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ABSTRACT

Patients with coronavirus disease 2019 (COVID-
19) usually suffer from post-acute sequelae of
coronavirus disease 2019 (PASC). Pulmonary
fibrosis (PF) has the most significant long-term
impact on patients’ respiratory health, called post-
COVID-19pulmonaryfibrosis (PC19-PF). PC19- PF
can be caused by acute respiratory distress syn-
drome (ARDS) or pneumonia due to COVID-19.
The risk factors of PC19-PF, such as older age,
chronic comorbidities, the use of mechanical

ventilationduring the acutephase, and female sex,
should be considered. Individuals with COVID-19
pneumonia symptoms lasting at least 12 weeks
following diagnosis, including cough, dyspnea,
exertional dyspnea, and poor saturation, accoun-
ted for nearly all disease occurrences. PC19-PF is
characterized by persistent fibrotic tomographic
sequelae associated with functional impairment
throughout follow-up. Thus, clinical examination,
radiology, pulmonary function tests, and patho-
logical findings should be done to diagnose PC19-
PF patients. PFT indicated persistent limitations in
diffusion capacity and restrictive physiology,
despite the absence of previous testing and incon-
sistency in the timeliness of assessments following
acute illness. It has been hypothesized that PC19-

Sy Duong-Quy and Thu Vo-Pham-Minh are the co-first
authors.

S. Duong-Quy
Clinical Research Unit, Lam Dong Medical College
and Bio-Medical Research Centre, Dalat, Vietnam

S. Duong-Quy
Immuno-Allergology Division, Hershey Medical
Center, Penn State Medical College, State College,
PA, USA

S. Duong-Quy � T. Vo-Van
Outpatient Department, Pham Ngoc Thach Medical
University, Ho Chi Minh City, Vietnam

S. Duong-Quy � Q. Vu-Tran-Thien �
V. Nguyen-Nhu (&)
Department of Respiratory Functional Exploration,
University Medical Center, University of Medicine
and Pharmacy at Ho Chi Minh City, Ho Chi Minh
City, Vietnam
e-mail: vinhnguyenmd@ump.edu.vn

T. Vo-Pham-Minh � Q. Tran-Xuan
Department of Internal Medicine, Can Tho
University of Medicine and Pharmacy, Can Tho,
Vietnam

T. Huynh-Anh
Department of Respiratory Diseases, Hoan My Cuu
Long Hospital, Can Tho, Vietnam

Pulm Ther (2023) 9:295–307

https://doi.org/10.1007/s41030-023-00226-y

http://orcid.org/0000-0002-8358-902X
http://crossmark.crossref.org/dialog/?doi=10.1007/s41030-023-00226-y&amp;domain=pdf
https://doi.org/10.1007/s41030-023-00226-y


PF patients may benefit from idiopathic pul-
monary fibrosis treatment to prevent continued
infection-related disorders, enhance the healing
phase, and manage fibroproliferative processes.
Immunomodulatory agents might reduce inflam-
mation and the length of mechanical ventilation
during theacutephaseofCOVID-19 infection, and
the risk of the PC19-PF stage. Pulmonary rehabili-
tation, incorporating exercise training, physical
education, and behavioral modifications, can
improve the physical and psychological condi-
tions of patients with PC19-PF.

Keywords: COVID-19; Post-acute sequelae of
coronavirus disease 2019 (PASC); Pulmonary
fibrosis (PF); Post-COVID-19 pulmonary fibrosis
(PC19-PF); Antifibrotic treatment

Key Summary Points

Patients with COVID-19 usually suffer
from post-acute sequelae of coronavirus
disease 2019 (PASC).

Pulmonary fibrosis (PF) is the most
significant long-term effect on patients’
respiratory health.

Risk factors for PASC-induced pulmonary
fibrosis include advanced age, chronic
comorbidities, the use of mechanical
ventilation during the acute phase, and
female patients.

The diagnosis of pulmonary fibrosis post-
COVID should be based on clinical
examination, radiological features,
pulmonary function tests, and
pathological biomarkers.

The use of antifibrotic treatment for patients
with acute respiratory distress syndrome or
pneumonia due to COVID-19 might
prevent the fibroproliferative process.

Future research is required to have a better
understanding of the natural history of
pulmonary fibrosis post-COVID, as well as
its pathogenesis and clinical and
psychosocial impact on patients

INTRODUCTION

The majority of survivors of COVID-19 suffer
from post-acute complications. Accumulating
evidence indicates that COVID-19 has subacute
and long-term effects. The most long-term res-
piratory morbidity and impact on patients’ res-
piratory health is post-COVID-19 pulmonary
fibrosis (PC19-PF) [1]. PC19-PF can be caused by
acute respiratory distress syndrome (ARDS) and
pneumonia at acute COVID-19 infection [2, 3].
Moreover, other risk factors of respiratory PASC
can be considered, such as age, chronic comor-
bid diseases, mechanical ventilation, and the
female sex [2, 4]. Several studies mention
screening patients at risk for PC19-PF with pul-
monary function testing (PFT) and cross-sec-
tional chest computed tomography (CT) scan to
evaluate the consequences for future consider-
ations and treatments [5–9].

In this review, we tried to determine the
probability risk that COVID-19 infection poses
on the development of PF, considering the
critical postinfection outcomes. This review also
tried to assess the PF severity, the management,
and follow-up on the progression of PF for
selecting the specific treatments, which focus
on the patient’s phenotype and their patho-
logical, radiological, and clinical features.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

DEFINITION, PATIENT
DEMOGRAPHICS, AND RISK
FACTORS FOR POST-COVID-19
PULMONARY FIBROSIS

Definition of Post-COVID-19 Pulmonary
Fibrosis

PC19-PF is a lung disorder that does not yet
have a well-described particular definition,
prevalence, pathophysiology, or treatment.
According to a systematic review, PC19-PF was
observed in 7.0% of patients across the five
included studies [9]. According to the findings
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of another study, 40% of COVID-19 patients
will develop ARDS, and 20% of these instances
will be severe [10]. It will take some time for the
prevalence of PC19-PF to become apparent;
nevertheless, preliminary research carried on
patients with COVID-19 who had just been
discharged from the hospital reveals that more
than a third of individuals who recover go on to
acquire fibrotic abnormalities [11].

Post-COVID-19 pulmonary fibrosis (PC19-
PF) is the existence of persistent fibrotic tomo-
graphic sequelae linked with functional
impairment during follow-up [12]. However,
more information must be given regarding the
disorder’s prevalence, pathogenesis, probable
risk factors, and potential therapeutic approach.
The following criteria are used to classify post-
COVID-19 patients: (1) persistent symptoms
following an acute phase or the onset of new
symptoms, (2) deterioration, loss of quality of
life, and functional state compared with before
COVID-19, and (3) radiological abnormalities
that are constant or getting worse, and abnor-
mal findings in the lungs [13].

There are misunderstandings in particular
conditions that make defining post-COVID-19
difficult. It is difficult to establish a timeline for
acute and chronic symptoms, especially when
the same symptoms appear in both periods.
Second, post-COVID-19 complications are
challenging to separate from postintensive care
difficulties (malnutrition, immobility, anxiety,
etc.), post-ARDS, postmechanical ventilation
(barotrauma, fibrosis, pneumothorax, etc.)
complications, and postintubation complica-
tions (tracheal trauma, edema, stenosis, etc.).
Finally, to distinguish between past comorbidi-
ties and COVID-19 effects, the patient’s pre-
COVID-19 baseline status is required.

It is essential to determine whether the
clinical outcome is caused by post-COVID-19 or
a secondary infection. Furthermore, common
problems associated with corticosteroid use,
postimmunosuppression effects, post-traumatic
syndrome, post-thrombotic effects, and postis-
chemic effects should be considered [14].

It is unknown what the features are of indi-
viduals admitted to the hospital with respira-
tory problems and radiologic lung
abnormalities after the administration of

COVID-19, particularly concerning the pro-
gression of PC19-PF. Clinical examination,
chest radiology, pulmonary function tests, and
pathological findings should be done to diag-
nose PC19-PF patients. Even though no one
knows when the best time is to identify irre-
versible PF, many experts suggest doing lung
function tests, chest CT scans, and exercise tests
3, 6, and 12 months after an acute COVID-19
episode [12].

Patient Demographics and Risk Factors
for Post-COVID-19 Pulmonary Fibrosis

Patients diagnosed with COVID-19 pneumonia
whose cough, dyspnea, exertional dyspnea, and
poor saturation continued for at least 12 weeks
after the diagnosis made up almost all of the
cases. Some individuals with new-onset dyspnea
had a score on the Nijmegen questionnaire that
was higher than 22, indicating ‘‘functional res-
piratory complaints.’’ In contrast, others had
fibrotic lesions with lower respiratory volumes
on pulmonary function tests. Patients with
new-onset dyspnea had diminished forced vital
capacity (FVC) and total lung capacity (TLC),
suggesting a possible role for lung sequelae in
this condition. In addition to respiratory con-
sequences, other potential causes of dyspnea
include dysfunction of the circulatory system
and deconditioning of the muscles [15, 16].

Potential risk factors for PC19-PF survivors
can be divided into two categories: patient-re-
lated and disease-related [16] (Fig. 1). According
to some studies, patient-related risk factors for
PF include advanced age, male gender, active
smoking, a history of chronic alcoholism, and
having underlying disorders such as diabetes
and respiratory or cardiovascular diseases. Pro-
longed ICU stay and mechanical ventilation
duration, the use of HFNC (high flow nasal
cannula), the presence of ARDS, and the degree
of systemic inflammation have also been linked
to an increased risk of PF [17] (Fig. 1). Further-
more, high CRP (C-reactive protein), IL (inter-
leukin)-6, and LDH (lactate dehydrogenase)
levels in the acute phase may activate fibroblast
proliferation in the lung injury repair process
[12] (Fig. 1).
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PATHOPHYSIOLOGICAL
MECHANISMS OF POST-COVID
PULMONARY FIBROSIS

Two years into the COVID-19 pandemic, there
is mounting evidence demonstrating that many

COVID-19 patients develop fibrotic sequelae
and changes in lung function in post-COVID
stage. It suggests that restrictive lung disease is a
hallmark PC19-PF patients. Thus, PF has been
considered as one of the complications of severe
COVID-19 infection seen in the third stage of
COVID-19 patients. Severe acute respiratory

Fig. 1 Process of post-COVID pulmonary fibrosis and
risk factors. ACE-2 angiotensin-converting enzyme,
DAMP damage-associated molecular patterns, ANG II

angiotensin II, EGF epidermal growth factor, PDGF
platelet derived growth factor, TGF-b tumor growth factor
b
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syndrome (SARS) and Middle East respiratory
syndrome (MERS) are the examples of mild to
severe illnesses. In addition, ARDS is a major
complication usually seen in critically infected
patients with SARS coronavirus 2 (SARS-CoV-2)
[1]. However, the pathology of acute COVID-19
and PC19-PF, on the other hand, is unclear [3].
PF can develop as a result of poor lung injury
resolution or an exaggeration of the healing
process [19]. ARDS can be caused by a variety of
pulmonary or extrapulmonary insults, but there
may be a common downstream pathway lead-
ing to fibrosis. This pathway could be aggra-
vated by cytokine production by lung epithelial
cells and macrophages, or it could be caused by
harmful mechanical ventilation [20].

The nasal epithelial cell area has an impor-
tant role in SARS-CoV-2 (COVID-19) infection
because it is the main way for COVID-19 lead-
ing to the respiratory system. In fact, COVID-19
enters the respiratory tract through ACE-2
receptors on the pulmonary epithelium. The
virus can infiltrate the lower respiratory tract
and infect type-II alveolar cells in the lungs,
causing diffuse alveolar damage (DAD) [1]
(Fig. 2). Upregulation of MMP2, MMP8, and
cathepsin proteins, and downregulation of
E-cadherin protein, may also result in PF. Pro-
teins like laminins, collagen VI, annexin A2,
and fibronectin, which are the components of
the extracellular matrix (ECM) of the basement
membrane of the lung, are also downregulated
[21]. TGF-b, a major profibrotic stimulus, is
directly amplified by the SARS-CoV-1 nucleo-
capsid protein. Because the nucleocapsid pro-
teins of SARS-CoV-2 are 90% identical to those
of SARS-CoV-1, it can be hypothesized that it is
one of the possible mechanisms for lung fibro-
sis. TGF- b, like connective tissue growth factor,
is upregulated by angiotensin II, which accu-
mulates in the lungs due to the virus’s down-
regulation of ACE-2 [22].

Whether post-COVID-19 fibrotic lung alter-
ations are stable or progressing, like in fibrotic
lung illnesses such idiopathic pulmonary fibro-
sis (IPF), it is important to ascertain for patient
management and treatment. There are many
factors that could influence whether PC19-PF
progresses and becomes life-threatening. In
genetic studies of COVID-19, genes involved in

innate antiviral defenses, inflammatory lung
injury, and the ABO blood-group system have
all been linked to life-threatening diseases.
Prospective genome-wide studies of COVID-19-
related fibrotic lung will illuminate genetics’
role in progressive or stable fibrosis. Age is a
major risk factor for both lung fibrosis and
COVID-19, and it may play a role in whether
fibrosis progresses. It is associated with lung
parenchymal stiffening, which may have sig-
nificant effects for TGF activation and the
development of lung fibrosis. The profibrotic
potential of lung fibroblasts is also affected by
age. Moreover, obesity and metabolic syndrome
are common COVID-19 risk factors. Diabetes,
both type 1 and type 2, is also associated with a
remarkably increased risk of death from COVID-
19 [23].

SCREENING FOR PATIENTS
WITH POST-COVID-19-
PULMONARY FIBROSIS

Pulmonary Function Testing (PFT)

Different challenges in the diagnosis of PC19-PF
must be thoroughly investigated as soon as
possible. During the COVID-19 pandemic out-
break, PFT demonstrated chronic limitations in
diffusion capacity and restrictive physiology by
the lack of baseline testing and nonuniformity
in timing, from acute illness or follow-up
assessment [3]. PFT also revealed that these
limitations were present despite baseline testing
not being done. The British Thoracic Society
recommends that all survivors of critical
COVID-19 should undergo PFTs every three
months after discharge, and those with mild to
moderate disease should experience PFTs if
radiographic imaging is aberrant [24]. A recent
meta-analysis discovered that 39% of COVID-19
survivors had decreased lung diffusing capacity,
15% of the individuals had a restrictive pattern
of ventilation, while 7% had an obstructive type
of ventilation [25]. As a consequence of this, we
propose that testing for lung function should be
carried out on all patients with COVID-19 who
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present themselves for treatment for PASC at
any stage.

Radiographic Features

The second tool for determining throughout
the pandemic, radiographic features of acute
COVID-19 infection have been a major focus of
research. In a large cohort of patients from
Wuhan, China, over half of those who had CT
scans 6 months after admission had abnormal
radiographic findings. The most common find-
ings were pulmonary interstitial changes, which
were reported as ground-glass opacities and

irregular lines [25] (Fig. 3). Solomon et al. [26]
concluded that CT appearances in PASC should
be standardised as predominantly ground glass,
predominantly fibrotic, and mixed ground glass
and fibrotic.

There are several unknowns about PC19-PF
that should be investigated as soon as possible.
First, the tomographic features of pulmonary
fibrosis must be defined. Six months after diag-
nosis, serial tomographic assessments may
reveal PC19-PF abnormalities [27]. Inpatients
with COVID-19, without mechanical ventila-
tion, found that while the majority of patients
improved in tomography, pulmonary function,

Fig. 2 Pathophysiological mechanisms of post-COVID pulmonary fibrosis. ACE-2 angiotensin-converting enzyme, ECM
extracellular matrix, MoAM monocyte-derived alveolar macrophages
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and exercise-related variables, 24% of those still
had abnormalities on CT scans 1 year after dis-
charge [27, 28]. Patients experiencing signifi-
cant acute symptoms of COVID-19 typically
have radiographic indications of fibrosis, bron-
chial dilatation, parenchymal bands, and coarse
subpleural reticulation that does not include
honeycombing [29].

Investigations have found that 38% of
patients had respiratory chest radiographic
abnormalities at a median of 54 days post-dis-
charge, and 9% of individuals studied had
deteriorating radiographic abnormalities during
the course of the study’s follow-up [30]. Second,
an elevated risk of developing PC19-PF may be
defined by the existence of genetic traits, as well
as past interstitial lung abnormalities, in addi-
tion to the hypotheses of autoimmune inflam-
matory activity that is created by viral infection.

A recent study found that patients 4 months
following COVID-19 treatment were more likely
to have fibrotic-like tomographic abnormalities
if their blood leukocyte telomere length was
shorter, lending credence to the hypothesis of
genetic susceptibility to PC19-PF [31]. Further-
more, additional research evaluating the histo-
logical characteristics of PC19-PF patients is

required to acquire a better understanding of
this entity [32]. D’Cruz et al. emphasized the
possibility that ongoing or deteriorating radio-
graphic abnormalities may be overlooked on
simple films in comparison with cross-sectional
imaging. Patients with COVID-19-related lung
illness were only discovered in 13% of the study
population, although 46% of participants
reported increased dyspnea after infection, and
75% of patients who had CT scans were diag-
nosed with interstitial lung disease and/or air-
ways disease [33].

Patients with chronic dyspnea following
acute COVID-19 are now screened for pul-
monary fibrosis using a combination of PFT and
cross-sectional imaging. Additionally, addi-
tional studies evaluating histological features
obtained from patients with PC19-PF are war-
ranted for greater understanding of this entity
[33].

Biomarkers Associated with Post-COVID
19 Pulmonary Fibrosis

Until now, there have been a few studies that
have established a connection between

Fig. 3 Chest CT scan of patient with post-COVID-19 pulmonary fibrosis demonstrating diffuse ground-glass opacities and
consolidations, predominantly in lower lung lobes
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pulmonary fibrosis and damage to alveolar
epithelial cells, fibroproliferation, and matrix
remodeling biomarkers. Among these, serum
alveolar epithelial cell damage biomarkers like
Krebs von den Lungen-6 (KL-6) show promise in
predicting a higher risk of PC19-PF, but more
research is needed [34]. KL-6 is a high molecular
weight (200 kDa) glycoprotein classified as a
human transmembrane mucin 1 (MUC1) with
surface expression on type II pneumocytes; the
destruction and regeneration of the air-blood
barrier results in elevated serum concentrations
of this clinically important biomarker [35].
Patients with severe PC19-PF had higher serum
KL-6 concentrations at the time of discharge,
which may have clinical significance in pre-
dicting fibrotic lung involvement [36].

Matrix Metalloproteinases 1 and 7 (MMP1
and MMP7) degrade the ECM and play an
important role in pulmonary fibrosis. Proin-
flammatory cytokines may increase MMP
expression, and thus stimulate airway remod-
eling [37].

TREATMENTS OF POST-COVID
PULMONARY FIBROSIS

It is unclear whether or which patients may
benefit from the use of therapeutic modalities,
such as medications and pulmonary rehabilita-
tion, to ameliorate the impairment caused by
PC19-PF. This is a major limitation in the field.

Role of Antifibrotic Medications

In the COVID-19 pandemic, acute lung injury
(ALI) and acute respiratory distress syndrome
(ARDS) typically resolves to normal lung func-
tion. Yet, some cases have proceeded to the
more severe critical stage of pulmonary fibrosis,
generally referred to as PC19-PF, which requires
immediate attention and careful therapy. It is
anticipated that IPF therapy could be beneficial
in the treatment of COVID-19 pneumonia, due
to the similarities in the pathophysiological
pathways that are involved in both IPF and
COVID-19 infection. Because PC19-PF is
induced by the activation of transforming

growth factor beta (TGF-1), it is believed that
IPF therapy could be effective in the treatment
of COVID-19 pneumonia. Antifibrotic therapy
is used in COVID-19 patients with the clinical
goal of preventing consequences of the ongoing
infection, stimulating the recovery phase, and
controlling fibroproliferative processes.

There is still uncertainty about the role of
antifibrotic medications, such as pirfenidone
and nintedanib, in patients with persistent
interstitial lung-related COVID-19 infection.
These antifibrotic drugs will probably be con-
sidered for those with progressive functional
impairment throughout follow-up; neverthe-
less, randomized controlled trials are required
to react to this notion. Two antifibrotic drugs
that can be used orally are commercially avail-
able to treat progressive lung fibrotic diseases,
namely pirfenidone with nintedanib. The roles
of antifibrotic drugs in acute COVID-19 and
PASC-PF have not been figured out yet, but they
are being investigated in ongoing clinical trials
[3]. There is uncertain biological basis for the
use of antifibrotic medicines in acute COVID-
19, due to the extended infection, the pre-
dominance of early reticular alterations, and the
benefit of early commencement on delayed FVC
decrease [38].

Pirfenidone (PFN) is an antifibrotic drug with
a considerable antiinflammatory role in treating
idiopathic pulmonary fibrosis (IPF). In response
to TGF-1 and other proinflammatory cytokines,
PFN suppresses the accumulation and recruit-
ment of inflammatory cells, fibroblast prolifer-
ation, and extracellular matrix deposition. In
addition, PFN lowers the pathogenesis of SARS-
CoV-2 by inhibiting furin (TGF-1 convertase
activator), a protein effector implicated in the
entrance of SARS-CoV-2 and activation of TGF-
1. In addition, PFN affects signaling pathways
associated with the pathogenesis of PC19-PF.
The antiinflammatory and antifibrotic charac-
teristics of PFN may diminish PC19-PF [39].
Nintedanib is another antifibrotic drug
approved by the FDA for treating IPF. It is a
tyrosine kinase inhibitor that inhibits fibroblast
and myofibroblast cascades and may affect
pulmonary angiogenesis (Figs. 1, 2 and 3).

The INPULSIS trial demonstrated that nin-
tedanib reduces the decline of FVC in IPF,
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thereby slowing the progression of the disease
within 4–6 weeks [40]. The US Food and Drug
Administration (FDA) approved both drugs,
which have distinct mechanisms of action that
reduce the rate of lung function decline and
increase life expectancy [18]. However, antifi-
brotics may not be useful for the majority of
people with PC19-PF. Antifibrotics may be
effective in preventing progressive fibrosis in
patients with established radiological evidence
of fibrosis and a risk of advancement. Unfortu-
nately, there is no proof for or against this
method at this time. According to this research,
all patients presenting with dyspnea in the
chronic COVID-19 period should be evaluated
for antifibrotic therapy. In patients whose dys-
pnea complaint did not regress, despite long-
term steroid therapy, steroid-induced comor-
bidities and atrophy that arose, initially in the
extremities and respiratory muscles, can lead to
a vicious circle. Antifibrotic treatment that is
started early in patients with fibrosis, despite
antiinflammatory treatment, shows that posi-
tive results may be observed in [5%, in both
PFTs and quality of life of individuals [41]. To
summarize, it is not known whether patients
after COVID-19 who present with signs of pul-
monary fibrosis should receive specific antifi-
brotic drugs, due to the fact that pulmonary
fibrosis after COVID-19 is typically nonpro-
gressive. Patients who do present with these
signs should be monitored closely. Hence,
antifibrotic medication may be recommended
in the event that an underlying progressive
interstitial lung disease (also known as IPF) has
been luckily identified.

Following COVID-19 infection, lung
involvement should be followed for up to
3 months, and it should be emphasized that
there is a chance of regression. In other words,
antifibrotic treatment is not required immedi-
ately. If fibrosis persists at the end of the 12th
week, there is a case to be made for using these
agents to treat PC19-PF, despite the lack of suf-
ficient data. Pirfenidone or nintedanib should
be used for at least 1–3 months to have an
accurate measurement of the antifibrotic
response [14].

Impact of Immunosuppression

Few studies have examined the effects of glu-
cocorticoids and selective interleukin inhibition
on PC19-PF, and those that have are conflicting.
It is still possible to reduce the risk of pul-
monary fibrosis by using immunomodulatory
agents that reduce inflammation and the dura-
tion of mechanical ventilation.

A subgroup of patients with radiographic
abnormalities consistent with PASC with
organising pneumonia was described [39–42].
These patients had trouble getting off of
mechanical support or still had low oxygen
levels months after the initial infection [39]. It
is not clear if COVID-19-related organizing
pneumonia is linked to the development of
pulmonary fibrosis or if corticosteroid treat-
ment might lower the risk of PC19-PF, but these
ideas should be carefully looked at in a future
study [43–45].

Additionally, the role of prolonged treat-
ment with corticosteroids in preventing PC19-
PF is still uncertain. It seems that this treatment
could be beneficial for a select group of patients
in particular, such as tomographic anomalies
suggesting organized pneumonia. In addition to
clinical findings, antifibrotic response should be
objectively assessed using high resolution CT
(HRCT), diffusion lung capacity for carbon
monoxide (DLCO), and 6-min walking test
(MWT) [46]. In addition, Tanvir et al. found in
an open label pilot research that encompassed
60 COVID-19 patients that 17 of the partici-
pants were given PFN and 19 of the participants
were given corticosteroids. In the beginning of
the trial, the parameters were analyzed, and at
the end of the period, the antifibrotic effects of
PFN were shown to be greater than those of
corticosteroids. According to these observa-
tions, early therapy with PFN in severely affec-
ted individuals with COVID-19 may minimize
the likelihood of developing post-COVID-19
pulmonary fibrosis [47]. So, concurrent use of
steroids and antifibrotics is also being investi-
gated, but the long-term outcomes are
unknown.
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Rehabilitation and Nonphamacological
Management

In general, nonpharmacological therapy and
rehabilitation help alleviate patients’ severe
PC19-PF symptoms and enhance their quality
of life. According to recent clinical guidelines,
pulmonary rehabilitation, which includes exer-
cise training, education, and behavioral chan-
ges, has the potential to improve physical and
psychological conditions [48]. Patients with
respiratory illnesses, and mixed respiratory and
surgical populations can improve muscle
strength, walking ability, and functional ability,
with significant positive effects in the 6-min
walking test (MWT) and Barthel index [49].
Pulmonary rehabilitation has been used suc-
cessfully in severe cases of PF. Changes in
behavior on the part of the patient may be
necessary for successful pulmonary rehabilita-
tion. These adjustments may involve losing
weight, starting a regular routine for exercise,
learning how to use breathing techniques, pac-
ing, energy conservation strategies, and gaining
an understanding of how to use medications,
supplementary oxygen, and associated equip-
ment. On the other hand, it has been demon-
strated that oxygen therapy is beneficial in IPF.
Some patients frequently experience hypox-
emia, which can have an effect on their quality
of life as it relates to their health. Its primary
symptoms include lower levels of energy, as
well as poorer social and physical functioning
during the daytime. Patients who exhibit rest-
ing hypoxemia or severe oxygen desaturation
during exercise are likely to see an improvement
in their symptoms, as well as in their general
quality of life, if they get supplementary oxygen
therapy. As a consequence of this, oxygen
therapy is an essential part of the treatment of
pulmonary fibrosis, particularly PC10-PF [50].

FUTURE CONSIDERATIONS

Pulmonary fibrosis can occur in a variety of
clinical settings. Future studies are required to
learn more about the pathogenesis, clinical
manifestations, and psychosocial effects of this
condition on patients. Clinical and serologic

phenotyping of patients with PC19-PF, as well
as comprehensive epidemiologic identification
of particular risk variables, should be pursued as
additional research directions. Longer follow-up
studies are needed to determine how PC19-PF
progresses and what the best long-term
approach is for such patients, especially for
those with ARDS, during the acute stage of
COVID-19 infection [51, 52].

CONCLUSION

One of the most serious long-term conse-
quences in COVID-19 patients is pulmonary
fibrosis. The significant concerns concerning
pulmonary fibrosis and the optimization of
respiratory follow-up following COVID-19 are
expected to be resolved in the near future. In
addition, advanced age with limited lung
function and preexisting comorbidities, such as
diabetes, cardiovascular disease, hypertension,
and obesity, increase the risk of developing
fibrotic lung alterations in survivors with
reduced exercise tolerance. Antifibrotic drugs
are currently undergoing clinical trials. How-
ever, for improving the PC19-PF patients’ qual-
ity of life, the detailed follow-up and
personalized rehabilitation should be
encouraged.
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