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ABSTRACT

Pulmonary fibrotic-like changes on follow-up chest CT exam in patients 
recovering from COVID-19 pneumonia

Introduction: To date, there is limited data on the long-term changes in the 
lungs of patients recovering from coronavirus (COVID-19) pneumonia. In 
order to evaluate pulmonary sequelae, it was planned to investigate fibrotic 
changes observed as sequelae in lung tissue in 3-6-month control thorax com-
puterized tomography (CT) scans of moderate-to-severe COVID-19 pneumo-
nia survivors.

Materials and Methods: A total of 84 patients (mean age: 67.3 years ±15) with 
moderate-to-severe pneumonia on chest tomography at the time of diagnosis 
were included in the study, of which 51 (61%) were males and 33 (39%) were 
females. Initial and follow-up CT scans averaged 8.3 days ± 2.2 and 112.1 days 
± 14.6 after symptom onset, respectively. Participants were recorded in two 
groups as those with and without fibrotic-like changes such as traction bronchi-
ectasis, fibrotic - parenchymal bands, honeycomb appearance according to 3-6 
months follow-up CT scans. Differences between the groups were evaluated 
with a two-sampled t-test. Logistic regression analyzes were performed to deter-
mine independent predictive factors of fibrotic-like sequelae changes.

Results: On follow-up CTs, fibrotic-like changes were observed in 29 (35%) of 
the 84 participants (Group 1), while the remaining 55 (65%) showed comple-
te radiological recovery (Group 2). With logistic regression analysis, hospital 
stay of 22 days or longer (OR: 4.9; 95% CI: 20, 32; p< 0.05) and a CT score of 
15 or more at diagnosis (OR: 2.2; 95% CI: 13.5, 18; p< 0.05) were found to 
be an independent predictor for sequelae fibrotic changes in lung tissue.

Conclusion: More than one-third of patients who survived COVID-19 pneu-
monia had fibrotic-like sequelae changes in the lung parenchyma. These 
changes were found to be associated with the presence of severe pneumonia 
at the time of diagnosis and longer hospital stay.
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INTRODUCTION

In January 2020, a novel coronavirus, SARS-CoV-2, 
was identified as the cause of the viral pneumonia 
outbreak in Wuhan, China. This disease, later named 
coronavirus disease 2019 (COVID-19), quickly 
spread globally. COVID-19 may exhibit serious respi-
ratory complications (1). Patients may experience 
fever, cough, abdominal pain, and diarrhea. With the 
COVID-19 epidemic we face, many studies have 
been carried out describing pneumonia findings asso-
ciated with COVID-19 from various parts of the 
world. Pathology studies have shown that, similar to 
other coronavirus infections (Severe acute respiratory 
syndrome - SARS and Middle East respiratory syn-
drome - MERS), COVID-19 also effects multiple 
organs and tissues in the body (2,3). Although early 
findings are well defined, late findings and perma-
nent changes are still not fully understood.

Thorax CT plays a very important role in the diagnosis 
and follow-up of patients with COVID-19 pneumo-
nia. Numerous studies have described mild to severe 
radiological findings during the acute phase of 
COVID-19 (4-7). Liu et al. have reported that 53% of 
patients with mild COVID-19 pneumonia completely 
disappeared in the lungs within 3 weeks after dis-
charge (8). On the other hand, recent publications 
have shown that a significant proportion of hospital-
ized patients develop persistent pulmonary parenchy-
mal changes which are seen on CT scans performed 
at discharge (9,10). Since there is information that 
there may be permanent lung damage in patients 

who have recovered from previous coronavirus infec-
tions (SARS and MERS), it is possible to see perma-
nent fibrotic changes after COVID-19 pneumonia 
(11-14). However, little is known about long-term 
lung changes following COVID-19 pneumonia. The 
aim of this study was to evaluate the changes 
observed in the lung in 3-6-month follow-up thorax 
CT scans and to investigate fibrosis-like changes and 
risk factors in the lung in patients recovering from 
moderate-to-severe COVID-19 pneumonia.

MATERIALS and METHODS

This retrospective study was approved by the scientif-
ic research committee established by the Ministry of 
Health for COVID-19 research. The study was carried 
out in accordance with the Declaration of Helsinki 
and was approved by the scientific studies and ethics 
committee of our institution (FSMEAH-
KAEK-2020/104). Patients treated and discharged 
from our institution due to moderate or severe 
COVID-19 pneumonia between 01 April 2020 and 
31 August 2020 were evaluated retrospectively. 
Patients who came back to our institution for fol-
low-up thorax CT examination within 3- to 6-months 
after discharge were included in the study. As inclu-
sion criteria, confirmed positivity with Reverse-
Transcriptase Polymerase Chain Reaction (RT-PCR) 
test results for SARS-CoV-2 during hospitalization 
was sought. RT-PCR was performed on samples from 
nasopharyngeal swabs. Additional samples from spu-
tum or bronchoalveolar lavage were used when nec-
essary. Any positive result was classified as a con-

ÖZ

COVID-19 pnömonisi geçiren hastalarda takip tomografisinde akciğer parankiminde izlenen fibrotik değişiklikler

Giriş: Koronavirüs (COVID-19) pnömonisi geçirip iyileşen hastalarda, uzun vadeli akciğer değişiklikleri hakkında çok az şey bilinmek-
tedir. Pulmoner sekelleri değerlendirmek amacıyla orta-şiddetli COVID-19 pnömonisinden kurtulanların, 3-6 aylık kontrol Toraks bil-
gisayarlı tomografilerinde (BT), akciğer dokusunda sekel olarak izlenen fibrotik değişiklikleri araştırmayı planladık. 

Materyal ve Metod: Tanı anında akciğer tomografilerinde orta-ileri derecede pnömoni bulunan toplam 84 hasta çalışmaya dahil 
edilmiş olup 51’i (%61) erkek, 33’ü kadın (%39) hasta idi. Ortalama yaşları 67,3 yıl ± 15,2 olarak hesaplandı. İlk ve takip BT tara-
maları semptom başlangıcından sonra sırasıyla ortalama 8,3 gün ± 2,2 ve 112,1 gün ± 14,6 olarak elde edildi. Katılımcılar, 3-6 aylık 
takip BT taramalarına göre traksiyon bronşektazisi, fibrotik - parankimal bantlar, bal peteği görünümü gibi sekel değişiklikleri olanlar 
ve olmayanlar şeklinde iki grup olarak kayıt altına alındı. Gruplar arası farklılıklar iki örneklemli t testi ile değerlendirildi. Fibrotik sekel 
değişikliklerin bağımsız tahmin faktörlerini belirlemek için lojistik regresyon analizleri yapıldı.

Bulgular: Takip BT’lerinde, 84 katılımcının 29’unda (%35) (Grup 1) fibrotik sekel değişiklikler gözlenirken, kalan 55 katılımcı (%65) 
tam radyolojik iyileşme gösterdi (Grup 2). Lojistik regresyon analizi ile 22 gün veya daha uzun süre hastanede kalış süresi (OR: 4,9; 
95% CI: 20, 32; p< 0,05) ve tanı anında 15 veya daha fazla BT skoru (OR: 2,2; 95% CI: 13,5, 18; p< 0,05) bulunması akciğer 
dokusunda sekel fibrotik değişiklikler için bağımsız prediktör olarak bulunmuştur. 

Sonuç: COVID-19 pnömonisinden kurtulan hastaların üçte birinden fazlasında akciğer parankiminde fibrotik sekel değişiklikler görül-
dü. Bu değişikliklerin; tanı anında şiddetli pnömoni varlığı ve daha uzun hastanede kalış süresi ile ilişkili olduğu görüldü.

Anahtar kelimeler: COVID-19; pnömoni; pulmoner fibrozis; bilgisayarlı tomografi
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firmed COVID-19 infection (15). Diagnostic criteria 
in the guideline published by the World Health 
Organization for adults with COVID-19 pneumonia 
were used (16). Discharge criteria were made in 
accordance with the “COVID-19 adult patient man-
agement and treatment” guideline published by the 
Ministry of Health of the Republic of Turkey (17). The 
flow chart of the study planning and participant 
selection is shown in Figure 1.

For each participant, medical records, age, sex, length 
of hospital stay, and control thoracic tomography at 
the time of diagnosis and after 3-6 months were 
reviewed. Thoracic CT obtained at admission as each 
participant’s first CT scans were evaluated. Patients 
with thoracic CT scans 3 to 6 months after the initial 
CT scans of these patients were included in the study. 

Thoracic CT examinations were performed with the 
patient in supine position with a 128-slice CT device 
(GE Healthcare Optima CT660, USA). Examinations 
were performed from the thoracic entrance to the 
diaphragm without contrast agent administration. 
Low-dose thoracic CT examination was performed 
using an automatic exposure control system for tube 
flow. Images were reconstructed with 1 mm slice 
thickness and 1 mm spacing. Control CT examina-
tions were also performed using the same device and 
the same parameters. All CT images were reviewed by 
two radiologists with 16 and 18 years of experience 
who were unaware of any clinical or laboratory find-
ings. When evaluating follow-up CT examinations, 
the evaluation was made without looking at the first 
CT examination. Evaluation was made through our 
institution’s image evaluation and archiving system 
(ExtremePACS; Ankara) using mediastinal window 

(WL, 50 HU; WW, 350 HU) and parenchyma window 
(WL, 600 HU; WW, 1500 HU) settings. According to 
the Fleischner Society Glossary, for each patient with 
pneumonia; Ground-glass opacities (GGO), consoli-
dation, reticulation, emphysema, thickening of adja-
cent pleura, pleural effusion, nodule, masses, honey-
comb appearance, bronchiectasis, and pleural shrink-
age were evaluated as positive findings (18). Traction 
bronchiectasis, subpleural reticulation, parenchymal 
bands (10,19) and/or honeycomb appearance (18) 
were accepted as evidence of sequela fibrotic-like 
change in control examinations. 

A semi-quantitative scoring system was used to mea-
sure the abnormalities detected in the lung parenchy-
ma (20). For each of the five lung lobes, no finding 
was scored as 0, less than 5% involvement as 1, 
5%-25% involvement as 2, 26%-49% involvement 
as 3, 50%-75% involvement as 4, and more than 
75% involvement 5, and the sum of the scores of the 
5 lobes was not included in the evaluation. 

Statistical Analysis

While evaluating the findings obtained in the study, 
IBM SPSS Statistics 22 (IBM SPSS, Turkey) program 
was used for statistical analysis. While evaluating 
study data, conformity of the parameters to normal 
distribution was evaluated with the Shapiro Wilks test 
and found to be in accordance with the normal dis-
tribution. While evaluating study data, besides 
descriptive statistical methods (mean, standard devi-
ation, frequency), continuous variables were evaluat-
ed using a two-sample t-test, respectively. Logistic 
regression analyzes were performed to determine 
independent predictive factors of fibrotic-like chang-
es. Significance was evaluated at P< .05 level.

RESULTS 

Eighty-four patients (51 males (61%), 33 females 
(39%) who were hospitalized in our institution due to 
COVID-19 pneumonia diagnosis (ICD code J12. 82), 
who had moderate-to-severe pneumonia on lung 
tomography at the time of diagnosis, and had a 
Thorax CT examination within 3 to 6 months from 
the diagnosis were included in the study. Mean age 
was calculated as 67.3 (15.2) years. Initial and fol-
low-up CT scans were obtained at a mean of 8.3 (2.2) 
days and 112.1 (14.6) days after symptom onset, 
respectively. Participants were recorded in two groups 
as those with and without sequelae fibrotic-like 
changes such as traction bronchiectasis, subpleural 
reticulation, fibrotic - parenchymal bands, honey-

Figure 1. COHORT diagram of the study.
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comb appearance according to 3-6-month follow-up 
CT scans (Figure 2). On follow-up CTs, fibrotic-like 
changes were observed in 29 (35%) of 84 partici-
pants (Group 1), while the remaining 55 (65%) 
showed complete radiological recovery (Group 2). 
Mean age of the patients with sequelae was 66.1 
(13.5) years, and mean age of the patients without 
sequelae was 67.9 (16.2) years. There was no signifi-
cant difference in age between the groups. Mean 
D-dimer values measured during hospitalization 

were 1603 (916) in the group with sequelae and 
1716 (884) in the group without sequelae, and no 
significant difference was found between the groups.

Mean initial CT scores for the group with sequelae 
were 14.3 (2.5), the first CT scores for the group with-
out sequelae were found to be 12.1 (1.2), and the first 
CT scores for the group with sequelae were statisti-
cally significantly higher (Figure 3).

Mean hospital stay of the group with sequelae was 

Figure 2. Consolidation in the left lower lobe in the first CT examination, and sequela ground glass opacity in the left lower lobe on 
control CT examination.

Figure 3. Diffuse ground glass opacities, pleural thickening and consolidation areas in both lungs at the time of diagnosis. In control 
examination, sequelae fibrotic densities, pleural focal thickening and weak ground glass opacities are observed.
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23.7 (2.6), and mean of 18.5 (1.9) for the group with-
out sequelae. Length of hospital stay of the group 
with sequelae was statistically significantly higher. 
With logistic regression analysis, a hospital stay of 22 
days or longer (OR: 4.9; 95% CI: 20, 32; p< .05) and 
a CT score of 15 or more at diagnosis (OR: 2.2; 95% 
CI: 13.5, 18; p< 0.05) were found to be independent 
predictors for sequela fibrotic-like changes in lung 
tissue (Table 1).

DISCUSSION

In our study, fibrotic-like sequelae changes were detect-
ed in the lungs of 29/84 (35%) patients who recovered 
from moderate-to-severe COVID-19 pneumonia when 
examined during a follow-up visit between 3 to 6 
months after their discharge. With logistic regression 
analysis, a hospital stay of 22 days or longer (OR: 4.9; 
95% CI: 20, 32; p< 0.05) and a CT score of 15 or more 
at diagnosis (OR: 2.2; 95% CI: 13.5, 18; p< 0.05) were 
found to be independent predictors for future fibrot-
ic-like changes of the lung tissue. 

Fibrotic-like changes were observed in 7 of 8 patients 
who were hospitalized and recovered from acute 
respiratory distress syndrome (ARDS) in the hospital 
due to COVID-19. ARDS seems to be a risk factor for 
fibrotic-like changes in the lung parenchyma. 
Previous studies have reported that a significant pro-
portion of patients who survived ARDS may develop 
progressive fibrotic changes on CT scans (21,22). 
However, it remains unclear whether the fibrosis-like 
changes detected in this study after COVID-19 pneu-
monia are permanent true fibrotic lung disease. 
Long-term studies will be decisive in this regard. In 

addition, it is known that mechanical ventilation 
applied to some of the patients during COVID-19 
pneumonia is also a risk factor for fibrotic-like chang-
es. Our inability to evaluate the frequency and dura-
tion of mechanical ventilation can be considered as 
one of the limitations of our study. Previously pub-
lished data has reported that the application of 
mechanical ventilation is strongly associated with the 
fibrotic changes observed in ARDS cases (22). 
Similarly, sequelae of fibrotic-like changes in the lung 
in some of our patients may be associated with 
mechanical ventilator-induced lung injury. High 
D-dimer and C-reactive protein levels were observed 
in patients with COVID-19 pneumonia (23). In addi-
tion, increased coagulopathy and severe inflammato-
ry response have been reported in severe COVID-19 
patients (24). These findings are related to the severi-
ty of the disease and may also be associated with 
greater damage to the lung parenchyma. 

We found that a higher CT score (≥15) at the patients’ 
initial CT examination was an independent prognostic 
factor for fibrotic-like changes in control examinations 
3-6 months later. In a previous study, it was reported 
that the degree of fibrosis in the pathological samples 
of patients with idiopathic pulmonary fibrosis 
increased as the score increased in terms of preva-
lence in CT examination (25). In addition, a recent 
publication has revealed an association between a CT 
score of 18 or higher at diagnosis and an increased risk 
of mortality in patients with COVID-19 pneumonia 
(26). Thus, greater lung injury in the acute phase may 
be associated with a higher mortality rate in survivors 
and more severe pulmonary sequelae.

Table 1. Comparison of demographic and clinical characteristics

Group 1 Group 2

Fibrosis-like changes 
(Sequelae) Present No Sequelae p Total

Number (n, %)
Mean age*
     Male
     Female
Gender (n, %)
     Male
     Female
Period between the onset of symptoms and first CT (days)*
Period between the onset of symptoms and control CT (days)*
D-dimer*
First CT Score*
Duration of hospital stay (days)*

29 (%35)
62.7 ± 11.8
60.17 ± 10.1
66.1 ± 13.5

18 (%35)
11 (%33)
7.9 ± 1.8

114.4 ± 17
1603 ± 916
14.3 ± 2.5
23.7 ± 2.6

55 (%65)
65.4 ± 13.4
64.1 ± 11.3
67.9 ± 16.2

33 (%65)
22 (%67)
8.5 ± 2.3

110.9 ± 13.3
1716 ± 884
12.1 ± 1.2
18.5 ± 1.9

0.213
0.116
0.411

0.468
0.396
0.584
0.001
0.001

84
64.5 ± 12.9
62.7 ± 1.5
67.3 ± 2.6

51 (%61)
33 (%39)
8.3 ± 2.2

112.1 ± 14.6
1678 ± 918

12.9 ± 2
20.4 ± 3.3

* Data are means  ±  standard deviations.
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There are studies that mention pulmonary diffusion 
abnormalities with sequela changes in the lung paren-
chyma at 6 months follow-up in patients with COVID-
19 pneumonia (14). Therefore, both structural and 
functional lung disorders can occur simultaneously in 
patients who survive severe COVID-19 pneumonia. 
The most common finding on lung CT scans of 
patients with COVID-19 pneumonia is ground-glass 
opacity (GGO). In addition, loss of consolidation and 
attenuation are common findings. Two studies describ-
ing early control CT findings reported that GGO and 
partial consolidation findings may continue to be seen 
as prolonged (11,27). An increased prolongation or 
consolidation of GGO on follow-up CT of COVID-19 
pneumonia described in these two studies may indi-
cate a gradual regression of inflammation and reopen-
ing of the alveoli. GGO observed in the acute period 
of COVID-19 pneumonia may represent inflammatory 
infiltrates, edema or bleeding (2,3). In addition, 
increased D-dimer levels detected in patients in the 
acute period may be associated with pulmonary 
embolism in COVID-19 patients. Thus, it may be 
responsible for some of the GGO and consolidations 
observed in the thorax CT of patients (28,29). The 
underlying pathophysiology of GGO, which is fre-
quently observed in COVID-19 pneumonia, and its 
correlation with fibrosis seem to be worth investigating 
with larger and long-term studies.

Other limitations of our study may be summarized as 
follows. First of all, the sample size was small and the 
examinations performed between 3 and 6 months 
were evaluated as follow-up examinations. We think 
that this period is short and a longer follow-up is 
required in order to determine whether the fibrot-
ic-like changes are permanent. In fact, we think that 
long-term and multiple control thorax CT-containing 
groups can provide valuable information to determine 
whether these changes are permanent, progressive, or 
reversible. Secondly, although acute pneumonia peri-
od and control CT findings are defined in the lungs of 
the patients, it is not possible to know whether the 
findings that we describe as sequelae fibrotic changes 
were present before COVID-19 pneumonia. Third, a 
comparison of intra- and inter-rater consistency of CT 
evaluations was not made. Finally, the absence of a 
histological correlation is a limitation. Further studies 
are needed to investigate whether fibrotic-like changes 
on CT scans represent true pathological fibrosis.

In summary, control CT scans obtained within 3 to 6 
months of disease onset showed fibrotic-like changes 
in the lung in more than one-third of patients who sur-
vived moderate-to-severe COVID-19 pneumonia. 
These patients were older and had more severe pneu-
monia in the acute phase. However, the long-term lung 
sequelae are still largely unknown. We believe that 
new, prospective, large-scale, long-term studies ana-
lyzing high-risk patients after COVID-19 pneumonia 
are necessary and will provide valuable information.

As a result, in this study, pulmonary fibrosis-like 
changes were observed in more than one-third of the 
participants with moderate-to-severe COVID-19 
pneumonia during follow-up thorax tomography per-
formed 3 to 6 months after the hospital discharge. For 
this reason, it will be useful to follow-up patients who 
have recovered from COVID-19 pneumonia in terms 
of pulmonary sequelae.
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