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Effect of pulmonary rehabilitation on patients with
acute COVID-19: a single-center case series
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The coronavirus disease 2019 (COVID-19) pandemic has been ongoing for more than 2 years. Many patients who recover from severe
acute respiratory syndrome coronavirus 2 infection continue to have aftereffects such as dyspnea and fatigue, which may lead to
functional decline. Therefore, the need for managing these symptoms using methods such as pulmonary rehabilitation (PR) has
emerged. The purpose of this study was to report the effectiveness of PR in five patients with acute COVID-19. PR was performed in
patients with persistent dyspnea and oxygen demand after COVID-19. All five patients were able to maintain an independent func-
tional status before COVID-19. However, after acute COVID-19, they were unable to walk independently and needed assistance for ac-
tivities of daily living due to dyspnea and fatigue. Therefore, they were referred to rehabilitation units, and PR was performed. The
modified Medical Research Council dyspnea scale, maximal expiratory pressure (MEP), 6-minute walking test, forced vital capacity,
and grip strength were assessed before and after PR, and the results were compared. After PR, the parameters improved, except for
the MEP in one patient (patient 3) and the grip strength in another patient (patient 4). After PR, two out of five patients returned to
work and the other three returned home. Therefore, we conclude that PR is necessary for patients with acute COVID-19 with activity
limitations.
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Introduction

Since the outbreak of coronavirus disease 2019 (COVID-19) in
2019, pandemic infection has been ongoing for more than 2 years.
It has been reported that many patients who recovered from severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion continue to have aftereffects even 3 to 4 weeks after the onset
[1,2]. This manifestation is called post-acute COVID-19 syn-

drome [1,2]. Dyspnea, fatigue, chest pain, and cognitive distur-

bances are common symptoms of post-acute COVID-19 syn-
drome, which lead to decreased exercise capacity, functional de-
cline, and thus, poor quality of life [ 3,4]. Since these aftereffects
persist, there are some reports on the effectiveness and necessity of
pulmonary rehabilitation (PR) [5]. Many patients were admitted
to our medical center because of SARS-CoV-2 infection, and some
experienced dyspnea and fatigue after acute treatment of SARS-
CoV-2 infection. Therefore, we report a case series of PR per-
formed in patients with acute COVID-19.
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Cases

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Seoul Medical Center (IRB No:
2022-08-002), and the requirement for informed consent
from the patient was waived by the IRB.

Among COVID-19-infected patients, PR was conducted on five
severe patients who needed oxygen therapy. The patients were di-
agnosed using polymerase chain reaction tests, and all of them
were treated with steroids, remdesivir (VEKLURY, Gilead Scienc-
es, Foster City, CA, USA), and oxygen therapy. Three participants
were treated with high-flow oxygen therapy, one of which was
placed on a mechanical ventilator for 21 days. The characteristics
of the five patients are shown in Table 1.

According to the medical records, all patients were able to main-
tain an independent functional status before COVID-19. Howev-
er, after acute COVID-19 and treatment, they were unable to walk
independently and needed assistance in activities of daily living
due to dyspnea and fatigue. Therefore, they were referred to the re-
habilitation units of our hospital and PR was performed.

At the time of transfer, chest computed tomographies of each
patient was taken and pulmonary fibrosis was found (Fig. 1). After
their transfer, 17 to 21 sessions of PR were provided at the Depart-
ment of Rehabilitation of Seoul Medical Center between March
2021 and February 2022. Four patients were hospitalized during
the PR sessions, and the other patient was treated in an outpatient
clinic. We used the following measurements to assess PR out-
comes: modified Medical Research Council (mMRC) dyspnea
scale, maximal inspiratory pressure (MIP), maximal expiratory
pressure (MEP), 6-minute walking test (6 MWT), forced vital ca-

Table 1. Patients' characteristics

pacity (FVC), and grip strength. These indicators were evaluated
and compared before and after the PR. The PR program com-
prised warm-up (5-10 minutes), main (30 minutes), and cool-
down (5-10 minutes) exercises. The main exercises included flexi-
bility exercise, inspiratory muscle strengthening, limb muscle
strength training, and aerobic exercise. Aerobic exercise was mainly
carried out as a treadmill exercise or cycle ergometer exercise. Aer-
obic exercise was performed at moderate intensity, targeting 60%
of the maximal heart rate. The modified Borg scale (MBS) mea-
sures dyspnea to assess the patient’s tolerance. When the MBS
score exceeded 3 points (i.e., moderate dyspnea), a short break was
taken. During PR, oxygen was supplied if necessary to maintain an
oxygen saturation above 90%. These all exercises were performed
by a more experienced physical therapist. One patient (patient 3)
did not require an oxygen supply during the first PR session. The
remaining four patients initially required 1 to S L/min of oxygen.
As the PR program progressed, the four patients who needed oxy-
gen supply could taper out oxygen. Oxygen saturation was well
maintained during the exercise without oxygen supply, and the pa-
tient’s dyspnea was tolerable. Subjective breathing difficulties were
evaluated using mMRC. The results of the mMRC scale improved
in all five patients after PR (Table 2 [6-8]). Among the three pa-
tients who started PR at mMRC level 4, two patients improved to
level 1, and one patient improved to level 2. The other two patients
started PR at mMRC level 3 and ended at level 2. MIP and MEP
tests were performed to evaluate respiratory muscle strength. After
PR, MIP and MEP results improved in all five patients, except for
the MEP value of one patient (patient 3). The 6 MW T was per-
formed to test endurance, and all five patients showed substantial
improvement in distance. The FVC of all five patients also im-
proved after PR. Grip strength was measured to determine the pa-
tients’ overall strength [9]. The grip strength of the four patients

Characteristic Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Age (yr) 74 60 55 65 64
Sex F M M M M
PR sessions 17 21 20 20 20
0, therapy (day) 46 17 27 31 52
Mechanical ventilator use ) () =) ) (+)
High-flow nasal cannula (day) 25 0 13 0 36
Start of PR until 0, cessation (day) 3 5 0 2 15
Length of stay in hospital (day) 76 46 30 61 74
Steroid use (day) 118 58 83 73 38

(+)
)

Hypertension
Diabetes mellitus

(+)
(+)

PR, pulmonary rehabilitation; O,, oxygen.
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Table 2. The change in various parameters after PR program

Parameter Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Before PR After PR Before PR After PR Before PR After PR Before PR After PR Before PR After PR
mMRC dyspnea scale 4 2 4 1 4 1 3 2 3 2
MEP (cmH,0) [6] 32(42.7) 49(645)  75(600) 86(69.4)  128(1000) 114 (89.1) 72(59.5) 103(85.8) 42(347) 83(68.6)
MIP (cmH,0) [6] 32(61.5) 53(98.1) 45 (47.9) 69 (73.4) 116 (119.6) 118 (121.5) 62 (66.0) 76 (81.5) 46(52.1) 86(91.5)
FVC (D) 1.59 (87.4) 2.35(90.0) 2.81(70.3) 470 (71.1) 3.81(76.4) 4.15(804) 2.76(70.1) 3.16(80.2) 3.12(78.0) 3.97 (89.6)
6 MWT (m) [7] 221(49.7) 265(59.6) 250 (46.5) 475(88.3) 467 (78.4) 540(90.6) 330(62.5) 440(83.3) 325(62.7) 450 (86.8)

Grip strength (kg) [8] 15.5(79.5) 18.0(92.3)  38.8(99.4) 420(107.7) 34.5(78.4) 455(103.3) 20.0(51.3) 19.0(48.7) 14.0(359) 200(51.2)

Values are presented as score only or data (% predicted).
PR, pulmonary rehabilitation; mMMRC, modified Medical Research Council; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; FVC,

forced vital capacity ; 6 MWT, 6-minute walking test.

ue

Fig. 1. Chest computed tomography of patient 2. (A) Axial view and (B) coronal view (before pulmonary rehabilitation [PR]).
Ground glass opacities and pulmonary fibrosis are present in both lungs. (C) Axial view and (D) coronal view (4-month follow-up
after PR). Ground-glass opacities and pulmonary fibrosis of both lungs decreased compared to panels A and B.
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increased after PR. Finally, after PR, two out of five patients re-
turned to work and the other three returned home.

Discussion

COVID-19 pneumonia causes pulmonary fibrosis [ 10], and PR
after pulmonary fibrosis helps reduce dyspnea, improve exercise
capacity, and improve the quality of life [11]. Since exercise also
works positively for the psychological, neurological, cardiovascular,
respiratory, musculoskeletal, and immune systems [12], PR may
also help the overall recovery of COVID-19 patients. Yet, the bene-
fits of PR, including improvement in dyspnea, exercise capacity,
and quality of life, are usually well described in chronic obstructive
pulmonary disease (COPD) [13]. However, the effectiveness of
PR for COVID-19 has not yet been clearly described. Currently,
there is no panacea for COVID-19; therefore, the importance of
adding PR to antiviral and anti-inflammatory drugs and symptom
control is emerging.

In our report, we evaluated the mMRC, MEP/MIP, 6 MWT,
FVC, and grip strength in five patients with acute COVID-19.
mMRC scale assessed the degree of subjective dyspnea. MEP/
MIP evaluated respiratory muscle performance [14,15], 6 MWT
tested endurance and FVC estimated lung function after pulmo-
nary fibrosis. Grip strength measured a patient’s overall strength,
including muscle mass and physical function [9]. The parameters
(mMRC, MEP/MIP, 6 MWT, FVC, and grip strength) improved,
except for the MEP in one patient (patient 3) and grip strength in
another patient (patient 4). For patient 3 whose MEP value did
not improve after PR, the initial MEP result before PR was already
100% of the expected value. In other words, there may have been
fewer opportunities for improvement. As the PR sessions pro-
gressed, dyspnea improved, as shown by improvement in the
mMRC scale. The oxygen demand also decreased. As dyspnea is
known to significantly impact the quality of life [3,16], it can be in-
ferred that the quality of life of patients who received PR has im-
proved. In addition, increased exercise capacity, indicated by im-
provements in the 6 MWT results, helped return to daily life. Even
after the end of the PR sessions, the patients continued to visit the
Department of Pulmonology and Rehabilitation Medicine for out-
patient treatment. Later, when tracking the medical records, all five
patients were found to have improved enough to experience no
problems in their activities of daily living. Based on our findings,
we suggest that PR may be helpful in treating COVID-19, as in
previous COPD studies.

This study had some limitations. First, patients’ underlying con-
ditions, such as preexisting respiratory disorder, comorbidity, pre-
morbid activity level, or smoking history, were not considered.
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Second, the number of PR sessions was different for each patient.
Therefore, it is difficult to propose a regular protocol for PR. Third,
the sample size is relatively small. Additionally, there was only one
intensive care unit case, and the disease level and severity level of
the participant group was not consistently controlled. Fourth,
there is a gender imbalance in the sample. Four of the five patients
were men, and only one woman was included. Finally, this study
can only be reported as a case series. Since COVID-19 has been a
pandemic, it was difficult to conduct this study as a case-control
study or randomized controlled trial due to the limited hospitaliza-
tion period and bed use.

In this study, we performed PR testing in patients with acute
COVID-19. After receiving PR, patients were able to return to
their daily lives with improved function. Therefore, we conclude
that intensive PR is necessary for patients with acute COVID-19
with activity limitations. In the future, large-scale studies compar-
ing PR groups to non-PR groups and follow-up studies on the
long-term prognosis of PR conducted in patients with acute

COVID-19 will be helpful.
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