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ABSTRACT

Factors associated with fibrotic-like pattern on thorax CT after COVID-19
pneumonia

Introduction: This study aimed to investigate whether coronavirus dis-
ease-2019 (COVID-19) leads to impaired pulmonary function, fibrotic-like
abnormalities or psychological symptoms six months after discharge.

Materials and Methods: This study involves 162 laboratory-confirmed
patients with COVID-19 who were diagnosed in Ankara University Faculty of
Medicine, Department of Chest Diseases from February 1, 2021 to July 1,
2023. All patients were diagnosed with COVID-19 pneumonia by thorax
computed tomography (CT). Patients who applied to the outpatient clinic six
months after COVID-19 treatment were included in the study. A total of 133
patients underwent thorax CT scan, pulmonary function tests, six minutes
walking test simultaneously. Radiographic patterns were categorized into two
groups (normal/non-fibrotic and fibrotic-like). Group A had 66 patients who
either had no fibrotic or non-fibrotic changes, and 67 patients who had
fibrotic-like changes were categorized as group B.

Results: Mean age of the study subjects was 55.95 + 12.42 years, and 75
(56.4%) patients were male. Overall, median diffusing capacity of the lungs
for carbon monoxide (DLCO) % predicted measured as 73.5% [IQR 61-88].
DLCO and six-minute walking distance were significantly lower in the fibrotic-
like pattern group (p< 0.001, p= 0.014, respectively). Reduced DLCO in
patients with fibrotic-like pattern after six months was common. Presence of
ground-glass opacities, reticulations and traction bronchiectasis correlated
strongly with reduced diffusing capacity (r= -0.190 p= 0.043, r -0.305 p=
0.001, r -0.404 p< 0.001, respectively). We demonstrated that smoking
history and intensive care unit (ICU) admisson during COVID-19 pneumonia
were independent risk factors for fibrotic-like radiographic abnormalities.

Conclusion: Residual abnormalities resembling fibrosis were notably preva-
lent, particularly among severely ill patients, and impaired lung diffusion per-
sisted in some individuals even six months post-discharge. Post-COVID-19
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INTRODUCTION

lung sequelae can persist and progress after hospital discharge, suggesting
airways involvement and formation of new fibrotic-like lesions, mainly in
patients who had been in the ICU and had smoking history.

Key words: CT imaging; follow-up; SARS-CoV-2; COVID-19; fibrosis, fibrotic-
like
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COVID-19 pnémonisi sonrasi Toraks BT'de fibrozis benzeri patern ile iliskili
faktorler

Giris: Bu calismada, koronaviris hastalig-2019’'un (COVID-19) taburcu
olduktan alti ay sonra solunum fonksiyon bozukluguna ve toraks bilgisayarli
tomografisinde (BT) fibrozis benzeri degisikliklere yol agip acmadigini
arastirdik.

Materyal ve Metod: Bu calisma, 1 Subat 2021-1 Temmuz 2023 tarihleri ara-
sinda Ankara Universitesi Tip Fakiiltesi Gogiis Hastaliklari Anabilim Dalinda
laboratuvar ile dogrulanmis COVID-19 tanisi konulan 162 hastayr kapsamak-
tachr. Tim hastalara toraks BT ile COVID-19 pndmonisi tanisi konulmustur.
Koronaviriis hastaligi-2019 tedavisinden alti ay sonra poliklinige basvuran
hastalar calismaya dahil edilmistir. Toplam 133 hastaya toraks BT, solunum
fonksiyon testleri ve alti dakika yiriime testi uygulanmistir. Radyolojik patern-
ler normal/fibrotik olmayan ve fibrozis benzeri patern olarak iki gruba ayrilmis-
tir. Grup Ada normal veya fibrotik olmayan degisiklik gésteren 66 hasta, grup
B'de fibrozis benzeri degisiklikler gosteren 67 hasta yer almistir.

Bulgular: Hastalarin yas ortalamasi 55.95 + 12.42 yil olup, 75 (%56.4)i
erkekti. Genel olarak karbon monoksit diftizyon kapasitesi (DLCO) ortalama
%73.5 [IQR 61-88] olarak dl¢tlmiistir. Grup B'de DLCO ve alti dakika yiiri-
me mesafesi anlamli sekilde daha diisiiktii (sirastyla p< 0.001 ve p= 0.014).
Alti ay sonra fibrozis benzeri paterne sahip hastalarda DLCO diisiisti daha sik
gozlemlenmistir. Buzlu cam opasiteleri, retikiilasyonlar ve traksiyon bronsekta-
zisi varligr azalmis difiizyon kapasitesi ile iligkili bulunmustur (sirasiyla, r=
-0.190 p= 0.043, r=-0.305 p= 0.001, r= -0.404 p< 0.001). Sigara Sykisii ve
COVID-19 pnémonisi sirasinda yogun bakim iinitesine (YBU) kabul edilmenin
fibrozis benzeri radyolojik bulgular icin bagimsiz risk faktérleri oldugu saptan-
mistir.

Sonug: Ozellikle agir hastalarda fibrozise benzeyen sekel degisikliklerin yaygin
oldugu ve bazi bireylerde alti ay sonrasinda diftizyon kapasitesinde diigiistin
devam ettigi gbzlemlenmistir. Koronaviriis hastaligi-2019 sonrasi akciger sekel-
lerinin hastane taburculugundan sonra da devam edebilecegi ve ilerleyebile-
cegi, ézellikle YBUde tedavi goren ve sigara dykiisii bulunan hastalarda yeni
fibrozis benzeri lezyonlarin olusabilecegi akilda tutulmalicr.

Anahtar kelimeler: BT gorintileme; takip; SARS-CoV-2; COVID-19; fibrozis,
fibrozis benzeri goriinim

time for new pandemic waves (2). Thorax computed
tomography (CT) is important for diagnosis, treat-

Coronavirus disease-2019 (COVID-19) pandemic
represents a new disease, and long-term pulmonary
outcomes of COVID-19 are unknown (1). As the
identification of the first cases and the five-year
course of the pandemic are now behind us, certain
aspects of COVID-19 remain uncertain with long-
term effects of the disease being one of the most
prominent areas of ambiguity. Long-term effects are
still unclear, making it difficult to determine which
patients need standard follow-up to detect fibrosis in

ment, and follow-up in patient with COVID-19 pneu-
monia. Particularly, in the follow-up period, thorax
CT is offered to evaluation the progress of disease and
fibrotic changes in lungs (3). Early studies on survi-
vors following hospitalization for COVID-19 indicate
that nearly 50% exhibited reduced diffusing capacity,
decreased total lung capacity (TLC), impaired exer-
cise capacity, and/or abnormal thorax CT scans
within one-month post-discharge (4). It remains
uncertain whether the persistent pathological
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Fibrotic-like pattern after COVID-19 pneumonia

findings on CT scans will evolve into symptomatic
pulmonary fibrosis over time or whether different
treatments for COVID-19 could impact the long-term
resolution of parenchymal opacities. Follow-up stud-
ies have identified impaired lung diffusing capacity
for carbon monoxide (DLCO), TLC, and poor perfor-
mance in six-minute walking test (6MWT) as the
most prevalent lung function abnormalities. Our
understanding of long-term consequences remain
limited, making it challenging to identify which
patients require routine follow-up to promptly detect
fibrosis, especially in the event of future pandemic
waves. In this study, we aimed to determine predic-
tors of pulmonary fibrosis and early warning indica-
tors that are linked to pulmonary fibrosis in treated
patients with COVID-19 pneumonia. Our secondary
aim was to evaluate if radiologic abnormalities and
functional outcomes were associated with persistent
impaired lung diffusion.

MATERIALS and METHODS
Study Design

We conducted a single-center prospective cohort
study of adults presented to outpatient clinic between
February 1, 2021 and July 1, 2023 who had been
treated for COVID-19 pneumonia at our hospital. The
Ankara University Faculty of Medicine Ethical
Committee’s protocol number is [1-15-21. Participants
signed a written informed consent.

In this prospective study, patients diagnosed as
COVID-19 pneumonia more than six months ago
and presented to the outpatient clinic after being
discharged following COVID-19 pneumonia were
included.

Demographic data, smoking history, comorbidities,
symptoms, laboratory and radiological findings at
diagnosis and admission were examined. All data on
diagnosis were obtained from hospital medical
records retrospectively. Pulmonary function tests and
thorax CT were performed simultaneously on the
patients at the admission prospectively.

This study includes 162 patients diagnosed with
COVID-19-associated pneumonia, all of whom had
confirmed severe acute respiratory syndrome corona-
virus-2 infection through a positive reverse-transcrip-
tion polymerase chain reaction test performed on
nasopharyngeal swab samples at the time of diagno-
sis. These patients were followed up.

Inclusion criteria are shown in Table 1.
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Table 1. Inclusion criteria

* Age 218 years

e Written informed consent

e Diagnosis of SARS-CoV-2 infection by positive PCR on the
nasopharyngeal swab

Presence of any radiological signs of COVID-19 pneumo-
nia on thorax CT at admission

Patients diagnosed and treated for COVID-19 pneumonia
in our hospital

Patients presented to the outpatient clinic six months after
treatment for COVID-19 pneumonia

Patients whose data can be accessed through hospital
medical records

SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2, PCR:
Polymerase chain reaction, COVID-19: Coronavirus disease-2019,
CT: Computed tomography.

At six month following COVID-19 diagnosis, 133
participants underwent a non-contrast thorax CT
scan, pulmonary function tests (spirometry, lung dif-
fusing capacity for carbon monoxide, lung volumes
with nitrogen washout method), measurement of six-
minute walking distance (6MWD). All participants
were also evaluated for demographic and clinical
features and laboratory parameters. The effect of pul-
monary fibrosis on pulmonary function was analyzed
simultaneously.

Study patients were divided into two groups accord-
ing to thorax CT findings as normal/non-fibrotic pat-
tern and fibrotic-like pattern.

CT imaging

Non-contrast thin-section thorax CT scans were per-
formed each patient using four-slices CT scanner
(Toshiba Asteion 4, Toshiba Medical System, Japan) at
diagnosis period and 16-slices multi dedector CT
scanner (GE Light Speed, GE Medical System,
Milwaukee WI) at sixth months. Images were acquired
in supine position in the craniocaudal direction at
end-inspiration.

CT images were evaluated for the presence of the
following characteristics: Normal findings, intra-
parenchymal bands, ground-glass opacities, consoli-
dation, reticulations, traction bronchiectasis, and
honeycombing. All thin-section CT images were
independently analyzed by a radiologist to determine
the presence of pulmonary fibrosis and fibrotic-like
changes.
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Fibrotic abnormalities on thorax CT imaging were
defined as combination of findings including reticu-
lation, traction bronchiectasis and honey-combing.
Fibrotic-like patterns included those with subpleural
reticulations, traction bronchiectasis or honeycomb-
ing (5).

Radiographic patterns were categorized into two
groups (normal/non-fibrotic and fibrotic-like). Group
A had 66 patients who either had no fibrotic or had
non-fibrotic changes; 67 patients who had fibrotic-
like changes were categorized as group B. None of
the patients had fibrotic pattern on thorax CT at sixth
month.

Pulmonary function tests

Pulmonary function testing (spirometry, lung volume
and lung diffusing capacity for carbon monoxide)
were performed in all participants by Vmax Encore
229 Pulmonary Function Germany-21.2 according to
the guidelines of the American Thoracic Society (6,7).
Pulmonary function parameters included forced vital
capacity (FVC), forced expiratory volume in the first
second (FEV,), the FEV,/FVC ratio, DLCO, and TLC.
The 6MWT was performed according to the current
American Thoracic Society guidelines (8).

Statistical Analysis

For descriptive statistics, mean (standard deviation)
or median (interquartile range) were used for quanti-
tative variables with a normal or non-normal distribu-
tion, respectively. Normality of the distribution was
analyzed using the Kolmogorov-Smirnov test. The
frequencies were used for qualitative variables.
Continuous variables were presented as mean =+
standard deviation, and categorical variables were
presented as n (%). We examined associations
between clinical and laboratory characteristics with
no abnormalities/non-fibrotic pattern and fibrotic-
like pattern. Pearson’s chi-square test and Fisher’s
exact test were used to analyze categorical data as
appropriate. Median scores of the two groups were
compared with non-parametric Mann-Whitney U
test. The student’s t-test for unpaired data was used to
compare parametric variables.

We calculated correlations between continuous and
ordinal data using Pearson point biserial correlation
method. A 5% type-l error level was used to infer
statistical significance. A p< 0.05 was considered
statistically significant. Statistical analyses were per-
formed by SPSS (version 22.0) software.

RESULTS

There were 162 patients. Twenty-four patients were
excluded due to absence of initial thorax CT. Among
the remaining 138 patients, 5 did not want to
participate in the study. Final 133 patients, (66 in
group A and 67 in group B) who met the inclusion
criteria were enrolled in the study (Figure 1).

Among the clinical features of patients, the male sex
and age were statistically significantly different
between the two groups (p= 0.004 and p< 0.001,
respectively). Dyspnea was the most common symp-
tom followed by fatigue. While there were no differ-
ences between the groups in terms of comorbidities,
the presence of smoking history was found to be
significant between the groups. Fibrotic-like patterns
were significantly more in patients with the male sex,
older age, smoking history, high St. George’s
Respiratory Questionnaire (SGRQ) total score, high
dyspnea score, history of intensive care unit (ICU)
admission, and reduced DLCO (Table 2).

A 4% decrease in oxygen saturation compared to the
beginning of the test in the 6BMWT was accepted as
desaturation. Desaturation was detected in 48
(36.1%) of the patients. There was a significant differ-
ence between the groups in terms of desaturation (p=
0.006).

Main thorax CT findings at admission were ground-
glass opacities 125 (94%), consolidation 50 (37.6%),
and intraparenchymal bands 11 (8.3%). There are no
reticulations and traction bronchiectasis at admis-
sion.

At the sixth month of COVID-19 pneumonia
diagnosis, the most common radiographic findings
were ground-glass opacities (46.6%), followed by
normal CT (39%), reticulations (39%) and
intraparenchymal bands (39%) (Table 3). Lung lesions
of 29.3% of the patients were fully resolved at
admission.

Figures 2 and 3 show thorax CT images of two cases
with fibrotic-like pattern at follow-up.

Overall, DLCO % was predicted as 73.5% [IQR
61-88]. DLCO and 6MWD were significantly lower
in the fibrotic-like pattern group (p< 0.001, p=0.014,
respectively). We found reduced DLCO after six
months to be more common in patients with fibrotic-
like pattern (Table 2).
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At the beginning of the study
n= 162

Twenty-four patients whose thorax CT images on
diagnosis could not be accessed and were excluded

Thorax CT on admission
n= 138

Five patients did not come to thorax CT appointment

Thorax CT at sixth month
n= 133

|
! l |

Normal findings on CT non-Fibrotic pattern on CT Fibrotic-like pattern on CT
n= 39 n=27 n= 67

\ | » |

Group A Group B

Figure 1. Flow chart of the study.

Presence of ground-glass opacities, reticulations and Advanced age is a significant risk factor for the devel-
traction bronchiectasis correlated more strongly with opment of pulmonary fibrosis following COVID-19
reduction in diffusion capacity (r= -0.190 p= 0.043, (9). Prior research had demonstrated that elderly
r=-0.305 p=0.001, r=-0.404 p< 0.001, respectively) individuals diagnosed with viral pneumonia are

(Table 4). Traction bronchiectasis did not correlate more susceptible to the development of pulmonary
with FVC and walking distance. mMRC score >2 cor- fibrosis (10,11). Farghaly et al. conducted case-con-
related strongly with FVC, DLCO, and walking dis- trol research involving 64 patients, where they identi-
tance (p= 0.003, 0.008, <0.001, respectively). fied a significant mortality rate among male patients

and those aged 65 years or older who developed
post-COVID fibrosis (12). In another study, male sex,
age, baseline CT severity score, oxygen saturation,
and duration of hospitalization were predictive fac-
tors for fibrosis (13). In our study, mean age and rate
of male patients were higher in group B compared to
group A. With advanced age, cellular and humoral
immune responses decrease, resulting in impaired
DISCUSSION control of viral replication and the development of an
excessive inflammatory response, leading to poor
outcomes in the course of the disease (14).

Multivariate binary logistic regression analysis
between the fibrotic-like patterns and the risk factors
in study group showed significant relationship
between fibrotic-like changes and presence of smok-
ing history and ICU admission, which suggests that
smoking history and ICU admission are independent
risk factors affecting fibrotic-like pattern (Table 5).

The objective of this study was to determine the
clinical features of patients during the sixth-month

follow-up after a diagnosis with COVID-19, as well Smoking can result in the development of emphyse-
as to establish the risk variables associated with the ma, chronic bronchitis, and pulmonary fibrosis.
development of a fibrotic-like pattern in these Epidemiological study indicates that smokers are more
patients. likely to experience familial and sporadic idiopathic

pulmonary fibrosis compared to non-smokers (15).
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Table 2. Demographic and clinical features between those with and without fibrotic-like patterns on thorax computed tomography

Total Group A Group B
n=133 n= 66 n= 67 p
Gender, n, (%)

Male 75 (56.4) 29 (43.9) 46 (68.7) 0.004
Age + SD 55.95 + 12.42 51.94 £ 13.25 59.91 +£10.19 <0.001
Smoking history, n, (%)

Never smoker 83 (62.4) 49 (74.2) 34 (50.7) 0.005

Active and ex-smoker 50 (37.6) 17 (25.8) 33 (49.3) 0.005
Comorbidities, n, (%)

Diabetes mellitus 37 (27.8) 19 (28.7) 18 (26.9) 0.191

Hypertension 40 (30.1) 15 (22.7) 25 (37.3) 0.166

COPD 8 2(3) 6(9) 0.350

Asthma 11 (8.3) 7 (10.6) 4 0.620

Heart disease 14 (10.5) 7 (10.6) 7 (10.4) 0.219
Place of COVID-19 pneumonia treatment, n, (%)

ICU admission 34 (25.6) 9(13.6) 25 (37.3) 0.020

Hospital wards 54 (40.6) 28 (42.4) 26 (38.8) 0.671

Outpatient 46 (34.6) 29 (43.9) 16 (23.9) 0.015
SGRQ total score, median [IQR]

On diagnosis 30 [17-50.8] 22.52 [13.14-39.32]  33.62 [22.69-52.57] <0.001

At sixth month 18.76 [8.47-31.42] 16.11 [5.09-28.25] 23.90 [16.34-33.69]  0.002
Laboratory on diagnosis, median [IQR]

Lymphocyte 1150 [945-1550] 2215 [1682.5-2672.5] 2270 [1800-2920] 0.099

D-dimer 320 [176.5-534.5] 251.5 [152.5-445.2] 378 [188-585] 0.062

Fibrinogen 4.5 [3.58-5.52] 4.47 [3.69-5.44] 4.5 [3.4-5.6] 0.734

Ferritin 194 [74.9-450] 159.75 [67-440.2] 231 [98-450] 0.297

CRP 24 [7.3-66] 19.58 [6.45-54.4] 34 [9.5-88.8] 0.052
Symptoms at sixth month, n, (%)

Asymptomatic 29 (21.8) 19 (28.8) 10 (14.9) 0.053

Dyspnea 72 (54.1) 30 (45.5) 42 (62.7) 0.046

Cough 22 (16.5) 7 (10.6) 15 (22.4) 0.067

Fatique 55 (41.4) 28 (42.4) 27 (40.3) 0.803
PFTs at sixth month

FVC, % predicted, median [IQR] 94 [82-111] 103 [85.5-115] 89.5 [80.75-99.5] 0.004

n=115 n=>53 n= 62
DLCO, % predicted, median [IQR] 73.5 [61-88] 81 [69-93.75] 68[55.5-79.2] <0.001
n=114 n= 52 n= 62

TLC, % predicted, median [IQR] 101 [88.2-120] 108 [96-125] 95 [85-114] 0.004

n= 100 n= 49 n=>51

6MWD, meter, median [IQR] 540 [465-620] 555 [492.5-650] 500 [440-600] 0.014

n=131 n= 64 n= 67
6MWT, desaturation, n, (%) 48 (36.1) 16 (25) 32 (47.8) 0.006
n= 131 n= 64 n= 67
mMRC score >2, n, (%) 43 (32.4) 14 (21.2) 29 (43.3) 0.029

COPD: Chronic obstructive pulmonary disease, ICU: Intensive care unit, SGRQ: Saint George respiratory questionnare, CRP: C-reactive protein, PFTs:
Pulmonary function tests, FVC: Forced vital capacity, DLCO: Lung diffusing capacity for cabon-monoxide, TLC: Total lung capacity, 6MWD: Six
minute walking distance, 6MWT: Six minute walking test, mMRC: Modified medical research council.

Tuberk Toraks 2025;73(1):28-38
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Table 3. Prevalence of thorax computed tomography abnormalities at sixth month after COVID-19 diagnosis

Total non-Fibrotic pattern Fibrotic-like pattern
n=133 n= 27 n= 67
No abnormality 39 (29.3)
non-Fibrotic abnormalities
Intraparenchymal bands 45 (33.8) 6(22.2) 39 (58.2)
Ground-glass opacities 62 (46.6) 27 (100) 35 (52.2)
Consolidation 5(3.8) 2(7.4) 3 (4.5)
Fibrotic abnormalities
Reticulations 39 (29.3) 0 39 (58.2)
Honey-combing 0 0 0
Traction bronchiectasis 28 21.1) 0 28 (41.8)
Results were given as n (%).

Figure 2. A 68-year-old male patient (A) bilateral ground-glass opacities on thorax CT at admission (B) at six months after discharge,
most lesions had resolved, but subpleural reticulations persisted.

Figure 3. A 73-year-old male patient was treated in the ICU (A) bilateral ground-glass opacities and consolidations on thorax CT at
admission (B) at six months after discharge, subpleural reticulations, traction bronchiectasis persisted.
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Table 4. Pearson point biserial correlation coefficients of CT pattern and mMRC >2 with FVC, DLCO, walking distance on 6MWT

FvC DLCO 6MWD, m
CT pattern r p r p r p
Ground glass opacities -0.114 0.227 -0.190 0.043 -0.188 0.031
Reticulation -0.280 0.002 -0.305 0.001 -0.175 0.046
Traction bronchiectasis -0.130 0.165 -0.404 <0.001 -0.081 0.335
mMRC >2 -0.274 0.003 -0.248 0.008 -0.430 <0.001
FVC: Forced vital capacity, DLCO: Lung diffusing capacity for cabon-monoxide, 6MWD: Six minute walking distance, m: Meter, CT: Computed
tomography, r: Correlation co-efficients, mMMRC: Modified medical research council.

Table 5. Association between independent variables of interest in fibrotic-like patterns in multivariable logistic regression

Variable OR 95% Cl p

Age 265 1.480 0.554-3.955 0.434
Gender, Male 2.262 0.923-5.540 0.074
Smoking 2.740 1.134-6.620 0.025
ICU admission 4.698 1.463-15.083 0.009
Inpatient clinic admission 1.956 0.767-4.986 0.160
Presence of a comorbidity 0.619 0.257-1.490 0.285
Lymphopenia 2.557 0.992-6.591 0.052
CRP 0.713 0.221-2.297 0.570
D-dimer 1.875 0.781-4.503 0.159
Ferritin 0.521 0.186-1.459 0.215
Fibrinogen 0.893 0.348-2.289 0.814

OR: Odds ratio, Cl: Confidence interval, ICU: Intensive care unit, CRP: C-reactive protein.

Smoking causes long-term oxidative stress, inflamma-
tory cytokines, and interstitial lung fibrosis (9). A com-
prehensive investigation has revealed that smokers
had a 1.4-fold higher probability of suffering severe
symptoms of COVID-19. In addition, smokers had a
2.4 times higher likelihood of needing admission to an
ICU, requiring mechanical ventilation, or facing a
higher risk of mortality, compared to non-smokers
(16). Another study revealed that current smoking has
the greatest influence on disease progression among
the variables studied in COVID-19 (17). A study evalu-
ating the smoking status of 1099 patients observed that
a higher proportion of smokers were discovered
among patients with severe symptoms and those who
needed ICU follow-up. However, the study did not
analyze the relationship between the severity of
COVID-19 and smoking status (18). In our study, simi-
lar to the literature, it was found that fibrotic-like
changes were more prevalent in patients with a smok-
ing history compared to non-smokers.

Farghaly et al. reported that the patients most suscep-
tible to developing fibrosis were those who were

admitted to the ICU and needed mechanical ventila-
tor support as a result of COVID-19. Similarly, our
investigation revealed that history of ICU admission
was determined to be an independent risk factor for
the development of a fibrotic-like pattern (12). In a
study evaluating the two-year follow-up of 348
COVID-19 patients, subjects who had been admitted
to the ICU had a higher risk of developing a fibrotic-
like pattern (19). Similarly, we found that ICU admis-
sions were more frequent in the group developing a
fibrotic-like pattern, and ICU admission was identi-
fied as an independent risk factor for the develop-
ment of a fibrotic-like pattern.

Previous waves of the COVID-19 pandemic have
repeatedly demonstrated a significant occurrence of
pulmonary diffusion impairments, with reported rates
varying between 11% and 34% (2,20,21). Severe
cases of COVID-19 have a more severe decrease in
diffusion capacity early after the acute phase of the
infection, in comparison to moderate cases. Acute
respiratory distress syndrome, which is the most
prevalent consequence of COVID-19, frequently
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leads to this impairment. Research has indicated that
the decrease in diffusion capacity is persistent, and
this is partly due to irreversible damage to the
endothelial cells (22,23). A meta-analysis revealed
that during previous epidemics of coronaviruses such
as Middle East respiratory syndrome and severe acute
respiratory syndrome (SARS), approximately 10-34%
of the patients had a decrease in their diffusion capac-
ity when assessed one year later (21). In the same
meta-analysis, comparing patients with and without
ICU admission, FVC and DLCO values were found to
be relatively lower in the group with ICU admission
(21). It should be noted that in patients admitted to the
ICU, decreased respiratory function parameters may
be detected due to the developing muscle weakness.
Recent investigations have shown that COVID-19
primarily impacts the lungs, causing various lung
conditions such as diffuse destruction of the alveolar
epithelium, injury or bleeding in the capillaries, crea-
tion of hyaline membranes, increased fibrous tissue in
the alveolar septa, and consolidation of the lungs. In
the study conducted by Park et al., they found that
15.5-43.6% of patients who were observed for about
two years due to SARS had a decrease in DLCO,
which was the most common functional abnormality
(24). In a study conducted by Liu et al., it was
observed that lung consolidations in COVID-19
patients recovered more rapidly compared to other
types of lesions, around one month following dis-
charge (25). In a study conducted approximately three
years later evaluating COVID-19 patients, it was
observed that although there was a gradual improve-
ment, the group that developed fibrosis had lower
DLCO, shorter walking distances, and more frequent
respiratory symptoms compared to the control group
(26). Compatible with literature findings, the group
with a fibrotic-like pattern in the present study exhib-
ited lower DLCO values, shorter walking distances,
and more frequent respiratory symptoms.

Although SGRQ scores at the six-month follow-up
were better in both groups compared to the disease
period, patients in the fibrotic-like pattern group had
worse scores than those in the non-fibrotic group.
The most common persistent symptom was dyspnea,
and according to the MRC dyspnea scale, MRC
scores were higher in the fibrotic-like pattern group.
This situation can be explained by the lower diffusing
capacity observed in this group.

There are limitations in our study. First, the absence
of baseline pulmonary function test results prior to
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the illness poses a challenge in comparing pre-illness
and post-illness outcomes. Additionally, this cross-
sectional analysis offers only a brief follow-up peri-
od, leaving the long-term trajectory of lung function
after hospital discharge unexplored and in need of
further study. The follow-up duration was relatively
short, and extended CT follow-up is necessary to
assess whether the observed reticular patterns pro-
gress to irreversible fibrosis.

CONCLUSION

In conclusion, our study highlights that among the
discharged COVID-19 survivors, impaired diffusion
capacity is the most frequent lung function
abnormality, followed by restrictive ventilatory
defects, both of which correlate with disease severity.
Routine clinical follow-up for certain recovered
patients, particularly those with severe cases, should
include comprehensive pulmonary function tests,
encompassing not only spirometry but also diffusion
capacity assessment.

Six months after discharge, the most common imag-
ing findings in COVID-19 survivors were ground-
glass opacities, intraparenchymal bands, and reticu-
lations. Smoking history and ICU admission emerged
as key risk factors for incomplete radiological resolu-
tion. Fibrotic-like abnormalities were notably preva-
lent at six months and were linked to impaired lung
diffusion. Further research is essential to understand
the long-term progression of these fibrotic-like
changes and their implications.
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