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Methods: This trial will be a multicentric randomized sham-controlled, double-blinded parallel phase
2 superiority trial. Patients admitted to the hospital with moderate to severe COVID-19, who develop
PCS, will be allocated to intervention and sham groups in a 1:1 ratio. They will be assessed for dyspnea
through the 6-minute walk test (6(MWT) for three months.
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Conclusion: To our knowledge, no previous published literature tested the same intervention array as

this study. Thus, the study assesses the possible impact of the proposed intervention to improve dysp-

nea among patients with PCS.

Keywords: COVID-19, Post-COVID Syndrome, Post-acute COVID, Long COVID, Neuromuscular

Electrical Stimulation, Dyspnea.

DOI: http://dx.doi.org/10.21801/ppcrj.2022.83.1

Introduction

The Coronavirus-2 (SARS-CoV-2) or Corona-
virus disease 2019 (COVID-19) outbreak was consid-
ered a Global Pandemic by the World Health Organi-
zation (WHO) by March 2020 (WHO, 2020). Cur-
rently, 501 million people worldwide have been in-
fected and almost 6.2 million died due to severe acute
respiratory syndrome Coronavirus 2 (WHO, 2020).

Beyond the short-term consequences of the mor-
bimortality of the virus, long-term sequelae were also
identified. Post-COVID Syndrome (PCS), also known
as post-acute COVID or long COVID, is an emerging
health challenge. PCS is defined as the permanence or
development of symptoms four weeks or more after
the onset of infection (Centers for Disease Control
and Prevention [CDC], 2021) and it has been seen to
affect up to 80% of COVID-19 patients, based on
global data (Cabrera Martimbianco et al., 2021). PCS
has been associated with long-term multiorgan impair-
ments involving the respiratory, cardiac, neurological,
digestive, and musculoskeletal systems (Burgess et al.,
2021). A recent meta-analysis reported that PCS usu-
ally manifests as fatigue, shortness of breath, cough,
anxiety, depression, and psychological distress. Dysp-
nea is the most common long-term residual phenom-
enon (Morin et al., 2021; Huang et al., 2020).

Dyspnea can be defined as a "subjective experi-
ence of breathing discomfort that consists of qualita-
tively distinct sensation that varies in intensity" (Amet-
ican Thoracic Society [ATS], 1999). The mechanism
for developing dyspnea in patients with PCS is not well
understood. However, it is hypothesized that organ
damage, sepsis complications, muscle deconditioning,
dysautonomia, and exercise hyperventilation are po-
tential causes (CDC, 2021).

PCS management and prevention pose a severe
public health challenge, especially as new COVID var-
iants arise. To date, physical therapy is the standard
care for patients with PCS, and no conclusive recom-
mendations have been provided to support other non-
pharmacological interventions for this condition. In
addition, it has been hypothesized that Neuromuscular

Electrical Stimulation (NMES) is a safe and effective
non-pharmacological intervention for improving mus-
cle weakness in different pulmonary diseases (Minetto
etal., 2021).

NMES consists of the application of small inter-
mittent electrical stimuli to the skin above skeletal
muscles to generate involuntary muscle contractions
by excitation of motor nerves. Its benefits for PCS pa-
tients are due to the maintenance of blood flow, reduc-
tion of edema (Burgess et al., 2021), strengthening of
the muscles, and prevention of muscle atrophy caused
by extended hospital bed rest, among other complica-
tions (Burgess et al., 2021). Systematic reviews have
shown that NMES added to standard care is more ef-
fective than standard care alone in preventing Inten-
sive Care Unit (ICU)-acquired muscular weakness
(Maftiuletti et al., 2013) and in improving quality of life
(QoL) in individuals with chronic respiratory illness
(Valenza et al., 2017).

Of note, knowledge around this new condition is
still evolving, and interventions to reduce PCS impact
are limited and inconclusive. Hence, we seek to opti-
mize patient care with cost-effective, easy-to-use tools.

Thus, the present study's primary objective is to
compare the efficacy of NMES plus physical therapy
against sham procedure plus physical therapy in im-
proving dyspnea, measured by the 6-minute walk test
(6MWT). During three months, the focus will be on
patients admitted to the hospital with moderate to se-
vere COVID-19 disease and who developed PCS. The
secondary objective is to compare the efficacy between
the groups measured by additional pulmonary function

tests (PFT).
Materials and Methods

Trial Design

This will be a multicentric, randomized, sham-
controlled, double-blinded, parallel-group, phase 2 su-
periority study. Allocation will be in a 1:1 ratio between
intervention and sham groups.
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Study Setting

Due to the increased vaccination rate, hospitaliza-
tion incidence due to SARS-CoV-2 infection is ex-
pected to decrease. Therefore, to achieve our expected
sample size (N =444), we would need ten tertiary cen-
ters treating COVID-19 across the United States.
These centers must have facilities for physical therapy
and comply with US Food and Drug Administration
(FDA, 1999) approved NMES technology. Sites selec-
tion will be based on the patient's volume, structure,
and geographical distribution, along with the staff ex-
perience in treating disease, usage of NMES, and abil-
ity to comply with Good Clinical Practices.

Randomization

Randomization sequence generation

The randomization sequence will be generated
through a web-based system, allocating in a 1:1 ratio to
cither intervention or control group using block ran-
domization stratified by site.

Randomization - Allocation concealment

Allocation sequences will be implemented using
computer-generated codes, which will be released once
the trial ends. The allocation sequence will be blinded
to the health care provider but not to the physical ther-

apist (PT).

Randomization - Implementation

Blinded site staff will enter patients' information
into the database and the randomization process will
begin. The system will send each randomization num-
ber to a healthcare provider who will provide the treat-
ment, not being responsible for assessing the out-
comes. A blinded trial coordinator will be informed of
participant enrollment and will assign the itinerary for
PT/nurses' visits.

Blinding

Trial participants, outcome assessors, data manag-
ers, and biostatisticians will be blinded. The PT re-
sponsible for administering both NMES and sham
NMES will be unblinded. Unblinded PT will apply the
electrodes to the participants, set up the NMES device
for the required current intensity (intervention or con-
trol), cover the equipment screen with curtains, and
leave the room. A blinded PT will then enter the room.
During the electrical current application, the blinded
staff will stay in the room in case of discomfort or need
assistance. Both blinded and unblinded PTs will be
trained to keep the study blinding.

Participants from both groups will be scheduled
at different times of the day to avoid unblinding. Blind-
ing success will be assessed one month after the trial’s
onset through Bang’s index (Bang et al., 2004).

FEmergency unblinding

Trial subjects, PTs, and evaluating physicians will
be sent an email regarding the contact details for emer-
gency unblinding. In case of unblinding, the Institu-
tional Review Board (IRB) will be notified and the un-
blinding will be documented.

Emergency unblinding will occur in case of the
development of any critical and/or unstable medical
condition with potential contraindication for a 6MW'T
and/or NMES, as determined by the evaluating physi-

cian.

Inclusion Criteria

Age >18 years (1); confirmed initial SARS-CoV-
2 infection with a positive Reverse Transcription - Pol-
ymerase Chain Reaction test (2); patients with previous
moderate COVID-19 disease (defined as patients suf-
fering from fever, respiratory tract symptoms and im-
aging suggesting pneumonia) and those with previous
severe COVID-19 disease (Shortness of Breath, Res-
piration Rate >30, O2 saturation <93% at rest, Pres-
sure of Arterial Oxygen to Fractional Inspired Oxygen
Concentration <300 mmHg) (Shu et al., 2021), who
developed Post COVID dyspnea (new, or recurring
symptoms between 4 to 8 weeks after the initial infec-
tion, as per CDC definition) (CDC, 2021) (3).

Exclusion Criteria

Patients with previous mild (mild symptoms
treated in an outpatient) and critical COVID-19 infec-
tion (defined as those with respiratory failure and the
need for mechanical ventilation, shock, other organ
failure and need for ICU monitoring and treatment)
(Shu et al., 2021) (1); patients with a history of non-
reversible pre-existing respiratory conditions (i.e. pul-
monary fibrosis and Chronic Obstructive Pulmonary
Disease (COPD) (2); patients with contraindications to
NMES (uncontrolled arrhythmias, unstable angina, re-
cent myocardial infarction (MI), electrical devices such
as pacemakers, intracranial clips and total knee/hip re-
placement, lower limb malignancy, deep vein throm-
bosis and pregnancy (Bourjeily-Habr et al., 2002) (3);
patients with contraindications to the 6MWT (acute
MI, acute Pulmonary Embolism, decompensated
Heart Failure, acute myocarditis/pericarditis, disorders
that may affect exercise performance like Renal Failure
and thyrotoxicosis, severe hypoxia at rest, mental im-
pairment and patients with amputations or physical
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disability that prevents them from ambulating) (ATS,
2002) (4); patients with Body Mass Index = 35 (5); pa-
tients already enrolled in physical therapy (6).

Recruitment Strategy

Patients who meet the initial inclusion criteria
will be identified during their hospital admission or
post-admission follow-up visit.1

Patients will initially be screened via a telephone
call four weeks or more after their initial diagnosis of
SARS-CoV-2 infection. We will use the modified Med-
ical Research Council (mMRC) dyspnea scale score, a
validated tool to assess dyspnea in patients with
chronic pulmonary disease (Mahler & Wells, 1988). Pa-
tients will be excluded if unreachable after three at-
tempts.

Patients with a positive mMRC dyspnea scale
score will be considered for inclusion in the study. Af-
ter obtaining verbal consent, patients will be scheduled
for an initial visit at an outpatient clinic and undergo a
comprehensive medical evaluation to confirm eligibil-
ity. Patients will be screened for cardiac symptoms
prior to the beginning of the exercise program.

Once the inclusion and exclusion criteria are met,
the procedures and risks will be explained to the sub-
jects followed by a consent documentation signature.

Baseline testing will be obtained, including Chest
X-Ray, 6MWT, PFT, and initial physical therapy as-

sessment.

Adperence

Consistent with previous similar research (Bur-
gess et al., 2021) and to guarantee participants’ adher-
ence, a PT involved in the study will provide infor-
mation to the patient about the NMES device. The PT
administering the NMES will also set the device am-
plitude to a comfortable and pain-free level.

To enhance intervention adherence, text message
reminders will be sent the day before the session (spec-
ifying the session's place, date, and time). Furthermore,
participants will be provided with a phone number to
contact the PT if additional questions arise. All com-
munications with participants will be standardized to
maintain participant masking.

The nurse or PT will contact participants who
miss one session by phone. Reasons for not attending
will be collected, and the visit will be rescheduled.

To enhance data validity, adherence will be as-
sessed by reviewing the patient logbook containing in-
formation regarding the visits. Moreover, during the
intervention phase, patients will be questioned about
the reasons for non-adherence, including the

possibility of NMES dislike, dizziness, discomfort, and
pain, and responses will be documented.

Timeline

See Figure 1.

Interventions

30-minute NMES sessions will be held for three
months, three times a week, after participants have
completed 30-minute physical therapy sessions (Bour-
jeily-Habr et al., 2002). A PT will supervise the sessions
of both modalities. NMES devices in the selected fa-
cilities are portable, user-friendly, with dual-channel
stimulators, and comply with FDA regulations (FDA,
1999).

The intervention group will receive conventional
physical therapy offered by the unit's PT, including
stretching, straightening, and gait training according to
the patient's needs. After the 30-minute exercise ses-
sion, NMES will be applied in the central aspect of the
quadriceps muscles using self-adhesive, pre-gelled
5x5cm (2x2") square electrodes (Burgess et al., 2021).
The intensity will be adjusted to sensory tolerance with
a biphasic pulse of 50 Hz and a pulse duration of 400
ms of synchronous stimulation for 15 minutes, fol-
lowed by a 15 minutes break to avoid muscular fatigue.
After that, another 15 minutes of NMES will take
place, completing 30 minutes of NMES.

Control group: Patients in this group will also re-
ceive conventional physical therapy. After completing
30 minutes of exercise, sham NMES will be applied in
the same muscle distribution for 15 minutes, followed
by a 15 minutes break, after which NMES will be ap-
plied again, completing 30 minutes of sham NMES.
Sham NMES has the same appearance as NMES in the
intervention group, the only significant difference be-
tween groups being the device's setting. Current stim-
ulation will be set at 10mA, a frequency of 10 Hz, and
a pulse width of 350 us with possible sensation but no
visible muscle contraction (Burgess et al., 2021).

Modjfication/ discontinuation
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Database of patients with Covid-
19, admitted to the hospital

l

4 weeks after initial infection, pre-
screening phone call
Questionnaire by Garrigues)

l

Positive mMRC dyspnea scale +
verbal consent

l

&
Exclusion criteria

Patients are excluded
after 3 unsuccessful
attempts to be reached

(CXR, 6 min walk test, PFTs, initial

physiotherapy assessment)

l

Web-based
Randomization
(1:1)

NMES + Physical therapy
3x/week, for 3 months
(n=222)

Perform CXR, PFTs, 6 min
walk test, physiotherapy
assessment

Analysis of Primary &
secondary outcome

Figure 1. Strategic planning timeline

Developing sensitivity or skin irritation with the
self-adhesive electrodes is a reason to modify them
into carbon rubber electrodes.

The possibility of discontinuing treatment will be
considered in case of an electrical surge or shock due
to equipment malfunction (1); persistence of skin irri-
tation after electrode changing (2); symptoms worsen
after starting NMES (3); participants missing or unable
to complete more than three visits (4).

Outcomes

The primary outcome will be the difference in the
distance covered in 6GMWT from baseline to 3 months
between intervention and control groups.

Since the PFT would represent a composite of ex-
ams, this study opted for a functional test (6(MWT) as
the primary outcome to ensure a more straightforward
interpretation of the results, as the composite outcome
would add complexity to the statistical analysis. The
OMWT is a valid, simple, and widely used tool for
physical functional capacity in patients experiencing
respiratory disorders, being regulated by ATS (2002)
guidelines. Moreover, the distance measured in 6MW'T
provides a more objective result, decreasing the chance

First outpatient clinic visit, confirm eligibility
+ sign consent form. Baseline testing

Recruitment

Pre-intervention
assessment

Recruitment is
continuous, until
optimal sample size is
achieved (n=444)

Sham Therapy + Physical
Therapy 3x/week, for 3
months (n=222)

 — Randomization

Analysis

of bias in subjective measurements. Thus, the PFT will
be considered a secondary outcome.

The secondary outcomes are (1) dyspnea (meas-
ured by the modified Borg scale), (2) FEV1, (3) FVC,
(4) FEV1/FVC ratio (FEV1%), (5) DLCO and (6)
SpO2 during 6MWT. Based on those secondary out-
comes, the study will also measure the proportion of
participants presenting impairments in PFTs. To make
results more comparable, given the yet limited research
on PCS, the mentioned tests were chosen consistent
with other published research.

All outcomes will be measured during the baseline
visit and at the visit after three months of intervention.
All tests will be performed before the 6MWT, except
oxygen saturation, which will be measured during the
OMWT (ATS, 2002). The modified Borg scale will be
measured before and after the 6MWT (Borg, 1998).

Data Management

Data Monitoring
All materials collected are for research purposes
only. Data will be kept strictly confidential using
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= 4 weeks from
confirmed RT-PCR

Patients
who meet
the inclusion

Databases
of hospital
discharges

phone call screening L
criteria

l Enrolled participants

1
1
I Randomization
1
1
1
1
1

Screening visit

Baseline visit

Figure 2. Timeline of outcome measutements.

subject identification codes and imported into a Stata
dataset.

Data will be stored on a secure, password- and
firewall-protected server maintained by our study
group. Data will only be accessed by authorized study
personnel (data analysts, statisticians, and outcome as-
sessors) using encrypted, secure internet connections.
The paper questionnaires will be retained for 3 years
after the end of the study.

An ad-hoc independent Data and Safety Monitor-
ing Committee (DSMC) composed of five profession-
als with different expertise (biostatisticians, clinical
practitioners, and researchers with advanced clinical
trials competence) will be established. Experts will not
be related to the research in any other way, avoiding
conflict of interest.

Interim Analysis

Since our study will be conducted in a population
at elevated risk of severe health outcomes, an interim
analysis will be conducted when 50% of patients have
completed the follow-up. A statistician, blinded to
treatment allocation, will conduct the analysis and re-
port to the independent DSMC, thus having unblinded
access to all data. The primary outcome will be ana-
lyzed by the Pocock approach (Togo & Iwasaki, 2013).
The study will be stopped due to operational futility
(using symmetric stopping boundaries at P < 0.029).

Based on interim analyses results, the DSMC will
contact the Trial Steering Committee to terminate the
study if: NMES proves, according to the following in-
terim analysis plan, to be different beyond doubt from
the standard treatment for all or some types of partic-
ipants (1); any important safety issue arises that may
prompt the urge to terminate the study (2);

Sample Size Calculation

The sample size was estimated considering the ef-
fect size (distance improvement in 6MWT) of the ex-
isting literature. A difference of 26 meters was

Week0
Treatment starts

|

Week 12
Study ends

| Intervention Group: NMES + Physical Therapy 3 times a week |

| Control Group : Sham NMES + Physical Therapy 3 times a week |

Final visit

considered clinically significant (Puhan et al., 2011).
Although pathologies with pulmonary involvement
differ from those with a post-COVID syndrome, these
studies provide similar rationale upon pulmonary tests,
making their use for the sample size calculation in this
study plausible.

Seven studies were found in the literature that per-
formed 6MWT for COVID-19 patients and presented
results as continuous quantitative variables (Appendix
A); the mean distance was 514 meters with a Standard
Deviation (SD) equal to 87 (Strumiliene et al., 2021;
Salles-Rojas et al., 2021; Madrid-Mejia et al., 2021;
Huang et al., 2020; Morin et al., 2021; Huang et al.,
2021; Shah et al., 2020).

The dropout rate calculation was based on studies
evaluating NMES and 6MWT simultaneously (Appen-
dix B). Attrition rates were relatively high, ranging
from 0% (Valenza et al., 2018) to 30% (Bonnevie et al.,
2018). For this study, a dropout rate of 20% was con-
sidered based on the mentioned studies and the pro-
posed retention strategies.

To detect a difference of 26 meters between the
groups with 80% power and 0.05 significance level
(two-tailed) while assuming equal variances, 177 par-
ticipants per group will be required. Considering a 20%
withdrawal rate, we plan to recruit 444 participants.

Statistical analysis for primary and secondary outcomes

Continuous data will be expressed as mean and
SD or median and interquartile range, according to
normality. Normally distributed continuous variables
will be compared by linear regression, adjusted by the
site. To compare categorical data, the results will be
analyzed by logistic regression adjusted by site. Sub-
group analysis will be carried out according to
COVID-19 disease severity at patients’ enrollment.

The intervention arm (NMES + physical therapy)
will be compared against the control arm (sham
NMES + physical therapy) for the primary analysis,
which is defined as the difference in the distance
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achieved in 6MWT from baseline after three months
of intervention between groups. Being a parametric
continuous variable, it will be analyzed by an unpaired
t-test. For secondary outcomes, variables will vary ac-
cording to the measure. The variables and the statisti-
cal methods of each are described in Table 1.

Given the potential difference in patient out-
comes, a subgroup analysis will be carried out accord-
ing to the severity of COVID-19 disease prior to the
development of Post COVID dyspnea in each subject.

All analyses are based on the intention-to-treat
population. All calculations will be performed in
STATA 17.1 version.

Variable/Outcome Outcome Measure Type of Methods of

variable Analysis

*Measured at Baseline Visit (Week 0) and 3-month Visit (Week 12)

1) Primary

Functional test: distance in | Difference of distance in meters

Continuous Linear re-

6MWT after 3 months gression
2) Secondary
Subjective feeling of dysp- | Modified Borg Scale rating (continuous) Continuous Linear re-
nea gression
Pulmonary function test Volume at Forced expiratory volume at the first second (FEV1) in

liter

Volume at Forced Vital Capacity (FVC) in liter (continuous)

FEV1/FVC ratio (FEV1%)

% in diffusion capacity of the lungs for carbon monoxide (DLCO)
Functional test % of oxygen saturation (SpO2) during 6MWT
Impairment in pulmonary | Proportion of participants who achieve DLCO <80% Categorical | Logistic re-
function test gression

Proportion of participants who achieve FEV < 80%

Proportion of participants who achieve FVC <80%

Proportion of participants who achieve FEV1% <70%

Table 1. Variables, Measures and Methods of Analysis.



Missing Data

Complete-case analysis and multiple imputations
will be used to evaluate missing data. Given the ex-
pected high dropout rate (up to 20%), the validity of
the results will be assessed by a sensitivity analysis.

Discussion

This research proposal hypothesizes that NMES
could work as an add-on therapy to rehabilitate pa-
tients who experience dyspnea due to PCS, proved
by an improvement in the 6MWT. The recovery pro-
cess of patients who develop PCS is often complex
and challenging. Among the non-pharmacological
treatments available for the early rehabilitation of pa-
tients, NMES has been considered a promising ap-
proach for improving QoL, pulmonary function, and
ICU-acquired muscular weakness in individuals with
chronic respiratory illness (Maffiuletti et al., 2013).
Furthermore, it helps prevent muscle atrophy, im-
prove dyspnea, muscle strength, and function, main-
tain blood flow, and reduce edema (Burgess et al.,
2021).

In previous RCTs, NMES has shown to be a val-
uable, straightforward, and non-invasive adjunct
therapy to pulmonary rehabilitation for COPD pa-
tients (Bourjeily-Habr et al., 2002). It has also been
shown to improve physical and functional perfor-
mance in patients with pneumonia (Minetto et al.,
2021), and post-intensive care syndrome (Minetto et
al., 2021). However, no conclusive recommendations
have been provided to support NMES as a non-phar-
macological intervention for patients with PCS.

As a phase two trial, our study presents some
limitations. It has adopted narrow eligibility criteria
and excluded patients with critical COVID-19; even
though this increases the internal validity, it also lim-
its the generalizability of the findings. Due to the lack
of literature and the low number of ongoing trials on
the topic, defining minimal clinically significant dif-
ferences in the 6MWT for PCS was challenging. This
can impact the sample size calculation of the trial.
Physical therapy, the standard care for PCS, will not
be standardized for the study since patients with PCS
can present with different symptoms requiring indi-
vidualized physical therapy. Nevertheless, we decide
to blind participants, outcome assessors, data manag-
ers, and biostatisticians.

Despite the mentioned limitations, our study de-
sign and easy-measure outcomes make our study fea-
sible. Besides, NMES is an established rehabilitation
technique that enables easy incorporation into a pa-
tient's regular clinical care; its technical execution is
simple and makes its replicability easy to achieve by

PT. Additionally, there is no scientific evidence of ad-
verse effects and the patient's cooperation is minimal;
thus, it has a high adherence rate (Maffiuletti et al.,
2013).

Our study has the potential to prove that a low-
cost, innovative, non-pharmacological treatment can
improve PCS dyspnea as an add-on to the standard
of care. This can also aid in developing guidelines for
the optimal management of this population and shed
light on further investigation.

Trial Registration: A trial identifier and registry name
will be provided once the project is submitted to the in-
tended registry. To register the current prospective clinical
study of health outcomes using an applicable device, the
NIH's clinical trials dissemination policy will be followed
as it relates to the federal regulation (FDAAA Section 801
as implemented by 42 CEFR Part 11). The responsible party
for trial registration submission is Group 14 members.

Ethical Conflicts: Researchers must ensure that this
study is conducted according to the United States and in-
ternational standards of good clinical practice, applicable
government regulations, and institutional research policies
and procedures. Prior to conducting this research, this
protocol as well as any amendments must be approved by
the applicable IRB board. Overall, the potential risks as-
sociated with participation in the current study are low,
and no subjects will be asked to perform any tasks that
can result in physical harm.

Acknowledgments: We would like to acknowledge Dr.
Felipe Fregni and Alma Sanchez, for their encouragement,
constant support, and commitment to our learning. We
also appreciate N. Cardoso Silva, G.Faria Najas, &
L.Schertel Cassiano contribution to this work.

Conflicts of Interest: The authors have no financial or
personal conflicts of interest related to this protocol. All
authors approved the final version of this manuscript.

References

American Thoracic Society (1999). Dyspnea: mechanisms,
assessment and management. A consensus state-
ment. Am | Respir Crit Care Med, 159, 321-340.
https://doi.org/10.1164/ajrccm.159.1.ats898

American Thoracic Society (2002). ATS Statement:
Guidelines for the Six-Minute Walk Test. Am ]
Respir  Crit Care Med, 166, 111-117. doi
10.1164/trccm.166/1/111

Bang H, Ni L, Davis CE (2004). Assessment of blinding
in clinical trials. Control Clin Trials, 25(2),143-56.
doi: 10.1016/j.cct.2003.10.016. PMID: 15020033.

Bonnevie T, Gravier FE, Debeaumont D, Viacroze C,
Muir JF, Cuvelier A, Netchitailo M, Roy AL,
Quieffin J, Marques MH, Médrinal C, Dupuis ], Tar-
dif C (2018). Home-based neuromuscular electrical
stimulation as an add-on to pulmonary rehabilitation
does not provide further benefits in patients with

PPCRJ 2022, 8, 3

https://journal.ppcr.org/index.php/ppcrjournal/index



PPCR] 2022, 8, 3

27

chronic obstructive pulmonary disease: A multicen-
ter randomized trial. Arch Phys Med Rehabil, 99(8),
1462-1470.
https://doi.org/10.1016/j.apmr.2018.01.024

Borg, G (1998). Borg's perceived exertion and pain scales.
Human Kinetics.

Bourjeily-Habr G, Rochester CL, Palermo F, Snyder P,
Mohsenin V (2002). Randomised controlled trial of
transcutaneous electrical muscle stimulation of the
lower extremities in patients with chronic obstructive
pulmonary disease. Thorax, 57(12), 1045-1049. doi:
10.1136/thorax.57.12.1045

Burgess LC, Venugopalan L, Badger ], Street T, Alon, G,
Jarvis JC, Wainwright TW, Everington T, Taylor P,
Swain ID (2021). Effect of neuromuscular electrical
stimulation on the recovery of people with COVID-
19 admitted to the intensive care unit: A narrative re-
view. ] Rehabil Med, 53(3).
http://doi.org/10.2340/16501977-2805.

Cabrera Martimbianco AL, Leite Pacheco RL, Bagattini
AM, Riera R (2021). Frequency, signs and symptoms,
and criteria adopted for long COVID-19: A system-
atic review. Int J Clin Pract, 75(10). doi:
10.1111/ijcp.14357

Centers for Disease Control and Prevention (2021). Post-
COVID conditions. https://www.cdc.gov/corona-
virus/2019-ncov/long-term-effects.html

Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, Kang L,
Guo L, Liu M, Zhou X, Luo J, Huang Z, Tu S, Zhao
Y, Chen L, Xu D, Li Y, Li C, Peng L, ... & Cao B,
(2021). 6-month consequences of COVID-19 in pa-
tients discharged from hospital: a cohort study. Lan-
cet, 397(10270), 220-232.
https://doi.org/10.1016/S0140-6736(20)32656-8

Huang Y, Tan C, Wu J, Chen M, Wang Z, Luo L, Zhou
X, Liu X, Huang X, Yuan S, Chen C, Gao F, Huang
J, Shan H, Liu J (2020). Impact of coronavirus dis-
ease 2019 on pulmonary function in early convales-
cence phase. Respir Res, 21(163), 1-10.
https://doi.org/10.1186/s12931-020-01429-6

Madrid-Mejia W, Gochicoa-Rangel L, Pérez Padilla JR,
Salles-Rojas A, Gonzalez-Molina A, Salas-Escamilla
I, Durin-Cuellar A, Silva-Cerén M, Guzmian-
Valderrabano C, Lozano-Martinez L (2021). Im-
provement in Walking Distance Lags Raise in Lung
Function in Post-COVID Patients. Archivos de
Bronconeumologia.  https://doi.org/10.1016/j.ar-
bres.2021.04.027

Maffiuletti NA, Roig M, Karatzanos E, Nanas S (2013).
Neuromuscular electrical stimulation for preventing
skeletal-muscle weakness and wasting in critically ill
patients: a systematic review. BMC Med, 11(1), 1-10.

Mahler DA, Wells CK (1988). Evaluation of clinical meth-
ods for rating dyspnea. Chest, 93(3), 580-586.
https://doi.org/10.1378/chest.93.3.580

Minetto MA, Dal Fior S, Busso C, Caironi P, Massazza G,
Maffiuletti NA, Gamna F (2021). Effects of neuro-
muscular electrical stimulation therapy on physical
function in patients with COVID-19 associated

pneumonia: Study protocol of a randomized con-
trolled trial. Contemp Clin Trials Commun, 21.
https://doi.org/10.1016/j.conctc.2021.100742

Morin L, Savale L, Pham T, Colle R, Figueiredo S, Harrois
A, Gasnier M, Lecoq AL, Meyrignac O, Nicolas N,
Baudry E, Bellin MF, Beurnier A, Choucha W, Cot-
ruble E, Dortet L, Hardy-Leger 1, Radiguer F, Spor-
touch S,...Monnet X (2021). Four-month clinical
status of a cohort of patients after hospitalization for
COVID-19.  JAMA, 325(15), 1525-1534.
http://doi.org/10.1001/jama.2021.3331

Puhan MA, Chandra D, Mosenifar Z, Ries A, Make B,
Hansel NN, Wise RA, Sciurba F, National Emphy-
sema Treatment Trial (NETT) Research Group
(2011). The minimal important difference of exercise
tests in severe COPD. Eur Respir J, 37(4), 784-790.
doi:10.1183/09031936.00063810

Salles-Rojas A, Guzman-Valderrabano C, Madrid WA,
Gonzalez-Molina A, Silva-Cerén M, Rodriguez-
Hernandez C, Salas-Escamilla I, Castorena-
Maldnado A, Lépez-Garcia CA, Torre-Bouscoulet L,
Gochicoa-Rangel L (2021). Masking the 6-Minute
Walking Test in the COVID-19 Era. Ann Am

Thorac Soc, 18(6), 1070-1074.
https://doi.org/10.1513/AnnalsATS.202009-
1088RL

Shah AS, Wong SW, Hague CJ, Murphy DT, Johnston JC,
Ryerson CJ, & Carlsten C (2020). A prospective
study of 12-week respiratory outcomes in COVID-
19 related hospitalisations. Thorax, 76, 402-202.
https://doi.org/10.1183/23120541.00243-2021

Shu L, Wang X, Li M, Chen X, Ji N, Shi L, Wu M, Deng
K, Wei J, Wang X, Cao Y, Yan J, Feng G (2021).
Clinical characteristics of moderate COVID-19 pa-
tients aggravation in Wuhan Stadium Cabin Hospital:
A 571 cases of retrospective cohort study. | Med Vi-
rol, 93(2), 1133-1140.
https://doi.org/10.1002/jmv.26414

Strumiliene E, Zeleckiene I, Bliudzius R, Samuilis A,
Zvirblis T, Zablockiene B, Strumila A, Gruslys V,
Malinauskiene L, Kasiulevicius V, Jancoriene L
(2021). Follow-up analysis of pulmonary function,
exercise capacity, radiological changes and quality of
life two months after recovery from SARS-CoV-2
pneumonia. Medicina, 57(6), 568.
https://doi.org/10.3390/medicina57060568

Togo K, Iwasaki M (2013). Optimal timing for interim
analyses in clinical trials. Journal of biopharmaceuti-
cal statistics, 23(5),1067-1080.
https://doi.org/10.1080/10543406.2013.813522

US. Food and Drug Administration (1999). Guidance
Document for Powered Muscle Stimulator 510(k)s.
https:/ /www.fda.gov/files/medical%20de-
vices/published/Guidance-for-Industry--FDA-Re-
viewers-Staff-and-Compliance---Guidance-Docu-
ment-for-Powered-Muscle-Stimulator-
510%28k%629s-%28PDF-Version%29.pdf

Valenza MC, Torres-Sanchez I, Lépez-Lopez L, Cabrera-
Martos I, Ortiz-Rubio A, Valenza-Demet G (2018).



PPCR] 2022, 8, 3

28

Effects of home-based neuromuscular electrical
stimulation in severe chronic obstructive pulmonary
disease patients: a randomized controlled clinical
trial. Eur | Phys Rehabil Med, 54(3), 323-332. Doi:
10.23736/81973-9087.17.04745-1.

World Health Organization (2020). Coronavirus Disease
(COVID-19) pandemic.
https://www.who.int/emergencies/diseases/novel-
coronavirus-2019



