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Abstract

Introduction: Pediatric kidney transplantation is an im-
portant therapeutic option to improve life expectancy
and quality of life in this population. However, several
aspects related to the functionality of children with
chronic kidney disease are not fully recovered after the
procedure. Telerehabilitation exercise programs can be
an alternative to help in this regard. Objective: Outlines
the protocol of a clinical trial that aims to evaluate the
effect of a telerehabilitation exercise program on the
physical conditioning of children and adolescents with
kidney transplants. Methods: This is a protocol of a
randomized clinical trial. Post-kidney transplant patients
aged 6-18 years, randomized into intervention group
(IG) and control group (CG), will undergo follow-up
via telerehabilitation for six weeks. The IG will perform
guided exercises through a previously scheduled video
call. The CG will also receive a video call and perform
simple ventilation exercises. The primary outcome is
exercise capacity. The secondary outcomes are quality
of life, peripheral muscle strength, and inflammatory
and biochemical profile. Discussion: Given the physical
deconditioning found in this population, an exercise
program may help in the rehabilitation process after
the procedure. In addition, we will be able to verify if a
telerehabilitation tool is a valid strategy for this ap-

proach.
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Resumo

Introducéo: O transplante renal pedidtrico é uma importante
opgéo terapéutica para melhorar a expectativa e a qualidade
de vida dessa populagdo. Entretanto, vdrios aspectos rela-
cionados a funcionalidade de criancas com doenca renal cré-
nica ndo sdo totalmente recuperados apds o procedimento.
Programas de exercicio fisico via telerreabilitacédo podem ser
uma alternativa para auxiliar nesse sentido. Objetivo: Apre-
sentar o protocolo de um ensaio clinico randomizado que
visa avaliar o efeito de um programa de exercicio fisico
realizado através de telerreabilitagdo de criancas e adoles-
centes transplantados renais. Métodos: Trata-se do proto-
colo de um ensaio clinico randomizado. Pacientes pds-trans-
plante renal com idade entre 6 e 18 anos, randomizados
em grupos intervengdo (Gl) e grupo controle (GC), serdo
acompanhados via telerreabilitacdo por seis semanas. O Gl
realizaré exercicios guiados por meio de videochamada
previamente agendada. O GC também receberd videocha-
mada e realizaréd exercicios ventilatérios. O desfecho primério
é a capacidade de exercicio. Os desfechos secundarios s&o
qualidade de vida, forca muscular periférica e perfil infla-
matdrio e bioquimico. Discussdo: Dado o descondiciona-
mento fisico encontrado nesta populacdo, um programa
de exercicio fisico pode auxiliar no processo de reabilitacdo
apbs o procedimento. Além disso, serd possivel verificar se
a ferramenta de telerreabilitagdo é uma estratégia vélida para

esta abordagem.

Palavras-chave: Adolescente. Crianca. Exercicio. Telerreabi-

litagdo. Rim transplantado.

Introduction

Globally, chronic kidney disease (CKD) is becoming
a critical disease due to its exponential increase in re-
cent decades and represents the irreversible stages of
renal failure, where patients require dialysis or a kidney
transplant."? Kidney transplantation is considered an
important therapeutic option for individuals with CKD,
however, despite excellent results in renal function,
several aspects related to the functionality of children
with CKD are not fully recovered after the procedure.®*
In these children, the risk of physical deconditioning
is high, and few studies on physical activity have been
found.>®

Carbonera RP et al.

FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

Bonzel et al.? found a significant reduction in maxi-
mal oxygen consumption (VO, max) and maximal physi-
cal performance (Wmax) in transplanted children when
compared to healthy individuals. They also found that
the VO, max of transplanted patients was signifi-
cantly higher than patients on hemodialysis, however,
without reaching normal values. These results showed
that even after kidney transplantation, these children
still have impaired exercise ability. Corroborating these
findings, Painter et al.'® tested 25 pediatric kidney
transplant recipients and 15 pediatric dialysis patients
(nine children in the dialysis group received kidney
transplants and were retested). No improvement in any
measures was observed from pre- to post-transplant
except for a significant increase in percent fat, which
negatively affected the change in muscle strength
and maximum oxygen uptake (VO,peak). All subjects
were physically inactive, with less than 10% of the non-
school time being physical activity participation. The
authors concluded that pediatric patients with CKD
have low exercise capacity, are physically inactive and
gain significant fat weight following the transplant.

Akber et al.2 measured the level of physical activity
in children and young adults with CKD. They evalu-
ated 44 patients 7 - 20 years of age. Physical activity
was measured for seven days using pedometers;
physical performance was measured by the 6-minute
walk distance (6MWD); and physical functioning de-
termined by the Pediatric Quality of Life Inventory
(PedsQL). Participants walked 6,218 (interquartile ran-
ge, 3,637; 9,829) steps per day, considerably less than
recommended, and the authors concluded that in
most participants with CKD physical activity was con-
siderably below recommended levels.

Few studies using exercise programs or physical
activities were found for this population. Lubrano et
al.”" evaluated the amount of weekly physical exer-
cise that could affect cardiorespiratory fitness and left
ventricular mass in children after successful kidney
transplantation. The study was conducted in 16 children
after kidney transplantation and 36 corresponding
healthy controls. Four groups were formed according
to the weekly amount of physical exercise; all chil-
dren underwent an echocardiogram and a treadmill
exercise test according to Bruce's protocol. The au-
thors concluded that, in children with successful kid-
ney transplantation, physical exercise of 3 to 5 hours
per week improved significantly the cardiorespiratory

Fisioter Mov. 2025;38:€38102 2



fitness and left ventricular mass. Another study recen-
tly carried out by Abd-Elmonem et al."? investigated,
through a randomized clinical trial, the effects of pro-
gressive resistance exercises on quality of life and
functional capacity in pediatric patients with CKD. Thirty-
two children with chronic kidney disease from both
genders, ages ranging from 8 to 12 years, were allo-
cated randomly into two groups: standard medical
care and exercise groups. After protocol, the authors
concluded that progressive resistance exercises con-
tributed to improving quality of life and functional ca-
pacity in pediatric patients with chronic kidney disease.
Recently, Janaudis-Ferreira et al.”® published a lite-
rature review where they emphasize the importance
of exercise training for the population, including pe-
diatrics, pre- and post-transplantation of solid organs.
They reinforce that exercise training should include a
combination of aerobic, resistance, and flexibility ac-
tivities, with individualized supervision based on the
underlying pathology, age, and particularities of each
child. They concluded that it is necessary to optimize
adherence to exercise programs, thus increasing the
body of evidence in the population of children and
adolescents. Furthermore, in these children, the risk
of physical deconditioning is high, as parents and the
patients themselves may have the false impression
that they cannot engage in physical activities due to
the conditions associated with transplantation and its
therapy. Both children with chronic kidney disease and
those who have undergone kidney transplantation
seem to constantly suffer from various physical and
psychological consequences related to the therapies
used, reducing the patient's quality of life."*'>
Additionally, the COVID-19 pandemic triggered a
global health crisis where sedentary behavior, stress,
overweight, and obesity are expected to worsen, fur-
ther deteriorating the physical deconditioning of this
population. As an alternative to assist patients during
the isolation period, the Federal Council of Physio-
therapy authorized telemonitoring services.’® Telere-
habilitation is a technological tool that is helping to
improve the health of children worldwide, providing
the possibility of in-patient and outpatient care, edu-
cating professionals/patients and conducting research,
as-sisting in emergencies and disasters, and providing
access to pediatric care for remote and underserved
populations.'”” Studies using this approach have de-
monstrated success in areas such as neonatology,'®
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intensive care medicine,'?

ophthalmology screening
for retinopathy in prematurity,?° monitoring of chronic
diseases such as asthma?' and diabetes,?? outpatient

care,?® and education,®

among others. This type of
follow-up can be an ally in maintaining the physical
capacity of these patients. However, information about
exercise/physical activity programs after kidney trans-
plantation in the pediatric population is limited, and
when it comes to telerehabilitation in this population,
the information is null. Given this, the present study
outlines the protocol of a clinical trial that aims to
evaluate the effect of a telerehabilitation exercise pro-
gram on the physical conditioning of children and
adolescents with kidney transplants. Research question:
Could a telerehabilitation exercise program improve
the physical conditioning of children and adolescents
after kidney transplantation?

Methods
Study design, participants, and sampling

The study design is a randomized clinical trial fol-
lowing the Consolidated Standards of Reporting Trials
(CONSORT) recommendations.?> Children and adoles-
cents aged 6 to 18 years post-kidney transplantation
who are being followed in an ambulatory setting at a
reference hospital for pediatric kidney transplantation
will be potentially eligible to participate in the study.
All children followed in the ambulatory setting, with a
medical indication for inclusion in the physical activity
program, will be invited to participate in the study. Re-
cruitment will occur between August 2022 and August
2024. The study is in the data analysis phase.

Ethical procedures

The study and the informed consent form obtained
ethical approval from the Research Ethics Committees
of the Santa Casa de Misericérdia de Porto Alegre
and the Universidade Federal de Ciéncias da Saude
de Porto Alegre (CAAE: 54458521.0.0000.5335) under
opinion number 5.222.251. The study was registered
in the Brazilian Registry of Randomized Clinical Trials
(ReBEC) under the registration number RBR-5gmé5y8.
All participants will be asked to sign the informed
consent form prior to participation in the study.
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Inclusion criteria

Children and adolescents post-renal transplantation
(1 month to 1-year post-transplant), aged between 6
and 18, of both genders, capable of performing the
proposed tests and procedures, and with access to a
digital device that enables teleconference contact will
be considered.

Exclusion criteria

Children and adolescents with associated diseases
such as heart diseases, myopathies, and neurological
or orthopedic diseases, which limit exercise will be
excluded. Also, recipients of multiple organ transplants
and patients with significant immunosuppression that
contraindicates physical exercise are ineligible. Pa-
tients with cognitive difficulties in understanding and
performing tests and those who refuse to participate
will also be excluded.

Sample size calculation

A total sample was required to detect an effect size
of f = 0.25, power of 80%, and significance of 5% with
two groups and two evaluations, resulting in 17 patients
in each group. Adding 15% for possible losses to follow-
up, 19 patients were required in each group. The sample
was calculated using the G*Power 3.1.9.7 software.

Randomization

After defining eligible participants, participants will
be randomized to either the intervention group (IG)
or control group (CG). Participants will be randomly
assigned through a list generated by validated soft-
ware (random allocator), in random blocks of four. Ran-
domization will be conducted by the responsible re-
searcher (JLL), without contact with the evaluation and

recruitment of patients.
Masking/blinding

Due to the nature of the intervention, the partici-
pants cannot be blinded. The researcher who will per-
form the initial and final evaluations, as well as the one
who will analyze the obtained data, will be blinded to
the groups to which the participants are assigned.
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Variables and instruments

Variables and instruments for the study include a
collection of identification data; anthropometric mea-
sures; assessment of peripheral muscle strength (man-
ual dynamometry) and functional capacity (Incremental
Shuttle Walk Test - ISWT); and PedsQL. In addition, re-
sults from routine laboratory tests will be collected
through the electronic medical record.

Study logistics

The program will be developed twice a week for 6
weeks, totaling 12 sessions, lasting 20 to 30 minutes
each. At the end of the 12 sessions, patients in both
groups will be re-evaluated according to baseline
tests. The platform used for the counseling sessions
will be the WhatsApp application, which is widely
disseminated in the population and free of charge.
Figure 1 is a flow chart for the selection, interventions,
and follow-up.

In the baseline evaluation, participants and their
guardians will be informed that they will receive a text
message from a researcher via WhatsApp to inform
them which group they have been allocated to, and the
first session will be scheduled during this contact. The
researcher responsible for the initial contact will keep
track of the patient during the 12 exercise sessions. In
case of unexpected events, participants may reschedule
the session once more, provided it is in the same week,
for better control. Standard ambulatory medical care will
be maintained, with no differences between groups.

The exercise prescription will be based on the sa-
me principles for healthy children and adults, including
the duration and type of physical activity, as well as
the frequency and intensity of the exercises, according
to the guidelines of the American College of Sports
Medicine.?® The exercises will be performed twice a
week with a minimum interval of 48h between sessions.
For strength training (anaerobic), the exercises will be
performed freely, against gravity, or using elastic bands
(mini bands) provided by the researchers. Depending
on the child's tolerance to exercise, each series will be
performed with 8 to 10 repetitions, gradually increasing.
After the initial evaluation, the exercises will be perfor-
med at home and supervised through telerehabilitation
by professionals previously instructed by the research
team to ensure the uniformity of the training program.
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Acceptance to participate
in the study: randomization

[ Intervention group ]

First contact

Baseline
assessment

Physical exercise
guided by
telerehabilitation

For 6 weeks - twice
a week (duration 20
to 30 minutes)

[ Reassessment ]

After 6 weeks
of training

Standard

medical care

[ Control group ]

Baseline
assessment

Simple ventilation
exercises guided by
telerehabilitation

Standard

medical care

[ Reassessment

Figure 1 - Flow chart of selection, interventions and follow-up.

Each session will consist of progressive resistance
exercises. Resistance will be gradually increased in three
phases. During phase one (first week), the intensity of
the elastic band used will be light. In phase two (sec-
ond week), the subsequent intensity elastic band will
be used. During the third phase (last two weeks), the
band intensity will increase to the next stage. If the
child is unable to perform the activity, they will return
to the previous elastic band. For aerobic training, the
limit between 40% (moderate activity) and 60-80%
(intense activity) of the maximum heart rate, measured
through a pulse oximeter, will be respected. The par-
ents or guardians of the research participant will also
be instructed on how to measure heart rate during the
activities for greater control. The aerobic activities will
consist of stationary running and jumping during the
warm-up phase. The physical activity program regimen
is described in Table 1.

Carbonera RP et al.

During the baseline and final tests, as well as during
the counseling sessions, the routine medications used
by each patient will be maintained. These will be re-
corded on the evaluation form, and any adverse events
will be reported to the Institutional Review Board.
After 12 sessions, a reassessment of both groups will
be conducted, scheduled via text message, and taking
care to ensure the date coincides with the ambulatory
medical appointment of that period, thus avoiding
additional travel costs to the ambulatory clinic.

Intervention group

All patients in the IG will receive a home-training
program based on activity plans standardized and
individualized to each child’s age. In addition, each child
will be evaluated at the baseline of the study and the end
of the training.

Fisioter Mov. 2025;38:€38102 5



FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

Table 1 - Physical activity program regimen

Intervention group

Age

6-12 years old*

13-18 years old**

Warm-up

Jump
Static running

Jump or jumping jacks
Static running

Physical activities

No charge

Simon says “get up/duck” or jumping jacks
Chair squat
Plantar flexion
Unilateral stiff (each leg)
Bridge exercise

With elastic band (green, yellow or blue)

Elbow flexion
Horizontal arm flexion
Plantiflexion (unilateral, sitting, knee extended)
Unilateral hip extension (each leg)
Unilateral hip abductor (each leg)
Chair squat (no charge)
Bridge exercise (no charge)

Stretching 30" each muscle 30" each muscle
Latissimus dorsi Latissimus dorsi
Adductor longus Adductor longus
Wrist flexors 30 Quadriceps femoris
Wrist extenders Musculi cervicales
Wrist flexors
Wrist extenders
Control group***
Age 6-12 years old 13-18 years old

Standard interview

How are you today?
Any complaints of pain?
Are you still taking your medications? Any
modifications?

When will your next doctor appointment be?

Shall we start our activities?

How are you today?
Any complaints of pain?
Are you still taking your medications? Any
modifications?
When will your next doctor appointment be?
Shall we start our activities?

Breathing exercises

Deep breathing or inspiration in three times

Deep breathing or inspiration in three times

Note: *Warm-up time and number of repetitions increasing every 2 weeks; time: 20-30 minutes. **Warm-up time, number of repetitions and color of

the elastic band increased every 2 weeks; time: 20-30 minutes. *** Number of repetitions increasing every 3 weeks; time: 5-10 minutes.

IG will perform guided exercises through a previ-
ously scheduled video call twice a week conducted by
a trained researcher. IG's protocol will consist of a warm-
up through aerobic activity (jumping, stationary mar-
ching), peripheral muscle training/flexibility exercises,
and final stretches for the lower and upper limbs. The
anaerobic training for the lower limbs and upper limbs
will be performed, with or without weights, through
elastic bands that will be provided by the researchers
and returned at the end of the study. At the end of the
session, stretches for the neck, lower limbs, and upper
limbs will be performed and held for 20 to 30 seconds.

Control group
CG will also receive a video call conducted by a

trained researcher, twice a week, in which they will only
be instructed about the importance of physical activity

Carbonera RP et al.

and will perform simple ventilation exercises (short sets
of six to eight repetitions). As well as in IG, each child will
be evaluated at the baseline of the study and the end of
the training.

Assessment of outcomes and control of adherence

The primary outcome is exercise capacity. The se-
condary outcomes are quality of life, peripheral muscle
strength, and inflammatory and biochemical profile.

The baseline evaluations will be repeated at the end
of the training program. Anthropometric measurements
will be performed with a previously calibrated scale and
stadiometer. Exercise capacity will be measured through
the distance covered in the ISWT, and peripheral
muscle strength through manual dynamometry using
the handgrip dynamometer (Jamar®). Quality of life
will be evaluated through the validated PedsQL for
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the Portuguese language. The inflammatory and bio-
chemical profile will be shown by comparing the pa-
tient's routine laboratory exams before and after the
physical activity program, accessed through the elec-
tronic medical record. Adherence will be verified by the
number of sessions held. The researcher who applies
the protocol is responsible for recording adherence. In
addition, patients are given a diary to record training
days.

Plans to promote participant retention and complete
follow-up

Prior to providing consent, participants will be
informed that they have the option to withdraw from
the study at any point without needing to provide a
reason. Should they decide to withdraw, there will be no
further communication from the study team, including
any follow-up questionnaires. All data that has already
been collected will be used in the analysis, and objec-
tive screening data will continue to be gathered as it
does not require direct contact with the participant.
Participants who choose to withdraw also have the
right to request the removal of all their previously
provided data, unless their data has already under-
gone processing and analysis. In such cases, any un-
processed data that has not been used in an analysis
at the time of withdrawal will be securely deleted,
and their data will be excluded from the final analysis.

Data management and statistics

The data will be collected, managed, and stored
in a Microsoft Excel spreadsheet software database,
accessible only to authorized and trained researchers.
All paper-based data will be directly entered into Excel
and securely stored in a locked file. Access to all data will
be limited to researchers listed in the ethical approvals.

Descriptive statistics (mean + standard deviation or
median [q1, q3] as appropriate) will be used to describe
study participants. Groups will be compared at each
time point (chi-square test - categorical or Student's
test - continuous variables) to examine differences in
outcome changes. Group (intervention/control) and time
(baseline, after program training) are within-repeated
measure factors, with age and sex as covariates. Con-
founding will be controlled with logistic regression and
multiple linear regression models.

Carbonera RP et al.
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Oversight and monitoring

The coordinating center will be responsible for the
day-to-day operation of the trial (JLL, RPC, and CDG).
The study coordinator (JLL) and the principal inves-
tigator (RPC) will oversee the study's execution and
administrative responsibilities (e.g., ethical approvals
and protocol maintenance), identification and address-
ing of general practices, participant recruitment, data
collection, verification and management, randomiza-
tion, intervention delivery, and study budget mainte-
nance. Additionally, the coordinating center will orga-
nize meetings, draft study reports, and prepare manu-
scripts.

A trial steering committee (AAL, ACSS, KLR, RPC,
and JLL) has been established to provide expert ad-
vice and oversight, ensuring the study is conducted in
accordance with standard requirements. The steering
committee is responsible for overseeing the final pro-
tocol adherence and reviewing the study's progress
throughout.

This study is conducted on patients with CKD after
kidney transplantation, and the intervention itself carries
relatively low risk. We do not anticipate significant
adverse effects arising from the study itself. Therefore,
we have decided not to have a separate data monitor-
ing committee. Study supervision will be managed by
the trial steering committee.

All protocol deviations will be reported to the study
coordinator and principal investigator (RPC and JLL),
who will assess their severity. Deviations considered to
significantly affect the rights of a study participant or
the reliability and robustness of data generated in the
clinical trial will be reported. When non-compliance
significantly impacts participant protection or result
reliability, a root cause analysis will be conducted, and a
corrective and preventive action plan will be prepared.
Protocol deviations or serious violations that identify
protocol-related issues will prompt a review and, if
necessary, modification of the protocol.

The researchers at the coordinating center will meet
with the principal investigator at least once a week to
discuss and review the study's progress. The principal
investigator may be contacted for immediate adver-
se event notification. Progress will be reported to the
ethics committees every six months. This study will be
conducted according to the current version of the
protocol. Any changes to the protocol document or
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informed consent form that impact scientific intent,
study design, participant safety, or the willingness of a
participant to continue in the study will be considered,
written and filed as an amendment to this protocol
and/or informed consent form. All such amendments
will be submitted to the research ethics committees
for approval before implementation.

The results of this research will be presented at
conferences and published in peer-reviewed journals.
The principal investigators of the study are primarily
responsible for publishing the study's results.
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