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.ABSTRACT
Introduction: Coronavirus disease-2019 (COVID-19) was announced as a pandemic by the World Health Organization (WHO) 
on March 11, 2020. According to a WHO report on COVID-19, the disease has nospecific manifestation and the patient's pres-
entation can range from completely asymptomatic to severe pneumonia and death.
Objective: To retrospectively characterize and interpret the spectrum of chest computed tomography (CT) imaging features of 
Coronavirus disease - 19 (COVID-19) in infected Indian population and to correlate CT total severity score with clinical classifica-
tion and study extra-pulmonary manifestation of Corona-virus disease 2019 (COVID-19).
Methods: A retrospective single-centre study was conducted on patients with COVID-19 from May 10, 2020, to July 13, 2020, in 
tertiary care Max super specialty hospital, Delhi, India. A total of 532 patients either laboratory-confirmed or strongly suspected of 
having COVID-19 underwent CT chest and their imaging features were analyzed and interpreted in detail and studied for extra-
pulmonary manifestation of COVID-19. The consistency of observers was evaluated for CT total severity score (TSS) and TSS 
was compared with clinical classification.
Result: This study included 532 patients, 10 patients were excluded from the study. Among a total of 522 patients in the study, 
362 (69.3%) were males and 160 (30.7%) were females with a mean age of 52.75 years (range 14-88). According to the clini-
cal subtype classification there were mild 17 (3.3%), common 355 (68.0%), severe 105 (20.1%) and critical 45 (8.6%) cases. 
57 (10.9%) patients died and 37 (7.08%) patients showed extra-pulmonary manifestation of COVID-19. There were 17 patients 
with normal CT chest. Only 2 cases had unilateral lung disease and the rest of 503 cases showed bilateral lung involvement 
with multiple opacities and multiple lobe involvement. Diffuse lung involvement i.e. white lung noted in 10 cases and none of the 
patient had single lesion. Opacities on CT imaging tended to be both peripheral and central in most cases, followed by purely 
peripheral and rarely are with the purely central distribution. According to CT attenuation of opacity, Ground glass opacity (GGO), 
and the mixture of Ground glass opacity & consolidative opacities and consolidative opacities was the dominant abnormality 
founded almost in all cases. Perilesional or intralesional,  thickened small vessel was observed in almost all cases. Accompany-
ing signs were crazy paving (40.6%), reverse halo sign (10.9 %), subpleural lines (47.9%), air bronchogram (28.4%), bronchiec-
tasis (18.6%), pleural effusion (5.6%) and mediastinal lymphadenopathy (4.8%). Follow up scanning was obtained in 28 cases, 
showed no change in 2 cases, turned better in 12 cases, and became worse in 14 cases on follow up imaging studies. 
Conclusions: The typical pattern of COVID-19 pneumonia in Delhi, India , was ground glass opacity in the form of pure ground 
glass opacity, ground glass opacity with superimposed crazy paving pattern or Ground glass opacity admixed with consolidation 
with intralesional vascular enlargement were the most dominant lung parenchymal abnormalities with the peripheral and pos-
terior distribution encountered in most of the cases. In the short term follow-up, more patients had disease progression rather 
than absorption.
Proportion of patients [17 (3.2%)] with normal CT chest in laboratory-confirmed COVID-19 was relatively low; hence chest CT 
may play a complementary role in the early detection of COVID-19 pneumonia and could be regarded as a diagnotic standard of 
COVID-19. COVID-19 is progressive viral pneumonia with broad spectrum of clinical manifestations and can also present with 
extra-pulmonary manifestations .
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INTRODUCTION

An outbreak of severe acute respiratory syndrome Corona-
virus 2 (SARS-CoV-2) infection was reported in Wuhan in 
December 2019, Hubei Province, China 1. Coronavirus dis-
ease-2019 (COVID-19) was announced as a pandemic by 
the World Health Organization (WHO) on March 11, 2020. 
According to a WHO report on COVID-19, the disease has 
no specific manifestation and the patients presentation can 
range from completely asymptomatic to severe pneumonia 
and death 2. However, some symptoms have been reported 
to be more common in COVID-19 patients, which are fever 
(98%), cough (76%), and myalgia or fatigue (44%) 3 .  The 
keys to control COVID-19 are early detection, early isola-
tion, and early treatment. Reverse transcription-polymerase 
chain reaction (RT-PCR) is a highly specific test and the gold 
standard for the diagnosis of COVID-19. However, the vari-
able sensitivity of RT-PCR and its lengthy turnaround time 
(24–48 h 4 underscore the need for a complementary diag-
nostic approach 5,6,7, 8. Besides, multiple negative RT-PCR 
test results may be needed to rule out the disease in patients 
with a high clinical suspicion of COVID-19 9. It was also re-
ported that false-negative RT-PCR was not rare and, in these 
patients, initial chest CT might present abnormal findings 
indicating COVID-19 10. Therefore, some experts suggested 
that chest CT could be regarded as a diagnostic standard of 
COVID-19. 

Xie X, et al conducted a study to address the importance of 
chest computed tomography (CT) examination in COVID-19 
patients with false-negative RT-PCR results 5,8 and reported 
the CT sensitivity as 98% 6  

CT examination is of great significance in diagnosing COV-
ID-19 and monitoring disease progression and evaluating 
therapeutic efficacy.11,12,13

The latest research studies described the characteristic im-
aging manifestations of COVID-19, including ground-glass 
opacities (GGO) (57 to 88%), bilateral involvement (76 to 
88%), and peripheral distribution (33 to 85%)14,15,16,17 

Bilateral distribution of ground-glass opacities (GGO) with 
or without consolidation in posterior and peripheral lungs 
was the cardinal hallmark of COVID-19 14,18

Although COVID-19 is principally a respiratory illness and 
pulmonary manifestations are main presentations of the dis-
ease, SARS-CoV-2 infection is not limited to the respiratory 
system and other organs can also be affected. COVID-19 is 
a progressive viral pneumonia with broad spectrum of clini-
cal manifestations and also present with extra-pulmonary 
manifestations. Our clinical experience and the emerging 
literature suggest that the hematologic, cardiovascular, renal, 

gastrointestinal and hepatobiliary, endocrinologic, neuro-
logic, ophthalmologic, and dermatologic systems can all be 
affected 19.

Therefore, with a comprehensive review of published stud-
ies and the experience of COVID-19 imaging interpretation 
in the frontline, we aim to review the typical and relatively 
atypical CT manifestations of COVID-19 in a pictorial 
fashion and help radiologists to familiarize with these pos-
sible imaging features of COVID-19 and Extra-pulmonary 
manifestations of Coronavirus infections 

MATERIAL AND METHODS

This retrospective study was approved by the Review 
Committee and Ethics Committee of our institution. Writ-
ten informed consent was waived since the study had no 
risk, and would not adversely affect the subject’s right and 
welfare.

This single-center retrospective, study was conducted on pa-
tients with COVID-19 from May 10, 2020, to July 13, 2020, 
in tertiary care Max super specialty hospital, Delhi, India. A 
total of 532 patients either laboratory-confirmed or strongly 
suspected of having COVID-19 underwent CT chest. In-
clusion criteria were (a) fever, sore throat and respiratory 
symptoms, such as cough and dyspnea; (b) mild respiratory 
symptoms and close contact with person with confirmed 
COVID-19; and (c) a previously positive reverse transcrip-
tion–polymerase chain reaction (RT-PCR) result. Exclusion 
criteria were (a) case of known malignancy; and (b) incom-
plete clinical data. 

10 patients were excluded, so among a total of 522 patients 
in the study, 364 were males and 158 were females with a 
mean age of 45 years (range 19 -88). Five radiologists with 
an experience of more than 15 years independently reviewed 
CT images and their imaging features were analyzed and in-
terpreted in detail. In case of discrepant assessment results 
between the radiologists, images were reviewed, and a con-
sensus was established.

Fig No 1 shows: CT scans were assessed for: (1) distribu-
tion: peripheral or peribronchovascular; (2) density: ground-
glass opacities (Fig.1A), mixed ground-glass opacities 
(Fig.1B), or consolidation (Fig.1C); (3) thickened small ves-
sels within opacity (Fig.1D); (4) internal structures: presence 
of air bronchogram; crazy paving (Fig.1E) , reverse halo 
sign (Fig.1F), subpleural lines (Fig.1G) and bronchiectasis 
(Fig.1F) ; (4) number of lobes affected by ground-glass or 
consolidative opacities; (5) presence of pleural effusion; and 
(6) presence of thoracic lymphadenopathy (defined as lymph 
node size of ≥ 10 mm in short-axis dimension).
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Figure 1: Non-contrast axial chest CT images showing vari-
ous opacities – Fig.1A pure ground-glass opacity, Fig.1B 
mixed ground-glass opacities, Fig.1C consolidation Fig.1D 
crazy paving; Fig.1E thickened small vessels within opacity 
(black arrow); Fig.1F  Reverse halo sign; Fig.1G subpleural 
lines(black arrow) and Fig.1H  Minimum-intensity-projection 
showing bronchiectasis

Ground-glass opacification was defined as increased lung 
attenuation with preservation of bronchial and vascular mar-
gins and consolidation was defined as opacification with 
obscuration of margins of vessels and airway walls 20. A 
semi-quantitative scoring system - CT visual quantitative 
evaluation based on summing up the acute lung inflamma-
tory lesions involving each lobe, scored as 0 –( 0% ), 1 – (1-
25%), 2 – (26 – 50%), 3 –( 51 – 75%), 4 –( 76 – 100%). The 
total severity score (TSS) was calculated by summing the 
five lobe scores.14 

Clinical classification
All cases were divided into four groups –based on the Di-
agnosis and Treatment Plan of COVID -19 issued by the 

National Health Commission (7th ed.) 21 Mild type – mild 
clinical symptoms without pneumonia on imaging.

Common type – fever, respiratory tract and other symptoms 
with pneumonia on imaging

Severe type – respiratory distress, respiratory rate >30 
times/min: in resting state, oxygen saturation <93%, PaO2/
FiO2<300MMHG

Critical type –respiratory failure requiring mechanical venti-
lation, shock and other organ failure requiring ICU monitor-
ing and treatment

The consistency of observers was evaluated for CT total se-
verity score (TSS) and TSS was compared with clinical clas-
sification

Statistical analysis
SPSS 17.0 (IBM Corp.) software was used for statistical 
analysis, including descriptive statistics.  Continuous data 
conforming to normal distribution expressed by mean ± 
standard deviation; those not confirmed (median, P25, p75) 
were listed. The intragroup correlation coefficient (ICC) was 
used to test the consistency of TSS scores of observers, ICC 
values < 0.4, 0.4~0.75, and > 0.75 represent poor, moderate, 
and good repeatability, respectively. The distribution balance 
of involved lobes and the number of involved lobes in dif-
ferent clinical types were compared by t-test and ANOVA. 
p-value less than 0.05 was considered statistically significant

RESULT 

Demographic and Clinical characteristics
Among a total of 522 patients in the study, 362 (69.3%) were 
males and 160 (30.7%) were females with a mean age of 
52.75 years (range 14 -88). According to the clinical classifi-
cation there were 17 (3.3%) mild, 355 (68.0%) common, 105 
(20.1%) severe and 45 (8.6%) critical cases. 57 (10.9%) pa-
tients died and 37 (7.08%) patients showed extra-pulmonary 
manifestation of COVID -19. The demographic data for all 
patients are shown in Table 1.

Table 1: Showing demographics, Clinical characteris-
tics for COVID-19 infected patients

Number Percentage

Sex

Female 160 30.7

Male 362 69.3

Co-morbidity 299 57.3

Fever 425 81.4

Cough 366 70.1

Fatigue 147 28.2
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Number Percentage

Sore Throat 57 10.9

Dyspnea 295 56.6

Gastrointestinal symptom 115 22.1

Clinical Classification

Mild 17 3.3

Common 355 68.0

Severe 105 20.1

Critical 45 8.6

Flow chart depicting the result of reverse transcription–poly-
merase chain reaction (RT-PCR) and chest CT in symptomatic 
patients.

Table 2: Diagnostic performance of chest CT for COV-
ID-19 infection with RT-PCR as the Reference Stand-
ard
Statistics  TP  TN  FP  FN  Sensitivity  Specificity  PPV  NPV
Accuracy

Findings  458  14  41  9  458/467 (98)  14/55 (25)  458/499 (91)  14/23 (60)  
472/522 (90)

Note:- Data in parentheses are percentages, TP =true positive, TN = 
true negative, FP = false positive, FN = false negative, PPV = positive 
predictive value, NNV = negative predictive value, RT-PCR = reverse 
transcription polymerase chain rection

Table 3: Number and percentage (%) of patients with spe-
cific diagnostic features on CT images
Characteristic Number 

Opacity 

Ground glass 483 (93.2%)

Mixed 353 (67.6%)

Consolidation 230 (44.1%)

Distribution 

Both 325 (62.3%) 

Peripheral 166 (31.8%)

Central 11 (2.1%)

Lesion characteristics

Characteristic Number 

Subpleural  Lines 250 (47.9%)

Air Bronchoragm 148 (28.4%)

Reverse Halo sign 57 (10.9%)

Crazy Paving 212 (40.6%)

Thickened small vessels within 353 (67.6%)

Bronchiectasis 97 (18.6%)

Lymph Node 25 (4.8%)

Pleural Effusion 29 (5.6%)

Number of involved lobes

0 17 (33%)

1 14 (2.7%)

2 32 (6.1%)

3 15 (2.9%)

4 34 (6.3%)

5 410 (78.5%)

Imaging findings of CT chest
Of the 522 patients, 467(89%) had positive RT-PCR results 
and 499(95%) had positive CT findings. Detailed results 
are reported in Table 2. With RT-PCR serving as the refer-
ence standard, sensitivity, specificity and accuracy of CT for 
COVID -19 pneumonia were 98%, 25% and 90% respec-
tively. Only small proportion of patients [9 (1.9%)] with RT-
PCR positive, had normal CT chest.  Only 2 (0.38%) cases 
had unilateral lung disease (Fig 2), the rest of 503(96.3%) 
cases had bilateral lung disease with multiple opacities in-
volving multiple lobes.

Multiple opacities involving all 5 pulmonary lobes were seen 
in the majority 410 (78.5%) of cases. Only small cases in 
the study had 1 lobe [14 cases (2.6%)], 2 lobes [32 cases 
(6.1%)], 3 lobes [15 cases (2.8%)] and 4 lobes [34 cases 
(6.5%)] involvement. Diffuse lung involvement i.e. white 
lung (Fig 3) was noted in 10 (1.9%) cases and none of the 
patients showed a single lesion. Common type and severe-
critical type can both involve 5 lobes, but the severe-critical 
type had a higher incidence than the common type. Opacities 
on CT imaging tended to be both peripheral and central in a 
location (Fig 4) in most of the [325 (62.3%)] cases, followed 
by purely peripheral (Fig 5) [166 (31.8%)] and [11 (2.1%)] 
are with the purely central distribution(Fig 6). 

According to CT attenuation of opacity, Ground glass 
opacity [483 (93.2%)], the mixture of Ground glass opac-
ity & consolidative opacities [353 (67.6%)] and consolida-
tive opacities [230 (44.1%)] were the dominant abnormal-
ity founded almost in all cases. Perilesional or intralesional 
thickened small vessel was observed in 353 (67.6%) cases. 

Table 1: (Continued) Table 3: (Continued)
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Accompanying signs observed were, crazy paving 212 
(40.6%), reverse halo sign  in 57 (10.9%), subpleural lines 
in 250 (47.9%), air bronchogram in 148 (28.4%), and bron-
chiectasis in 97 (18.6%) patients. Pleural effusion was seen 
in 29 (5.6%) and most of them occurred in severe cases. Me-
diastinal lymphadenopathy was noted in very few 25 (4.8%) 
cases. Follow up scans was performed in 28 cases, showed 
no change in 2 cases, improvement in 12 cases, and worsen-
ing in 14 cases on follow up imaging studies.

Figure 2: Non-contrast Axial (A&B) and Coronal (C&D) Chest 
CT images in a 38-year old COVID-19 positive male.  Two oval 
ground glass opacities with some peripheral consolidation uni-
laterally in left lung with CT severity score 2/20.

Figure 3: Non-contrast axial (A) and coronal (B) chest CT im-
ages of a 43-year old male COVID-19 positive, showing diffuse 
ground glass opacities with admixed areas of consolidation  in 
both lungs (“white lung”) with CT severity score 20/20.

Non-contrast axial (C) and coronal (B) head CT images of 
same patient, showing wedge-shaped hypodense area in right 
cerebellum suggestive of infarct -An extra-pulmonary neuro-
logical manifestation of COVID-19.

Figure 4: Non-contrast axial (A & B) chest CT images in 58-
year old male COVID-19 positive patient, showing multiple 
confluent ground-glass with superimposed crazy paving ad-
mixed with patchy areas of consolidation in the central and 
peripheral portion of both lungs with posterior distribution. 
Minimum-intensity-projection (C) image demonstrate bronchi-
ectasis with mild bronchial irregularity. 

Figure 5: Non-contrast axial (A) and coronal (B)  chest CT 
images in 73-year old male COVID-19 positive patient, show-
ing multifocal ground-glass opacities with interlobular septal 
thickening presenting as a “crazy paving” pattern and  accom-
panied with thickened small vessels in peripheral sub pleural 
region of both lungs.

Figure 6: Non-contrast  axial (A &B)  and coronal ( C) chest 
CT images in 52-year old female COVID-19 positive patient, 
showing  centrally distributed diffuse ground glass opacities 
with superimposed crazy paving, admixed with patchy ar-
eas of consolidation with air bronchogram in both lungs with 
relative sparing of lung bases and peripheral subpleural re-
gion. 
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Table 4: Comparison of CT total severity score and clini-
cal classification

Mild Common Severe Critical

n 17 355 105 45

Mean 0.00 6.12 10.20 14.16

Median 0.00 5.00 10.00 15.00

Mode 0 5 7 18

Std. Deviation 0.000 3.086 3.722 4.062

Minimum 0 1 4 5

Maximum 0 18 20 20

25th Percentiles 0.00 5.00 7.00 11.00

50th Percentiles 0.00 5.00 10.00 15.00

75th Percentiles 0.00 7.00 12.00 17.50

Table 5A: Comparison of affected pulmonary lobes on CT 
and clinical classification

Number of 
involved 
pulmonary 
lobes on CT

Clinical Severity Total

Mild Com-
mon

Severe Criti-
cal

0 17 0 0 0 17

100.0% 0.0% 0.0% 0.0% 100.0%

1 0 14 0 0 14

0.0% 100.0% 0.0% 0.0% 100.0%

2 0 32 0 0 32

0.0% 100.0% 0.0% 0.0% 100.0%

3 0 15 0 0 15

0.0% 100.0% 0.0% 0.0% 100.0%

4 0 25 6 2 33

0.0% 75.8% 18.2% 6.1% 100.0%

5 0 269 99 43 411

0.0% 65.4% 24.1% 10.5% 100.0%

Total 17 355 105 45 522

3.3% 67.9% 20.2% 8.6% 100.0%

Independent t-Test: for Clinical Sub-classification, mild-com-
mon were grouped together and severe-critical were grouped 
together. Then these two groups were used for this analysis.

Table 5B: Comparison of affected pulmonary lobes on CT 
and clinical classification

Group Statistics

Clinical Sub-classification n Mean Std. De-
viation

Std. 
Error 
Mean

Number of 
involved pul-
monary lobes 
on CT

Severe -criti-
cal

150 4.95 .225 .018

Mild-Com-
mon

372 4.21 1.463 .076

Comparison of CT visual quantitative evalua-
tion and clinical classification
The number of involved pulmonary lobe on CT in different 
clinical types is shown in Table 5 (a,b,c,d,e,f). The score of 
mild type was 0, while the common type was 1–18 (median 
5, 25th Percentiles 5, 75th Percentiles 7), the severe type was 
4–20 (median 10, 25th Percentiles 7, 75th Percentiles 12) 
and the critical type was 5–20 (median 15, 25th Percentiles 
11, 75th Percentiles 17.5). Since P-value is less than 0.05, the 
mean number of involved pulmonary lobes on CT is signifi-
cantly higher in the severe-critical group as compared to the 
mild-common group. 

There was a statistically significant difference in the aver-
age number of involved pulmonary lobes on CT between 
Clinical Sub-classification groups as determined by one-way 
ANOVA (F (3,517) = 133.201, P = <0.001). The number of 
involved pulmonary lobes on CT was surely very different 
in mild cases. A Tukey post hoc test revealed that the mean 
number involved pulmonary lobes on CT were statistically 
significantly lower in the common group compared with se-
vere and critical groups. The difference between severe and 
critical was not statistically significant. 

Inter-observer consistency of CT visual quanti-
tative evaluation
The consistency test results of CT visual quantitative analy-
sis of radiologists showed good repeatability with ICC 0.976 
(95% confidence interval 0.962–0.985).

Interval changes in CT imaging in follow-up 
Follow up was obtained in 28 cases, a second follow-up scan 
in 5 patients, and a third follow-up scan in 1 patient. Dur-
ing the first follow-up, 15 patients showed a radiographic 
improvement, 11patients showed initial progression and 2 
patients showed no change.

During the second follow-up in 5 patients, 1 patient showed 
improvement /resolution, 2 patients showed progression, and 
no change was seen in 2 cases. Third follow-up in 1 patient 
showed radiographic improvement. 

Patients with improved radiographic appearance showed 
gradually absorbed opacities and sub-pleural fibrous stripes’ 
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appearance compared with the first follow- CT scan (Fig 7). 
Patients with further progression showed an increasing num-
ber of ground-glass opacities and consolidation on follow-up 
scans (Fig 8).

Figure 7: Initial and follow up CT images in 43 year old male 
with COVID-19 pneumonia. Axial (A) and coronal (B) CT im-
ages demonstrate bilateral ground-glass opacities admixed 
with patchy areas of consolidation in the central and peripheral 
portions of the lungs. Axial (C) and coronal (D) CT images ob-
tained after 34 days demonstrate gradually absorbed ground 
glass opacities with presence of subpleural fibrous stripes sug-
gestive of dynamic resolution –Absorptive stage.

Figure 8: Fig 13 Initial and follow up CT images in 58-year old 
male COVID-19 positive patient. Axial (A) CT image showing 
peripheral ground-glass opacities with superimposed intralob-
ular reticulations resulting in crazy paying in both lungs.  1st 
follow up Axial (B) CT image obtained after 7 days demon-
strate mild increase in extent of opacity.  2nd follow up Axial (C) 
CT image obtained after 14 days demonstrate ground glass 
opacities admixed with areas of consolidation suggestive of 
temporal progression -Peak stage

The extra-pulmonary manifestation of COVID -19
Although COVID-19 is principally a respiratory illness, 
COVID-19 infection is not limited to the respiratory sys-

tem and other organs can also be affected and can involve 
hematologic, cardiovascular, renal, gastrointestinal and 
hepatobiliary, endocrinologic, neurologic, ophthalmologic, 
and dermatologic systems. In our study 37 (7.08%) patients 
showed extra-pulmonary manifestation of COVID -19. 
Neurological involvement was seen in 13 cases, presenting 
with infarct in 7 cases (Fig 9 and 10)), encephalopathy in 4 
cases, subarachnoid hemorrhage in 1 case(Fig 11), and sei-
zure in 1case. The gastrointestinal manifestation was seen 
in 6 cases, in the form of enteritis in 4 cases, acute pancrea-
titis in 1 case and sub-acute intestinal obstruction in 1 case. 
In our study, there were 15 (2.87%) cases of COVID-19 
with gastrointestinal manifestation as the only presentation 
of the disease without respiratory abnormalities. Pulmo-
nary embolism was seen in 3cases (Fig12), deep venous 
thrombosis in 7 cases, myocarditis in 2 cases, myocardial 
infarction in 1 case, renal dysfunction in 4 cases, and der-
matitis in 1 case.

Figure 9: A 70-year-old male COVID-19 positive patient. 
Non-contrast axial (A) chest CT image demonstrates bilateral 
ground glass opacities, which are admixed with patchy con-
solidation areas.  MR Axial DW (B) & ADC (C) brain images of 
same patient  showing  restricted diffusion in left posterior high 
parietal lobe – acute infarct. 

Figure 10: Unenhanced chest CT axial (A) image of 62-year-
old man with bilateral ground glass opacities, admixed with 
fibrotic strips in the central and peripheral portions of the 
lung due to COVID-19  pneumonia. Axial (B) and coronal 
(C) CT head images of same patient shows wedge shaped 
hypo dense area involving both grey and white matter in 
right frontal and adjoining right perisylvian region - acute 
infarct.
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Figure 11: Unenhanced chest CT axial (A & B) images of an 
50-year-old woman  showing bilateral distribution of ground 
glass opacities, admixed with linear consolidation and fibrotic 
strips in posterior and peripheral lower lobes with pneumo-
mediastinum (arrow) due to COVID-19  pneumonia. Axial (C) 
unenhanced CT head image of same patient shows subarach-
noid haemorrhages in cerebeallar folia and basal cistern. 

Figure 12: Initial and follow-up chest CT images in a 37-year-
old man with COVID-19 pneumonia. An unenhanced initial 
chest CT axial (A ) image shows bilateral peripheral ground 
glass in the dorsal segment of lower lobes. Contrast enhanced 
CT pulmonary angiography performed after 12 days – axial 
(B) demonstrate linear consolidation typical for an organizing 
pneumonia. Axial (C), coronal (D) and sagittal (E & F) CT pul-
monary angiography images shows a filling defect within  dis-
tal right and left main pulmonary arteries and extending into 
right and left lower lobe pulmonary arteries consistent with oc-
clusive thrombus. 

DISCUSSION

COVID -19 is a novel infectious disease that causes inflam-
mation in the respiratory system. It is a highly contagious 
disease  and spreads rapidly. The keys to control COVID-19 
are early detection, early isolation, and early treatment. Re-
verse transcription-polymerase chain reaction (RT-PCR) is 
a highly specific test and the gold standard for the diagnosis 
of COVID-19. However, the variable sensitivity of RT-PCR 
and its lengthy turnaround time (24–48 h 4 underscore the 
need for a complementary diagnostic approach.5, 6, 7, 8 

To date, the majority of studies evaluating the role of chest 
CT in  Coronavirus disease 2019 (COVID-19) pneumonia 
were conducted on patients in china.   In our study 50 (9.5%) 

patients showed discordant findings between CT chest and 
RT-PCR results. In most of these cases (41), the CT chest 
findings were suspicious of COVID-19, while the RT-PCR 
were negative.  In the majority of these, the diagnosis at dis-
charge was a pulmonary infection and out of these, 14 patients 
were having history of close contact with RT-PCR positive 
Covid-19 patient and 1 patient was positive for  COVID-19 
IgG Antibodies. Only small proportion of patients [9 (1.9%)] 
with RT-PCR positive, had normal CT chest. 

With RT-PCR serving as the reference standard, sensitivity, 
specificity and accuracy of CT for COVID -19 pneumonia 
were 98%, 20% and 90% respectively. The diagnostic per-
formance of chest CT in  our study was in accordance with 
study conducted by Ai et al  who reported a sensitivity of 
97%, specificity of 25% and an accuracy of 68% in patients 
from Wuhan, China.7

Recent studies addressed the importance of chest computed 
tomography (CT) examination in COVID-19 patients with 
false-negative RT-PCR results 5,8  and reported the CT sensi-
tivity as 98% 6 .Our imaging features are in accordance with 
the previous studies reported in the literature 14,22, 23 24 of viral 
pneumonia. In our study,  opacities on CT imaging  showed 
multiple opacities with multilobe involvement in both lungs 
and opacities tended to be both peripheral and central in 
a location in most of the 325 (62.3%) cases followed by 
purely peripheral 166 (31.8%) and 11 (2.1%) are with the 
purely central distribution. According to CT attenuation of 
opacity, Ground glass opacity 483 (93.2%), the mixture of 
Ground glass opacity & consolidative opacities 353 (67.6%) 
and consolidative opacities 230 (44.1%) was the dominant 
abnormality founded almost in all cases. Perilesional or 
intralesional thickened small vessel was observed in 353 
(67.6%) cases. Accompanying signssuch as crazy paving 
212 (40.6%), reverse halo sign 57 (10.9%), subpleural lines 
250 (47.9%), air bronchogram 148 (28.4%), and bronchiec-
tasis 97 (18.6%) were noted. Pleural effusion was seen in 29 
(5.6%) and most of them occurred in severe cases. Only 2 
(0.38%) cases had  unilateral lung disease and none of the 
patients showed a single lesion.

In our study we used Minimum-intensity projection (MinIP) 
images –that are multiplanar slab images produced by dis-
playing only the lowest attenuation value encountered along 
a ray cast through an object toward the viewer’s eye.  Bron-
chial dilatation and bronchus architectural distortion better 
depicted on   Minimum-intensity-projection CT images as 
shown in fig

Semi-quantitative scoring system - CT visual quantitative 
evaluation based on summing up the acute lung inflamma-
tory lesions involving each lobe, done by Mei X et al 14. We 
used the same method to quantify pulmonary inflammation 
and correlate to the clinical classifications. 
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The score of mild type was 0, while the common type was 
1–18 (median 5, 25th Percentiles 5, 75th Percentiles 7), the 
severe type was 4–20 (median 10, 25th Percentiles 7, 75th 
Percentiles 12) and the critical type was 5–20 (median 15, 
25th Percentiles 11, 75th Percentiles 17.50). Simultaneous 
involvement of all five lobes was observed in 411 (78.7%) 
cases. Since P-value is less than 0.05, the mean number of 
involved pulmonary lobes on CT is significantly higher in 
the severe-critical group as compared to the mild-common 
group. A higher percentage of diseased lungs with higher CT 
severity scores was observed in patients with severe disease 
requiring ICU admission.

According to WHO reports the overall fatality rate for COV-
ID -19 is estimated at 2.3 %25,but the fatality rate has varied 
among studies from 1.4% to 4.3%26, 18

Factors associated with an elevated case fatality rate includ-
ed associated co-morbidities,  26,  male sex, higher age, base-
line diagnosis of severe pneumonia, and delay in diagnosis25.
In our case series, the overall mortality rate was 10.9% (57 
patients) and most of them 78.9% (45 patients) had asso-
ciated co-morbidity and had higher CT severity score. CT 
severity score more than 10 noted in 42 cases and less than 
5 only in 3 cases. 

SARS-CoV-2 infection is not limited to the respiratory sys-
tem and other organs can also be affected. Emerging lit-
erature suggest that the hematologic, cardiovascular, renal, 
gastrointestinal and hepatobiliary, endocrinologic, neuro-
logic, ophthalmologic, and dermatologic systems can all be 
affected. 23

In accordance with emerging literature, Extra-pulmonary 
manifestation of COVID -19 in our study was 7.08 % (37 pa-
tients) with Neurological involvement in 13 cases, present-
ing with Infarct in 7 cases (Figs), Encephalopathy in 4 cases, 
Subarachnoid hemorrhage in 1 case, and seizure in 1case. 
The gastrointestinal manifestation was seen in 6 cases, in the 
form of enteritis in 4 cases, acute pancreatitis in 1 case and 
sub-acute intestinal obstruction in 1 case. In our study, there 
were 15 (2.87%) cases of COVID-19 with gastrointestinal 
manifestation as the only presentation of the disease without 
respiratory abnormalities. Pulmonary embolism was seen in 
3cases (Figs). Deep venous thrombosis in 7 cases, Myocardi-
tis in 2 cases, Myocardial infarction in 1case, Renal dysfunc-
tion in 4 cases, and Dermatitis in 1 case.

In view of broad spectrum of clinical manifestations and the 
increasing worldwide burden of the disease, there is an ur-
gent need to rapidly scale up the diagnostic capacity to detect 
COVID-19 and its complications. 

CONCLUSION
COVID-19 may present a varied clinical picture, such as 
asymptomatic carriage, with or without associated pneumo-

nia, and with or without several extra-pulmonary manifesta-
tions.

The typical pattern of COVID-19 pneumonia in Delhi, India, 
was ground glass opacity in the form of pure ground glass 
opacity, ground glass opacity with superimposed crazy pav-
ing pattern or Ground glass opacity admixed with consoli-
dation with intralesional vascular enlargement was the most 
dominant lung parenchymal abnormality with the peripheral 
and posterior distribution encountered in most of the cases. 

In the short term follow-up, more patients had disease pro-
gression than absorption

Only small proportion, 1.9% (9 patients) with RT-PCR 
positive, had normal CT chest hence chest CT may play a 
complimentary role in the early detection of COVID-19 and 
could be regarded as a diagnostic standard of COVID-19. 

COVID-19 is a progressive viral pneumonia with broad 
spectrum of clinical manifestations and also present with 
extra-pulmonary features. In our study we have attempted 
to summarize the manifestations of COVID-19 and extra-
pulmonary manifestation in many organs with the goal of 
consolidating knowledge to address the current pandemic. 

LIMITATION

Selection bias as imaging was performed in all symptomatic 
cases regardless of the severity of illness

In our study mainly focused on initial or baseline imaging. 
Follow-up CT scans were only obtained for 28 of the 522 
patients and thus the full range of disease appearance may 
not be represented.  

No children are included in this study. Whether children 
may be less likely to become infected or, if infected, display 
milder symptoms is an important question to be addressed in 
future studies.

All studies were taken from Chinese studies; hence further 
studies in other countries are needed to corroborate these 
findings.

And lastly, Further studies are needed to elaborate extra-pul-
monary manifestations of COVID-19. 
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