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Abstract

Background and objective: Coronavirus disease 2019 (COVID-19), a novel worldwide pandemic, is a highly infectious disease, causing
pathological lung changes that can result in severe pneumonia progressing to acute respiratory distress syndrome (ARDS). In Thailand, portable
chest x-ray (CXR) machines are the most commonly used modality for assessment and follow-up of lung abnormalities in COVID-19 positive
patients. This study aimed to describe CXR findings and temporal lung changes in COVID-19 patients.

Methods: A retrospective, descriptive study of patients with positive reverse transcription polymerase chain reaction (RT-PCR) tests for
COVID-19 who were admitted from July 1 to August 31, 2021. Patients’ demographics and CXR findings were reviewed. The lung finding scores
were summed to produce a total severity score (TSS).

Results: A total of 487 patients were included in the study: male 48.3% and female 51.7%. The ages of the patients ranged from three
months to 89 years with a mean of 36.22 + 16.57 years. A total of 1,764 chest x-rays were obtained of the 487 patients. Three hundred and
thirty-five baseline CXRs and the serial CXRs of 92 patients with abnormalities were analyzed to examine temporal lung changes. The most
common findings from CXRs were peripheral ground-glass opacities (GGO) affecting the lower lung zones. In the course of illness, the GGOs
progressed into consolidations affecting the middle and lower lung lobes at around 1-9 days, peaking at day 1-4 after the initial CXR (GGOs 48%,
consolidations 44%). The consolidations regressed and reticulations were developed after day 10" from the initial CXR, indicating a healing phase.
Conclusion: Chest x-rays are good for assessing and monitoring patients with COVID-19 pneumonia; the CXR scoring system provided a good
method to predict disease severity.
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Introduction

An outbreak of severe cases of pneumonia from
an unidentified origin emerged in Wuhan, China on
December 31, 2019." The illness rapidly spread in China
and many other countries. In January 2020, the World
Health Organization (WHO) declared it a pandemic.”
Coronavirus disease 2019 (COVID-19) emerged as an
unprecedented health care and economic crisis. It is a
highly infectious disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).> At the
time of writing (September 2021), there are more than
224 million confirmed COVID-19 cases and nearly 4.7
million deaths in over 200 countries around the world.*
Since then, the number of cases is increasing day by day
with no specific treatment.

In Thailand, the earliest case was reported in
January 2020. COVID-19 has infected over 1.36 million
patients in the country and continues to grow rapidly.
COVID-19 infection caused by the novel coronavirus SARS-
CoV-2 has been confirmed in many countries by real-time
reverse transcription polymerase chain reaction (RT-PCR)
tests on nasopharyngeal and throat swabs, with a positive
rate of 30-70%.” Transmission by droplet and contaminated
surfaces are believed to be the main modes of spread for
SARS-CoV-2. The average incubation period is 14 days.
Symptoms of the infection are variable and nonspecific.
50% of patients have no obvious symptoms. Commonly,
patients present with fever, dry cough, fatigue, loss of
smell, and loss of taste.®

Respiratory system involvement is common in
COVID-19; that’s why chest imaging plays a vital role in
the diagnosis, risk stratification, and management of the
patient. Several studies show that chest imaging can also
be used in the diagnosis of COVID-19 as it helps to gauge
the outcome for a patient by using some severity scoring
methods.®® Chest imaging is being routinely done in the
form of a CXR and CT scan. Chest CT scans were found
to be more sensitive than RT-PCR tests in confirming the
diagnosis of COVID-19, reaching 98%." Chest x-rays were
found to have limited value in the initial diagnosis of
COVID-19 with a sensitivity of about 69%.° Although
chest-CT is more sensitive and specific than CXR,
interpreting CXRs has always been a routine practice for
clinicians to rule out other causes of respiratory disease.
The lack of CT scans and radiologists, especially in
developing countries such as Thailand, makes CXRs a great
substitute for diagnosing and determining the severity and
progression of lung abnormalities in COVID-19 patients,
also taking into account that CXRs can be performed with
portable equipment in isolation rooms. Such an option

also minimizes potential contact between patients and
operators. The American College of Radiology notes that
CT decontamination required after scanning patients with
COVID-19 may disrupt radiological service availability and
suggests that portable CXRs may be considered to
minimize the risk of cross-infection.? However, images from
portable machines are of poorer quality than those from
a dedicated radiography facility, therefore can be more
difficult to interpret.

Patients with COVID-19 had typical radiological
findings from chest imaging including multifocal and
bilateral ground-glass opacities and consolidations with
peripheral and basal predominance. Septal thickening,
bronchiectasis, pleural effusion, lymphadenopathy, and
cavitation were less commonly seen.*”’

Information on CXR findings in patients with
COVID-19 pneumonia is still limited in the literature and
the majority of reports describe lung changes in chest CT
scans.” For a better assessment of the findings on
COVID-19 from portable CXR machines, this study aims
to report CXR findings and describe temporal radiographic
changes in patients with confirmed COVID-19 throughout
the disease course. It is hoped that this study will enhance
radiologists’ and clinicians’ understanding of CXR findings
in COVID-19.

Materials and Methods

Study design

This is a retrospective descriptive study of laboratory
confirmed COVID-19 patients who were admitted to the
isolation wards of Thabo Crown Prince Hospital from July
1 to August 31, 2021. COVID-19 infection was confirmed
by RT-PCR testing on nasopharyngeal swabs. Portable
CXRs were performed at admission and followed up in
all patients. All CXRs of COVID-19-confirmed patients were
included in this study. A case record form was used to
extract data from electronic medical records. Data
collected included demographic characteristics, RT-PCR,
and chest radiographic findings. The study was approved
by the Institutional Ethical Committee. Written consent
was waived by the ethics committee.

Image acquisition and analyses

All the chest x-rays were obtained as digital
radiographs in the posteroanterior or anteroposterior
projection using portable x-ray units in the isolation wards
following the usual local protocols. Twenty-four of the
initial CXRs were anteroposterior (24 of 487; 5%) and the
rest were posteroanterior. One hundred and seventy-nine
of the follow-up CXRs were anteroposterior (179 of 1,277,
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14%), and the rest were posteroanterior. The CXRs were
analyzed by one radiologist. The radiographic features
were diagnosed according to the Fleischner Society
glossary.” Ground glass opacity (GGO) was defined as an
increase in opacification of the lung which does not
obscure the blood vessels and airways. Consolidation was
defined as a homogenous opacification that obscures the
blood vessels and airway walls. Reticulation was defined
as a collection of innumerable small opacities in a linear
pattern. The presence of nodular opacity and pleural
effusion were also recorded.

The distribution of lung lesions was categorized
into: 1) right lung, left lung, or bilateral; 2) peripheral
predominant, perihilar predominant, or diffuse. Demarcation
was defined as half way between the lateral edge of the
lung and the hilum; 3) zonal distribution: upper zone,
middle zone, or lower zone. A severity score was
determined for each lung using the Radiographic
Assessment of Lung Edema (RALE) score proposed by
Warren et al." The score was determined by the involvement
of each lung by consolidations or GGOs from 0 to 4
(0 = noinvolvement; 1 = < 25%; 2 = 25-50%; 3 = 50-75%;
4 = > 75% involvement). The scores for each lung were
summed to produce the final severity score. Baseline and
serial CXRs were reviewed and compared to determine if
there were progression, stability, or improvement of lung
changes over the time course of the illness. The series of
follow-up CXRs were categorized according to the time
of the initial CXR; CXR performed at baseline (initial CXR),
1-4 days, 5-9 days, 10-14 days, and over 15 days from the
initial CXR (day 0).

Data analysis

Quantitative variables, such as age, were presented
as mean along with the age range. Qualitative variables
including gender and clinical outcomes were presented
as frequency and percentages. The outcome variable,
portable CXR findings, were presented as frequency and
percentages. The data were tabulated and results were
analyzed by using SPSS 24 software.

Results

Patients’ characteristics

A total of 487 confirmed COVID-19 patients (by
RT-PCR from nasopharyngeal swabs) were admitted to
the hospital during the study period. There were 235
(48.3%) males and 252 (51.7%) females. Age of the
patients ranged from 3 months to 89 years old with mean
age was 36.22 + 16.57 years. Table 1 shows patients'
demographic characteristics and clinical outcomes.

Chest x-ray features

A total of 1,764 CXR were performed for 487
patients; 487 CXR at baseline and 1,277 CXR as follow-up.
Baseline CXR were performed for all patients at the day
of admission. Baseline CXR was normal in 416 patients
(85.4%), while 43 patients (8.8%) and 28 patients (5.8%)
had abnormal baseline CXR and indeterminate CXR,
respectively. During follow-up CXR studies, 40 patients
(8.2%) of the normal baseline CXR, as well as all patients
(9; 1.8%) in the indeterminate group, showed CXR
abnormalities. So CXR abnormalities were detected in 92
of 487 patients (18.9%) at certain points of the disease
course (Table 2). Three hundred and ninety-five in 487
patients who tested positive for COVID-19 had negative
CXR throughout their admission.

At baseline CXR (Table 3), ground-glass opacities
(GGO) were the most common findings (35 of 43; 81.4%),
followed by consolidations (8 of 43; 18.6%). Peripheral
distribution (39 of 43; 90.7%), lower zone distribution
(24 of 43; 55.8%) and bilateral involvement (24 of 43;
55.8%) were more common in locations and distributions.
38 patients (88.4%) had mild radiographic findings with
total severity score of 1-2. More extensive involvement
was observed in 4 (9.3%) and 1 (2.3%) patients, who had
severity scores of 3-4 and 7, respectively.

Baseline CXR and serial CXR of 92 patients with
abnormalities at certain points of the disease course (335
CXR; baseline CXR = 92 and serial CXR = 243) were
performed and analyzed to see the course of the disease
and temporal lung change. The baseline (initial) CXR at
admission was recorded as day 0, the frequency of findings
was as follow; GGO = 35/92 (38%), consolidations = 8/92
(8.7%), normal 40/92 (43.5%) and indeterminate 9/92
(9.8%). On serial follow-up CXR, GGO remained the most
common lung abnormality pattern. At day 1-4 day from
initial CXR, the frequency of the GGO was 41/86 (48%)
and consolidations was 38/86 (44%). Two (2%) CXR were
coarse reticulations and 5 (6%) CXR were normal. One
patient with normal initial CXR (day 0), developed
peribronchovascular consolidation in the right lower lung
zone (right perihilar region/retrocardiac region) at day 4.
One patient developed minimal right pleural effusion.
The highest total chest radiography severity score (TSS)
recorded was 8 at day 4.

At day 5-9, the frequency of CXR with GGO and
consolidations decreased to 16/79 (20.3%) and 19/79
(24.1%), respectively. There was an increase in the
number of mixed patterns; GGO/nodular and consolidations/
reticulations (31/79; 39.2%) and reticulations in 6/79: 7.6%.
The rest of CXR (7/79; 8.8%) were normal. The highest
TSS recorded was 8 at day 5-7.

At day 10-14, the GGO and consolidations regressed
(4/48; 8.3% and 5/48; 10.5%, respectively) but increased
frequency of mixed pattern of nodular opacities, GGO,
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and reticulations (24/48; 50%). Reticulations and normal
CXR were also increased in frequencies in this phase
comprising 6/48; 12.5% and 9/48; 18.8% of the CXR,
respectively. The highest TSS recorded was 6.

After day 15, the number of consolidations was
3/30; 10%. The GGO and the mixed pattern regressed
(2/30; 6.7% and 5/30; 16.6%, respectively). There was
increase in the number and frequency of the reticulations
(12/30; 40%). The normal CXR was 8/30; 26.7% in this
group. The highest TSS recorded was 4. Figure 1 shows
the distribution of CXR findings at different time intervals
from initial CXR.

The spatial distribution of the radiographic lung
changes was changed throughout the course of the
disease during admission. Earlier in the disease (baseline/
initial CXR), the lung abnormalities were seen predominantly
in the periphery of the lungs, 39/92 (42.4%). Bilateral
involvement was seen in 24/92 (26.1%). Unilateral
involvement was seen in 8/92 (8.7%) on the right and
11/92 (12%) on the left. The lower zones were more
frequently involved (21.7% right and 26.1% left).

At day 1-4 from initial CXR, the lung abnormalities
extended from the periphery to the central giving much
increase a diffuse pattern, from 2.2% (baseline CXR) to
46.7%. Bilateral involvement and lower zones involvement
were noted in the majority of CXR. The numbers and
percentage of the lower zones involvement and bilateral
involvement were much increased (63.2% right lower
zone, 74.6% left lower zone, and 50.4% bilateral).
The middle zones were more frequently involved (12%
to 58.8% right and 10.9% to 50.5% left). There was
slightly increase in the frequency of right and left upper
zone involvement (1.1% to 3.4% right and 1.1% to 2.8%
left).

At day 5-9 from initial CXR, involvement of lower
zones was predominant (60.7% right and 70.1% left).
There was slightly increase in the frequency of right and
left middle zones involvement (58.8% to 59.4% right and
50.5% to 57.1% left). Bilateral involvement and diffuse
pattern were most common in this stage (66.6% and
50.4%). Increase frequency of right and left upper zone
involvement was seen, from 3.6% to 5.4% and 2.8% to
7.2%, respectively.

At day 10-14 from initial CXR, bilateral lower zones
were predominant (57.7% at the right and 60.4% at the
left), reflecting slowly to recover. The frequency of right
middle zone and left middle zone were 49.9% and 47.3%,
respectively. Diffuse patterns were still predominant,
48.6%. A decrease in frequency of right and left upper
zone involvement was seen; from 5.6% to 2.1% and 7.2%
to 1.1%, respectively.

After 15 days from initial CXR, bilateral middle
zones, bilateral lower zones, and isolated left lung disease
were the last to recover (48.8% right middle, 51.3% right

lower, 52.4% left middle, and 56.6% left lower).
Complete resolution of perihilar lesion, isolated right lung
disease, and bilateral upper zones involvement was seen.
Bilateral upper zones were the least to be involved
throughout the course of the illness. Few patients had
exclusive involvement of central/perihilar region of the
lung with complete resolution. The frequency of normal
CXR decreased from 43.5% at initial CXR to 6% at 1-4 days
and 8.8% at 5-9 days, then increased to 18.8% at 10-14
days and 26.7% after 15 days as patients showed recovery.
The specific frequencies of the spatial distribution of the
temporal lung changes are in Figure 2.

The details of disease course and temporal lung
changes throughout the study period in 92 patients who
had radiographic abnormalities on CXR are as described,;
Three patients of indeterminate group progressed rapidly
over an average period of 4 days seen as GGO and
consolidations with increase TSS from 1-2 (day 1 from
initial CXR) to 6-7 (day 3) and 8 (day 4). These patients
showed gradual improvement from day 10-14 with
regression of consolidations into GGO as well as development
of some reticulations, which remained stable until day
14-18 (the end of the study) Figure 3.

Three patients of indeterminate group developed
moderate findings on day 4 (TSS = 3-4), which showed
partial improvement on serial follow-up CXR in day 5-8
(TTS = 1-2). Two patients of indeterminate group developed
mild findings on day 2 (TSS = 2-3), which showed partial
improvement on serial follow-up CXR in day 4-6 (TTS = 1-2).
Two patients of indeterminate group developed moderate
findings on day 4 (TSS = 3), which showed complete
resolution on serial follow-up CXR in day 6-8. Four patients
of indeterminate group developed moderate findings on
day 3-4 (TSS = 4), which showed partial improvement on
serial follow-up CXR in day 5 (TTS = 3). Two patients of
indeterminate group developed mild findings (TTS = 2)
with complete resolution in day 3-4. Three patients of
indeterminate group developed mild findings (TTS = 1-2),
which showed gradual improvement on serial follow-up
CXR in day 5-8. At the end of the study, complete
resolution was seen in 30 out of 92 patients who had
initially mild disease (TTS = 1-2); 4 patients seen complete
resolution at day 3-4, 12 patients in day 5-9, 8 patients in
day 10-14 and 6 patients seen complete resolution over
day 15.

Four patients who had initial chest radiography
severity score = 4 with GGO showed developed
consolidations in serial follow-up CXR day 1-4 with same
chest radiography severity score then developed
reticulations and GGO in day 6-8 (TTS decrease from 4 to
2). Four patients who had initial TSS = 2 with consolidations
showed decrease in consolidation but developed
reticulations on day 2-5 as well as residual reticulations
on day 6-10 (TTS, decrease from 2 to 1). Three patients
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who had initially severe disease with diffusely bilateral
GGO and consolidations (TTS = 7-8) showed gradual
improvement on serial follow up CXR day 6-8 with
regressed consolidations and increase reticulations (TSS
at day 6-8 and day 12; last film = 3-4). Three patients who
had initially severe disease with diffusely bilateral
consolidations (TTS = 7-8) showed gradual improvement
on serial follow-up CXR day 6 with regressed consolidations
and increase reticulations and GGO (TSS at day 6 and day
11; last film = 4). Five patients who had initially mild
disease (GGO, TSS = 1-2) progressed to consolidations in
day 4-8 (highest TSS = 5-8) then regressed as GGO and
reticulations in day 10-14 (TSS = 2-3). Figure 4.

Five patients who had initially mild disease (GGO,
TSS = 2) developed reticulations in day 5-8 with stable
TSS. Four patients who had initially mild disease (small
GGO and normal baseline CXR) showed radiological
worsening on serial CXR day 1-4 and day 5-9 (the highest
TSS were 6-8) then gradual improvement in day 10-14
(the highest TSS were 4-6) and interval static after day 14
until the end of the study. Three patients who had
initially mild disease (bilateral peripheral GGO at middle
and lower lung zones, TSS = 2-3) progressed to
consolidations on day 2-4 (TSS = 4) then worsening on
the daily serial CXR, the highest TSS = 6-8 at day 5-9.
The abnormalities regressed as GGO, reticulations, and
decrease lung volume on day 10 (TSS = 3). These findings
were interval static in day 10-14. Four patients who had
initial TTS = 3-4 with consolidations and GGO showed
developed reticulations and GGO in day 2 serial CXR with
same chest radiography severity score, 2 patients had
gradual improvement on day 6 serial CXR (TSS = 2),
1 patient had gradual improvement on day 7 serial CXR
(TSS = 2) and 1 patient had stable CXR until day 5 (last
film). Four patients with normal baseline CXR developed
abnormality on serial CXR, as follows; 2 patients
developed GGO on day 2 (TSS = 2), progressed to
consolidations on day 4 (TSS = 3) and developed reticu-
lations on day 10 (TSS = 2), 2 patients developed GGO in
day 8 serial CXR (TSS = 3-4) then regressed to reticulations
in day 10-14 without complete resolution. Four patients
with normal baseline CXR developed reticulations and a
few tiny nodular opacities at peripheral middle and
lower lung zones (TSS = 2-4) on day 6-10 CXR. There were
24 out of 92 patients who showed complete resolution
of CXR abnormalities at over day 10 from initial CXR, which
could be the absorption phase. The highest TSS recorded
was 8 (the maximum possible score = 8). Peak severity
score was reached at day 4-8 from initial CXR, representing
the peak phase at which median TSS was 4.

Table 1 Patients’ demographics, characteristics, and
clinical outcomes (n = 487)

Characteristics Number (%)

Sex
Male 235 (48.3)
Female 252 (51.7)
Age (years), mean + SD 36.22 + 16.57

Clinical outcome at the end of the study

Discharge 431 (88.5)
In admission 53 (10.9)
Died 3(0.6)

Table 2 Distributions of baseline chest x-ray (n = 487)

Characteristic Number (%)

Normal baseline CXR 416 (85.4)

Abnormal baseline CXR 43 (8.8)

Indeterminate baseline CXR 28 (5.8)

Patients with normal baseline CXR later 40 (8.2)
becoming abnormal

Patients with indeterminate baseline 9(1.8)

CXR later becoming abnormal

Table 3 Radiographic findings and distribution on baseline
chest x-ray in 43 patients

Parameter Number (%)

Type of parenchymal opacity at CXR

Ground-glass opacity 35 (81.4)
Consolidation 8(18.6)
Distribution at CXR
Peripheral predominant 39 (90.7)
Perihilar predominant 2(4.7)
Diffuse 2(4.7)
Right lung 8(18.6)
Left lung 11 (25.6)
Bilateral lungs 24 (55.8)
Lobar involvement
Right upper lung zone 1(2.3)
Right middle lung zone 11 (25.6)
Right lower lung zone 20 (46.5)
Left upper lung zone 1(2.3)
Left middle lung zone 10 (23.3)
Left lower lung zone 24 (55.8)
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Discussion

In this pandemic, an accurate radiological approach
is necessary for a more rapid classification of COVID-19
patients.”"
but they still play a major role in developing countries
that lack more sophisticated modalities.” Moreover, CXR
machines can be brought to the patient's bedside,
minimizing the risk of cross-infection."'® Based on the

CXRs may not be as sensitive as CT scans,

risks of misdiagnosis and viral transmission, the American
College of Radiology (ACR) recommends that CT should
not be used as a screening tool or as a first-line test to
diagnose COVID-19. Instead, CT should be reserved for
hospitalized, symptomatic patients with specific clinical
indications.® Although CXRs have a low sensitivity to
early-stage COVID-19, they can be used for monitoring the
advancement and preceding stages of COVID-19,
especially in critical care."”""** To provide valuable
help for physicians and improve the stratification of the
disease risk, the CXR scoring system was tailored to
provide a semi-quantitative tool for assessment of lung
abnormalities.”

In this study, every patient had at least one
portable CXR done during their admission period.
Pulmonary CT angiography (CTA) was performed on two
patients with suspected pulmonary embolism. However,
there was no definite evidence of pulmonary embolism
in either patient. CXR abnormalities were detected in 92
of 487 patients (18.9%) proven to have COVID-19. The
CXR abnormalities were analyzed for a course of the
disease and temporal lung changes throughout their
admission. The most common CXR findings in this study
were GGO, followed by consolidations. These findings had
peripheral distribution with bilateral lung involvement.
There was lower lobes predilection of the opacities with
the left lower lobe more common than the right lower
lobe. These findings are in consensus with previous
studies on CXR and CT scans.'®* The diffuse consolidations,
as well as bilateral middle and lower zones involvements,
progressed in one week after the initial CXR (day 1-8), and
peaked at day 1-4 after the initial CXR. Consolidations
were both new lesions and transformations from GGO.
The TSS changed over time, reaching a peak at day 4-8
from the initial CXR. One patient showed peribronchovascular
consolidation, which is not common in reports of
COVID-19 pneumonia.”* One patient had pleural effusion
during this phase, which is not a common finding in chest
imaging.”” Phases of improvement of the CXR findings
were seen in decreasing in size and extension of GGO/
consolidations, the regression of consolidation into GGO,
and reticulations which were seen over day 9 from the
initial CXR. The bilateral middle zones, bilateral lower

zones, and isolated left lung disease were the last to
recover.

The peak and the absorption (improvement)
phases in this study were seen to be earlier than the
previous studies in 2020 (peak phase range at days 5-15
and absorption phase range at days 10-17)."*'"?
Twenty-eight patients in the determinate group received
a repeat CXR on the next day. One article mentioned
features indistinguishable between equivocal/ unsure/
indeterminate for COVID-19 pneumonia and other cause
(e.g., pseudolesion), required clinical correlation and
short-interval follow up CXR”

The major strength of this study was the evaluation
of serial CXRs to examine the temporal radiographic
changes. This study had several limitations. First, it was a
retrospective study in which the recorded data included
demographic characteristics and clinical presentations
using the data from inpatient-outpatient medical records,
and a database from the HOSxP program may be incomplete
and inaccurate. Second, the lack of comparison between
the scoring systems and patients’ clinical condition (such
as onset of symptoms, comorbidities, treatment). Third,
the interval between the CXRs obtained was not uniform
in all patients which may have led to undiagnosed
abnormalities. Fourth, not all the patients could be
followed till the final outcome or lack of long-term
outcome. Fifth, for some severe cases, the portable CXR
(especially anteroposterior CXR) was suboptimal viewing,
causing limited evaluation.

100% 2%
9%
90%
80%
44%
70%
60%
24%

Day 0 (n=92)

10%
1%

Day 1-4 (1=86)  Day5-9(n=79)  Day 10-14 (n=48)  Day =15 (n=30)

®Normal ®indeterminate ®GGO m Consolidation M Mixed M Reticulation

Figure 1 Temporal change of CXR findings. The Stacked-bar
graph showed the distribution of the lung findings on CXR
at various time points from initial CXR. GGO was the most
frequent abnormality on initial CXR, consolidation
increased in frequency till the first week then regressed
on subsequent CXR. Mixed pattern of GGO and nodular
consolidation and reticulations were gradually progressed
in the second week. Normal CXR increased in frequency
with time as patients showed radiological and clinical
improvement. GGO = ground-glass opacity.
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Figure 2 The spatial distribution of the lung changes at
various time intervals from symptom onset.

A. Horizontal distribution. The lung changes were
more frequently seen in a peripheral distribution on
baseline/initial CXR, then developed to diffuse pattern
on serial CXR.

B. Distribution according to side. Bilateral distribution
of the lung changes was more common than unilateral
involvement on both baseline/initial CXR and serial CXR.

C. Zonal distribution. Bilateral lower zones
remained the most frequently involved over time, the

upper zones were the least to be involved.

Figure 3 Series CXR in a 72 -year-old woman with positive

COVID-19 virus.

(A) An initial CXR showed subtle poorly defined opac-
ities at left lower lung zone, indistinguishable between early/
mild COVID-19 pneumonia or pseudolesion.

(B) CXR obtained on day 1 showed peripheral GGO and
consolidations at left middle and lower lung zones (TSS = 2, left
2 and right 0)

(C) CXR obtained on day 3 showed diffuse consolidations
extended to all lung zones except for perihilar regions
(TSS = 6, right 3 and left 3)

(D) CXR obtained on day 4 showed peaking of the
findings with extensive diffuse patchy and nodular consolidations
bilaterally (TSS = 8, right 4 and left 4).

(E) CXR obtained on day 11 showed decrease in degree
of lung involvement with reduction of overall TSS. There was
regression of consolidations into GGO as well as development
of reticulations at middle and lower zones, bilaterally
(TSS = 5, right 3 and left 2).

Figure 4 Series CXR in a 68-year-old man with positive

COVID-19 virus.

(A) An initial CXR showed small peripheral left lower
zonal GGO with TSS = 1.

(B) CXR obtained on day 3 showed increase in peripheral
GGO at bilateral lower and middle zones (TSS = 4, right 2 and
left 2).

(C) CXR obtained on day 7 showed peaking of the
findings with diffuse patchy consolidations mixed with GGO at
both lungs (TSS = 7, right 4 and left 3).

(D) CXR obtained on day 10 showed regression of
consolidations into GGO and development of reticulations at
both lungs (TSS = 6, right 3 and left 3).

(E) CXR obtained on day 14 showed complete resolu-
tion of GGO with residual reticulations at left middle and
lower zones (TSS = 2, right 0 and left 2).
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Conclusions

About 18.9% of patients with confirmed COVID-19
had abnormal CXR findings. The most common findings
on CXR were GGOs in a peripheral distribution with
bilateral lower lobe predilection. The radiographic findings
peaked at day 4-8 from the initial CXR, reaching the
highest severity score and improved after day 9 from the
initial CXR. The Radiographic Assessment of Lung Edema
(RALE) score was used in this study with the addition of
the bilateral middle zone involvement of COVID-19 as
opposed to lower zone involvement alone. As mentioned
previously, portable CXR was the most readily available
and feasible investigation in our setups. This study showed
that CXRs from a portable machine were good for
assessing and monitoring patients with COVID-19
pneumonia and its scoring system provided a good
method to predict the disease severity. Therefore,
radiologists and clinicians can all benefit from this study.
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