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ABSTRACT

This paper tests the hypothesis that the interaction between high intensity inspiratory
muscle training (IMT) and aerobic exercise provides an increase in physical capacity,
respiratory muscle strength, peripheral muscle strength, and quality of life of patients
who underwent coronary artery bypass grafting (CABG). Along these lines the study
aimed to evaluate this association in an attempt to minimize the effects of surgery in this
population. Design: randomized controlled clinical trial, with concealed allocation and
blinded evaluator. Participants: twenty-four patients who performed CABG were
randomized into two groups to receive inspiratory muscle training associated with
aerobic exercise or only aerobic exercise. Intervention: during 36 sessions, one group
received IMT associated with aerobic exercise of increased loads each week and the
other group received only aerobic exercise with increased load according to reserved
heart rate. Outcome measures: The primary outcome was the distance covered in the
six-minute test and in the indirect measure of PeakVO2. Secondary outcomes included
respiratory muscle strength, peripheral muscle strength, and quality of life. Measures
were taken at the basecline, at the 12th session, the 24th session, and after the
intervention. Results: baseline characteristics were similar between groups. There was
no statistically significant difference between the two groups in any outcome (6MWD —
p=.935; PeakVO2 — p= .853; MIP — p= .243; MEP — p= .268; SRT— p=.212), but there
was interaction in maximal inspiratory pressure (p=.000) and all outcomes improved in
the two groups (6MWD — p=.000; PeakVO2 — p=.000; MIP — p=.000; MEP — p=.000;
SRT — p=.000). Conclusion: there was an improvement of all outcomes in both groups,
but IMT was not able to provide additional benefits. The use of this combination should
be used with caution to not generate higher costs in the rehabilitation process of these
patients.

Keywords: Coronary Artery Bypass; Inspiratory Muscle Training; Aerobic Training;
Rehabilitation; Quality of Life.



RESUMO

Este trabalho testa as hipoOteses que a interagdo entre o treinamento muscular
inspiratorio (TMI) de alta intensidade e o exercicio aerdbico fornecem um incremento
na capacidade funcional, forca muscular respiratdria, forca muscular periférica,
qualidade de vida e dados ergométricos de pacientes que realizaram cirurgia de
revascularizacdo do miocardio (CRM). Neste contexto, o estudo objetivou avaliar esta
associacdo na tentativa de minimizar os efeitos delétrios da cirurgia nesta populagao.
Desenho: ensaio clinico controlado randomizado, com ocultacdo de alocagdo e
avaliador cegado. Participantes: vinte e quatro pacientes que realizaram CRM foram
randomizados em dois grupos para receber TMI associado com exercicio aerobio ou
apenas exercicio aerdbio. Intervenc¢ao: durante 36 sessdes, um grupo recebeu TMI
associado com exercicio aerdbio com cargas aumentadas a cada semana e o outro grupo
recebeu apenas atividade aerdbica com carga aumentada de acordo com a freqiiéncia
cardiaca maxima. Desfechos: o desfecho primario foi a distancia percorrida no teste de
seis minutos. Os desfechos secundarios incluiram for¢ca muscular respiratéria, forca
muscular periférica, qualidade de vida e desempenho no exercicio. Medidas foram
tomadas na linha de base, na 12% sessdo, na 24 sessao e apos a intervengao. Resultados:
as caracteristicas basais foram semelhantes entre os grupos. Ndo houve diferenca
estatisticamente significativa entre os dois grupos em nenhum desfecho, mas houve uma
interacdo na pressao inspiratoria maxima (p = .000) e todos os resultados melhoraram
em ambos os grupos. Conclusao: houve melhora de todos os desfechos em ambos os
grupos, mas o TMI ndo foi capaz de proporcionar beneficios adicionais. O uso desta
combinacdo deve ser utilizado com cautela para ndo gerar custos mais elevados no
processo de reabilitacdo desses pacientes.

Palavras-chave: Revascularizacdo do Miocardio; Treinamento Muscular Inspiratdrio;
Treinamento Aerobico; Reabilitagdao; Qualidade de Vida.
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1.1 INTRODUCAO

Doencgas cardiovasculares (DCV) sdo disturbios que incluem doenca arterial
coronariana (DAC), doenga cerebrovascular, doenga cardiaca reumatica e outras
condi¢des. Essas doengas estdo em ampla expansdo no mundo, sendo que quatro em
cada cinco mortes por DCV sao devido a infarto agudo do miocardio (IAM) e doengas
cerebrovasculares, o que representa 80% de todas as mortes por essa causa (WHO,
2016). Segundo a Organizagdo Mundial da Saude (OMS), 17,5 milhdes de pessoas
morrem anualmente de DCV e 75% dessas mortes ocorrem em paises de baixa e média
renda (WHO, 2016). No Brasil, o IAM registra cerca de 100 mil 6bitos anuais e ¢ a
principal causa de mortalidade no pais (Datasus, 2014).

A DAC ¢ uma doencga cronica, caracterizada como um processo dinamico,
evolutivo, a partir de dano endotelial de origem multifatorial, com caracteristicas de
reparagdo tecidual, ocasionada por um processo conhecido como aterosclerose. A DAC
secundaria a aterosclerose destaca-se como uma das principais causas de morbidade e
mortalidade nas sociedades industrializadas e a cirurgia de revascularizacio do
miocardio (CRM) ¢ a principal indicagdo para o seu tratamento (Romaldini et al., 2004;
Members et al., 2012).

Os objetivos da CRM incluem aumento na expectativa de vida do paciente com
melhora na qualidade de vida, alivio dos sintomas da isquemia miocardica, melhora a
funcdo ventricular e prevengdo de recorréncias de IAM (Cantero, Almeida e Galhardo,
2012). Apesar dos beneficios da cirurgia cardiaca, ainda existe uma alta incidéncia de
complicacdes decorrentes do processo cirargico e do pds-operatério onde sdo
encontrados altos indices de dificuldades que contribuem para o declinio funcional,
aumento do tempo de internagdo com consequente aumento dos custos assistenciais,

levando a redugdo da qualidade de vida e a mortalidade pds-alta (Franga et al., 2012).
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Os programas de exercicio fisico tém se mostrado seguros na tentativa de
minimizar os efeitos da cirurgia cardiaca e também melhorar os sintomas em pacientes
com DAC e insuficiéncia cardiaca cronica (ICC) (Hammill et al., 2010; Beauchamp et
al., 2013; de Vries et al., 2015). O treinamento com exercicio fisico nesses pacientes
mostra uma melhora cardiovascular, melhora da musculatura esquelética, da endurance,
da fun¢do pulmonar, do perfil inflamatorio, dos sintomas de depressdo e estresse e da
qualidade de vida, além de melhorar desfechos significativos como mortalidade,
constituindo-se assim como um forte pilar de tratamento ndo farmacoldgico nessa
populacao (Piepoli et al., 2011; Vanhees et al., 2012; Moe et al., 2014).

A melhora dos desfechos clinicos através de atividade fisica, principalmente
com o exercicio aerobico, ja estd bem documentada na literatura nesse tipo de
populacdo através de revisdes sistematicas recentes. Programas de treinamento com
exercicio foram capazes de reduzir mortalidade, reduzir internagdes hospitalares e
melhorar a qualidade de vida de pacientes com DAC e ICC ap6s 12 meses de follow-up
(Anderson et al., 2014; Ismail et al., 2013). Da mesma maneira, em pacientes que
realizaram CRM, interven¢do percutanea coronariana, pacientes com angina ou DCV
definida por angiografia, houve reducao de mortalidade cardiovascular e reducao de
admissdes hospitalares, levando a uma melhora no custo-efetividade e ainda a melhora
da qualidade de vida quando comparado a um grupo controle (Anderson et al., 2016;
Oldrige, 2012).

Treinamento com exercicio em pacientes com ICC também foi capaz de reduzir
sintomas de depressao (Tu et al., 2014) e melhorar a disfun¢do autondmica (Hsu et al.,
2015). Exercicio aerobico intenso a moderado foi eficaz em melhorar a frequéncia
cardiaca de recuperagdo e a variabilidade da frequéncia cardiaca nesses pacientes (Hsu

et al., 2015). Em pacientes com DCV e ICC, exercicio aerobico moderado a intenso
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induziu a melhora do consumo maximo de oxigénio (VO, pico) e da capacidade
funcional nesses pacientes (Ismail et al., 2013; Uddin et al., 2015).

Novas estratégias estdo sendo estudadas para potencializar o efeito do exercicio
nessa populagdo. Nesse aspecto, hd um interesse crescente por diferentes intervengdes
fisioterapéuticas como, exercicios respiratorios, treinamento muscular inspiratdrio
(TMI) e estimulagdo elétrica nervosa transcutdnea, por levarem a um impacto
significativo na estabilidade do paciente, qualidade de vida e capacidade funcional
(Marco et al., 2013; Lima et al., 2011).

Pacientes que apresentam uma pobre performance da musculatura inspiratoria,
apresentam sintomas de dispneia, baixa tolerancia ao exercicio e baixo status funcional,
caracteristicas muito presentes em pacientes com DCV, principalmente os que
apresentam ICC (Cahalin et al., 2013). Dessa forma, o TMI, apresenta-se como uma
estratégia de grande valia na reducdo desses sintomas, trazendo beneficios como a
melhora da capacidade funcional e da qualidade de vida desses pacientes.

Algumas revisdes sistematicas ja estabelecem os beneficios do uso do TMI em
pacientes com DCV. Em pacientes com ICC, um treinamento com duragdo média de 6 a
12 semanas, realizado de 3 a 6 vezes na semana levou a melhora significativa no VO2
pico, na capacidade funcional, avaliada pelo teste de caminha da seis minutos (TC6’), e
na forca muscular respiratoria, avaliada por manovacuometria, principalmente com
relacdo a pressdo inspiratdria maxima (Pimax) (Montenezzo et al., 2014; Plentz et al.,
2012; Smart et al., 2013). O estudo de Montenezzo et al., 2014 demostra ainda que os
pacientes que apresentam fraqueza da musculatura inspiratoria prévia mostram ganhos
melhores do que aqueles com for¢a muscular inspiratoria prévia normal. Além disso, o
estudo de Smart et al., 2013, mostrou melhora significativa da qualidade de vida,

avaliada pelo questiondrio Minessota, apds o uso de TMI nesses pacientes.
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Outra modalidade de TMI que vem sendo investigada ¢ o TMI de alta
intensidade. Ensaios clinicos randomizados demonstraram que o uso dessa modalidade
por quatro semanas em pacientes com ICC melhorou significativamente a forca
muscular respiratoria e a variacdo percentual de resisténcia nesses pacientes (Marco et
al., 2013). Quando associado com o exercicio aerdbico, o TMI de alta intensidade
mostrou melhora significativa na Piméax, qualidade de vida, dispneia e proteina C-
reativa (Adamopoulos et al., 2014).

Ainda que estabelecidos os efeitos do exercicio aerdbico e do TMI sobre a
melhora das condigdes fisicas e clinicas de pacientes com DCV nenhum estudo testou
os efeitos da associag¢do entre essas modalidades na tentativa de minimizar os efeitos
deletérios de uma cirurgia cardiaca nessa populagdo. Com o objetivo de melhor discutir
esses temas nas proximas sessoes, realizou-se uma breve revisdo da literatura sobre os
aspectos da cirurgia cardiaca e suas complicagdes, bem como um aprofundamento na
area de exercicio aerébico e TMI e a potencial contribui¢do dessas modalidades no

tratamento desses pacientes.

1.2 CIRURGIA CARDIACA

A DAC continua sendo uma das principais causas de morte no mundo ocidental,
e, atualmente, existe trés opcoes de tratamento para esta doenga: tratamento clinico,
intervengdo coronariana percutanea ¢ a CRM (Arsalan & Mack, 2016). Uma longa
histéria de ensaios clinicos randomizados, grandes registros observacionais € uma
infinidade de meta-analises demonstram resultados favoraveis com a realizagdo da
CRM (Arsalan & Mack, 2016; British Heart Foundation, 2011). Esta cirurgia tem como

objetivos aumentar a sobrevida desses pacientes, aliviar os sintomas de isquemia do
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miocardio, prevenir episodios de IAM, melhorar a fungdo ventricular e a qualidade de
vida do paciente (Cantero et al., 2012).

Quando a CRM foi realizada pela primeira vez com sucesso por Kolesov em
1964, esta era a unica opg¢do de técnica disponivel. A superioridade da CRM quando
comparada ao tratamento clinico foi demonstrada em ensaios iniciais como o Estudo de
Cirurgia da Artéria Coronaria (CASS, 1983). Neste ensaio, entre 1975 e 1979, 780
pacientes com DAC cronica, foram aleatoriamente designados para cirurgia ou
tratamento clinico. Apos sete anos de follow-up, os pacientes com doenca triarterial e
fracdo de eje¢do baixa tiveram um aumento na sobrevida apés CRM em comparagdo
com o tratamento clinico (88% versus 65%, P = 0,009). O estudo mostrou,
adicionalmente, uma melhoria na qualidade de vida dos pacientes apds a realizagdo da
CRM ao longo do acompanhamento quando comparado ao tratamento clinico (CASS,
1983).

Por mais de uma década, a CRM permaneceu como a unica op¢ao de tratamento
a terapia clinica que resultou no alivio dos sintomas, melhora da qualidade de vida e
aumento da sobrevida desses pacientes (Arsalan & Mack, 2016). Apesar disso, a alta
incidéncia de complicagdes apos a cirurgia cardiaca contribui para o declinio funcional,
redugdo da qualidade de vida e mortalidade pos-alta hospitalar (Franga et al., 2012).
Dessa forma, a cirurgia evoluiu ao longo do tempo em diferentes aspectos, como por
exemplo: a selecdo de enxerto, a realizacdo de cirurgia sem circulacdo extracorpérea
(CEC) e a realizacio de CRM com técnica minimamente invasiva. Todas essas
alternativas visam minimizar os efeitos indesejados da cirurgia, como reduzir a
incidéncia de acidente vascular cerebral ou no caso da técnica minimamente invasiva,
reduzir os inconvenientes da esternotomia, tais como dor, infec¢do da ferida operatoria,

estadias prolongadas no hospital e tempos maiores de recuperagdo (Arsalan & Mack,
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2016). Porém, quando essas técnicas ndo sdo possiveis, o paciente convive com
diferentes tipos de complicacdes e necessita de acompanhamento na tentativa de

minimizé-las e melhorar sua qualidade de vida.

1.3 COMPLICACOES DA CIRURGIA CARDIACA

A cirurgia cardiaca traz uma vasta lista de complicagdes que podem estar ligadas
com os habitos pré-operatorios, com as técnicas e procedimentos realizados no
transoperatdrio e ainda com a recuperacdo no poés-operatorio (PO). As complicagdes
mais expressivas sdo as pulmonares, diversos fatores podem influenciar a mecanica
respiratdria e as trocas gasosas nas cirurgias cardiacas, aumentando os riscos no PO.
Incluem-se nesses fatores, os efeitos da CEC, a hipotermia, a acdo anestésica, a posicao
do paciente na mesa cirargica, a dor, os baixos volumes correntes, a expectoracao e a
complacéncia pulmonar reduzidas, a fadiga muscular entre outros, como os fatores pré-
operatdrios, principalmente associados ao tabagismo e a doenga pulmonar prévia
(Alcantara & Santos, 2009; Clark, 2006).

Com relagao a CEC, ocorre um o aumento do volume de agua extra-vascular
pulmonar levando a alteragcdo na atividade normal do sistema surfactante e a ativacao
das cascatas inflamatorias com liberacdo de enzimas e radicais livres, que entram na
circulacao sistémica causando lesdes no parénquima pulmonar (Padovani & Cavenaghi,
2011). Ja a anestesia geral, leva a reducdo da capacidade residual funcional em até 30%
no PO imediato causando uma disfun¢dao diafragméatica que ocorre por aumento do
tonus abdominal e redu¢ao da atividade do nervo frénico. Essa redu¢do do volume

pulmonar também reduz a complacéncia pulmonar, aumentando a resisténcia nas vias
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aéreas, o que predispdem a formacdo de atelectasias, levando a disturbios da relacio
ventilagdo-perfusdo (Diretrizes Brasileiras de Ventilagdo Mecanica, 2013).

Além disso, devem-se considerar ainda as complica¢des relacionadas com o
sistema muscular. Cirurgias de grande porte, como as cardiacas, acarretam em reducdo
acentuada do condicionamento fisico e grande perda de for¢ca muscular, o que gera um
ciclo, levando o paciente a inatividade fisica. Tudo isso corrobora para a diminui¢ao da
capacidade funcional do paciente e também a diminui¢do da sua qualidade de vida
(Needham, Truong & Fan, 2009).

Por isso, existe a busca por diferentes estratégias na tentativa de minimizar todos
os efeitos deletérios da cirurgia cardiaca. Nesses pacientes, programas de
condicionamento fisico resultam em melhora da capacidade funcional, além de reducdo
da frequéncia cardiaca, pressdo arterial sistdlica e concentracdo plasmatica de
catecolaminas em intensidades submaximas de exercicio (ACCF/AHA Guideline for the
Management of ST-Elevation Myocardial Infarction, 2013). Além disso, o efeito do
exercicio fisico resulta em redugdo significativa dos marcadores inflamatérios, melhora
da disfuncdo autonomica, reducdo da mortalidade e melhora da qualidade de vida

(Anderson et al., 2014; Ismail et al., 2013; Hsu et al., 2015).

1.4 EXERCICIO AEROBICO

Os programas de reabilitacao cardiaca baseados em treinamentos com exercicio
aerdbico, ja sdo reconhecidos como parte integrante do tratamento de pacientes com
DCV. Esses programas receberam uma recomendagao de Classe I da American Heart
Association, do American College of Cardiology e da European Society of Cardiology,

com a terapia ergométrica consistentemente identificada como elemento central do
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tratamento. (ACCF/AHA Guideline for the Management of ST-Elevation Myocardial
Infarction, 2013; Balady et al., 2011; Perk et al., 2012; Anderson et al., 2016).

Segundo a OMS a reabilitacdo cardiaca ¢ “a soma das atividades necessarias
para influenciar favoravelmente a causa subjacente da doenga, bem como as melhores
condicdes fisicas, mentais e sociais possiveis, para que possam, por seus proprios
esforcos, preservar ou retomar o normal como um lugar possivel na comunidade”. A
reabilitacdo ndo pode ser considerada como uma forma isolada de terapia, mas deve ser
integrada como parte de todo o tratamento (WHO, 1993; Oldridge, 2012). As diretrizes
internacionais recomendam consistentemente a provisdo de reabilitagdo abrangente que
inclui educag¢do e insumos psicolégicos focados na mudanca de comportamento de
saude e estilo de vida, modificacdo de fatores de risco e bem-estar psicossocial
(Anderson et al., 2016).

O treinamento por exercicio ¢ considerado hoje um dos principais pilares de
tratamento ndo farmacoldgico para pacientes com DAC e ICC. Seus principais
beneficios sdo a melhora da fungdo cardiovascular, da fungdo pulmonar, da forca
muscular periférica, da capacidade funcional, da qualidade de vida, do perfil
inflamatoério, dos sintomas de estresse e depressdo e das fungdes cognitivas (Gayda et
al., 2016).

As primeiras revisoes sistematicas e meta-analises que estudaram os efeitos da
reabilitagdo cardiaca baseada em treinamento por exercicio, escritas por Oldridge et al.
(1988) e O'Connor et al. (1989) foram publicadas ha mais de 20 anos. Essas
demonstraram uma reducdo de 20% a 25% na mortalidade por todas as causas
cardiovasculares com base em dados de 22 ensaios clinicos randomizados que

envolveram mais de 4.300 pacientes (Oldridge et al., 1988; O'Connor et al., 1989).
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O principal pressuposto ¢ que o treinamento por exercicio poderia beneficiar a
capacidade funcional e a qualidade de vida, principalmente pelo aumento do VO, pico
(Ismail et al., 2013). Também se afirma que o treinamento por exercicio poderia induzir
o remodelamento ventricular esquerdo, alteragdes dos volumes cardiacos € o aumento
da fracdo de ejecdo do ventriculo esquerdo (Haykowsky et al., 2007). Além disso, o
prognodstico para morbidade e mortalidade tem melhorado com novos estudos sobre
exercicio em pacientes do DAC e ICC (Cipriano et al., 2014, Cornelis et al., 2016)

Meta-analises mostraram que o treinamento por exercicio demonstrou beneficio
em pacientes com ICC em termos de melhora da aptiddo cardiorrespiratéria (Piepoli et
al., 2004; Smart et al., 2004), além de induzir a melhorias no VO, pico (Smart et al.,
2004) e na fracdo de ejecdo do ventriculo esquerdo (Haykowsky et al., 2007). Além
disso, a fun¢do endotelial (Hambrecht, 2000) e os niveis séricos de peptideos
natriuréticos (Smart et al., 2010) e de citocinas pro-inflamatérias (Smart et al., 2011)
também sdo melhorados com o treinamento (Ismail et al., 2013).

E importante ressaltar ainda que a capacidade funcional (ou "endurance") é um
forte preditor de mortalidade cardiovascular e de todas as causas tanto em adultos
saudaveis como em pessoas com DCV (Myers et al. 2002; Kokkinos et al, 2010). A
cada ganho de 1,0 equivalente metabdlico (MET: 1 MET 3,5 ml / kg.minl) na
capacidade de exercicio ocorre uma melhora de 12% na sobrevida de individuos com

DCYV existentes (Kokkinos et al, 2010; Uddin et al., 2015).

1.5 TREINAMENTO MUSCULAR INSPIRATORIO

Muitos sdo os exercicios respiratorios utilizados no PO de grandes cirurgias e

também utilizados na reabilitacdo cardiopulmonar ou na reabilitacdo de pacientes com
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doengas cronicas, entre eles, o uso do TMI tem se expandido nas ultimas décadas
devido a fraqueza muscular ventilatoria que predispde a fadiga dos musculos
ventilatorios e contribui para o declinio da fungdo e forca pulmonar e aumenta a
percepgao de dispneia (MCconnell et al., 2004). Os beneficios do TMI decorrem de trés
grandes principios basicos do treinamento: a sobrecarga, na qual o musculo deve ser
solicitado em niveis superiores ao usual para que as células musculares aumentem em
tamanho ou capacidade funcional; especificidade, onde o treinamento deve ser
direcionado especificamente para as propriedades do musculo; e reversibilidade, que
demonstra que os efeitos do treinamento sdo transitdrios e reversiveis havendo dessa
forma a necessidade de se estabelecer uma rotina de treinamento (Mancini et al., 1995).

O instrumento mais utilizado em pesquisas com TMI ¢ o aparelho Threshold®
inspiratdrio, um equipamento de baixo custo e de qualidade consistente que permite
cargas para treinamento entre 7-41 cmH20 (Chen et al., 1998). A busca por melhores
resultados com maiores cargas fez surgir outros equipamentos, cujo principio de
treinamento € o mesmo do Threshold®, e vém sendo utilizados durante o treinamento
da musculatura inspiratdria, como o PowerBreathe® e o Orygen Dual Valve®. Esses
equipamentos permitem a realizagao de exercicios de alta intensidade (-90 cmH20),
podendo chegar a valores ainda maiores, de até -270 cmH20O. Ambas as formas de TMI
sao eficazes na melhora da for¢ca muscular inspiratoria (Smart et al., 2013; Smart et al.,
2013). Porém, os resultados alcangados com o uso do TMI de alta intensidade podem
ser observados em um periodo de tempo menor do que normalmente ocorreriam (Marco
etal., 2013).

O TMI pode ser indicado na reabilitagdo cardiopulmonar para o tratamento de
varias doencas. Uma das indicacdes do TMI ¢ para a reabilitacdo de pacientes com

doenca pulmonar. Uma revisdo sistematica com meta-andlise incluindo 32 ensaios
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clinicos randomizados foi realizada para demonstrar os efeitos do TMI em pacientes
com doenga pulmonar obstrutiva cronica, onde houve melhora da forca e resisténcia
muscular inspiratoria, da capacidade funcional, da dispneia e da qualidade de vida
(Gosselink et al., 2011). O TMI também se demonstrou efetivo em pacientes com asma
(Weiner et al. 2002), apos treinamento por um periodo de seis semanas. Os pacientes
foram randomizados para receber TMI com 50% da PImax ou 15% da PImax (TMI
placebo) e concluiu-se que o TMI com carga de 50% da PImax promoveu atenuagdo da
fadiga muscular inspiratéria, reduziu a percep¢ao de dispneia e aumentou a tolerancia
ao exercicio nesses pacientes (Turner et al., 2011).

Os efeitos do TMI também foram descritos em pacientes com diabetes mellitus e
fraqueza muscular inspiratdria. Utilizado durante oito semanas o TMI foi capaz de
aumentar a forga muscular inspiratoria nos pacientes em relacdo ao grupo que realizou
TMI placebo (Correa et al. 2011). Em outro estudo envolvendo pacientes com
diagnostico de diabetes mellitus tipo 2 e neuropatia autonomica diabética, os autores
constataram associagdo entre fraqueza muscular ventilatdria e prejuizo no controle
autonomico cardiovascular (Kaminski et al., 2011).

Em pacientes com doenca renal cronica em hemodialise, um estudo (Pellizzaro
et al., 2013) randomizou 39 pacientes em trés grupos: controle, treinamento para
musculatura extensora de joelho e treinamento para musculatura inspiratoria. Os
pacientes realizaram TMI com carga de 50% da Plmax, reavaliada mensalmente,
enquanto o outro grupo realizou o treinamento com sobrecarga de 50% da repeticao
maxima. Nos pacientes que treinaram houve aumento na forga muscular inspiratéria e
capacidade funcional, com o TMI demonstrando maior efeito que o treinamento da

musculatura periférica.
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Alguns estudos ja demonstraram resultados positivos do uso de TMI em
pacientes com DCV. O estudo de Caruso et al., 2016 avaliou a variabilidade da
frequéncia cardiaca durante um protocolo de resisténcia muscular inspiratoria em trés
diferentes niveis de carga, em 19 pacientes previamente submetidos a CRM e que
participavam de um programa de reabilitagdo cardiopulmonar. O protocolo a 30%, 60%
e 80% da PIméx foi aplicado por quatro minutos cada, em ordem aleatéria, e a
frequéncia cardiaca e os intervalos RR foram registrados e a variabilidade da frequéncia
cardiaca foi analisada por tempo. A frequéncia cardiaca aumentou durante o
desempenho das manobras, e a variabilidade da frequéncia cardiaca melhorou
significativamente a 80% em relagdo ao repouso e 30% da PIméax (P <0,05). Dessa
forma, o TMI em altas intensidades foi capaz de promover maior atividade
parassimpatica e pode conferir beneficios importantes durante um programa de
reabilitacdo cardiopulmonar.

Outro estudo investigou a eficiéncia de um programa de TMI (Threshold® -
30% da PIméax) associado ao exercicio combinado aerdbio e de resisténcia sobre a forga
muscular respiratoria, capacidade funcional e qualidade de vida em 24 pacientes
submetidos a CRM e em programa de reabilitacdo cardiaca de fase II. Os pacientes
foram divididos em dois grupos, TMI + treinamento combinado e treinamento
combinado com grupo de exercicios respiratorios, durante um periodo de 12 semanas,
com duas sessoes por semana. O grupo TMI apresentou incrementos maiores nos
valores de PImax (P <0,001), PEmax (P <0,001), VO, pico (P <0,001) e qualidade de
vida (P <0,001) (Hermes et al., 2015).

A associagdo do TMI de alta intensidade com exercicio aerodbico ja foi
investigada em pacientes com ICC. Um ensaio clinico randomizado foi conduzido para

avaliar o efeito desta associacao por doze semanas. Foi realizado exercicio aerdbico por
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45 minutos a 80% da frequéncia cardiaca méaxima trés vezes por semana em ambos 0s
grupos. No grupo TMI + exercicio aerdbico o TMI foi realizado a 60% da PImax
durante 30 minutos, trés vezes na semana. Essa associacdo resultou na melhora
significativa da PImax, da qualidade de vida, da dispneia e dos niveis de proteina C-
reativa. Em ambos os grupos a PImax, o consumo maximo de oxigénio e a fracdo de
ejecdo do ventriculo esquerdo melhoraram significativamente (Adamopoulos et al.,
2014).

Como ja citado anteriormente, algumas revisdes sistematicas ja estabeleceram os
beneficios do uso do TMI em pacientes com DCV. Nesses pacientes, o TMI mostra
eficacia na melhora do VO, pico, da capacidade funcional, da forca muscular
respiratéria e na qualidade de vida, mostrando-se como um importante componente na
recuperagdo do estado fisico, psiquico e social apés comprometimento cardiovascular

(Montenezzo et al., 2014; Plentz et al., 2012; Smart et al., 2013).

1.6 JUSTIFICATIVA E OBJETIVOS

O estudo conjunto das alteragdes na interagdo cardiopulmonar, na capacidade
funcional e nos mecanismos que promovem a atenuagdo da reducao da forca muscular
respiratoria e da capacidade funcional de pacientes no pos-operatorio de cirurgia
cardiaca configura-se como oportunidade impar para identificar novos mecanismos
envolvidos na incapacidade funcional e da mesma forma pode propiciar sua
quantificagdo. Além do mais, o estudo da interacdo entre o treinamento com exercicio
aerébico e o TMI de alta intensidade sobre estas alteragdes ainda ndo esta compreendido
na populacdo em pds-operatério de CRM. Assim, a resposta dessa interacdo pode ser

uma ferramenta valiosa no tratamento de pacientes em pds-operatério recente de CRM,
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pois poderd atuar no condicionamento da musculatura respiratéria, da capacidade
funcional e da qualidade de vida, constituindo-se como fonte potencial para teste
experimental de novas hipoteses.

Dessa forma, o objetivo desse estudo ¢ verificar os efeitos do TMI de alta
intensidade associado ao treinamento com exercicio aerdbico na capacidade funcional,
forca muscular respiratéria e qualidade de vida de pacientes no pos-operatério de

cirurgia de revascularizagdo do miocardio.
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ABSTRACT

Questions: Is the association of high-intensity inspiratory muscle training (IMT) with
aerobic exercise capable of improving the deleterious effects of coronary artery bypass
grafting (CABG)? Was there improvement in the primary outcome, functional capacity,
with this association? Was the association able to improve respiratory muscle strength,
peripheral muscle strength, and quality of life in these patients? Design: randomized
controlled clinical trial, with concealed allocation and blinded evaluator. Participants:
twenty-four patients who performed CABG were randomized into two groups to receive
inspiratory muscle training associated with aerobic exercise or only aerobic exercise.
Intervention: during 36 sessions, one group received IMT associated with aerobic
exercise of increased loads each week and the other group received only aerobic
exercise with increased load according to reserved heart rate. OQutcome measures: The
primary outcome was the distance covered in the six-minute walked test and in the
indirect measure of PeakVO2. Secondary outcomes included respiratory muscle
strength, peripheral muscle strength, and quality of life. Measures were taken at the
baseline, at the 12th session, the 24th session, and after the intervention. Results:
baseline characteristics were similar between groups. There was no statistically
significant difference between the two groups in any outcome (6MWD — p= .935;
PeakVO2 — p= .853; MIP — p= .243; MEP — p= .268; SRT— p= .212), but there was
interaction in maximal inspiratory pressure (p= .000) and all outcomes improved in the
two groups (6MWD — p= .000; PeakVO2 — p= .000; MIP — p= .000; MEP — p=.000;
SRT — p=.000). Conclusion: there was an improvement of all outcomes in both groups,
but IMT was not able to provide additional benefits. The use of this combination should
be used with caution to not generate higher costs in the rehabilitation process of these
patients.

Trial registration: NCT02742350.

Key words: Coronary Artery Bypass; Inspiratory Muscle Training; Aerobic Training;

Rehabilitation; Quality of Life.
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Introduction

Cardiovascular diseases (CVD) are expanding worldwide and according to the
World Health Organization (WHO), 17.5 million people die each year from CVD, with
75% of these deaths occurring in low and middle income countries'. Coronary artery
bypass grafting (CABG) aims to increase the life expectancy of patients with improved
quality of life, relief of myocardial ischemia symptoms, and improvement of ventricular
function®, but there are still high rates of complications arising from the surgical and
postoperative periods”.

Aerobic exercise training in these patients shows a cardiovascular, skeletal
muscle, endurance, pulmonary function, inflammatory profile, depression and stress
symptoms, and quality of life improvement, as well as improving significant outcomes
such as mortality*®. Recent systematic reviews have shown that exercise training
programs are capable of reducing mortality, reducing hospitalizations, and improving
the quality of life of patients with coronary artery disease, chronic heart failure (CHF)
and patients who have undergone CABG’"°.

For the treatment of patients with poor inspiratory muscle performance, with
symptoms of dyspnea, low exercise tolerance, and low functional status'', inspiratory
muscle training (IMT) is presented as a strategy of great value. In patients with CHF,
IMT led to a significant improvement in PeakVO,, functional capacity, and respiratory
muscle strength, in addition to improving quality of life'*".

High-intensity IMT has already been investigated, as in randomized clinical
trials which showed that the use of this modality for four weeks in patients with CHF
significantly improved respiratory muscle strength and percentage variation of
resistance in these patients'>. When associated with aerobic exercise, high-intensity IMT
presented significant improvement in maximal inspiratory pressure, quality of life,
dyspnea, and C-reactive protein'®.

The effects of aerobic exercise and IMT on improved physical and clinical
conditions of CVD patients are well established, however, no study has tested the
additional effects of IMT associated with aerobic exercise in an attempt to minimize the
side effects of cardiac surgery. Therefore, the research questions for this study were:

1. Is the association of high-intensity IMT with aerobic exercise capable of

improving the deleterious effects of coronary artery bypass grafting?

2. Was there improvement in the primary outcome, functional capacity, with

this association?



39

3. Was the association able to improve respiratory muscle strength, peripheral

muscle strength, and quality of life in these patients?

Methods
Design

This study was a randomized controlled clinical trial conducted between
September 2015 and December 2016. Adults who underwent CABG were randomly
assigned to perform aerobic exercise (GAE) or to perform aerobic exercise associated
with high intensity inspiratory muscle training (GAE+IMT) over a period of 3 months
or 36 sessions. Eligible participants were randomized using a computer-generated list of
random numbers that had been prepared using a randomization model blocked by a
researcher without study involvement. The assignment sequence was hidden in sealed,
opaque, and sequentially numbered envelopes. After completing the baseline
assessments, the lead investigator opened the appropriate envelope and assigned the
participants to the group. The results were evaluated at the end of the 3-month

intervention period.

Participants, therapists, centers

The sample consisted of patients in the postoperative period of elective CABG at
the Institute of Cardiology of Rio Grande do Sul, Porto Alegre, Brazil. Patients between
the fourteenth and the thirtieth postoperative day, aged 30 to 70 years, were referred for
cardiac rehabilitation with medical authorization. Patients with decompensated heart
failure and presence of comorbidities, such as: unstable angina; moderate to severe
respiratory disease; active infectious disease or febrile condition; disabling peripheral
vascular disease; unstable ventricular arrhythmia and use of cardiac pacing were
excluded. The sample size was calculated based on the study by Ghashghaei et al.'’,
which presented a variation of 98.15 meters in six-minute walk distance (6MWD)
between groups with standard deviation of 87.89 meters and 66.75 meters with a power
of 80% and level of significance of 5%, the calculated value was 20 patients, 10 in each
group.

The entire intervention protocol was performed at the Cardiopulmonary and
Metabolic Rehabilitation Center of the Institute of Cardiology of Rio Grande do Sul, in
Porto Alegre, Brazil. Trained physiotherapists applied the protocols and the

physiotherapists responsible for assessing the outcomes were blinded about the
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intervention. This study was approved by the ethics and research committee of the
Institute of Cardiology of Rio Grande do Sul, through protocol number 1.241.143 and
was registered at Clinical Trials through number NCT02742350. All participants signed

the informed consent.

Intervention

Patients allocated to the GAE+IMT performed a protocol of high intensity
inspiratory muscle training followed by an aerobic exercise protocol. The high intensity
inspiratory muscle training protocol was performed with a linear pressure loading
device (POWERDreathe Plus Resistance®, SP, BR). IMT was performed for 12 weeks
with weekly frequency of three times a week supervised by a trained physiotherapist.
The training protocol consisted of five sets with 10 repetitions each until the 8th week
and progression of the number of sets (1 per week) and repetitions (from 10 to 12) from
the 8th to 12th week, with a one-minute interval between sets. The overload was
adjusted weekly starting with 50% of the maximal inspiratory pressure (MIP) during the
first two weeks, 60% of the MIP at the third and fourth weeks, 70% of the MIP at the
fifth and sixth weeks, and 80% MIP from the seventh week until the end of the protocol.

The aerobic exercise protocol was performed for 12 weeks with a weekly
frequency of 3 times, supervised by a physiotherapist and divided into 3 phases: Phase 1
- 12 sessions with 50% to 60% of reserve PeakHR (maximal heart rate); Phase 2 - 12
sessions with 60% to 70% of the reserve PeakHR, and Phase 3 - 12 sessions with 70%
to 80% of the reserve PeakHR. Exercise prescription was given through the ergometric
test, where PeakHR and maximum oxygen consumption (PeakVO,) through repetitive
effort with the Bruce protocol were obtained. The aerobic training had an average
duration of 40 minutes (5 minutes stretching, 33 minutes training, and 5 minutes
stretching).

Patients allocated to the GAE performed the same aerobic exercise protocol
performed in the GAE+IMT, during the same 12 weeks. These patients did not perform
the high intensity IMT protocol.

Outcomes
All evaluations were performed at the Cardiopulmonary and Metabolic
Rehabilitation Center of the Institute of Cardiology of Rio Grande do Sul, Porto Alegre,

Brazil. The evaluations were performed pre-intervention, at the 12th session, the 24th
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session, and at the end of the intervention, except for the quality of life and ergometric
test that were evaluated only pre- and post-intervention. Two physiotherapists, trained
in administering the test protocol, performed the results evaluations. The evaluators
were blind to the allocation of the group of participants and the participants were

instructed not to disclose their group allocation.

Primary outcome: Functional capacity

Functional capacity was assessed through the Six-Minute Walk Distance, which
was performed according to the guidelines proposed by the American Thoracic
Society'®. The patients made their way down a thirty-meter corridor delimited by cones
for six minutes, encouraged by the evaluator every minute. Data on heart rate, blood

pressure, and effort perception by the Borg scale were obtained before and after the test.

Secondary outcome: PeakVO?2
Another functional capacity assessment was evaluated by the indirect
measurement of PeakVO, through the pre- and post-intervention by ergometric test

using Bruce protocol.

Secondary outcome: Respiratory Muscular Strength

The circuit for the measurement of MIP and maximal expiratory pressure (MEP)
was composed of an MVD 300 digital manometer (Microhard System, Globalmed,
Porto Alegre, Brazil), with a scale amplitude of 300 cmH,0O, connected to a system with
two unidirectional valves (DHD Inspiratory Muscle Trainer, Chicago, USA), coupled to

a buccal. MIP was measured from residual volume and MEP from total lung capacitylg.

Secondary outcome: Peripheral Muscular Strength

To evaluate the strength of the lower limbs, the sitting-rising test was performed
with the patient sitting in a 45 cm high chair, feet apart and supported on the floor and
arms crossed against the chest. The patient was encouraged to stand up and return to a
sitting position as many times as possible in 30 seconds, with the maximum number of
repetitions recorded. Blood pressure, heart rate, respiratory rate, and oxygen saturation

were monitored before and after the test>’.
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Secondary outcome: Quality of Life

In order to evaluate the impact of modifying some daily habits on quality of life
and health maintenance, the patients participating in the study from both groups were
invited to fill out a questionnaire on quality of life at the time of inclusion in the study
and at the end of the study. The Brazilian Version of the Quality of Life Questionnaire -
SF-36 was used.

Data analysis

Descriptive data are presented as mean and standard error (SE). Variations
between interventions are reported as mean differences with 95% confidence intervals
(95% CI). The distribution of variables was tested by Shapiro-Wilk normality test. In
the statistical analysis, the Student t test was applied to compare means or two repeated
measures. Effects of interventions were compared by Generalized estimating equation
model (group, time, and interaction) followed by Bonferroni post hoc test. The
categorical variables were evaluated by Fisher exact test, and are expressed as
proportions. The statistical analyses were performed using the SPSS 24, graphics were

made by Graphpad Prism 5, and the level of significance was set at 0.05.

Results
Compliance with the study protocol

The participants were evaluated after registration of protocol. Twenty-four
patients were selected by the inclusion criteria, and six did not end the protocol. In the
GAE+IMT: one patient was excluded due to discovery of peripheral arterial disease;
one patient was excluded by blood glucose test, and two patients withdrew from the
protocol. Two patients from the GAE gave up the protocol because of problems with

work. Adverse effects such as fatigue and dizziness can be felt by patients.

Flow of participants, therapists and centers through the study

Recruitment for the trial was concluded in September 2016. The participant flow
through the study is summarized in Figure 1. A total of 42 potential volunteers were
screened for inclusion in the study. Twenty four participants meeting the eligibility

criteria were randomized to the GAE+IMT (n = 13) and the GAE (n=11).
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Baseline characteristics
The sample was composed of 18 volunteers (15 men) and the sample was
considered homogeneous as the basic characteristics. Clinical characteristics were

presented in table 1.

Primary outcome: functional capacity

No significant difference was obtained in the six-minute walk distance in any of
the four moments when comparing groups (p= .935). However, when we set time,
significant difference was found in both groups in all times (p= .000). This difference
increases until time 24, but time 36 presents significant difference only when compared

to time 0 and time 12 (24 X 36 = p = .105) (Figure 2).

Secondary outcome variables
PeakVO,

The maximal oxygen consumption collected in the ergometric test, showed
similar presentations that six-minut walk distance. There was no significant difference
between the groups in the pre- and post-intervention evaluation (PeakVO,, p=.853) but
there was improvement between the two moments within each group (Peak VO, p =

.000) (Table 2).

Respiratory Muscle Strength

When we compared the groups, there was no significant difference in maximal
inspiratory pressure in any of the four moments (p= .243). However, when we set time,
there was a significant interaction between the groups, always favoring the GAE+IMT
group, this difference is most evident in time 24 with a strong tendency in GAE+IMT
with a mean difference 22.11+ 12.07 (GAE= 98.33; GAE+IMT= 120,44; p= .067),
occurring also in time 12 with a mean difference 17,22+13.07 (GAE= 88,33;
GAE+IMT= 105,56; p= .188) and in time 36 with a mean difference 18,78+13,04
(GAE=101,67; GAE+IMT= 120,44; p= .150). And still setting the time, significant
difference was found in both groups in all times (p= .000). This difference increases
until time 24, but time 36 presents significant difference only when compared to time 0
and time 12 (24 X 36 = p=1.000) (Figure 3A).

In a dispersion measure (Figure 3B), we can see this interaction of MIP between

moments 0 and 36 in both groups. At time 0 there was a mean difference of -2.22 (CI =
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-33.9 to 29.46); (GAE = 81.67 GAE + IMT = 79.44). Although there is no difference,
we can see that the GAE + IMT group started weaker. At time 36, there was a mean
difference of 18.78 (CI = -12.9 to 50.46); (GAE = 101.7 GAE + IMT = 120.4).
Although the GAE + IMT group started lower, it reached higher values in
manovacuometry. It is important to note that the difference between pre and post in the
groups was approximately 20% in the GAE and 40% in the GAE + IMT and 20%
between the groups. These values when interpreted clinically represent a significant
gain and an additional effect of IMT in this population.

The results of the maximum expiratory pressure did not present significant
difference between the groups at any moment (p = .268). When comparing the moments
within each group, there were only differences at times 12, 24, and 36 when compared

to moment 0 (12 X 24 =p=.501; 12 X 36 =p=.269; 24 X 36 = p=1.000) (Figure 3C).

Peripheral Muscular Strength

Regarding the sitting-rising test (SRT), when comparing the groups, no
significant difference was obtained in any of the four moments (p= .212). However,
when we set time, there is significant difference at all times in both groups (p= .000).

This difference increases in time 12, time 24, and time 36 (Table 3).

Quality of life

Regarding the eight domains of the SF-36 questionnaire, comparing pre- and
post-intervention, there was no significant difference between the groups at any time.
When we set the time, only the domains general state (p = 0.07), social aspects (p =
0.21), and mental health (p = 0.06) did not obtain a significant difference. The other
domains, functional capacity (p <0.000), physical aspects (p <0.000), pain (p <0.000),
vitality (p <0.000), and emotional aspects (p = 0.001) presented significant difference in

both groups when compared the pre- and post-intervention effects.

Discussion

This randomized clinical trial was the first study to associate the use of high
intensity IMT with aerobic exercise in patients performing CABG. The main findings of
this study were a demonstration that there was no additional increase of the high-

intensity IMT at the main endpoint, i.e., no test of the patients without a six-minute
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walk distance and also in the secondary outcomes: MEP, peripheral muscle strength,
quality of Life, and PeakVO,. However, there was a significant non-outcome MIP
interaction, showing additional benefit for the group that performed IMT.

These results are at odds with some studies in other populations. The use of IMT
with low loads was effective in respiratory muscle strength, functional capacity, and
quality of life in a systematic review of patients with chronic obstructive pulmonary
disease®’. In a systematic review of patients with CHF, IMT was able to improve
PeakVO,, distance walked in the six-minute walk test, and MIP'*, In post-CABG
patients, IMT associated with aerobic exercise improved pre- and post-intervention
variation in respiratory muscle strength, PeakVO,, and quality of life*>. The only study
that involved the interaction of high-intensity IMT with aerobic exercise was performed
in patients with CHF and found positive results in the improvement of the quality of
life, but the results of the MIP were similar to ours, there was only difference over time,
without difference between the groups'®.

The disagreement in the results can be justified by the difference in the number
of cases, by the severity of the disease and, mainly, by the type of intervention
performed, since the greatest results are demonstrated in studies involving IMT alone
without association of other interventions. In addition, the systematic review by
Montenezzo et al.'? shows that the effect of IMT on six-minute walk distance was only
significant when training was performed on patients with previous inspiratory muscle
weakness, which did not characterize the sample of this study.

The improvement in MIP observed in this study is justified by the principles of
training: overload, in which the muscle must be requested at levels higher than usual so
that muscle cells increase in size or functional capacity and specificity, where the
training should be directed specifically to the muscle properties. Many studies
corroborate this finding both in the use of low-load IMT as in the studies of Gosseling
et al.21, with COPD, or of Hermes et al.zz, postoperative node of CABG, or in the
systematic reviews with patients with CHF of Montenezzo et al.'?, Plentz et al."”, and

1., as well as in high-intensity use as in the study by Adamapoulos et al'.

Smart et a

It is important to highlight that the groups obtained significant improvements in
all the outcomes studied, showing that both one and the other training are alternatives
that can be used to recover patients who underwent CABG. However, the use of
technology without additional gains makes intervention more costly to the patient and

health systems, and should be used with caution.
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The study presents some limitations that could have improved the effect of the
intervention. Although the sample number is in accordance with a previous statistical
calculation, the increase in the number of the sample could increase the power of the
results. In addition, there was a lack of blinding of therapists and patients as well as the
lack of a non-intervention group that could compare one training with another. In this
way, new studies can be carried out in an attempt to improve the hypothesis.

In conclusion, this was the first study to associate the use of high-intensity IMT
with aerobic exercise in the postoperative period of CABG. There was an improvement
of all outcomes in both groups, but IMT was not able to provide additional benefit in
most of the outcomes, being observed only in inspiratory muscle strength. Therefore,
the use of this combination should be used with caution so as to not generate higher

costs in the rehabilitation process of these patients.
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Figure 1 — Flow diagram
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Table 1 — Baseline characteristics of participants

GAE (n = 09) GAE+IMT(n = 09)

Age (yr) 57.4 +8.54 57.6+79
Body mass index (kg/m?) 28.1+2.79 25.4+3.02
NYHA I (n) 9 (100%) 9 (100%)
Hypertension (n) 8 (88.9%) 7 (77.8%)
Dyslipidemia (n) 8 (88.9%) 9 (100%)
Statins (n) 8 (88.9%) 6 (66.7%)
Beta blockers (n) 4 (44.4%) 4 (44.4%)
Anticoagulants (n) 8 (88.9%) 4 (44.4%)
Antihypertensives(n) 6 (66.7%) 2 (22.2%)
6MWD (m) 545.5 £31.11 543.3 £25.45
MIP (cmH,0) 81.7+8.28 79.44+£9.15
MEP (¢cmH,0) 1143 +£11.73 111.9 +£9.86
SRT (n) 17.1+1.26 15.9+0.85

Figure 2 — Six-minute walk distance (6MWD)
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Table 2 - PeakVO,

PeakVO, Time 0 Time 36

Group Time Interaction

299+226  35.6+ 1.96%
GAE  75463432)  (31.8-39.5)
29.5+0.73  36.6+ 1.26*

GAEHIMT 22 01.30.96)  (34.2-39.13)

.853 .000 .660

Figure 3 — Respiratory Muscle Strength
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A - Maximal Inspiratory Pressure
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C - Maximal Expiratory Pressure
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Table 3 - Peripheral Muscular Strength, Sitting-Rising Test
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Time ( Time 12 Time 24 Time 36 Group Time Interaction
Group 17.1£1.26 19.5+ 1.58* 21.9+ 1.65*F 243+ 1.93*f}
AE (14.6-19.6) (14.6-19.6) (18.6-25.13) (20.5-28.1) 12 000 540
Group 15.9+0.85 18.3+0.78 19.24+ 1.2*F 20.9+ 1.4%+7 ' ’ '
AE+IMT  (14.2-17.5) (16.8-19.8) (16.8-21.6) (18.1-23.7)




54

Legends
Table 1

GAE=aerobic exercise group; GAE+IMT=aerobic exercise + inspiratory muscle training group;
6MWD=six-minute walk distance; MIP=maximal inspiratory pressure; MEP=maximal expiratory
pressure; SRT=sit and lift test

Table 2
GAE=aerobic exercise group; GAE+IMT=aerobic exercise + inspiratory muscle training group;
PeakVO,= maximal oxygen consumption

Table 3

GAE-= aerobic exercise group; GAE+IMT= aerobic exercise + inspiratory muscle training group; * versus
0, T versus 12, } versus 24

Figure 2
Repeated measures Two-Way ANOVA followed by Bonferroni post hoc test. GAE = aerobic exercise
group; GAE+IMT= aerobic exercise + inspiratory muscle training group; * versus 0 T versus 12; 24 X 36
=p=.105

Figure 3

A- Repeated measures Two-Way ANOVA followed by Bonferroni post hoc test. GAE = aerobic exercise
group; GAE+IMT= aerobic exercise + inspiratory muscle training group; * versus 0 7 versus 12; MIP -
24 X 36 =p=1.000

B- Repeated measures Two-Way ANOVA followed by Bonferroni post hoc test. GAE = aerobic exercise
group; GAE+IMT= aerobic exercise + inspiratory muscle training group

C- Repeated measures Two-Way ANOVA followed by Bonferroni post hoc test. * versus 0 § versus 12;
MEP - 12 X 24 = p=0.501, 12 X 36 = p=0.269, 24 X 36 = p=1.000



