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Abstract

This study assessed the efficacy of a pulmonary rehabilita-
tion (PR) on pulmonary and respiratory muscle function and
thickness of quadriceps femoris and diaphragm of patients with
post-COVID-19 syndrome. This series of cases followed nine
patients who performed PR twice a week for six weeks. Patients
received the following PR program: lung expansion therapy; res-
piratory muscle training; upper limb strength exercises; aerobic
exercises on a treadmill. After the program, we observed
increased peak expiratory flow (26.03%), forced vital capacity
(FVC) (7.14%), forced expiratory volume in the first second
(FEVy) (9.55%), and ratio between FEV/FVC (6.19%).
All parameters of respiratory muscle strength and endurance
were improved. Diaphragmatic thickening fraction and thickness
of quadriceps femoris also improved, whereas echo intensity
of quadriceps reduced. Thus, RP protocol improved pulmonary
function, respiratory muscle strength and endurance, and thick-
ness of diaphragm and quadriceps femoris, and reduced
echo intensity of quadriceps in patients with post-COVID-19
syndrome.

Introduction

Healthcare services strive to reduce COVID-19 mortality risk,
however, they need to develop strategies that promote physical
functional recovery and social reintegration of patients post-
COVID-19, such as pulmonary rehabilitation (PR) [1]. Long-term
follow-up studies observed persistent symptoms in patients with
post-COVID-19 syndrome, such as fatigue, dyspnea, impaired
pulmonary function, and physical and psychological alterations.
This syndrome also reduces functional capacity and health status
[2], even in non-hospitalized patients.

PR is essential for patients hospitalized for long periods in the
intensive care unit and under mechanical ventilation [3]. It may
also improve dyspnea, fatigue, respiratory function, anxiety,
depression, and quality of life of patients with post-COVID-19
syndrome [2]. The benefits of PR programs on respiratory symp-
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toms of patients with post-COVID-19 syndrome are still poorly
described in the literature. Therefore, this study aims to evaluate
the efficacy of a PR protocol on pulmonary and respiratory muscle
function of patients with post-COVID syndrome [1] and ultra-
sound evaluation of diaphragm and quadriceps femoris.

Case Reports

This series of cases followed nine patients with different
degrees of COVID-19 pulmonary involvement, according to chest
computed tomography (CT) [4]. Patients presented respiratory
complaints of post-COVID-19 syndrome, such as: dry cough, dys-
pnea and chest pain [5] and participated in a PR program between
May and September 2021. The study was conducted according to
the Declaration of Helsinki and approved by the human research
ethics committee of the Health Sciences Center of Federal
University of Paraiba (number 4.867.074). All patients signed the
informed consent form.
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nasal swab for COVID-19. She did not need to be hospitalized and
received guidance on social isolation. After recovering from
COVID-19, he continued to complain of chest pain and fatigue,
seeking PR.

Case #4

A 49-year-old male, with a BMI of 47.2 kg/m? and a patholog-
ical history of diabetes mellitus. On May 9, 2021, presented the
following symptoms: dry cough, fever, fatigue, body aches, diar-
rhea, dyspnea, where went to the emergency room, underwent a
chest CT that showed pulmonary impairment of more than 50%
and a positive nasal swab for COVID-19. He was admitted to a pri-
vate hospital for three days, using low-flow oxygen therapy
through a nasal cannula and non-invasive ventilation (NIV), and
was not referred to physical therapy. After recovering from
COVID-19, he continued to complain of dyspnea on exertion and
pain in the lower limbs, seeking PR.

Case #1

A 56-year-old female, with body mass index (BMI) of 31.3
kg/m? and a pathological history of thyroid cancer and fibromyal-
gia. On April 7, 2021, presented the following symptoms: dysp-
nea on exertion, cough, anosmia and ageusia, where went to the
emergency room, underwent a chest CT that showed a 40% pul-
monary impairment and a positive nasal swab for COVID-19.
She did not need to be hospitalized and received guidance on
social isolation. After recovering from COVID-19, she continued
to complain of chest pain, dyspnea on medium exertion and dry
cough, seeking the PR.

Case #2

A 74-year-old male, with a BMI of 27 kg/m? and a pathological
history of arterial hypertension. On February 25, 2021, presented
the following symptoms: dry cough, fever, tiredness, body pain,
diarrhea and dyspnea, with this he sought the emergency room,
underwent a chest CT that showed a pulmonary impairment of
25% and the positive nasal swab for COVID-19. He was admitted
to a public hospital for 8 days, used low-flow oxygen therapy
through a nasal cannula and was referred to physical therapy at
hospital discharge. After recovering from COVID-19, he contin-
ued to complain of chest pain, dyspnea on minimal exertion and
dry cough, seeking PR.

Case #5

A 54-year-old female, with a BMI of 36.1 kg/m? and a patho-
logical history of arterial hypertension. On February 27, 2021, pre-
sented the following symptoms: dry cough, fever, fatigue, asthenia,
pain in the body and throat, headache, dyspnea, anosmia, ageusia
and chest pain, where went to the emergency room, underwent a
chest CT that showed pulmonary involvement of more than 50%
and a positive nasal swab for COVID-19. She was admitted to a
public hospital for 19 days, using high-flow oxygen therapy with
oxygen rebreathing mask. After hospital discharge, she was not
referred to physical therapy and upon recovering from COVID-19,
she continued to complain of dyspnea on exertion and chest pain,
seeking PR.

Case #6

A 52-year-old female, with a BMI of 32.1 kg/m? and a patho-
logical history of arterial hypertension. On April 3, 2021, presented
the following symptoms: headache, fatigue and dyspnea, where
sought the emergency room, underwent a CT scan of chest that
showed pulmonary involvement of more than 15% and a positive
nasal swab for COVID-19. She was admitted to a public hospital
for 5 days, using low-flow oxygen therapy. After hospital dis-
charge, she continued to complain of chest pain, fatigue and dysp-
nea on minimal exertion, seeking the PR.

Case #3

A 48-year-old female, with a BMI of 35.8 kg/m? and a patho-
logical history of endometriosis, depression, anxiety, panic syn-
drome and arterial hypertension. On May 13, 2021, presented the
following symptoms: dry cough, fever, fatigue, pain and discom-
fort in the body, diarrhea, headache, dyspnea, anosmia, ageusia and
chest pain, where went to the emergency room, underwent a chest
CT that showed a pulmonary impairment of 30% and a positive
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Case #7

A 30-year-old male, with a BMI of 27.1 kg/m? and a patholog-
ical history of revascularization in the right lower limb. On June
28,2021, presented the following symptoms: fever, dry cough and
dyspnea, where sought emergency care, performed a chest CT that
showed pulmonary involvement of more than 60% and a positive
nasal swab for COVID-19. He was admitted to a public hospital
for 9 days. After hospital discharge, he was not referred to physical
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therapy and upon recovering from COVID-19, he continued to
complain of dyspnea on exertion, seeking the PR service.

Case #8

A 52-year-old female, with a BMI of 28.5 kg/m? and patholog-
ical history of removal of the module in the right breast, former
smoker and undergoing varicose vein surgery. On July 11, 2021,
presented the following symptoms: headache, fatigue and dyspnea,
where he went to the emergency room, underwent a chest CT that
showed a pulmonary impairment of 10% and a positive nasal swab
for COVID-19. She was admitted to a private hospital for 10 days,
using low-flow oxygen therapy resources. After being discharged
from the hospital, she remained with the complaint of dyspnea on
exertion and fatigue, seeking PR.

Case #9

A 60-year-old male, with a BMI of 25.2 kg/m? and a patho-
logical history of lymphoma with lymph node emptying. On
August 5, 2021, presented the following symptoms: fever, dry
cough, headache, pain in the body and dyspnea, where looked for
the emergency room performed a chest CT that showed pul-
monary impairment of more than 50% and a positive nasal swab
for COVID-19. He was hospitalized for 5 days in a private hos-
pital, using low-flow oxygen therapy resources with oxygen
rebreathing mask and NIV. After hospital discharge, he was
referred to physical therapy and upon recovering from COVID-
19, he continued to complain of dyspnea on exertion and short-
ness of breath, seeking PR.

Intervention

All patients completed the PR program, performed twice a
week for six weeks. Pulmonary and respiratory muscle function

Table 1. Cardiopulmonary rehabilitation protocol.

Initial assessment

and ultrasound of diaphragm and quadriceps femoris were before

and after the six weeks of rehabilitation. Patients received the fol-

lowing rehabilitation program (Table 1):

a) Initial and at six-week assessment of pulmonary function, res-
piratory muscle function, and diaphragmatic and quadriceps
femoris ultrasound:

Pulmonary function: patients performed at least three maneu-
vers seated, with a nose clip, and mouthpiece coupled to the mouth
[6]. Patients were instructed to perform maximal inspiration to
total lung capacity, followed by forced maximal and continuous
expiration for six seconds until residual volume. Forced expiratory
volume in the first second (FEV),), forced vital capacity (FVC),
FEV//FVC ratio, and peak expiratory flow (PEF) were included
for analysis [7].

Respiratory muscle function: MIP, sustained maximal inspira-
tory pressure (SMIP), and fatigue resistance index (FRI) were
assessed using an electronic device (KH2; PowerBreathe
International Ltd., UK) with Breath-Link software. Patients were
seated with arms supported and nose clip to prevent air leakage.
During MIP assessment, patients were instructed to expire to resid-
ual volume and perform a maximum inspiration for as long as pos-
sible. Maximum inspiration values were ignored when less than
1.5 s. The test was repeated three to eight times for a variation of
less than 10% between repetitions. We considered the highest
value measured for analysis [8]. Respiratory muscle endurance
was assessed using SMIP. Patients were instructed to sustain max-
imum inspiratory pressure for at least one minute using an initial
load of 10 cmH,O0. If sustained, patients should rest for one minute
and perform a new sustained maneuver with an increment of 10
cmH>O. The highest load sustained for at least one minute was
considered as SMIP value [9]. MIP was evaluated before (initial
MIP) and after the maximum incremental load (final MIP) to ver-
ify muscle fatigue. The ratio between final and initial MIP was
defined as FRI. Respiratory muscle endurance was reduced when
FRI was <88% [10].

Ultrasound of diaphragm and quadriceps femoris: diaphrag-
matic thickening fraction (TF) was obtained using ultrasound
(Mindray, model DP30; Sao Paulo, Brazil) and a linear transducer
placed between eighth and ninth intercostal spaces and anterior
and midaxillary lines (apposition zone). Images were acquired in
B-mode to identify the diaphragm followed by M-mode [11]. TF

Pulmonary and respiratory muscle function and diaphragmatic and quadriceps ultrasound.

Lung expansion therapy - EPAP Charge EPAP (5 to 20 cmH,0) pressure increase according to the modified Borg Scale (0-10) between
4 and 6.
Volume 3 sets of 2 min with a 1 min rest interval.
Inspiratory muscle training - threshold Charge 40% of PIM in the 1%t, 2" and 3 weeks.
50% of PIM in the 4th | 5t and 6t weeks.
Volume 3 sets of 10 reps.
Strengthening exercises of the upper limbs ~ Charge Initial load: 50% of the load obtained in the incremental test of upper limbs.
Load increase according to modified Borg Scale (0-10), between 4 and 6.
Volume 3 sets of 1 min.
Treadmill Charge 60% to 70% of the maximum HR obtained in the exercise test in the 15, 2nd and 3" weeks.
70 to 80% of the HR obtained in the exercise test in the 4, 5 and 6t weeks.
Modified Borg scale (0-10) between 4 and 6.
Volume 10 to 20 min.

Reassessment after 6 weeks Pulmonary and respiratory muscle function and diaphragmatic and quadriceps ultrasound.

COVID-19, coronaviruses; EPAP, positive airway expiratory pressure; MIP, maximum inspiratory pressure; HR, heart rate.
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was calculated considering inspiratory and expiratory thickness
obtained from functional residual capacity:

TF = (inspiratory thickness — expiratory thickness) /
expiratory thickness x 100

The transducer was placed perpendicular to the limb, two-
thirds between the anterior superior iliac spine and lateral condyle
of the knee [12]. Ultrasound coupling gel was applied to minimize
the distortion caused by underlying tissues [13]. Thickness of rec-
tus femoris (RF) and vastus intermedius (VI) were assessed by the
same evaluator in the lateral view of the thigh with minimal pres-
sure on the skin. The same positioning and points were assessed
before and after pulmonary rehabilitation. This measure has high
intra- and inter-examiner reliability [14].

Four analyzes were performed in each image from the right
thigh of patients:

i) lateral image, transducer positioned perpendicular to the limb
and two-thirds between anterior superior iliac spine and lateral
condyle of the knee;

i) anterior image, total thickness of quadriceps femoris with trac-
ing from the highest point of the femur to the end of the rectus
femoris fascia;

iii) anterior image, thickness of VI was measured from the highest
point of the femur to the end of muscle thickness; whereas for
RF, the straight line starting at the central point and with a
straight line (muscle fascia was excluded in both measure-
ments);

iv) anterior image for region of interest (ROI), positioned by the
square method in the most voluminous region of RF muscle for
echo intensity analysis.

Echo intensity was analyzed using grayscale analysis after
determining ROI, a reliable method for analyzing skeletal muscles
(11,14). ROI (50 mm of height and width) was determined in the
most voluminous region of muscles according to muscular archi-
tecture of patients. Values were given in pixels by the grayscale
histogram analysis (0 corresponded to black and 255 to white), and
highest values indicated possible muscle infiltration and myofibril
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depletion. Images were analyzed using Image J software (NIH,

Bethesda, MD), and each pixel was equivalent to 1 mm [14].

b) lung expansion therapy using expiratory positive airway pres-
sure (EPAP), performed in 3 sets of 2 min with a rest interval
of 1 min between them, starting with a positive expiratory end
pressure (PEEP) at 5cmH,0, increment of ScmH,O in each
session, up to a maximum PEEP of 20cmH,0O, maintaining a
score between 4 and 6 on the modified Borg Perceived Effort
Scale. All patients at the end of the rehabilitation program were
able to reach the maximum pressure of the EPAP device.

¢) inspiratory muscle training using the threshold valve for 3 sets
of 10 repetitions with a load of 40% of the maximum inspira-
tory pressure (MIP), maintained in the first three weeks and
increased to 50% of the IMP in the last three weeks of the pro-
gram [15].

d) upper limb strength exercises with anterior elevation of shoul-
ders for 3 sets of 1 min and rest interval of 1 min between sets,
with an initial load of 50% of the maximum load obtained in
the incremental test of the upper limbs and increment of the
weight of 0.5 kg according to a score between 4 and 6 on the
modified Borg Perceived Effort Scale [16].

e) aerobic exercises on a treadmill, using the staggered protocol
with a steady state of 60 to 70% of the heart rate (HR) obtained
in the effort test in the first three weeks and increment to 70 to
80% in the last three weeks [3].

Patients were continuously monitored through measurements
of respiratory rate (RR), heart rate (HR), peripheral oxygen satura-
tion (SPO,) and the Borg’s perceived exertion scale during assess-
ments and PR. One patient presented SPO, of <88% while using
the treadmill during the first two rehabilitation sessions and needed
low-flow supplemental oxygen at 2L/min in the nasal cannula.

Results

Table 2 shows the mean and standard deviation of the assess-
ment of respiratory muscle function and kinesiological ultrasound of

Table 2. Baseline and reassessment after six (6) weeks of respiratory muscle function, kinesiological ultrasound and pulmonary function

in the nine cases included.

Respiratory muscle function

MIP (cmH,0) 84.18+27.15 113.58+31.02
MSIP (cmH;0) 35.55+22.16 68.88+15.23
FRI (%) 0.87+0.12 1.03+0.17
Kinesiological ultrasound
Diaphragmatic TF (%) 32.78+10.79 35.88+12.65
Special VI (mm) 13.9+2.2 15.0+2.4
Eco. VI (AU) 47.53£15.13 40,23+11.89
Special RF (mm) 15.7£2.5 16.8+1.8
Eco. RF (AU) 68.36:£20.31 53.07+15.34
Special Q (cm) 30.9+4.5 31.8+4.4
Pulmonary function test
PEF (%) 41.84+12.51 67.87+12.90
FLC (%) 55.10£17.72 62.24+13.65
FEV; (%) 66.85+21.18 76.40+13.60
FEV/FLC (%) 85.71+7.48 91.90+8.86

MIP, maximum inspiratory pressure; MSIP, maximum sustained inspiratory pressure; FRI, fatigue resistance index; SD, standard deviation; TF, diaphragmatic thickening fraction; special VI, thickness of the vastus
intermedium; Eco. VI, ecointensity of vast intermediate; special RF, thickness of the rectus femoris; eco. RF, ecointensity of rectus femoris; special Q, quadriceps thickness; UA, arbitrary units; PEF, peak expiratory
flow; FLC, forced vital capacity; FEVy, forced expiratory volume in the first second; FEV/FLC, forced expiratory volume in the first second/forced vital capacity.
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the diaphragm and femoral quadriceps and the percentage values of
the pulmonary function test at baseline and after six weeks of PR
(Table 2). Regarding respiratory muscle function, we can observe
that all parameters of respiratory muscle strength and endurance
improved after PR. Mean of the maximal inspiratory pressure (MIP)
increased by 29.4 cmH,O after six weeks of rehabilitation [8].
Regarding sustained maximal inspiratory pressure (SMIP) [9] we
observed an increase of 33.33 ¢cmH,O in the mean sustained load,
with the lowest non-baseline sustained load of 10 cmH,O (patient
#5) and the highest sustained load of 90 cmH,O at the end of six
weeks (patient #7). The mean fatigue resistance index (FRI) [10] of
patients changed from values representing reduced FRI=0.87 for the
general population to a value considered normal, FRI=1.03, at the
end of six weeks. With regard to kinesiological ultrasound of the
diaphragm and femoral quadriceps, the pulmonary rehabilitation
program decreased echo intensity of vastus intermedius (VI) by (7.3
AU) and of rectus femoris (RF) (15.29 AU) and increased mean
thickening fraction (TF) of diaphragm by 3.1% and the thickness of
VIin 1.1 mm of RF in 1.1 mm and quadriceps femoris in 0.9 mm
(Table 2) (11-14). In this same Table 2, comparing the percentage
values of peak expiratory flow (PEF), forced vital capacity (FVC),
forced expiratory volume in the first second (FEV,) and FEV,/FVC
obtained at baseline and after six weeks of the pulmonary recovery
program [7]. After the PR program, we observed a mean increase of
26.03% of PEF, 7.14% of FVC, 9.55% of FEV, and 6.19% in
FEV,/FVC ratio compared to baseline.

Discussion

We presented nine cases of patients with different COVID-19
severity (according to chest tomography) and sequelae post-
COVID-19. PR was conducted to reverse respiratory sequelae,
such as dyspnea on exertion, dry cough, chest pain, and fatigue.
Our patients showed promising results in pulmonary function, res-
piratory muscle strength and endurance, and diaphragmatic and
peripheral ultrasound after a six-week PR program. These results
are important with regard to PR in this population [2,17].

A considerable proportion of patients with post-COVID-19
syndrome have reduced lung function and diffusing capacity asso-
ciated with the severity of the disease in the acute phase [18].
Lewis et al. observed a trend of worsening pulmonary function in
critically ill but not in non-critically ill patients. Moreover, authors
suggested patients who recover without orotracheal intubation or
positive pressure ventilation are more likely to return to pre-infec-
tion diffusion capacity values [18].

In all our patients, after six weeks of rehabilitation, we
observed improvement in lung volumes and capacities. Our find-
ings corroborate the studies of Liu ef al. [2] and Chikhanie et al.
[19], who showed significant gains in pulmonary function of
patients post-COVID-19 after rehabilitation. We suggest that lung
expansion therapy using EPAP associated with other interventions
applied during our rehabilitation program significantly improved
outcomes in this population.

Our patients improved respiratory muscle strength and
endurance (expressed by MIP and SMIP and FRI, respectively).
This may be due to respiratory muscle training (RMT), an impor-
tant respiratory muscle reconditioning strategy that positively
impacts respiratory muscle strength and endurance [20] and corre-
lates with PEF [21,22]. It is important to highlight that RMT and
aerobic and endurance training probably favored these gains.
Crimi et al. evaluated the effects of PR in 25 patients with chronic
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obstructive pulmonary disease (COPD) using ultrasound of
diaphragm and quadriceps. They described this test as adequate to
assess PR and accurate to predict the response to therapy [23].

Ultrasound analysis of quadriceps femoris indicated increased
thickness of VI, RF, and quadriceps and reduced echo intensity of
VI and RF. To date, there are few studies that have evaluated the
effects of PR in patients with post-COVID-19 syndrome; Menon et
al. [24] evaluated quadriceps on the dominant side of 45 patients
with COPD and 19 healthy individuals using ultrasound before,
during, and after an eight-week high-intensity knee extensor resist-
ance training. Authors observed that serial ultrasound measure-
ments of quadriceps detected changes in muscle mass of patients
with COPD in response to resistance training [24].

Conclusion

PR based on rehabilitation principles reduced echo intensity of
quadriceps and improved pulmonary function, respiratory muscle
strength and endurance, and thickness of diaphragm and quadri-
ceps femoris in patients with post-COVID-19 syndrome.
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