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ABSTRACT

OBJECTIVE: This study aimed to determine the frequency of typical and atypical computed tomography (CT) findings of
COVID-19 and their effect on hospitalization.

METHODS: We retrospectively assessed 414 patients who were diagnosed with COVID-19 by real-time reverse transcrip-
tion-polymerase chain reaction and who had lung involvement in their admission chest CT. We evaluated the frequency of
typical and atypical chest CT findings and analyzed the relationship between typical and atypical findings of COVID-19 in
patients treated in ambulatory versus inpatient settings.

RESULTS: Ground-glass opacities were the most common typical finding of COVID-19 chest CT scans. The frequencies of
other typical findings, including consolidation, air bronchogram, pulmonary vascular enlargement (PVE), airway changes,
crazy paving pattern, and reticular pattern, were similar to those reported in the literature. Atypical findings were less com-
mon and found at varying frequencies. Crazy paving pattern, air bronchogram, reticular pattern, and PVE were significantly
more common in hospitalized patients (p<0.001). The frequencies of other typical and atypical findings were not significantly
different between ambulatory and hospitalized patients.

CONCLUSION: Increased recognition of typical and atypical findings of COVID-19 and their frequencies, as well as knowl-
edge of admission chest CT findings that are associated with hospitalization, will facilitate medical care during the pandemic.
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n December 2019, an outbreak of pneumonia of un-

known origin was reported in Wuhan, China. Sub-
sequent studies identified a novel coronavirus, SARS-
CoV-2, as the etiological agent of this viral infection.
Through person-to-person transmission, the disease
rapidly spread around the world. In March 2020, the
World Health Organization declared the coronavirus
outbreak as a pandemic [1, 2].

e

mA

Real-time reverse transcription-polymerase chain
reaction (RT-PCR) is a commonly used method for de-
tecting SARS-CoV-2 infections due to being fast, easy
to use, and practical. In addition, computed tomogra-
phy (CT) of the chest is easily applied for patients with
suspected COVID-19, especially in regions affected by
the pandemic, and is very valuable in supporting the di-
agnosis. According to recent studies, chest CT is more
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sensitive than RT-PCR in determining COVID-19
and its prognosis (3, 4].

Typical chest CT findings in COVID-19 include bi-
lateral, mostly peripheral multiple ground-glass opacities
(GGO:s). Despite being common in COVID-19 pneumo-
nia, chest CT findings may vary between individuals [5-7].
Besides GGOs, other typical findings of COVID-19 in-
clude consolidations, air bronchogram, pulmonary vascu-
lar enlargement (PVE), airway changes, crazy paving pat-
tern, and reticular pattern (Fig. 1) [8]. Atypical chest CT
findings of COVID-19 include pleural thickening and/
or effusion, nodules, reversed halo signs, lymphadenopa-
thy (LAP), pericardial effusion, subpleural lines, subpleu-
ral sparing, spider web signs, air bubble signs, tree-in-bud
signs, central and/or peribronchovascular involvement,
isolated upper lobe involvement, and isolated lobar con-
solidation (Fig. 2, 3) (2, 8—10]. Having a comprehensive
knowledge of the typical and atypical chest CT findings of
COVID-19 will help to reduce false negatives and improve
the management of the outbreak [11]. In this study, we
aimed to establish the frequency of typical and atypical CT
findings in our hospital and their effect on hospitalization.

MATERIALS AND METHODS

This study was approved by Adiyaman University Non-
Interventional Clinical Research Ethics Board (approval
code: 2021/01-19) and the Ministry of Health of the
Republic of Turkey (approval date: 25.12.2020).

Study Population
We retrospectively assessed records of the patients who
were diagnosed with COVID-19 by nasopharyngeal and
oropharyngeal RT-PCR between September 2020 and
January 2021.
The inclusion criteria included:
1. Being diagnosed with COVID-19 by clinical exami-
nation and RT-PCR

2. Unenhanced chest CT obtained at the time of admission

b

Exclusion of other causes of pneumonia.

The exclusion criteria included:

COVID-19 diagnosis not being confirmed by RT-PCR
Having received treatment before CT imaging

Lack of unenhanced admission chest CT images
Having a known lung disease

Having a non-diagnostic chest CT image with artifacts

Patients with non-COVID-19 pneumonia and/or
findings suggestive of co-infection.

VLR WD

Highlight key points
e CT of the chest is easily applied for patients with suspected
COVID-19.

e The most common typical finding is bilateral patchy periph-
eral ground-glass opacity on COVID-19 pneumonia.

e In addition to ground-glass opacity, less frequent other typi-
cal findings are common, while atypical findings are seen at
varying rates.

e Among the typical chest CT findings, crazy paving pattern,
air bronchogram, reticular pattern, and PVE were significant-
ly more common in hospitalized patients.

e The recognition of uncommon atypical findings together
with the more common typical findings will facilitate clinical
practice during the pandemic.

C D

FIGURE 1. The axial section of the chest computed tomography
scan shows typical findings (A) ground glass opacity, crazy
paving pattern (black arrows); (B) consolidation, air bron-
chogram (white arrow); (C) reticular pattern (black arrow-
heads); (D) pulmonary vascular enlargement (black circle).

CT Protocol

All examinations were performed with a 16-slice multi-
detector CT scanner (MX16, Philips Medical System,
Koninklijke, Netherlands). CT images were obtained in
the supine position during deep inspiration. The examina-
tions were carried out with a single CT device reserved for
the patients with suspected COVID-19 in our hospital
within the scope of the precautions taken with the arrival
of the pandemic to our country. And according to these
precautions, the CT scanner was disinfected after each
exam. Scanning and reconstruction parameters were as fol-
lows: beam collimation, 16x0.75 mm; rotation time, 0.75
s; slice thickness, 1 mm; slice reconstruction, 1 mm; tube
voltage, 90—120 kV; effective tube current-time product,
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FIGURE 2. The axial section of the chest computed tomography scan shows atypical findings (A) pleu-
ral effusion (white arrow), (B) pleural thickening (white arrow-head), (C) nodule (black circle), (D)
reversed halo sign (black arrow), (E) mediastinal lymph nodes (white arrow), (F) pericardial effusion

(white arrow-head).

FIGURE 3. The axial section of the chest computed tomography scan shows atypical findings (A)
subpleural line (black arrow), (B) subpleural sparing (black arrow-heads), (C) air-bubble sign (white
arrow-head), (D) spider web sign (black arrow), (E) tree-in-bud (black circle), (F) central-peribron-

chovascular involvement (black circle).

50-110 mAs. CT images were acquired from lung apex to
lung base. The field of view was 250—300 mm.

Image Interpretation

The images were interpreted using the hospital database
(Oracle Database V1.10.43.134). All CT images were in-
dependently evaluated by two radiologists, one with 6 years
(M.C.) and one with 3 years (C.O.) of experience in radi-
ology. In the event of a discrepancy between these two ob-

servers, a third observer with 16 years of experience in radi-
ology (H.T.B.) reviewed the images to reach an agreement.

Clinical Examination

The indication for hospitalization was made according to
the criteria defined by the COVID-19 diagnosis and treat-
ment guidelines of the Ministry of Health of the Republic
of Turkey. According to this guideline, a patient who meets
at least one of the following criteria was hospitalized [12]:
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TABLE 3. The frequency of typical and atypical chest com-
puted tomography findings in outpatients and inpatients

Outpatients  Inpatients p
(n=196) (n=218)
(%) (%)
Typical Findings
GGO 92.3 95 0.314
Consolidation 50.5 54.6 0.431
GGO+Consolidation 43.4 50 0.200
Crazy paving 41.8 60.1 <0.001
Air bronchogram 27.6 45.4 <0.001
Airway changes 6.1 12 (5.5 0.788
Reticular pattern 30.1 53.7 <0.001
PVE 25 42.2 <0.001
Atypical findings
Pleural thickening 133 14.7 0.777
and/or effusion
Nodule 5.1 6.4 0.675
Reversed halo sign 2 0.5 0.194
LAP 3.1 1.4 0.318
Pericardial effusion 1 2.3 0.454
Subpleural line 1 0.9 0.647
Subpleural sparing 5.1 1.8 0.058
Spider web sign 3.1 2.8 0.540
Air bubble sign 3.6 2.8 0.78
Tree-in-bud 1 0.9 0.647
Central and/or 2 1.8 0.578
peribronchovascular
involvement
Isolated upper lobe 5.6 2.3 0.080
involvement

GGO: Ground glass opacity; PVE: Pulmonary vascular enlargement; LAP: Lymph-
adenopathy.

patients. In a meta-analysis by Zarifian et al. [16] that
included data from 103 studies, 4799 of 6224 patients
(77.1%) had GGOs. The frequencies of consolida-
tion, GGOs+-consolidation, air bronchogram, airway
changes, and reticular pattern reported in the same
study are consistent with our results. In our study, we
also evaluated the frequencies of crazy paving pattern
and PVE. The literature reports that the prevalence of
crazy paving pattern ranges between 5% and 44% in
COVID-19 patients. In our study, this rate was 51.4%.
PVE was found in 59%—71% of the patients in the lit-
erature and in 34% of our patients (2, 16—-21]. In the
literature, the prevalence of typical findings is mostly

similar, with small differences that may be ascribed to
variances in study populations.

In our study, pleural thickening and/or effusion
and nodules were the most common atypical chest CT
findings, with prevalence of 16.9% and 5.7%, respec-
tively. Our results are generally consistent with those
reported in the literature, with the exception of a study
by Pakdemirli et al. [22] reporting the incidence of
pleural thickening and/or eflusion and nodules to be
88% and 61%, respectively. This discrepancy may be
due to the small sample size (n=18) in the study by
Pakdemirli et al.

Compared to typical findings, the prevalence of atyp-
ical findings reported in the literature is highly variable.
In our study, the prevalences of reversed halo signs,
LAD, pericardial effusion, subpleural lines, subpleural
sparing, spider web signs, air bubble signs, tree-in-bud
signs, central and/or peribronchovascular involvement,
and isolated upper lobe involvement were 1.2%, 2.1%,
1.6%, 0.9%, 3.3%, 2.8%, 3.1%, 0.9%, 1.9%, and 3.8%,
respectively. Atypical findings evaluated in the litera-
ture vary. These differences may stem from a lack of a
clear definition. Another reason may be the differences
in study populations and working conditions during
the pandemic. For patients with COVID-19, the lit-
erature reports reversed halo signs in 0-15%, LAP in
0-17%, pericardial effusion in 4-6%, subpleural lines
in 14-61%, subpleural sparing in 6-33%, spider web
signs in 25%, air bubble signs in 12—-37%, tree-in-bud
signs in 0—6%, central and/or peribronchovascular in-

volvement in 2—11%, and isolated upper lobe involve-
ment in 0—10% of individuals [15, 16, 21-25].

The literature on the effect of typical and atypical
chest CT findings of the COVID-19 on hospitaliza-
tion is highly limited. Emara et al. [26] investigated the
impact of findings on intensive care unit (ICU) admis-
sion and mortality. They found that pleural effusion and
GGOs were significantly associated with ICU admis-
sion and mechanical ventilation, but they did not report
the impact of typical and atypical findings on mortality.
In our study, we found that crazy paving pattern, air
bronchogram, reticular pattern, and PVE were signif-
icantly associated with hospitalization. Other typical
and atypical findings were not significantly associated
with hospitalization. In our study, we were unable to
assess ICU admission and mechanical ventilation since
our primary objective was to investigate the impact of
admission chest CT findings on hospitalization and to
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establish whether chest CT findings, as well as other
clinical criteria [12], contribute to the decision of hos-
pitalization.

The high percentage of hospitalized patients in our
study is due to including patients with pulmonary in-
volvement in their admission chest CT images. We
excluded patients without pulmonary involvement re-
gardless of a positive RT-PCR test. Our mortality rate
(1.6%) is similar to those reported by the Ministry of
Health of the Republic of Turkey [27]. The limitations
of our study include not being able to investigate the
association between chest CT findings and mortality
due to the small number of deaths, the retrospective
and single-center design, and having a small number of
the patients with atypical findings. Further studies with
larger samples are needed to clarify the impact of atypi-
cal findings on COVID-19 prognosis. Furthermore, we
did not include CT images from during and after treat-
ment; therefore, we did not evaluate atypical findings
that may occur during or after treatment. Finally, exclu-
sion of bacterial infections accompanying COVID-19
infection with only RT-PCR test and initial thoracic
CT findings may be insuflicient to exclude all co-in-
fections. However, it is known that the bacterial co-in-
fection rate is low in COVID-19 pneumonia (28, 29].
However, it should be kept in mind that this may affect
the frequency of atypical findings, while evaluating the
results of the study.

Conclusion

The recognition of uncommon atypical findings together
with the more common typical findings will help to pre-
vent false negatives in radiology reports and the diagno-
sis of COVID 19. When evaluating admission chest CT
findings, knowing the clinical criteria and chest CT find-
ings that will affect hospitalization will facilitate clinical
practice during the pandemic.
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