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Abstract

Purpose of Review This review aims to summarize the available literature to identify the incidence and risk factors for per-
sistent interstitial lung abnormalities (ILAs) following hospitalization for COVID-19. The current and prospective treatment
options are reviewed in an effort to help pulmonary practitioners care for this burgeoning patient population.

Recent Findings Statistical modeling suggests that 11.7% of all patients hospitalized with COVID-19 have irreversible
fibrotic features on long-term follow-up imaging.

Summary The available evidence suggests that up to 30% of patients have ILAs following COVID-19 hospitalization. The
radiographic abnormalities improve or resolve in a majority of these patients. However, estimates suggest that up to one-third
of these patients have irreversible fibrotic features. Clinical trials of the impact of anti-fibrotic agents are ongoing. As there
continue to be thousands of COVID-19 hospitalizations in the USA each week, the management of post-COVID ILAs will

become a common problem for the pulmonary practitioner.
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Introduction

Since late 2019, the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) responsible for causing COVID-
19 illness has resulted in a global pandemic which impacts
nearly every aspect of human society. As of February 2023,
there have been over 750 million cases of COVID-19 world-
wide and 6.8 million deaths [1]. There exists a wide spec-
trum of clinical presentation of COVID-19 illness including
asymptomatic viral shedding, lower respiratory tract infec-
tion, or severe ARDS and death. In some cases, patients
may continue to experience persistent symptoms including
dyspnea, exercise intolerance, and fatigue months—or even
years—after the infection has cleared. This constellation of
symptoms is sometimes referred to as “post-acute sequelae of
COVID-19” and in some cases may be the result of fibrotic
lung disease which was not present prior to SARS-CoV-2
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infection. Given the staggering number of total cases and
hospitalizations caused by COVID-19, even a low incidence
of post-COVID pulmonary fibrosis can have profound
impacts on the field of pulmonary medicine. This review will
summarize the existing literature on the known incidence and
risk factors of post-COVID pulmonary fibrosis and provide
a brief overview of its current and prospective treatments.

Incidence

Following viral transmission and infection of the lower
respiratory tract, SARS-CoV-2 generates a radiographic
lung injury pattern that is generally similar to that caused
by other viral respiratory pathogens. In the early stages of
COVID-19 pneumonia, the most common parenchymal
abnormality is ground glass opacity, followed by consoli-
dation [2]. Autopsy studies performed on patients with
severe COVID pneumonia suggest these radiographic find-
ings most likely represent alveolar hyaline membranes and
reactive type II pneumocytes seen in the exudative dif-
fuse alveolar damage phase [3]. Beyond the acute stage
of infection, there is typically more radiographic het-
erogeneity including complete radiographic resolution,
the persistence of ground glass opacities, or the devel-
opment of other interstitial lung abnormalities (ILAs)
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such as reticulation, architectural distortion, or traction
bronchiectasis (Figs. 1, 2, 3, and 4). Notably, ILAs must
involve at least 5% of a lung zone and do not include radio-
graphic features suggestive of alternative etiologies such
as dependent atelectasis, focal fibrosis adjacent to spinal
osteophytes, isolated nodularity, or interstitial edema [4].
This variability in radiographic features was demonstrated
in a study of 52 hospitalized patients with COVID-19
pneumonia who underwent follow-up CT imaging approxi-
mately 4 months after discharge. The most common radio-
graphic abnormalities identified on this follow-up scan
were mosaic attenuation (30 of 52), reticulations (27 of
52), and architectural distortion (24 of 52). The authors
did not report what proportion of patients had a normal
4-month follow-up CT scan. Patients in this cohort with
severe or critical COVID-19 pneumonia—defined by the
presence of hypoxia, tachypnea, or multiorgan failure—
had a higher prevalence of mosaic attenuation pattern with
hypoattenuated areas (66% versus 13%) and reticulations
(59% versus 13%) on the follow-up CT scan when com-
pared to patients with mild or moderate infection. There
was also a non-significant trend towards more architec-
tural distortion (52% versus 13%) in patients with severe
or critical disease suggesting that increased disease sever-
ity is associated with a greater risk of post-COVID ILAs
[5]. Similarly, a large single-center cohort study of 353
subjects from Wuhan, China, found that ground glass

opacities (159 of 353) and irregular lines (56 of 353)
were the most common radiographic features identified
on CT scans performed six months after hospitalization
for COVID-19 pneumonia. This study also identified a
positive association between the increasing severity of
COVID-19 pneumonia and the likelihood of persistent
ILAs at 6 months [6]. This heterogeneity in radiographic
features seen on initial follow-up CT imaging makes it
challenging to predict which patients go on to develop
post-COVID fibrosis, though recently published studies
with longer follow-up periods offer slightly more clarity.

It remains unclear whether radiographic abnormali-
ties which may persist for several months after COVID-19
pneumonia represent slowly resolving diffuse alveolar dam-
age or the emergence of fibrotic lung disease from aberrant
repair mechanisms. Several meta analyses have attempted to
answer this question by characterizing the evolution of these
radiographic abnormalities over a longer period of follow-up
after hospitalization for COVID-19 pneumonia. The larg-
est of these meta analyses done by Fabbri and colleagues
compiled 46 studies examining the persistent radiographic
sequelae up to twelve months after SARS-CoV-2 infection.
They noted that patients with ground glass or consolidative
opacities during the initial hospitalization had a higher rate
of radiographic improvement on follow-up imaging when
compared to patients with ILAs (0.92 to 0.44 and 0.32 to
0.26, respectively). The timing of the follow-up scan in this

A)

Fig. 1 Representative axial CT scan slices of a patient with post-COVID
interstitial lung abnormalities. A CT chest has done 2 months after dis-
charge. Prominent radiographic features include ground glass opacities

with mosaic attenuation, reticulations, and irregular lines. B CT chest
has done 1 year later with improved ground glass opacities and scattered
irregular lines
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Fig.2 Representative axial CT scan slices of a common pattern of
radiographic progression after COVID-19 pneumonia. A Baseline CT
chest has done before the COVID-19 infection showing normal lung
parenchyma. B CT chest done on admission for COVID-19 pneumo-
nia showing peri-bronchovascular ground glass opacities and consoli-

study was positively associated with the improvement or
resolution of the ground glass or consolidative changes. In
other words, taken collectively the ground glass and consoli-
dative opacities became less prominent the farther out from
COVID-19 hospitalization. The authors suggest this associa-
tion reflects the typical course of resolving diffuse alveolar
damage. In contrast, there was no such temporal association
in patients with ILAs suggesting these findings represent
an irreversible process [7¢]. Similar findings were seen in
a prospective cohort study of 62 participants from Wuhan,
China, published in 2021. In this study, 56% of participants
had ILAs on follow-up CT imaging done 6 months after
hospitalization with COVID-19. All of these participants
demonstrated persistent ILAs on another follow-up CT scan
done 6 months later; however, approximately 25% (8 of 35)
showed a slight reduction in severity suggesting that some

dations. This patient was treated with a course of systemic corticos-
teroids. C CT chest was done 10 months after hospitalization with
minimal ground glass opacities but the architectural distortion was
not present before COVID. Subpleural reticulations (arrow) and trac-
tion bronchiectasis (arrowhead) identified

patients may continue to show slow radiographic improve-
ment for several years after hospitalization with COVID-19.
Additionally, of the remaining participants with non-fibrotic
abnormalities on 6-month follow-up imaging, 85% (23 of
27) showed partial or complete resolution on the 1-year
CT scans [8]. This slow improvement was also seen in a
study by Pan et al. of 209 subjects hospitalized with severe
COVID-19. The CT abnormalities seen during the index
hospitalization in this study resolved in 61% of participants
(128 of 209) at 3 months and in 75% of participants (156
of 209) at 6 months [9]. These studies suggest that while a
significant proportion of patients hospitalized with COVID-
19 have persistent abnormal findings on follow-up imaging,
many of these patients show partial or complete resolution
over the following months. However, those with ILAs—
non-dependent reticulation, architectural distortion, traction

Fig.3 Representative axial CT scan slices of a patient with baseline
SSc-ILD exacerbated by COVID-19 pneumonia. A Baseline CT chest
has done before the COVID-19 infection showing minimal ground
glass opacities and reticulations in the left lung base. B CT chest has
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done 2 months after COVID-19 hospitalization showing a significant
increase in diffuse ground glass opacities and traction bronchiectasis
(arrow) not present before COVID. C CT chest has done 1 year later
showing no significant improvement
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Fig.4 Representative axial CT scan slices of a patient with post-COVID
interstitial lung abnormalities. A CT chest has done during hospitalization
for COVID-19 pneumonia demonstrating bilateral ground glass opacities,
bibasilar consolidation (arrows), and pneumomediastinum. B CT chest

bronchiectasis, honeycombing—on initial follow-up imaging
typically do not show significant improvement over time.
As residual ILAs are an emerging complication following
COVID-19 infection, there is increasing interest in defining
both the prevalence and risk factors associated with persis-
tent ILAs after COVID-19 hospitalization. The largest study
to date of residual lung abnormalities following COVID-19
is currently being performed by the PHOSP-COVID Study
Collaborative Group in the UK. Interim analysis of this
UKILD study released in December 2022 found residual
lung abnormalities—defined as ground glass opacities or
reticulations—in nearly 80% of CT scans performed at a
median follow-up time of 140 days after COVID-19 hospi-
talization. Twenty-six out of the twenty-eight subjects that
had a second follow-up CT scan done at least 3 months later
still had residual abnormalities. Based on Bayesian mode-
ling, the authors of the UKILD study estimate the prevalence
of residual lung abnormalities to be up to 11.7% in patients
hospitalized with COVID-19. The clinical indicators with
the strongest association with residual lung abnormalities
in this cohort were severe illness requiring NIPPV, IMV,
or ECMO (RR 1.40, 1.23-1.63), abnormal CXR findings
at follow-up (RR 1.40, 1.22-1.61), and post-hospitalization
percent predicted DLco <80% (RR 1.26, 1.02—1.58) [10ee].
Other risk factors identified as being associated with residual
lung abnormalities after COVID-19 hospitalization include
older age, male sex, comorbid hypertension, longer length
of stay, prior tobacco use, higher C-reactive protein, lower
circulating interferon gamma, and lymphopenia [11-13].
Additional studies, including the secondary analysis of the

has done 1 year after discharge shows improved ground glass opacities
and residual architectural distortion with both peri-bronchovascular and
subpleural reticulations (arrows). New traction bronchiectasis (arrowhead)

UKILD study, will likely better define the risk factors asso-
ciated with residual ILAs after COVID-19 hospitalization
and may lead to the creation of scoring systems to facilitate
more targeted surveillance and treatment of such a large
patient population.

While longer-term studies are ongoing, the preponder-
ance of the available evidence suggests that approximately
30% of patients have residual lung abnormalities 6 months
after COVID-19 hospitalization. Most patients continue
to have slow improvement in imaging over the following
months or years; however, it is estimated that up to 12%
of patients have persistent ILAs consistent with irreversible
fibrotic lung disease.

Treatment

While the majority of patients with abnormal chest imaging
after COVID-19 hospitalization demonstrate gradual radio-
graphic improvement over the course of several months,
those with persistent parenchymal lung disease are faced
with a paucity of available treatments. Clinical trials exam-
ining agents currently in use for other fibrotic lung diseases
have started to shed light on the role of these treatments for
patients with post-COVID ILAs.

Similar to that of other infections, the immune response
to SARS-CoV-2 infection can become dysregulated
and result in a post-infectious organizing pneumonia
[14]. As secondary-organizing pneumonia is known to
be a corticosteroid-responsive process, there has been
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considerable attention focused on the effect of corti-
costeroids on patients with COVID-19. Dexamethasone
became a cornerstone of treatment for patients with severe
COVID-19 after the RECOVERY trial demonstrated that
its use resulted in a significant reduction in mortality
in patients requiring supplemental oxygen or invasive
mechanical ventilation [15]. Corticosteroids were first
studied in patients with persistent ILAs after COVID-19
by Myall and colleagues in 2021. This prospective obser-
vational study treated 30 patients with functional or physi-
ologic impairment and radiographic features of organizing
pneumonia 4 weeks after COVID-19 hospitalization with a
3-week tapering dose of oral prednisolone. All 30 patients
reported improved breathlessness after treatment and pul-
monary function testing showed a mean relative increase
in FVC of 9.6%. Post-treatment CT images were reviewed
in a multidisciplinary team conference, and all patients
were felt to have improved radiographic features [16ee].
This observational study suggests that corticosteroids may
also be effective in the treatment of post-COVID organ-
izing pneumonia; however, their role in the treatment or
prevention of post-COVID fibrosis is uncertain.
Arguably, the most intriguing prospective treatments for
post-COVID fibrosis are the anti-fibrotic agents nintedanib
and pirfenidone. Both agents are currently approved for use
in idiopathic pulmonary fibrosis, and nintedanib is approved
for other forms of progressive fibrotic lung disease. Given
their role in stabilizing lung function in patients with intersti-
tial lung disease, these anti-fibrotic agents quickly emerged
as potential treatments for patients with persistent ILAs after
COVID-19 hospitalization. A small prospective trial pub-
lished in 2021 suggested that nintedanib may be beneficial in
the treatment of COVID-19 pneumonia; however, the long-
term impact of anti-fibrotic therapies on patients with persis-
tent lung disease after COVID-19 remains unclear. The high
expectations for these agents may be tempered by the fact that
prior studies have not shown a progressive fibrotic phenotype
in patients with post-COVID fibrosis. The results of the two
largest ongoing randomized clinical trials, ENDCOV-I and
NINTECOR, are estimated to become available in early 2024.
There are a variety of approaches by pulmonary clinicians
at our institution on how to treat patients seen in the clinic
with post-COVID ILAs. Most are in agreement that a course
of oral corticosteroids is appropriate for the management of
secondary organizing pneumonia after COVID-19 infection.
Further courses of corticosteroids beyond the treatment of
suspected organizing pneumonia are uncommon and are only
employed in patients who remain symptomatic and have radi-
ographic features which suggest a steroid-responsive process
(e.g., a preponderance of ground glass opacities). Those
with significant reticulations, traction bronchiectasis, or hon-
eycombing are rarely treated with additional corticosteroids.
The majority of pulmonary clinicians at this institution also do
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not typically use anti-fibrotic agents citing the lack of strong
evidence supporting their use and the lack of clear data show-
ing disease progression in patients with post-COVID ILAs. In
this latter group, most of us adopt a close-monitoring strategy,
with follow-up visits 3—4 times per year with pulmonary func-
tion testing. Routine CT scans after the initial consultation are
rarely done unless there is a change in the patient’s symptoms
and/or lung volumes.

As clinical trials examining the impact of corticosteroids
and anti-fibrotic agents are continuing, the non-pharmacologic
treatments used in the treatment of other chronic lung diseases
are likely beneficial in the treatment of patients with post-
COVID fibrosis as well. A comprehensive approach to treat-
ment including pulmonary rehabilitation, supplemental oxygen,
risk factor modification, screening for comorbid conditions, and
appropriate vaccinations is required when caring for patients
with post-COVID fibrosis.

Some patients may continue to have severe functional
or physiologic impairments despite maximal medical ther-
apy. In such refractory cases, lung transplantation can be
an effective treatment. There are no consensus criteria for
transplant referral or listing; however, many transplant cent-
ers utilize the criteria for other progressive fibrotic intersti-
tial lung diseases.

Conclusion

With incomplete vaccination rates and the emergence of new
variants of the SARS-CoV-2 virus, COVID-19 remains a
global pandemic, responsible for millions of cases and
thousands of deaths. While the majority of patients
hospitalized with COVID-19 survive to discharge, many
experience a significant decline in exercise tolerance and
health-related quality of life. In some cases, this functional
decline may be the result of persistent ILAs caused by the
aberrant injury repair of diffuse alveolar damage. The avail-
able evidence suggests that as many as one-third of patients
hospitalized with COVID-19 have these radiographic fea-
tures 6 months after discharge. Many of these patients show
gradual radiographic improvement or resolution in longer-
term studies; however, some estimates suggest that these
ILAs remain persistent in up to one out of every eight hos-
pitalized patients. As the best treatment approach of patients
with persistent ILAs after COVID-19 is being elucidated,
pulmonary specialists must be prepared to care for these
patients for decades to come.
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