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ABSTRACT

Background

To report the spectrum of chest computed tomographic (CT) imaging findings in coronavirusdisease-19

(COVID-19) infected patients.
Methods

This was a prospective descriptive study comprising 147 consecutive reverse transcriptase polymerase chain
reaction (RT-PCR) positive patients who underwent CT chest. Prevalence,distribution, extent and type of

abnormal lung findings were recorded.
Results

Among the total study cohort of 147 patients, 104 (70.7 %) were males and 43 (29.3 %) were females with mean
age 0f 40.9 £ 17.2 years (range 2471 years). We observed lung parenchymal abnormalities in 51 (34.7 %) cases
whereas 96 (65.3 %) RT-PCR positive cases had a normal chestCT. Only 12.2 % of the patients were dyspnoeic,
6.1 % had desaturation, 7.4 % had increased respiratory rate and 10.9 % had comorbidities. Among the patients
with abnormal CT findings bilateral 39/51 (76.5 %), multilobar (88.2 %) lung involvement with a predominant
peripheral and posterior distribution was commonly observed. With regards to the type of opacity, ground glass
opacity (GGO) was the dominant abnormality found in all 51 (100 %) cases. Pure GGO was observed in 15
(29.4 %), GGO with crazy paving pattern was seen in 15 (29.4 %) and GGO mixedwith consolidation was
noted in 21(41.2 %). Peri-lesional or intralesional segmental or subsegmental pulmonary vessel enlargement

was observed in 36 (70.6 %) cases.

Conclusion:In this study population predominantly with mild symptoms and few comorbidities, two-thirds of
RT-PCR positive patients had a normal chest CT; whereas the remaining patients showed typical findings of

predominant GGOs with a bilateral distribution and peripheral predominance.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has spread unabated across the globe after its emergence in Wuhan, China at the endof 2019. According
to the World Health Organisation (WHO) situation report-137 more than 6.5 million people have confirmed
positive globally with 387 177 deaths as of June 05, 2020 [1]. SARS-CoV-2 is an enveloped single-stranded
RNA virus [2,3]. The clinical presentation ranges from asymptomatic, mildly symptomatic cases to severely
ill [4,5]. Imaging findings of COVID-19 closely resemble other viral pneumonias and mainly include ground
glass opacities (GGO) with a peripheral and basal predominance as the initial manifestation of the disease [6].
There is a gradual transformation of GGOs into consolidations during the intermediate stage of the disease. The
CT findings peak around 9—13 days after symptom onset. Clinical recovery is associated with a gradual
resorption of pulmonary opacities with development of subpleural lines, reticulations, fibrous stripesand peri
lobular opacities, usually apparent after the second week. In some patients the clinical course is complicated by
acute respiratory distress syndrome (ARDS) or pulmonary embolism, themain causes of death [6]. Pleural

effusion, pericardial effusion, mediastinal lymphadenopathy are seen in patients with severe disease [7.8].
Material and methods
Patient cohort and study design

This was a prospective observational study from May 2020 to July 2020, conducted in Basaveshwara Medical
College and Hospital, Chitradurga. 147 consecutive symptomatic patients were subjected to chest CT after

obtaining nasopharyngeal swab for RT-PCR.

Inclusion criteria- Patients with symptoms such as fever, cough, fatigue, sore throat and/or dyspnea with RT-

PCR confirmed SARS-CoV-2 infection.
Exclusion criteria- Asymptomatic patients with RT-PCR confirmed SARS-CoV-2 infection.

Clinical characteristics including age, gender, history of exposure, symptoms, blood tests including complete
blood count (CBC) and C-reactive protein (CRP) and outcome data during the hospital stay were collected and

analyzed.

Patients with severe illness, defined by the WHO interim guidelines for clinical management of COVID-19 as
[a] respiratory rate > 30 breaths/min, or [b] oxygen saturation (SpO2) < 90 %, or [c] respiratory failure needing
mechanical ventilation, or [d] ARDS, or [e] shock [9] were admitted to intensive care unit (ICU). Patients with

symptoms but no signs of respiratory failure were admitted in routine ward.
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CT acquisition protocol

Chest CT was performed on an average 5.8 days (range 3—9 days) after symptom onset. Non- contrast chest CT

was performed. The CT images were acquired in a single inspiratory breath-hold.
Image analysis

The location of lesions was specified with regards to involvement of one lung (right, left) or both thelungs. The
number of lobes involved was determined. Zonal distribution of the opacities was classified as central (defined
as the inner two-third of the lung tissue) and peripheral (defined as outer one-third of the lung). The distribution
of lung abnormalities was also dichotomized into anterior and posterior location (lung tissue anterior to a line
drawn midway on axial CT was defined as anterior and the portion behind it was defined as posterior). Lung
lesions were categorized using Fleischner society glossary of terms for thoracic imaging [11]. GGO (ground
glass opacity) was defined as an increase in the density of lung with non-obscuration of bronchial and vascular
structures, whereas consolidation was defined as increased density of lung tissue through which vascular and
bronchial structures were not visible. Furthermore, the readers also evaluated presence of associated airway,
vascular, pleural and mediastinal abnormalities. A semi-quantitative scoring system was used to quantitatively
estimate the pulmonary involvement by visually calculating the percentage of the total lung involvement by
dividing each lung into 3 zones, followed by averaging the 6 zones to obtain the percentage of the total lung

involvement [12].
Statistical analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSSI version 20.0).
Continuous variables were expressed as mean, ranges and standard deviation, whereas categorical variables
were expressed as counts and percentages. CT findings was evaluated with the Kappa method (according to
Landis and Koch 0: poor agreement; 0.01—0.20: slight agreement; 0.21—0.40: fair agreement; 0.41-0.60:

moderate agreement; 0.61—0.80: substantial agreement; 0.81—-1.0: almost perfect agreement).
Results

Among the total study cohort of 147 patients, 104 (70.7 %) were males and 43 (29.3 %) were females with mean
age of 40.9 + 17.2 years (range 24—71 years). In 141 (95.9 %) cases a history of close contact with an infected
patient or a history of travel to a high risk zone within or outside the country was forthcoming. Fever was the
commonest symptom seen in 74 (50.3 %) followed by fatigue or malaise in 61 (41.4 %), cough in 57(38.8 %)
and sore throat in 41 (27.9 %). Only 18 (12.2 %) of the patients were dyspneic, 11 (7.4 %) had increased
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respiratory rate and 9 (6.1 %) had desaturation. Comorbidities were present in 16 (10.9 %) patients.
Lymphopenia was observed in 50 (34 %) patients whereas lymphocytosis was seen in 14 (9.5 %). C-reactive
protein was elevated in 77(52.4 %) patients. Patient demographics, clinical features and laboratory investigations

are summarized in Table 1 .

Table 1
Demographics, Clinical characteristics and Laboratory data for COVID-19 infected patients.
PARAMETERS FREQUENCY PERCENTAGE
Female 43 293

History of contact with a COVID-19 patient or travel to a

high riskzone
Present 141 95.9
Absent 6 4.1

Co-morbid illness

Hypertension 9 6.1
Diabetes Mellitus 5 3.4
CLD 1 0.7
Rheumatoid Arthritis 1 0.7

Clinical features

Fever 74 50.3
Cough 57 38.8
Sore throat 41 27.9
Dyspnea 18 12.2
Malaise/Fatigue 61 41.4
Increased Respiratory rate (> 30 /min) 11 7.4
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Reduced Oxygen Saturation (< 90%) 9 6.1
Lab Investigations
Mean WBC count (normal value 4-11 x 109 /L) 33
Lymphocyte count (normal value 1.1-3x 109 /L)
Increased 14 9.5
Decreased 50 34
Increased CRP (normal value < 10 mg/L) 77 52.4

Chest CT findings

There was almost a perfect agreement (Cohen’s Kappa of 0.83) in reading CT images between thetwo primary

radiologists. The result of chest CT along with the clinical course of study cohort is depicted in Fig. 1.

Symptomatic cases with RT-
PCR confirmed SARS-CoV-2

(n=147)

CT performed after mean 5.8 days
(range 3-9 days) after symptom onset

Normal CT{'.16;65.3%) Abnormal CT (51;34.7%)
| }
1 patient deteriorated; Stable clinical 6 developed Stable clinical
required non-invasive course (n=95) respiratory course (n=45)
ventilation l distress (ICU)
1 Recovered l Recovered
Recovered

2 demised 4 Recovered

Fig. 1 Flow chart depicting the result of chest CT in symptomatic RT-PCR confirmed SARS-CoV-2 infected

patientsalong with the clinical outcome.
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Lung parenchymal abnormalities were observed in 51 (34.7 %) cases, whereas 96 (65.3 %) RT-
PCRpositive cases had a normal chest CT. Among the patients with abnormal CT findings, bilateral lung
involvement was the commonest, observed in 39/51 (76.5 %). Multiple lobe involvement was seen more
frequently. 24 (47.1 %) had involvement of all the 5 lobes whereas two lobe and single lobe involvement was
seen in 6 (11.8 %) each. In terms of axial distribution, peripheral distribution was the commonest, seen in 51
(100 %) cases among which 36 (70.6 %) had only peripheral distributionwhereas as 15 (29.4 %) had both
peripheral and central distribution. None of the patients showed purely central distribution. Similarly, with
regards to the anterior-posterior distribution all the 51(100 %) cases had posterior distribution of lung findings
among which 27 (52.9 %) had only posterior distribution whereas 24 (47.1 %) had combined posterior and
anterior distribution with none of the cases showing solitary anterior distribution. The laterality and distribution
of lung abnormalities is given in Table 2 . With regards to the type of opacity, GGO was the dominant
abnormality, found in all 51 (100 %) cases. Pure GGO was observed in 15 (29.4 %), GGO with interlobular
septal thickening and intralobular lines, producing crazy paving pattern was seen in 15 (29.4 %) and GGO
mixed with consolidation was noted in 21(41.2 %) (Fig. 2, Fig. 3 ). None of the patients showed pure
consolidation. Reticulations were seen in 15 (29.4 %) (Fig. 4 ). A small number of cases showed subpleural
curvilinear lines (17.6 %) (Fig. 4), air bronchogram sign (23.5%) and atoll or reverse halo sign (17.6 %) (Fig. 3).
Bronchial wall thickening was observed in 6 (11.9 %) and bronchodilatation was seen in 3 (5.9 %). We observed
peri-lesional or intralesional segmental or subsegmental vessel enlargement in 36 (70.6 %) cases (Fig. 5 ). None
of the patients showed halo sign or cavitation. None of the patients showed pleural effusion, pericardial effusion
ormediastinal lymphadenopathy. A higher percentage of diseased lung was observed in patients with severe
disease requiring ICU admission (29.6 + 12.3 %) (mean + SD) than in-ward patients with a mild form of disease
(10.2+ 6.6 %) (mean = SD). Of the 51 CT positive cases, 6 (11.7 %) were admitted in ICU. Two of them
demised (one had underlying diabetes and one had chronic liver disease). Only one patient among the negative
CT group developed respiratory worsening 9 daysafter symptom onset and required ICU admission. However,

the patient survived.
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Table 2

Distribution of lung findings on chest CT.

Lung parenchymal abnormalities on Number of

%

CT patients

Present 51 34.7
Absent 96 65.3
Laterality of lung involvement

Bilateral 39 76.5
Right lung 6 11.8
Left lung 6 11.8
Lobar involvement

Right upper lobe 45 88.2
Right middle lobe 30 58.8
Right lower lobe 39 76.5
Left upper lobe 42 82.4
Left lower lobe 39 76.5
Number of lobes involved

5 lobes 24 47.1
4 lobes 12 23.5
3 lobes 3 5.8
2 lobes 6 11.8

VOLI14, ISSUE 11, 2023
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Fig. 2 Non-contrast axial chest CT images in the lung window setting of a 65-year old male

VOLI14, ISSUE 11, 2023

COVID-19 positive patient,obtained 7 days after symptom onset, at the carinal (a),

subcarinal (b), mid-basal (¢) and basal (d) levels showingbilateral elongated, confluent

ground glass opacities with pronounced peripheral and posterior distribution with

interlobular septal thickening producing crazy-paving pattern with early progression to

consolidation formation.
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Fig. 3 Non-contrast axial chest CT images in lung window settings of a 40-year old male
_COVID-19 positive patient, obtained 8 days after symptom onset, in cranio-caudal
sequence (a,b,c,d) showing multiple patchy peripheral predominantly posterior ground
glass opacities with progression to consolidation in both lungs. There is also evidence of
atoll sign in right lung (d) marked by black arrow and perilesional vessel enlargement in

left lung (d)marked by black arrow with white border.

Fig. 4 Non-contrast chest CT axial im;ge (a) in a 62-year old COVID-19 positive male
patient, obtained 9 days after symptom onset, showing sub-pleural curvilinear lines (black
arrow) with multiple reticulations in right lower lobe and mixed GGO-consolidation
pattern in left lower lobe. Fig. 3b in a different 61-year old COVID-19 positive male

patient, obtained 6 days after symptom onset, shows evidence of sub-pleural reticulations

817



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL14, ISSUE 11, 2023

(blackarrow) in the posterior segment of right upper lobe with a few rounded

morphology GGOs in left upper lobe.

Fig. 5 Non-contrast axial chest CT images in lung window settings of a 62-year old male
COVID-19 positive patient,obtained S days after symptom onset, showing diffuse
ground glass opacities in peripheral and central distribution progressing to frank
consolidation in Fig. 2b. There is also evidence of intralesional vessel enlargement (blue

arrows in a & b) and bronchial dilatation (red arrow in b).

Lung parenchymal abnormalities are summarized in Table 3 .

Table 3

Type of lung opacities and additional findings on CT.

Lung opacity Number of %
patients

GGO 51 100

Pure GGO 15 29.4
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GGO with crazy paving pattern 15 29.4
Pure Consolidation 0 0
Mixed pattern (GGO with consolidation) 21 41.2
Sub pleural linear/curvilinear lines 9 17.6
Nodules 3 59
Reticulations 15 29.4
Halo sign 0 0
Reverse Halo sign 9 17.6
Cavitation 0 0
Perilesional /Intralesional vessel 36 70.6
enlargement
Bronchial wall thickening 6 11.9
Bronchial dilatation 3 59
Air bronchogram sign 12 23.5
Air bubble sign 3 59
Additional findings
Pleural effusion 0 0
Pericardial effusion 0 0
Mediastinal lymphadenopathy 0 0
Findings of existing lung disease
Emphysema 3 2.5
Sequelae of old healed tuberculosis 18 15.5
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Discussion

Chest CT manifestations of COVID-19 pneumonia have been widely reported. It has been
observed that asymptomatic patients can have a positive chest CT. The converse has also
been reported, wheresymptomatic patients had a negative CT especially during the early
phase of the illness [13]. To the best of our knowledge no imaging data of Indian patients is
available and majority of the data available have come mostly from China and Europe. A
comparison with some severely hit European countries reveals a low case fatality rate (CFR)
in Indian patients compared to various European countries which have a higher CFR. India
has recorded 226 770 infections with 6348 deaths as of June 5, 2020 [1]. United Kingdom
(281 665 infections; 39 904 deaths), S pain (240 660 infections; 27 133 deaths), Italy (234
013 infections; 33 689 deaths) and France (148 941 cases; 29 007 deaths)have reported

almost a similar number of total infections but a much higher number of deaths [1].

However, it is widely cautioned that the actual CFR may be skewed as the estimation of CFR
inherently suffers from certain biases. A high proportion of asymptomatic cases in the

communitymay overestimate CFR.

We conducted a prospective study to describe the chest CT findings of COVID-19 in our
population to gain insight and familiarize our radiologists and clinicians with the wide gamut
of imaging findings in COVID-19 infected patients. We recorded a negative CT in a high
proportion (96/147; 65.3 %) of patients with RT-PCR confirmed SARS-CoV-2. This data is
in stark contrast to the studies from China, Korea and Europe which have reported lung
parenchymal abnormalities in 61%—100% RT-PCR positive patients [[14],[15], [16]]. L1 K
et.al [15] reported a CT positivity rate of 71.8 % in confirmed COVID-19 cases with clinical
symptoms. There were 30.8 % mild, 59 % common and 10.2 % severe-critical illness cases,
respectively in this study. Caruso D et.al [17] reported pulmonary findings in 96.6 % of
symptomatic cases on CT. Fever (61%) was the commonest symptom in their cohort
followed by cough (56 %) and dyspnea (33 %). Yu M et.al [18] reported a CT positivity rate
of 100 % in their study cohort in which approximatelytwo third of the cases were having
mild symptoms with fever in 86 % and dyspnea in 10 %. In an environmentally homogenous
cohort (Diamond Princess Cruise ship), Inui S et.al [13] reported a normal chest CT in 21 %
of symptomatic COVID-19 cases with cough (20 %), fever (11%) and dyspnea (3%). They
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further observed that nearly half (54 %) of the asymptomatic cases hadan abnormal CT. In
contrast, nearly two-third of the cases in our study with varying severity of symptoms had a
normal CT. Ai T et.al [19] reported CT findings in 888 (88.7 %) among the total study
population of 1014 COVID-19 patients. They further observed that 3% RT-PCR positive
cases with clinical symptomshad a normal CT scan. Bao C et.al [20] in a meta-analysis of 13
studies with 2378 COVID-19 cases found a pooled positiverate of 89.7 % for CT. The low
prevalence of CT findings in laboratory confirmed symptomatic SARS-CoV-2 patients in our
population compared to the reported data from other countries raises the possibility of
divergentcourse of the disease in different populations. Putatively, five factors in isolation or
in varying combinations could account for this discrepancy. First, a low prevalence of
abnormal CT scans in our population may be because CT scans were performed in all
symptomatic RT-PCR positive SARS-CoV-2 patients regardless of the severity ofsymptoms,
with most patients having a mild illness. Second, a low prevalence of comorbidities in our
study cohort with no known immune compromised patients (like cancer patients on
chemotherapy) may have contributed to low CT positivity rate. Co-morbid illnesses are
known to be associated with increased severity of COVID-19 disease [21]. Third, it may be a
consequence of relatively young population in our study with mean age of 40.9 years.
However, a comparison between various reported data reveals that many studies which have
reported a high CT positivity for COVID-19 had almost a similar age group (<50 years)
[20]. However, some studies had clearly an older study population (>50 years) [12,17].

Alternatively, it may be reflective of a less severe form of the disease in our population
which is tentatively indicated by low CFR in our population so far. The less severity of the
disease may in turn result from a less virulent strain of virus or a robust immune status of the
population. However, both these presumptive explanations must be viewed with caution and

are subject to confirmation byappropriate studies.

One may also argue that some patients with an initial negative CT may have developed lung
changessubsequently during the course of illness. The lack of follow-up imaging precludes
us from conclusively refuting this possibility. However, the percentage of patients showing
respiratory worsening during the hospital stay from the negative CT group may at least
indirectly indicate the proportion of patients developing significant lung changes during the

hospital stay. Among the patients with a negative initial CT, only one patient presented
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respiratory worsening during the hospital stay. Bernheim et.al [22] reported 56 % patients
imaged within the first 2 days of symptom onset with a negative CT. But only 9% of patients
imaged 3-5 days after symptom onset had a normal CT. This number further reduced to 4%
when the imaging was performed 6—12 days after symptom onset. We imaged patients after a

mean of 5.8 days (range 3-9 days) after the symptom onset.

Among the patients with lung parenchymal abnormalities on chest CT, bilateral and
multilobar distribution of pulmonary opacities with a peripheral predilection was commonly
observed. Our results fairly corroborate the distribution and type of pulmonary opacities

reported in COVID-19 pneumonia.

GGO in the form of pure GGO (29.4 %), GGO with superimposed crazy paving pattern
(29.4 %) or GGO admixed with consolidation (41.2 %) was the most dominant lung
parenchymal abnormality encountered in all the cases. These findings are in concordance
with the multiple studies summarized in the systematic review by Salehi et al. [23] wherein
they found that GGO was presentin 88 % cases across 22 studies reported from various

countries.

The intriguing finding of segmental or subsegmental intra-lesional or peri-lesional
pulmonary vesselenlargement was observed in 70.6 % patients. Our findings are in
concurrence with Yan Li et al. [24]who reported vascular enlargement in 82.4 % and Caruso
D et al. [17] who reported vessel enlargement in 89 % patients. The various putative
etiologies that have been put forth to account for this unique finding of vascular enlargement
include, vasodilatation induced by the release of proinflammatory cytokines, small vessel
pulmonary embolism and infection induced pulmonary vasculitis [25]. The finding of
pulmonary vascular enlargement seems to have a diagnostic value as it has not been
reported previously in any infectious disease settings. Bai et al. [26] reported vascular
enlargement to be frequently associated with COVID-19 pneumonia compared to
non—COVID-19 pneumonia with a significant p-value (<0.001). The presence of enlarged

vessel sign may help discriminate COVID-19 pneumonia from non—COVID-19 pneumonia.

The percentage of the diseased lung was higher in patients with severe disease (29.6 +12.3
%) compared to the patients with a mild form of disease (10.2 + 6.6 %). However, the small
number ofpatients with severe disease precluded us from performing a meaningful

correlation analysis withinthe subsets.
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CT is not recommended as a screening tool for the diagnosis of COVID-19 [27,28].
However, CT has contributed to the clinical management of the COVID-19 disease and in
our understanding of the disease. According to the German Radiological Society, CT may
aid in assessing the initial extent of the lung involvement, help in recognition of the
pneumonia-associated complications andalso help in monitoring the progression of the
disease in severe cases [27]. According to AmericanCollege of Radiology (ACR) guidelines,
CT should be reserved for hospitalized, symptomatic patients with specific clinical

indications like worsening respiratory status [28]

There are several limitations to our study. First, we focused on initial or baseline CT findings
and did not perform follow-up CT examinations. This may result in non-inclusion of
symptomatic cases that may have developed lung changes late in the course of disease and
hence a spurious high rate ofnegative CTs in the study population. Second, there may have
been a selection bias as imaging was performed in all symptomatic cases regardless of the

severity of illness. The small size of study population is also a limitation.

Conclusion

In conclusion, we found a high proportion (65.3 %) of normal chest CTs in mildly
symptomatic laboratory-confirmed SARS-CoV-2 patients. Patients with a positive CT
showed the same CT features as reported in other series with a predominance of GGOs in a

bilateral and multilobar distribution with posterior and peripheral predilection.
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