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Abstract: Long COVID-19 Syndrome, in addition to symptoms such as chronic cough, exertional dyspnea and fatigue,
pulmonary fibrosis is presented as specific respiratory system problems. Post-COVID fibrosis is characterized by
radiographic abnormalities consistent with pulmonary fibrosis. Patients with post-COVID fibrosis may benefit from
pulmonary rehabilitation programs. This case report aimed to investigate the effects of an individualized pulmonary
rehabilitation (PR) program on selected clinical parameters in a 46-year-old male who was diagnosed with post-COVID
fibrosis. Spirometry and diffusion tests were investigated. Six-minute walk-and shuttle walk tests for exercise capacity,
hand-held dynamometer for quadriceps muscle strength, mMrc dyspnea scale for dyspnea, Fatigue Severity Scale for
fatigue and London Chest Activity of Daily Living for activities of daily living were evaluated. An individualized PR
program included breathing exercises, single-leg cycle training (for the right leg, 10 to 30 min) and bilateral
neuromuscular electrical stimulation for quadriceps muscles (30 min) was prescribed 3 days a week for 8 weeks. Small
but promising improvements were observed in FEV1, FVC, FEV1/FVC, DLCO, 6MWD, shuttle walk tests walking
distance and time, quadriceps muscle strength, mMRC and FSS scores. PR program combined with antifibrotic therapy
has the potential to improve respiratory functions, exercise capacity, muscle strength, dyspnea, fatigue, and participation

in ADL in patient with post-COVID fibrosis.
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INTRODUCTION

Coronavirus Disease (COVID-19) is a contagious
respiratory disease caused by severe acute respiratory
syndrome virus 2 (SARS-CoV-2). Although most
patients can be recovered from the COVID-19
infection, it has been reported that more than 70% of
them have an involvement in body systems 4 months
after diagnosis [1]. This situation is called “Long
COVID-19 Syndrome” [2]. Symptoms such as chronic
cough, chest tightness, and shortness of breath,
cognitive dysfunction and extreme fatigue have been
reported in Long COVID-19 Syndrome [3]. Pulmonary
fibrosis is one of the pulmonary problems caused by
the Long COVID-19 Syndrome [2]. Post-COVID fibrosis
may be a follow-up to chronic inflammation or an
idiopathic, genetically influenced, and age-related
fibroproliferative  process. Risk factors for the
development of Post-COVID fibrosis are advanced
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age, worse disease severity including comorbidities
such as hypertension and diabetes, prolonged length of
stay in intensive care and mechanical ventilation,
smoking and excessive alcohol consumption [4]. There
is currently no fully documented therapeutic method in
the treatment of post-COVID fibrosis. However, some
pharmacological therapies may be considered. In
addition, the importance of being included in the
rehabilitation program was emphasized, especially for
patients who developed lung fibrosis [5,6]. Pulmonary
rehabilitation (PR) provides improvements in exercise
capacity, quality of life, cardiovascular functions,
respiratory functions, dyspnea, fatigue, anxiety and
depression levels and inspiratory muscle strength in
patients with idiopathic pulmonary fibrosis [7]. There is
only one case study available in the literature which
reported that 10 sessions of exercise-based PR
program (including aerobic, strengthening and
stretching exercises) had beneficial effects on
supplemented oxygen need during exercise in a post-
COVID fibrosis patient [8]. It has been reported that
single- leg cycle training and neuromuscular electrical
stimulation may have positive effects in patients with
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chronic respiratory conditions with increased level of
dyspnea [9, 10]. This case study aimed to show the
effects of an individualized PR program including
single- leg cycle training and neuromuscular electrical
stimulation on selected clinical parameters in a patient
diagnosed with post-COVID fibrosis.

CASE REPORT

A 46-year-old male patient was admitted to a PR
unit 168 days after the (+) PCR test. The patient was
diagnosed with post-COVID fibrosis by chest computed
tomography one month ago and antifibrotic treatment
(Pirfenidone) was administrated. The main complaints
of the patient were fatigue and exertional dyspnea
when climbing stairs/hills and walking fast. The patient
did never smoke and had no previous respiratory
complaints or diagnosis.

At the beginning of the rehabilitation program,
spirometry and diffusion tests were performed.
Exercise capacity was assessed with different field
tests. Six-minute walk test (6MWT) was used to assess
the exercise capacity in accordance with the ATS/ERS
guideline [11]. Blood pressures (Beurer GmbH,
Germany), heart rate and oxygen saturation (MaProlinx
GmbH, Germany) were measured, and dyspnea and
fatigue levels were questioned before and after test.
Walking distance were calculated. The incremental
shuttle walk test (ISWT) was used to evaluate the
maximal exercise capacity and the endurance shuttle
walk test (ESWT) was used to observe endurance
capacity [12, 13]. Quadriceps muscle strength was
evaluated using a hand-held dynamometer (J-Tech
Commander, TM Manuel Muscle Tester, JTech
Medical, USA) for both lower extremities. Modified
Medical Research Council (mMRC) dyspnea scale,
Fatigue Severity Scale (FSS) and London Chest
Activity of Daily Living (LCADL) were questioned [14-
16].

The patient was asked to participate in an
individualized outpatient PR program for 3 days a week
for 8 weeks. The subject has previously been
diagnosed with left knee chondromalacia and suffered
from knee pain during activity. Increased fatigue was
observed after incremental and endurance shuttle walk
tests. Therefore, the PR program was prescribed with
the aim of improving knee muscle strength and
endurance by not aggravating the pain. The
individualized PR program consisted of breathing
exercises, aerobic exercises and neuromuscular
electrical stimulation (NMES). Aerobic exercise applied

as supervised single- right leg cycle training, at the
intensity of %50-65 maximal heart rate (HRax) for 10-
30 minutes. During the single-leg cycle training, the
perceived exertion level was in the range of 4-6
according to the modified Borg Scale. Oxygen
saturation and heart rate were monitored throughout
the session. Bilateral NMES (Cefar-COMPEX
Rehab400, Swiss) with bilateral electrode placement
on the quadriceps femoris under 35-60 Hz, symmetrical
biphasic square wave current wave, phase transition
time 8 seconds, active rest time at 15 seconds for 30
minutes was approached [17]. The patient did not
receive O, support during the PR sessions. The patient
was also encouraged to walk at least 10 minutes twice
a day except for PR days. The adherence to the
walking program was followed via an exercise diary. All
assessments were repeated after 8 weeks of the PR
program.

The patient attended 16 sessions in total and
adherence to the walking program was good according
to the exercise diary. No adverse event was observed
related to the intervention or assessments. The pre and
post-rehabilitation evaluations and changes of the
patient are given in Table 1. Small but promising
improvements were observed after 8 weeks of the PR
program in FEV1 %pred, FVC %pred, FEV1/FVC
%pred, DLCO, 6MWD, ISWT walking distance, ESWT
walking time, left and right quadriceps muscle strength,
mMRC Dyspnea scale score and FSS score. The
patient was given a home program to be followed at 3-
month intervals. The patient reported his satisfaction
level as 5 on a 1-5 Likert scale.

DISCUSSION

Symptoms such as shortness of breath, dry cough,
and exertional dyspnea are the reported manifestations
of the so-called Long COVID-19 Syndrome [2]. It is
generally accepted that pulmonary fibrosis is a
complication of Long COVID-19 Syndrome. Many
pharmacological treatments including high-dose
prednisone and N-acetyl-cysteine and antifibrotics have
been questioned for post-COVID fibrosis with limited
evidence [6, 18]. Therefore, rehabilitation becomes
even more important.

Rehabilitation plays a crucial role in managing
COVID-19 patients, with a focus on respiration and
functionality, and therefore the importance of
establishing treatment strategies to ensure optimal
recovery of these patients has been emphasized.
Rehabilitation improved respiratory functions, exercise
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Table 1:

Pre- and Post-PR Assessments of the Patient with Post-COVID Fibrosis

Pre PR

Post PR

A (%)

Spirometry and DLCO

FEV1 % pred: 70.1%
FVC % pred: 64.7%
FEV1/FVC% pred: 112.2%

FEV1 % pred: 84.3%
FVC % pred: 91.2%
FEV1/FVC % pred: 112%

FEV1 % pred: 20.25% 1
FVC % pred: 40.95% 1
FEV1/FVC % pred: 0.17%?1

DLCO: 49% DLCO: 58% DLCO: 18.36% 1

6MWT 437 m 470 m 7.55% 1
A Heart rate (beat per minute) 16 13 18.7%1
A SpO2 (%) -1 0 100%1
A Dyspnea (mMBORG 0-10) 4 4 -

A Leg fatigue (MBORG 0-10) 3 3 -

Incremental shuttle walk distance 480 m 600 m 25% 1
Endurance shuttle walk time 10 min 15 sec 11 min 14 sec 9.59%1

) Right: 90.2 N Right: 134.6 N Right: 49.22% 1
Quadriceps muscle strength
Left: 85.8 N Left: 136 N Left: 58.51% 1
mMRC Dyspnea Scale 1 0] 100% |
FSS (total score) 32 29 9.38% |
LCADLS (total score) 11 8 27.27% |
VAS (during activity) 5 3 40% |

A: Difference between pre and post-PR assessments, FEV1: Forced Expiratory Volume in 1 sec, FVC: Forced Vital Capacity, DLCO: Diffusing Capacity of the Lung
for Carbon Monoxide, 6MWT: Six minutes Walking Test, mMRC: Modified Medical Research Council, FSS: Fatigue Severity Scale, LCADLS: London Chest

Activities of Daily Living Scale, VAS: Visual Analogue Scale.

endurance, self-care and psychological support in
activities of daily living in patients with COVID-19 in the
acute and post-acute periods [19]. It has been reported
that physical activity recommendations should be
clarified for managing symptoms associated with
prolonged COVID-19 Syndrome and for continuing
activities of daily living [20]. It has been stated that after
COVID-19 pneumonia, it is necessary to evaluate the
patient’'s physical functions long-term follow-up and
establish rehabilitation programs [21]. The importance
of being included in the rehabilitation program was
emphasized, especially for patients with post-COVID
fibrosis [5]. There is only one case study available in
the literature which reported an exercise-based PR for
a post-COVID fibrosis patient [8]. In the case study of
Choi et al. 10 sessions of PR program which includes
aerobic, strengthening and stretching exercises. It has
been reported that the patient cut off the oxygen
supplementation and complete the one-hour exercise
without oxygen on the 8th day and was discharged
after completing the 10-session program without any
activity limitations. The duration and intensity of the PR
were closed with our PR program. The strength training
was applied using electrical stimulation and aerobic
training was maintained as a single-leg cycle because
of the limitations in the lower extremities. In the current

case study, PR program consisted of breathing
exercises, single-leg cycling and NMES. Although we
also aimed to increase exercise capacity and muscle
strength, our program was containing different
methods. We observed that an individualized PR
program combined with antifibrotic therapy has the
potential to improve respiratory functions, exercise
capacity, muscle strength, dyspnea severity, fatigue
level, and participation in ADL in a patient with post-
COVID fibrosis. It is possible that the increase in
exercise capacity and respiratory functions that
occurred in the present study resulted in an
improvement in the mMRC dyspnea scale and less
dyspnea in activities of daily living.

In a case study of 68-years-old patient affected by
SARS-Cov-2 infection complicated by pulmonary
fibrosis treated with a combined high dose of
prednisone and N-acetyl-cysteine for one month [18]. It
was reported that FEV1 % pred increased up to 75% of
the predicted value (A=~ 17 % 1) whereas FVC
increased from 2.8 to 3.5 | (A= ~25 % 1). In our study,
we observed higher changes in FEV1 %pred and FVC
% pred with 8 weeks of combined antifibrotic therapy
and an individualized PR program. We think that the
effects of combined PR and medical treatment in post-



6 Global Journal of Respiratory Care, 2023 Vol. 9

Harputlu et al.

COVID fibrosis  should be  comprehensively
investigated in the future. Quadriceps muscle strength
was lower in our case due to the left knee
chondromalacia. After the individual PR program, there
was a greater increase in left quadriceps muscle
strength. With bilateral NMES, both quadriceps
muscles were loaded equally and the weak left
quadriceps muscle was strengthened more than the
right quadriceps muscle. Since the load required to
increase the maximum strength in weak muscles is
lower, this result in our study is compatible with the
literature [22].

It is not clear by which mechanisms COVID-19
infection causes pulmonary fibrosis, and it is not known
what will happen to patients who develop post-COVID
fibrosis in the future. Considering the patient's gains
with the individualized PR, we think that this case
report will be a guide for other prospective rehabilitation
studies. Patients with post-COVID fibrosis should be
included in comprehensive PR programs and should be
followed for the long term. We think that this case study
will be a guide for further prospective studies.

FUNDING

This research did not receive any specific grant
from funding.

REFERENCES

[1] Dennis A, Wamil M, Alberts J, Oben J, Cuthbertson DJ,
Wootton D, et al. Multiorgan impairment in low-risk
individuals with post-COVID-19 syndrome: A prospective,
community-based study. BMJ Open. 2021; 11(3): e048391.
https://doi.org/10.1136/bmjopen-2020-048391

[2] Humphreys H, Kilby L, Kudiersky N, Copeland R. Long
COVID and the role of physical activity: a qualitative study.
BMJ Open. 2021; 11(3): e047632.
https://doi.org/10.1136/bmjopen-2020-047632

[3] Venkatesan P. NICE guideline on long COVID. Lancet
Respir Med. 2021; 9(2): 129.
https://doi.org/10.1016/S2213-2600(21)00031-X

[4] Rai DK, Sharma P, Kumar R. Post covid 19 pulmonary
fibrosis. Is it real threat? Indian J Tuberc. 2020; 68(3): 330-3.
https://doi.org/10.1016/.ijtb.2020.11.003

[5] Funke-Chambour M, Bridevaux PO, Clarenbach CF, Soccal
PM, Nicod LP, Von Garnier C. Swiss Recommendations for
the Follow-Up and Treatment of Pulmonary Long COVID.
Respiration. 2021; 100(8): 826-41.
https://doi.org/10.1159/000517255

[6] Lechowicz K, Drozdzal S, Machaj F, Rosik J, Szostak B,
Zegan-Baranska M, et al. COVID-19: The potential treatment
of pulmonary fibrosis associated with SARS-CoV-2 infection.
J Clin Med. 2020; 9(6): 1917.
https://doi.org/10.3390/jcm9061917

[7] Cheng L, Tan B, Yin Y, Wang S, Jia L, Warner G, et al.
Short- and long-term effects of pulmonary rehabilitation for
idiopathic pulmonary fibrosis: a systematic review and meta-
analysis. Clin Rehabil. 2018; 32(10): 1299-307.
https://doi.org/10.1177/0269215518779122

8]

&l

[10]

(1]

2]

(3]

[14]

(18]

[16]

7]

(18]

[19]

[20]

[21]

Choi K, Kim M, Lee SM, Kim J. Exercise-based pulmonary
rehabilitation for a post-COVID-19 pulmonary fibrosis patient:
A case report. Medicine (Baltimore). 2021; 24: 100(47):
e27980.

https://doi.org/10.1097/MD.0000000000027980

Lee AL, Holland AE. Time to adapt exercise training
regimens in pulmonary rehabilitation--a review of the
literature. Int J Chron Obstruct Pulmon Dis. 2014; 10(9):
1275-88.

https://doi.org/10.2147/COPD.S54925

Jones S, Man WD, Gao W, Higginson IJ, Wilcock A,
Maddocks M. Neuromuscular electrical stimulation for muscle
weakness in adults with advanced disease. Cochrane
Database Syst Rev. 2016; 10(10): CD009419.
https://doi.org/10.1002/14651858.CD009419.pub3

ATS Committee on Proficiency Standards for Clinical
Pulmonary Function Laboratories. ATS statement: guidelines
for the six-minute walk test. Am J Respir Crit Care Med 2002;
166: 111-117.

https://doi.org/10.1164/ajrccm.166.1.at1102

Singh SJ, Morgan MD, Scott S, Walters D, Hardman AE.
Development of a shuttle walking test of disability in patients
with chronic airways obstruction. Thorax 1992; 47: 1019-
1024.

https://doi.org/10.1136/thx.47.12.1019

Revill SM, Morgan MD, Singh SJ, Williams J, Hardman AE.
The endurance shuttle walk: a new field test for the
assessment of endurance capacity in chronic obstructive
pulmonary disease. Thorax 1999; 54: 213-222.
https://doi.org/10.1136/thx.54.3.213

Bestall JC, Paul EA, Garrod R, Garnham R, Jones, PW,
Wedzicha JA. Usefulness of the Medical Research Council
(MRC) Dyspnoea scale as a measure of disability in patients
with chronic obstructive pulmonary disease. Thorax. 1999;
54(7): 581-586.

https://doi.org/10.1136/thx.54.7.581

Dittner AJ, Wessely SC, Brown RG. The assessment of
fatigue: a practical guide for clinicians and researchers. J
Psychosom Res. 2004; 56, 157-70.
https://doi.org/10.1016/S0022-3999(03)00371-4

Garrod, R., Bestall, J.C., Paul, E.A., Wedzicha, J.A., Jones,
P.W. Development and validation of a standardized measure
of activity of daily living in patients with severe COPD: the
London Chest Activity of Daily Living scale (LCAD). Respir
Med. 2000; 94, 589-596.
https://doi.org/10.1053/rmed.2000.0786

Akar O, Gunay E, Sarinc Ulasli S, Ulasli AM, Kacar E,
Sariaydin M et al. Efficacy of neuromuscular electrical
stimulation in patients with COPD followed in intensive care
unit. Clin Respir J. 2017; 11, 743-750.
https://doi.org/10.1111/crj.12411

Pezzuto A, Tonini G, Tammaro A, Laviano A, Salerno G,
Ciccozzi M. A COPD Patient Who Developed Pulmonary
Fibrosis Following COVID-19: A Case Study. Global Journal
of Respiratory Care. 2021; 7, 35-40.
https://doi.org/10.12974/2312-5470.2021.07.06

LI J. Rehabilitation management of patients with COVID-19:
Lessons learned from the first experience in China. Eur J
Phys Rehabil Med. 2020; 56(3): 335-8.
https://doi.org/10.23736/S1973-9087.20.06292-9

Agostini F, Mangone M, Ruiu P, Paolucci T, Santilli V,
Bernetti A. Rehabilitation settings during and after COVID-19:
An overview of recommendations. J Rehabil Med. 2021;
53(1): jrm00141.

https://doi.org/10.2340/16501977-2776

Paneroni M, Simonelli C, Saleri M, Bertacchini L, Venturelli
M, Troosters T, et al. Muscle Strength and Physical
Performance in Patients without Previous Disabilities
Recovering from COVID-19 Pneumonia. Am J Phys Med
Rehabil. 2021; 100(2): 105-9.
https://doi.org/10.1097/PHM.0000000000001641




Effects of An Individualized Pulmonary Rehabilitation Program in Post-COVID Global Journal of Respiratory Care, 2023 Vol.9 7

[22] American College of Sports Medicine. American College of 2009; 41(3): 687-708.
Sports Medicine position stand. Progression models in https://doi.org/10.1249/MSS.0b013e3181915670
resistance training for healthy adults. Med Sci Sports Exerc.

Received on 15-02-2023 Accepted on 30-03-2023 Published on 02-05-2023

DOI: https://doi.org/10.12974/2312-5470.2023.09.02

© 2023 Harputlu et al.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in
any medium, provided the work is properly cited.




