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ABSTRACT

Background:  Survivors of Coronavirus Disease 2019 (COVID-19) pneumonia may have permanent loss of 
lung function and radiological sequelae. There is a need for markers that predict patients for whom follow-up 
is required.

Aim of the study: To identify the risk factors associated with post-COVID-19 radiological and functional 
findings. 

Material and methods: This is a single-center retrospective study performed in a university hospital. We 
obtained the data from all hospitalized patients with COVID-19 pneumonia. We included those who un-
derwent pulmonary function tests (PFT) and chest computerized tomography (CT) 90-120 days later. We 
analyzed initial and peak laboratory results (C-reactive protein (CRP), d-dimer, ferritin, and fibrinogen), and 
the length of hospital and intensive care unit (ICU) stay. We examined the relationship between baseline data 
and radiological findings and PFT.

Results: Fifty-six patients were included in this study. Of these, 31 (55.4%) were women. The mean age of 
the patients was 55.05±13.29 years. The mean peak ferritin, fibrinogen, d-dimer, and CRP values recorded 
during hospitalization follow-up were 285.56±339.82, 518.59±186.93, 1.99±5.69, and 98.94±80.77, respec-
tively. The mean length of hospital and ICU stay were 10.21±8.01 and 8.38±8.90 days, respectively. In 18 
(32.1%) patients, we observed a restrictive pattern on PFT, and 22 (39.3%) patients had an abnormal dif-
fusion test. In 21 (37.5%) patients we observed ground glass opacities and in 4 (7.1%) patients reticulation 
was seen on their chest CT. A multivariate logistic regression analysis revealed that the first visit and peak 
fibrinogen values were significantly associated with abnormal PFT (p=0.049, R2=0.272), while ferritin and 
CRP levels at the first visit and peak levels were significantly associated with an abnormality on chest CT 
(p<0.001, p=0.05, respectively).

Conclusions: High initial and peak ferritin, fibrinogen, and CRP levels were associated with persistent radio-
logical findings on chest CT and abnormal PFT at 90–120 days follow-up after COVID-19 pneumonia.

Keywords: COVID-19, pneumonia, pulmonary function test, chest computerized tomography



Medical Science Pulse 2022 (16) 4

67Pulmonary function test results and radiological findings 90-120 days after COVID-19 pneumonia

Background

There is a growing number of patients surviving 
Coronavirus Disease 2019 (COVID-19) who continue 
to struggle with symptoms of the disease long after 
clinically testing negative for the disease. On the oth-
er side, there are some patients with no symptoms 
but that have permanent radiological findings and 
lung function loss. All these were evaluated under the 
umbrella called a post-viral syndrome. Our previous 
experience with acute respiratory syndrome (SARS) 
and Middle East respiratory syndrome (MERS) sug-
gest that the effects of coronavirus infections can last 
for many years. We hypothesize that similar chang-
es in radiological findings and pulmonary function 
tests (PFT) may occur in patients with COVID-19. 
As expected, the early analysis showed a high rate of 
abnormal lung function and fibrotic remodeling on 
computerized tomography (CT), particularly in sur-
vivors of severe SARS-CoV-2-associated pneumonia. 
We also observed some patients with post-COVID-
19 syndrome despite having non-severe COVID-19 
pneumonia.

Many studies have revealed that the overall qual-
ity of life is reduced and functional losses can occur in 
some patients while other studies showed conflicting 
results on medium-term recovery [1,2]. The optimal 
time for obtaining a baseline radiologic test is not 
clear either. The British Thoracic Society (BTS) guide-
lines recommend a baseline chest X-ray 3 months af-
ter discharge in patients with COVID-19 pneumonia 
[3]. However, routine follow-up may not be necessary 
for all survivors of COVID-19 pneumonia. Moreover, 
evaluation of the radiological and functional status of 
all patients is not possible. So we need data to provide 
an accurate estimation of whom, when, and which 
evaluations should be performed on survivors of 
COVID-19. We suppose that the detection of markers 
that predict patients requiring advanced radiological 
exams and PFT will save time and money.

Aim of the study

This study aims to investigate the risk factors 
associated with the persistence of abnormalities on 
chest CT and PFT. 

Material and methods 

Sample 

This is a single-center, retrospective study con-
ducted at a university hospital. Among patients of 
our outpatient clinic, we investigated the patients 
who underwent a thoracic CT and PFT between 90 

and 120 days after a COVID-19 PCR-positive result 
(Figure 1). Patients under 18 years of age or who 
were treated as an outpatient were excluded from 
the study. Patients without COVID-19 pneumonia 
were excluded. Patients with respiratory distress, 
a respiratory rate ≥30 breaths/minute, an oxygen 
saturation of less than 93% at rest, an arterial par-
tial pressure of oxygen (PaO2)/fraction of inspired 
oxygenation (FiO2) ≤300mmHg, or a lesion progres-
sion of >50% within 24 to 48 hours on pulmonary 
imaging were interpreted as patients with severe 
pneumonia. The patient’s age, gender, comorbidities, 
symptoms, laboratory tests (lactate dehydrogenase 
(LDH), C-reactive protein (CRP), d-dimer, ferritin, 
and fibrinogen) at the time of admission and their 
peak values during follow-up, medications, intensive 
care unit (ICU) need, oxygen support, noninvasive 
ventilation (NIV) support, mechanical ventilation 
(MV) support, and the length of hospital stay was 
examined.

Pulmonary function tests

All PFT were performed according to the Ameri-
can Thoracic Society (ATS) – European Respiratory 
Society guidelines [4]. We obtained values for the pre-
dicted percent of forced expiratory volume in 1 sec-
ond (FEV1), forced vital capacity (FVC), forced mid-
expiratory flow (FEF 25–75%), peak expiratory flow 
(PEF), and maximal mid-expiratory flow (MMEF). 
Those below 80% were considered abnormal. Those 
with a FEV1/FVC<70% were classified as having an 
obstructive pattern, while those with a F VC below 
80% and a FEV1/FVC>70% were classified as having 
a restrictive pattern. Expected values of total lung 
capacity (TLC), diffusing capacity for carbon mon-
oxide (DLCO), alveolar volume (VA), and DLCO/VA 
of those who underwent a helium diffusion test were 
examined. Additionally, desaturation with exertion 
during a 6-minute walking test was recorded. Ac-
cording to resting fingertip oxygen saturation, a 4% 

229 discharged from
hospital

173 had no regular
follow-up

56 patients data were
analyzed

248 hospitalized
patients with COVID-

19 pneumonia

Figure 1. Flowchart of the participants
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decrease in SpO2 during effort or a SpO2<90 during 
exertion were interpreted as a desaturation.

Radiological evaluation

The thorax CT scans of the patients included in 
the study, which were taken simultaneously with 
PFT, were evaluated by one experienced radiologist. 
A radiologist evaluated the images for the presence of 
ground glass opacifications, consolidations, and re-
ticular patterns. CT imaging features were reviewed 
for the following aspects: presence or absence of le-
sions, extent, location, distribution of lesions, and 
the number of involved segments.

Each of the five lung lobes was visually scored 
(using a semi-quantitative scoring system) based 
on the involved area from 0 to 4 with a 0 indicat-
ing no involvement, a 1 showing<25% involvement, 
2 showing 25–49% involvement, 3 showing 50–75% 
involvement, and 4 having>75% involvement (Lit-
erature No). The sum of the individual lobar scores 
was the total CT scores with a possible range of 0 
(minimum) to 25 (maximum). The relationship be-
tween radiological findings and PFT was examined.

Ethics

Approval for the study was granted by the Clini-
cal Research Ethics Committee of Akdeniz University 
Faculty of Medicine (decision no: KAEK-484, dated: 
08.07.2020). We also received approval from the 
Turkish Ministry of Health for the study.

Statistical Analysis

Statistical analyzes were performed using the SPSS 
(SPSS v.23, IBM, Somers, NY) program and p-values of 
less than 0.05 were considered statistically significant. 
The normality of data was determined using Shapiro-
Wilk and Kolmogorov-Smirnov tests. For differences 
and dependencies, categorical data were analyzed us-
ing Fisher’s Exact Chi-Squared and Yates’ Chi-Squared 
tests while numerical data were analyzed using Inde-
pendent Samples T-tests. The effects of the param-
eters on the CT score were analyzed using Univariate 
or Multivariate Binary Logistic Regression Tests.

Results

Descriptive data

In this study, the radiological and functional re-
sults of a total of 56 patients were examined. Of 

these, 31 (55.4%) were women. The mean age was 
55.05±13.29 years, and 17 (34.0%) used to smoke or 
were still smoking. The mean smoking amount was 
19.73±17.65 pack years. The most common comorbid-
ities were diabetes (16 people, 28.6%) and hyperten-
sion (16 people, 28.6%). The most common symptom 
at the time of diagnosis was a cough. The mean peak 
ferritin, fibrinogen, d-dimer, and CRP values recorded 
during hospitalization follow-up were 285.56±339.82, 
518.59±186.93, 1.99±5.69, and 98.94±80.77, respec-
tively. Twenty (35.7%) patients had severe pneumo-
nia while 36 (64.3%) patients had non-severe pneu-
monia. In 14 patients (25.0%), steroid treatment was 
used during the hospitalization. The mean hospitali-
zation length was 10.21±8.01 days. Eight (14.3%) pa-
tients needed ICU. The mean length of stay in the ICU 
was 8.38±8.90 days (Table 1).

Table 1. Patient characteristics 

Gender n %

Female 31 55.4

Male 25 44.6

Total 56  

Age (years)

Mean/Std.Dev. 55.05±13.29

Smoking n %

Never smoked 33 66.0

Smoking   7 14.0

Ex-smoker 10 20.0

(Packet x Year) 

Mean/Std.Dev. 19.73±17.65

Comorbidity n %

No comorbidity 28 50.0

Comorbidity 28 50.0

Diabetes 16 28.6

Hypertension 16 28.6

Laboratory Mean/Std.Dev.

Ferritin peak 285.56±339.82

Fibrinogen peak 518.59±186.93

D-dimer peak 1.99±5.69

CRP peak 98.94±80.77

Clinical n %

Severe pneumonia 20 35.7

Non-severe pneumonia 36 64.3

Hospitalization 
Length (Day-
Mean/Std.Dev.)

10.21±8.01

ICU 8 14.3

 
Length (Day-
Mean/Std.Dev.)

8.38±8.90

Steroid treatment 14 25.0

 
Length (Day-
Mean/Std.Dev.)

9.07±5.03

Values are given in mean and standard deviation or patient count and 
percentage.
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Symptoms, pulmonary function tests, 
laboratory data, and radiological findings 
90 to 120 days after COVID-19 positivity

There were no new symptoms during the 3-month 
period. The symptoms that were present at the begin-
ning, disappeared in 18 (32.1%) of the patients while 
symptoms continued in 36 (64.3%) patients. The 
most common persistent symptoms were dyspnea 
(19 people, 33.9%) and fatigue (15 people, 26.8%). 

Table 2. Clinical, laboratory, pulmonary function test and CT eval-
uations of the patients

Variations At beginning 90–120th days

Clinical n (%)

Symptomatic 54 (96.4%) 36 (64.3%)

 

Dyspnea 25 (44.6%) 19 (33.9%)

Cough 37 (66.1%) 7 (12.5%)

Fatigue 27 (48.2%) 15 (26.8%)

Headache 18 (32.1%) 7 (12.5%)

Asymptomatic 2 (3.6%) 20 (37.7%)

Laboratory

Ferritin ng/ml (Mean/Std.Dev.) 244.54±304.80 70.43±100.86

150< (n, %) 23 (50.0%) 5 (9.8%)

D-dimer mg/l (Mean/Std.Dev.) 1.16±3.19 0.53±0.46

0.55< (n, %) 24 (49.0%) 18 (34.0%)

CRP mg/l (Mean/Std.Dev.) 4.82±5.72 0.51±0.84

0.5< (n, %) 44 (83.0%) 15 (27.8%)

Pulmonary Function Tests Mean/Standard Deviation

Vital capacity % 81.65±15.56

FEV1 % 91.92±16.69

FVC % 84.00±15.77

FEV1/FVC 89.59±5.62

 
Obstructive (n, %) 0, %0

Restrictive (n, %) 18, %32.1

DLCO % 78,92±14,65

  <80% (n, %) 22, %39.3

CT Right Lung Left Lung

Upper Lobe    

Ground-Glass (n, %) 19 (%48.7) 19 (%48.7)

Reticulation (n, %) 3 (%7.7) 3 (%7.7)

Middle Lob    

Ground-Glass (n, %) 16 (%41.0)  

Reticulation (n, %) 1 (%2.6)  

Lower Lobe    

Ground-Glass (n, %) 21 (%53.8) 20 (%51.3)

Reticulation (n, %) 4 (%10.3) 3 (%7.7)

Total    

Ground-Glass (n, %) 21 (%53.8) 20 (%51.3)

Reticulation (n, %) 4 (%10.3) 3 (%7.7)

Values are given in mean and standard deviation or patient count and 
percentage.

Ferritin, d-dimer, and CRP values performed at the 
3-month follow-up were 70.43±100.86, 0.53±0.46, 
and 0.51±0.84, respectively. The number of patients 
who still had higher values was 5 (9.8%), 18 (34.0%), 
and 15 (27.8%), respectively.

In PFT performed at the 3 months, the mean to-
tal vital capacity, FEV1, FVC, FEV1/FVC, and DLCO 
values were 81.65%, 91.92%, 84.00%, 89.59, and 
78.92%, respectively. While none of the patients dis-
played an obstructive pattern of PFT, 18 (32.1%) had 
a restrictive pattern. Diffusion tests in 22 (39.3%) 
patients remained low.

The most common pathological finding was 
ground glass opacities on thorax CT and high-resolu-
tion CT (HRCT) images taken at 90-120 days. There 
were 21 (37.5%) patients with ground glass opacities 
and 4 (7.1%) with reticulations. The most common 
radiological abnormalities were in the right lung 
(52.1%) and lower lobe (35.7%, Table 2).

Univariate/multivariate analysis  
for abnormal pulmonary function test 
between 90 and 120 days

The mean FEV1, FVC, and FEV1/FVC were 
91.92%±16.69, 84.00%±15.77, and 89.59±5.62, re-
spectively. The number of patients with a VC of<80% 
was 19 (33.9%), with a FEV1 of<80% was 7 (12.5%), 
with a FVC of<80% was 18 (32.1%), and with a DLCO 
of<60% was 3 (5.4%). 

A univariate logistic regression analysis revealed 
that first-visit fibrinogen values had an effect on 
some of the PFT (VC<80%, FVC<80%, and FEV1/
FVC<80%, p=0.035, R2=0.351). And that aging 
has an inversely related effect on diffusion capacity 
(DLCO<60%, p=0.042, R2=0.561).

A multivariate logistic regression analysis re-
vealed that both the first visit and peak fibrinogen 
values were significantly associated with abnormal 
PFT (VC<80%, FVC<80%, FEV1/FVC<80%, p=0.049, 
R2=0.272).

Univariate/multivariate analysis  
for CT scores between 90 and 120 days

The mean CT score was 5.11±7.31. While there 
were no significant differences in patient characteris-
tics and initial symptoms in patients with a CT score 
equal to or greater than 1 and those with a value of 
0. There was a significant difference in BUN, ferritin, 
fibrinogen, and CRP values at the time of diagnosis. 
In addition, there was a significant difference in fer-
ritin, fibrinogen, CRP, and LDH peak values, as well as 
vital capacity, FEV1, and FVC between patients with a 
CT score equal to or greater than 1 compared to those 
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with a 0. While there were no significant differences in 
hospitalized or ICU-admitted patients with CT scores 
equal to or greater than 1 and those with a 0. There was 
a significant difference in steroid treatment (Table 3). 

A univariate logistic regression analysis revealed 
that age (p=0.009, odds ratio 1.101), BUN (p=0.049, 
odds ratio 1.223), and fibrinogen (p=0.045, odds 

ratio 1.005) levels during the first visit and ferritin 
(p=0.026, odds ratio 1.006), D-Dimer (p=0.036, odds 
ratio 13.310), CRP (p= 0.035, odds ratio 1.011), and 
LDH (p=0.021, odds ratio 1.016) peak levels were as-
sociated with post-COVID-19 radiological finding on 
chest tomography. A multivariate logistic regression 
analysis revealed that ferritin and CRP levels at the 

Table 3. Patients’ clinical, laboratory, pulmonary function test against CT scores

Variations
CT Score

p 
0 1+

Gender 1.000a

 
Female (n, %)   8 (20.5%) 17 (43.6%)

 
Male (n, %)   5 (12.8%)   9 (23.1%)

Smoking 0.619a

 
Never Smoked (n, %)   9 (23.7%) 17 (44.7%)

 
Smoking/Ex-smoker (n, %)   4 (10.5%) 18 (21.1%)

1st Symptoms

Pneumonia 0.151a

 
Non-severe (n, %) 11 (28.2%) 15 (38.5%)

 
Severe (n, %) 2 (5.1%) 11 (28.2%)

Dyspnea (n, %)   7 (18.4%) 11 (28.9%) 0.815b

Cough (n, %) 10 (26.3%) 15 (39.5%) 0.250a

Fatigue (n, %)   7 (18.4%) 13 (34.2%) 1.000b

Headache (n, %)   6 (15.8%)   8 (21.1%) 0.305a

Laboratory

BUN 1st Visit (Mean/Std.Dev.) 11.38±3.33 16.25±7.07 0.007c

Ferritin (Mean/Std.Dev.)  

 
1st Visit 133.08±95.04 239.23±192.79 0.037c

Peak 123.49±104.59 324.70±264.32 0.002c

Fibrinogen (Mean/Std.Dev.)  

 
1st Visit 299.67±143.07 596.77±174.21 0.002c

Peak 398.71±98.82 565.81±170.80 0.026c

d-dimer (Mean/Std.Dev.)  

 
1st Visit 0.46±0.29 1.82±4.89 0.285c

Peak 0.50±0.26 3.60±8.14 0.069c

CRP (Mean/Std.Dev.)  

 
1st Visit 1.95±2.02 6.49±6.97 0.006c

Peak 60.17±65.85 125.25±87.64 0.024c

LDH Pik (Mean/Std.Dev.) 243.77±52.16 383.84±147.40 <0.001c

Pulmonary Function Tests

Vital capacity% (Mean/Std.Dev.) 88.2±14.13 76.42±16.47 0.035c

MMEF% (Mean/Std.Dev.) 109.43±28.62 91.81±29.14 0.084c

FEV1% (Mean/Std.Dev.) 98.56±14.35 85.87±16.98 0.033c

FVC% (Mean/Std.Dev.) 90.99±14.18 78.56±16.50 0.027c

FEV1/FVC (Mean/Std.Dev.) 90.57±3.92 88.71±6.22 0.351c

DLCO% (Mean/Std.Dev.) 84.62±16.27 75.67±14.28 0.115c

ICU (n, %) 1 (2.6%) 7 (15.8%) 0.221a

Steroid Treatment (n, %) 1 (2.6%) 13 (26.3%) 0.039a

Values are given in mean and standard deviation or patient count and percentage. Statistically significant values marked bold. a Fisher’s Exact Chi-
Squared test; b Yates’s Chi-Squared test; c Independent Samples T-test.
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first visit and 3-month follow-up, as well as peak lev-
els, were significantly associated with post-COVID-19 
radiological findings on HRCT (p<0.001 and p=0.05, 
respectively). Steroid therapy had an inversely pro-
portional and statistically significant relationship to 
the patient’s CT scores (Table 4).

Table 4. Effects of patients’ characteristics on CT score

Variations p Odds Ratio 
(%95 C.I.) R2

Age 0.009a 1.101 (1.024–1.184) 0.298

Smoking 0.938a 1.059 (0.249–4.500) 0.000

Laboratory

BUN 1st Visit 0.050a 1.223 (1.000–1.496) 0.222

Ferritin <0.001b   0.450

1st Visit 0.108a 1.005 (0.999–1.010) 0.125

  Peak 0.026a 1.006 (1.001–1.011) 0.264

Fibrinogen 0.055b   0.230

1st Visit 0.045a 1.005 (1.000–1.030) 0.635

  Peak 0.053a 1.010 (1.000–1.020) 0.340

d-dimer 0.339b   0.014

1st Visit 0.078a 6.875 (0.806–58.658) 0.222

  Peak 0.036a 13.310 (1.179–150.318) 0.375

CRP 0.050b   0.136

1st Visit 0.071a 1.357 (0.974–1.891) 0.248

  Peak 0.035a 1.011 (1.001–1.021) 0.189

LDH Peak 0.021a 1.016 (1.002–1.030) 0.394

Steroid  
treatment p Unstd. Reg. 

Coefficient R2

Dose (mg/day) 
49.24±25.01

0.006c –0.297±0.80 0.644

a Results of Univariate Binary Logistic Regression analysis are given 
in p, odds ratio (%95 C.I.), Nagelkerke’s R2; b Results of Multivariate 
Binary Logistic Regression analysis are given in p, odds ratio (%95 C.I.), 
Adjusted R2; c Results of Linear Regression analysis are given in p, un-
standardized regression coefficient and standart error, Adjusted R2. 
Statistically significant values marked bold.

Discussion

In this study, we found that 64.5% of patients 
had persistent COVID-19-associated symptoms at 
90–120 days. Moreover, 43 (76.8%) patients had per-
sistent radiological findings while 18 (32.1%) had ab-
normalities in their PFT. Some patients had persist-
ent post-COVID-19 radiological findings or abnormal 
PFT but no respiratory symptoms. This suggests that 
the absence of respiratory symptoms cannot predict 
the resolution of radiological findings or abnormali-
ties on PFT. The high levels of ferritin and CRP at di-
agnosis, high peak ferritin and CRP levels during the 
hospitalization, and high levels of ferritin and CRP at 
90–120 days were significantly associated with per-
sistent post-COVID-19 radiological findings. Moreo-
ver, the values of both the first visit fibrinogen and 

peak fibrinogen levels were significantly associated 
with abnormal pulmonary function. So, we suggest 
performing PFT in patients with elevated ferritin, fi-
brinogen, and CRP levels at diagnosis, patients with 
elevated peak levels of ferritin, fibrinogen and CRP 
during the hospitalization, or high levels of ferritin 
and CRP at 90–120 days whether they have persist-
ent post-COVID-19 radiological findings on chest CT 
or any abnormality in PFT. The findings of our study 
may be a guide to predict which patients will have per-
sistent radiological findings and losses of lung func-
tion at 90–120 days after COVID-19 pneumonia. 

The loss of lung function may occur following 
viral pneumonia. Ventilation and blood gas diffu-
sion abnormalities were detected in some patients 
after viral pneumonia [5]. During the COVID-19 
pandemic, some patients had persistent symptoms, 
radiological findings, and lung function losses after 
several months [6]. We do not know whose radio-
logical findings will not completely disappear after 
COVID-19 pneumonia, and who will not fully recover 
their respiratory functions. It is not known how long 
it takes for radiological or functional recovery. More-
over, even if some radiological findings persist, we do 
not know how they will affect the long-term health 
of patients. Long-term follow-up of these patients is 
required to understand the long-term clinical effects 
of the radiological and functional changes associated 
with COVID-19 that persist after the acute phase 
of the disease. However, it is not possible to follow 
up with every patient during the pandemic period. 
Therefore, it is necessary to identify patients who 
need long-term follow-up after COVID-19 pneumo-
nia. This can save healthcare providers energy and 
labor. We think that this study will contribute to the 
literature regarding these issues.

Post-COVID-19 symptoms may be present weeks 
or even months later in some patients. It was pre-
viously reported that at least one symptom per-
sisted in 84% of patients 60 days after the onset of 
COVID-19 [7]. Carvalho-Schneider et al. reported 
a dyspnea frequency of 30.0%, based on self-report 
at 2 months after noncritical COVID-19 [8]. In an-
other study, dyspnea frequency was 29.0% based on 
a modified Medical Research Council Dyspnea Scale 
score of 2 or higher [9]. Post-COVID-19 symptoms 
can continue for a long time. In this study, we found 
that some symptoms persisted in 64.3% of patients 
90–120 days after COVID-19. Our study showed that 
the symptoms were not associated with loss of lung 
function or persistent radiological findings. We have 
seen that patients without symptoms may also have 
a loss of lung function or persistent radiological find-
ings. According to our findings, it is not appropri-
ate to consider patients without symptoms during 
follow-up have no need for further radiological and 
functional evaluations.
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When the radiological course of the disease is 
monitored during the acute period of COVID-19 
pneumonia, the most common tomographic find-
ings are bilateral subpleural ground-glass opacities 
and consolidation in the lower zones. Focal edema, 
organizing pneumonia, and diffuse alveolar dam-
age are the underlying causes of these radiological 
findings [10,11]. Approximately 4–14 days after the 
onset of symptoms, the tomographic findings may 
appear as ground glass opacities which later may 
turn into consolidation by day 9 or begin to gradu-
ally disappear by day 14. However, in some patients, 
ground glass opacities and reticulations can be seen 
even in early-control tomography scans [12–14]. 
There are some reports suggesting that the extent 
of radiological findings and the severity of the dis-
ease rather than the pattern on chest CT is more 
important for radiological sequela [15,16]. It is im-
portant to establish a follow-up strategy to deter-
mine whether lung fibrosis is developing in patients 
with COVID-19 pneumonia and to initiate early and 
appropriate treatments to prevent lung fibrosis in 
high-risk patients. 

Currently, there is no consensus on the frequency 
and methods of monitoring pulmonary complica-
tions that may occur in patients with COVID-19 
pneumonia. Most of the patients have radiological 
improvement during the early period. Complete ra-
diological recovery is expected within 6 months in 
patients with mild pneumonia without the need for 
hospitalization, and within 12 months in moderately 
severe patients who are hospitalized but do not re-
quire the ICU. Restrictive lung disease, decreased 
diffusion capacity, and fibrosis on tomography may 
develop in patients with severe disease requiring me-
chanical ventilation. It is recommended to perform a 
chest CT at 6 and 12 months after discharge to deter-
mine whether fibrotic lesions in the lungs have dis-
appeared, partially resolved, remained unchanged, or 
advanced. It was recommended to perform the chest 
CT at 24 and 36 months to evaluate the long-term 
progression in patients with persistent lesions [17].

In our study, we could not perform the initial ra-
diological evaluation of some patients because they 

had only received chest X-rays or had suboptimal 
chest CT scans from different healthcare centers. 
However, in our study, we found that there was a 
correlation between the levels of CRP, ferritin, and 
fibrinogen, which were associated with the severity 
of the disease, persistent radiological findings, and 
loss of lung function at approximately 3–4 months. 
There was also an association between steroid use 
and the persistence of radiological abnormalities. 
The use of steroids in severe COVID-19 improved 
clinical outcomes and it was hypothesized that ster-
oids would improve the radiological findings [18]. 
Our study’s results were not as expected in terms 
of this issue. We assume that the persistence of ra-
diological findings was not secondary to the use of 
steroids. 

Limitations

This study has some limitations. First of all, it is 
a retrospective study with a small sample size. Sec-
ondly, we could not evaluate a baseline chest CT for 
patients prior to their COVID-19 pneumonia or the 
findings during the acute phase of COVID-19 pneu-
monia. So, it is not certain that all the findings on the 
chest CT were secondary to COVID-19. 

Conclusions

In conclusion, we found that symptoms persisted 
for approximately 3 to 4 months after COVID-19 
pneumonia. Some patients had deficits in lung func-
tion tests. There were ground glass opacities and re-
ticulations to varying extents in some patients but 
these findings were resolved. In particular, we found 
that the loss of lung function and radiological abnor-
malities were associated with initial high ferritin, fi-
brinogen, and CRP values. Therefore, we recommend 
that patients with high ferritin, fibrinogen, and CRP 
levels during COVID-19 pneumonia, should be fol-
lowed up regarding lung function and radiological 
improvement.

References

1.	 Taboada M, Moreno E, Cariñena A, Rey T, Pita-Romero R, 

Leal S, et al. Quality of life, functional status, and persistent  

symptoms after intensive care of COVID-19 patients.  

Br J Anaesth 2021;126:e110–3. doi: 10.1016/j.bja. 

2020.12.007.

2.	 Morin L, Savale L, Pham T, Colle R, Figueiredo S, Harrois A, 

et al. Writing committee for the COMEBAC study group. Four 

month clinical status of a cohort of patients after hospitaliza-

tion for COVID-19. JAMA 2021;325:1525–34. doi: 10.1001/

jama.2021.3331.

3.	 BTS Guidance on Respiratory Follow Up of Patients with a 

Clinico-Radiological Diagnosis of COVID-19 Pneumonia v1.2 

11/5/2020. [online] [cit. 08.09.2022]. Available from URL: 

https://www.fondazioneveronesi.it/uploads/2020/05/28/

resp-follow-up-guidance-post-covid-pneumonia.pdf.

4.	 Rajala K, Lehto JT, Sutinen E, Kautiainen H, Myllärniemi M, 

Saarto T. mMRC dyspnoea scale indicates impaired quality of 

life and increased pain in patients with idiopathic pulmonary 

fibrosis. ERJ Open Res 2017; 3: 00084-2017. doi: 10.1186/

s12904-016-0158-8.



Medical Science Pulse 2022 (16) 4

73Pulmonary function test results and radiological findings 90-120 days after COVID-19 pneumonia

  5.	 Chen J, Wu J, Hao S, Yang M, Lu X, Chen X, et al. Long term 

outcomes in survivors of epidemic influenza A (H7N9) vi-

rus infection. Sci Rep 2017;7:17275. doi: 10.1056/NEJ-

Moa1705334.

  6.	 Wu X, Liu X, Zhou Y, Yu H, Li R, Zhan Q, et al. 3-month, 

6-month, 9-month, and 12-month respiratory outcomes in 

patients following COVID-19-related hospitalization: a pro-

spective study. Lancet Respir Med 2021 Jul;9(7):747-754. 

doi: 10.1016/S2213-2600(21)00174-0. Epub 2021 May 5. 

PMID: 33964245; PMCID: PMC8099316.

  7.	 Carfì A, Bernabei R, Landi F. Gemelli against COVID-19 post-

acute care study group. Persistent symptoms in patients af-

ter acute COVID-19. JAMA 2020 Aug 11;324(6):603-605. 

doi: 10.1001/jama.2020.12603. PMID: 32644129; PMCID: 

PMC7349096.

  8.	 Carvalho-Schneider C, Laurent E, Lemaignen A, Beaufils E, 

Bourbao-Tournois C, Laribi S, et al. Follow-up of adults with 

noncritical COVID-19 two months after symptom onset. 

Clin Microbiol Infect 2021;27(2):258-263. doi:10.1016/j.

cmi.2020.09.052.

  9.	 Garrigues E, Janvier P, Kherabi Y, Le Bot A, Hamon A, Gouze 

H, et al. Post-discharge persistent symptoms and health-

related quality of lifeafter hospitalization for COVID-19.J 

Infect 2020;81(6):e4-e6. doi:10.1016/j.jinf.2020.08.029.

10.	 Barisione E, Grillo F, Bal L, Bianchi R, Grosso M, Morbini P, et 

al. Fibrotic progression and radiologic correlation in matched 

lung samples from COVID-19 post-mortems. Virchows 2020; 

28: 1-15.

11.	 Carsana L, Sonzogni A, Nasr A, Rossi RS, Pellegrinelli A, 

Zerbi P, et al. Pulmonary post-mortem findings in a series of 

COVID-19 cases from northern Italy: a two-centre descrip-

tive study. Lancet Infect Dis 2020; 20: 1135-40. doi: 10.1016/

S1473-3099(20)30434-5.

12.	 Fang Y, Zhou J, Ding X, Ling G, Yu S. Pulmonary fibrosis in 

critical ill patients recovered from COVID-19 pneumonia: 

preliminary experience. Am J Em Med 2020; 38(10): 2134-8. 

doi: 10.1016/j.ajem.2020.05.120.

13.	 Pan Y, Guan H, Zhou S, Wang Y, Li Q, Zhu T, et al. Initial 

CT findings and temporal changes in patients with the novel 

coronavirus pneumonia (2019-nCoV): a study of 63 patients 

in Wuhan, China. Eur Radiol 2020; 30: 3306-9. doi: 10.1007/

s00330-020-06731-x.

14.	 Ye Z, Zhang Y, Wang Y, Huang Z, Song B. Chest CT mani-

festations of new coronavirus disease 2019 (COVID-19): a 

pictorial review. Eur Radiol 2020; 30: 4381-9. doi: 10.1007/

s00330-020-06801-0.

15.	 Chon Y, Kim JY, Suh YJ, Lee JY, Park JS, Moon SM, et al. 

Adverse initial CT findings associated with poor prognosis 

of coronavirus disease. J Korean Med Sci 2020;35(34):e316. 

doi: 10.3346/jkms.2020.35.e316. PMID: 32864912; PMCID: 

PMC7458853.

16.	 Laurent T, Lucas D, Anne VB, Alain R, Stephane A, Nathalie 

De V, et al. Post-discharge critical COVID-19 lung function 

related to severity of radiologic lung involvement at admis-

sion. Trufaut et al. Respir. Res 2021; 22:29.  doi: 10.1186/

s12931-021-01625-y.

17.	 Türktaş H, Oğuzülgen İK. COVID-19 sonrası akciğer sekelleri: 

uzun dönem takip ve tedavi. Tuberk Toraks 2020;68(4):419-

429. (In Turkish).

18.	 Raghu G, Wilson KC. COVID-19 interstitial pneumonia: mon-

itoring the clinical course in survivors. Lancet Respir Med 

2020: 8; 839-42. doi: 10.1016/S2213-2600(20)30349-0.

19.	 Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, Linsell L, 

et al. Dexamethasone in hospitalized patients with Covid-19: 

preliminary report. N Engl J Med 2021 Feb 25;384(8):693-

704. doi: 10.1056/NEJMoa2021436.

Word count: 3517 • Tables: 4 • Figures: 1 • References: 19

Sources of funding: 
The research was funded by the authors. 

Conflicts of interests: 
The authors report that there were no conflicts of interest.

Cite this article as: 
Dirol H, Ozbey GN, Ozbudak O, Arslan AG.
Pulmonary function test results and radiological findings 90-120 days after COVID-19 pneumonia:  
a single-center retrospective study.
Med Sci Pulse 2022; 16(4): 66–73. DOI: 10.5604/01.3001.0016.1336

Correspondence address:
Hülya Dirol
Dumlupınar Boulevard Akdeniz University Hospital 
07059, Campus, Antalya, Turkey
E-mail: hulyadirol@akdeniz.edu.tr

Received: 	 15.09.2022
Reviewed: 	 01.12.2022
Accepted: 	 02.12.2022


