher in severe and critical cases when com-
pared to mild and common cases, and a CT-SS thresh-
old of 19.5 could identify severe COVID-19. Similarly
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to our results, the inter-reader agreement between their
2 radiologists was excellent, and they concluded that
CT-SS provides a straightforward semi-quantitative meth-
od for assessing severity of COVID-19 in the initial chest
CT [12]. Compared to other semi-quantitative severity
scoring systems, such as chest CT severity score [25] and
total severity score [26], CT-SS has a higher accuracy of
assessing the pulmonary abnormalities because it depends
on processing of 20 pulmonary segments and not just the
5-lobe analysis used in the other systems. Nevertheless,
the number of regions that are required to be processed in
CT-SS by a radiologist may cause difficulties during evalu-
ation and longer time for interpretation [27].
Professional radiologic societies [28-30] do not rec-
ommend CT imaging as a general diagnostic imaging tool
for patients with COVID-19 due to concerns regarding
CT, including risks associated with patient transport, de-
contamination of CT scanners, and exposure of health-
care providers. The radiation burden is another concern
when using serial CT examination to assess the severity
of COVID-19. The approximate effective radiation dose
for chest X-ray is 0.1 mSv compared to computed tomog-
raphy (CT) of the chest at 7 mSv [31]; this gives a greater
advantage of the use of CX-SS over CT-SS in terms of
reducing the radiation exposure for COVID-19 patients.
This study has some limitations that should be ad-
dressed. The sample size was relatively small compared
to the current burden of COVID-19 because we excluded
patients who had chest X-ray and chest exams with a time
interval greater than 24 hours. The data were collected
retrospectively, comprising patients admitted to hospital,
which carries the selection bias of patients with more severe
disease. Lastly, some of the chest X-ray were taken in AP
projection as a portable study for critical patients, so the
quality of the chest X-ray was not uniform for all the cases.

Conclusions

The CX-SS (Brixia score) is a reliable tool to assess the
severity of pulmonary parenchymal disease in COVID-19
patients, particularly in moderate and severe cases, with
a tendency of overestimation of severe cases. It can ad-
equately replace the CT scoring system, especially in the
high peaks of pandemic, to reduce the burden on the CT
scanner and satisfy the need for rapid and efficient assess-
ment of the severity of COVID-19 with lower radiation
exposure compared to chest CT.

Conflict of interest

The authors report no conflict of interest.

© Pol J Radiol 2021; 86: e432-e439



IS chest X-ray severity scoring for COVID-19 pneumonia reliable?

References

10.

1

—

12.

13.

14.

15.

16.

17.

Zhu N, Zhang D, Wang W, et al. China Novel Coronavirus Investi-
gating and Research Team. A novel coronavirus from patients with
pneumonia in China, 2019. N Engl ] Med 2020; 382: 727-733.
World Health Organization. Coronavirus Disease 2019 (COV-
ID-19) weekly epidemiological report - Jan 5, 2021. Available from:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
situation-reports (Accessed: 07.01.2020).
Yang Q, Liu Q, Xu H, et al. Imaging of coronavirus disease 2019:
a Chinese expert consensus statement. Eur ] Radiol 2020; 127:
109008.
Shi XH, Jiang N, Cao Y, et al. Radiological findings from 81 patients
with COVID-19 pneumonia in Wuhan, China: a descriptive study.
Lancet Infect Dis 2020; 20: 425-434.
Hansell DM, Bankier AA, MacMahon H, et al. Fleischner Society:
glossary of terms for thoracic imaging. Radiology 2008; 246: 697-
722.
Bernheim A, Mei X, Huang M, et al. Chest CT findings in corona-
virus disease-19 (COVID-19): relationship to duration of infection.
Radiology 2020; 295: 200463.
Pan E Ye T, Sun P, et al. Time course of lung changes at chest CT dur-
ing recovery from coronavirus disease 2019 (COVID-19). Radiology
20205 295: 715-721.
Li Y, Xia L. Coronavirus disease 2019 (COVID-19): role of chest
CT in diagnosis and management. AJR Am ] Roentgenol 2020; 214:
1280-1286.
Yasin R, Gouda W. Chest X-ray findings monitoring COVID-19 dis-
ease course and severity. Egyptian Journal of Radiology and Nuclear
Medicine 2020; 51: 193.
Zhou E, Yu T, Du R, et al. Clinical course and risk factors for mortali-
ty of adult inpatients with COVID-19 in Wuhan, China: a retrospec-
tive cohort study. Lancet 2020; 395: 1054-1062.

. Chung M, Bernheim A, Mei X, et al. CT imaging features of 2019

novel coronavirus (2019-nCoV). Radiology 2020; 295: 202-207.
Yang R, Li X, Liu H, et al. Chest CT severity score: an imaging tool
for assessing severe COVID-19. Radiol Cardiothorac Imaging 2020;
2:€200047.

Wei J, Xu H, Xiong J, et al. 2019 Novel coronavirus (COVID-19)
pneumonia: serial computed tomography findings. Korean J Radiol
2020; 21: 501-504.

Smith DL, Grenier JP, Batte C, et al. A characteristic chest radio-
graphic pattern in the setting of COVID-19 pandemic. Radiol Car-
diothorac Imaging 2020; 2: €200280.

Borghesi A, Maroldi R. COVID-19 outbreak in Italy: experimental
chest X-ray scoring system for quantifying and monitoring disease
progression. Radiol Med 2020; 125: 509-513.

Clinical management of COVID-19. Interim guidance World Health
Organization; 2020. Chapter 3, page 13-14. Available from: http://
www.who.int/publications/i/item/clinical-management-of-covid-19
(Accessed: 13.08.2020).

IMATI District Clinician Manual. Hospital care for adolescents

and adults. Geneva: World Health Organization; 2020. Availa-

© Pol J Radiol 2021; 86: e432-e439

18.

19.

20.

2

—

22.

23.

24.

25.

26.

2

~

28.

29.

30.

3

—_

ble from: http://apps.who.int/iris/bitstream/handle/10665/77751/
9789241548290_Vol2_eng.pdf?sequence=3 (Accessed: 13.08.2020).
Stephanie S, Shum T, Cleveland H, et al. Determinants of chest X-ray
sensitivity for COVID-19: a multi-institutional study in the United
States. Radiol Cardiothorac Imaging 2020: 2: €200337.

Yoon SH, Lee KH, Kim JY, et al. Chest radiographic and CT findings
of the 2019 novel coronavirus disease (COVID-19): analysis of nine
patients treated in Korea. Korean ] Radiol 2020; 21: 494-500.

Wong HYE Lam HYS, Fong AH, et al. Frequency and distribution of
chest radiographic findings in patients positive for COVID-19. Radio-
logy 2020; 296: E72-E78.

. Taylor E, Haven K, Reed P, et al. A chest radiograph scoring system

in patients with severe acute respiratory infection: a validation study.
BMC Med Imaging 2015; 15: 61.

Warren MA, Zhao Z, Koyama T, et al. Severity scoring of lung oedema
on the chest radiograph is associated with clinical outcomes in ARDS.
Thorax 2018; 73: 840-846.

Monaco CG, Zaottini E, Schiaffino S, et al. Chest x-ray severity score
in COVID-19 patients on emergency department admission: a two-
centre study. Eur Radiol Exp 2020; 4: 68.

Chang YC, Yu CJ, Chang SC, et al. Pulmonary sequelae in convales-
cent patients after severe acute respiratory syndrome: evaluation with
thin-section CT. Radiology 2005; 236: 1067-1075.

Li K, Fang Y, Li W, et al. CT image visual quantitative evaluation and
clinical classification of coronavirus disease (COVID-19). Eur Radiol
20205 30: 4407-4416.

Li K, Wu ], Wu E et al. The clinical and chest CT features associated
with severe and critical COVID-19 pneumonia. Invest Radiol 2020;
55:327-331.

. Wasilewski PG, Mruk B, Mazur S, et al. COVID-19 severity scoring

systems in radiological imaging - a review. Pol ] Radiol 2020; 85:
€361-e368.

ACR recommendations for the use of chest radiography and comput-
ed tomography (CT) for suspected COVID-19 infection. American
College of Radiology 2020. Available from: https://www.acr.org/Ad-
vocacy-and-Economics/ ACR-Position-Statements/Recommenda-
tions-for-Chest-Radiography-and-CT-for-Suspected-COVID19-In-
fection.

Simpson S, Kay FU, Abbara S, et al. Radiological Society of North
America expert consensus statement on reporting chest CT findings
related to COVID-19: endorsed by the Society of Thoracic Radiology,
the American College of Radiology, and RSNA. Radiol Cardiothorac
Imaging 2020; 2: €200152.

Rubin GD, Ryerson CJ, Haramati LB, et al. The role of chest imaging
in patient management during the COVID-19 pandemic: a multina-
tional consensus statement from the Fleischner Society. Chest 2020;
158: 106-116.

. Radiation dose in X-ray and CT exams. Online article on Radiolo-

gylnfo.org. Available from: https://www.radiologyinfo.org/en/info.
cfm?pg=safety-xray) (Accessed: 02.01.2021).

e439



