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ABSTRACT 

Introduction - Coronavirus disease 2019 is a highly contagious viral illness caused by 

SARS-CoV-2 and had a catastrophic effect on the world’s demographics. HRCT, a highly 

sensitive and time-effective imaging modality, is a better alternative to RT-PCR as it can 

detect the subtle changes in lung parenchyma that were otherwise difficult to assess on 

conventional chest imaging.  

Aim - To evaluate the spectrum of HRCT patterns and to assess the CT severity score in 

COVID-19-positive patients. 

Materials and Methods – A prospective observational study was conducted comprising 

2000 cases of COVID-19-positive patients who presented to our institution for an HRCT scan 

between March 2021 and February 2022. The clinical and radiological data were studied and 

analysed. 

Results- The majority of the patients, 25.5%, were 40-49 years old. In our study, peripheral 

pattern, bilateral and predominantly right-side distribution on HRCT chest was most 

common. Ground glass opacities were the most common typical finding on HRCT Chest seen 

in almost 1612(90.11%) of patients, followed by consolidation in 1100(61.5%) patients, 

interlobular septal thickening in 1009(56.4%) patients, crazy-paving in 682 (38.11%), halo 

sign in 216(12.1%), reverse-halo sign in 236(13.2%). Among atypical findings, 

lymphadenopathy was seen in 116(6.5%) patients, followed by pleural effusion in 75 patients 

(4.2%). 

Conclusion – HRCT findings such as ground glass opacities, consolidation, interlobular 

septal-thickening etc., are found commonly. These imaging patterns help understand the 

pathophysiology and natural history of infection and the CT severity score in categorising the 

patient in mild, moderate and severe disease. 

 

Keywords: High-resolution computed tomography, computed tomography, Ground glass 

opacities 

 

1. INTRODUCTION 

 

Coronavirus disease 2019 (COVID-19) is a highly contagious viral illness caused by severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) and had a catastrophic effect on the 

world’s demographics. In late December 2019, Wuhan, Hubei Province, China, reported the 

first few cases of this viral infection that primarily affects the respiratory system (1). After 

this, SARS-CoV-2 rapidly disseminated worldwide quickly, and on 30 January 2020, the first 
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case was reported in India (2). On March 11, 2020, the World Health Organization (WHO) 

classified it as a global pandemic. 

Exposure to respiratory droplets is the main way of SARS-CoV-2 spreads. Droplets of 

respiratory air or direct contact with infected objects can spread an infection. Common 

symptoms include fever, cough, and dyspnoea. At the same time, the disease can potentially 

cause severe fatal cardio-respiratory complications in a vulnerable population, particularly 

the elder with co-morbid conditions (3).  

Serological tests like real-time reverse transcriptase-polymerase chain reaction (RT-PCR) 

assay are considered the gold standard for diagnosing SARS-CoV-2 infection (4). But it also 

comes with flaws like limited availability, long turn-around times and high false negative 

rates. HRCT, a highly sensitive and time-effective imaging modality, is a better alternative to 

RT-PCR as it can detect the subtle changes in lung parenchyma that were otherwise difficult 

to assess on conventional chest imaging. HRCT is a 3D imaging modality with excellent 

spatial resolution, providing fine anatomic details.  

The chest CT severity score is significant in assessing pulmonary involvement with 

differentiation of mild, moderate and severe types (5). These scores help evaluate the extent 

of the disease, which could be used as an imaging surrogate for disease burden and 

appropriate management. It can also be used to provide additional prognostic information and 

for triage purpose of patients in need of a hospital, especially during the peak of the pandemic 

wave.  

In our study, we aim to evaluate the spectrum of HRCT patterns and assess the CT severity 

score in COVID-19-positive patients, which will help early prognostic stratification of 

COVID-19 and facilitate the decision-making for treatment strategy and optimal use of 

healthcare resources. 

 

2. METHODS 

 

After receiving approval from Institutional Scientific and Ethical Committee, a time-bound, 

hospital-based and prospective study was conducted in the Department of Radio-diagnosis, 

Tertiary care hospital, Indore, Madhya Pradesh, India. The duration of the study was from 

March to February 2022. 

 

Inclusion Criteria -  

• COVID-19 patients with positive RTPCR test. 

• Patients’ age of more than 18 years. 

• Patients who had given consent. 

 

 Exclusion Criteria –  

• Patients with any other pre-existing pulmonary disorder. 

• Pregnant females. 

 

All CT scans were performed on Optimus GE  128 slice CT scanner (GE Healthcare, USA). 

HRCT thorax was performed with the patient in the supine position with breath-hold in 

full-inspiration without contrast injection. Patients satisfying the inclusion criteria were 

selected for HRCT Thorax scan. A brief clinical history, including the serological status, was 

obtained from the patient or their relatives. The patient was made to lie on the gantry in a 

supine position with both arms raised above the head. The patient was instructed to follow the 

commands for breath-hold during scanning in full inspiration. The patient was taught breath 
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holding before the scan in full inspiration and expiration wherever required. A digitalised AP 

scanogram was obtained in suspended full inspiration. Axial scans were obtained at 10 mm 

intervals from lung apices to bases in suspended full inspiration.  

 

Table-1: CT Severity Scoring 

 

The   HRCT chest scan was thoroughly evaluated in each patient for ground glass opacities, 

consolidation, interlobular septal thickening, crazy paving pattern and other lung pathologies. 

Each of the five lung lobes was assessed for degree of involvement, which was classified as 

none (0%), minimal (1%–5%), mild 5-25% and 26%–50%, moderate (51%–75%), or severe 

(76%–100%).  No involvement of the lobe was assigned a score of 0, minimal involvement to 

a lobe score of 1, mild involvement to a lobe score of 2 &3, moderate involvement to a lobe 

score of 4, and then severe involvement to a lobe score of 5. An overall lung severity score 

was all-inclusive of summing the five lobe scores, which range from of possible score of 0 to 

25.  

Radiological imaging and findings of HRCT were recorded, and CT severity scores were 

calculated. CT severity score is mild (1-8), moderate (9-15) and severe (16-25). 

 Correlation of age and CT severity score were done. 

The present study was done on 2000 patients referred to our institution for HRCT. Data 

recorded were tabulated in a Microsoft Excel sheet for analysis. Different depiction of data 

was done in the form of tables and charts. SPSS was used to analyse the data. The mean and 

standard deviation of the quantitative variables were calculated. Appropriate significance 

tests were applied to assess radiological changes in COVID -19 positive patients. P-values of 

<0.05 were considered statistically significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SCORE IN EACH LOBE  % INVOLVEMENT OF EACH LOBE 
 

0 0% 

1 <5% 

2 5-25% 

3 25-50% 

4 50-75% 

5 75-100% 

Maximum score= 25  
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Fig-1: 38-year-old male, Covid RT-PCR positive with a history of fever, cough and dyspnea 

for the last 7 days. HRCT Axial (a, b, c) and coronal (d) sections show Ground glass opacities 

with crazy paving patterns distributed peripherally in the right middle and lower lung lobes. 

CT severity score of 10/25 ( Moderate). 

 

 
 

Fig-2: 71 years old hypertensive male RT-PCR positive patient with a history of fever and 

shortness of breath for the last 9 days. HRCT Axial (a, b), coronal (c), and sagittal (d) 

sections show diffuse multiple ground glass opacities, consolidation with intralobular septal 

thickening. CT severity score 19/25 (Severe). 
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3. RESULTS 

 

Most of the patients, 25.5%, were 40-49 years old. The mean age of the patients was 42.5 +/- 

2.5 years. There were 1320(66%) males and 680(34%) females in our study, showing a male 

predominance. 

Symptoms noticed in patients were fever, cough, dyspnoea, fatigue and diarrhoea. Of a 

maximum number of patients, 72% reported fever as their main complaint, followed by 

dyspnoea in 60%. Gastrointestinal symptoms such as diarrhoea were seen only in 5% of 

patients. 

The majority of patients, 848 (42.4%) associated with Diabetes then, followed by 

Hypertension 714 patients (35.7%) and other 342 (17.1%) patients. 

 

Table-2: Distribution of patients based on HRCT findings 

(a) HRCT FINDINGS No. of patients Percentage 

ABNORMAL HRCT 1790 89.5 

NORMAL HRCT 210 10.5 

(b) DISTRIBUTION   

PERIPHERAL 1539 86 

CENTRAL 43 2.4 

MIXED 208 11.6 

(c ) LUNG INVOLVEMENT   

UNILATERAL 313 17.5 

BILATERAL 1477 82.5 

(d)LUNG LOBES     

INVOLVEMENT 

  

RIGHT LUNG   

UPPER LOBE 1401 78.3 

MIDDLE LOBE 1331 74.4 

LOWER LOBE 1535 85.8 

LEFT LUNG   

UPPER LOBE 1455 81.3 

LOWER LOBE 1559 87.1 
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Fig-3: DISTRIBUTION OF PATIENTS ACCORDING TO HRCT PATTERNS 

 

 

 
Ground glass opacities (GGO’s) were the most common typical finding on HRCT Chest seen 

in almost 1612 (90.11%) of patients, followed by consolidation in 1100 (61.5%) patients, 

interlobular septal thickening in 1009 (56.4%) patients, crazy paving in 682 (38.11%), halo 

sign in 216 (12.1%), reverse halo sign in 236 (13.2%). Among atypical findings, 

lymphadenopathy was seen in 116 (6.5%) patients, followed by pleural effusion in 75 

patients (4.2%). 

Table-3: AGE WISE DISTRIBUTION OF PATIENTS ACCORDING TO CT 

SEVERITY SCORE. 

0
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Chart Title 

AGE 

GROUP

S 

TOTAL 

PATIENT

S 

% MIL

D 

% MODERAT

E 

% SEVER

E 

% 

18-29 154 8.63% 102 16.66

% 

50 7.54% 2 0.38% 

30-39 412 23.01

% 

193 31.53

% 

155 23.37

% 

64 12.42

% 

40-49 462 25.81

% 

148 24.18

% 

247 37.25

% 

67 13.01

% 

50-59 360 20.11

% 

95 15.52

% 

150 22.62

% 

115 22.33

% 

60-69 264 14.74

% 

59 9.64% 43 6.48% 162 31.45

% 

>70 138 7.70% 15 2.45% 18 2.71% 105 20.38

% 

TOTAL 1790 100% 612 34.18

% 

663 37.03

% 

515 28.77

% 
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4. DISCUSSION 

In our study, the majority of patients, i.e., 505 (25.5%), were in the 40 – 49 year age group, 

and 472 (23.6) % were in the 30 – 39 year age group. The mean age group was 42.4 +/- 2.5 

years. These findings were similar to the results observed in the study by Farghely et al. (6), 

where the maximum patients were in the 40 - 49year age group.  

In our study, the majority of the patients, i.e., 1320 (66%), were male and 680 (34%) were 

female. This may be attributed to the fact that ACE2 levels are higher in men than in women, 

which acts as the main viral receptor in the lungs. This concurred with a study by Atre et al. 

(7), where 64% were male, and 36 % were female. 

In our study, ground-glass opacities (GGO) were the main finding in 1612 (90.1%) patients. 

GGOs are related to partial airspace filling or interstitial thickening resulting in hazy lung 

opacities that do not obscure the underlying vascular or bronchial margins. These results 

correlated well with the study of Cao et al. (8), who found that GGO in 90% of patients. 

However, a study by Khaliq et al. (9) found that GGO were present in 88% of patients. 

The GGO findings followed consolidation in 1100 (61.50%) patients, respectively. 

Consolidation occurs due to filling alveolar airspaces with pathological fluids or cells, 

increasing the parenchymal density, and obscuring the underlying vessels and bronchial 

walls. Khaliq et al. (9) found consolidation in 52.8% of patients.  

The prevalence of interlobular septal thickening observed in our study was 56.4%. Due to 

infection, infiltration of interlobular septa with fluid and inflammatory cells results in the 

septa’s thickening. A study by Ishfaq et al. (10) found interlobular septal thickening in 43.2% 

of patients. 

In the present study, 682 (38.11%) patients showed a crazy paving pattern. When GGOs are 

superimposed on interlobular septal thickening, they appear as irregularly paved stones, 

hence the crazy paving pattern. This is concordant with the study of Hafez et al., who found 

that crazy paving was present in 36.5% of patients.  

In our study, 12.1% of patients (n=216) showed a halo sign, and the reverse halo sign was 

seen in 13.2% of patients (n=236). A halo sign is formed when a nodule or mass with 

increased echogenicity is surrounded by GGO, which has comparatively less density than a 

nodule or mass, while reverse halo sign forms due to a superimposed rounded GGO on a 

ring-like area of consolidation. This concurred with a study by Carvalho et al. (11), where 

12.2% of patients had halo signs on HRCT findings. Also, similar results were observed by 

Hafez et al. (5), who found that the halo sign and reverse halo sign were present in 11% and 

12% of patients, respectively. 

Enlargement of mediastinal lymph nodes was seen in 116 (6.5%) patients. It may suggest a 

secondary superadded bacterial infection. A study by Ojha et al. (12) showed the presence of 

enlarged lymph nodes in 5.4% of patients. Our study found pleural effusion in 75 (4.2 %) 

patients. The presence of pleural effusion is a sign of poor prognosis as this depicts the spread 

of inflammation from the lung parenchyma to the pleural surface. This was agreed with the 

results of a study by Gurumurty et al. (13), who showed similar findings of pleural effusion in 

5.7% of patients. 

Our study showed bilateral lung involvement in 1477 (82.5%) patients. This was agreed with 

the results of a study conducted by Farghaly et al. (6), who showed bilateral involvement in 

80% of patients. 

In the current study, we found that the right lung was more commonly affected with 947 

(52.9%) patients than the left lung. Differences in lobar perfusion may result in greater 
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opacification in areas that are better perfused than those that are not. In humans, studies 

involving scintigraphy pulmonary perfusion tests have confirmed relative hypoperfusion of 

the left lung, which is even more evident in males. In addition, the right upper lobe has better 

lymphatic drainage than the left. These factors partly explain the relatively more involvement 

of the right lung than the left. These results were similar to those observed by Farghaly et al. 

(6). 

The lower lobe was found to be most commonly involved in COVID-19, with the left side 

more frequently affected, as seen in 1559 (87.1%) patients, than the right side in 1535 

(85.8%) patients. The right middle lobe was the least commonly involved lobe seen in 1331 

(74.4%) patients. A maximum number of patients in the right lower lobe had a CT severity 

score of 4. Likewise, in the left lower lobe, the CT severity score was found to be 4 in the 

majority of patients. These results were similar to those of Francone et al. (14), who found 

that 94% of patients with left lower lobe involvement followed by right lower lobe 

involvement. They also found the middle lobe to be the least affected.  

In our study, the peripheral pattern of distribution on HRCT chest was most common, found 

in 1539 (86%) patients, followed by a mixed pattern in 208 (11.6%) and central in 43 (2.4%) 

patients. The peripheral lower lung predominance may be driven by the relative basilar over-

perfusion and the prolonged peripheral transit time of circulating cellular agents, which 

causes various degrees of inflammation. All these findings were similar to the study by Hafez 

et al. (5), where they found peripheral distribution in 89% of patients. 

In our study, we found the majority of patients, 663 (37.03%), were present in the moderate 

category of CT severity score, followed by 612 (34.18%) in the mild category and 515 

(28.77%) in the severe category. This could be explained by a greater number of patients in 

our study being from the older age group (>50yrs) and having associated comorbidities. 

While a study conducted by Atre et al. (7) found 31.4% in the moderate category, and a study 

conducted by Sheed et al. (15) found 34.3% in the moderate category. 

On analysing the data, we found that in the mild category, as per CT severity score majority 

of patients, 193 (31.53%), belong to the 30-39 years age group, followed by 148 patients 

(24.18%) in 40-49 years age group and least no of patients 15 (2.45%) were from >70 year 

age group. These findings were similar to the results of Saeed et al. (15), who found that the 

maximum number of patients, i.e. 29.2% in the mild category, belonged to the 30-39 years 

age group, and the least number 1.2% from the>70 years age group. 

In our study, for the moderate category, as per CT severity scores majority of the patients, 

247 (37.25%), were from the 40-49 years age group, followed by 155 patients (23.37%) 

patients in 30-39 years age group and least no of patients 18 (2.71%) were from >70 years 

age group. These findings concord with Saeed et al. (15), who found that 31.7% of patients in 

the 40-49 years age group belonged to the moderate category and the least no. of patients, 

1.5%, were from the>70 years age group. 

In our study, in the severe category, the majority of patients, 162 (31.45%), belong to the 60-

69 years age group, followed by 115 patients (22.33%) in the 50-59 years age group and the 

least no of patients 2 (0.38%) were from 18 - 29 years age group. These findings were similar 

to the results of Saeed et al. (15), who found that 10.5% of patients in the 60-69 age group 

belonged to the severe category, and no patients were from the 18-24 years age group. 

On analysing the data, we found that in an HRCT chest, peripheral and bilateral distribution 

is seen, with the lower lobe affected more commonly. GGO and consolidation were the 

predominant HRCT chest features in COVID-19, and findings such as pleural effusion and 

lymphadenopathy were less commonly associated, unlike other viral pneumonia. All these 

findings with high CT severity scores were seen to a larger extent in older age groups, 
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possibly due to reduced immunity and age-related comorbidities. Therefore, in a proper 

clinical setting, such HRCT chest findings should raise the suspicion of COVID–19 

pneumonia and thus can complement RT-PCR in diagnosis. 

 

Limitations 

Further prospective multicentric studies with serial assessment of clinical and imaging data 

and long-term complications and outcomes of COVID-19 are required to understand the 

disease process better.  

 

5. CONCLUSION 

The role of radiologists is crucial in the outbreak of COVID-19 disease as the findings 

detected on imaging are vital for the detection of disease severity and in determining its 

sequelae. We found a predominant peripheral with lower lobe distribution in COVID-19 

infection in our study. HRCT findings such as ground glass opacities, consolidation, 

interlobular septal thickening etc., are found commonly in COVID-infected patients. These 

imaging patterns help understand the pathophysiology and natural history of infection and 

predict the patient’s progression and potential complication development. The CT severity 

score evaluated in the study helps categorise the patient in mild, moderate and severe 

disease. It can act as a semi-quantitative method for assessment of disease burden or as a 

potential imaging biomarker for the severity associated with COVID infection. Appropriate 

and early recognition of imaging features of COVID-19 pneumonia provides prompt action 

for early isolation and containment of the infected and further breaking the chain. It can also 

help provide quick management and follow-up to the patients, which could be of great use 

in combating this pandemic. 
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