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Initial Screening Chest Computed Tomography Findings of Patients Who
Were Admitted to Firat University Hospital with Pre-diagnosis of Coronavirus
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Ozet

Amag: COVID-19 6n tanist ile toraks bilgisayarli tomografi (BT) incelemesi yapilan hastalari ilk bakidaki radyolojik bulgularini degerlendirmektir.

Gere¢ ve Yontemler: COVID-19 6n tanili 90 hastanin ilk baki toraks BT incelemesinin goriintiileme verileri retrospektif analiz i¢in toplandi. Hastalarin
demografik 6zellikleri, semptomlar1 ve ek hastaliklari kaydedildi. ilk baki toraks BT incelemesinin goriintiileme bulgulari ve takip BT goriintiilemesi yapilan
hastalarin takip BT bulgular1 analiz edildi.

Bulgular: COVID-19 6n tanili hastalarin ilk toraks BT bulgularinda buzlu cam dansiteleri (%59), konsolidasyon (%34), kaldirim tas1 manzarasi1 (%5), hava
bronkogrami (%18), vaskiiler genisleme (%6), bronsektazi-brons duvar kalinlasmasi (%?7), air bubble (%7), subplevral ¢izgi ( %10), plevral kalinlagma-plev-
ral siv1 (%8), halo isareti (%5), diizensiz kenarli nodiil (%9) ve ters halo isareti (%4) mevcuttu. Takip BT goriintiilerinde dikkat ¢eken bulgular progresyon
evresinde yeni konsolidasyon alanlarinin ortaya ¢ikmasi, buzlu cam dansitelerinin konsolidasyona doniismesi, bilateral plevral effiizyon, traksiyon bronsek-
tazileri ve hiler lenfadenopati gelismesiydi. Regresyona ugrayan olgularda ise ilk BT goriintiilemesinde izledigimiz konsolidasyonun buzlu cam dansitelerine
donitistiigl gorildi.

Sonug¢: COVID-19 6n tanili hastalarin ilk baki toraks BT goriintiilemelerinde en sik izlenen bulgu buzlu cam dansiteleriydi. Progresyon evresinde, ilk bakida
izlenen buzlu cam dansiteleri veya konsolidasyon alanlarinda artis, bilateral plevral effiizyon, traksiyon bronsektazileri ve hiler lenfadenopatiler izlendi.
Anahtar kelimeler: Buzlu cam dansiteleri, COVID-19, Konsolidasyon, Toraks bilgisayarli tomografisi

Abstract

Objective: To evaluate radiological findings on initial screening of the patients who had chest computed tomography (CT) with the pre-diagnosis of corona-
virus disease-2019 (COVID-19).

Material and Methods: Chest CT images of 90 patients with a pre-diagnosis of COVID-19 were retrospectively analyzed. Demographic characteristics,
symptoms, and comorbid conditions of the patients were recorded. The chest CT findings on initial screening and follow-up were analyzed.

Results: The chest CT findings on the initial screening of the patients with a pre-diagnosis of COVID-19 included ground-glass opacities (GGOs) (59%), con-
solidation (34%), crazy-paving pattern (5%), air bronchogram (18%), vascular dilation (6%), bronchiectasis-bronchial wall thickening (7%), air bubble (7%),
subpleural line (10%), halo sign (5%), nodule with irregular borders (9%) and reverse halo sign (%4). The predominant findings in the follow-up CT images
included newly developing consolidations in the progression stage, GGOs converting to consolidations, bilateral pleural effusion, traction bronchiectasis, and
hilar lymphadenopathy. In the regressed cases, it was observed that the consolidation we observed in the first CT imaging turned into GGOs.

Conclusion: Ground-glass opacities were the most common finding in initial screening thorax CT scans of patients with pre-diagnosis of COVID-19. An
increase in the ground-glass densities or consolidation areas identified upon initial examination, bilateral pleural effusion, traction bronchiectasis, and hilar
lymphadenopathies were observed in the progression stage
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a con-
tagious and potentially fatal disease caused by a novel
coronavirus, severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) (1). The disease is primarily
characterized by pulmonary inflammation (2,3). Cli-
nical manifestations vary from asymptomatic cases to
life-threatening conditions. The main clinical findings
include fever, fatigue, and cough; additionally, dyspnea
may develop approximately one week after these symp-
toms. Critical cases may progress to respiratory distress
syndrome, septic shock, and even death (4).

A definite diagnosis is based on a real-time rever-
se transcription-polymerase chain reaction (RT-PCR)
test of oro-pharyngeal and nasopharyngeal swabs,
broncho-alveolar lavage, or tracheal aspirate (5). Chest
computed tomography (CT) is the most valuable ima-
ging method that plays a role in early diagnosis, early
quarantine, and the follow-up of treatment. Computed
tomography is a superior imaging method for revealing
pneumonia findings radiologically. The most common
radiological findings in COVID-19 include bilate-
ral, multi-lobar, and peripheral ground-glass opacities
(GGOs) mainly in medial and inferior zones, consolida-
tions, and crazy-paving patterns (6). The chest CT fin-
dings may vary depending on the stage and the severity
of the disease (7-9).

The primary method for controlling COVID-19 is
early diagnosis, rapid isolation, and early treatment. A
real-time reverse transcription protein chain reaction
(RT-PCR) is the standard method for the detection of
the nucleic acid of the virus. However, the test may ini-
tially yield negative results or false-negative results. A
4-8 day interval may be seen between the initial negative
test and the positive PCR (9,10). Abnormal or specific
findings on the initial chest CT were suggested to be
of the utmost importance in early diagnosis (11). The
aim of the present study is to evaluate the radiological
findings on the initial screening in patients who were
subject to a chest CT with pre-diagnosis of COVID-19.

MATERIALS AND METHODS

This retrospective study was approved by the Firat
University Ethics Committee (2020/07-08). Throughout
the research, the Helsinki Declaration was adhered to.
Patients with previous lung surgery or recent biopsy,
patients with primary or metastatic thoracic malignan-
cy, and patients with a history of trauma were excluded
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from the study. A total of 90 patients who were subject
to chest CT imaging at our hospital were included in the
study. The demographic characteristics, symptoms, and
co-morbid conditions of the patients were recorded.

The computed tomography analyses were done by
using a 64 channel multi-detector CT scanner (Philips,
Incisive CT). All the images were obtained when the
patient was in a supine position by using 70-120 kVp
tube voltage, 60-120 mAs tube current, 0.8 mm section
thickness parameters, and without injecting the contrast
medium.

Image Analysis

All the CT images were evaluated at the work stati-
ons in our department by two radiologists with 8 (YE)
and 12 (SA) years of experience respectively. The images
were evaluated with regard to the presence of ground-
glass opacities and consolidation, and the distribution
of these findings (bilateral, unilateral, anterior, posterior
location, peripheral and/or central involvement), which
involved the lobes of the lung (superior, medial, inferi-
or lobes) were recorded. The crazy-paving pattern, air
bronchogram, vascular dilation, bronchial changes, air
bubble, sub-pleural line, pleural thickening, pleural ef-
fusion, halo sign, reverse halo sign, nodules, lymphade-
nopathy (LAP), pericardial effusion, fibrosis, and other
radiological findings were also recorded. The radiologi-
cal changes detected in the 7 patients who were subject
to a control CT were evaluated.

Statistical Analysis

Data were expressed as counts (n) and percentages
(%). Statistical analysis was performed with the SPSS
(Statistical Package for the Social Sciences) software
(version 25, IBM).

RESULTS

A total of 90 patients who were hospitalized due to
COVID-19 were included in the study. Of these patients,
52 (58%) were male and 38 (42%) were female, and the
mean age was 52+10 years (range 19-87). A fever (45/90,
50%) and cough (55/90, 61%) were the most common
symptoms followed by dyspnea (31/90, 34%), myalgia
or fatigue (11/90, 12%), a mild headache (4/90, 5%) and
diarrhea (4/90, 5%), abdominal pain (4/90, 5%) and sore
throat (4/90, 5%). Of 90 patients, 21 (23%) had diabetes,
hypertension, chronic liver disease, chronic obstructive
pulmonary disease, and heart disease. The demographic
and clinical characteristics of the patients are presented
in Table 1.
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Table 1. Demographic and clinical characteristics of the
patients

Table 2. Initial CT findings of 90 patients

The chest CT findings on the initial screening of the
patients with a pre-diagnosis of COVID-19 included
GGO (53/90, 59%), consolidation (31/90, 34%), craz-
y-paving pattern (4/90, 5%), air bronchogram (16/90,
18%), vascular dilation (5/90, 6%), bronchiectasis-bron-
chial wall thickening (6/90, 7%), air bubble (6/90, 7%),
subpleural line (9/90, 10%), halo sign (4/90, 5%), nodule
with irregular borders (8/90, 9%) and reverse halo sign
(3/90, 4%) (Figures 1-6). Initial CT findings of 90 pa-
tients are presented in Table 2.

Figure 1. Halo sign was observed in the opacity located in
superior lobe of the right lung in a 38-year old patient
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CT finding n %
Characteristics ‘ n ‘ % Ground-glass opacity 53 59
Gender Consolidation 31 34
Female 38 42 Crazy-paving pattern 4 5
Male 52 58 Air bronchogram 16 18
Age Vascular dilation 5
Range 18-89 Bronchiectasis-bronchial wall thickening | 6
Mean 52 Air bubble 6
Symptoms Subpleural line 9 10
Fever 45 50 Halo sign 4
Cough 55 61 Nodule with irregular borders 8
Dyspnea 31 34 Reverse halo sign 3
Myalgia/Fatigue 11 12
Headache 4 5 While GGO was observed in 52% out of 46 patients
Sore throat 4 5 under 50 years, it was observed in 66% of 44 patients
Abdominal pain 4 5 above 50 years of age. Of the GGOs, 17 were unilateral
Diarrhea 4 5 and 36 were bilateral. They were located in the inferior

lobe in 46, the medial lobe in 27 and the superior lobe
in 30; the peripheral in 41, the central in 23; the ante-
rior in 32 and the posterior in 39; 13 were focal and 40
were multi-focal (Table 3). According to these results,
the GGO’s were located in the peripheral posterior and
inferior lobes, and the multifocal was more suggestive.
Consolidation was observed in 41% of the patients un-
der 50 years and 27% of the patients over 50 years. Of
them, 24 were in the inferior lobe, 7 in the medial lobe
and 12 in the superior lobe; 23 were peripheral, 16 were
central; 13 were in the anterior, 22 were in the posterior;
15 were focal, and 16 were multifocal (Table 3). Accor-
ding to these results, the consolidations located in the
inferior lobe were more suggestive.

Table 3. Anatomic location of ground-glass opacity and

consolidation findings in the initial CT

Ground-

glass % | Consolidation | %

opacity
Bilateral 36 68 |14 45
Unilateral 17 32 |17 55
Inferior lobe 46 45 |24 56
Medial lobe 27 26 |7 16
Superior lobe 30 29 |12 28
Peripheral 41 64 |23 59
Central 23 36 |16 41
Anterior 32 45 |13 37
Posterior 39 55 |22 63
Focal 13 25 |15 48
Multifocal 40 75 |16 52
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Figure 2. A 30-year-old male patient was admitted with fever. a. Focal GGO with halo sign-consolidation was observed in supe-
rior lobe of the right lung. b. Vascular dilation and bronchiectasis were observed in this field.

Figure 3. A 44-year-old patient was admitted with fever and fatigue. a. Consolidation with air bronchogram was detected in
lingular segment of the left lung. b. Subpleural line (arrow) was present in inferior lobe of the right lung.
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Figure 4. A 76-year-old patient was admitted with cough. a. Multi-lobar GGOs in bilateral lungs, predominantly in inferior
lobes and periphery. b. Millimetric cystic images consistent with air bubble were observed in inferior lobes of the left lung.

Figure 5. A 48-year-old patient was admitted with headache and fatigue. a. Nodular opacity with mildly irregular borders

(arrow) was observed in inferior lobe of the left lung. b, c. Air bubbles (arrows) were observed within consolidation fields in
bilateral lungs.
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Figure 6. Reverse halo sign (arrow) was observed in medial
lobe of the right lung in a 60-year-old female patient who
was admitted with cough and dyspnea.

The follow-up CT was performed on day 7 and the-
reafter in 7 patients who were hospitalized with a pre-di-
agnosis of COVID-19. The initial and follow-up CT fin-
dings are listed in Table 4.

Progression was detected in 4 out of 7 patients (57%)
(Figures 7-10).

The findings suggestive for progression included the
conversion of the GGO to consolidation, an increase in
the intensity of consolidation, pleural effusion, and hilar
LAP. The regression findings included the conversion
of the consolidation to GGO and the complete disap-
pearance of the initial GGO and consolidation fields.

Follow-up imaging was available for only one of the pa-
tients with chronic disease. Progression was observed in
the patient diagnosed with hypertension and diabetes
(patient 1), the imaging findings of whom are presented
in Table 4.

DISCUSSION

Real-time RT-PCR is the standard method for the
detection of the nucleic acid of SARS-CoV-2. However,
the test may initially yield negative or false negative re-
sults. The time of the sample collection, the insufficien-
cy of material in the sample and the quality of the kit
can lead to erroneous results in RT-PCR tests. Studies
have reported false negatives in the initial RT-PCR re-
sults of patients with COVID-19 infection (12-14). The-
se false-negative findings cannot be ignored in symp-
tomatic persons with suspected COVID-19 infection.
CT has played an important role in the diagnosis and
treatment of COVID-19 patients (15,16).The compu-
ted tomography findings were proven to be diagnostic
in many cases with false-negative RT-PCR results. The
early diagnosis of COVID-19 that led to a pandemic is
of importance for enabling isolation and controlling the
spread of the disease. Therefore, it is essential to comp-
rehensively understand the typical and atypical radio-
logical features of COVID-19 and radiological findings
according to the stages of the disease (13,14). Chest CT
findings may vary depending on the stage and severity
of the disease (17).

Table 4. Initial and follow-up CT findings of 7 patients

Patient Initial CT findings CT findings on days 27
. Peripheral GGOs predominantly in bilateral inferior 7th day: Progression of GGOS. i 1'nfer10r lqbe
Patient 1 ; . . of the left lung to focal consolidation, traction
lobes of the lung, interlobular septal thickening . 2 .
bronchiectasis, bilateral pleural effusion
Patient 2 Bulla and bleb, calcific nodule 12th day: Bulla and bleb, calcific nodule
Patient 3 GGOs and consolidations predominantly peripheral | 7th day: Increase in GGOs and newly
and bilateral developing GGOs and consolidations
Patient 4 Normal CT findings 7th day: Bll:%tera.l per.lpheral patchy GGOs and
focal consolidations in a few fields
. Multiple focal GGOs and consolidations in bilateral | 13th day: Complete regression of the
Patient 5 . . .
lungs radiological findings
. Patchy GGOs and consolidations predominantly in 12th day: Right }.ular. LAP, progression of .
Patient 6 ) e GGOs to consolidation and newly developing
bilateral lungs and inferior lobes 1
consolidation fields
. Peripheral GGOs and consolidations predominantly | 12th day: Regression of consolidation fields to
Patient 7 o
in bilateral lungs GGOs

GGO: Ground-Glass Opacity, CT: Computed Tomography, LAP: Lymphadenopathy
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Figure 7. A 50-year-old male patient was admitted with cough and dyspnea. a. Initial chest CT revealed bilateral peripheral
multilobar GGOs and consolidations. b. Progression was detected in GGOs and consolidations on follow-up chest CT obtained
on day 7.

Figure 8. A 81-year-old female patient was admitted with fatigue. a. Initial chest CT revealed bilateral peripheral multi-lobar
GGOs. b. Diffuse GGO in bilateral lungs, focal consolidation fields in the left lung and newly developing pleural fluid and bron-
chiectasis in the right were observed on follow-up chest CT obtained on day 7.
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Figure 9. A 55-year-old male patient was admitted with cough and dyspnea. a. Initial chest CT revealed normal radiological fin-
dings. b. A few newly developing peripheral GGOs and consolidations were observed on follow-up chest CT obtained on day 7.

Figure 10. A 55-year-old male patient was admitted with high fever. a. Right hilus was in normal appearance in the initial chest
CT. b. Lymphadenopathy (arrow) was observed in the right hilus in control chest CT obtained on day 12.
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Studies have reported chest CT to produce typical
imaging features in almost all patients with COVID-19
(18-21). The typical findings on chest CT images of in-
dividuals with COVID-19 include peripherally localized
and bilateral multifocal patchy GGOs, interlobular sep-
tal thickening, vascular enlargement and consolidation.
In COVID-19, the involvement of the lower lobes is
more common than the upper and middle lobes. Aside
from peripheral distribution and multilobar involve-
ment, posterior involvement is also an important feature
of lesion distribution (15,22-24). In this study, the most
common CT findings were GGOs. They were mostly lo-
cated bilaterally, peripheral, in the inferior lobes, and in
the posterior. Lung lesions in early COVID-19 are usu-
ally localized, and manifest mostly as patchy or segmen-
tal GGOs confined to the subpleural or peribronchovas-
cular regions of one or both lungs. The consolidation
finding emerges in the patients who have symptoms
for five days or longer. In advanced stages, CT findings
may be compatible with other types of viral pneumonia
(10,25).

The predominant findings in the follow-up CT ima-
ges included newly developing consolidations in the
progression stage, the GGOs converting to consolidati-
ons, the bilateral pleural effusion, the traction bronchie-
ctasis, and the hilar LAPs. In the cases where there was
developed regression, the initial radiological finding
was the consolidations converting to GGOs. Atypical
findings, including subpleural bullae, blebs and calcific
nodules, were observed on the initial CT images of one
of our follow-up patients. The findings were stable on a
follow-up CT performed on day 12. A previous study re-
ported the possibility of the development of subpleural
bullae and blebs in severe COVID-19 disease (26). Due
to the mild clinical course of our patient, we believed
that the findings identified on CT may have been pre-
sent before the COVID-19 infection.

There were pulmonary nodules in eight of our pa-
tients. Pleural effusion was observed on day 7 in one
of our follow-up patients, and hilar LAP on day 12 in
another patient. Mediastinal LAP, pleural effusion, ca-
vitation and pulmonary nodules have been identified
as uncommon findings of COVID-19 (26). It has been
reported that CT findings such as consolidation, inter-
lobular septal thickening, crazy-paving pattern, tracti-
on bronchiectasis, reticulation, lymphadenopathy and
pleural effusion are more common in severe cases when
compared to common COVID-19 findings (9,27,28).
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The present study has two limitations. First, we did
not have sufficient knowledge about symptom durati-
ons. Second, we could obtain follow-up CT images in
only 7 patients.

The COVID-19 disease may emerge with different
imaging findings, most commonly GGOs and conso-
lidations. Given the important role of CT in the early
diagnosis of COVID-19, radiologists should analyse the
CT findings sufficiently.
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