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RESUMO

O transplante pulmonar (TP) objetiva aumentar a sobrevida e melhorar a
qualidade de vida de pessoas com doenca pulmonar avancada. Entretanto, o
paciente submetido ao TP pode incorrer com reducdo da massa muscular e
capacidade fisica em decorréncia da imobilidade e limitagbes estruturais
impostas pela doenca. A estimulacao elétrica de corpo inteiro (EECI) pode ser
uma alternativa para reduzir o impacto negativo do imobilismo e otimizar o
processo de reabilitacdo. O objetivo do estudo foi avaliar os efeitos da EECI
sobre a forca muscular de membros inferiores e mortalidade em pacientes pés
TP. Para isso, foi realizado um ensaio clinico randomizado unicego, no qual 0os
pacientes foram randomizados imediatamente apds o TP para o grupo controle
(GC - fisioterapia convencional) e grupo intervencdo (Gl - fisioterapia
convencional mais EECI). As intervencbes comecaram apos a extubacdo do
paciente transplantado até a alta hospitalar ou no maximo por 15 dias (uma
sessdao/dia). Ambos os grupos foram avaliados antes do TP para forca muscular
geral e especifica dos membros superiores e inferiores, forca pulmonar
respiratoria e arquitetura muscular. Apds o TP, para a forca muscular geral, forca
muscular respiratoria, arquitetura muscular e dano muscular. Ao final dos
protocolos, todos os testes foram mensurados novamente. O desfecho
mortalidade foi monitorado 30, 60 dias e 1 ano ap6s o TP, e o tempo de
internacdo hospitalar foi registrado. Vinte e nove pacientes participaram do
estudo, com média de idade GI: 52,7 + 13 e CG: 54.9 + 11.8 anos. Ocorreu uma
predominancia de pacientes com depressdo e ansiedade no Gl (p=0,050).
Observou-se maior preservacao no Gl em relacéo a forca isométrica do musculo
guadriceps e a espessura muscular avaliada por ultrassonografia, embora sem
diferencas estatisticas entre os grupos. A forca muscular global aumentou
significativamente ao longo do tempo em ambos os grupos (p=0,000), mas néo
entre os grupos (p=0,308). A forca muscular respiratéria apresentou um
comportamento de reducdo apos a extubacdo e um aumento gradual ao final dos
protocolos, com diferenca dentro dos grupos (p=0,000). Em relacdo ao dano
muscular, ocorreu uma reducdo significativa em ambos 0s grupos para as

enzimas Creatina Quinase (p=0,000) e Lactato Desidrogenase (p=0,021). Foram



registrados 5 Obitos apos 1 ano (Gl n=2; CG n=3; p=0,651). O tempo de
permanéncia na UTI ndo apresentou diferenca significativa (p=0,847), enquanto
0 tempo de internacdo hospitalar foi 14,79 dias a menos no Gl (p=0,014).
Concluimos que a EECI reduziu o tempo de internagéo hospitalar e parece ter
um efeito protetor sobre a forca isométrica maxima do muasculo quadriceps e a

arquitetura muscular em pacientes hospitalizados apés TP.

Palavras-chave: Transplante de pulmao; Terapia por estimulacdo elétrica;

Ensaio clinico.



ABSTRACT

Lung transplantation (LT) aims to increase survival and improve the quality
of life of people with advanced lung disease. However, patients undergoing LT
may experience a reduction in muscle mass and physical capacity due to
immobility and structural limitations imposed by the disease. Whole-body
electrical stimulation (WB-EMS) may be an alternative to reduce the negative
impact of immobility and optimize the rehabilitation process. The objective of this
study was to evaluate the effects of WB-EMS on lower limb muscle strength and
mortality in post-LT patients. A single-blind randomized clinical trial was
conducted, in which patients were randomized immediately after LT to a control
group (CG - conventional physiotherapy) and an intervention group (IG -
conventional physiotherapy plus WB-EMS). Interventions began after extubation
of the transplanted patient until hospital discharge or for a maximum of 15 days
(one session/day). Both groups were evaluated before LT for general and specific
muscle strength of the upper and lower limbs, respiratory lung strength, and
muscle architecture. After LT, they were evaluated for general muscle strength,
respiratory muscle strength, muscle architecture, and muscle damage. At the end
of the protocols, all tests were measured again. Mortality was monitored 30, 60
days, and 1 year after the LT, and the length of hospital stay was recorded.
Twenty-nine patients participated in the study, with a mean age of 52.7 + 13 years
in the IG group and 54.9 + 11.8 years in the CG. There was a predominance of
patients with depression and anxiety in the 1G (p=0.050). Greater preservation of
isometric quadriceps muscle strength and muscle thickness assessed by
ultrasound was observed in the IG, although without statistical differences
between the groups. Global muscle strength increased significantly over time in
both groups (p=0.000), but not between the groups (p=0.308). Respiratory
muscle strength showed a reduction after extubation and a gradual increase at
the end of the protocols, with a difference within the groups (p=0.000). Regarding
muscle damage, there was a significant reduction in both groups for the enzymes
Creatine Kinase (p=0.000) and Lactate Dehydrogenase (p=0.021). Five deaths
were recorded after 1 year (IG n=2; CG n=3; p=0.651). The length of stay in the
ICU did not show a significant difference (p=0.847), while the length of hospital
stay was 14.79 days less in the IG (p=0.014). We concluded that WB-EMS



reduced the length of hospital stay and appears to have a protective effect on the
maximum isometric strength of the quadriceps muscle and muscle architecture

in patients hospitalized after LT.

Key words: Lung Transplantation; Electric stimulation therapy; Clinical Trial.



Objetivo de desenvolvimento sustentavel (ODS)

ODS 3 - Saude e Bem-Estar

Assegurar vida saudavel e promover bem-estar para as pessoas de todas as
idades, independente das comorbidades associadas e tratamentos envolvidos.
Implementar protocolos de exercicio fisico com seguranca que promova saude

e bem-estar para os pacientes pneumopatas.
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1 CONTEXTUALIZACAO

Transplante de Pulméo

Segundo dados da Associacdo Brasileira de Transplante de Org&os
(ABTO), o numero de transplantes de pulméo realizados no Brasil nos ultimos
anos tem se mantido relativamente estavel, com uma média aproximada de 130
transplantes por ano, apesar de oscilagdes pontuais, como a reducdo observada
durante o periodo da pandemia de COVID-19. Em 2023, especificamente, foram
realizados 103 transplantes de pulmdo no pais. No mesmo periodo, 174
individuos, sendo 167 adultos e 7 criangas, encontravam-se na lista de espera
para o procedimento. O tempo médio de espera por um novo pulmédo pode
chegar a até trés anos, variando conforme a regido do pais. Entre os principais
fatores limitantes destaca-se a concentracdo dos centros especializados em
transplante pulmonar, atualmente restritos a apenas quatro estados brasileiros:
Sao Paulo, Rio de Janeiro, Rio Grande do Sul e Ceara (Associa¢ao Brasileira de

Transplante de Orgéos, 2023).

No Brasil, o transplante pulmonar teve inicio no final da década de 1980,
com os primeiros procedimentos realizados em Porto Alegre, que se consolidou
como um dos centros pioneiros e de maior volume no pais. Apesar dos avangos
técnicos e do progressivo amadurecimento dos programas de transplante ao
longo das ultimas décadas, a atividade nacional permanece quantitativamente
limitada quando comparada a de paises de alta renda, refletindo a persisténcia
de desafios estruturais, logisticos e relacionados ao acesso ao procedimento
(Camargo et al., 2015).

Em contraste com esse cenario nacional, dados internacionais indicam
uma tendéncia de recuperacao gradual no nimero de transplantes pulmonares
apoOs o impacto inicial da pandemia. De acordo com o Annual Data Report de
2023, elaborado pelo Scientific Registry of Transplant Recipients (SRTR) e pela
Organ Procurement and Transplantation Network (OPTN), observou-se um
aumento no numero de transplantes de pulméao realizados nos Estados Unidos.
Entretanto, esse crescimento ainda nao foi suficiente para atingir os volumes

nacionais registrados no periodo pré-pandemia, em 2019. Por outro lado, o
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numero de novos candidatos adultos adicionados anualmente a lista de espera
voltou a crescer apds o menor patamar observado em 2020, totalizando 3.161

candidatos incluidos em 2022 (Valapour et al., 2024).

Nesse cenario de oferta limitada de orgaos e demanda crescente, 0
transplante pulmonar configura-se como uma opc¢ao terapéutica indicada para
pacientes com doencas pulmonares em estdgio avancado. A identificacdo e
selecdo dos candidatos séo realizadas pelo pneumologista, que encaminha o
paciente para ingresso na lista de espera ap0s avaliacao criteriosa conduzida
por equipe multidisciplinar, composta por servigo social, fisioterapia, cirurgia
toracica, enfermagem, nutricdo, psiquiatria e pneumologia. O objetivo dessa
avaliacao é estimar de forma individualizada os potenciais beneficios e riscos do
procedimento. No contexto da legislacdo brasileira, ndo ha critérios de
priorizacdo na fila de espera, exceto nos casos de faléncia aguda do enxerto nos
primeiros 30 dias apds o transplante pulmonar (Camargo et al., 2015).

A Sociedade Americana de Transplante (American Society of
Transplantation - AST) e os Institutos Nacionais de Saude (National Institutes of
Health - NIH) patrocinaram uma conferéncia de consenso com o objetivo de
estabelecer critérios para a listagem de candidatos ao transplante pulmonar.
Posteriormente, esses critérios foram reconhecidos e avaliados por importantes
sociedades cientificas internacionais, incluindo a Sociedade Toracica Americana
(American Thoracic Society - ATS), a Sociedade Internacional de Transplante
Cardiaco e Pulmonar (International Society for Heart and Lung Transplantation -
ISHLT), a Sociedade Respiratéria Europeia (European Respiratory Society -
ERS) e a Sociedade de Transplante da Austrélia e Nova Zelandia (TSANZ). Esse
movimento colaborativo deu inicio a uma ampla discussao multidisciplinar acerca
do momento ideal para 0 encaminhamento de pacientes para avaliacdo de
transplante pulmonar. As recomendacgfes atuais refletem tanto o consenso
estabelecido nessa conferéncia quanto a literatura disponivel sobre o tempo

apropriado de encaminhamento (Steinman et al., 2001).

De acordo com a ISHLT, sé@o considerados critérios gerais para indicagédo
de transplante pulmonar em adultos com doencas pulmonares cronicas em

estagio terminal (Leard et al., 2021):
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1) Risco elevado de mortalidade (>50%) em até dois anos caso o transplante
nao seja realizado;

2) Alta probabilidade (>80%) de sobrevida minima de 90 dias ap6s o
transplante;

3) Alta probabilidade (>80%) de sobrevida em cinco anos sob uma perspectiva

meédica geral, desde que haja adequada funcao do enxerto.

As principais doengas que culminam na indicagdo de transplante
pulmonar incluem a doenca pulmonar obstrutiva crénica, as doencas pulmonares
intersticiais fibrosantes, a fibrose cistica e a hipertensdo pulmonar, cuja
distribuicdo varia conforme fatores epidemiol6gicos e regionais. Em estagios
avancados, essas condicbes cursam com deterioracdo progressiva da funcao
pulmonar e importantes repercussfes sistémicas, como intolerancia ao
exercicio, descondicionamento fisico, perda de massa muscular e
comprometimento da qualidade de vida, aspectos que influenciam diretamente
a elegibilidade, o prognéstico e os desfechos pés-transplante (Leard et al., 2021).

As doencas pulmonares cronicas que frequentemente evoluem para
indicacao de transplante pulmonar, como a doenga pulmonar obstrutiva cronica
(DPOC), a fibrose cistica e as bronquiectasias, apresentam em comum
alteracdes fisiopatoldgicas caracterizadas por inflamacdo crbnica das vias
aéreas, hipersecrecdo mucosa e comprometimento do transporte mucociliar,
fatores que favorecem a colonizacdo bacteriana persistente. Na DPOC, a
exposicao prolongada a particulas e gases nocivos desencadeia inflamacéo
predominantemente neutrofilica, destruicdo do parénquima pulmonar e aumento
da producdo de muco, criando um ambiente propicio a colonizagdo por
microrganismos como Haemophilus influenzae, Streptococcus pneumoniae e
Moraxella catarrhalis, além de Pseudomonas aeruginosa em estagios mais
avancados. Na fibrose cistica, as alteracées no transporte de ions decorrentes
da disfuncédo do gene CFTR resultam em secrecOes espessas e desidratadas,
com importante prejuizo do clearance mucociliar e colonizagdo precoce e
persistente por patdégenos como Staphylococcus aureus, Pseudomonas
aeruginosa e Burkholderia cepacia. De forma semelhante, nas bronquiectasias,
a dilatacdo irreversivel dos bronquios associada a retencdo de secrecdes
estabelece um ciclo vicioso de inflamacdo e infeccdo recorrente, com

colonizacgéao frequente por Haemophilus influenzae, Pseudomonas aeruginosa e
15



Staphylococcus aureus. A presenca de colonizacao bacteriana cronica nessas
condicOes esta associada a exacerbacbes recorrentes, piora progressiva da
funcdo pulmonar e maior complexidade no manejo clinico pré e pos-transplante
(Verma et al., 2021; Welp & Bomberger, 2020).

Além disso, os candidatos ao transplante pulmonar devem apresentar
doenca pulmonar em estagio terminal, de carater progressivo, incapacitante e
irreversivel, incluindo, mas ndo se limitando, as condi¢cdes descritas a seguir
(Shweish & Dronavalli, 2019). Nesse contexto, as principais categorias de

doencas candidatas ao transplante pulmonar incluem:

1) Doenca pulmonar obstrutiva:
I.  Doenga pulmonar obstrutiva cronica;
II.  Deficiéncia de alfa-1 antitripsina;
lll.  Linfangioleiomiomatose (LAM);
IV. Sarcoidose com pressao meédia da artéria pulmonar <30 mmHg;

V.  Bronquiectasia incluindo discinesia ciliar primaria.

2) Doenca vascular pulmonar:
I.  Hipertensédo arterial pulmonar idiopatica ou primaria;
Il.  Sindrome de Eisenmenger;
lll.  Hipertenséo pulmonar relacionada a doenca tromboembodlica cronica;

IV. Doenca veno-oclusiva pulmonar.

3) Doenca pulmonar infecciosa:
I.  Fibrose cistica;

II.  Sindromes de imunodeficiéncia como deficiéncia de IgG.

4) Doencga pulmonar restritiva:
I.  Fibrose pulmonar idiopatica;
Il.  Granulomatose eosinofilica;
lll.  Sarcoidose com pressdao média da artéria pulmonar 230 mmHg;
IV.  Sindrome de esclerodermia/CREST;
V. Carcinoma broncoalveolar;

VI.  Sindrome de bronquiolite obliterante (BOS) apds transplante de pulméao;

16



VII.  Falha priméaria do enxerto apés transplante de pulmao.

No que se refere as contraindica¢des absolutas ao transplante pulmonar,
a ISHLT estabelece critérios que incluem, entre outros: auséncia de aceitacédo
ou adesdo do paciente ao procedimento; malignidade com alto risco de
recorréncia; disfuncdes organicas graves e irreversiveis (renal, hepatica ou
cardiaca); eventos -cardiovasculares ou neuroldgicos recentes; infeccbes
sistémicas ativas; infecgéo tuberculosa ativa; infecgédo pelo HIV com carga viral
detectavel, comprometimento funcional severo sem potencial de reabilitacdo;
deterioracdo cognitiva progressiva; episédios repetidos de ndo adeséao; uso ativo
de substéncias, incluindo tabaco e drogas ilicitas; e outras condicbes meédicas
graves ndo controladas que limitem a sobrevida pés-transplante (Leard et al.,
2021).

Além disso, a ISHLT descreve fatores de risco considerados elevados ou
substancialmente aumentados, que nao configuram contraindicagdes absolutas,
mas exigem avaliacao criteriosa individualizada. Entre esses fatores destacam
se idade superior a 70 anos, doenca arterial coronariana grave, fracéo de ejecéo
ventricular esquerda <40%, doenca cerebrovascular significativa, dismotilidade
esofagica grave, distarbios hematoldgicos intrataveis, indice de massa corporal
extremo, limitacBes funcionais com potencial de reabilitacdo, transtornos
psiquiatricos com risco de baixa adesdo, sistemas de suporte social
inadequados, infecgcdes por patdgenos especificos de dificil tratamento,
deformidades toracicas significativas, necessidade de suporte extracorpéreo e

situacdes especificas de retransplante (Leard et al., 2021).

Reabilitagdo no Transplante de Pulméo

Como mencionado anteriormente, os pacientes indicados a realizar o
transplante sdo aqueles com alguma doenca pulmonar avancada e enfrentam
um quadro de limitagdo funcional e tolerancia reduzida ao exercicio que esta
ligada com dispneia e fadiga (Evans et al., 2009; Spruit et al., 2013). Desse
modo, a indicacao de reabilitacdo pulmonar no pré e pés-operatorio € de suma
importancia. Muitos centros de reabilitacdo, como o local onde foi realizada esta

pesquisa, realiza atividades antes de o individuo receber o 6rgao, a fim de
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minimizar os sintomas, diminuir a incapacidade, aumentar a qualidade de vida e

otimizar o desempenho funcional independente (Takaoka & Weinacker, 2005).

Um estudo conduzido com candidatos ao transplante pulmonar em lista
de espera avaliou os efeitos de um programa estruturado de reabilitacdo com
duracdo de 36 semanas, composto por exercicios aerdbicos e treinamento de
fortalecimento muscular (Florian et al., 2013). Ao término da intervencgdo, 0s
autores observaram um aumento médio de 72 metros na distancia percorrida no
teste de caminhada de seis minutos, associado a uma reducéao significativa da
dispneia. Esses achados evidenciam o impacto positivo da reabilitacdo pré-
transplante na capacidade funcional e nos sintomas respiratérios, reforcando a
relevancia da implementacdo sistematica de programas de reabilitacdo no
periodo pré-procedimento. Esses achados reforcam a importancia da
reabilitacdo pré-transplante como estratégia para otimizar a capacidade

funcional e 0 manejo sintomatico antes do procedimento.

Muitos transplantados apresentam um declinio da massa muscular tanto
no pré como no poés-operatério em decorréncia das limitacdes fisicas que estao
expostos (Kyle et al., 2003; Reinsma et al., 2006). Nesse sentido, foi observado
gue a diminuicdo da massa muscular (sarcopenia) poderia ser um fator de risco
importante de morbidade e de risco modificavel no quadro clinico do paciente
pos-transplante (Cruz-Jentoft et al., 2010; Hook & Lederer, 2012). No entanto,
apesar de haver avaliacdes para a massa muscular com exames de imagem e
testes para a forca muscular, ainda ndo esta sendo estudada de maneira isolada
a relacéo entre sarcopenia e pacientes com transplante de pulméo (Cesari et al.,
2009; Lauretani et al., 2003). Além disso, fatores poOs-transplante, tais como
imobilizagcdo, mau estado nutricional e tratamento farmacologico podem
contribuir para perda de musculo periférico ou disfuncéo, adicionado a doenca
pulmonar pré-procedimento, a qual o0 paciente ja pode apresentar
descondicionamento muscular periférico e atrofia (Jaitovich & Barreiro, 2018).

Nesse contexto, a estimulacdo elétrica neuromuscular (EENM) consiste
em um recurso terapéutico destinado a promover contragdes musculares por
meio da ativacdo de ramos nervosos intramusculares, utilizando eletrodos de
superficie posicionados sobre os pontos motores. A aplicacdo de estimulos

elétricos intermitentes na regido muscular permite a geracdo de contracdes
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involuntarias, mimetizando parcialmente os efeitos do exercicio ativo. A principal
indicacéo clinica da EENM esta relacionada a preservacado da massa muscular,
da forca e da fungédo neuromuscular em situacdes de imobilizagao prolongada,
internacdo hospitalar ou incapacidade de realizacdo de exercicios voluntarios,
como observado em pacientes criticos e no pos-operatorio de grandes cirurgias
(Bein et al., 2015).

A EENM exerce impacto significativo sobre a capacidade funcional de
pacientes gravemente enfermos, sobretudo ao atuar como uma estratégia de
mobilizagdo precoce durante periodos de imobilizacdo prolongada. De acordo
com o0 posicionamento da Associacdo Brasileira de Fisioterapia
Cardiorrespiratoria e em Terapia Intensiva (ASSOBRAFIR), a EENM contribui de
forma efetiva para a preservacdo da massa muscular e da forga,
desempenhando papel central na prevencéo da fraqueza muscular adquirida na
unidade de terapia intensiva (FMA-UTI) e da polineuropatia periférica associada
ao estado critico, condicfes diretamente relacionadas a perda de independéncia
funcional. Evidéncias compiladas pela entidade indicam que a aplicacdo da
EENM esté associada a melhora significativa da forca muscular global, avaliada
pela escala do Medical Research Council (MRC), quando comparada aos
cuidados usuais. Além disso, pacientes submetidos a EENM podem apresentar
recuperacdo da forca muscular substancialmente mais rapida, até 4,5 vezes
superior em relacdo aqueles que recebem apenas o tratamento convencional,
reforcando o potencial dessa intervencdo como recurso adjuvante na reabilitacdo

precoce de pacientes criticos (Della Méa Plentz & Sbruzzi, 2020).

Entretanto, a resposta a EENM pode ser modulada por diversos fatores
clinicos inerentes ao paciente critico, os quais influenciam diretamente sua
eficacia sobre a capacidade funcional. Condi¢des como edema generalizado e
sepse estdo associadas a alteracBes na conducdo elétrica dos tecidos e a
disfuncéo neuromuscular periférica, podendo reduzir a responsividade muscular
aos estimulos elétricos. Além disso, 0 estado inflamatorio sistémico
caracteristico da sepse contribui para 0 aumento do catabolismo muscular,
resisténcia anabolica e disfuncdo mitocondrial, fatores que podem limitar os
ganhos funcionais mesmo diante da implementacdo de intervencdes

terapéuticas precoces (Della Méa Plentz & Sbruzzi, 2020).
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O uso de determinados farmacos comumente empregados no manejo do
paciente critico também exerce influéncia relevante nos resultados da EENM.
Vasopressores, ao induzirem vasoconstricao periférica, podem comprometer a
perfusdo muscular e reduzir a efetividade da estimulacdo elétrica. De forma
semelhante, o uso prolongado de corticosteroides estd associado ao
desenvolvimento de miopatia induzida por esteroides, caracterizada por perda
de massa muscular e diminuicdo da forca, 0 que pode atenuar a resposta
neuromuscular a EENM (Della Méa Plentz & Sbruzzi, 2020).

Diante desse contexto, além dos efeitos bem estabelecidos da EENM
sobre a preservagado da massa e da forgca muscular, evidéncias recentes também
sugerem beneficios em desfechos clinicos relevantes relacionados ao tempo de
suporte ventilatorio e de hospitalizacdo. Uma revisdo sisteméatica com meta-
analise, gue incluiu nove ensaios clinicos randomizados e aproximadamente 320
pacientes criticos sob ventilagdo mecéanica, demonstrou que a aplicacdo da
EENM esteve associada a uma reducao significativa da duracdo da ventilagao
mecanica, com diferenca média de cerca de 1,7 dias em comparacdo aos
cuidados usuais (Santoso et al., 2025). De forma complementar, meta-analises
mais amplas indicam que essa intervencdo pode contribuir para a reducao do
tempo de permanéncia na unidade de terapia intensiva e do tempo total de
internacao hospitalar, com diminuicdes médias variando entre dois e quatro dias,
especialmente quando aplicada precocemente e associada a fisioterapia
convencional. Apesar desses achados promissores, 0S autores ressaltam a
heterogeneidade dos protocolos e a necessidade de estudos adicionais com
maior rigor metodoldgico para confirmar tais efeitos em populacées especificas,

como pacientes submetidos ao transplante pulmonar (Liu et al., 2020).

Com base nesses conhecimentos, estudos envolvendo pacientes
transplantados comegaram a explorar o uso da EENM como estratégia adjuvante
a fisioterapia convencional. Um relato de caso (Sbruzzi et al., 2013) avaliou os
efeitos da EENM associada a fisioterapia convencional sobre a espessura do
musculo quadriceps femoral em um paciente submetido a transplante cardiaco.
Nesse estudo, a fisioterapia convencional foi iniciada no pds-operatdrio imediato,
enquanto a EENM foi incorporada a partir do 36° dia de pos-operatério. O

protocolo foi realizado duas vezes ao dia, cinco dias por semana, durante oito
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semanas. Os autores observaram aumento significativo da espessura do
musculo quadriceps femoral apds a intervencgao, sugerindo que a EENM pode
potencializar os efeitos da reabilitacdo convencional na recuperagdo da

musculatura periférica em pacientes transplantados.

Resultados semelhantes foram observados em populagdes de pacientes
criticamente doentes. Um destes trabalhos, ao avaliarem a espessura do
quadriceps em diferentes periodos de hospitalizacéo, identificaram que a EENM
foi capaz de promover aumento da massa muscular apenas em pacientes
submetidos a internacgdes prolongadas (superiores a 14 dias), indicando que os
efeitos da estimulacao elétrica podem ser mais evidentes em cenarios de maior
catabolismo muscular (Gruther et al., 2008). De forma complementar, outro
estudo avaliou a aplicaram EENM duas vezes ao dia por um periodo de trés a
dez dias em uma das pernas de pacientes internados em unidade de terapia
intensiva, utilizando a perna contralateral como controle. Os autores
demonstraram gque a perna nao estimulada apresentou reducéo significativa das
fibras musculares do tipo | e Il, enquanto a perna submetida a EENM manteve
sua estrutura muscular, reforcando o papel da estimulagéo elétrica na prevencao
da atrofia muscular associada a imobilizacdo e ao estado critico (Dirks et al.,
2015).

Além do impacto na preservacado da massa muscular, evidéncias também
apontam beneficios funcionais da EENM em popula¢des com doencas crénicas.
Em uma revisdo sistematica em paciente com diagnéstico de insuficiéncia
cardiaca (IC), investigou seu o efeito ap6s a EENM. Os autores concluiram um
aumento significativo da distancia percorrida no teste de caminhada de seis
minutos e melhora da forca muscular periférica, com efeitos comparaveis aos
obtidos com o exercicio aerdbico convencional. Esses achados sugerem que a
EENM pode representar uma alternativa terapéutica viavel para pacientes com
limitacdes funcionais importantes, incapazes de realizar exercicios fisicos

tradicionais (Sbruzzia et al., 2010).

De modo semelhante, estudos que avaliaram os efeitos da EENM em
pacientes com doenca pulmonar obstrutiva cronica, tanto de forma isolada
guanto associada a programas de reabilitacdo pulmonar, evidenciaram aumento

da tolerancia ao exercicio, reducao da dispneia e diminuicdo da fadiga muscular
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periférica. Esses beneficios foram atribuidos principalmente ao ganho de forca
do musculo quadriceps e a reducao da demanda ventilatéria durante atividades
funcionais, especialmente quando a EENM foi combinada ao treinamento fisico
convencional (Wu et al., 2020).

Mais recentemente, uma abordagem inovadora da estimulacéo elétrica
tem sido proposta por meio da estimulagéo elétrica de corpo inteiro (EECI). Essa
modalidade envolve a estimulacdo simultdanea de grandes grupos musculares,
incluindo musculos do abdémen, térax, dorso, gluteos, membros superiores e
inferiores. Estudos iniciais foram conduzidos em populacdes com obesidade,
doencas cardiometabdlicas, idosos com risco de sarcopenia e pacientes
oncoldgicos, grupos frequentemente incapazes de participar de programas
tradicionais de treinamento fisico. De modo geral, a EECI demonstrou ser uma
intervencdo segura, factivel e bem tolerada. Em adultos saudaveis, néo
treinados ou moderadamente treinados, essa modalidade também apresentou
efeitos positivos sobre parametros de composicéo corporal, incluindo reducéo da
gordura corporal, aumento da forca muscular e melhora da poténcia muscular,
mesmo com protocolos de curta duracdo, geralmente em torno de 20 minutos

por sessao (Kemmler et al., 2021; Teschler & Mooren, 2019).

Apesar do crescente corpo de evidéncias sobre o uso da EENM e da EECI
em diferentes populacdes clinicas, ainda existem poucos estudos avaliando sua
aplicacado em pacientes no pos-transplante, e, até o momento, ndo ha evidéncias
especificas em pacientes submetidos ao transplante pulmonar. Entretanto,
dados provenientes de estudos com pacientes adultos criticos demonstram que
a EENM é capaz de preservar e aumentar a espessura muscular, melhorar a
forca periférica e promover ganhos na capacidade funcional e no consumo
maximo de oxigénio. Diante desse cenario, o presente estudo teve como objetivo
avaliar os efeitos da EECI em pacientes submetidos ao transplante pulmonar,
utilizando um dispositivo de suporte neuromuscular avancado, com o intuito de
explorar seu potencial como estratégia adjuvante no processo de reabilitacdo

pos-transplante.
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2 OBJETIVOS

Objetivo Geral

Avaliar os efeitos da EECI em pacientes submetidos a transplante de

pulmao.

Objetivos Especificos

Avaliar os efeitos da EECI sobre: a resposta cardiorrespiratéria, forca
muscular de membros superiores e inferiores, forca muscular respiratéria,
espessura muscular, capacidade funcional, dor muscular, percepcdo subjetiva
de esforco (fadiga), dano muscular, tempo de permanéncia hospitalar e taxa de

mortalidade.

27



3 ARTIGO 1

Trials
Garlet et al. Trials (2026) 27:23

https://doi.org/10.1186/513063-025-09177-y

Whole-body electrical stimulation in patients e
undergoing lung transplantation in Southern
Brazil: study protocol of a single-center
randomized controlled trial

Andrieli Barbieri Garlet'?, Rodrigo Della Méa Plentz'2, Natiele Camponogara Righi'? and
Jociane Schardong?*

Abstract

Background Lung transplantation (LT) is indicated to increase the survival and quality of life of people

with advanced lung disease. However, these patients often experience muscle mass loss and reduced physical capac-
ity due to immobility and disease-related limitations. Whole-body electrical muscle stimulation (WB-EMS) emerges
as an alternative to optimize rehabilitation. This study aims to evaluate the effects of WB-EMS combined with conven-
tional physical therapy compared to physical therapy alone on the muscle strength of hospitalized patients after LT.

Methods This is a single-center, randomized, parallel-group study with a 1:1 allocation to either the intervention
group (conventional physical therapy +WB-EMS) or the control group (conventional physical therapy alone). A total
of 26 adult patients, aged 18 to 65, on the lung transplant waiting list at Santa Casa of Porto Alegre hospital will be
recruited by a trained physiotherapist. They must not have any musculoskeletal limitations that would prevent them
from performing the preoperative functional tests. Randomization will take place postoperatively, after extubation.
The WB-EMS protocol will consist of daily sessions until 15 sessions are completed or until hospital discharge. The
outcome assessors will be blinded. Both groups will be evaluated before the lung transplant for muscle thickness
(ultrasound) and muscle strength (general—Medical Research Council and limb specific—dynamometry, hand grip,
sit-to-stand test), respiratory muscle strength (manovacuometry), and functional capacity (6-min walk test). After
the lung transplant, blood samples will be collected for biochemical markers, in addition to re-evaluating muscle
strength (MRC) and thickness, including respiratory muscle strength. At the end of the protocol, all tests will be per-
formed again. Mortality will be tracked at 30 and 60 days and 1-year post-transplant, and the length of hospital stay
will be recorded.

Discussion This is the first study to investigate the effects of WB-EMS in lung transplant patients. The results may
offer new avenues for rehabilitation in this population. The findings will be disseminated through peer-reviewed
scientific journals, conferences, and appropriate social media platforms.
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Introduction

Background and rationale {6a}

Lung transplantation (LT) is a therapeutic option thera-
peutic option for people with severe end-stage lung dis-
ease, aiming to increase survival and improve quality of
life. Candidates for transplantation include those with
chronic obstructive pulmonary disease (COPD), cystic
fibrosis, idiopathic pulmonary fibrosis, and pulmonary
arterial hypertension, as they have a greater degree of
physical limitation and ventilatory failure [1, 2].

The International Society of Heart and Lung Trans-
plantation (ISHLT) recorded 2569 lung transplants in 2021.
These numbers are much lower when compared to other
types of transplants, due to the difficulty in finding donors
who meet the criteria for organ dona- tion. The average
global life expectancy in 2025 was just 5 to 7 years, and
17% of all patients who underwent transplants died in the
first-year post-transplant [3, 4].

A major risk factor for posttransplant patient morbidity is
reduced muscle strength and mass (sarcopenia) [5, 6]. In
addition, factors such as immo- bilization, poor nutritional
status, and the pharmaco- logical treatment itself can
contribute to peripheral muscle loss or dysfunction.
Furthermore, the condi- tion before LT of patients with
severe lung disease is characterized by physical
deconditioning and muscu- lar atrophy, which are
important predictive factors in recovery after LT [3].
Whole-body electrical stimulation (WB-EMS) may be a
strategy to reverse sarcopenia and restore the individual’s
functionality immediately after PT. This therapy stimulates
agonist and antagonist muscles simultaneously in a short
period, covering approxi- mately 70% of the body surface
area [7]. Studies with obese people, those with
cardiometabolic diseases, elderly people, and cancer
patients have already shown that WB-EMS is an effective
and safe therapy for individuals who do not adapt to
conventional training programs [8-11].

Despite the lack of evidence on the use of WB-EMS in
patients undergoing LT, numerous studies demon- strate
the benefits of neuromuscular electrical stimula- tion
(NMES) in isolated muscle groups of critically ill patients,
who have lung disease or severe heart disease. Some of
the benefits of this therapy are maintaining and increasing
muscle thickness, as well as increased strength, functional
capacity, and maximum oxygen consumption (VO2) [12].
Considering the gap in the literature, the objective of this
protocol is to evaluate, through a randomized, single-blind
clinical trial, the effects of WB-EMS in patients undergoing
LT on lower limb muscle strength.

Objectives {7}

The primary objective is to evaluate whether WB-EMS
combined with conventional physiotherapy improves lower
limb muscle strength compared to conventional
physiotherapy alone in patients undergoing LT.

Secondary objectives include evaluating effects on the
following:

« Upper limb and global muscle strengtfl

« Respiratory muscle strengtfl

« Muscle arcflitecture assessed by ultrasound

« Functional capacity

< Biocflemical markers of muscle damage

« Safety outcomes (flemodynamic stability, perceived
exertion, pain)

« Lengtfl of flospital stay

« Mortality at 30 days, 60 days, and 1-year post-LT

Hypothesis

WB-EMS plus conventional physiotherapy will be supe- rior
to conventional physiotherapy alone in improving lower limb
muscle strength and selected secondary outcomes.

Trial design {8}

This is a single-center, randomized, parallel-group,
superiority trial with 1:1 allocation to intervention
(conventional physiotherapy plus WB-EMS) or con- trol
(conventional physiotherapy). Randomization will occur
postoperatively after extubation.

Methods: participants, interventions, and

outcomes

Study setting {9}

The trial will be conducted at Santa Casa of Porto Alegre
(SCPA), Southern Brazil, including the Dom Vicente Scherer
Hospital, the intensive care unit (ICU), and wards.

This study protocol is in its first version and was designed
according to the Standard Protocol Items: Recommendations
for Intervention Trials (SPIRIT) statement (Fig. 1). The
SPIRIT Checklist for Trials is in the Additional file. The
research project was approved by the Research Ethics
Committee of the SCPA (CAAE: 63342222.7.0000.5335;
report number 5.682.486) and the Federal Universidade
Federal de Ciéncias da Saude de Porto Alegre (CAAE:
63342222.7.3001.5345; report number 5.754.078), and the
protocol was registered on the ClinicalTrials.gov platform
(NCT06249334). All patients must sign an informed
consent form before
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Study Period
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TIMEPOINT** -t 0

e | & t

ENROLMENT:
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Functional tests’ X

Functional tests?

Muscle Injury®
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Visual Analog Scale
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Borg Scale
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Fig. 1 SPIRIT checklist. Legend: *WB-EMS, whole-body electrical stimulation. *Specific muscle thickness and strength for upper and lower limbs,
respiratory lung strength, and functional capacity. 2Overall muscle thickness and strength. *Creatine phosphokinase (CK) and lactate

dehydrogenase (LDH)

undergoing any procedure, which will be administered by
a trained physiotherapist.

Eligibility criteria {10}

The study population will consist of patients with chronic
lung disease (pulmonary fibrosis, COPD, cystic fibrosis,
bronchiectasis, and lymphangioleiomyomatosis) on the list
for unilateral or bilateral LT at the SCPA, and who are
connected to the pulmonary rehabilitation outpatient clinic
for a period equal to or greater than 3 months.

Participants fulfilling all the following inclusion criteria are
eligible for the study:

1) Individuals wflo are active on tfle transplant list at tfle
outpatient clinic

2) Patient wflose disease stage does not limit tfle ability
to perform functional testing prior to surgery

3) Patient is between tfle ages of 18 and 65 years witfl no
restrictions on gender.

4) After tfle transplant, tfle patient must still meet tfle
following inclusion criteria:

a) Individuals wflo underwent invasive mecflani-
cal ventilation (IMV) for less tflan 7 days after LT
and are extubated

b) Hemodynamic stability (mean arterial pres-
sure > 60 mmHg witflout tfle use of vasoactive
drugs or witfl low to moderate doses, 1-5 pg/kg/
min and 5-10 pg/kg/min respectively, and fleart
rate between 60 and 100 bpm)

The presence of any one of the following criteria will lead
to the exclusion of the participant:

1) Patients wflo present disabling musculoskeletal
cflanges tflat prevent pflysical assessments from
being performed

2) Individuals wflo do not understand tfle initial assess-
ment instructions
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3) After tfle transplant, tfle patient must still meet tfle
following inclusion excluded:

a) Patients witfl severe psycflomotor agitation

b) Recent acute myocardial infarction (24 fl)

¢) Uncontrolled arrflytflmias

Stroke

e) Decompensated fleart failure

f) Acute renal failure

Temporary transcutaneous pacemaker

In a feverisfl state

i) Peripfleral vascular cflanges in tfle lower limbs,
e.g., as untreated deep vein tflrombosis and epi-
dermal lesions on tfle tfligfls tflat make it impos-
sible to place self-adflesive electrodes for electri-
cal stimulation.

Who will take informed consent? {26a}
Written informed consent will be obtained by a trained
physiotherapist prior to participation.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}

Data will be anonymized. Researchers interested in accessing
the data must submit a formal request, which will be
reviewed in accordance with ethical and regula- tory
guidelines.

Interventions

Explanation for choice of comparator {6b}
Control participants will receive conventional physi-
otherapy, which represents standard care for LT patients.

Intervention description {11a}

The protocols are applied from the time the transplant patient
is extubated until hospital discharge or for a max- imum of
15 days (one session/day) if the hospitalization period is
extended.

Patients may be allocated to one of two groups: the
conventional physiotherapy group (CG), which will receive
only the unit’s routine physiotherapy (twice a day), under the
orientation of the hospital physiothera- pists, or the
intervention group (I1G), which will receive two sessions of
conventional physiotherapy per day plus WB-EMS (applied
by a trained physiotherapist).

Control group (CG)
In  conventional physiotherapy, procedures
achieve early mobilization to avoid secondary

aim to

complications, maintenance of joint range of motion,
maintenance/gain of muscle strength through exercise,
and bronchial hygiene and pulmonary expansion. The
sessions will last 30 min, and each proposed exercise will
be performed in three sets of 10 repetitions. The following
movements will be worked on, respecting the amplitude of
each joint: flexion and extension of knees and hips,
adduction and abduction of hips, flexion and extension of
shoulders, and sit-to-stand exercises. The patient will be
transferred from bed to chair, as well as orthostasis
training, aiming at functional independence and walking.
The respiratory techniques will be based on insufflation
breathing techniques, thoracic maneu- vers for bronchial
hygiene, and cough stimulation [13].

Intervention group (IG)

WB-EMS will be performed using the ReCare® equip- ment
(Visuri, MG, Brazil), which has 12 channels for intensity
control in different muscle groups, reaching a maximum
pulse duration of 10,000 ps and up to 240- mA intensity.
For this purpose, self-adhesive electrodes will be positioned
bilaterally on the quadriceps femo- ris, hamstrings, tibialis
anterior, biceps brachii, triceps brachii, and lower rectus
abdominis muscles. The elec- trical parameters set on the
equipment will depend on the electrodiagnosis of each
patient; however, a fre- quency of 75 Hz will be adopted,
and the intensity will be adjusted to cause visible muscle
contraction or at the maximum limit of the patient’s
tolerance [14, 15]. The sequence of exercises will begin with
the patient lying on their back on the bed and their knees
flexed at 60° with a wedge. From the 1 st to the 5th session,
knee extension and elbow flexion movements will be per-
formed, followed by hip flexion and elbow extension. From
the 6th to the 10th session, the patient will do the same
exercises sitting in the chair, with the addition of abdominal
exercises (hands on the forehead, flexing the trunk towards
the thighs). The last phase of the proto- col, from the
11th to the 15th session, will include sit- to-stand exercises,
according to the patient’s tolerance. The number of
contractions expected in each session can be seen in Table
1.

Criteria for discontinuation {11b}

Vital signs will be monitored continuously during
interventions to ensure the safety of therapy. Hemody-
namic decompensation (systolic pressure with a reduc-
tion>20 mmHg and diastolic pressure>10 mmHg or
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Table 1 Progression protocol for WB-EMS in post-lung transplant patients

Session Contraction time Resting time Total session time Number of
contractions
Week 1 1 05s 15s 15 min 45
2 05s 15s 15 min 45
3 05s 15s 15 min 45
4 05s 15s 15 min 45
5 05s 15s 15 min 45
Week 2 1 05s 15s 20 min 60
2 05s 15s 20 min 60
3 05s 15s 20 min 60
4 05s 15s 20 min 60
5 05s 15s 20 min 60
Week 3 1 05s 10s 20 min 80
2 05s 10s 20 min 80
3 05s 10s 20 min 80
4 05s 10s 20 min 80
5 05s 10s 20 min 80

heart rate with an increase > 30 bpm compared to base-
line), a significant drop in peripheral arterial oxygen
saturation, tachypnea, respiratory effort, sweating, and
malaise reported by the patient will be considered cri- teria
for discontinuation of WB-EMS. Furthermore, if any
major adverse effect occurs as a result of the inter-
ventions proposed in this protocol, the researchers will
notify the medical team responsible for the patient, and
the protocol will be reviewed and, if necessary,
interrupted.

Strategies to improve adherence {11c}

To promote adherence and minimize deviations from
protocol interventions, the following strategies will be
renewed:

1) Daily monitoring in botfl groups

2) All patients must complete at least 8 of tfle 15 WB-
EMS or conventional pflysical tflerapy sessions pro-
vided by tfle protocol.

Relevant concomitant care {11d}

There were no restrictions; however, the CG will be
prohibited from using external equipment for pain
management or strengthening, including TENS units or
electrical muscle stimulation, during the protocol. This
parameter ensures uniformity in interventions among all
participants.

Posttrial care {30}
No additional posttrial care is required. Patients will
continue standard rehabilitation as per hospital policy.

Outcomes {12}

Lower limb muscle strength will be considered the pri- mary
outcome of the study. Secondary outcomes will be upper
limb muscle strength, overall strength, respir- atory muscle
strength, muscle architecture, functional capacity, muscle
damage, safety based on cardiorespi- ratory repercussions,
pain, length of hospital stay, and mortality.

Participant timeline {13}

The assessments will take place at four times: before the
LT (in the outpatient clinic), after extubation (in the ICU),
during WB-EMS sessions, and at the time of hospi- tal
discharge or after 15 sessions (in the ward). Before the LT, the
following assessments will be performed: mus- cle
architecture, peripheral muscle strength, respiratory
muscle strength, and functional capacity. After extuba-
tion, only respiratory muscle strength, muscle strength
using the Medical Research Council (MRC) scale, muscle
architecture, and muscle damage will be assessed since the
patient is unable to collaborate in the execution of the
other tests. Before hospital discharge or at the end of the 15
sessions, muscle architecture, peripheral muscle strength,
respiratory muscle strength, functional capac- ity, muscle
damage, and length of hospital stay will be
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Fig. 2 Flowchart of groups’ composition, evaluations, and intervention

reassessed. Therapy safety, patient perception of effort, and
muscle pain will be recorded during WB-EMS appli- cations.
The flowchart of group composition, assessment, and
intervention procedures is presented in Fig. 2.

Sample size {14}

The sample size was calculated using the G*Power® soft- ware
version 3.1 and was based on the study by Vivodzef et al.
[16] which evaluated the effect of NMES in patients with
severe decompensation of COPD. Maximum vol- untary
muscle strength assessed by a strain gauge ten- siometer
(Dempo Technologies Co; Trevisio, Italy) connected to a
digital recorder was adopted as the out- come to estimate
sample size, using the mean difference and standard
deviation of the control and intervention groups (61 + 36
kg), with an alpha error of 5% and power of 80%.
Therefore, the sample size was estimated at 13 patients per
group. Anticipating losses, 17 patients will be recruited

per group.

Recruitment {15}

Participants will be recruited among patients listed for LT
at SCPA. During the pre-selection visit, research- ers will
explain the clinical trial, clarifying the tests per- formed
during the study and the informed consent form.

Assignment of interventions: allocation

Sequence generation {16a}
Randomization will be performed using the website www.
random.org (1:1 allocation and simple randomization).

Concealment mechanism {16b}

Randomization will be performed in the immediate post-
operative period for patients who were admitted to the
ICU of the Dom Vicente Scherer Hospital of SCPA from
December 2024 to December 2025.

Implementation {16c}
Outcome assessors will remain blinded.

Assignment of interventions: blinding

Who will be blinded {17a}

This study evaluates an intervention in which partici-
pants from both allocation groups may reside in the same
ICU or ward, making it impossible to blind either the
participant or the staff to their group assignment.
Additionally, the nature of the intervention, which
includes a training component delivered by the staff,
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precludes blinding for these groups. However, the
sequence of numbers will be generated by a researcher
“blind” to the study. Patient allocation will only be
revealed by the external researcher prior to the start of
the protocol to the physiotherapists involved in the
intervention in order to ensure the concealment of the
random sequence. Outcome assessors will be blind to the
order of protocols performed.

Procedure for unblinding {17b}
There is no anticipated need to unblind the study staff
regarding outcome data until the analyses are completed.

Data collection and management

Plans for assessment {18a}

The evaluators will be previously trained to perform the
assessments and masked for patient allocation.

Prior to the assessments, medical records will be con- sulted
to collect demographic and anthropometric data, medical
diagnosis, previous comorbidities, and medica- tions used by
patients. Below is a description of how each assessment will
be performed:

Muscle strength

To assess muscle strength, the Medical Research Council
(MRC) scale will be used, as well as handgrip
measurement using a manual dynamometer and iso-
metric quadriceps and arm flexor strength using a port-
able dynamometer. Furthermore, the 10-repetition sit-
to-stand test (10-STS) will be performed as an indi- rect
measure of lower limb muscle strength.

The MRC scale scores for each muscle group are as follows:
0 = absence of contraction, 1 = flicker or trace of contraction,
2 = performance of active movement with- out the force of
gravity, 3 = active movement against gravitational force, 4 =
active movement against gravity and against resistance; and
5 = indicates normal muscle strength. The total score ranges
from O (for tetraplegia) to 60 points (for preserved muscle
strength). A score < 48 is conclusive of muscle weakness
acquired in the ICU [17].

The assessment of the palmar handgrip will be per- formed
using an analog hydraulic dynamometer (Jamar®, Lafayette
Instrument, USA) by measuring the maxi- mum isometric
force applied to the device. The patient will remain seated,
with the knee flexion angle at 90°, the shoulder positioned
in adduction and neutral rota- tion, and the elbow flexed at
90°, with the forearm in half pronation and neutral wrist.
The arm should be kept sus- pended, without support, and
with the hand positioned on the dynamometer, which will
be held by the evaluator.

Three measurements will be taken with a recovery period of
1 min, the right and left arms being evaluated alter- nately,
and the largest measurement of each limb being
considered as the record of the palmar grip strength, as
long as there is no variation greater than 10% between
them [18].

To assess quadriceps isometric strength, the patient will be
seated with the knee flexed at a 60-degree angle and
instructed to extend the knee against the equipment
positioned on the leg and maintain the contraction for 5 s
[19, 20]. To assess the isometric strength of the arm flex-
ors, the patient will also be seated, with the forearm posi-
tioned and fixed at a 90° flexion angle and instructed to
perform isometric flexion of the arm against the equip-
ment and hold it for the same period. Three measure-
ments will be taken, the highest of them being recorded as
maximum isometric strength, as long as there is no
variation greater than 10%. The equipment used for this
assessment will be the digital dynamometer from
MedEor MedTech® (SP Tech, Santa Catarina, Brazil).

The 10-STS will begin with the patient sitting in an
armless chair with the torso erect and arms crossed over
the chest. The patient will be instructed to stand up and
return to the sitting position as quickly as pos- sible to
perform 10 complete and consecutive repeti- tions, with
verbal encouragement. The evaluator will time the total
time [21].

Respiratory muscle strength

Respiratory muscle strength will be measured using a
digital manovacuometer (MVD 300, Homed®). The test
will be performed with the patient in a sitting position
using a nose clip. To measure maximum inspiratory pres- sure
(MIP), a slow maximum expiration will be requested until the
residual volume is reached, followed by a deep and forced
inspiration against an occluded valve. Maxi- mum
expiratory pressure (MEP) will be measured by a slow
maximum inspiration until total lung capac- ity is
reached, followed by a forced expiration against an
occluded valve. Each procedure will be repeated five
times with a 2-min interval between each measurement.
The highest value will be considered as long as there is no
difference greater than 10% between them [22].

Muscle architecture

The assessment of muscle architecture will be performed by
acquiring ultrasound images of the vastus lateralis, rectus
femoris, biceps brachii, and rectus abdominis mus- cles,
using a high-resolution ultrasound device (Vivid-i®, GE,
USA) and a linear array probe (38 mm, 3-12 MHz). Patients
will be positioned in the supine position, with arms and legs
extended and completely relaxed. Three images will be
obtained with the ultrasound transducer
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positioned longitudinally over the muscle fibers of each
muscle to assess muscle thickness. To assess cross- sectional
area (CSA), the transducer will be positioned transversely.
Specifically, the muscle thickness of the vas- tus lateralis,
rectus femoris, and rectus abdominis will be assessed, in
addition to the cross-sectional area of the rectus femoris and
biceps brachii.

To assess the thickness of the vastus lateralis and rectus
femoris, the intermediate point between the greater tro-
chanter and the lateral condyle of the femur will be used as
a reference point, according to the characteristics of the
patients [23]. To assess the muscular architecture of the
rectus femoris, the image will be performed at 70% using
as reference the midpoint between the greater tro- chanter
and the lateral condyle of the femur [24, 25].

To assess the CSA of the biceps brachii, the maxi- mum
circumference will be measured following the midline of
the anterior surface with the arm in the supine position.
Measurements will be taken at 66% of the distance from
the medial acromion of the scapula to the cubital fossa
[26].

To measure the thickness of the rectus abdominis, the
patient will remain in a supine position with the transducer
positioned in the midline of the abdomen, 2 cm above
the navel to identify the linea alba. The transducer will be
moved laterally to the right until the rectus abdominis
muscle is visible and then adjusted in the cranial and
caudal directions until the maximum thickness of the
muscle is identified. The measurement will be taken at the
end of expiration, as it is a respira- tory muscle [27].

For each muscle, three images will be taken, and minimal
pressure will be applied to the transducer to avoid image
deformation. Furthermore, maps will be made on plastic
sheets, identifying anatomical points and signs on the
patient’s skin to ensure that subse- quent assessments are
performed in the same loca- tions. All images will be
analyzed later using ImageJ software.

Functional capacity

Functional capacity will be assessed using the six-minute walk
test (6MWT) and will follow the recommendations of the
American Thoracic Society [28].

The patient will be instructed to walk as far as possible for 6
min in a 30-m flat corridor, and the distance covered in
meters will be recorded. In each minute of the test, the patient
will be verbally encouraged through standardized phrases.
Running will not be allowed. The patient will be instructed
to stop the test if he or she experiences symp- toms such as
pain in the lower limbs, tachycardia, or any other symptom
of discomfort. Blood pressure, heart rate,

respiratory rate, peripheral oxygen saturation (SpO2), and
perception of dyspnea and fatigue will be measured using
the modified Borg scale at the beginning and end of the test
[29].

Safety

To assess therapy safety, the cardiorespiratory response
will be checked before, during, and immediately after the
interventions using the patient’s vital signs (systolic and
diastolic blood pressure, heart rate, and SpO2). The per-
ception of exertion will also be recorded using the modi-
fied Borg scale, where 0 indicates no exertion or dyspnea
and 10 indicates maximum exertion [30].

Muscle damage

The biochemical markers creatine phosphokinase (CK) and
lactate dehydrogenase (LDH) will be evaluated by enzymatic
methodology using the ADVIA® 1800 equip- ment. Blood
samples will be collected in EDTA tubes and centrifuged for
15 min at 3000 g. After separation, the plasma will be used
to perform the analyses.

Muscle pain

To assess muscle pain, the visual analogue scale will be
used, where zero indicates no pain and 10 indicate severe
pain [31]. The patient will be asked about their pain before
starting therapy, after 10 min, and at the end of the session.

Length of hospital stay

To assess the total length of hospital stay, the days between
the patient’s admission and hospital discharge will be
counted.

Mortality

To assess the mortality rate from all causes, the cumula-
tive rate of deaths occurring after 30 days, 60 days, and 1
year from the date of the transplant will be counted. These
data will be collected through telephone contact with the
patient or family members.

Plans to promote participant and complete follow-up {18b}
Upon enrollment in the study, the research team will
encourage participants to adhere to the intervention and
complete the follow-up. Clear and respectful com-
munication will be emphasized throughout, highlight- ing
the importance of each participant’s contribution to the
study. In the event that a participant discontinues the
intervention or withdraws from the study, the research team
will request permission to collect available follow- up data,
if ethically and practically feasible.
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Data management {19}

Any risks to study participants will be mitigated by ensur-
ing that all recruitment and data collection are managed by
an appropriately trained and experienced research team. The
recruitment team will comprise physiothera- pists with
extensive experience in research and clinical practice.
Patient participation is limited to the period of hospi-
talization. Data will be collected at enrollment and will
continue for a 1-year follow-up period, with defined col-
lection points. All data will be stored in a secure environ-
ment, and the data linkage software will be protected to
ensure security and privacy. Outcome information will be
collected at hospital discharge and during the 1-year
follow-up, using the hospital’s electronic system or by tel-
ephone contact with the patient or their family.

Confidentiality {27}

To maintain privacy, only de-identified data is used for
analysis and publication of results. All data sharing activities
will strictly follow ethical guidelines, ensuring no
identifiable information is disclosed to third parties without
explicit participant consent. The commitment to
confidentiality will extend beyond the study period, with all
data securely stored for a defined duration before sys-
tematic destruction.

Plans for biological specimens {33}

Blood samples (CK and LDH) will be drawn at day 0
(prior to treatment initiation) and at day 15 (last day of
treatment). Blood samples will be drawn according to
standard procedures and analyzed immediately at the
hospital. No genetic/molecular analyses are planned.

Data analysis

Statistical methods for primary and secondary outcomes
{20a}

Categorical variables will be presented as absolute and
relative frequencies, and quantitative variables will be
presented as mean and standard deviation or median and
interquartile range (P25-P75), according to their
distribution. Normality will be verified by the Shapiro-
Wilk test. The chi-square test, Fisher’s exact test, Mann-
Whitney test, and t-test will be used to compare groups at
baseline, according to the nature and distribution of the
variables. Mixed repeated-measures ANOVA will be used
for multiple comparisons between treatment proto- cols,
where we will seek to investigate the effects of time

x group and time x group interactions. Statistical analy- sis
will be conducted following intention-to-treat princi- ples.
The significance level adopted will be 5% (p < 0.05), and the
analyses will be performed using SPSS statistical

software (IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY, USA: IBM Corp.).

Interim analyses {21b}

Not applicable: This study does not include interim anal-
yses, as the intervention poses no risk to participants and
will not require early termination. All analyses will be
conducted after the completion of the study.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

Subgroup analyses will be examined only if the sample size
is adequate.

Handling missing data {20c}
Missing data will be reported. No imputation is planned.

Access to protocol, data, and code {31c}
De-identified data is available on reasonable request and
ethics approval.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

There was no formal steering committee; oversight was
provided by principal investigators.

Composition of the data monitoring committee and its role
and reporting structure {21a}

Due to limited resources, our study does not have a data
monitoring committee. The Human Research Eth- ics
Committee of the SCPA and Universidade Federal de
Ciéncias da Saude de Porto Alegre does not require this
committee, given the low-risk nature of interventions and
outcomes.

Adverse event reporting {22}

This study involves minimal known risks, including reac- tions
such as temporary hyperemia at the electrode site,
hypotension during exercise, or muscle fatigue, which will
be documented in all sessions. Serious adverse events will be
reported to the ethics committee, and the study will be
interrupted.

Frequency and plans for auditing trial conduct {23}

Due to limited resources, our study does not plan to
conduct audit trials. However, oversight will instead be
maintained through regular internal monitoring by the
core research team.

37



Garlet et al. Trials (2026) 27:23

Protocol amendments {25}

Any changes that occur in the study protocol during the
recruitment of volunteers or data collection will be com-
municated to the institution’s ethics committee and Clin-
icalTrials.gov.

Dissemination {31a}

The findings will be shared by participating institutions,
policy makers, and the academic community to promote
quality monitoring and efficient use of this technology
with transplant patients.

Discussion

This article describes a WB-EMS protocol in post-LT
patients and aims to evaluate lower limb muscle strength
and mortality. Thus, our results may provide new insights into
the rehabilitation of post-LT patients, demonstrating
whether WB-EMS will add value to conventional physi-
cal therapy care and whether it has positive effects on the
outcomes evaluated.

The work has the potential to identify the profile of the
patient who is being placed on the transplant list and
understand their main commitment after surgery. Fur-
thermore, it can make important contributions to care in
the first sessions in the ICU and propose a reproducible
model to be incorporated into the routine.

Limitations of this study include the time between pre-
transplant evaluation and the start of the treatment pro-
tocol, due to the wait for a compatible organ, in addition to
the different underlying lung diseases presented by the
patients, lack of blinding of the therapist and patients due to
the nature of the interventions, and complications that are
part of the intensive care environment that may pre- vent
the application of the protocol.

Trial status

This study protocol is in its first version, registered at
ClinicalTrials.gov on November 28, 2023. Recruitment
began in December 2024, and the approximate com- pletion
date is December 2025. Any necessary changes to this
protocol will be reported to the Research Ethics Committee
of SCPA and Universidade Federal de Cién- cias da Saude
de Porto Alegre. All authors will have access to the final
study dataset.

Abbreviations
LT Lung transplantation

WB-EMS  Whole-body electrical stimulation
SCPA Santa Casa of Porto Alegre
NMES Neuromuscular electrical stimulation
CG Conventional physiotherapy group

IG Intervention group
COPD Chronic obstructive pulmonary disease
ICU Intensive care unit
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5 CONCLUSAO GERAL

A EECI quando aplicada juntamente com a fisioterapia de rotina em
pacientes pos TP, reduz o tempo de internacdo hospitalar. Ao avaliar a forca
isométrica de quadriceps, embora ndo tenha havido diferenca estatistica entre
0S grupos, observou-se uma maior perda no GC. Além disso, ao analisar as
medidas obtidas por ultrassonografia, observou-se que o Gl foi capaz de
preservar moderadamente a espessura do musculo reto femoral direito e
apresentou um efeito ligeiramente menor no reto femoral esquerdo. O impacto
na area de seccéo transversa dos musculos foi de moderado a grande, indicando
que, embora haja algum efeito protetor, este permanece limitado em termos de
preservagao da massa muscular.

N&o foram observadas alteracbes nos sinais vitais que excedessem 0s
limites fisioldgicos esperados apés as sessdes de EECI e, ocorreu uma reducéo
nos niveis de CK e LDH ao longo do tempo, independentemente do protocolo
aplicado, reforcando a seguranca das intervencoes.

Ao avaliar os efeitos na forca muscular respiratéria observou-se um
padrdo semelhante entre os grupos, caracterizado por uma reduc¢éo nos valores
imediatamente ap0s a extubacao, seguida por um aumento gradual na avaliacao
pés-intervencado, sem atingir 0s niveis basais pré-operatorios.

Quando avaliado os efeitos sobre o tempo de UTI, a forca muscular dos
membros superiores, da preensdo manual e da forca muscular geral, néo
ocorreu efeitos significativos em ambos os grupos.

Por fim, EECI associado a fisioterapia de rotina pode ser considerada uma
estratégia promissora dentro dos programas de reabilitacdo precoce na unidade
de terapia intensiva e internacdo, uma vez que, consiste em uma modalidade
terapéutica alternativa ao exercicio convencional, segura, bem tolerada e capaz

de otimizar a recuperacao dessa populacéo.
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6 IMPACTOS DO TRABALHO

Este estudo é o primeiro ensaio clinico randomizado a investigar os efeitos
do EECI em pacientes submetidos a TP durante a hospitalizacdo. Os resultados
demonstram um impacto clinico relevante, especialmente pela reducéo
significativa do tempo de internacdo hospitalar no Gl, quando comparado ao
grupo que recebeu apenas fisioterapia convencional. Esse achado representa
um beneficio direto para a recuperacao fisica e psicologica dos pacientes, além
de contribuir para otimizar recursos hospitalares e reduzir potenciais custos

relacionados ao cuidado pés-transplante.

Considerando esses achados, indicam que o EECI € uma estratégia
viavel, segura e potencialmente benéfica para acelerar a recuperacao funcional
e reduzir a permanéncia hospitalar em pacientes submetidos a TP. Assim, 0
estudo sugere possibilidades para protocolos mais longos, capazes de explorar
se ganhos funcionais mais robustos podem ser alcancados no médio e longo

prazo.
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