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INTRODUCTION
An outbreak of COVID-19 caused by 2019 novel corona virus (SARS-
CoV-2) began in Wuhan, Hubei Province, China in December 2019. 
Being declared by the World Health Organization (WHO) as a 
pandemic on March 2020, the novel corona virus disease (COVID-19) 
[1] became a major challenge for health care systems worldwide.

In this scenario, thoracic imaging can be assessed for diagnosis and 
clinical course monitoring. Although radiographs and ultrasonography 
have proved their utility, especially in intensive care units (ICU) and 
campaign hospitals settings, high-resolution computed tomography 
(HRCT) is the rst choice for imaging due to its high sensitivity [2, 3]. 
However, the low specicity of the computed tomography (CT) [4] 
explained why radiology societies' recommendations are against the 
method as an initial approach to diagnosis [5]. Even though reverse 
transcription polymerase chain reaction (RT-PCR) tests were adopted 
as the reference standard, dissociation between laboratory and 
tomographic ndings must be expected and CT manifestations remain 
critical for patient management when rst RT-PCR results are negative 
or unknown [6]. Thin-section chest CT scans have been making 
signicant contribution to the disease assessment. Currently, the 
radiological characteristics of COVID-19 have been extensively 
studied. The typical chest CT features of COVID-19 include ground 
glass opacities (GGO), consolidation, and interlobular septal 
thickening with peripheral distribution [7, 8].

To date, many patients have recovered and discharged after treatment. 
It has remained a concern to the public whether any pulmonary 
sequelae exist for COVID-19 survivors. Recent studies have shown 
that pulmonary brosis may develop in patients with COVID-19 for 
short term after discharge [9, 10]. However, number of discharged 
COVID-19 patients keeps increasing worldwide but denite long-term 
radiological outcomes of the patients after discharge are scarcely 
described in the literature. The present study aims to provide the chest 
CT manifestations in post COVID patients on 6-months follow-up.

MATERIALS AND METHODS
After obtaining Institutional Ethical Committee approval and written 
informed consent from all the patients, this prospective observational 
study was conducted in the Department of Radio-Diagnosis at a 
tertiary care centre in Central India during a period of 2 years. A total of 
160 survivors of age 18 years or more with RT- PCR positive COVID 
19 pneumonia who had undergone HRCT chest during initial or active 

phase of illness and visited post COVID OPD for follow up at 6 months 
were included in the study. If the patient had undergone more than one 
CT scan during the initial illness, then the CT with highest percentage 
of total lung involvement (highest CT severity score) was considered. 
Patients with incomplete information about RT-PCR result or co 
morbidities, patients with history of smoking and interstitial lung 
disease and pregnant women were excluded from the study.

The main indications for follow-up CT were persistent dyspnea, 
cough, functional impairment, or persistent signicant lung ndings 
on follow-up chest radiograph (CXR) such as reticulation/ interstitial 
septal thickening, volume loss or radio-opacities. Their clinical data 
and HRCT ndings of initial infection for analysis was derived from 
HMIS, an electronic medical record system available in our institute. 
HRCT Thorax using BRILLIANCE ICT 256 SLICE MDCT 
SCANNER; Philips Healthcare or SOMATOM Denition 
AS+(Siemens Healthineers) was done. 

Images of Chest HRCT of initial illness and at 6 months follow up were 
collected using the Picture Archiving and Communication Systems 
(PACS) and compared.

Hrct Thorax Imaging Protocol:
Ÿ Non contrast HRCT scans in caudo-cranial direction in supine 

position at the end of inspiration during a single breath hold was 
acquired from thoracic inlet to diaphragm. In few patients who 
unable to hold breath, the scan was completed in two or three 
stacks.

Ÿ Multiplanar reconstruction of HRCT images was done with slice 
thickness of 1 mm and slice interval of 1 mm in mediastinal 
window (center, 50 HU; width, 350 HU) and lung window (center,  
−600 HU; width, 1200 HU).

Ÿ We quantied the overall extent of opacied lung and for 
abnormally opacied lung, the proportional extent of the 
following radiologic patterns:

a.  ground glass opacication or resolving ground glass opacities.
b.  consolidation
c.  linear or curvilinear band opacities
d.  reticulation/ interstitial septal thickening.
e.  traction bronchiectasis

The presence of other abnormalities such as pulmonary nodule/ mass, 
pleural effusion was also noted.
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ABSTRACT
Background: Little is known about the long-term lung radiographic changes in patients who have recovered from corona virus disease 2019 
(COVID-19). Aim of the present study was to provide the chest CT manifestations in post COVID patients on follow-up at 6-months after initial 
infection.  Follow-up chest CT of 160 patients of conrmed COVID-19 infection was done at 6 months after recovery. Patients were Method:
divided into brotic and non- brotic groups depending on brosis on follow-up CT. The clinical data and CT ndings were recorded and analysed. 
Results: Out of 160 cases, 70 patients had brotic changes while 90 did not have brotic changes. The predominant CT patterns of abnormalities 
observed at 6 months after discharge were pleuro-parenchymal bands (40%), reticulation/ interstitial septal thickening (38.12%), and persistent 
GGO (26.87%). Out of 160, 89 (55.62%) patients achieved complete radiological resolution. CTSS score was severe in 59(36.9%), moderate in 
49(30.6%) and mild in 52(32.5%) cases. Compared with the mild and moderate cases, severe cases had longer hospital stay, a higher rate of steroid 
and mechanical ventilation therapy. The severity scores were found to be signicantly higher in RLL followed by LLL, RML, LUL and lowest in 
RUL, (p<0.001).  The chest CT lesions could be absorbed without any sequelae  for most COVID-19 patients predominantly having Conclusion:
mild to moderate CTSS score at discharge. The combined clinic-radiological model may be better than the clinical-only model in the prediction of 
developing pulmonary brosis on follow-up.
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Ÿ The following parameters were used: Detection collimation width 
of 128 x 0.6mm or 256 x 0.6mm and tube voltage 120 kV. The tube 
current was regulated by an automatic exposures system. From the 
raw data, CT images were reconstructed with a matrix size of 512 × 
512 as axial images (thickness of 1mm and increment of 1mm) 
with hybrid iterative reconstruction (iDose level 5, Philips  
Medical Systems, the Netherlands) or a pulmonary B70F kernel 
and a mediastinal B30f kernel (Siemens Healthineers, Germany).

Ÿ All image analysis was performed using institutional digital 
database system (PACS)

Ÿ Patients were divided into brotic like and non-brotic like 
changes.

Ÿ For each patient with severe pneumonia (CTSS >15), predominant 
CT patterns according to the Fleischner Society glossary (19) was 
enumerated as follows: ground- glass opacities (GGO), 
consolidation, reticulation/ interstitial septal thickening/ 
interstitial septal thickening, emphysema, thickening of the 
adjacent pleura, pleural effusion, presence of nodules or masses, 
honeycombing, traction bronchiectasis, and interlobar pleural 
traction (retraction of the interlobar pleura toward the lesions).

Ÿ The CT evidence of brotic-like changes was dened as presence 
of, reticulations/ interstitial thickening, traction bronchiectasis 
and parenchymal bands.

To quantify the extent of pulmonary abnormalities (total lesions, GGO, 
consolidation, reticulation/ interstitial septal thickening/ interstitial 
septal thickening and brotic-like changes), a semi quantitative CT 
score (15) was assigned on the basis of the area involved in each of the 
ve lung lobes, as follows:
0-  no involvement.
1-  Less than 5% involvement.
2-  5%–25% involvement.
3-  26%–49% involvement.
4-  50%–75% involvement; and
5-  Greater than 75% involvement.

The total CT severity score was calculated by summing the individual 
lobar scores, with possible scores ranging from 0 to 25. The CT scans 
obtained during the participants' inpatient stay were not used for 
analysis in this study.

Statistical Analysis
The data were analysed using SPSS V.24 software. The continuous 
variables were presented with mean and standard deviation. The 
categorical variables were presented with frequency and percentage. 
Independent t test, one way ANOVA and Chi square test were used for 
comparison. The p value ≤0.05 was considered as statistically signicant.

OBSERVATIONS AND RESULTS
Out of 160 patients, 70 had brotic changes while 90 did not have 
brotic changes. Compared with patients in the non-brotic group, 
patients in brotic group were older in age which was statistically 
signicant, (p<0.001). Male predominance was observed in this study. 
Overall, 114 (71.3%) patients had dyspnea. The mean grade of 
dyspnea in patients with brosis was signicantly greater than mean 
grade of dyspnea in patients without brosis. Out of 160 patients, 66 
(41.3%) had pre–existing diabetes mellitus and 56 (35.0%) cases had 
pre-existing hypertension. Hypertension was signicantly more 
common in brotic group as compared to non- brotic group with p 
value = 0.001 (Table 1).

Table 1: Demographic profile of the patients, dyspnea and 
pre–existing comorbidities

Distribution of CTSS score was severe in 59 (36.9%), moderate in 49 
(30.6%) and mild in 52 (32.5%) of cases (Figure 1).

Compared with mild and moderate cases, severe cases had longer 
hospital stay, a higher rate of steroid and mechanical ventilation 
therapy (Table 2).

Figure 1: Distribution of severity based on CTSS score

Table 2: Distribution of mechanical ventilation and steroids 
received by patients and hospital stay >15 days in different 
severity.

Out of 160 cases, 89 (55.62%) patients achieved complete radiological 
resolution. Maximum patients with mild and moderate CTSS score 
had complete resolution as compared to patients with severe CTSS 
score (Figure 2).

Figure 2: Distribution of complete resolution in different severity
The predominant CT patterns of abnormalities observed at 6 months 
after discharge were pleuro-parenchymal bands (40%), reticulation/ 
interstitial septal thickening (38.12%) and persistent GGO (26.87%). 
In severe cases chest CT ndings at 6 months after discharge were 
predominant followed by in moderate cases and then in mild cases 
(Table 3).

Table 3: Chest CT findings in covid-19 survivors 6 months after 
recovery
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Variables Fibrotic Non-brotic P value
Age in years Mean ±SD 57.47±12.66 47.29±13.53 <0.001
Gender Male 58 (82.9%) 65 (72.2%) 0.113

Female 12 (17.1%) 25 (27.8%)
Dyspnea Absent 22 (31.4%) 24 (26.7%) 0.509

Present 48 (68.6%) 66 (73.3%)
Grade of dyspnea Mean 2.10±0.89 1.34±0.81 <0.001
Diabetes mellitus Absent 34 (48.6%) 60 (66.7%) 0.021

Present 36 (51.4%) 30 (33.3%)
Hypertension Absent 34 (48.6%) 70 (77.8%) <0.001

Present 36 (51.4%) 20 (22.2%)

Parameters Severity Total
Mild Moderate Severe

Mechanical 
ventilation

00 (0.0%) 15 (30.6%) 59 (100.0%) 74 (46.25%)

Steroids 00 (0.0%) 25 (51.0%) 59 (100.0%) 84 (52.5%)

Hospital stay 
>15 days

00 (0.0%) 37 (75.5%) 55 (93.2%) 92 (57.5%)

Parameters Severity Total
Mild Moderate Severe

Persistent 
GGO

01 (1.9%) 11 (22.4%) 31 (52.5%) 43 (26.87%)

Consolidation 00 (0.0%) 01 (2.0%) 03 (5.1%) 04 (2.5%)
Reticulation/ 
interstitial 
septal
thickening

01 (1.9%) 10 (20.4%) 50 (84.7%) 61 (38.12%)

Ground glass 
nodule/mass

00 (0.0%) 01 (2.0%) 03 (5.1%) 04 (2.5%)

Pleural 
effusion

00 (0.0%) 01 (2.0%) 02 (3.4%) 03 (1.87%)

Emphysema 00 (0.0%) 01 (2.0%) 04 (6.8%) 05 (3.12%)

Pleuro-
parenchymal 
bands

00 (0.0%) 11 (22.4%) 53 (89.8%) 64 (40%)

Traction 
bronchiectasis

00 (0.0%) 01 (2.0%) 13 (22.0%) 14 (8.75%)
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The severity scores were found to be signicantly higher in RLL 
followed by LLL, RML, LUL and lowest in RUL, (p<0.001) (Figure 
3).

Figure 3: Comparison of severity of scores in different lobes

DISCUSSION
This prospective study of COVID-19 survivors discharged from 
hospital was performed to better understand the clinical, physiologic 
and radiologic recovery with time. The study showed that, in addition 
to symptoms, persistent physiologic and radiologic abnormalities are 
common at 6-month follow-up. The survivors of COVID-19 show 
varied clinical course after the initial recovery. Some patients recover 
fully with no residual symptoms or functional impairment, however, 
some experience persistent symptoms or functional impairment after 
initial recovery. The typical chest CT features of COVID-19 include 
ground glass opacities (GGO), consolidation and interlobular septal 
thickening with peripheral distribution.

In the present study, out of 160 cases, 70 (43.75%) patients had brotic 
changes while 90 (56.25%) did not have brotic changes. Recent data 
suggest that the prevalence of brosis after COVID-19 ranges from 
39% to 67% [11-13]. The mean age of patients with brosis was 
57.47±12.66 years which was signicantly higher than the mean age of 
the patients without brosis which was 47.29±13.53 years. Among the 
70 brotic cases, 58 (82.9%) were males and 12 (17.1%) were females. 
Among the non-brotic cases, 65 (72.2%) were males and 25 (27.8%) 
were females. Out of 70 brotic cases, 48 (68.6%) had dyspnea and 
among the non- brotic cases, 66 (73.3%) had dyspnea. The mean 
grade of dyspnea in patients with brosis was 2.10±0.89 which was 
signicantly higher than the mean grade of dyspnea in patients without 
brosis which was 1.34±0.81. Out of 70 brotic cases, 36 (51.4%) had 
preexisting diabetes mellitus and among the non-brotic cases, 30 
(33.3%) had preexisting diabetes mellitus. Among the brotic cases, 
36 (51.4%) had preexisting hypertension and among the non-brotic 
cases, 20 (22.2%) had preexisting hypertension. These ndings are in 
accordance with the study conducted by Liu et al [14]. Also, in the 
study by Liu et al [14] compared with the patients in the non-brosis 
group, the patients in the brosis group were older, with a longer 
hospital stay, a higher rate of steroid intake and mechanical ventilation 
therapy and higher quantitative CT parameters (opacity score, volume 
of opacity) which correlates with the present study.

In the present study, distribution of CTSS score was severe in 59 
(36.9%), moderate in 49 (30.6%) and mild in 52 (32.5%) of the cases. 
96.2% of the patients with mild CTSS score had complete resolution, 
71.4% of the patients with moderate CTSS score had complete 
resolution and 6.8% of the patients with severe CTSS score had 
complete resolution. Overall, 55.62% patients achieved complete 
resolution which correlate with the follow up study by Liu et al [14] 
and Vijaykumar et al [15].

In the current study, 1.9% of the patients with mild CTSS score had 
GGO, 22.4% of the patients with moderate CTSS score had GGO and 
52.5% of the patients with severe CTSS score had GGO. Among 160 
patients, GGO was seen in 26.8% of patients. 2.0% of the patients with 
moderate CTSS score had consolidation and 5.1% of the patients with 
severe CTSS score had consolidation. 1.9% of the patients with mild 
CTSS score (1 out of 52) had reticulation/ interstitial septal thickening, 
20.4% of the patients with moderate CTSS score (10 out of 49) had 
reticulation/ interstitial septal thickening and 84.7% of the patients 
with severe CTSS score (50 out of 59) had reticulation/ interstitial 
septal thickening. None of the patients with mild CTSS score had 
pleuro-parenchymal bands, 22.4% of the patients with moderate CTSS 
score (11 out of 49) and 89.8% of the patients with severe CTSS score 
(53 out of 59) had pleuro- parenchymal bands. None of the patients 
with mild CTSS score had traction bronchiectasis, 2.0% of the patients 

with moderate CTSS score (1 out of 49) and 22.0% of the patients with 
severe CTSS score (13 out of 59) had traction bronchiectasis. Out of 
160 patients' reticulations/ interstitial septal thickening was seen in 
38.1% (61/160), pleuroparenchymal bands in 40% and traction 
bronchiectasis in 8.75% (14/160) predominantly in patients with 
moderate to severe COVID-19 pneumonia. These ndings are 
consistent with the study done by Liu et al [14], Vijaykumar et al [15] 
and Han X et al [16].

The present study had few limitations. The lack of histo-pathologic 
conrmation of brosis is a limitation of our study, making inference 
based on surrogate CT signs mandatory. We propose to follow up these 
patients to conrm whether the radiological brosis could be further 
resorbed. This study includes includes a small proportion of patients 
with critically severe type, which may underestimate the incidence rate 
of pulmonary brosis. In the cohort, difculty in differentiating 
between breathlessness and fatigue calls into question the validity and 
cause of patient-reported breathlessness. This may explain the lack of 
association between patient-reported breathlessness and observed 
radiologic ndings. The improvement in radiologic features with time 
accords with data from SARSCoV-1, in which the prevalence of 
parenchymal abnormalities also decreased with time [17-19]. The 
view that all bands denote brosis is also presumptuous: other 
pathologic processes, for instance subsegmental atelectasis and 
organizing pneumonia (incidentally, a frequent pathologic nding in 
COVID-related acute respiratory distress syndrome) may manifest in 
this way on CT scans. The reversibility of brosis probably indicated 
that the pulmonary brosis on chest CT did not signify actual 
pathologic brosis [17-19] and thus whether these lesions would 
completely disappear requires further observation.

One of the strengths of our study is that in contrast with earlier studies, 
we have restricted our CT evaluation to accepted radiologic terms (40). 
We have also captured the spectrum of disease severities requiring 
hospital admission, rather than restricting our cohort to participants 
requiring level 2 or 3 ventilatory support—a subgroup more likely to 
have signicant sequelae and over-represented in the current literature 
[11-13].

CONCLUSION
In the present study, the most common imaging patterns of COVID-19 
pneumonia at 6 months after discharge are reticulations/ interstitial 
septal thickening and parenchymal bands.

The chest CT lesions could be absorbed without any sequelae for most 
patients with COVID- 19 predominantly with mild to moderate CTSS 
score at discharge. The combined clinical- radiological model may be 
better than the clinical-only model in the prediction of developing 
pulmonary brosis on follow-up.
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