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Introduction A large number of patients
with a suspicion of coronavirus disease 2019
(COVID-19) arrive at hospitals, in which limit-
ed isolation options are available, and often wait
along time to have a reverse transcription—poly-
merase chain reaction (RT-PCR) test performed.
This calls for the implementation of efficient tri-
age measures. A patient is admitted or not based
on their medical history, a simple physical exam-
ination, blood test results, and imaging findings.
Numerous reports have shown that chest com-
puted tomography (CT) has a high sensitivity in
the screening and diagnosis of COVID-19 pneu-
monia.' However, CT might be oversensitive, as
it does not detect features unique to the disease,
especially during its initial stage.? The routine or-
der of CT scans also results in the additional use
of personal protective equipment by the radiolo-
gy department staff and the risk of transmitting
the virus by clustering infected and noninfected
patients. Currently, the use of CT is not recom-
mended as a first-line test for the screening and
diagnosis of COVID-19 pneumonia.® Owing to
epidemiological conditions, portable chest radio-
graph use is a preferred approach. The American
College of Radiology suggests that this modality
may be considered to minimize the risk of cross-
-infection and CT should be used sparingly in hos-
pitalized patients, based on specific clinical indi-
cations.® The British Society of Thoracic Imaging
has also admitted that a combination of clinical,
laboratory, and portable chest X-ray (CXR) find-
ings could be used to triage patients with a suspi-
cion of COVID-19 in line with hospital admission
recommendations, and CT should be reserved for
more challenging scenarios.’

Methods Our retrospective analysis included
the medical records of 152 consecutive symptomatic
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patients infected with severe acute respirato-
ry syndrome coronavirus 2 (SARS-CoV-2) who
presented to the Gromkowski Regional Spe-
cialist Hospital in Wroctaw (Poland) between
March 6, 2020 and April 16, 2020 and had CXR
performed on the day of admission. All cases of
infection were confirmed with a RT-PCR test per-
formed on the same day.

The CXR results were analyzed by a radiolo-
gist and evaluated according to the chest radio-
graph scoring system proposed by Taylor et al.®
Portable chest X-ray findings were categorized
as: 1—normal; 2—patchy atelectasis and / or hy-
perinflation and/ or bronchial wall thickening;
3—focal consolidation in a single lobe; 4—mul-
tifocal and bilateral consolidations; and 5—dif-
fuse alveolar lesions.®

The examination report, in addition to the CXR
result, comprised the patient’s medical history,
symptoms and their duration, oxygen saturation,
laboratory test results: complete blood count, cap-
illary blood gas, and the levels of C-reactive pro-
tein (CRP), lactate dehydrogenase (LDH), alanine
aminotransferase, D-dimer, and ferritin. Disease
severity was evaluated according to the World
Health Organization definition (mild, moderate,
or severe, including critical disease).®

Neither ethics committee approval nor written
patient consent were required, as it was a retro-
spective study based on medical records.

Statistical analysis Nonparametric statistics was
used to compare categorical variables between the
study groups. To compare scores between 2 groups,
we used the Mann-Whitney test, and to compare
more than 2 groups, we used the Kruskal-Wallis
test with the Games—Howell post hoc test. The cor-
relation between scores and quantitative variables
was assessed using the Spearman rank correlation



TABLE 1 Baseline characteristics, symptoms, and laboratory test results of the study patients

Variable Value

Demographics

P value for the correlation between the variable and
the number of points in the CXR score

Age, y, mean (SD); range 56.6 (16.8); <0.001
19-96

Sex, n 73M,79F 0.14

Concomitant diseases

Any 83 (54.6) -

Cardiovascular diseases (including 66 (43.4) 0.04

hypertension)

Pulmonary diseases 14 (9.2) 0.13

Malignancy 19(12.5) 0.32

Obesity 22/83 (26.5) <0.001

Diabetes 19 (12.5) 0.06

Disease severity

Mild (1) 90 (59.2) <0.001 between groups 1-2 and 1-3; 0.7 between

Moderate (2) 42 (27.6) groups 2-3

Severe (3) 20(13.2)

Clinical symptoms

Fever 125/150 (83.3) 0.49

Cough 114/150 (76) 0.57

Dyspnea 79/151 (52.3) 0.001

Oxygen saturation <94% 47/152 (30.9) <0.001

Laboratory data

CRP >6 mg/l 111/143 (77.6) 0.02
>100 mg/| 34/143 (23.8) <0.001

Ferritin >291 ng/ml 20/28 (71.4) 0.007

D-dimer >500 ng/ml 50/69 (72.5) <0.001

Lymphopenia <1 x 103/ul 49/135 (36.3) 0.33

LDH >246 U/l 40/54 (44.6) <0.001

ALT >48 U/ 58/130 (44.6) 0.002

Outcomes

Hospitalization time, d, mean (SD); range  14.2 (9); 1-69 0.001

Death, n 16 <0.001

Data are presented as number (percentage) of patients unless otherwise indicated. Data are reported for a total of 152
study patients unless otherwise shown (values after the forward slash represent the number of patients in whom data

were available).

Abbreviations: ALT, alanine transaminase; CRP, C-reactive protein; CXR, chest X-ray; F, female; LDH, lactate

dehydrogenase; M, male

coefficient. A P value less than 0.05 was consid-
ered significant. Calculations were performed us-
ing the R software for Windows, version 4.0 (GNU
General Public License, Boston, Massachusetts,
United States).

Results A total of 77/152 of patients (50.7%)
who presented to the hospital had radio-
logically confirmed pneumonia: CXR score,
2-5 points (2 points—11 patients [7.2%];
3 points—21 [13.8%]; 4 points—38 [25%]; and 5
points—7 [4.6%]). The time between the onset of
symptoms and subsequent CXR ranged from 1 to
23 days (mean [SD], 6.5 [4.5]days). The mean dura-
tion of symptoms was 7.4 days in patients with in-
flammatory lesions and 5.8 days in those without

pneumonia (P <0.01). Pneumonia was more com-
mon in obese patients and those with cardiovascu-
lar diseases. No correlation was found for pulmo-
nary diseases, diabetes, and malignancy. A positive
correlation was found between age and pneumo-
nia, with morbidity increasing with age (P <0.001).
There was no relationship between sex and pneu-
monia. A significant difference was found between
disease severity and the presence of pneumonia,
duration of hospitalization, and mortality risk.
Another positive correlation was found between
dyspnea and pneumonia on CXR. No significant
differences were seen for age and fever as well as
age and dyspnea (P = 0.42). Cough was the most
common symptom observed in younger study
patients below 60 years of age (P = 0.01) (TABLE 1).
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A decreased blood saturation was observed
in 47/152 patients (30.9%); all abnormal results
were confirmed using a capillary blood gas test.
A total of 8/47 individuals (17%) had radiological-
ly confirmed pneumonia. A strong correlation was
present among decreased saturation, pneumonia,
and advanced age. Notable, diffuse inflammatory
lesions (grade 4 and 5) were found in 21/34 pa-
tients (61.8%) with CRP 2100 mg/1. The analysis
confirmed a strong correlation between the CRP
level and the presence and increased severity of
inflammation in the lungs. A similar correlation
was noted with respect to LDH, alanine amino-
transferase, D-dimer, and ferritin levels. No cor-
relation regarding the presence or lack of lym-
phopenia was found (TABLE 1).

Discussion Here, we evaluated the correlation
between CXR findings and the patient’s clinical
status, including laboratory test results. It was
the first study to prove the diagnostic usefulness
of CXR-based triage at the initial presentation of
patients with a suspicion of COVID-19. Our find-
ings indicated that the initial use of a portable ra-
diograph is a valuable supplementary test in diag-
nosing patients with COVID-19. The 5-point scale
for evaluating chest imaging provides reliable in-
formation on inflammation severity.

The analysis showed a correlation between the
severity of COVID-19-related pulmonary disease
and age. Due to the relatively small number of
study patients in particular age groups, we could
not determine the critical age at which the risk of
severe pulmonary disease increases considerably.
Such an analysis of 783 hospitalized patients was
conducted by the Italian authors.” They conclud-
ed that men aged 250 years and women aged 280
years are at the highest risk of developing severe
pulmonary disease.’

We also assessed the correlation between the
presence of pneumonia and selected compo-
nents of the clinical status and blood test results.
Such correlation was found between laboratory in-
flammatory markers and CT findings. In a group of
42 patients, Xiong et al® proved that clinical find-
ings and white blood cell count did not correlate
well with initial CT findings; CRP and LDH levels
as well as the erythrocyte sedimentation rate were
positively correlated with the extent and severity
of pneumonia assessed on initial CT.

So far, no reliable study results referring to
the presence and severity of inflammatory pul-
monary lesions on CXR with respect to disease
duration have been published. It is known that
initial CXR and CT may be normal in COVID-19.
The rates of unremarkable baseline imaging de-
pend on disease severity and the timing of imag-
ing performance.®'? Lung opacities may rapidly,
within 1 to 3 weeks after disease onset, evolve into
a diffuse coalescent or consolidative pattern. Ber-
nheim et al'’ assessed the CT scans of 121 symp-
tomatic patients and noted no lesions in 56% of
the patients presenting with early symptoms (0-2
days between symptom onset and initial CT),
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and the likelihood to report abnormal CT find-
ings increased with the time that elapsed from
symptom onset.'’ In our study, longer duration
of symptoms was correlated with a higher CXR
score. Due to group heterogeneity, we could not
indicate on which day after symptom onset pul-
monary lesions might be expected.

The analysis of 152 CXR images proved its use-
fulness in diagnosing pneumonia. A wide variety
of images showing overlapping chronic pulmonary
lesions or lack of features specific to SARS-CoV-2
infection means that diagnosing COVID-19-related
pulmonary disease relying solely on CXR poses
a high risk of making an error, especially in the very
early and very late stages of the disease. There is
no doubt that CXR is a less sensitive modality for
chest imaging than CT, particularly in patients with
amild disease course. According to the literature,
chest X-rays in COVID-19 pneumonia usually dem-
onstrate bilateral air-space opacification, which was
confirmed in our analysis. In turn, the most com-
mon features seen on CT, namely, ground glass
opacities, are more difficult to detect by CXR, es-
pecially at the early stage of the disease.’"'? For ex-
ample, in a study by Guan et al’ including 274 pa-
tients, lesions were notable in 59.1% of patients
(nonsevere, 54.2%; severe, 76.7%) on CXR, and in
86.2% (nonsevere, 84.4%; severe, 94.6%) on CT. In
turn, an Italian study showed an 89% sensitivity
and a 60.6% specificity of CXR."" The authors con-
cluded that using CXR alongside RT-PCR testing
to triage patients with a suspicion of SARS-CoV-2
infection is a chance to avoid potential false nega-
tive RT-PCR test results."

The British Society of Thoracic Imaging has
published a radiology decision-making tool for
suspected COVID-19, which initially recommend-
ed physicians to perform CXR not only in serious-
ly ill patients but also in stable individuals if imag-
ing is clinically required. Computed tomography is
recommended in seriously ill patients whose CXR
is unclear or normal. It is also useful in diagnos-
ing patients with pre-existing pulmonary diseas-
es and complications as well as in investigating
a discordant clinical presentation.' A similar ap-
proach can be found in the Polish diagnostic, ther-
apeutic, and organizational recommendations.'?

Conclusions In conclusion, the presence and se-
verity of inflammatory lesions evaluated by a sim-
ple 5-point CXR scale was significantly correlated
with patients’ age, clinical status, and blood test
results. A portable chest radiograph can be used
to evaluate the severity of the disease course and
prognosis. It should be regarded as an initial im-
aging modality in the treatment protocol for pa-
tients with a suspicion of COVID-19.
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