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Abstract

Background: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is the greatest pandemic in the
world. This virus involves the respiratory system, causes pulmonary dysfunction, and causes coronavirus disease
(COVID-19). Pulmonary dysfunction due to COVID-19 may be asymptomatic, mild, moderate, and
severe/critical. COVID-19 may involve other organs, and its sequelae may be persistent for a long time. The
pulmonary function test is a method for evaluating the lungs in people. In this study, we reviewed the results of
pulmonary function test (PFT) in patients with a history of COVID-19 involvement based on previous studies.
Materials and Methods: The present review was conducted in 2024 using the keywords COVID-19, pulmonary
function test, recovery, and pulmonary involvement in English. Eligible articles (articles containing the
mentioned keywords) published during the years 2019 to 2023 were searched in Scopus, Pubmed, Wiley, and
Google Scholar international databases. Relevant articles were identified, and after review, the most important
and valuable points were presented.

Results: PTF should not be done during COVID-19 involvement because it increases the rate of disease
transmission. Small airway dysfunction, restrictive ventilatory dysfunction, and pulmonary diffusion
impairment patterns are the most common findings in the PFTs of patients with a history of COVID-19. PFT
improves gradually after the recovery of pulmonary involvement of COVID-19 for two years, even in patients
with severe or critical forms of COVID-19.

Conclusion: In this review, we summarized the results of studies about pulmonary function tests after COVID-
19 involvement in survivors. Small airway dysfunction, restrictive ventilatory dysfunction, and pulmonary
diffusion impairment are the most common findings in the PFT of survivors of COVID-19. These patterns are
more prevalent among patients with severe or critical forms of COVID-19, and they are associated with the risk
factors of COVID-19 severity, such as age, underlying disease, and pulmonary disorders. Forced vital capacity
and diffusion capacity of lungs for carbon monoxide decreased in patients with COVID-19, and forced expiratory
volume in 1 second (FEV1)/FVC and residual volume (RV) increased in these patients and they were associated
with COVID-19 severity. The pulmonary involvement of COVID-19 recovers over time, and after two years,
patients return to their baseline PFTs.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
is the most significant pandemic until now. It was first
found in China in 2019. This virus is the second type
of the Coronavirus family (SARS-COV-2) and mainly
involves the respiratory system*-3,

SARS-COV-2 is a drop-let-borne virus with a
diameter of 60—140 nm that is rapidly spread between
hosts. It remains on surfaces for up to 3 days, and one
of the important challenging situations is that some
patients are asymptomatic and can quickly spread the
disease?®.

The pathogenesis of the disease is based on an
interaction between the angiotensin-converting
enzyme 2 (ACE?2) receptor of the human body and the
surface spike protein (S protein) of the virus 7. The
virus involves all cells with ACE2 receptors, including
pneumocytes and airway epithelial cells. The virus
enters the host’s cells using ACE2 receptors and type
Il transmembrane serine protease (TMPRSS2), and
then the viral activity starts®®,

Clinical manifestations of COVID-19 range from
asymptomatic to acute respiratory distress syndrome
(ARDS). The most common clinical manifestations
are fever, cough, and dyspnea. Body pain is also
among the common manifestations®1%t,  With
increasing respiratory system involvement, some
presentations such as shortness of breath, chest pain,
and hemoptysis are presented, and they can progress
to ARDS. It is mentioned that about 15% of patients
with mild symptoms progress to severe forms,
including the need for oxygen supplementation, and
5% may need intensive unit care (ICU) admission*?-4,
Although SARS-COV-2 involves the lungs and can
affect pulmonary functions test, there are few studies
about the assessment of COVID-19 effects on
pulmonary functions test (PFT) results®. In the
present study, we aim to review issues about
pulmonary function tests in COVID-19 involvement.

Methods

The present review was conducted in 2024 using the
keywords COVID-19, pulmonary function test,
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recovery, and pulmonary involvement in English.
Eligible articles published during the years 2019 to
2023 were searched in Scopus, Pubmed, Wiley, and
Google Scholar international databases.

Experimental or quasi-experimental articles written in
English and relevant to the purpose of the study were
included. In contrast, articles whose full text was not
available, systematic review studies, and meta-analyses
were excluded.

Results

Pulmonary function test during COVID-19
involvement: Although PFT is a good test for the
assessment of lung function, there are limitations to
PFT's utility. PFT results are affected if a patient has
poor understanding, severe or acute disease, or lack of
cooperation. The operator should introduce the PFT
procedure, and the patient should obey the procedure. If
a patient is unable to perform PFT or does not perform
PFT well, the results are affected, and unreliable results
are seen6.17,

In patients  with COVID-19, prevention
recommendations mentioned that PFT for the
assessment of COVID-19 involvement should not be
done because it increases the risk of the virus
transmission. Forced exhalations that are a part of the
PFT procedure may induce cough or drop-let throw into
the device and increase the risk of transmission for
others. So, risk mitigation protocols recommend that
non-urgent PFTs should not be done before 14 days of
close contact exposure to COVID-19, and only urgent
PFTs can be done'®. With adherence to the protocols,
the risk of transmission is low. In a study by Wainstein
et al., the incidence rate of COVID-19 involvement
after PFT during the pandemic was 0.36%*°. Although
Wainstein et al. found a low incidence rate of COVID-
19 after PFT, it was recommended that the test not be
performed during COVID-19 involvement, and due to
this reason, there is no data in this issue, and studies

evaluated post-COVID-19 PFT in COVID-19
survivors.
Pulmonary function test after COVID-19

involvement: Based on our knowledge, there are
studies with different results about the PFT after
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COVID-19 involvement. Mo et al. performed PFT at
the time of discharge of patients who were
hospitalized due to COVID-19. They found that
impaired diffusion capacity and restrictive ventilation
defects were the most prevalent abnormal findings,
and they were associated with the disease severity.
They mentioned that lung volumes, including total
lung capacity (TCL) and residual volume (RV), were
significantly associated with the disease severity, and
they had worse results in patients with more severe
COVID-19 involvements?.

Lv et al. assessed the PFT of COVID-19 survivors
after two weeks of discharge. They evaluated 137
participants and found that 88.9% of patients with
severe COVID-19 had forced inspiratory volume
(IVC) less than 80% of the predicted value, and 55.6%
of these patients had forced vital capacity (FVC) less
than 80% of the predicted value. The maximum
expiratory flow (MEF)75, MEF50, and MEF25 of less
than 70% were found in 25.9%, 40.7%, and 55.6%,
respectively. These rates in the non-severe groups
were 13.6%, 30%, and 57.3%, respectively, and
79.1% of them had I\VVC less than 80% of the predicted
value, and 16.4% had FVC less than 80% of the
predicted value. They concluded that small airway
obstruction and restrictive ventilation disorder are
associated with COVID-19, and these patterns
aggravate severe disease involvement?..

In a study by Polese et al., 41 severe COVID-19
patients between fifteen to thirty days after discharge
were evaluated. Restrictive patterns with a FVC
reduction of 54% and a DLCO reduction in 79% of
patients were found?®?.

Wu et al. evaluated the PFT and lung CT scans of
patients with COVID-19 involvement who were
discharged six months later. The patients had
moderate or severe COVID-19 involvement. They
demonstrated that pulmonary dysfunction based on
PFT at the sixth-month follow-up included restrictive
ventilatory dysfunction, small airway dysfunction,
and pulmonary diffusion impairment seen in 7.5%,
18.9%, and 32.1%, respectively 2. In fact, based on
Wu et al.’s results, 58.5% of patients with severe or
moderate COVID-19 involvements had impaired PFT
after six months of discharge.

van Willigen et al. assessed PFT results in 301 patients
12 months after COVID-19 involvement (hospitalized
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and nonhospitalized). 25% of patients had impaired
PFT after one year of COVID-19 involvement, and
impaired PFT was mostly seen in severe and critical
types of COVID-19 involvement (48%). They observed
that PFT results improved in these patients over one
year, and worse results were associated with higher age,
underlying disorder, and severe or critical disease?.
Suppini et al. also evaluated the PFT of one hundred
COVID-19 survivors one year after COVID-19. They
observed that FVC had a significant association with
COVID-19 severity, and with an increase in disease
severity, FVC decreased. FEV1/FVC increased, and
RV and total lung capacity (TLC) decreased with the
severity of COVID-19. TLC, FEV1, FVC, diffusion
capacity of lungs for carbon monoxide (DLCO), and
RV improved over one year of COVID-19 recovery.
Fibrotic change of lung tissue was associated with
COVID-19 severity after one year. They mentioned that
pulmonary function recovered well, especially in
patients with more severe COVID-19 involvements,
and it shows that pulmonary damage due to COVID-19
is reversible?®.

Toh et al. evaluated the effects of COVID-19
involvement on PFT results and quality of life. Their
results showed that DLCO defects were more prevalent
in patients with severe or critical COVID-19
involvement, and these patients had lower quality of life
during one year after COVID-19 involvement, based on
the Short Form-36 (SF-36) Health Survey. PFT
abnormalities had higher rates in patients with older
age, underlying disorders, and lung disorders?é. Quality
of life was assessed in this study by the SF-36 Health
Survey. With the SF-36 Health Survey, eight health
parameters are assessed, including social function,
physical function, function limitation because of
physical impairments and emotional problems, bodily
pain, mental health, general health, and vitality. Each of
the parameters is scored from O (worst) to 100 (best)?’.
Toh et al. did not mention any data about the recovery
of lung function after one year, but they mentioned that
the most PFT impairment was observed in the sixth
month of follow-up.

Lewis et al. conducted an interesting study on PFT of
patients with COVID-19. They compared PFT data of
patients before COVID-19 involvement with PFT after
one year of COVID-19 involvement. They found that
there was no significant difference between the result of
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PFT before COVID-19 and PFT after COVID-19. It
should be mentioned that their study was done on
patients with mild and moderate COVID-19
involvement. They found that age and underlying
disease were risk factors for worse results of PFT?,
Zhang et al. evaluated the effects of COVID-19 on
patients after two years. They assessed 288
participants and found that the participants
significantly improved from 6 months to one year after
COVID-19 involvement. From one year to two years,
PFT parameters improved gradually®. Huang et al.
also concluded that the health status (including PFT)
of patients who were hospitalized due to COVID-19
returns to the basic status of each patient after two
years. However, it may be weaker than the general
population®, Li et al. mentioned that after two years
of COVID-19 involvement, most organ involvement
and disease parameters are resolved, and the most
common long-term side effect of the disease is
neurological involvement®, These studies showed
that the PFT of involved participants returned to
normal levels during two years.

Discussion

COVID-19 involves all populations over the world.
From the start of COVID-19 emergence to July 17,
2021, more than 200 million people were infected, and
more than 4 million people died®>%, COVID-19
infects the nasopharynx and lungs, and different
respiratory manifestations with different severity may
be presented, ranging from asymptomatic to
pneumonia and even ARDS. Hypoxia is one of the
most common symptoms, especially in patients with
underlying lung disease. Cytokine storms and lung
damage may occur in COVID-19. ARDS and
pulmonary fibrosis are the results of lung damage due
to COVID-193+36,

Respiratory failure occurs in severe COVID-19.
Diffuse and bilateral interstitial pneumonia are seen in
this stage®”%. Older age, diabetes, obesity,
cardiovascular disorders, pulmonary disorder, and
kidney failure are the risk factors for severe COVID-
19 involvement34°,

Pulmonary involvement in COVID-19 affects patient
outcomes*’. COVID-19 sequelae may persist in
involved people. Studies have mentioned that the
pulmonary function test (PFT) is a method to assess
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the long-term effects of COVID-19 on the lungs*>#3, In
this review, we summarized the results of studies about
pulmonary function tests after COVID-19 involvement
in survivors.

Due to observing preventive protocols, PFT should not
be done during COVID-19 involvement because
SARS-Cov-2 is a droplet-borne virus, and one of the
main manifestations of patients with COVID-19 is
cough. Then, the device can be contaminated by the
virus, and the virus may be transmitted between
people.

Based on the results of studies, the most common
findings in the PFT of survivors of COVID-19 are the
patterns of small airway dysfunction, restrictive
ventilatory dysfunction, and pulmonary diffusion
impairment. These patterns are more prevalent among
patients with severe or critical forms of COVID-19, and
they are associated with the risk factors of COVID-19
severity, such as age, underlying disease, and
pulmonary disorders?-23,

In terms of PFT parameters, it was found that FVC and
DLCO decreased in patients with COVID-19, and
FEV1/FVC and RV increased in these patients. These
parameters were associated with COVID-19
severity?222526  Of the common COVID-19 clinical
manifestations are cough, dyspnea, chest pain, and
ARDS®. These manifestations come from pulmonary
dysfunction due to COVID-19 involvement. The
findings of PFTs in the studies demonstrated lung injury
post-COVID-19 involvement, but these injuries recover
gradually.

We summarized studies based on the duration of
follow-ups. We classified them from the evaluation of
survivors after two weeks to the evaluation after two
years of discharge from the hospital. It was found that
the pulmonary involvement of COVID-19 based on
PFT recovers over time, and after two years, patients
return to their baseline PFTs. Although the PFTs of
patients with severe forms of the disease were more
involved, the recovery rate of these patients was faster,
and patients’ PFTs became normal for each patient after
two years?®-31,

Conclusion

It is concluded that the pulmonary function test is a
suitable method for following up on patients after
COVID-19 involvement. Prevention protocols for the
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restriction of COVID-19 transmission should be
obeyed, and this test should be done in participants at
least two weeks of recovery. Small airway and
restrictive ventilatory dysfunction, as well as
pulmonary diffusion impairment patterns, are the most
common findings in the PFT. The PFT of recovered
participants improves gradually over two years.
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