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RESUMO

Introducdo: O transplante cardiaco (TxC) é uma intervencdo indicada para pacientes com
insuficiéncia cardiaca avancada ou doenca cardiaca terminal com intuito de restaurar a funcéo
contrétil cardiaca e, assim, melhorar a capacidade funcional e a qualidade de vida do paciente.
Por sua vez, a reabilitacdo cardiaca pode ser uma estratégia relevante em proporcionar uma
melhora na capacidade funcional avaliada através do teste cardiopulmonar de exercicio (TCPE)
apos TxC.

Objetivo: Investigar a eficacia de um programa de reabilitacdo cardiaca precoce (RP) na
capacidade funcional em pacientes recentemente transplantados.

Meétodos: Foi realizado um estudo comparativo retrospectivo envolvendo pacientes pds-TxC
alocados em dois grupos: (1) RC, com duracdo de 16 semanas, realizado duas vezes por semana,
com inicio do programa menos de 147 dias apos a cirurgia; e (2) grupo controle (GC), sem
qualquer tipo de intervencdo. Néo foi definido um intervalo para a inclusdo dos pacientes. O
TCPE foi realizado em trés momentos diferentes: pré-TxC (Tempo 01), p6s-TxC recente
(Tempo 02) e pdés-RC ou pos-acompanhamento para 0 GC (Tempo 03). Para a analise
estatistica, foram utilizadas as Equacdes de Estimacdo Generalizada, com efeitos do Grupo, do
Tempo e da interagao Grupo*Tempo. O nivel de significancia selecionado foi de a < 0,05. Os
principais resultados foram apresentados como média = erro padrdo com intervalos de
confianca de 95% (1C 95%).

Resultados: Foram incluidos 29 participantes, com idade meédia de 47+ 16 anos para 0 grupo
RC (n=18) e 49 £ 13 anos para o GC (n=11) (P = 0,81). Nédo foram encontradas diferencas entre
0s grupos em relacdo ao sexo (11 homens RC e 9 homens no GC). O tempo médio para iniciar
a RC foi de 62 + 10dias (minimo: 21; maximo: 147). Apds 16 semanas, houve um aumento
mais pronunciado no consumo maximo de oxigénio (VO:zpico) para o grupo RC (diferenca
média (DM): 5,54 + 0,84; IC 95%: 3,53 a 7,56 mL.kg*min?; P < 0,01). No entanto, houve uma
diferenca na comparacgéo entre o tempo 01 e o tempo 03 (pré-TxC e apos reabilitacdo) para o
grupo RC (DM: 7,34 + 1,13; IC 95%: 4,62 a 10,06 mL.kg*min*; P < 0,01). Além disso, é
importante destacar a moderada, negativa e significativa correlacao entre o tempo para iniciar
a reabilitagdo (em dias) e o aumento do VOqpico (R =-0,57; P = 0,01).

Conclusdo: O programa de treinamento fisico iniciado precocemente apds o TxC evidenciou
melhora significativa na capacidade funcional de pacientes pds-TxC, ressaltando sua
importancia como intervencao terapéutica nesse contexto.

Palavras-chave: reabilitacdo cardiaca, transplante cardiaco, exercicio fisico, teste
cardiopulmonar do exercicio.



ABSTRACT

Introduction: Heart transplantation (TxC) is an intervention indicated for patients with
advanced heart failure or end-stage heart disease, aimed at restoring cardiac contractile function
and, thus, improving the patient's functional capacity and quality of life. Cardiac rehabilitation,
in turn, can be a relevant strategy for improving functional capacity, as assessed through
cardiopulmonary exercise testing (CPET) after TxC.

Objective: To investigate the effectiveness of an early cardiac rehabilitation (CR) program on
functional capacity in recently transplanted patients.

Methods: A retrospective comparative study was conducted involving post-TxC patients
allocated into two groups: (1) CR group, with a 16-week program, conducted twice a week,
starting less than 147 days after surgery; and (2) control group (CG), with no intervention. No
specific inclusion interval was defined for the patients. CPET was performed at three different
time points: pre-TxC (Time 01), early post-TxC (Time 02), and post-CR or post-follow-up for
the CG (Time 03). For statistical analysis, Generalized Estimating Equations were used,
considering the effects of Group, Time, and the Group*Time interaction. The significance level
was set at o < 0.05. Main results are presented as mean =+ standard error with 95% confidence
intervals (CI).

Results: A total of 29 participants were included, with a mean age of 47 + 17 years for the CR
group (n=18) and 49 + 14 years for the CG (n=11) (P = 0.81). No differences between groups
were found regarding sex (missing male/female distribution). The average time to start CR was
62 + 10 days (minimum: 21; maximum: 147). After 16 weeks, there was a more pronounced
increase in peak oxygen consumption (VO:peak) for the CR group (mean difference (MD):
5.54 + 0.84; 95% CI: 3.53 to 7.56 mL.kg*min*; P < 0.01). However, there was a significant
difference in the comparison between Time 01 and Time 03 (pre-TxC and post-CR or follow-
up) for the CR group (MD: 7.34 + 1.13; 95% CI: 4.62 to 10.06 mL.kg'min?; P < 0.01).
Additionally, a moderate, negative, and significant correlation was found between the time to
start rehabilitation (in days) and the increase in VOzpeak (R = -0.57; P = 0.01).

Conclusion: The early physical training program initiated after TxC demonstrated a significant
improvement in functional capacity in post-TxC patients, highlighting its relevance as a
therapeutic intervention in this context.

Keywords: cardiac rehabilitation, heart transplantation, physical exercise, cardiopulmonary
exercise testing.
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1. INTRODUCAO

O transplante cardiaco (TxC) € o tratamento indicado para individuos
diagnosticados com insuficiéncia cardiaca avancada em estagio terminal, sendo a
estratégia mais viavel para a recuperacdo desses pacientes (1,2). Dados epidemioldgicos
apontaram que o numero de transplantes no Brasil aumentou consideravelmente na
ultima década. De acordo com o Ultimo relatério divulgado pelo Ministério da Saude, o
namero de TxC realizados passou de 159 em 2011 para 430 em 2023 (3).

Embora o TxC proporcione melhora na expectativa e na qualidade de vida (1, 2),
muitos pacientes continuam apresentando capacidade funcional (CF) reduzida em
relacdo ao esperado para a idade (5). Assim, mesmo apds o TxXC, os desafios persistem,
e a reabilitacdo cardiaca (RC) surge como uma ferramenta fundamental para melhorar a
CF no periodo pds-transplante. Diante torna-se essencial investigar estratégias eficazes
para melhorar a CF e otimizar os tratamentos disponiveis.

Evidéncias recentes mostram que a RC melhora parametros cardiopulmonares e
a qualidade de vida em pacientes que participam de programas baseados em exercicio
fisico (2). No entanto, poucos estudos aplicaram protocolos de treinamento em pacientes
transplantados recentes. Além disso, a maioria das pesquisas aborda programas de
treinamento iniciados, no minimo, 6 meses apds o TxC (5).

A CF, medida pelo consumo maximo de oxigénio de pico (VOzpico), é reduzida
em individuos transplantados cardiacos quando comparados a individuos sedentarios de
mesma idade (6). Essa reducdo ocorre devido a perdas em componentes centrais (cardiaco
e pulmonar) e periféricos (masculo esquelético e vascular) (6). Essas alteracBes podem
ser atribuidas a fatores como terapia imunossupressora, consequéncias da insuficiéncia
cardiaca prévia, auséncia parcial ou completa da inervagdo cardiaca, cirurgia de grande

porte e evolucdo clinica do paciente (7). Compreender os fatores e comorbidades que
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contribuem para a diminuicdo da CF € essencial para implementar estratégias que
melhorem o progndstico.

Diante desse cenario complexo, a RC precoce, com énfase no treinamento fisico,
emerge como uma abordagem terapéutica promissora para enfrentar os desafios da
reducdo da CF po6s-TxC. Embora a literatura evidencie resultados positivos com a
reabilitacdo iniciada, em média, 6 meses ap6s o TxC, existem lacunas relacionadas a
intervencdes precoces (antes de 180 dias). Essas intervengdes podem ser ainda mais
eficazes, considerando o efeito sinérgico do TxC no aumento do VOzqpico devido aos
mecanismos previamente mencionados.

Ao fornecer um programa estruturado de exercicios fisicos, a RC busca maximizar
a recuperacdo funcional, combater o sedentarismo e promover a reintegracdo dos

pacientes a vida ativa (5,6).
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2. JUSTIFICATIVA, OBJETIVO E HIPOTESES

A investigacdo da reabilitacdo cardiaca, com foco no inicio precoce do
treinamento fisico, é fundamental para entender seu impacto na capacidade funcional e
no bem-estar geral de pacientes submetidos a transplante cardiaco. Embora a literatura
ainda apresente lacunas significativas sobre 0 momento ideal para iniciar o programa de
reabilitacdo, ha evidéncias que sugerem que uma intervencao precoce pode contribuir
para 0 aumento do consumo maximo de oxigénio de pico no periodo pds-transplante,
promovendo beneficios importantes para a recuperacao desses pacientes.

Assim, esta dissertacdo visa preencher as lacunas existentes na literatura por
meio de uma analise comparativa retrospectiva, avaliando os efeitos da reabilitacdo
cardiaca precoce na capacidade funcional de pacientes pos-transplante cardiaco. O
objetivo principal € verificar a eficacia da reabilitacdo cardiaca na melhoria da capacidade
funcional e correlacionar o tempo de inicio do programa de reabilitacdo com o aumento
do consumo méaximo de oxigénio de pico, em compara¢ao com um grupo controle.

OBJETIVO

Verificar a eficacia da reabilitacdo cardiaca na melhoria da capacidade funcional,
correlacionando o tempo de inicio do programa de reabilitagio com o aumento do

consumo maximo de oxigénio de pico em compara¢do a um grupo controle.
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HIPOTESES

HO: Pacientes poés-transplante cardiaco recente ndo apresentardo melhora
significativa na capacidade funcional ap6s 4 meses de reabilitacdo cardiaca com énfase
no treinamento fisico.

H1: Pacientes pos-transplante cardiaco recente apresentardo melhora
significativa na capacidade funcional ap6s 4 meses de reabilitagdo cardiaca com énfase

no treinamento fisico.
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3 REVISAO DA LITERATURA

3.1 PANORAMA HISTORICO DO TRANPLANTE CARDIACO NO BRASIL E
NO MUNDO

O transplante cardiaco (TxC), aliado a uma rede terapéutica e de cuidados, oferece
a muitos pacientes com insuficiéncia cardiaca (1C) avancada a oportunidade de melhorar
seu prognostico. O passado e o presente de esforgos, resiliéncia e investimentos em
pesquisa foram fundamentais para 0s avancos nessa area, contribuindo para a construcao
de uma rede de cuidados dedicada a esses individuos (1, 8).

Em dezembro de 1967, o Professor Christiaan Barnard realizou o primeiro TxC
entre humanos, marcando um momento historico na Africa do Sul (9). Apenas seis meses
depois, o Brasil seguiu esse caminho pioneiro, com a equipe do Dr. Euryclides Zerbini
realizando o primeiro TxC no pais, no Hospital das Clinicas da Faculdade de Medicina
da Universidade de Sdo Paulo (10). Desde entéo, especialmente ap0s o advento da
ciclosporina na década de 1980, o nimero de TxCs aumentou significativamente em todo
o0 mundo (1, 7). Em 2023, o Brasil alcangou um recorde historico de 424 procedimentos,
representando um aumento de 18% em relacdo a 2022, destacando a crescente relevancia
desse campo da medicina (3).

Dados da International Society for Heart and Lung Transplantation (ISHLT)
indicam que, entre 1982 e 2015, foram realizados 126.753 TxCs no mundo (10). Entre os
adultos submetidos ao procedimento nesse periodo, a mediana de sobrevida foi de 10,7
anos, com tendéncia de aumento nos anos mais recentes (10).

A decisdo de realizar um TxC deve ser baseada em uma avaliacdo abrangente dos
riscos e beneficios, considerando aspectos clinicos, laboratoriais, hemodinamicos,
psicoldgicos e sociais. Essa analise detalhada é essencial para identificar os pacientes que

mais se beneficiardo do procedimento. Os candidatos tipicos ao TxC sdo pacientes com
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IC avancada, sintomas progressivos refratarios ao tratamento medicamentoso ou
intervencionista, e progndstico adverso, frequentemente apresentando grave limitacéo
funcional (NYHA 111 e IV), dependéncia de drogas inotrépicas ou suporte circulatorio
mecanico, arritmias ventriculares sintomaticas recorrentes e doenca cardiaca isquémica
sem opcdes viaveis de revascularizacdo (2, 5).

O Teste Cardiopulmonar do Exercicio (TCPE) é uma ferramenta util para
avaliacdo progndstica, permitindo a medicdo objetiva da capacidade funcional (CF) por
meio de preditores importantes, como o VO:zpico e a inclinacdo VE/VCO.. Os critérios
para indicagdo de TxC incluem VOzpico <12 mlkg'.min" (<14 mlkg'.min' para
pacientes intolerantes a betabloqueadores), VOzpico <50% do previsto para pacientes
com menos de 50 anos e mulheres, VO: ajustado para massa magra <19 mLkg'.min! em
pacientes com indice de massa corporal (IMC) >30 kg/m?, e inclinagdo VE/VCO. >35 em
testes submaximos (1, 7, 8).

Quando realizado em pacientes criteriosamente selecionados, o0 TxC proporciona
melhorias significativas na sobrevida (11), qualidade de vida (11) e CF (12), permitindo,
em alguns casos, o retorno ao trabalho e até mesmo a participacdo em atividades
esportivas competitivas (13). Apds o procedimento, 0s pacientes relatam menos sintomas,
melhor percepcdo de saude, funcionalidade aprimorada e maior satisfacdo geral com a
vida (12).

Apesar dessas melhorias, muitos pacientes permanecem com CF abaixo do
esperado, medida pelo VO pico. Essa limitagdo pode ser atribuida a fatores como IC
prévia, necessidade de terapia imunossupressora e a fisiopatologia do coragédo
transplantado (12,13). Compreender os fatores que contribuem para essa reducdo da CF

e identificar comorbidades comuns é essencial para orientar estratégias eficazes.
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Nesse cenario, a reabilitagdo cardiaca (RC) surge como uma abordagem
multidisciplinar, voltada para promover a saude global do paciente e facilitar sua
reintegracdo a sociedade (16). Entre as estratégias integradas a RC, a terapia fisica
desempenha um papel central. Estudos controlados desde os anos 1990 demonstram que
programas estruturados de exercicio sdo eficazes na melhoria de multiplos aspectos da

fisiopatologia de pacientes pds-TxC (15, 16).

3.2 TRANSPLANTE CARDIACO: RESPOSTA, CONDICOES
FISIOPATOLOGICAS E EXERCICIO FISICO

Os beneficios do TxC vao além do restabelecimento da hemodindmica cardiaca,
repercutindo positivamente em outros sistemas e aspectos, como 0 incremento da
qualidade de vida e a melhora no prognostico (18). Apesar dessas melhorias serem de
grande relevancia, elas sdo frequentemente parciais. Assim, estratégias eficazes para
reverter alteracbes fisiopatologicas e mitigar os efeitos adversos da terapia
imunossupressora podem contribuir para um melhor desempenho nas atividades de vida
diaria, maior CF e menor morbimortalidade nessa populacdo (19). Nesse contexto, o
treinamento fisico desponta como uma estratégia multifatorial promissora, capaz de
favorecer um prognostico ainda mais positivo.

Embora os pacientes pos-TxC experimentem melhorias significativas na
hemodinamica cardiaca, estudos demonstram que, apesar do aumento expressivo no
VOqpico durante o primeiro ano apds o TxC, os valores ainda permanecem abaixo do
predito para a idade (20).

Essa limitacdo na tolerancia ao exercicio em pacientes pds-TxC é atribuida a
diversos fatores. O VO: ¢ determinado pelo produto do débito cardiaco pela diferenca

arteriovenosa de oxigénio. Em pacientes pos-TxC, a redugdo do VO pico €
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primariamente associada a alteragdes nos componentes periféricos responsaveis pela
extracdo de oxigénio (21).

A interacdo entre multiplos fatores é evidente nas adaptacGes do organismo as
demandas metabdlicas, incluindo ventilacdo pulmonar, débito cardiaco, pré-carga, pds-
carga, inotropismo, cronotropismo, dromotropismo, volume sanguineo, concentracdo de
hemoglobina, fluxo sanguineo periférico e capacidade metab6lica celular, todos
contribuindo para o aumento do VOzpico (21, 22). Nos pacientes p6s-TxC, mesmo que 0
novo coracdo tenha funcdo sistolica preservada, alteracbes decorrentes do processo
patologico subjacente e das intervencdes terapéuticas necessarias podem impactar
negativamente esses diversos niveis, resultando em potenciais prejuizos funcionais (15,
23).

Além das alteracGes cardiacas, diversas mudangas sistémicas contribuem para a
intolerdncia ao exercicio em pacientes com IC. Essas alteracdes incluem fraqueza
muscular inspiratéria, reducdo na capacidade de troca gasosa nos pulmdes, disfuncao
endotelial e mudancas na musculatura esquelética. Especificamente, essas mudancas na
musculatura esquelética envolvem diminuicdo da quantidade e qualidade muscular, maior
proporcao de fibras do tipo Il e reducdo na quantidade e atividade das mitocondrias, o
que torna os musculos mais propensos a fadiga (22, 24).

A inatividade fisica, frequentemente observada nos pacientes com IC, contribui
para a miopatia esquelética (25,26). Nesse contexto, a sarcopenia, caracterizada pela
diminuicdo de massa e for¢a muscular, é prevalente e esta associada a um menor VO:pico
e pior prognostico (25, 26). No periodo pds-TxC, essas alteracdes podem ser agravadas
na auséncia de intervencbes direcionadas, devido principalmente ao uso de

corticosteroides e inibidores da calcineurina. Esses medicamentos, embora essenciais
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para evitar rejeicdo, apresentam efeitos adversos, como comprometimento da saude
vascular, muscular esquelética e da densidade mineral 6ssea (15, 23, 27, 28).

A RC surge como uma estratégia eficaz para mitigar essas alteracdes
fisiopatoldgicas, contribuindo para a melhora da CF e da qualidade de vida em pacientes
transplantados. Apesar da melhora significativa na hemodin&dmica cardiaca observada
ap6s o TxC, estudos mostram que a capacidade de esforco permanece reduzida em
comparacdo a individuos saudaveis. Kao et al. (29) demonstraram que, no pico do esforco,
0 indice cardiaco de pacientes pés-TxC é aproximadamente 41% menor do que o de
individuos saudaveis. Esse comprometimento €, em grande parte, atribuido a
incompeténcia cronotropica causada pela interrupcdo da inervagdo autondmica do
coracdo durante o procedimento cirurgico, envolvendo tanto fibras simpaticas quanto
parassimpaticas (30).

Estudos recentes reforcam os beneficios do exercicio fisico estruturado no ambito
da RC. Uma meta-analise demonstrou que pacientes submetidos a programas de RC
baseados em exercicios apresentaram aumento significativo no VO:zpico, associado a
melhoras na CF e no prognéstico (31). Entre as modalidades testadas, o exercicio aerobico
de intensidade moderada demonstrou seguranca e eficacia, promovendo ganhos
funcionais comparaveis aos de individuos saudaveis (32). Além disso, o treinamento
aerobico intervalado de alta intensidade e o treinamento combinado (aerdbico + resistido)
também mostraram resultados positivos, incluindo um aumento médio de 3,1
mlkg'.min"' no VO:pico em pacientes pos-TXC.

E importante notar que os estudos disponiveis iniciaram os programas de RC em
média 120 dias apos o TxC. Embora seja sabido que o VO:pico tende a aumentar
“espontaneamente” no periodo pds-TxC, ainda ndo ha evidéncias robustas sobre os

efeitos de uma intervencdo mais precoce. Investigar a eficicia de uma RC iniciada nos
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primeiros meses apods o transplante pode revelar beneficios adicionais tanto no VO:zpico
quanto em outras variaveis do TCPE.

Portanto, ha uma lacuna significativa na literatura sobre 0 momento ideal para
iniciar o treinamento fisico em pacientes pds-TxC. Este estudo se propde a investigar 0s
efeitos da RC precoce sobre as variaveis do TCPE, buscando preencher essa lacuna e
contribuir para o desenvolvimento de estratégias mais eficazes para potencializar os

beneficios do treinamento fisico nessa populagéo.
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ABSTRACT

Introduction: Heart transplantation (TxC) is an intervention indicated for patients with
advanced heart failure or end-stage heart disease, aimed at restoring cardiac contractile
function and, thus, improving the patient's functional capacity and quality of life. Cardiac
rehabilitation, in turn, can be a relevant strategy for improving functional capacity, as
assessed through cardiopulmonary exercise testing (CPET) after TxC.

Objective: To investigate the effectiveness of an early cardiac rehabilitation (CR)
program on functional capacity in recently transplanted patients.

Methods: A retrospective comparative study was conducted involving post-TxC patients
allocated into two groups: (1) CR group, with a 16-week combined training program,
conducted twice a week, and (2) control group (CG), with no intervention. No specific
inclusion interval was defined for the patients. CPET was performed at three different
time points: pre-TxC (Time 01), early post-TxC (Time 02), and post-CR or post-follow-
up for the CG (Time 03). For statistical analysis, Generalized Estimating Equations were
used, considering the effects of Group, Time, and the Group*Time interaction. The
significance level was set at a < 0.05. Main results are presented as mean + standard error
with 95% confidence intervals (CI).

Results: A total of 29 participants were included, with a mean age of 47 + 17 years for
the CR group (n=18) and 49 + 14 years for the CG (n=11) (P = 0.81). No differences
between groups were found regarding sex (missing male/female distribution). The
average time to start CR was 45 days (IQR 28-91) days After 16 weeks of intervention,
there was a more pronounced increase in peak oxygen consumption (VO:2peak) for the
ECR group (mean difference (MD): 5.54 + 0.84; 95% CI: 3.53 to 7.56 mL.kg*min; P
< 0.01). However, after TxC (from Time 01 to Time 02), the CG showed significant
improvement with a mean difference of 4.07 + 1.46; 95% CI: 0.57 to 7.57 mL.kg*min’*
(P =0.01). However, there was a significant difference in the comparison between Time
01 and Time 03 (pre-TxC and post-CR or follow-up) for the CR group (MD: 7.34 +
1.13; 95% CI: 4.62 to 10.06 mL.kg'.min?; P < 0.01). Additionally, a moderate,
negative, and significant correlation was found between the time to start rehabilitation
(in days) and the increase in VOzpeak (R = -0.57; P = 0.01).

Conclusion: The early physical training program initiated after TxC demonstrated a

significant improvement in functional capacity in post-TxC patients, highlighting its
relevance as a therapeutic intervention in this context.

Keywords: cardiac rehabilitation, heart transplantation, physical exercise,
cardiopulmonary exercise testing.

BACKGROUND

Heart transplantation (HTx) remains the gold-standard treatment for individuals

with advanced, advanced heart failure.! Globally, it is estimated that between 4,000 and
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5,000 HTx procedures are performed annually. In 2022, 363 transplants were conducted,
while 416 individuals remained on the waiting list, according to the National Transplant

System.?3

Despite its life-saving potential, HTx does not fully restore functional capacity.
Post-transplant patients often exhibit reduced cardiopulmonary functional capacity
compared to age-matched healthy individuals,** as well as poorer quality of life.* These
limitations highlight the need for complementary interventions to optimize recovery and

improve long-term outcomes.

Functional capacity is primarily assessed using peak oxygen consumption
(VOzpeak) during a cardiopulmonary exercise test (CPET), a gold-standard method for
evaluating aerobic fitness.>” Physical exercise-based cardiac rehabilitation is a
cornerstone of post-HTx care, offering substantial benefits in both functional capacity
and quality of life.® However, the majority of programs target patients starting
rehabilitation more than four months after HTx,® leaving a gap in understanding the
effects of early cardiac rehabilitation (ECR). Although the benefits of HTx on VO2peak

after HTx are well documented, %11

The aim of this study was to assess the effectiveness of an ECR program on
functional capacity in recently transplanted patients. By exploring changes in functional
capacity over time, the study seeks to enhance our understanding of ECR strategies to

optimize post-heart transplant care.

METHODS
Study Design and Participants
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This retrospective comparative study analyzed data from patients who
underwent HTX in a tertiary referral hospital (Hospital de Clinicas de Porto Alegre, Porto
Alegre, Brazil) between 2014 and 2023, with data analysis conducted i=n November
2024. All participants provided written informed consent for the retrospective analysis
and publication of their data, in accordance with the Helsinki Declaration and the National
Health Council Resolution 466/12. Ethical approval for the study was obtained from the
Research Ethics Committee of the Hospital de Clinicas de Porto Alegre (protocol number:

20180651).

The study included male and female patients (20 males and 9 females), aged 14
to 73 years, who underwent HTx and participated in the Phase 1l Academic-Assistance
Cardiac Rehabilitation Program at Hospital de Clinicas de Porto Alegre during the
specific period. Eligibility criteria encompassed individuals with complete data available
for analysis, while patients with incomplete rehabilitation records or follow-up data were

excluded.

Cardiopulmonary Exercise Test

The data were collected at three distinct time points: (1) before HTX, (2) shortly
after HTx (ECR 42 days [IQR, 28-91],GC 56[IQR, 38-94]), and (3) following the ECR
program (ECR 206[I1QR,182-245],GC 301[IQR,245-357]) or after three months of

follow-up for the control group (GC).

All CPETs were conducted in the morning at the Non-Invasive Methods Unit of
HCPA (UMNI-HCPA) under controlled room temperatures (18°C-22°C). A cardiologist
certified by the Department of Ergometry, Exercise, Nuclear Cardiology, and
Cardiovascular Rehabilitation of the Brazilian Society of Cardiology exclusively

performed the tests (ADS).
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The CPET assessmenst were conducted on a treadmill (General Electric T-2100,
GE Healthcare, Waukesha, WI, USA) using a ramp protocol established by Nery et al.®
Parameters such as VOzpeak, carbon dioxide production (VCO2), minute ventilation
(VE), and respiratory quotient were measured breath by breath using the Cortex
Metalyzer 3B System (Cortex Medical, Leipzig, Germany), designed for precise

pulmonary gas exchange analysis. All tests achieved anr > 1.10.

Participants underwent continuous 12-lead electrocardiographic monitoring
(Nihon Kohden Corporation, Tokyo, Japan) adapted from the Mason-Likar protocol.*!
Blood pressure was measured using a sphygmomanometer (P.A. MED PA 2001, Brazil).

Tests were classified as maximal when the respiratory quotient reached or exceeded 1.10.

To ensure safety, strict termination criteria were applied. Tests were stopped in
the presence of exercise intolerance (e.g., chest pain or discomfort, pronounced dyspnea,
dizziness, confusion, ataxia, pallor, excessive sweating, cyanosis, claudication, or
cramps), abnormal cardiovascular responses (e.g., atypical blood pressure or heart rate

changes), or at the participant’s request.

Intervention and Control

The intervention was a 16-week, twice-weekly (~ 45-60 minutes per session),
supervised ECR program that followed a structured training protocol combining aerobic
and strength exercises. Each session began with aerobic training, followed by strength

exercises.
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Aerobic training was prescribed based on CPET results, and the modified Borg
scale (ranging from O to 10) was used to assess exertion levels. The protocol consisted of
treadmill walking sessions divided into two phases. During sessions 1-12, participants
walked for 20 to 40 minutes at a heart rate corresponding to 65% to 85% of heart rate
reserve or a perceived exertion level of 1-6 on the Borg scale (“very slight” to “severe”).
In sessions 13-32, the intensity was adjusted to 45% to 90% of heart rate reserve, with an
exertion level on the Borg scale of 2-7 (“slight” to “very severe”), while maintaining the
same duration of 20 to 40 minutes per session. All sessions were documented with a wrist-

worn heart rate monitor.

Strength training included both multi-joint and single-joint exercises (sit-to-
stand, seated row, shoulder press, plantar flexion, bench press, and hip thrust) using
dumbbells, resistance bands, and bodyweight exercises. During sessions 1-12,
participants performed 1-2 sets of 8-15 repetitions (~ 10-15 minutes), at an intensity level
of 1-6 on the modified Borg scale. In sessions 13-32, the training progressed to 2-3 sets
of 8-15 repetitions (~ 15-20 minutes), with an intensity level of 2-7 on the Borg scale
(“slight” to “very severe”). All the periodization of aerobic and strengt training is

available in the supplementary material.

The patients in the CG did not receive any formal exercise prescription and were

instructed to continue their current activity practices throughout the study.

Outcomes
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The primary outcome was to compare functional capacity between the
intervention and control groups at three different time points: pre-transplant, post-recent
transplant, and post-early rehabilitation (or follow-up).

A secondary outcome was to correlate the change in peak VO. with the timing

of rehabilitation initiation.

Statistical Analysis

In the descriptive analysis, variables with a normal distribution were expressed
as means and standard deviations, while non-normally distributed variables were
described as medians and interquartile ranges. For the outcomes, means and standard
errors were reported, and non-normal data were presented as medians along with their

minimum and maximum values.

Group comparisons were performed using the Student’s t-test for independent
samples for normally distributed continuous variables. Frequencies were compared using
the chi-square test, and differences in non-normally distributed variables were assessed
using the Mann-Whitney U test. Changes over time and between groups were analyzed

using Generalized Estimating Equations.

The significance level was set at o < 0.05. Mean differences and 95% confidence
intervals were calculated to provide precision and variability estimates. Data analysis was

conducted using SPSS software, version 20.0 (IBM, United States).

RESULTS
A total of 29 participants were included with a mean age of 47.36 + 15.62 for

ECR group (n=18), and 48.66 = 12.56 years for GC (n=11) (P = 0.81). No differences
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were found between the groups regarding sex. The majority of participants were male
(79%). Patients in the ECR group began the exercise training program at an average of
62 £ 10 days post-transplant (range: 21 to 147 days). Medians for the timing of the second
and third CPET assessments, as well as participants’ body mass index and body mass, are

summarized in Table 1.

Table 2 presents the results of a comparison between an early cardiac
rehabilitation group and a control group in heart transplant recipients at three different
time points: pre-transplant, post-transplant, and post early rehabilitation. The primary
outcome measured was peak VOz2, which is a measure of cardiorespiratory fitness. The
data is presented as mean * standard error (95% confidence interval). A p value of 0.039
indicates a significant interaction between group and time, suggesting that the two groups

experienced different changes in peak VO2 over time.

Figure 1 presents the interactions between group and time factors for functional
capacity. After the exercise training program, there was a more pronounced increase in
VOqpeak for ECR group (mean difference (MD): 5.54 + 0.84; 95%; CI: 3.53 to 7.56
mL.kg*min?; P < 0.01. However, after HTx (time 01 to time 02), the CG showed a
significant improvement with a mean difference of 4.07 + 1.46; 95% CI: 0.57 to 7.57
mL.kg*min? (P = 0.01). It is important to note that this behavior was not observed for
the ECR group. Nevertheless, there was a difference in the comparison between time 01
and time 03 (pre-HTx and after the rehabilitation follow-up) for the ECR group (MD:
7.34 +1.13; 95% Cl: 4.62 to 10.06 mL.kg*min; P < 0.01). Additionaly, it is important
to note the difference between the groups for time 03 (post-rehabilitation/post-follow-

up), with a MD of 5.16 + 1.95; 95% CI: 1.33 to 8.99 mL.kgtmin; P < 0.01).
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Figure 2 demonstrates a significant, moderate, negative correlation between the
time to start rehabilitation (in days) and the increase in peak VO (R =-0.579, p = 0.01).
Approximately 18.3% of the variability in the increase of peak VO can be explained by

the time to start rehabilitation (r>=0.183).

DISCUSSION

This retrospective comparative study demonstrated that post-HTx patients who
participated in a structured ECR program focused on physical exercise experienced
significant improvements in functional capacity, as evidenced by increased VO:peak.
These findings may have implications for public health guidelines, emphasizing the
importance of an early, exercise-centered approach to improving the functional capacity
of patients undergoing HTx.

Our findings are consistent with a previous randomized controlled trial that
reported significant improvements in VOzpeak among post-HTX patients who initiated
physical training early (two weeks post-transplant). In that study, six months of training
resulted in a greater increase in VOzpeak compared to the control group (mean difference:
4.4 mL-kg " min~" vs. 1.9 mL-kg'-min~'; P = 0.01).2 In this context, safety and efficacy
have always been key considerations. In this regard, other trials have similarly
demonstrated the safety and efficacy of various training modalities, including high-
intensity interval training, in improving functional capacity in HTX recipients.41°

In the present study, the mean increase of 5.5 mL-kg'-min' in VOapeak
observed in the ECR group between the second and third assessments aligns with the
findings of Anderson et al.* In their meta-analysis of randomized controlled trials, they
highlighted the positive, and effective impact of exercise on functional capacity in post-
HTx patients. However, those studies typically included patients at least one year post-

HTx, with follow-up periods of 12 weeks.* This distinction highlights the findings of our
33



study, which applied an exercise protocol to patients in the early post-HTx phase, with a
mean start of 45 days (IQR 28-91).

The prognostic importance of VO:apeak is also supported by Kavanagh et al.,
who showed that a 1 mL-kg ! min' increase in VO:2peak could reduce mortality by up to
10% in patients with cardiovascular disease.'® In this context, our results suggest that
ECR may be effective and could potentially contribute to improved patient longevity.

While our study showed significant improvements in functional capacity
following the intervention, we also identified a moderate, negative correlation between
the time to initiate rehabilitation and the increase in peak VO: (Figure 1). This suggests
that earlier initiation of rehabilitation may be linked to a more pronounced improvement
in peak VQO.. Future research should investigate the optimal timing for starting
rehabilitation in order to maximize these benefits.

Strengths and Limitations

This study adds to the growing body of literature on cardiac rehabilitation in
HTx recipients by exploring the effects of early intervention on functional capacity, as
assessed by CPET. These findings help address a gap in the literature, suggesting that
ECR may play a role in improving post-HTx outcomes and highlighting the potential
benefits of exercise training as part of the recovery process. While current research
provides limited evidence on the benefits of ECR for recent HTx recipients, particularly
in direct comparisons between those who participate in ECR and those who do not, our
results offer useful insights that may enhance understanding of the potential advantages
of ECR in this patient group.

It is important to acknowledge several limitations of this study. First, it was
conducted at a single center, which may limit the generalizability of the findings to other

populations or clinical settings. Second, the small sample size restricts the statistical
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power and robustness of the results. Third, as a retrospective comparative study, our
findings are subject to potential biases inherent in this study design. To validate and
further explore these results, prospective multicenter studies with larger cohorts are
needed to provide more robust and generalizable insights.

CONCLUSIONS

This study demonstrates that ECR significantly improves functional capacity in
post-HTx individuals compared to a control group. These findings suggest that healthcare
professionals should prioritize the inclusion of ECR programs in post-HTXx care, as such
interventions not only enhance recovery but also have the potential to reduce the risks
associated with low exercise capacity, ultimately improving patient outcomes and long-

term health.
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FIGURAS E TABELAS

Table 1: Clinical Characteristics

Clinical Median )
o n (%) n (%) Median (IQR) P-Value
Characteristics (IQR)
Age 47.37+15.62 48.66 +12.57 .998***
Sex (M) 14(77.78) - 9(81.82%) W -----m-m-m-m-- .068**
Weight 71.5 (63-75) 70 (70-70) .632*
BMI (kg?) 24.29 (23.14-26.4) 23.39 (23.39-23.39)" .947*
Days to CPET 01 140(98-203) 91(56-273) .815*
Days to CPET 02 42 (28-91) 56 (38.5-94.5)  .495*
Days to CPET 03 206.5 (182-245) 301 (245-357)  .004*
Days to Start
455(28-91) | e e
Rehab

Note: ***calculated by Student's t test ** p-value calculated by chi-squared test. p-value calculated by Mann-Whitney
non-parametric test. QR: interquartile range; SD: standard deviation; CPET: cardiopulmonary exercise test; Days to
CPET 02: days to the second test; Days to CPET 03: days to the third test; Days to start Rehab: first day of cardiac

rehabilitation after heart transplant * only 1 valid value

Table 2. Results between the two groups during the three different times in heart transplant recipients.

Early Cardiac Reabilitation Control Group P-Value
Mean + SE (95% CI) Mean + SE (95% CI) Group*Time
Outcome Pre htx Post htx Post ER Pre htx Post htx Post follow up

VO2 peak 15.09£0.97aA 16.88+0.82aA 22.43+1.030A 14.23+0.82aA 18.31+1.72bA 17.26%1.65abB 0.039
(13.17;17.01) (15.26; 18.50) (20.40; 24.46) (12.61;15.86) (14.92;21.69) (14.01;20.51)

Note: different lowercase letters represent differences between the same group at different times (P<0.05); different capital letters represent differences between

groups at the same time point (P<0.05); SE: standard error; ER: early reabilitation

FIGURE 1. Peak oxygen consumption at three different time points in heart transplant recipients.
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FIGURE 2. Correlation between the increase in Peak oxygen consumption and the number of

days until the cardiac rehabilitation start.
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MATERIAL SUPLEMENTAR

Anexo | - Prescrigdo treinamento aerobico

Sessao Volume Intensidade BORG
Aerobico (%FCreserva)
1@ 20 min 35% a 50% FCreserva la?2
22 25 min 35% a 50% FCreserva la?2
3? 30 min 35% a 50% FCreserva la2
42 35 min 35% a 50% FCreserva la2
5a 35 min 40% a 60% FCreserva la3
62 40 min 40% a 60% FCreserva la3
72 40 min 40% a 60% FCreserva la3
8? 40 min 40% a 60% FCreserva la3
92 30 min 45% a 75% FCreserva 2a4
102 35 min 45% a 75% FCreserva 2a4
112 25 min 65% a 85% FCreserva 436
122 30 min 65% a 85% FCreserva 436
132 30 min 45% a 60% FCreserva 2a3
1428 30 min 45% a 60% FCreserva 2a3
1528 35 min 50% a 75% FCreserva 3a4
162 30 min 50% a 75% FCreserva 3a4
178 25 min 70% a 85% FCreserva 4a6
182 20 min 70% a 85% FCreserva 4a6
198 35 min 45% a 60% FCreserva 2a3
202 30 min 45% a 60% FCreserva 2a3
212 35 min 45% a 60% FCreserva 2a3
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228 30 min 50% a 75% FCreserva 3a4
23 35 min 50% a 75% FCreserva 3a4
248 30 min 60% a 80% FCreserva 3ab
252 35 min 55% a 75% FCreserva 3a5
262 30 min 70% a 85% FCreserva 4a6
278 30 min 70% a 85% FCreserva 4a6
282 25 min 75% a 90% FCreserva 5a7
292 30 min 75% a 90% FCreserva 5a7
302 40 min 50% a 75% FCreserva 3a4
312 35 min 50% a 75% FCreserva 3a4
328 30 min 45% a 60% FCreserva 2a3

Anexo Il - Protocolo de treinamento de forca 32 sessdes.

12 sesséo treino de forca: BORG 1 a 2

» Agachamento (senta e levanta) — 1 x 8 a 15 repeticdes

* Remada fechada neutra (puxar) — 1 x 8 a 15 repeticdes

* Flexado plantar — 1 x 8 a 15 repeticdes (em pé ou sentado)

* Supino fechado neutro (empurrar) — 1 x 8 a 15 repeti¢cdes

22 sessdo treino de forca: BORG de 1 a 2

*Agachamento (senta e levanta) — 1 x 8 a 15 repeticdes

*Remada fechada neutra (puxar) — 1 x 8 a 15 repeticdes

* Flexado plantar — 1 x 8 a 15 repeti¢cdes (em pé ou sentado)

« Supino fechado neutro (empurrar) — 1 x 8 a 15 repeticdes

32 sessao treino de forca: BORG de 1 a2




» Agachamento (senta e levanta) — 1 x 8 a 15 repeticdes
* Remada fechada neutra (puxar) — 1 x 8 a 15 repeti¢coes
* Flexao plantar — 1 x 8 a 15 repeti¢cdes (em pé ou sentado)

* Supino fechado neutro (empurrar) — 1 x 8 a 15 repeti¢cdes

42 sesséo treino de forca: BORG de 1 a2

» Agachamento (senta e levanta) — 1 x 8 a 15 repeticdes
* Remada fechada neutra (puxar) — 1 x 8 a 15 repeticdes
* Flexdo plantar — 1 x 8 a 15 repeticdes (em pé ou sentado)

 Supino fechado neutro (empurrar) — 1 x 8 a 15 repeti¢cdes

52 sessdao treino de forca: BORG de 1 a 3

» Agachamento (senta e levanta) — 1 x 8 a 15 repeticdes
* Remada fechada neutra (puxar) — 1 x 8 a 15 repeticbes
* Flexado plantar — 1 x 8 a 15 repeticdes (em pé ou sentado)

* Supino fechado neutro (empurrar) — 1 x 8 a 15 repeti¢cdes

62 sessao treino de forca: BORG de 1 a 3

» Agachamento (senta e levanta) — 1 x 8 a 15 repeticdes
* Remada fechada neutra (puxar) — 1 x 8 a 15 repeticdes
* Flexado plantar — 1 x 8 a 15 repeticdes (em pé ou sentado)

* Supino fechado neutro (empurrar) — 1 x 8 a 15 repeti¢cdes

72 sessao treino de forca: BORG de 1 a 3 (intercalar os exercicios)
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» Agachamento (senta e levanta) — 2 x 8 a 15 repeticdes

* Remada fechada (puxar) — 2 x 8 a 15 repeti¢coes

* Flexdo plantar — 2 x 8 a 15 repeticdes (em pé ou sentado)
*Desenvolvimento fechado — 2 x 8 a 15 repeticdes

* Supino aberto (empurrar) — 2 x 8 a 15 repeticdes

* Elevacgéo de quadril — 2 x 8 a 15 repeticbes

82 sessao treino de forca: BORG de 1 a 3 (intercalar os exercicios)

» Agachamento (senta e levanta) — 2 x 8 a 15 repeticdes

* Remada fechada (puxar) — 2 x 8 a 15 repeticdes

* Flexdo plantar — 2 x 8 a 15 repeti¢cdes (em pé ou sentado)
» Desenvolvimento fechado — 2 x 8 a 15 repeticdes

» Supino aberto (empurrar) — 2 x 8 a 15 repeticdes

* Elevacéo de quadril — 2 x 8 a 15 repeticbes

92 sessdo treino de forca: BORG de 2 a 4 (intercalar os exercicios)

» Agachamento (senta e levanta) — 2 x 8 a 15 repeticdes

* Remada fechada (puxar) — 2 x 8 a 15 repeticdes

* Flexado plantar — 2 x 8 a 15 repeticdes (em pé ou sentado)
» Desenvolvimento fechado — 2 x 8 a 15 repeticdes

* Supino aberto (empurrar) — 2 x 8 a 15 repeticdes

* Elevacéo de quadril — 2 x 8 a 15 repeticbes

102 sesséo treino de for¢ca: BORG de 2 a 4 (intercalar os exercicios)
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» Agachamento (senta e levanta) — 2 x 8 a 15 repeticdes

* Remada fechada (puxar) — 2 x 8 a 15 repeticoes

* Flexao plantar — 2 x 8 a 15 repeticdes (em pé ou sentado)
* Desenvolvimento fechado — 2 x 8 a 15 repeticdes

» Supino aberto (empurrar) — 2 x 8 a 15 repeticdes

* Elevacgéo de quadril — 2 x 8 a 15 repeticbes

112 sesséo treino de forca: BORG de 4 a 6 (intercalar os exercicios)

» Agachamento (senta e levanta) — 2 x 8 a 15 repeticdes

* Remada fechada (puxar) — 2 x 8 a 15 repeticdes

* Flexado plantar — 2 x 8 a 15 repeticdes (em pé ou sentado)
» Desenvolvimento fechado — 2 x 8 a 15 repeticdes

» Supino aberto (empurrar) — 2 x 8 a 15 repeticdes

* Elevacéo de quadril — 2 x 8 a 15 repeticbes

122 sesséo treino de forca: BORG de 4 a 6 (intercalar os exercicios)

» Agachamento (senta e levanta) — 2 x 8 a 15 repeticdes

* Remada fechada (puxar) — 2 x 8 a 15 repeticdes

* Flexao plantar — 2 x 8 a 15 repeticdes (em pé ou sentado)
» Desenvolvimento fechado — 2 x 8 a 15 repeticdes

* Supino aberto (empurrar) — 2 x 8 a 15 repeticdes

* Elevacéo de quadril — 2 x 8 a 15 repeticbes
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132 sessdo treino de for¢ca: BORG de 2 a 3 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 12 repeticdes

* Remada fechada (puxar) — 3 x 8 a 12 repeticdes

* Flexao plantar — 3 x 8 a 12 repeti¢cdes (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 12 repeti¢cdes

» Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacgéo de quadril — 3 x 8 a 12 repeticbes

142 sesséo treino de forca: BORG de 2 a 3 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 12 repeticdes

* Remada fechada (puxar) — 3 x 8 a 12 repeticdes

* Flexado plantar — 3 x 8 a 12 repeticdes (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 12 repeticdes

* Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacéo de quadril — 3 x 8 a 12 repeticbes

152 sesséo treino de forca: BORG de 3 a 4 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 12 repeticdes

* Remada fechada (puxar) — 3 x 8 a 12 repeticdes

* Flexdo plantar — 3 x 8 a 12 repeti¢cdes (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 12 repeti¢coes

* Supino aberto (empurrar) — 3 x 8 a 12 repeticdes
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* Elevacgéo de quadril — 3 x 8 a 12 repeticbes

162 sessdo treino de forca: BORG de 3 a 4 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 12 repeti¢cdes

* Remada fechada (puxar) — 3 x 8 a 12 repeti¢cdes

* Flexao plantar — 3 x 8 a 12 repeti¢des (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 12 repeticdes

* Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacgéo de quadril — 3 x 8 a 12 repeticbes

172 sesséo treino de forca: BORG 3 a 4 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 12 repeticdes

* Remada aberta (puxar) — 3 x 8 a 12 repeticbes

* Flexado plantar — 3 x 8 a 12 repeticdes (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 12 repeticdes

* Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacao de quadril — 3 x 8 a 12 repeticbes

182 sesséo treino de forca: BORG 2 a 3 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 12 repeticdes
« Remada aberta (puxar) — 3 x 8 a 12 repeticbes
* Flexao plantar — 3 x 8 a 12 repeti¢Bes (em pé ou sentado)
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* Desenvolvimento aberto — 3 x 8 a 12 repeticdes
* Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacgéo de quadril — 3 x 8 a 12 repeticbes

192 sessdo treino de forca: BORG 2 a 3 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 12 repeticdes

* Remada aberta (puxar) — 3 x 8 a 12 repeticbes

* Flexdo plantar — 3 x 8 a 12 repeticdes (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 12 repeti¢cdes

* Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacéo de quadril — 3 x 8 a 12 repeticbes

202 sessao treino de forca: BORG 2 a 3 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 12 repeticdes

* Remada aberta (puxar) — 3 x 8 a 12 repeticbes

* Flexado plantar — 3 x 8 a 12 repeti¢cdes (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 12 repeticdes

* Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacao de quadril — 3 x 8 a 12 repeti¢cbes

212 sessdo treino de forca: BORG 2 a 3 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 12 repeti¢cdes
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* Remada aberta (puxar) — 3 x 8 a 12 repeticbes

* Flexao plantar — 3 x 8 a 12 repeti¢des (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 12 repeti¢cdes

* Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacgéo de quadril — 3 x 8 a 12 repeticbes

222 sessao treino de forca: BORG 3 a 4 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 12 repeticdes

* Remada aberta (puxar) — 3 x 8 a 12 repeticbes

* Flexdo plantar — 3 x 8 a 12 repeticdes (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 12 repeticdes

» Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacéo de quadril — 3 x 8 a 12 repeticbes

232 sessdo treino de forca: BORG 3 a 4 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 12 repeticdes

* Remada aberta (puxar) — 3 x 8 a 12 repeticbes

* Flexado plantar — 3 x 8 a 12 repeti¢cdes (em pé ou sentado)
» Desenvolvimento aberto — 3 x 8 a 12 repeticdes

* Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacao de quadril — 3 x 8 a 12 repeticbes

242 sessdao treino de forca: BORG 3 a 5 (intercalar os exercicios)
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» Agachamento (senta e levanta) — 3 x 8 a 10 repeti¢cdes

* Remada aberta (puxar) — 3 x 8 a 10 repeticbes

* Flexao plantar — 3 x 8 a 10 repeticdes (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 10 repeti¢cdes

* Supino aberto (empurrar) — 3 x 8 a 10 repeticdes

* Elevacgéo de quadril — 3 x 8 a 10 repeticbes

252 sessao treino de forca: BORG 3 a 5 (intercalar os exercicios)
» Agachamento (senta e levanta) — 3 x 8 a 10 repeticdes

* Remada aberta (puxar) — 3 x 8 a 10 repeticbes

* Flexdo plantar — 3 x 8 a 10 repeticdes (em pé ou sentado)

* Desenvolvimento aberto — 3 x 8 a 10 repeticdes

» Supino aberto (empurrar) — 3 x 8 a 10 repeticdes

* Elevacéo de quadril — 3 x 8 a 10 repeticbes

262 sessdo treino de forca: BORG 4 a 6 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 10 repeticdes

* Remada aberta (puxar) — 3 x 8 a 10 repeticbes

* Flexado plantar — 3 x 8 a 10 repeti¢cdes (em pé ou sentado)
» Desenvolvimento aberto — 3 x 8 a 10 repeticdes

* Supino aberto (empurrar) — 3 x 8 a 10 repeticdes

* Elevacao de quadril — 3 x 8 a 10 repeticbes

272 sessao treino de forca: BORG 4 a 6 (intercalar os exercicios)
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» Agachamento (senta e levanta) — 3 x 8 a 10 repeti¢cdes

* Remada aberta (puxar) — 3 x 8 a 10 repeticbes

* Flexao plantar — 3 x 8 a 10 repeticdes (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 10 repeticdes

* Supino aberto (empurrar) — 3 x 8 a 10 repeticdes

* Elevacgéo de quadril — 3 x 8 a 10 repeticbes

282 sessao treino de forca: BORG 5 a 7 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 10 repeticdes

* Remada aberta (puxar) — 3 x 8 a 10 repeticbes

* Flexado plantar — 3 x 8 a 10 repeticdes (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 10 repeticdes

» Supino aberto (empurrar) — 3 x 8 a 10 repeticdes

* Elevacéo de quadril — 3 x 8 a 10 repeticbes

292 sessdo treino de forca: BORG 5 a 7 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 10 repeticdes

* Remada aberta (puxar) — 3 x 8 a 10 repeticbes

* Flexado plantar — 3 x 8 a 10 repeticdes (em pé ou sentado)
» Desenvolvimento aberto — 3 x 8 a 10 repeticdes

* Supino aberto (empurrar) — 3 x 8 a 10 repeticdes

* Elevacéo de quadril — 3 x 8 a 10 repeticbes

30?2 sessdo treino de forca: BORG 3 a 4 (intercalar os exercicios)
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» Agachamento (senta e levanta) — 3 x 8 a 12 repeticdes

* Remada aberta (puxar) — 3 x 8 a 12 repeticbes

* Flexao plantar — 3 x 8 a 12 repeticdes (em pé ou sentado)
* Desenvolvimento aberto — 3 x 8 a 12 repeticdes

» Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacgéo de quadril — 3 x 8 a 12 repeticbes

312 sessao treino de forca: BORG 3 a 4 (intercalar os exercicios)
» Agachamento (senta e levanta) — 3 x 8 a 12 repeticdes

* Remada aberta (puxar) — 3 x 8 a 12 repeticbes

* Flexado plantar — 3 x 8 a 12 repeticdes (em pé ou sentado)

* Desenvolvimento aberto — 3 x 8 a 12 repeti¢cdes

» Supino aberto (empurrar) — 3 x 8 a 12 repeticdes

* Elevacéo de quadril — 3 x 8 a 12 repeticbes

322 sessao treino de forca: BORG 2 a 3 (intercalar os exercicios)

» Agachamento (senta e levanta) — 3 x 8 a 15 repeticdes

* Remada aberta (puxar) — 3 x 8 a 15 repeticbes

* Flexado plantar — 3 x 8 a 15 repeti¢cdes (em pé ou sentado)
» Desenvolvimento aberto — 3 x 8 a 15 repeticdes

* Supino aberto (empurrar) — 3 x 8 a 15 repeticdes

* Elevacéo de quadril — 3 x 8 a 15 repeticOes
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