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Abstract 

Background  SARS-CoV-2 pneumonia can cause significant long-term radiological changes, even resembling pulmo-
nary fibrosis. However, the risk factors for these long-term effects are unknown. This study aims to assess radiological 
abnormalities and their possible risk factors six months after hospital discharge due to COVID-19 pneumonia.

Material and methods  This cross-sectional study in a tertiary hospital included adults admitted for COVID-19 
pneumonia from March 2020 to February 2021, who underwent high-resolution computed tomography (HRCT) 
scans of the chest six months after hospital discharge. The primary outcome was radiological abnormalities on HRCT, 
while the main explanatory variables were drawn from the patient’s medical history along with the disease course, 
analytical indicators, and the treatment received during admission.

Results  The 189 included patients had a mean age of 61.5 years; 70.9% were male, and hypertension was the main 
comorbidity (45%). About two-thirds (67.2%) presented acute respiratory distress syndrome (ARDS). Most (97.9%) 
received systemic corticosteroid therapy, and 81% presented pathological findings on HRCT, most commonly ground 
glass (63.5%), followed by bronchial dilatation (36%) and subpleural bands (25.4%). The multivariable analysis showed 
that age was the main risk factor, associated with most radiological changes. Other factors were the duration of corti-
costeroid therapy for ground glass (adjusted odds ratio [aOR] 1.020) as well as a longer stay in the intensive care unit 
(ICU) (aOR 1.290) and high levels of IL-6 for bronchial dilation (aOR 1.002). 

Conclusion  Radiological involvement of the lungs six months after COVID-19 pneumonia is frequent, especially ground 
glass. Elderly patients with prolonged ICU admission and a significant inflammatory response measured by IL-6 are more 
likely to present worse radiological evolution and are candidates for radiological follow-up after COVID-19 pneumonia.
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Background
Since the first case was reported in December 2019 until 
the time of writing, SARS-CoV-2 had caused nearly 800 
million confirmed infections and almost 7 million con-
firmed deaths [1]. Most infections primarily affect the 
respiratory system, and the main cause of hospital admis-
sion is pneumonia, which sometimes even culminates 
in acute respiratory distress syndrome (ARDS). There 
is already evidence of long-term pulmonary sequelae in 
patients presenting with COVID-19 pneumonia, both in 
terms of respiratory function and radiological involve-
ment [2–9]. In this line, one of the main concerns in the 
scientific community is the possibility of developing long-
term pulmonary fibrosis [10], as reported in other similar 
infections like severe acute respiratory syndrome (SARS) 
and Middle East respiratory syndrome (MERS) [11, 12]. 
The appearance of fibrotic changes in the lung paren-
chyma after ARDS has also been described [13, 14]. Thus, 
this study aimed to assess the radiological evolution at six 
months in patients who required hospital admission due 
to SARS-CoV-2 pneumonia and to identify factors that 
could influence it.

Material and methods
Study design and participants
This cross-sectional study took place in a tertiary hos-
pital serving 283,000 inhabitants in the city of Castellón 
(Spain). It included consecutively recruited adults (≥ 18 
years) admitted from March 2020 to February 2021 in the 
Infectious Diseases Unit due to SARS-CoV-2 pneumo-
nia, confirmed by real-time polymerase chain reaction 
(RT-PCR) or antigen test, and who underwent high-res-
olution computed tomography (HRCT) of the chest at 
six months’ follow-up (Fig. 1). Given the existing collapse 
of the health care system during the study period, chest 

HRCTs at six months after hospital admission were pri-
oritized for patients who had required high-flow oxygen 
therapy during admission, had been treated with biologi-
cal drugs such as tocilizumab, had significant radiological 
involvement at hospital discharge, or had been admitted 
to the intensive care unit (ICU).

Variables
The primary outcome variable was radiological abnor-
malities on the six-month HRCT, including: ground 
glass, bronchial dilatation, atelectasis, fibrotic tracts, 
subpleural reticulation, septal thickening, parenchymal 
bands, and subpleural bands. These radiological find-
ings were selected because they are the most frequently 
described in the literature as caused by COVID-19 pneu-
monia [4–9]. The HRCTs were performed by two spe-
cialists in thoracic radiology, who were unaware of the 
patients’ clinical evolution.

Explanatory variables were drawn from the patient’s 
medical history (age, sex, toxic habits, cardiovascular risk 
factors, chronic diseases), along with variables related to 
the clinical evolution during admission (ARDS, type of 
respiratory support, minimum PaO2/FiO2 ratio, maxi-
mum FiO2 required, need for ICU admission, length of 
ICU and hospital stay), treatment received during hos-
pital admission, and the maximum analytical values of 
C-reactive protein (CRP), ferritin, IL-6, and D-dimer 
during the acute episode.

The patients were followed up throughout the study, 
and data were extracted from the patient’s electronic 
record using the Orion Clinic computer program (Con-
selleria de Sanitat Universal i Salut Publica, Comunidad 
Valenciana, Spain). Likewise, all the radiological reports 
of the HRCT performed six months after admission were 
reviewed to detect abnormalities.

Fig. 1  Patient flow chart
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Statistical analysis
The statistical analysis was undertaken using the SPSS 
computer program (version 23; IBM). For the descrip-
tive analysis, quantitative variables were expressed 
as means (standard deviation, SD) or medians (inter-
quartile range, IQR), depending on the normality of 
the distribution. Qualitative variables were described 
as absolute and relative frequencies. The association 
between outcome and explanatory variables was quan-
tified using either the odds ratios (ORs) and 95% con-
fidence intervals (CIs) (for qualitative variables) or the 
student’s T or Mann–Whitney U test for the quanti-
tative ones, as appropriate. P values of less than 0.05 
were considered statistically significant. Subsequently, 
a multivariable logistic regression was fitted with the 
variables that had shown a significant association with 
the outcome in the univariable study and adjusted for 
sex and age.

Ethics statement
The study was approved by the ethics committee called 
“Medicine Research Ethics Committee of Castellón Gen-
eral University Hospital”, according to the guidelines of the 
Spanish Agency for Medicines and Health Products. Medi-
cine Research Ethics Committee of Castellón General Uni-
versity Hospital accepted the waiver of informed consent 
as the study did not alter the routine management of the 
patients. Patients’ confidentiality and data were protected 
according to Regulation (EU) 2016/679 of the European 
Parliament and of the Council of April 27, 2016 on the pro-
tection of natural persons with regard to the processing of 
personal data and the free circulation of such data.

Results
Study sample
During the study period, a total of 919 patients 
were admitted for SARS-CoV-2 infection. The study 
included 189 patients who underwent HRCT at six 
months’ follow-up. They were mostly men (70.9%) and 
had a mean age of 61.5 years; hypertension was the 
main comorbidity (45%). A high proportion had pre-
sented ARDS (67.2%), frequently requiring ICU admis-
sion (47.6%) and non-invasive mechanical ventilation 
(NIMV), with CPAP-Helmet as the main respiratory 
support (45.5%). The main systemic treatment admin-
istered was corticosteroids (97.9%), and the median 
length of hospital stay was 14 days. The maximum ana-
lytical values reached during admission were as follows: 
CRP 116 mg/L (IQR 69–172); ferritin 924 mcg/L (IQR 
560–1435); IL-6 57 ng/L (IQR 26–120); and D-dimer 
1380 ng/mL (IQR 790–3525). The rest of the descrip-
tive results are shown in Table 1.

Univariable analysis of HRCT at six months
Pathological findings were present on chest HRCT in 
81% of the patients. Ground glass was the most frequent 
(63.5%), followed by bronchial dilations (36%). Older age 
and duration of hospital stay were the main risk factors 
showing a significant association with poor radiological 
evolution and the presence of most pathological changes. 
Weaker associations included a history of ischemic heart 
disease, ARDS, ICU admission, prolonged ICU stay, mini-
mum PaO2/FiO2 values, maximum FiO2 required, oxygen 
therapy with high-flow nasal cannula, invasive mechani-
cal ventilation (IMV) (but not NIMV with CPAP-Helmet, 
except for subpleural bands), longer duration of corticos-
teroid therapy, and finally a greater inflammatory (high 
CRP, ferritin and IL-6) and prothrombotic (elevated 
D-dimer) response. Treatment with lopinavir/ritonavir or 
hydroxychloroquine was associated with a greater presence 
of bronchial dilatations and fibrotic tracts and a lower fre-
quency of septal thickening, parenchymal bands, and sub-
pleural bands. On the other hand, systemic corticosteroid 
therapy significantly reduced the presence of fibrotic tracts, 
subpleural reticulation, parenchymal bands, and subpleural 
bands. These and other results are shown in more detail in 
Tables 1 and 2 (the ORs and CIs for the qualitative variables 
are shown in the supplementary material).

Multivariable analysis at six months
All variables showing a statistically significant association 
in the univariable study were included in the multivari-
able logistic regression and adjusted for sex and age. Age 
was the main risk factor for radiological abnormalities 
at six months, with significant associations observed for 
ground glass (adjusted OR [aOR] 1.080, p < 0.001), bron-
chial dilatation (aOR 1.100, p = 0.016), subpleural bands 
(aOR 1.050, p = 0.014), parenchymal bands (aOR 1.050, 
p = 0.016), and septal thickening (aOR 1.060, p = 0.012). 
In addition, a longer duration of corticosteroid therapy 
was associated with the presence of ground glass (aOR 
1.020, p = 0.035), and a longer ICU stay and elevated IL-6 
levels with bronchial dilatation (aOR 1.290, p = 0.038; 
aOR 1.002, p = 0.030). The full analysis is shown in 
Tables 3 and 4.

Discussion
This cross-sectional study studied the radiological 
changes present 6 months after COVID-19 pneumo-
nia and analyzed what factors might influence them. 
First, and in line with what has been described by other 
authors, we observed that during the first year after 
COVID-19 pneumonia, important radiological changes 
persist [4–9, 11, 12]. Most are potentially reversible, 
including ground glass and fibrotic-like abnormalities 
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(e.g. bronchial dilatations, parenchymal bands, sub-
pleural bands). Solomon et al. noted that over a third of 
patients with a history of severe SARS-CoV-2 pneumo-
nia had fibrotic changes at six months [15]. Han et  al. 
obtained very similar results, observing that 35% of the 
patients studied presented fibrotic changes at six months, 
but on this occasion patients who had not presented 
ARDS were also included [5]. They also observed, as did 
we, that the most frequent radiological manifestation at 
six months was ground glass (62%). Although it is a find-
ing also observed by other authors and even described in 
up to 21% of patients 12 months after pneumonia, it is 
surprising that the most frequent radiological change 6 
months after pneumonia is ground glass, a characteris-
tic manifestation of the initial phase of the infection [16]. 
According to our results, systemic corticosteroid therapy 
and specifically its prolonged duration were associated 
with an increased presence of ground glass at 6 months. 
Therefore, we hypothesize that corticosteroid therapy, 
since it has been shown to decrease viral clearance, could 
contribute to the persistence of early phase changes such 
as ground glass [17, 18]. However, more data are needed 
in this regard.

There is much current debate about the natural history 
of these lung changes, reminiscent of pulmonary fibro-
sis, as this aspect is key when planning patient follow-up. 
In fact, some studies have shown a substantial improve-
ment over time [8,9,19]. This could be due to the fact 
that included cases presented immature fibrosis that was 
amenable to remodeling over time [20, 21].

Although many studies describe the radiological evolu-
tion of patients with COVID-19 pneumonia, little is known 
about what factors influence it. In our sample, advanced 
age was clearly decisive in determining a worse radiological 
evolution, together with other factors such as a prolonged 
ICU stay, lengthy treatment with systemic corticoster-
oids, and a greater inflammatory response, as indicated 
by high maximum levels of IL-6. Both age and the sever-
ity of the respiratory infection were predictors of long-term 
fibrotic abnormalities in other studies [5, 15]. Further-
more, although no statistically significant association was 
observed in our multivariable analysis, elevated D-dimer 
levels have been proposed as a possible sign and prognostic 
indicator of fibrotic-type changes [3, 5]. Corsi et  al. high-
light the potential of D-dimer levels during admission to 
predict future deterioration in lung function [9]. On the 
other hand, as is well known, both the excessive inflamma-
tory response and coagulopathy have been associated with 
greater severity and lung damage in patients with severe 
SARS-CoV-2 infections [22, 23]. This would explain the 
association we observed in the univariable analysis—but 
could not confirm in the logistic regression—between the 

different inflammatory parameters (CRP, ferritin, and IL-6) 
and the main radiological changes described.

We also assessed the effect of corticosteroid therapy 
in the acute phase on subsequent radiological evolution, 
observing no clear benefit. The protective effect shown in 
the univariable analysis for the presence of subpleural or 
parenchymal bands, subpleural reticulation, and fibrous 
tracts at six months was not confirmed in the multivari-
able regression. In this line, several authors have sug-
gested that the recovery of the lung parenchyma could 
be accelerated by decreasing the cytokine storm [24–27]. 
However, this measure could also decrease viral clear-
ance, which would influence the evolution [18]. In fact, 
the logistic regression did indeed show a directly propor-
tional relationship between the presence of ground glass 
on HRCT at six months and the duration of systemic 
corticosteroid therapy. It is therefore urgent to know the 
real effect of corticosteroids, considering it is currently 
the main treatment for COVID-19 pneumonia, as well as 
the effects of other treatments used at the beginning of 
the pandemic that have not been shown to reduce mor-
tality in the acute phase but could potentially improve 
radiological evolution, such as lopinavir/ritonavir and 
hydroxychloroquine.

This study, in addition to providing evidence on the 
radiological evolution after COVID-19 pneumonia, 
investigates the factors that influence it. We know little 
about this second aspect, which is why we consider it 
an interesting contribution of the present work. How-
ever, it has several limitations inherent to its retrospec-
tive nature and the fact that the HRCTs were performed 
by different radiologists, which may entail differences 
between observers. In addition, sample size was not 
calculated, and the small sample size could explain why 
the multivariable regression did not confirm the trends 
observed in the univariable analysis, such as the protec-
tive effect of corticosteroids or the association between 
radiological abnormalities at six months and elevated 
CRP, ferritin blood levels, and D-dimers as well as the 
different types of mechanical ventilation used. The 
spirometry data or the pulmonary function data was 
not available at the end of six month. Furthermore, we 
do not have HRCT scans during admission with which 
to compare the radiological evolution at six months or 
prior to admission, so it cannot be ruled out that some 
radiological change already existed prior to hospital 
admission and was not due to COVID-19 pneumonia. 
Finally, long-term radiological involvement is probably 
overestimated, since in our hospital follow-up was car-
ried out only in selected patients based on medical cri-
teria and the severity of the pneumonia.
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Conclusions
According to our results, pulmonary radiological 
involvement six months after SARS-CoV-2 pneumonia 
is frequent, and ground glass is the most common find-
ing followed by bronchial dilations. Advanced age is the 
main risk factor for a poor radiological outcome, associ-
ated with the appearance of ground glass, bronchial dila-
tations, subpleural bands, parenchymal bands and septal 
thickening. Other significant factors were prolonged sys-
temic corticosteroid therapy (ground glass), longer ICU 
stay and elevated IL-6 levels (bronchial dilatation both). 
However, more data are needed on the longer-term evo-
lution of the radiological abnormalities described, as 
well as the role of corticosteroids (the main treatment for 
COVID-19 pneumonia at present), the different types of 
mechanical ventilation used, or other analytical markers 
such as PCR, ferritin, and D-dimer.
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