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ABSTRACT 

Objective: To study High resolution computed tomography chest findings in polymerase chain reaction (PCR) positive 
patients of COVID-19. 
Study Design: Cross sectional study. 
Place and Duration of Study: Combined Military Hospital Rawalpindi, from May to Jun 2020. 
Methodology: Study included high resolution computed tomography chest of 200 patients admitted to COVID ward who 
were polymerase chain reaction positive. Patients having previously diagnosed Interstitial lung disease were excluded. Infor-
med consent from patients were taken. Different findings on High resolution computed tomography chest were summarized 
as percent of total cases. British society of thoracic imaging (BSTI) classification was used to classify high resolution computed 
tomography chest patterns of COVID-19 pneumonia. 
Results: Out of 200 patients included in study, 7 had previous changes on their chest imaging and were excluded. 193 patients 
(145 males and 48 females) enrolled had a median age of 52 years. One hundred and two patients (52.9%) showed classical 
pattern for COVID-19, 81 patients (41.9%) had indeterminate changes, 3 patients (1.6%) had atypical changes while 7 (3.6%) 
had normal high resolution computed tomography chest. Four had pleural effusions while 5 had mediastinal lymphadeno-
pathy. One hundred and eight nine (97.9%) patients had bilateral lung involvement, 145 (75.1%) had central and peripheral 
while 48 (24.9%) had peripheral invol-vement only. One hundred and forteen (59%) patients had ground glass opacities while 
70 (36.3%) had ground glass opacities with consolidation. Nine (4.7%) patients presented with consolidation only. 
Conclusion: High resolution computed tomography chest and COVID polymerase chain reaction done at the same time gives 
better diagnostic accuracy and helps in classifying these patients into different categories  with early detection and treatment 
of  patients. 
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INTRODUCTION 

A no. of patients in China presented to hospital   
in December 2019 in Wuhan City of Hubei Province. 
They had fever and lower respiratory tract infection. 
This was a febrile illness of unknown cause. During 
course of investigations, a new strain of corona virus 
was isolated. World Health Organization (WHO) nam-
ed it as corona virus disease 2019 (COVID-19)1. Centers 
for disease control and WHO developed guidelines for 
investigation and management of this new disease. 
One of the major investigations is computed tomogra-
phy of chest2. This modality has been used extensively 
in the diagnosis of COVID-19 infection which enabled 
the health professionals to see different patterns of 
involvement of lung parenchyma3. Reverse transcrip-
tion polymerase chain reaction (RT-PCR) was develo-
ped to confirm the diagnosis of COVID-19 infection. 
This test although being considered as gold standard 
for COVID-19 is not without certain short comings due 

to limited availability of kits which in turn lead to less 
samples being taken. There is also problem of false 
negative results. It is in these patients where High re-
solution computed tomography (HRCT) chest perfor-
med becomes helpful for prompt diagnosis as it may 
show changes in lung parenchyma prior to clinical 
presentation4. The commonest change has been ground 
glass opacities involving different lobes of lungs. This 
has been reported in literature frequently from very 
beginning of the disease outbreak5. The purpose of    
our study was to see patterns of HRCT chest findings 
in PCR positive patients of COVID-19 presenting to a 
tertiary care hospital.  

METHODOLOGY 

The cross-sectional study was undertaken at 
department of Medicine Combined Military Hospital 
Rawalpindi with the approval of Institutional review 
board/ethics committee certificate no. 77/06/20 (26). 
Informed consent from patients were taken. Patients 
admitted to our hospital with symptoms suggestive of  
COVID-19 disease were tested. Nasopharyngeal swabs 
for COVID-19 PCR were sent. Patients who tested 
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positive for COVID-19 were included in the study and 
their HRCT chest were carried out. Convenience sam-
pling was used and 200 patients who fulfilled the inc-
lusion criteria were included. Seven patients gave past 
history of respiratory disease including interstitial lung 
disease, chronic obstructive pulmonary disease and 
asthma. They also gave history of undergoing imaging 
in past which showed changes in their lungs. Hence, 
these patients were excluded. Finally 193 patients were 
included in study.   

HRCT chest were done in supine position on 
Toshiba Alexian 16 slice CT scan machine. The para-
meters used included slice thickness of 1mm, gap of 
10.3mm, 120kV and 112mA. For reporting, the CT ima-
ges were displayed with standard lung (window wid-
th, 1000-2000 HU; window level – 700-500HU) and me-
diastinal (window width  300-400 HU; window level 
30-50 HU) settings. 

Consultant radiologists working in Radiology 
department of CMH Rawalpindi (with experience ran-
ging from 5-20 years) reviewed all CT images using        
a viewing console. The HRCT scans were assessed for 
the presence of ground glass opacities, consolidation, 
crazypaving pattern, Centrilobular (tree in bud) tiny 
nodules, lung cavitations, lymphadenopathy and pleu-
ral effusions6. Ground glass opacification was defined 
as increased lung parenchymal attenuation that did 
not obscure the underlying vessels. Consolidation was 
defined as opacification with the underlying vessels 
was obscured7. Lymphadenopathy was defined as 
lymph node size of >10mm in short axis dimension8. 
The outer one-third of lung parenchyma was defined 
as peripheral, and the rest of the lung was defined as 
central.   

British society of thoracic imaging (BSTI) classifi-
cation was used to classify HRCT chest patterns of 
COVID 19 infection. The classical/probable COVID-19 
pattern include bilateral peripheral multiple ground 
glass opacities. They may or may not be accompanied 
by consolidation or crazy paving. Indeterminate for 
COVID-19 includes central ground glass opacities  
with or without consolidations. Non-COVID-19 patt-
ern (atypical) includes consolidation that may be seg-
mental or lobar. It is generally isolated and does not 
have ground glass opacities. There is no lymphadeno-
pathy, lung cavitations, pleural effusions or tree in bud 
appearance.   

The data was collected and analyzed using SPSS 
and different findings on HRCT scans were summa-
rized as percent of total cases. Results were presented 

as tables and comparison done with results at other 
centre's. 

RESULTS 

A total of 200 patients were included in study 
initially. Seven patients had previous changes on their 
chest imaging and were excluded. Finally 193 patients 
were enrolled in the study who had a median age of 52 
years (inter quartile range 19-95 years) and comprised 
145 males with median age of 50 years (inter quartile 
range 19-95 years) and 48 females with median age of 
57 years (inter quartile range 23-90 years).  

Out of 193 patients included in our study,     
HRCT of 102 patients (52.9%) showed classical pattern         
for COVID-19, 81 patients (41.9%) had indeterminate 
changes, 3 patients (1.6%) had atypical changes while 7 
(3.6%) had normal HRCT chest. Four of our patients 
had pleural effusions while 5 had mediastinal lympha-
denopathy.  

In our study, 189 (97.9%) patients had bilateral 
lung involvement. The distribution of involvement in 
145 (75.1%) patients was central and peripheral. Forty 
eight (24.9%) patients had peripheral involvement 
while none had central involvement only. One hund-
red and fourteen (59%) of the patients had ground 
glass opacities while 70 (36.3%) had ground glass opa-
cities with consolidation. Nine (4.7%) patients presen-
ted with consolidation only. 

Since all patients included in our study had 
positive PCR for COVID 19, they were shifted to an-
other tertiary care hospital which was declared as 
COVID hospital.   

These patients were later shifted to another 
tertiary care hospital which was declared as Hospital 
for COVID-19 patients.  

DISCUSSION 

The study shows that patients who have COVID-
19 PCR positive are likely to have changes on their 
HRCT chest. This is important especially in cases 
where patients have mild symptoms like at the begin-
ning of infection or are PCR negative but have changes 
on HRCT chest. These patients can be picked up early 

Table-I: Classification of High Resolution CT (HRCT) 
Chest Patterns With Respect to Gender. 
High Resolution 
CT Chest Pattern 

No. of Cases 
n (%) 

Males 
n (%) 

Females 
n (%) 

Classical 102 (52.9) 77 (39.9) 25 (12.9) 

Indeterminate 81 (41.9) 61 (31.6) 20 (10.4) 

Atypical 3 (1.6) 1 (0.5) 2 (1.0) 

Normal 7 (3.6) 6 (3.1) 1 (0.5) 
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and treatment initiated in the beginning of illness is 
likely to have better clinical outcomes.  

In our study, most of the patients had bilateral 
lung involvement (97.9%). The distribution of involve-
ment in majority of the patients was central and peri-
pheral (75.1%). A portion of patients had peripheral in-
volvement (24.9%) while none had central involvement 
only. More than half of the patients had ground glass 
opacities (59%) while others had ground glass opacities 
with consolidation (36.3%). Few patients (4.7%) presen-
ted with consolidation only. Four patients had pleural 
effusions while five patients had mediastinal lympha-
denopathy.  

Qiongjie et al found that the typical early pulmo-
nary CT images of COVID-19 pneumonia were ground 
glass opacities with or without consolidation, predomi-
nantly located peripheral or subpleural location with 
pulmonary artery dilatation and air bronchograms. 
However, the early performance of some cases of 
COVID-19 infection was not typical. About 34.78% of 
isolated lesions were located in the central region2.  

Shi et al found 79% patients had bilateral lung 
involvement, 54% showed peripheral distribution, and 
44% showed diffuse distribution of CT abnormalities. 
65% patients had ground glass opacity while 81% had 
ill defined margins, 35% patients had smooth or irre-
gular interlobular septal thickening, 47% had air bron-
chogram and 10% had crazy paving pattern. Less com-
mon CT findings were nodules in 6% patients, cystic 
changes 10%, pleural eusion 5% and lymphadenopathy 
in 6% patients9. Wang et al reported the  mean age of 
COVID-19 patients as 56 years in their study10. 

Bilateral distribution was found in 91% of patients 
by Caruso et al from Italy11, 75% by Bai et al12, 76% by 
Kanne13 and 86% by Song et al14 Peripheral distribution 

was found in 87.1% patients by Zhao et al15, 60% of 
patients by Yoon et al16. 

Ground glass opacities (GGO) were reported as 
77%, consolidation and GGO as 59% and consolidation 
as 55% by Song et al14 Long et al reported GGO as 
30.6%, consolidation and GGO as 52.7% and consolida-
tion as 16.7%17. The meta-analysis of Zhu et al showed 
bilateral lung involvement in 73.8%, multi-lobar invol-
vement in 67.3% and normal CT findings in 8.4% pati-
ents. The lesion density showed ground-glass opacities 
in 68.1%, air bronchogram sign in 44.7%, crazy-paving 
pattern in 35.6% and consolidation in 32% patients18. 

Sample size is relatively small and it is a single 
centre study. Patient's further follow up was not done 
as these patients were later shifted to another tertiary 
care hospital which was declared as Hospital for 
COVID-19 patients. It is recommended that COVID-19 
PCR and HRCT chest should be done in all patients 
presenting with suggestive symptoms of COVID-19.  

CONCLUSION   

HRCT chest and COVID PCR done at the same 
time give better diagnostic accuracy in identifying 
patients of COVID-19. It also helps in classifying these 
patients into different categories with early detection 
and treatment of  patients. The predominant findings 
on HRCT chest were multiple ground glass opacities 
with or without consolidation with involvement of one 
or both lungs. 
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