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Abstract

Objective: To analyze computed tomography (CT) features of symptomatic patients with coro-
navirus disease 2019 (COVID-19).

Methods: Ninety-five symptomatic patients with COVID-19 confirmed by reverse-transcription
polymerase chain reaction from | May to 14 July 2020 were retrospectively enrolled. Follow-up
CT findings and their distributions were analyzed and compared from symptom onset to late-
stage disease.

Results: Among all patients, 15.8% had unilateral lung disease and 84.2% had bilateral disease
with slight right lower lobe predilection (47.4%). Regarding lesion density, 49.4% of patients had
pure ground glass opacity (GGO) and 50.5% had GGO with consolidation. Typical early-stage
patterns were bilateral lesions in 73.6% of patients, diffuse lesions (41.0%), and GGO (65.2%).
Pleural effusion occurred in 13.6% and mediastinal lymphadenopathy in 11.5%. During
intermediate-stage disease, 47.4% of patients showed GGO as the disease progressed; however,
consolidation was the predominant finding (52.6%).

Conclusion: COVID-19 pneumonia manifested on lung CT scans with bilateral, peripheral, and
right lower lobe predominance and was characterized by diffuse bilateral GGO progressing to or
coexisting with consolidation within | to 3 weeks. The most frequent CT lesion in the early,
intermediate, and late phases was GGO. Consolidation appeared in the intermediate phase and
gradually increased, ending with reticular and lung fibrosis-like patterns.
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Introduction

An outbreak of pneumonia of unknown eti-
ology occurred in Wuhan, China in
December 2019. A prompt investigation
revealed that a novel coronavirus was
responsible. The World Health
Organization  christened  the  disease
“coronavirus disease 2019 (COVID-19)”
and declared it a pandemic on 11 March
2020. The disease spread rapidly across
most countries worldwide during the follow-
ing weeks, causing a global health emergen-
cy.> As of March 2021, the total number of
cases globally has exceeded 118,616,666 with
more than 2,630,755 deaths. In Saudi Arabia,
the total number of cases has exceeded
381,708 with more than 6556 deaths.

COVID-19 pneumonia is characterized
by rapid spread, a wide epidemic range,
and major respiratory dysfunction. After
the initial outbreak, global attention was
soon focused on the situation because of
the increasing number of new cases and
the high mortality rate.’® The causative
virus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has been
shown to infect human respiratory epitheli-
al cells through an interaction between the
viral S protein and the angiotensin-
converting enzyme 2 receptor on human
cells; thus, SARS-CoV-2 possesses a
strong capability to infect humans.*

The clinical features of the initial 41
patients confirmed to be infected with
SARS-CoV-2 included lower respiratory
tract illness associated with fever, dry
cough, and dyspnea.’ These manifestations

are similar to those of other diseases caused
by coronaviruses, such as severe acute respi-
ratory syndrome and Middle East respira-
tory syndrome.®’

Chest computed tomography (CT) has
proven to be a useful adjuvant to reverse-
transcription polymerase chain reaction
and has shown a high sensitivity for the
diagnosis of COVID-19. Apart from
being a diagnostic tool, CT can be a
powerful prognostic tool by facilitating
both evaluation of the disease progression
and monitoring of the response to
therapy.®®

The imaging features of COVID-19
pneumonia are diverse, ranging from a
normal appearance to diffuse changes in
the lungs. Different radiological patterns
are observed at different times throughout
the disease course.' However, few studies
have focused on the dynamic changes of
chest CT images. The COVID-19
Reporting and Data System (CO-RADS),
which is a categorical assessment scheme
for chest CT findings in patients suspected
to have COVID-19, was developed to stan-
dardize the level of suspicion for pulmonary
involvement; the substantial agreement
among observers and its discriminatory
value make it well-suited for use in clinical
practice.'"'? Among the initial patients
with COVID-19 pneumonia, the time from
symptom onset to the development of acute
respiratory distress syndrome was as short
as 9 days.’

We conducted the present study to ana-
lyze the chest CT imaging features and
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dynamic changes in 95 symptomatic
patients with COVID-19 pneumonia and
to compare the imaging features across
the disease course from symptom onset to
the late stage of the discase.

Materials and methods

This descriptive retrospective study was
conducted in our radiology department
and approved by the institutional review
board of Dallah Hospital, Riyadh, Saudi
Arabia. The requirement for informed
patient consent was waived by the ethics
committee because of the retrospective
nature of the study.

This study included 95 symptomatic
patients with confirmed COVID-19 who
were admitted to our hospital and under-
went serial CT studies from 1 May to 14
July 2020. In all patients, COVID-19 was
confirmed by next-generation sequencing
or real-time reverse-transcription polymer-
ase chain reaction. The patients’ clinical
manifestations were recorded at the time
of imaging.

Based on the time interval from symp-
tom onset to the CT scan, we collected the
CT findings during the early stage (scans
performed <1 week after symptom onset),
intermediate stage (>1 to 2 weeks), and late
stage of the disease (>2 to 3 weeks).

Chest CT

All CT scans were performed with patients
in the supine position using a LightSpeed™
7.X CT scanner (GE Healthcare, Chicago,
IL, USA). The gantry position rotation
period was 0.4 s, with an X-ray tube voltage
of 140 kV and a current of 230 to 350 mA.
Craniocaudal image acquisition of the
entire thorax was carried out with a colli-
mation of 1.25 mm (pitch of 6.0), and the
images were reconstructed with a slice
thickness of 1 to 5 mm or 1 mm and an
interval of 1 to 5 mm or 1 mm, respectively.

The mean scan time was 2.30 s. The CT
images were evaluated with both lung
(width, 1500 Hounsfield units [HU]; level,
—600 HU) and mediastinal (width, 400 HU;
level, 40 HU) window settings. The recon-
structed images were transmitted to a work-
station and a picture archiving and
communication system for multiplanar
reconstruction post-processing. The
detailed CT imaging findings and their dis-
tribution were retrospectively analyzed
using a picture archiving and communica-
tion system (Sectra, Linkoping, Sweden),
compared across the three groups, and
recorded.

CT signs were categorized as follows
before reviewing the cases:

e Distribution: unilateral/bilateral, lobu-
lar, subpleural distribution, or diffuse

e Number of lesions: single, multiple, or
diffuse

e Density: ground glass opacity (GGO) or
consolidation

Accompanying CT signs included the
parallel pleura sign, vascular thickening,
crazy paving pattern, subpleural bands,
lymphadenopathy, air bronchograms, halo
sign, reversed halo sign, cavities, micronod-
ules, a tree-in-bud appearance, and pleural
effusion based on the Fleischner Society
glossary of terms for thoracic imaging.'
Follow-up chest CT scans were also
reviewed and compared with the previous
chest CT of the same patient.

Statistical analysis

Statistical analyses were performed with
SPSS Statistics for Windows, Version 17.0
(SPSS Inc., Chicago, IL, USA). Data were
expressed as mean =+ standard deviation.
Differences between discase stages were
analyzed by Fisher’s exact test.
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Results

Of 95 patients confirmed to have COVID-
19, 55/95 (57.9%) were female and 40/95
(42.1%) were male. The youngest patient
was 18 years old, and the oldest was 84
years old.

The most common symptoms of
COVID-19 pneumonia in our study at dis-
ease onset were fever in 84 (88.4%) patients,
shortness of breath in 69 (72.6%), and dry
cough in 65 (68.4%). Other nonspecific
symptoms included severe body fatigue in
39 (41.0%) patients, headache in 32
(33.6%), dizziness in 30 (31.5%), sore
throat in 10 (10.5%), vomiting in
8 (8.4%), and diarrhea in 11 (11.5%).

All patients had abnormal CT imaging
features. Regarding lesion distribution, 15
(15.8%) patients had unilateral lung disease
and 80 (84.2%) had bilateral disease,
although all lung segments were involved
in some patients. There was a slight predi-
lection for the right lower lobe (45 [47.4%)
patients).

The lesion distribution was lobular in 70
(73.6%) patients, subpleural in 66 (69.4%),
and diffuse in 31 (32.6%).

With respect to the number of lesions, no
patients had only a single lesion; however,
55 (57.8%) patients had multiple lesions,
and 40 (42.1%) had a diffuse distribution.

Regarding lesion density, 47 (49.4%)
patients had pure GGO lesions and 48
(50.5%) had GGO with consolidation.

Accompanying CT signs included vascu-
lar signs (vascular thickening) in 20 (21.0%)
patients, the crazy paving pattern in 56
(58.9%), parallel pleura sign in 44
(46.3%), halo sign in 29 (30.5%), reversed
halo sign in 15 (15.7%), air bronchograms
in 48 (50.5%), subpleural bands in 28
(29.4%), pleural effusion in 12 (12.6%),
and lymphadenopathy in 13 (13.6%). Only
one (1.0%) patient showed cavity forma-
tion, and 13 (13.6%) showed a tree-in-bud
CT appearance.

The typical CT patterns during the early
stage of the disease (within the first week
after symptom onset) were bilateral lesions
in 70 (73.6%) patients, diffuse lesions in 39
(41.0%), and GGO in 62 (65.2%). Pleural
effusion was seen in 13 (13.6%) patients,
and mediastinal lymphadenopathy was
seen in 11 (11.5%).

During the intermediate stage of the dis-
ease (second week after symptom onset), 45
(47.4%) patients showed GGO as the dis-
ease progressed; however, consolidation
was the predominant CT finding in 50
(52.6%) patients.

Follow-up CT was performed to detect
pattern changes from the first to second
week after symptom onset (Figures 1 and
2). During the late stage of the disease
(third week after symptom onset), the pre-
dominant imaging patterns were GGO in
17 (17.9%) patients and the reticular pat-
tern in 78 (82.1%) (Figures 3-5).

Of all 95 patients confirmed to have
COVID-19 viral pneumonia, 25 showed
respiratory deterioration with an elevated
serum D-dimer concentration. CT angiog-
raphy was performed for 25 patients sus-
pected to have pulmonary embolism.
Eleven of these 25 patients showed CT evi-
dence of acute pulmonary embolism.
Unilateral acute pulmonary embolism was
seen in 3 of 11 patients, and 8 of 11 patients
showed a bilateral distribution. Three
patients showed pulmonary embolism at
the lobar level, three at the segmental
level, and five at the lobar, segmental, and
subsegmental levels.

Discussion

The outbreak of COVID-19 pneumonia has
resulted in a global health emergency simi-
lar to the outbreaks of severe acute respira-
tory syndrome in 2003 and Middle East
respiratory syndrome in 2012, both of
which were also caused by viruses belonging
to the family Coronaviridae."
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Figure |. (a, b) Axial thin-section chest CT images of a 52-year-old woman with COVID-19. (a) During the
first week after symptom onset (day 5), multiple scattered bilateral faint ground glass opacities associated
with air bronchograms (green square) were observed. (b) the same patient during the second week (day | 1).
Multiple bilateral central and peripheral mixed patterns with air bronchograms (green squares) were
observed. (c, d) Images of a 54-year-old woman. (c) On day 4, a posterior right peripheral ground glass
opacity (black square) was observed. (d) The same patient on day |2. Imaging showed a peripheral mixed
pattern associated with air bronchograms (black square).

COVID-19, coronavirus disease 2019; CT, computed tomography.

We conducted the present study to ana-
lyze the chest CT features in 95 symptom-
atic patients with COVID-19 pneumonia
and to compare the imaging findings
across the disease course with the aim of
facilitating early diagnosis in future
patients.

In this study, the most common symp-
toms of COVID-19 pneumonia at disease
onset were fever, shortness of breath, and
dry cough, consistent with the manifesta-
tions of lower respiratory tract infections.
A previous study showed that the virus
mainly invades lung interstitial tissue and
bronchioles, causing bronchiolitis and

peripheral inflammation before it spreads
and invades the lung tissue.'' The right
lower lobe was the most commonly affected
lobe (47.4%). This is consistent with the
findings of previous studies.'® '3

We suggest that this finding is likely due
to the anatomical structure of the trachea
and bronchi. The right bronchus is short
and straight, and the causative virus might
tend to prefer the right lower lobe. In one
study, the median time from onset of symp-
toms to mechanical ventilation was 10.5
days, and the time to intensive care unit
admission was 10.5 days (range, 8-17
days).” In the present study, the extent of
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Figure 2. Transverse thin-section CT scans in patients with COVID-19 pneumonia. (a) A 61-year-old
woman on day 5 after symptom onset. Bilateral large peripheral subpleural ground glass opacities were
observed; they were more severe on the right side, with smooth interlobular and intralobular septal
thickening (crazy paving pattern). (b) The same patient on day |3. Extensive ground glass opacities were seen
in both lungs, involving almost all of the lower lobes, giving a white lung appearance. A prominent vascular
sign (black arrow) and bronchiectatic changes (green arrows) were also evident. (c) A 74-year-old man 6
days after symptom onset. Right lung ground glass opacities associated with air bronchograms (white arrow)
and vascular signs (black arrows) were observed. (d) The same patient on day |4. Imaging demonstrated
bilateral ground glass and mixed-density opacities, bronchiectatic changes, and mild bilateral pleural effusion

(black arrows).

COVID-19, coronavirus disease 2019; CT, computed tomography.

the disease on CT scans markedly increased
during the first and second weeks after
symptom onset and then gradually
decreased in the third week. Therefore, we
can conclude that the radiological course is
consistent with the clinical course of
COVID-19 pneumonia. This indicates the
importance of serial CT imaging during
follow-up of the disease because it helps in
continuous monitoring of disease changes
(either progression or improvement of
lung lesions) during the treatment of these
patients.

Our results showed that the most frequent
distribution of COVID-19 lesions in chest
CT images was bilateral and peripheral
with middle/lower lobe predominance, and
the predominant pattern was GGO that pro-
gressed to or coexisted with consolidations
within 1 to 3 weeks. Many studies have
shown that these imaging characteristics
are nonspecific'® and bear some resemblance
to those of severe acute respiratory syn-
drome coronavirus'®'” and Middle East
respiratory syndrome coronavirus infec-
tions.'™!” Those studies also revealed that
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Figure 3. Transverse thin-section serial CT scans of a 55-year-old man with COVID-19 pneumonia. (a) Day
7 after symptom onset. Imaging showed patchy ground glass (green squares) and bilateral mixed-density
opacities affecting the posterior lung parenchyma with air bronchograms and some reticular densities (black
square). (b) Day |6: Extensive bilateral ground glass opacities giving a white lung appearance. Also present
were vascular signs (white arrow), reticular opacities (green square), and the crazy paving pattern (yellow
square). (c) Day 20: Diffuse ground glass opacities with bilateral reticular densities mainly at the anterior
aspect (black arrows). Also present are air bronchograms (green square) and bronchiectatic changes (white
arrow).

COVID-19, coronavirus disease 2019; CT, computed tomography.
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Figure 4. Transverse thin-section serial CT scans of a 54-year-old man with COVID-19 pneumonia. (a) Day
4 after symptom onset: Bilateral (more severe on right) patchy ground glass opacities affecting the lung
parenchyma; vascular signs (arrow) and subpleural bands (double arrows) were also seen (b) Day |I:
bilateral peripheral ground glass opacities associated with smooth interlobular and intralobular septal
thickening (crazy paving pattern) (black square). (c) Day |9: Bilateral basal reticular opacities (arrows).
COVID-19, coronavirus disease 2019; CT, computed tomography.
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Figure 5. Transverse thin-section serial CT scans of a 77-year-old man with COVID-19 pneumonia. (a) Day
6 after symptom onset: patchy ground glass/consolidation opacities affecting the right upper lung paren-
chyma. (b) Day |3: Expansion of mixed-density pattern with a small round cystic lesion on the right side
(arrow). (c) Day 20: Enlarged and higher-density left basal pulmonary consolidation with right basal reticular
opacities (arrows).

COVID-19, coronavirus disease 2019; CT, computed tomography.
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none of the CT features of COVID-19 seem
to be specific or diagnostic and that COVID-
19 pneumonia shares CT features with other
noninfectious conditions that present as sub-
pleural airspace disease.'*2%?!

During the first week after symptom
onset, chest CT showed bilateral diffuse
GGO and consolidation; some patients
also showed pleural effusion and lymphade-
nopathy. During the second week after
symptom onset, the GGO lesions decreased
and consolidation became the most common
pattern. A reticular pattern and irregular
interlobular or septal thickening progressive-
ly increased from the second week, indicat-
ing the development of interstitial changes
and a fibrosis-like pattern. As the disease
progressed in the third week after symptom
onset, consolidation and mixed patterns
became more common, while GGO lesions
decreased at this stage.

Acute pulmonary embolism was an
important thromboembolic complication
in this study and was diagnosed mainly in
the third week after onset of symptoms in
11 (11.6%) patients. This proportion was
lower than that in other studies, which
reported acute pulmonary embolism in
almost 25% of patients with COVID-19.%2
Another study suggested that patients with
COVID-19 who have severe clinical fea-
tures such as respiratory deterioration and
an elevated serum D-dimer concentration
may have associated acute pulmonary
embolism, requiring contrast-enhanced CT
angiography for diagnosis.”® Additionally,
the study indicated that whenever a CT
evaluation for parenchymal involvement
of COVID-19 pneumonia is performed, a
simultaneous evaluation of the pulmonary
arteries is also essential to identify early
signs of associated pulmonary embolism.>

Limitations

The main limitations of this study are the
relatively small number of patients, the

absence of a prognostic analysis, and the
lack of long-term follow-up CT findings.

Conclusion

COVID-19 pneumonia manifested on lung
CT scans as bilateral peripheral lesions
with right lower lobe predominance; the
lesions were characterized by diffuse bilat-
eral GGOs that progressed to or coexisted
with consolidations within 1 to 3 weeks.
The most frequent CT lesions in patients
with COVID-19 in the early, intermediate,
and late phases were GGOs, whereas con-
solidation appeared in the intermediate
phase and gradually increased over
time. In the late stage of the disease,
however, the reticular pattern was
predominant.
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