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RESUMO

Introducao: O Estudo 1 teve como objetivo desenvolver uma versdo brasileira do Duke
Activity Status Index (DASI) e adaptar culturalmente para a avaliagdo indireta da CCR em
pacientes com doencga cardiovascular no Brasil. Métodos: O processo de tradugdo envolveu
quatro etapas: traducdo inicial, retrotraducao, revisao multidisciplinar por um comité e pré-
teste com 16 individuos (8 cardiopatas e 8 individuos saudaveis). Os testes qui-quadrado e
Mann -Whitney foram empregados para determinar as diferencas entre os controles € os
individuos com doenga cardiaca. Resultados: A amostra foi caracterizada por individuos com
idade > 50 anos, ndo-fumantes (56,2%), fisicamente inativos (57,25%). O nivel de ndo-
compreensdo foi de menos de 10 % da amostra. As dividas foram prevalentes em individuos
com doenca cardiaca (75%) em relagcdo ao nivel de fadiga causada ao executar uma tarefa.
Conclusdao: O DASI foi traduzido e adaptado para o Portugués Brasileiro com sucesso.
Introducdo: O Estudo 2 teve como objetivo a realizacdo de uma revisdo sistemadtica e
metanalise dos efeitos EENM sobre as medidas ergoespirométricas: consumo de oxigénio no
pico do exercicio (VOzpico), consumo de oxigénio no limiar ventilatério (VOzLv), frequéncia
cardiaca pico (FCpico) e poténcia em pacientes com IC. Métodos: Foi realizada uma busca
sistematica, sem restricdo de data ou idioma nas bases de dados Medline, Embase.com,
Cochrane Central Register of Controlled Trials, CINAHL, Amedeo e Pedro. Foram incluidos
ensaios clinicos randomizados, com ou sem estratégia de cruzamento, de intervengdes
baseadas na EENM utilizando eletrodos de superficie para produzir uma contragdo muscular
comparativamente aos cuidados médicos habituais ou exercicio em individuos com IC. Os
estudos foram classificados de forma independente para a qualidade (Jadad, Pedro e Escala de
Qualidade da Pesquisa). Para avaliagao do efeito da intervencao foi utilizado forest plot, mean
difference, teste Z e p-valor (<0,05). A heterogeneidade foi avaliada através do teste qui-
quadrado e o viés de publicacdo foi avaliado de forma qualitativa (Begg’s funnel plots) e
quantitativamente (Egger’s regression). Resultados: Primeira revisdo sistematica com
metanalise que analisou o impacto da EENM no VOzpico, VO2Lv, FCpico e poténcia em
pacientes com IC, sendo que esta proporciona ganhos semelhantes na poténcia em
compara¢cdo com o exercicio ou tratamento habitual, e produz efeitos benéficos sobre o
VO2pico, VO2rv, FCpico, mas ndo maiores do que o exercicio. Conclusdo: A EENM melhora
no desempenho do TECP e, portanto, pode ser uma intervengdo terapéutica valiosa, alterando

positivamente a trajetoria clinica dos pacientes com IC.
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Palavras-chaves: Traducgdo (processo); Teste de esforco; Insuficiéncia Cardiaca; Metanalise;

Terapia por Estimulacao Elétrica.



ABSTRACT

Introduction: Study 1 aimed to develop a Brazilian version of the Duke Activity Status
Index (DASI) and culturally adapt this instrument for indirect assessment of CRC in
patients with cardiovascular disease in Brazil. Methods: The translation process
involved four stages: initial translation, back translation, multidisciplinary committee
review and previous testing with 16 individuals (8 cardiac patients and 8 healthy
subjects). The chi- square and Mann-Whitney tests were used to determine differences
between controls and individuals with heart disease. Results: The sample was
characterized by individuals aged > 50 years, non-smokers (56.2 %), physically inactive
(57.25 %). The level of non-understanding was less than 10% of the sample. Doubts
were prevalent in individuals with heart disease (75 %) compared to the level of fatigue
caused to perform a task. Conclusion: The DASI was successfully translated and
adapted to Brazilian Portuguese. Introduction: Study 2 aimed to conduct a systematic
review and meta-analysis of the effects of NMES on ergospirometric measures: oxygen
consumption at peak exercise (VOzpeak), OXygen consumption at the ventilatory
threshold (VOzLa), peak heart rate (HRpeak) and peak workload (PW) in HF patients.
Methods: A systematic search without language or date restriction was performed in
data bases: Medline, Embase.com, Cochrane Central Register of Controlled Trials,
CINAHL, Amedeo and Pedro. Were included randomized clinical trials, with or without
crossover strategy based on interventions with NMES using surface electrodes to
produce a muscle contraction compared to usual medical care or aerobic exercise in HF
patients. Studies were classified independently for quality (Jadad, Pedro and Quality
Scale Research). To evaluate the effect of intervention were used forest plot, mean
difference, Z test and p-value (< 0.05). Heterogeneity was assessed using the chi-
squared test and publication bias was assessed qualitatively (Begg's funnel plots) and
quantitatively (Egger's regression). Results: First systematic review with meta-analysis
that examined the impact of NMES in VO2peak , VO24aT , HRpeak and PW in HF patients,
demonstrating that NMES provides similar improvement in PW compared with exercise
or usual care, and produces beneficial effects on VOzpeak , VO2aT , HRpeak, but not

greater than exercise. Conclusion: NMES improved performance CPX and therefore

vii
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may be a valuable therapeutic intervention, positively altering the clinical course of HF

patients.

Key-words: Translating; Exercise test; Heart failure; Meta-Analysis; Electric

Stimulation Therapy.
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1. INTRODUCAO
Este capitulo apresenta a contextualizacdo do
trabalho elaborado, bem como os objetivos e a
organizacdo desta dissertacdo. Entende-se que
esta parte introdutdria € fundamental para
justificar os objetivos e hipdteses propostos nesta
tese.

1.1 CONTEXTUALIZACAO GERAL

Apesar de, nos ultimos anos, observar-se no Brasil o declinio da tendéncia de
mortalidade por doencas cardiovasculares estas representaram a terceira principal causa
de internacdes (875.003 casos) em individuos adultos e idosos, sendo a insuficiéncia
cardiaca (IC) a causa mais frequente de hospitalizagdo por doenga cardiovascular, com
um gasto anual aproximado de 25 milhdes de reais no ano de 2013 '. Dentre as
principais causas de morte por doengas cardiovasculares, destacam-se o infarto agudo
do miocardio, a IC e a hipertensdo arterial, totalizando juntas mais da metade das causas
de morte por doencas do aparelho circulatério .

Além do clevado indice de mortalidade, as doencas cardiovasculares sao
caracterizadas, entre outros fatores, pela redugdo da capacidade funcional e intolerancia
ao exercicio fisico. Em cardiopatas, a baixa tolerancia a pratica de atividade fisica se da
pelo desequilibrio da complexa interag@o entre os sistemas cardiovascular, respiratorio,
metabolico e muscular 2. Estudos prévios demonstram que individuos com doengas
cardiovasculares, em especial na IC, apresentam importante redugao da massa muscular
e desenvolvimento da miopatia oriunda da doenga, que se relaciona com o seu grau de

7 e mortalidade nessa populagdo®. O desequilibrio

gravidade °, performance ao exercicio
entre os processos anabdlicos e catabdlicos tém sido propostos como os determinantes
da fisiopatologia da miopatia da musculatura esquelética nessa populacdo °. O aumento
da degradacdo de proteinas, da circulacdo de citocinas pro-inflamatorias e do Stress
oxidativo sdo caracteristicas comuns da atrofia muscular induzida por doencas
sistémicas ’. A diminuigdo na densidade mitocondrial, redugio na superficie das cristas
mitocondriais, aumento na propor¢ao de fibras do tipo II (fadigabilidade mais rapida)
sdo caracteristicas bem marcantes da evolu¢ao da doenca, refletindo numa intensa

reducdo da capacidade oxidativa dos musculos, aumentando assim a tendéncia a fadiga

precoce ao esforco fisico nesses individuos . (Figura 1)
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Figura 1. Microfotografia da distribuicao dos tipos de fibra muscula (escuras tipo II e claras

tipo 1) em individuos normais (A) e com insuficiéncia cardiaca (B). Fonte: Hambrecht R, Fiehn
E, Yu J et al. Effects of Endurance Training on Mitochondrial Ultrastructure and Fiber Type
Distribution in Skeletal Muscle of Patients With Stable Chronic Heart Failure. J Am Coll
Cardiol. 1997;29(5):1067-1073.

A tolerancia ao exercicio depende da integra¢do e¢ da capacidade de resposta

T De maneira

principalmente dos sistemas respiratdrio, muscular e cardiovascular
geral, a limitagdo ao exercicio estd associada a uma inadequada oferta de oxigénio para
o musculo em atividade contudo, as causas e a magnitude de importancia de cada
sistema na limitagdo ao exercicio em cardiopatas ainda ndo estdo totalmente
esclarecidas 2. Os estudos revelam que, independente do sistema predominante, a
limitagdo ao exercicio nessa populacao esta relacionada ao surgimento da dispnéia e/ou
fadiga nos membros inferiores, sendo a gravidade desses sintomas associada a
intensidade do exercicio '¥-1°,

Em consequéncia da marcante intolerancia ao exercicio, a partir da constante
avaliacdo da capacidade cardiorrespiratéria (CCR) nestes individuos sdo propostas e
acompanhadas as estratégias terapéuticas com intuito de reduzir a morbi-mortalidade na
populagio 7%, O teste ergoespirométrico é o método de maior acuracia nesta avalia¢io
CCR. As variaveis geradas s3o largamente utilizadas para a prescricdo adequada de

exercicio fisico, estadiamento da doenca, avaliagdo prognostica ¢ mudanca do estado

funcional apés intervengdes '“'®. Contudo, os testes ergoespirométricos tem
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aplicabilidade reduzida em virtude de seu elevados custos e tempo necessario para
avaliacdo e dificuldades técnico-operacionais. Além disto, este tipo de avaliagdo
apresenta uma grande dificuldade de acesso ao exame na rede publica de satde, em
especial para avaliagdo rotineira e de rastreamento, normalmente presentes em estudos
epidemioldgicos 7%, Tais dificuldades motivaram o desenvolvimento de ferramentas
simplificadas para estimativa da aptidao cardiorrespiratoria (teste de campo, equacdes

de regressdo multipla, questionarios) baseadas em informacdes clinicas e funcionais 2%

22| Ferramentas estas que quando devidamente interpretadas, tem grande importancia,
considerando sua utilidade e relagcdo custo/beneficio. A criagcdo de ferramentas desse
tipo, mais simples, menos onerosas e¢ de rapida aplicagdo favorece a avaliacdo e
utilizagdo da aptiddo cardiorrespiratéoria como varidvel de exposicdo em estudos
epidemioldgicos, e principalmente em localidades com pouca infraestrutura 7222, Para
que esses instrumentos sejam utilizados em escala global ¢ necessario que sejam
submetidos ao processo de tradugdo e adaptagdo cultural ao idioma e cultura do pais.

A partir da avaliacdo da CCR sdo propostas estratégias que contribuam para a
melhora particularmente da intolerdncia ao exercicio. A pratica de exercicio fisico é
reconhecidamente uma importante estratégia de tratamento e altamente indicada para
esta populacdo. A literatura cientifica tem demonstrado, a partir da década de 60, os
efeitos positivos da atividade fisica no processo de satde e na reabilitagdo do paciente
cardiopata 232, Por sua vez, a explora¢io de outras op¢des de tratamento que podem
promover uma série de efeitos fisiologicos positivos semelhantes aos induzidos pelo
treinamento fisico aerébio, com um menor nivel de supervisdo ao paciente tem sido
objeto de estudo sendo a estimulagdo elétrica neuromuscular (EENM) a mais
intensamente explorada.

A EENM consiste em estimulagdo ritmica do musculo esquelético utilizando
eletrodos de superficie sobre a pele em uma intensidade que evoca contragdes
musculares visiveis. Esta produz adaptacdes positivas no musculo esquelético em
pacientes incapazes de participar de treinamento fisico aerdbio tradicional e/ou
programas de treinamento de resisténcia %°. Diversos estudos tem avaliado os efeitos da
EENM em pacientes com doencas cardiovasculares em especial na IC, demonstrando
efeitos benéficos em diferentes dominios 277,

Na presente tese, buscou-se agrupar os elementos: doengas cardiovasculares,
avaliacdo da capacidade cardiorrespiratdria e estimulacdo elétrica neuromuscular com o

intuito de aprofundar o conhecimento nestas lacunas do conhecimento em duas
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hipéteses: (1) O questionario Duke Activity Status Index — DASI esta traduzido e
adaptado culturalmente para o portugués? (2) A estimulagdo elétrica neuromuscular ¢
capaz de produzir efeitos positivos nas varidveis maximas e submdximas do teste de
esfor¢o cardiopulmonar em individuos com insuficiéncia cardiaca? Para isso, foram
realizados dois trabalhos distintos: (1) Desenvolvimento de uma versdo brasileira do
questionario Duke Activity Status Index — DASI adaptada culturalmente para ser
utilizada na avaliagdo da CCR de cardiopatas no Brasil e (2) uma revisdo sistematica e
metanalise com o objetivo de comparar, em pesquisas independentes, os efeitos da
interven¢do estimulagdo elétrica neuromuscular na CCR de individuos com IC

comparativamente ao exercicio e/ou controle.

1.2 OBJETIVOS DO TRABALHO

A presente tese possui trés objetivos: (1) desenvolver uma versdo brasileira do
questionario Duke Activity Status Index — DASI (2) adapta-la culturalmente para ser
utilizada na avaliagdo da CCR de cardiopatas no Brasil; e (3) levantar, de forma
metodoldgica, o estado da arte dos efeitos da intervencdo estimulacdo elétrica
neuromuscular na CCR (revisdo sistematica) de cardiopatas e comparar os resultados

dos trabalhos encontrados com esta tematica (metanalise);

1.3 ORGANIZACAO DO TRABALHO

A presente tese, intitulada “Capacidade cardiorrespiratéria em cardiopatas:
instrumentos diretos e indiretos de avaliacdo e os efeitos da estimulacdo elétrica
neuromuscular”, foi organizada da seguinte maneira:

Neste Capitulo 1 foi apresentada a contextualizacdo geral, os objetivos e a
organizagdo da presente tese.

O Capitulo 2 refere-se a Avaliacdo da capacidade cardiorrespiratoria de
cardiopatas utilizando instrumentos diretos e indiretos. Posteriormente nos
apéndices (Apéndice A) serd apresentado o manuscrito publicado (Fisioter. Mov.,
Curitiba, v. 26, n. 3, p. 631-638, jul./set. 2013): “Translation and cross-cultural
adaptation of the Duke Activity Status Index to Brazilian Portuguese™.

O Capitulo 3 refere-se ao tema Os efeitos da estimulacio elétrica
neuromuscular na capacidade cardiorrespiratoria de cardiopatas. Posteriormente nos
apéndices (Apéndice B) serd apresentado um manuscrito no formato de artigo completo

intitulado “Effect of Chronic Neuromuscular Electrical Stimulation on Primary
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Cardiopulmonary Exercise Test Variables in Heart Failure Patients: A Systematic
Review and Meta-Analysis™, escrito e submetido nas normas da revista JACC Heart
Failure (normas da revista apresentadas no Anexo 1).

Finalmente, o Capitulo 4 apresenta as conclusdes acerca do que foi desenvolvido

e explorado.
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2. AVALIACAO DA CAPACIDADE CARDIORRESPIRATORIA DE CARDIOPATAS
UTILIZANDO INSTRUMENTOS DIRETOS E INDIRETOS

2.1. BREVE CONTEXTO

2.2. REFERENCIAL TEORICO

2.2.1. Avaliacio da capacidade cardiorrespiratoria de cardiopatas
2.2.1.1. Definicao e Visao Geral

A avaliacdo da capacidade cardiorrespiratoria em nivel populacional ¢ uma
forma importante de analise e acompanhamento de estratégias preventivas dos fatores
de risco cardiovascular, favorecendo desta forma a reducao da morbi-mortalidade na

populagdo 719,

2.2.1.2. Instrumentos Diretos

Como descrito no Capitulo 1, o teste ergoespirométrico ¢ o método de maior
acuracia na avaliagdo da CCR. A ergoespirometria ¢ um teste de esforgo realizado em
esteira, bicicleta ou cicloergdmetro, onde se analisa o sistema cardiopulmonar através
das variacdes fisiologicas ou ndo, ocorridas nas varidveis cardiovasculares e
respiratorias por meio da monitorizagdo eletrocardiografica, pressorica, quantificagdo de
esforco e andlise das trocas gasosas 'I''8. A partir desse teste sdo obtidos diversos
parametros que refletem a integridade e capacidade de resposta dos sistemas
cardiovascular, pulmonar, muscular e metabolico. Dentre estes um indice de medida
total do condicionamento fisico, denominado consumo de oxigénio (VO2 maximo) ',
sendo largamente utilizada para a prescricdo de exercicio, estadiamento da doenga,
avaliagdo prognostica e de possiveis mudangas do estado funcional apos intervengdes '%.

Contudo, os testes ergoespirométricos tem aplicabilidade reduzida em virtude
de seus elevados custos e tempo necessario para avaliagdo, das dificuldades técnico-
operacionais e da capacitacdo de pessoal para realizagdo do exame, em especial para
avaliagdo rotineira e de rastreamento, normalmente presentes em estudos

epidemiolégicos 717

2.2.1.3. Intrumentos Indiretos
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Tais dificuldades motivaram o desenvolvimento de ferramentas simplificadas
para estimativa da aptidao cardiorrespiratdria (testes de campo, equacgdes de regressao
multipla, questionarios, etc) baseados em informacdes clinicas e funcionais.
Ferramentas esta que quando devidamente interpretadas, tem grande importancia,
considerando sua utilidade e relacdo custo/beneficio. Dentre estas ferramentas, o
questionario pela sua simplicidade, menor custo e rapida aplicagdo favoreceria a
avaliacdo e utilizacdo da aptiddo cardiorrespiratéria como variavel de exposicdo em

estudos epidemioldgicos, principalmente em localidades com pouca infra-estrutura !7-2%-

2

Alguns exemplos de questionarios de avaliacdo do status e da capacidade
funcional com ou sem comprometimento cardiovascular mais utilizados na literatura
sdao: Kansas City Cardiomyopathy Questionnaire, Veterans Specific Activity
Questionnaire e o Duke Activity Status Index — DASI 22!, Dentre estes questionérios, o
DASI por ser altamente utilizado na literatura, ser auto-aplicavel, apresentar
didaticamente avaliacao baseada em niveis crescentes de esforgo e utilizar de atividades
relacionadas ao dia a dia do individuo da populagcdo cardiopata como padrio de

comparagdo parece preencher uma lacuna na avaliagao.
2.2.1.4. Duke Activity Status Index

Hlatkyet al.?' criaram nos Estados Unidos um questionario auto-aplicavel
preditor da aptiddo cardiorespiratoria — denominado Duke Activity Status Index — DASI,
sendo esse validado para a aplicacio em pacientes com doenga cardiovascular e
largamente utilizado desde sua concepgdo em 1989 até o momento atual **%°. O DASI é
composto de 12 itens, englobando atividades de cuidado pessoal, atividades no lar,
atividades sexual e recreativa, ponderadas por seu gasto metabolico individual, em
unidades de equivalente metabdlico (METs). Cada item recebe uma pontuagdo
ponderal, que varia de 1,75 a 8,00 pontos, em ordem crescente de METs, e sendo a
resposta “NAO”, nula na somatéria. A pontuagdo total pode variar entre 0 a 58,2
pontos, sendo que quanto mais elevado, menor ¢ o grau de limitagao funcional. A
somatoria dos itens ao serem adicionadas a uma equacdo de regressdo simples proposta
pelo questionario, estimam o VO2max do paciente com forte correlagdo com o teste
cardiopulmonar (padrio-ouro) com valor de R = 0,80 ?!. A inexisténcia de instrumentos
com a finalidade de predigdo da CCR em cardiopatas em ambito nacional e a

necessidade eminente de avaliar as diferentes populagdes quanto ao nivel de CCR nos
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motivaram a busca por ferramentas validadas e amplamente descritas na literatura
cientifica.

O DASI nos pareceu uma das op¢des mais adequadas para a nossa populagao,
contudo, esse instrumento ndo poderia ser utilizado adequadamente no Brasil visto que,
até o momento, ndo havia sido submetido ao processo de traducao e adaptagao cultural
3845 Sendo assim, este estudo teve como finalidade traduzir o questiondrio DASI e
adapta-lo culturalmente para ser utilizado na avaliagao da CCR de cardiopatas no Brasil
sendo apresentado nos apéndices (Apéndice A) o manuscrito publicado (Fisioter. Mov.,

Curitiba, v. 26, n. 3, p. 631-638, jul./set. 2013): “Translation and cross-cultural adaptation of

the Duke Activity Status Index to Brazilian Portuguese”.
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3. OS EFEITOS DA ESTIMULACAO ELETRICA NEUROMUSCULAR NA
CAPACIDADE CARDIORRESPIRATORIA DE CARDIOPATAS

3.1. BREVE CONTEXTO
3.2.REFERENCIAL TEORICO

3.2.1. Insuficiéncia Cardiaca

A insuficiéncia cardiaca (IC) é uma condigdo prevalente, de alto custo e
progressiva, iniciando-se a partir da presenca de fatores de risco (hipertensdo arterial,
diabetes e dislipidemia), seguida de mudangas assintomadticas na fungdo com posterior
aparecimento dos sinais e sintomas e findando com a incapacidade e morte *°. No Brasil,
a insuficiéncia cardiaca (IC) é causa primaria de, aproximadamente, 4% das internagdes
gerais € 31% das internagdes por doengas cardiovasculares, sendo periodo médio de

permanéncia hospitalar maior de cinco dias € com taxas de mortalidade de até 6 % .

3.2.1.1. Definicao

A IC ¢ uma complexa sindrome clinica que resulta de qualquer
comprometimento estrutural ou funcional de enchimento ventricular ou de ejecdo de

47 As alteracdes hemodinamicas associadas a doenca se

sangue pelo coragdo
caracterizam por resposta inadequada ao débito cardiaco e elevagdo das pressdes
pulmonar e venosa sistémica *. Consequentemente, o coragio torna-se incapaz de
bombear quantidade suficiente de sangue para manutencdo das demandas metabolicas
tissulares*’#-°. Entre outras coisas, o processo combinado da doenca e um estilo de
vida sedentario leva a fraqueza muscular esquelética/atrofia e pior desempenho no teste
de esfor¢o cardiopulmonar (TECP) '8, Assim, a disfun¢io do musculo esquelético

parece ter a capacidade de piorar as principais medidas TECP, com importancia

prognostica, em pacientes com IC -7,
3.2.1.2. Epidemiologia

A IC representa um Onus significativo de cuidados de satde em muitos
paises. Ha mais de 5 milhdes de pessoas diagnosticadas com IC, com aproximadamente

550.000 casos novos, notificados a cada ano ’. Pacientes com IC, normalmente, nio
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mantém a funcdo cardiaca estavel para o resto de sua vida e, consequentemente,
requerem tratamento médico continuo e internagdes hospitalares
intermitentes. Hospitalizagdes anuais com diagndstico primario ou secundario de IC
atingem um ntmero de aproximadamente 900.000 e 2 milhdes, respectivamente ¢°. O
total de despesas de saide de cuidados para o tratamento da IC foi estimado em
27,9 bilhdes de dolares em 2005. Atualmente, a IC ¢ a causa primaria em cerca de
300.000 mortes a cada ano . No Brasil, as doengas cardiovasculares representaram a
terceira principal causa de internagdes e a IC ¢ a causa mais frequente de hospitalizagao
por doencga cardiovascular “*°. Além disso, com o envelhecimento da populacio, a
incidéncia de IC deverd aumentar nas proximas décadas. Dada a magnitude deste
problema, ¢ importante identificar estratégias de tratamento clinicamente eficazes para a

populagio com IC #5,
3.2.1.3. Classificacao

A classificacao da IC ¢ baseada em dois principios: O primeiro relaciona-se
a progressao da doenga e ¢ dividida em quatro estagios. O estagio A inclui individuos
sob o risco de desenvolver a IC, mas ainda sem alteracdes estruturais cardiacas e
sintomatologia. O estagio B refere-se aqueles que possuem lesdo estrutural cardiaca sem
sintomatologia; o estagio C engloba os individuos com lesdo estrutural e sintomatologia

e o estagio D inclui os individuos refratarios ao tratamento clinico *°.

O segundo principio considera a classificacio da IC baseada na
sintomatologia, propondo quatro classes funcionais de acordo com a New York Heart
Association (NYHA), assim descritas: classe I, sem sintomatologia; classe II, apresenta
leve limitagdo durante a atividade fisica, mas assintomdtico em repouso; classe III,
marcada por limitagdo por dispnéia e fadiga durante a atividade fisica; e classe IV, os

individuos que apresentam sintomatologia em repouso °'.
3.2.1.6. Insuficiéncia Cardiaca e Exercicio Fisico

A capacidade cardiorrespiratdria e o prognostico da IC podem ser determinados
pelos resultados das variaveis do TECP '8, Este teste pode ser realizado em esteira
rolante, bicicleta ou ergdmetro adotando-se protocolos de exercicio com incrementos
progressivos de velocidade e/ou inclinagdo. Durante o teste ¢ feita a captagdo de

variaveis ventilatorias e metabolicas respiragdo a respiragdo e continuamente a
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avaliacdo do ritmo cardiaco através do eletrocardiograma. A cada dois minutos, ¢
aferida a pressao arterial e a escala de percepgao de esforgo (escala de Borg modificada)
para dispnéia e para fadiga nos membros inferiores. O teste ¢ interrompido quando o
individuos apresentaram sinais ou sintomas de fadiga, devendo atingir o limite inferior
de 85% da frequéncia cardiaca maxima prevista em relacdo a idade ([220-idade]x0,85)
ou corrigida para o uso de B-bloqueadores. Apos completar o teste, protocolo pode ser
estabelecido para recuperagdo ativa ou passiva. O laudo ergoespirométrico permite a
identificacdo dos limiares ventilatérios, com base nas variagdes da ventilagdo pulmonar
(VE) com relagdo ao consumo de oxigénio (VO2) e a producdo de didxido de carbono
(VCO2), a pressao expirada final de oxigénio (PetO2) e a pressao expirada final de
didxido de carbono (PetCO2), o equivalente ventilatorio de oxigénio (VE/VO2) e a
razdo de troca respiratoria (VCO2/VO:2). Através do método ventilatorio, pode ser
identificado o limiar de anaerobiose (VO:2La), por trés avaliadores independentes no
momento que ocorre mais de uma variacdo em determinados indices ventilatorios: perda
da linearidade entre a producdo de VCO:2 e o consumo de VO2 (VCO2/VO2), perda da
linearidade entre VE e 0 VO2 (VE/VO2) e menor valor de PetOz, sendo representativo da
superposi¢do do metabolismo aerébio e do nivel de intensidade moderada de exercicio.
O ponto de compensagdo respiratoria ou segundo limiar é determinado com a perda da
linearidade da relacdo de VE e VCO:z e/ou o maior valor de PetCOz antes de uma queda
abrupta, sendo representativo da superposi¢cdo da compensa¢ao metabodlica da produgdo
de gés carbonico e do nivel intenso de exercicio. O maior valor de consumo de oxigénio
nos ultimos 30 s do exercicio ¢ caracterizado como o VOzpico, sendo representativo da
capacidade maxima de esforgo '8,

Dentre as metodologias que objetivam a melhoria da tolerancia ao exercicio
fisico e consequentemente das variaveis do teste ergométrico estdo a otimizacdo da
medicagdo, suplementagdo de oxigénio, exercicio fisico aerdbio, exercicio resistido e
mais recentemente a eletroestimulacdo neuromuscular. A importancia do exercicio
aerdbio regular para manter a satde cardiovascular ¢ clara. Existe um consideravel
corpo de evidéncias indicando que a participacdo em programas de exercicio fisico
produz uma riqueza de adaptacdes positivas da saiide em pacientes com IC, dentre estes
o aumento da capacidade maxima de exercicio, aumento da forga e resisténcia a fadiga
muscular, melhora da disfuncdo autondmica cardiaca, reducdo do tonus simpatico,
aumento do tonus vagal, reversdo de disfuncdo endotelial, interferindo positivamente no

progndstico, na sobrevida e na qualidade de vida desses pacientes ¢1%%. A exploragio de
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outras opcdes de tratamento que podem imitar uma série de efeitos fisiologicos
positivos induzidos pelo treinamento fisico aerobio, com um menor nivel de supervisao

ao paciente, €, no entanto, justificada.

3.2.2. Estimulacao Elétrica Neuromuscular
3.2.2.1. Definic¢ao e Visao Geral

A estimulagdo elétrica neuromuscular (EENM) tem se mostrado
consistentemente capaz de provocar adaptagdes positivas do musculo esquelético em
pacientes incapazes de participar de aerdbia e/ou programas de treinamento resistido *.
Geralmente, EENM consiste em estimulagado ritmica e repetida do musculo esquelético
em um estado estatico, utilizando eletrodos de superficie sobre a pele, em uma
intensidade que evoca contragdes musculares visiveis .

A eletroestimulacdo neuromuscular simula a passagem do impulso nervoso
levando o musculo a contrair-se de visualmente semelhante a contragdo muscular
voluntaria porem diferente em relagdo a frequéncias de ativagdo, despolariza¢dao e na
ordem de recrutamento das unidades motoras. Em virtude da indugdo de contragdes de
alta velocidade, da superficialidade e do menor limiar de excitabilidade das unidades
motoras de diametros largos, a EENM ativa os axdnios colaterais com maiores
didmetros e consequentemente as fibras nervosas largas primeiramente em relagdo as
fibras nervosas mais finas 7°.

A modulagao sdo os ajustes empregados nos equipamentos para obter a maxima
eficacia quanto aos resultados pretendidos. As modulagdes mais comuns sdo: ajustes de
intensidade de corrente (amplitude), rampas de subida (rise) e descida (decay), duragdo
(largura) de pulso, frequéncia portadora e modulada, ciclo (duty cicle), sustentacdo e
repouso (tempo ON e tempo OFF) e forma de onda. Nos equipamentos de eletro
estimulacdo neuromuscular as modulagdes normalmente encontradas sdo os ajustes de
intensidade, que se constitui na escolha da saida de corrente (quantidade de fluxo de
elétrons) em mA; as modulagdes de rampa de subida e de descida, que sdo aumentos ou
diminuig¢des ciclicos e sequenciais que podem ocorrer na largura do pulso, mas que sao
caracteristicos mesmos da intensidade (amplitude); a frequéncia modulada, que ¢
utilizada para diferenciar as unidades motoras que se objetiva priorizar na estimulagao;

a frequéncia portadora, que se caracteriza pela frequéncia da corrente introdutoria do
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estimulo excitomotor; a sustentacdo e o repouso, caracterizados pelo tempo que a
corrente ¢ transmitida para os tecidos, assim como deixa de fazé-lo 77!,

Dentre os modos capazes de estimular a contragdo muscular a FES (functional
electrical stimulation) aplicada com baixa frequéncia (10 a 1000 Hz), despolarizada,
com pulsos quadraticos bifasicos ¢ a mais utilizada. A sua modulacdo pode ser
convencional, em burst ou sequencial com frequéncia de 15 a 200 Hz, largura de pulso

de 200 a 500 pus e amplitude de 1 a 150 mA !,

Tempo total

o
+

Fim
do
estimulo

Intervalo

‘-

Largura de pulso

Figura 2. Formato de onda da corrente FES.

3.2.2.2. FEfeitos da Eletroestimulacio Neuromuscular na Capacidade

Cardiorrespiratoria

A teoria da miopatia em individuos com insuficiéncia cardiaca proposta por

Coats et al.”>"?

sugere que nestes individuos as alteracdes na funcdo cardiovascular
gerariam um déficit de aporte metabdlico para os tecidos gerando alteracdes na
musculatura periférica e respiratéria findando em um ciclo vicioso de aumento da fadiga
e dispnéia. Estes autores propoem que melhorar a for¢a muscular e resisténcia tem o
potencial de melhorar muitas das manifestagdes adversas da IC com subsequente
melhoria no resultado das varidveis do TECP "7, Assim, melhorar a forga muscular e
resisténcia, certamente melhora o desempenho funcional e pode ter o potencial de
melhorar o progndstico na IC. No entanto, por uma variedade de razdes, nem todos os
pacientes com IC sdo capazes de participar em abordagens tradicionais de exercicios
necessarios para aumentar suficientemente a for¢a muscular e resisténcia. Um crescente
corpo de literatura tem suregido examinar os efeitos da EENM na musculatura dos
membros inferiores em pacientes com IC, demonstrando efeitos benéficos em varios

dominios diferentes 743 |
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Figura 3. Esquema da miopatia em individuos com insuficiéncia cardiaca. Adaptado de Coats

AJ. The "muscle hypothesis" of chronic heart failure. J Mol Cell Cardiol. 1996;28(11):2255-62.

Maillefert et al.®% e Deley et al.”’ relataram uma melhora significativa no
consumo de oxigénio no pico do exercicio (VO2 pico) € no limiar ventilatorio (VO2 Lv)
em um grupo de individuos com IC submetidos a um programa de cinco semanas de
EENM. Além disso, varias revisdes sistematicas t€ém sugerido que a EENM pode ser um
complemento importante na reabilitagio de pacientes com IC *®*. As duas principais
revisdes sistematicas e metanalises sobre o tema foram conduzidas por Smart et al.* e
Sbruzzi et al®’. Ambas procuram ver os efeitos da EENM no VOapico € na distancia do
teste de caminhada de seis minutos comparada ao exercicio aerdbio e ao controle. No
estudo de Smart et al.%® foram analisados apenas estudos que utilizaram bicicleta e
também sendo avaliada as mudangas na qualidade de vida. O tratamento com FES gerou
um menor ganho no VO2pico €m comparacdo com o treinamento em bicicleta -0,32
mL.kg'.min" (95% IC-0.63 a 0,02 mL.kg'.min"!, p=0,04), no entanto FES provocou
melhorias superiores no VOzpico 2,30 mL.kg'.min"! (IC 95% 1,98-2,62 mL.kg'.min™,
p<0,00001) e na distancia do teste de caminhada de 6 minutos em relacao ao grupo
controle 46,9 m (IC 95% 22,5 a 71,3 m, p=0,0002). Nao houve diferenca
em mudanga na qualidade de vida entre treinamento em bicicleta e FES. Além disso, o
total de horas de interven¢ao FES foram fortemente correlacionada com a mudanca no
VO2pico (r = 0,80, p = 0,02). No estudo de Sbruzzi et al.®” foram analisados estudos que

utilizaram esteira ou bicicleta com individuos com IC (NYHA II-1V) por pelo menos 5
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semanas sendo também avaliada como desfecho as mudancas na for¢a muscular (Nm).
A busca analisou 794 artigos, dos quais foram incluidos sete estudos na analise final. O
tratamento com FES gerou um menor ganho no VOzpico €m comparagao com o exercicio
aerobio {- 0,74 ml / kg por min [95%IC:-1,38 a -0,10]}.Nao houve diferenca na forca
muscular [- 0,33Nm (IC 95%: - 4,56-3,90)] e na distancia do teste de caminhada de 6
minutos [2,73m (IC 95%: - 15,39-20,85)], comparando FES com exercicio aerobio. Um
aumento no VOzpico de 2,78 mL/kg.min (IC 95%: 1,44-4,13) foi observada no FES
versus o grupo controle. Ambos concluiram que a EENM produz efeitos benéficos
superiores ao grupo controle, porém em relagdo ao grupo exercicio os efeitos sdo
menores com exce¢ao da distancia do teste de caminhada de seis minutos no qual os
resultados sdo semelhantes e a qualidade de vida no qual ndo apresenta diferenga em
relacdo ao controle.

Apesar da abrangéncia destas revisdes, nenhuma para o nosso conhecimento,
aborda os efeitos da EENM em outros parametros cardiovasculares ¢ metabodlicos com
os marcadores progndsticos maximos e sub-maximos do TECP que tem impacto na
sobrevida, estado funcional e qualidade de vida destes pacientes. Sendo assim nos
apéndices (Apéndice B) foi apresentado um manuscrito no formato de artigo completo
intitulado “Effect of Chronic Neuromuscular Electrical Stimulation on Primary
Cardiopulmonary Exercise Test Variables in Heart Failure Patients: A Systematic
Review and Meta-Analysis™, escrito e submetido nas normas da revista JACC Heart

Failure (normas da revista apresentadas no Anexo 1).
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4. CONCLUSOES

CAPACIDADE CARDIORRESPIRATORIA EM CARDIOPATAS:
INTRUMENTOS DIRETOS E INDIRETOS DE AVALIACAO E OS EFEITOS
DA MIOESTIMULACAO ELETRICA

4.1 CONCLUSOES (ESTUDO 1)

Considerando-se a avaliagdo da capacidade cardiorrespiratoria em cardiopatas
utilizando instrumentos indiretos, nesta tese foi proposta e realizada a tradugdo e
adaptagdo cultural para o portugués do Duke Activity Status Index — DASI. Este
instrumento parece estar adequado para avaliacdo da capacidade cardiorrespiratoria em
cardiopatas no pais podendo ser aplicado para avaliagdo prognostica e de intervengdes

de forma indireta.
4.2 CONCLUSOES (ESTUDO 2)

Considerando os efeitos da estimulacdo elétrica neuromuscular na capacidade
cardiorrespiratoria, os resultados da revisdo sistematica sugerem que a EENM pode ser
um instrumento importante para os pacientes que sdo incapazes de realizar o
treinamento aerobio ou de forga para melhorar a tolerancia ao exercicio e a manutengao

a longo prazo da capacidade funcional.
4.3 TRABALHOS FUTUROS

Acreditamos que deve ser feita a validagdo do questionario DASI com o teste
ergoespirométrico para adaptacdo dos pesos dos escores do DASI envolvendo outros
grupos de pacientes com doenga cardiovascular. Em relagdo a eletroestimulagdo
neuromuscular acreditamos que mais detalhes sdo necessarios para esclarecer se o uso
associado da EENM e intervencdes baseadas em exercicios fisicos em programas de
reabilitacdo sdo capaz de produzir melhores resultados clinicos, em comparagdo com a

intervengao isolada.
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i Use the table function, not spreadsheets, to make tables.
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http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

« Dissertation
Trent JW (1975) Experimental acute renal failure. Dissertation, University of
California
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ISSN.org LTWA
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Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst which is
included in Springer's LaTeX macro package.
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+ Tables should always be cited in text in consecutive numerical order.

= For each table, please supply a table caption (title) explaining the components of the
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#  Identify any previously published material by giving the original source in the form of
a reference at the end of the table caption.
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ARTWORK AND ILLUSTRATIONS GUIDELINES
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highest standards with the greatest accuracy to detail. The published work will directly reflect the
quality of the artwork provided.

Electronic Figure Submission
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# Indicate what graphics program was used to create the artwork.

- For vector graphics, the preferred format is EPS; for halftones, please use TIFF
format. MSOffice files are also acceptable.

# Vector graphics containing fonts must have the fonts embedded in the files.

& Name your figure files with "Fig" and the figure number, e.g., Fig1.eps.
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Definition: Black and white graphic with no shading.

- Do not use faint lines and/or lettering and check that all lines and lettering within the
figures are legible at final size.

= Alllines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.

- Veector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

« Definition: Photographs, drawings, or paintings with fine shading,
etc.

« If any magnification is used in the photographs, indicate this by
using scale bars within the figures themselves.

* Halftones should have a minimum resolution of 300 dpi.
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- Definition: a combination of halftone and line art, e g, halftones containing line
drawing, extensive lettering, color diagrams, efc.
- Combination artwork should have a minimum resolution of 600 dpi.

Color Ant

= Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one another
when converted to black and white. A simple way to check this is to make a
xerographic copy to see if the necessary distinctions between the different colors are
still apparent.

= If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettenng

+ To add lettering, it is best to use Helvetica or Aral (sans serif fonts).

¢ Keep leftering consistently sized throughout your final-sized artwork, usually about 2
-3 mm (8-12 pt).

« Variance of type size within an illustration should be minimal, e.g., do not use 8-pt
type on an axis and 20-pt type for the axis label.

= Avoid effects such as shading, outiine letters, etc.

+ Do not include titles or captions within your illustrations.

Figure Numbening

- All figures are to be numbered using Arabic numerals.
- Figures should always be cited in text in consecutive numerical order.
« Figure parts should be denoted by lowercase letters (a, b, c, etc.).
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« If an appendix appears in your article and it contains one or more figures, continue
the consecutive numbering of the main text. Do not number the appendix figures,
"A1, A2, A3, etc.” Figures in online appendices (Electronic Supplementary Material)
should, however, be numbered separately.

Figure Captions

* [Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure file.
+ Figure captions begin with the term Fig. in bold type, followed by the figure number,

also in bold type.
* No punctuation is to be included after the number, nor is any punctuation to be
placed at the end of the caption.
Identify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.
* Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size

= When preparing your figures, size figures to fit in the column width.
+ For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide
and not higher than 234 mm.
+ For books and book-sized joumals, the figures should be 80 mm or 122 mm wide
and not higher than 198 mm,
Permssions
If you include figures that have already been published elsewhere, you must obtain permission
from the copyright owner(s) for both the print and online format. Please be aware that some
publishers do not grant electronic rights for free and that Springer will not be able to refund any

costs that may have occurred to receive these permissions. In such cases, material from other
sources should be used.

Accessibility

« In order to give people of all abilities and disabilities access to the content of your
figures, please make sure that

- All figures have descriptive captions (blind users could then use a texi-to-speech
software or a text-to-Braille hardware)

- Pattems are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)

- Any figure lettering has a contrast ratio of at least 4.5:1

COLOR ILLUSTRATIONS

Publication of color illustrations is free of charge.

ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This feature
can add dimension to the author's article, as certain information cannot be printed or is more
convenient in electronic form.
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Submission

- Supply all supplementary material in standard file formats.
« Please include in each file the following information: article title, joumal name, author
names; affiliation and e-mail address of the comesponding author.

+ To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other
problems during downloading.

Aundio, Video, and Ammmations
- Always use MPEG-1 (.mpg) format.
Text and Presentations

= Submit your material in PDF format, .doc or .ppt files are not suitable for long-term
viability.
+ A collection of figures may also be combined in a PDF file.

Spreadsheets

« Spreadsheets should be converted to PDF if no interaction with the data is intended.

+ If the readers should be encouraged to make their own calculations, spreadsheets
should be submitted as .xis files (MS Excel).

Specialized Formats

+ Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.

Collecting Multiple Files

- Itis possible to collect muttiple files in a zip or .gz file.
Numbenng

+ IT supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.

« Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the
animation (Online Resource 3)", *_. additional data are given in Online Resource 4.

- Name the files consecutively, e g. "ESM_3.mpg", "ESM_4.pdr.

Captions

- For each supplementary material, please supply a concise caption describing the
content of the file.

Processing of supplementary files

= Electronic supplementary material will be published as received from the author
without any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your

supplementary files, please make sure that
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-+ The manuscript contains a descriptive caption for each supplementary material
= Video files do not contain anything that fliashes more than three times per second (so
that users prone to seizures caused by such effects are not put at risk)

AUTHOR DISCLOSURES

All authors must disclose all institutional or corporate/commercial relationships going back 36
months, or to the time of the data collection if the data were collected longer than 3 years ago,
that might pose a conflict of interest. The Journal should also be informed if any conflicts of
interest arise after submission and before publication of the paper. Institutional affiliations and
funding sources that supported the specific paper submitted (from any grant, funding source, or
commercial interest including pharmaceutical or device companies) are to be indicated as an
unnumbered footnote on the titie page. The disclosure statement in the manuscripts is in
addition to the information signed to in the Copyright Transfer Statement.

The Disclosures section should appear as a separate section immediately before the
references. The Disclosure section is required for submission. If the authors have nothing to
disclose, state this in the section for each author, listing each author by name.

The Disclosure section should include all corporate/commercial relationships that might pose a
conflict of interest, e.g., all of the authors’ relationships with all pharmaceutical or device
companies. This includes such things as all consultantships, honoraria, stock ownership, gifts,
free or reimbursed travel/vacations, equity interests, arrangements regarding patents or other
vested interests, etc. (not just those immediately related to this specific paper or to the
pharmaceutical or device company sponsoring the submitted paper). If a specific author has no
financial relationships with any phammaceutical or device company, it must be so stated in the
Disclosure section. Papers submitted without an Author Disclosure will be refumed without
being reviewed.

VmenpreparingmeAuﬂmrDlsclosu' re.makesuretnlistalaumcrsbyname_msn,mdcesure
to use the following format for authors who have nothing to disclose: “Drs. A, B, and C have no
conflicts of interest or financial ties to disclose.”

Here is an example of a disclosure statement: Dr. A has an equity interestin. . .. Dr. B is on the
speakers’ bureau of. . . . Drs. C, D. and E have no conflicts of interest or financial ties to
disclose.

ETHICAL STANDARDS

Manuscripts submitted for publication must contain a statement fo the effect that all human and
animal studies have been approved by the appropriate ethics committee and have therefore
been performed in accordance with the ethical standards laid down in the 1964 Declaration of
Heilsinki and its later amendments.

It should also be stated clearly in the text that all persons gave their informed consent prior to
their inclusion in the study. Details that might disclose the identity of the subjects under study
should be omitted.

These statements should be added in a separate section before the reference list. If these
statements are not applicable, authors should state: The manuscript does not contain clinical
studies or patient data.

The editors reserve the right to reject manuscripts that do not comply with the above-mentioned
requirements. The author will be held responsible for false statements or failure to fulfill the
above-mentioned requirements

Manuscripts that are accepted for publication will be checked by our copyeditors for spelling and
formal style. This may not be sufficient if English is not your native language and substantial
editing would be required. In that case, you may want to have your manuscript edited by a
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native speaker prior to submission. A clear and concise language will help editors and reviewers
concentrate on the scientific content of your paper and thus smooth the peer review process.
The following editing service provides language editing for scientific articles in all areas Springer
publishes in:
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Use of an editing service is neither a requirement nor a guarantee of acceptance for publication.
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In addition to the nommal publication mm(muerebyanarﬂclelsmneommpumlam
access to that article is granted to customers who have purchased a subscription), Springer now

provides an alternative publishing option: Springer Open Choice. A Springer Open Choice
article receives all the benefits of a regular subscription-based article, but in addition is made

available publicly through Springer’s online platform SpringerLink.
Springer Open Choice

Springer Open Choice

Copyrnight transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher
exclusive publication and dissemination rights). This will ensure the widest possible protection
and dissemination of information under copyright laws.

Open Choice articles do not require transfer of copyright as the copyright remains with the
author. In opting for open access, the author(s) agree to publish the article under the Creative
Commons Attribution License.

Offprints

Offprints can be ordered by the comesponding author.
Color illustrations

Publication of color illustrations is free of charge.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness
and accuracy of the text, tables and figures. Substantial changes in content, e.g., new resuits,
corrected values, title and authorship, are not allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will
be hyperfinked to the article.

Online First
The article will be published online after receipt of the corrected proofs. This is the official first

publication citable with the DOI. After release of the printed version, the paper can also be cited
by issue and page numbers,

AUTHOR ROLES

In a letter to the Editors, please indicate the role of each author in the preparation of the review.

© Springer faz parte do Springer Science+Business Media
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Sao Paulo, 20 de Fevereiro de 2009
CEP 0006/09
limo(s). Sr(a).
Pesquisador(a) Laura Maria Tomazi Neves
Co-Investigadores: Fernanda Pasquale Arenas; Gerson Cipriano Junior;
Disciplina/Departamento Cirurgia Cardiovascular da
Universidade Federal de Sao Paulo/Hospital Sao Paulo
Patrocinador (Recursos Proprios)

CARTA DE APROVACAO E PARECER CONSUBSTANCIADO DO COMITE DE ETICA INSTITUCIONAL

Ref: Projeto de pesquisa intitulado:
‘Traducao, adaptacao cultural, validacao e reprodutibilidade para a lingua portuguesa do Duke Activity Status Index (DASI)

AREA TEMATICA ESPECIAL: Nao necessita de envio 8 CONEP
CARACTERISTICA DO ESTUDO: Estudo clinico observacional transversal
RISCO PACIENTE: Risco minimo, desconforto minimo, nenhum procedimento invasivo

OBJETIVOS: Verificar a possibilidade da utilizagao da escala "Duke Activity Status Index"como instrumento de avaliacao capacidade
funcional atraves da tradugao do inglés para o portugues, adaptacao cultural e verificacao da reprodutibilidade e validade do questionario
RESUMO: Serao selecionados para o estudo 84 individuos , sendo 42 cardiopata e 42 controle, com idade entre 40 a 79 anos, e pacientes
em pre-operatorio de cirurgia cardfaca eletiva. Os individuos serao avaliados por meio de um questionario primeiramente no ambulatorio ou
na enfermaria da cirurgia cardiovascular do HSP e apds uma semana serao novamente avaliados o qual sera aplicado 0 mesmo
questionario da 1 avaliacao alem de serem submetidos a aplicagao do teste submaximo de esforco utilizando um ciclo ergométrico modelo
Schwim. Os pacientes sao monitorados quanto a satura¢ao periférica de oxigenio com um oximetro, quanto a pressao arterial, com
esfigmomanometro adulto, e quanto a FC com o monitor de frequencia cardiaca Polar. A escala de avaliacao da capacidade funcional a ser
traduzida sera a "Duke Activity Status Index” (DASI). Sera realizada atraves do contato com o autor por correspondencia eletronica para
possliveis orientagoes quanto a metodologia da tradugao. Todas as etapas de traducao, adaptacao cultural serao disponibilizadas e
anexadas ao projeto. A escala sera validada por meio de suas relagoes com os valores obtidos no teste submaximo de esforco de Astrand
aplicado a metade dos individuos do grupo cardiopata.

FUNDAMENTACAO RACIONAL: Com a tradugao para o portugues, adaptacao cultural, validacao e reprodutibilidade da escala “Duke
Activity Status Index” (DASI), se tera a disposi¢ao um instrumento de avaliagao da capacidade funcional adaptado a realidade do cardiopata
brasileiro, de facil aplicacao e com baixo custo.

MATERIAL E METODO: Descritos os procedimentos que serao realizados
DETALHAMENTO FINANCEIRA: Sem financiamento especifico R$ 489.00
CRONOGRAMA: 12 meses

OBJETIVO ACADEMICO: Especializacao

PRIMEIRO RELATORIO PREVISTO PARA: 25/02/2010, os demais relatorios deverao ser entregues ao CEP anualmente ate o termino do
estudo

O Comite de Etica em Pesquisa da Universidade Federal de Sao Paulo/Hospital Sao Paulo ANALISOU e APROVOU o projeto de pesquisa
referenciado.

1. Comunicar toda e qualquer alteragao do projeto e termo de consentimento livre e esclarecido. Nestas circunstancias a inclusao de
pacientes deve ser temporariamente interrompida até a resposta do Comite.

2. Comunicar imediatamente ao Comité qualguer evento adverso ocorrido durante o desenvolvimento do estudo.

3. Os dados individuais de todas as etapas da pesquisa devem ser mantidos em local seguro por 5 anos para possivel auditoria dos orgaos

Rua Botucatu, 572 - 1° andar - conj 14. CEP 04023-062 - Sao Paulo / Brasil
Tel.: (011) 5571-1062 - 5539 - 7162



55

UNIFESP
18 ."""'-.“." T COMITE DE ETICA EM PESQUISA Data: 14-09-2010 10:44:37
Pagina 22
UNIVERSIDADE FEDERAL DE SAO PAULO/HOSPITAL SAO PAULO id=118
competentes.
Atenciosamente,

A

Prof. Dr. Jose Osmar Medina Pestana
Coordenador do Comite de Etica em Pesquisa da
Universidade Federal de Sao Paulo/Hospital Sao Paulo

Rua Botucatu, 572 - 1° andar - conj 14. CEP 04023-062 - Sao Paulo / Brasil
Tel.: (011) 5571-1062 - 5539 - 7162



56

APENDICES
CONTRIBUICOES CIENTIFICAS

Apéndice A. Artigo publicado

ISSN 0103-5150

Fisioter. Mov., Curitiba, v. 26, n. 3, p. 631-638, jul./set. 2013

TRANSLATION AND CROSS-CULTURAL ADAPTATION OF THE DUKE
ACTIVITY STATUS INDEX TO BRAZILIAN PORTUGUESE

Laura Maria Tomazi Neves'®, Alberto Klohn Neto™, Fernanda Pasquale Arenas™™, Luis Vicente

Franco de Oliveira'®, Ross Arenal¥, Gerson Cipriano Jr.lel

[{IMaster’s degree, Doctoral student, Postgraduate Program in Health Sciences and
Technology, Universidade de Brasilia, Brasilia, DF, Brazil.

[bISpecialist, Sector of Cardiovascular Surgery, Universidade Federal de Sdo Paulo -
UNIFESP, Sao Paulo, SP, Brazil.

['Doctoral degree, Teaching staff member, Postgraduate Program in Rehabilitation Sciences,

Universidade Nove de Julho -UNINOVE, Sao Paulo, SP, Brazil.

[l Doctoral degree, Teaching staff member, Department of Physical Therapy, College of
Applied Health Sciences, University of Illinois Chicago, Chicago, IL, USA.

[eIDoctoral degree, Postgraduate Program in Physical Education; Postgraduate Program
in Health Sciences and Technology, Universidade de Brasilia — UnB, Brasilia, DF,
Brazil; Teaching staff member in Physical Therapy Course, Universidade de Brasilia,

Brasilia, DF, Brazil.

Study conducted in Cardiovascular Surgery Sector, Department of Surgery,

Universidade Federal de Sao Paulo — Unifesp

Address: Rua Napoledo de Barros, 715 - 3° andar Vila Clementino
CEP: 04024-002 - Sao Paulo-SP, Brazil
Telefone: (11) 55764055 Fax: (11) 55712719

Number of words: 3729



57

Introduction

The assessment of cardiorespiratory fitness on a population level is important to
the establishment of preventive strategies aimed at addressing risk factors, favoring a
reduction in cardiovascular disease.!> However, specific tests for the evaluation of
cardiorespiratory fitness, such as cardiopulmonary exercise testing,have a lower degree
of broad applicability due to the high cost, the time required for the evaluation and
technical-operational logistics'

The development of fast, simple tools for the determination of cardiorespiratory
fitness, such as questionnaires and multiple regression equations, is of considerable
importance due the favorable cost/benefit ratio and usefulness in epidemiological
studies, especially in locations with inadequate infrastructure for advanced exercise
testing.!*® Based on these principles, Hlatky et al.’ created a self-administrated
questionnaire denominated the Duke Activity Status Index(DASI) in the United States.
This index is employed to predict cardiorespiratory fitness and has been widely used for
patients with cardiovascular disease.”!*

In Brazil, however, there is a lack of tools for this purpose and an eminent need
to assess the degree of cardiorespiratory capacity, especially in patients with
cardiovascular disease; given it is the third leading cause of death in the country. There
is also a need to find assessment tools that are widely employed in the scientific
literature and validate such measures for use on patients in Brazil. Thus, the DASI
seems to be one of the most adequate options for the Brazilian population. However,
this index has not yet been submitted to translation and cross-cultural adaptation to
Brazilian Portuguese.!>!

The aim of the present study was to develop the Brazilian version of the DASI
and cross-culturally adapt it for the evaluation of cardiorespiratory fitness among

patients with cardiovascular disease in Brazil.

Methods

This study received approval from the Human Research Ethics Committee of the

Universidade Federal de S&o Paulo (Brazil) under process number n° 006/2009 in
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compliance with Resolution 196/96 of the Brazilian National Board of Health. All
participants received information on the objectives of the study and agreed to participate
by signing a statement of informed consent. The study was performed in two steps —

translation and cross-cultural adaptation.
Participants

Two qualified Brazilian translators (laypersons in the field of knowledge in
question) performed the translation of the DASI into Brazilian Portuguese. A review
committee made up of three Brazilian physical therapists preformed the content analysis
of all steps of the translation process. All three members of the committee were
university professors (experts with a Master’s or Doctoral degree), with clinical
experience in cardiorespiratory fitness and advanced knowledge of the English
language. Two native-English speaking translators performed the back-translation of the
DASI, both of whom were fluent in Portuguese and laypersons in the field of
knowledge in question. The translated questionnaire was administered to a sample
composed of middle-aged (44 to 65 years) male and female individuals (8 patients with
a diagnosis of heart failure and 8 healthy individuals) for the semantic analysis of the
items on the index. Patients were screened from outpatient Cardiac Surgery, Hospital
Sao Paulo. A cardiologist made the heart failure diagnosis, based on clinical evaluation
and ejection fraction, evaluated by echocardiogram. Patients were clinically stable at
the time of study inclusion. Exclusion criteria were: having undergone surgical
procedures in the previous six months, cognitive impairment, illiteracy and any

orthopedic or rheumatologic condition.

Questionnaire

The DASI is composed of 12 items addressing personal care, household
activities, sexual activity and recreational activities. The item scores are weighted based
on metabolic cost measured in metabolic equivalents (METs). Each item receives a
score ranging from 1.75 to 8.00 points in increasing order of METs. Responses of “no”
are scored 0. The total score ranges from 0 to 58.2 points, with higher scores denoting
greater functional limitation. The sum of the scores of the 12 items is used in the simple
regression equation provided by the questionnaire to estimate peak oxygen uptake

(VOn2peak) during exercise. In the original study, a strong correlation (r = 0.80) was found
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between the DASI and VOzpeakobtained from the cardiopulmonary exercise test (gold

standard).’

Translation and cross-cultural adaptation

The translation and cross-cultural adaptation of the DASI followed the
procedures proposed for measures developed in other linguistic and socio-cultural
contexts based on studies carried out by Guillemin et al,'>'®Reichenheim and
Moraes,'’Maher et al'® and Beaton et al.”” Figure 1 displays the flowchart of the

translation and adaptation process.

a) Translation: Two duly qualified Brazilian translators fluent in English
performed the translation of the DASI into Portuguese, focusing on a conceptual rather
than literal translation. The translators received information on the objectives of the
study and were instructed to be precise in their use of language. A review committee
composed of three Brazilian health professionals with ample knowledge of English,
blinded to the objectives of the study and with experience in the translation of
questionnaires, evaluated the two translated versions of the DASI for the correction of
possible errors that could lead to different results than those originally proposed. This
committee then created a synthesis of the index in Portuguese based on the versions of
the two translators.

b) Back-translation: The synthesis version was back-translated into English by

two duly qualified native English-speaking translators in an independent fashion. The
translators were not informed of the objectives of the study and had no access to the
original version. The back-translated versions were then compared to the original
version of the index by the review committee. Version 2 of the DASI in Portuguese was
established following consensus among the committee members on each item of the
index.

c¢) Cross-cultural adaptation: Version 2 was submitted to semantic analysis to

determine whether the terms used in the items and paragraphs were clear. Equivalence
was determined through an evaluation of the degree of comprehension or possible
doubts regarding each item. Since the DASI was designed as a self-administered
questionnaire, the target population participated in this stage. For such, Version 2 of the
questionnaire was administered to eight patients with heart failure and eight healthy

individuals.
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Questionnaire in original language

Translator 1 Translator 2
Translation into Translation into
Portuguese (T1) Portuguese (T2)

Review Committee — Evaluation of
translations
15tversion in Portuguese

English-speaking English-speaking

translator 1 translator 2
Backtranslation1 Backtranslation 2

Review Committee — comparison of
backtranslationand original questionnaire

Final version in Portuguese

Administration to patients

Figure 1 — Flowchart of translation and cross-cultural adaptation process of DASI.
During the administration of the questionnaire, the participant and observer
remained isolated and the participant read the items. The “face test” was used to
evaluate the degree of comprehension and the option “question difficult to understand”
was included on each item. After determining the level of semantic understanding of the
questionnaire, the participants were asked to read and answer each item to determine
whether comprehension of the questionnaire alone allowed the respondent to answer it
properly or whether other associated factors were involved. Any questions and
suggestions on the part of the respondent were recorded on the back of the
questionnaire. Statistical analysis was performed with the SPSS V.15 program to
determine possible differences between the patients with heart failure and healthy
individuals, using either the Mann-Whitney test or chi-square test, as appropriate.
Following the semantic analysis, the review committee analyzed the suggestions
of the participants. Items interpreted as difficult to understand by more than 10% of the

sample!16

were reevaluated and rewritten by the committee, resulting in Version 3 of
the questionnaire. This version was administered to the group of heart failure patients
for analysis and suggestions for further changes. The final version of the questionnaire

(Chart 1) was determined when all items achieved a 90% approval rate.

Results

The evaluations of the review committee regarding the translation of the DASI

indicated the occurrence of semantic equivalence with the original questionnaire, but
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with difficulties on some items. Some activities were replaced with others of similar
energy cost that were more suitable to Brazilian culture. The evaluation of the
equivalence of the back-translated version to the original questionnaire revealed
changes in the grammatical structure of some items. These changes were performed to
achieve semantic, idiomatic, experimental and conceptual equivalence of the items
(Table 1).

The sample was characterized by individuals aged > 50 years who were mainly
from the southeastern region of Brazil (62.5%) and were non-smokers (56.2%). Less
than half of the cohort was considerd physically active (43.75%). Regarding the
understanding of the questionnaire, doubts were predominant among individuals with
heart failure (75.0%) in comparison to the healthy individuals (12.5%). Items 9 and 11
generated the most doubt. On Item 9, the individuals questioned the equivalence
between “picking up fallen leaves” and “doing yard work™. On Item 11, the participants
questioned the equivalence between “kicking a ball” and “throwing a baseball or
football”. The patients with heart failure were also unclear as to whether they should

take into account the level of fatigue caused when performing a task.

Table 1 — Summary of translation process of DASI

Item Comparative analysis Joint evaluation
Introduction T1#T2 Tl
1 T1=T2 T1or T2
2 T1~T2 T2
3 Tl = T2 T2
4 T1=T2 T1
5 TI=T2 T1 or T2
6 T1#T2 RV - MV
7 T1#T2 T2
8 T1#T2 T2
9 T1#T2 RV - MV
10 T1=T2 T1or T2
11 T1~T2 RV —» NV
12 Tl = T2 RV - NV
Interpretation of scores Tl ~T2 T1

Legend: T1= translation 1; T2= translation 2; T1 = T2= versions identical; T1 = T2=
versions similar; T1 # T2= versions different; RV — MV= versions (T1 and T2)
rejected by evaluation committee, with modified version based on elements from T1
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and T2; VR — NV= rejected version (T1 and T2), with new version established by
evaluation committee

The results of the administration of the DASI demonstrated better functional
capacity in the healthy individuals. The median time required to fill out the
questionnaire was similar between groups (120 seconds among the healthy individuals

and 173.5 seconds among the heart failure patients; p = 0.24) (Table 2).

Table 2 — Distribution of DASI scores, VOzpeak estimated by DASI and time required to
fill out questionnaire among healthy individuals and heart patients

Healthy individuals (n = 8) Heart patients (n = 8)

Variable w (1% to 3" quartile) w (1% to 3" quartile) p-value
DASI 58.2 (55.4 - 58.2) 15.0 (10.3 - 30.3) 0.01
VOnpeak (ML/min) ~ 34.6 (33.4 - 34.6) 16.0 (14.0 — 22.6) 0.01
DASI time (s) 120.0 (102.5 - 150.0) 173.5(111.0 - 245.0)  0.24

Legend: DASI — Duke Activity Status Index; " Mann-Whitney test

Discussion

The DASI was adequately translated and adapted in accordance with discerning
standards for cross-cultural adaptation to Brazilian Portuguese. A number of difficulties
were encountered regarding the suitability of activities due to cultural differences. To
resolve these issues, repeated changes to some items were required.

Scales and questionnaires designed to assess either general health or a specific
disease have been widely employed.?*?! However, many of these assessment tools are
not available in Portuguese. The translation and standardization of foreign assessment
tools has garnered the interest of a number of Brazilian research groups. This structured
process follows a particular sequence of actions.'®!® Indeed, a lack of rigor in the
process can lead to biased results and problems, such as the inadequate administration
of the measure or incongruence between the original and translated versions, thereby
invalidating the use of the measure in other cultures. Moreover, cultural differences
should be taken into account to ensure the suitable adaptation of the measure.?*?! In the
present study, the choice of cross-culturally adapting the DASI rather than developing a
new questionnaire was based on the possibility of comparing the findings with studies
carried out in different countries. Moreover, the development of an original

questionnaire is both time consuming and costly.??



63

The translation and cross-cultural adaptation of a validated questionnaire is a
complex process that goes beyond mere translation due to the need to preserve the
semantic and conceptual structure of each item on the original questionnaire and the
need to adapt the measure to another culture. The administration of the measure to a
sample of the target population assists in the determination of possible errors and
ensures the understanding of the measure by individuals with different levels of
schooling.?’ During the translation of the Brazilian version of the DASI back into
English, a number of grammatical changes were necessary. These changes made the
items more suitable to Brazilian culture in order to achieve semantic equivalence
(between words), idiomatic equivalence (between different idiomatic expressions used
in the different cultures), experimental equivalence (words adequate to the cultural
context) and conceptual equivalence (validity of the concept explored and events
experienced by laypersons).?>

Studies have demonstrated that the DASI is correlated with the distance travelled
on the Six-Minute Walk Test (r = 0.53),'° B-type natriuretic peptide levels (r = 0.67),'*
the Canadian Cardiovascular Society Classification (r = 0.58)” and patient quality of life
and survival (r = 0.64).!" Moreover, the questionnaire is sensitive to changes in
functional status between the preoperative and postoperative periods of cardiovascular
surgery®!? and a predictor of the ability to return to work.'* The close-ended questions
allow the comparison of results with less variability and facilitate the process of filling
out the questionnaire as well as analyzing, coding and transferring the responses to a
computer system. However, the use of dichotomous scales on questionnaires addressing
functional capacity can lead to imprecise results due to the inherent nuances in this type
of evaluation. Thus, the data could be interpreted better using a cumulative scale with a
number of response options in an increasing order of intensity for a given characteristic
or activity.? Based on the present findings, the following instructions should be given to
respondents prior to filling out the questionnaire:

e Answer YES for any activity that you have been able to perform most days in
the previous month without becoming very tired;
e Answer NO for any activity that you have not performed in the previous month

or if you became very tired when performing the activity.

Limitations
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One limitation of the present study resides in the fact that there was no
adaptation of the weights of the scores, since such changes would hinder the
comparison of the results of Brazilian studies with those carried out in English-speaking

countries.?

Moreover, the sample size was small and illiterate individuals were
excluded. Thus, further studies involving other groups of patients with cardiovascular
disease are needed to determine the validity and reliability of the Brazilian version of

the DASI.

Conclusion

The DASI was satisfactorily translated and cross-culturally adapted to Brazilian
Portuguese. This index demonstrates adequate psychometric properties for the indirect
evaluation of cardiorespiratory fitness in patients with heart failure. The administration
of this measure can be accomplished in a short period of time and appears both reliable
and valid. Moreover, the use of the DASI in the Brazilian cardiovascular patient

population allows for comparison of data across different regions and cultures.
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Descricio: O Indice de Atividade de Duke é um questionario auto-aplicavel que avalia

a capacidade funcional do paciente. Pode ser utilizado para obter uma estimativa geral

do pico de oxigénio do paciente.

basquete ou voleibol)?

Item | Atividade Sim | Nao

1 | Vocé consegue cuidar de si mesmo (comer, vestir-se, tomar banho | 2,75 | 0
ou utilizar o vaso sanitario)?

2 | Vocé consegue andar dentro de casa? 1L75| 0

3 | Voceé consegue andar um ou dois quarteirdes em terreno plano? 275 9

4 | Voceé consegue subir uma escada ou uma ladeira? 550 0

5 | Voceé consegue correr uma distancia curta? 8,00 0

6 | Vocé consegue realizar tarefas leves de casa, como tirar o p6 ou | 2,70 | 0
lavar a louga?

7 | Vocé consegue fazer trabalho moderado em casa como aspirar, | 3,50 | 0
varrer o chao ou guardar as compras?

8 | Voceé consegue fazer trabalho pesado em casa, como esfregar o piso | 8,00 | 0
ou levantar e movimentar moveis pesados?

9 | Voceé consegue realizar tarefas como apanhar folhas caidas ou cortar | 4,50 | 0
a grama?

10 | Voce consegue ter relagdes sexuais? 325| 9

11 | Vocé consegue participar de atividades de lazer moderadas (boliche, | 6,00 | 0
danga, ténis ou chutar uma bola)?

12 | Vocé consegue participar de esportes vigorosos (natagao, futebol, | 7,50 | 0

Indice de Atividade de Duke: SOMA (valores de todos os 12 itens)

Interpretagao: valor maximo = 58,2; valor minimo = 0

Estimativa de pico de oxigénio (em mL/min): 0,43 x (Indice de Atividade de Duke) +

9.6

Figure 2 — Duke Activity Status Index translated into Brazilian Portuguese
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Introduction

Prognosis in heart failure (HF) is commonly determined using cardiopulmonary
exercise test (CPX) results with a greater peak oxygen consumption, oxygen
consumption at the anaerobic threshold, peak workload, and peak heart rate (VOzpeak,
VO2ar, PW, HRpeak, respectively) being associated with greater survival. Among other
things, the combined HF disease process and a sedentary lifestyle leads to skeletal
muscle weakness/atrophy and poorer CPX performance. Thus, skeletal muscle
dysfunction appears to have the capacity to worsen key CPX measures, with prognostic
importance, in patients with HF [1-9].

In fact, the Muscle Hypothesis of Chronic Heart Failure proposed by Coats et al
highlights the viscous cycle of HF in which skeletal muscle weakness and myopathy
contribute from a proximal position to the dyspnea and fatigue as well as ventilatory,
neurohumeral, and cardiovascular abnormalities associated with this condition [10, 11].
Thus, improving skeletal muscle strength and endurance certainly improves functional
performance and may have the potential to improve prognosis in HF. However, for a
variety of reasons, not all patients with HF are able to participate in traditional exercise
approaches needed to sufficiently increase skeletal muscle strength and endurance.

Neuromuscular electrical stimulation (NMES) has been consistently shown to
elicit positive skeletal muscle adaptations in patients unable to participate in traditional
aerobic and/or resistance training programs at an appropriate stimulus.[12]. Generally,
NMES consists of repeated, rhythmic stimulation of skeletal muscle in a static state,
using skin electrodes, at an intensity that evokes visible muscle contractions. A growing
body of literature has emerged examining the effects of NMES in patients with HF,
demonstrating beneficial effects in several different domains, including improvements
in muscle strength, exercise capacity, endothelial and autonomic function. [13-23].
Moreover, several systematic reviews have suggested that NMES may be an important
adjunct in the rehabilitation of patients with HF [24, 25]. However, to our knowledge,
no previous systematic review has examined the effects of NMES on both maximal and
sub-maximal CPX prognostic markers, which can impact on survival, functional status
and quality of life [9-11]. Specifically, this systemic review reports on the effects of
NMES compared to standard treatment (moderate aerobic exercise or no-exercise

control) on key CPX variables (VO2peak, VO2a1, PW, HRpeak) in HF patients.



71

Methods
This meta-analysis was conducted in accordance with the recommendations and

criteria as outlined in the Preferred Reporting Items for Systematic Reviews and Meta-

analysis (PRISMA) statement [26] and registered at PROSPERO (CRD42014009329).

Criteria for considering studies for this review

Types of studies
Randomized controlled trials, with or without crossover strategy, of NMES-
based interventions, according to Cochrane Review concept [12], with a comparison

group submitted to usual medical care or exercise training.

Types of participants
The study population comprised adults aged between 50 and 65. Only those
studies with a diagnosis of systolic HF [based on clinical findings and objective indices

such as assessment of ejection fraction, LVEF<45%, and NYHA (I-IV)] [27].

Types of interventions

An ambulatory or home-based NMES interventions, with application of any
therapeutic electrical stimulation using surface electrodes to produce a muscle
contraction in both quadriceps muscles, were included. The comparison group was an
ambulatory or home-based moderate aerobic exercise group or a no-exercise control
group as defined by the study. The exercise group interventions included an aerobic
exercise program with the following parameters: 1) At least 30 minutes, 3 times per
week of moderate aerobic exercise training (60-80% of HRpeak, HR at VO2ar or RPE 13-
15). Were excluded patients with pacemaker or automated external defibrillator and
musculoskeletal disorders that could limit exercise tolerance. Studies that included
resistance exercise alone or combined with aerobic exercise were also excluded. Lastly,

studies providing NMES and exercise simultaneously were also excluded.

Types of outcome measures

Outcome measures assessed included one or more of the following: 1) VOzpeak
(mL.kg'.min"), 2) VO2at (mL.kg'.min"), 3) Peak Heart Rate (bpm), and/or 4) Peak
Workload (watts)

Search methods for identification of studies



72

Potential studies were identified by a systematic review librarian. A systematic
search was conducted of Medline (Ovid) (1950-March 2014), Embase.com (1974—
March 2014), Cochrane Central Register of Controlled Trials and CINAHL (1981-
March 2014) Amedeo (1997- March 2014) and PEDro (1929- March 2014), all they
without date restriction. The search strategy included a mix of keywords selected
according to the Medical Subject Headings (MeSH) of the United States National
Library of Medicine (NLM) and free text terms for the key concepts (Intervention +
Population) described above with filters to limit to Clinical Trial’s (Phase I-IV), RCT’s
and RS’s search. No language or other limitations were imposed. Reference lists of
papers found were scrutinized for new references. All identified papers and its
methodological quality were assessed independently by two reviewers (LMTN and LC).
Searches of published papers were conducted up until March 2014 2013.

Search Terms strategy for interventions

“Electric Stimulation Therapy”[Mesh] OR “Neuromuscular Electrical Stimulation”
OR “Neuromuscular Stimulation” OR “Functional Electrical” OR
“Functional Electrical Stimulation” OR “Neuromuscular Electrical Stimulation” OR

“Electrical Muscle Stimulation” OR “Electrical stimulation Muscle”

Search Terms strategy for population

“Heart Failure”[Mesh] OR “Left-Sided Heart Failure” OR “Left Sided Heart Failure”
OR “Right-Sided Heart Failure” OR “Right Sided Heart Failure”OR “Congestive Heart
Failure” OR “Heart Failure, Congestive” OR “Heart Decompensation” OR
Cardiomegaly[Mesh] OR Cardiomyopathies[Mesh] OR “Heart Enlargement” OR
“Enlarged Heart” OR “Cardiac Hypertrophy” OR “Heart Hypertrophy” OR
Cardiomyopathy OR “Myocardial Diseases” OR “Myocardial Disease” OR
Myocardiopathies OR Myocardiopathy OR “Secondary Cardiomyopathies” OR
“Secondary Cardiomyopathy” OR “Secondary Myocardial Diseases” OR “Secondary
Myocardial Disease” OR “Primary Cardiomyopathies” OR “Primary Cardiomyopathy”
OR “Primary Myocardial Diseases” OR “Primary Myocardial Disease”

Data collection and analyses

Study selection
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The references identified by the search strategy were screened by title and
abstract, and clearly, irrelevant studies were discarded. For selection, abstracts had to
clearly identify the study design, an appropriate population, and relevant components of
the intervention as described above. The main outcomes extracted were VOazpeak (mL.kg"
I min!), VO2ar (mL kg !.min'), Peak Workload (watts), Peak Heart Rate (bpm). The
full-text reports of all potentially relevant trials were obtained and assessed
independently by two review authors (LMTN and LC) for eligibility based on the

defined inclusion criteria. Any disagreements were resolved by discussion (Figure 1).

Data extraction

The data from the papers included in the review were extracted and input
directly into a single data collection form consisting of the primary source of
information (journal article) and included relevant data regarding inclusion criteria
(study design; participants; interventions including type of NMES/exercise, frequency,
duration, intensity, and modality; comparisons; and outcomes), risk of bias
(randomization, blinding, attrition, and control), and results. The data extraction process
was conducted independently by two persons from the same discipline area (LMTN and
MLS). Inter-reviewer disagreements were resolved by consensus. The agreement ratio
prior to amending any discrepancies was assessed using the kappa statistic and was
found to be greater than 0.90. Study authors were contacted to seek clarification on the

issues of reporting or to obtain further outcome details.

Quality assessment

The risk of bias and study quality of eligible trials was assessed independently
by 2 reviewers (LMTN and LC). Study quality was performed using three different
scales [28]: The Jadad Scale, PEDro Scale [6,7] and The Quality of Research Score
Sheet (QRSS) [8]. The Jadad scale assesses the quality of published clinical trials based
methods relevant to random assignment, double blinding, and the flow of patients
considering 7 items. Items were marked as either present (yes/1) or absent (no/0).The
last 2 items are assigned a negative score, achieving the range of possible scores
between 0 (bad) to 5 (good) [29]. The Pedro scale is a checklist used to measure the
quality of reports based on the Delphi list, developed by Verhagen et al. [30]. The
PEDro scale included eligibility criteria (not used to calculate score), random allocation,
concealment of allocation, similarity at baseline, subject blinding, therapist blinding,

assessor blinding, adequacy of follow-up, intention-to-treat analysis, between-group
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statistical analysis, and reports of both point estimates and measures of variability.
Items were marked as either present (yes/1) or absent (no/0), and a score out of 10 was
obtained [31]. The QRSS was first used by Smith et al.[32] and included 16 items:
concealed allocation, random sequence generation, patients were matched according to
relevant patient characteristics, blinding of observer(s), blinding of those performing
statistical, blinding of patients, drop-outs numbers description, intercurrent drop-outs
description, intention-to-treat analysis, intra/inter-observer reliability, the relevant
measurement instruments were compared statistically with other instruments measuring,
other co-interventions leading to systematic differences between groups were avoided,
adjunctive (medical) interventions were reported, comparability of patients,
predetermined rehabilitation time and/or number and/or dosage of exercises, actual
rehabilitation time and/or number and/or dosage of exercises. Items were marked as
either present (yes/1) or absent (no/0), and a score out of 16 was obtained. Also, to
assess for evidence of publication bias, Begg’s funnel plots and Egger’s regression test

were examined [29] and were considered adequate when p>0.05 (Figures 2 and 3).

Data analysis

Data were processed in accordance with the Cochrane Handbook for Systematic
Reviews of Interventions [30]. The outcomes are presented as continuous data using the
data extracted from eligible studies and included the mean value of the outcome
measurements in each intervention and control group (Meand Mc), the standard
deviation of the outcome measurements in each intervention and control group
(SDE and SDc) and the number of participants on whom the outcome was measured in
each intervention and control group (Ne and Nc).Net changes were compared (that is
NMES group minus exercise/control group to give differences) by weighted mean
difference (WMD) and 95% confidence interval (CI). The standard deviation was
calculated for each study based on the change score method. Heterogeneity among
included studies was explored qualitatively (by comparing the characteristics of
included studies) and quantitatively (using the chi-square test of heterogeneity and the I?
statistic). The funnel plot of standard difference of means was used as the qualitative
method to examine heterogeneity when more than two studies were analyzed. Where
appropriate, the results from included studies were combined for each outcome to give
an overall estimate of treatment effect. For all variables NMES intervention was

compared exclusively to moderate aerobic exercise intervention or usual treatment
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(moderate aerobic and no-exercise control). For VO2peak, NMES intervention was
compared exclusively to no-exercise control. A fixed-effect model meta-analysis was
used based on qualitative evaluation of the heterogeneity and the low risk of bias. All
analyses were conducted using Review Manager Version 5.2 and comprehensive meta-

analysis (Biostat Inc, Englewood, USA, 2013).
Results

The initial search led to the identification of 2176 studies for NMES and HF
patients from which 23 were considered as potentially relevant and were retrieved for
detailed analysis. Only 9[14-18, 20-23] were included for all outcomes and comparison.
The comparison of NMES versus moderate aerobic exercise comparison included 7
[14-18, 20, 22] studies for VOazpeak, 4 studies [15-18] for VOzar, 2 studies [16, 17] for
PW and 4 studies [15-18] for HRpeak. The comparison of NMES versus no-exercise
control comparison included 2 studies [21, 23] for VO2peak. and NMES versus usual
treatment included 9 studies [14-18, 20-23] for VOopeak, 5 studies [15-18, 23] for
VO2art, 3 studies [16, 17, 23] for PW and 5 studies [15-18, 23] for HRpeak. Figure 1
shows the flow diagram of studies in this review. The level of concordance between the
two reviewers examined by Kappa statistic was 0.95 [IC 95 % (0.88; 1.0)].

Insert Figure 1

For the included studies (Table 1) the date of publications ranged from 2003 to
2012. The 9 studies included 316 patients, 259 (81.96 %) male, with mean age ranged
from 53 to 65 years. The NMES-intervention group number of hours of treatment
ranged from 12.5 to 280 (5-7 times per week, for 6-12 weeks), with the stimulation
frequency from 10 to 25 Hz, the pulse from 200 to 500 ps, the time on from 2 to 20 s,
the time off from 4 to 20 s, the number of contraction from 90 to 2400 and the total
energy delivered from 900 to 4800 J. Five of the moderate aerobic exercise-
intervention studies used bicycle training, one study used bicycle or treadmill training,
and one study used bicycle, treadmill or cycling training. The moderate aerobic
exercise-intervention number of hours of treatment ranged from 15 to 36 (3-5 times per
week, for 6 to 12 weeks).

Insert Table 1
The characteristics of studies excluded are presented in Table 2. Four studies

had data in different units. The VO2at expressed in metabolic equivalents (METs) was
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converted to mL.kg!.min™! (1 MET= 3.5 mL.kg!.min") in one study [16]. The standard
deviations were not given in two studies [16, 19], but in one study the standard
deviations were extracted by visual analyses while the second study was excluded
because of the absence of information on variability. In another study [18] the data of
peak workload were presented in W/kg and in another study [13] the data of VO2peak
were presented in L/min. Requests for the above data were made via e-mail to the
authors of the above studies, but none of the authors responded which led the exclusion
of the both studies. All of the included studies were classified as RCTs [14-18, 20-23].

Insert Table 2

Heterogeneity of the included studies was low with non-significant chi-squared

test (p<0.05) and the 1% value < 52%. Comparing the use of NMES versus moderate
aerobic exercise the results were favorable to exercise for VOzpeak, VO2aT and HRpeak,
but PW was similar for NMES and Exercise. (Figure 2) Comparing the use of NMES
versus Usual Treatment, the results were favorable to Usual Treatment for only HRpeak.
(Figure 3). Comparing the results of use of NMES versus no-exercise control for
VOnzpeak, the results were not favorable to any of interventions. (Figure 4)

Insert Figure 2

Insert Figure 3

Insert Figure 4

Discussion

To our knowledge, this is the first systematic review with meta-analysis which
has assessed key CPX variables, with both prognostic and functional significance. We
found that for HF patients NMES apparently provides similar improvement in PW
compared to moderate aerobic exercise or usual treatment, and produces beneficial
effects on VOopeak, VO241 and HRpeak but not greater than moderate aerobic exercise.

Two previous systematic reviews in HF patients examined the effect of
functional electrical stimulation (FES) compared to exercise training or no-exercise
control on the magnitude of change in VO2peak in mL.kg™'.min"![24, 25]. Sbruzzi et al.
[24] compared the effects of FES versus conventional aerobic exercise training for at
least 5 weeks in NYHA I-IV HF patients and observed that FES produced a beneficial
effect, but not greater than exercise (-0.74 mL.kg'.min! [95% C.I. -1.38 to -0.10

p<0.02]). Similarly, Smart et al. [25] conducted a systematic review with meta-analysis
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in NYHA III-IV HF patients examined the effects of FES versus conventional aerobic
cycle exercise training for at least 2 weeks on VOzpeak and also observed that FES
produced beneficial effects, but not greater than exercise (—0.32 mL.kg'.min™' [95%
C.I. —0.63 to —0.02, p=0.04]). The results of the present study are in agreement, but are
slightly lower than our findings (-0.84 mL.kg!'min' [95% C.I. -1.25 to -0.43
p<0.0001]).

Our findings for VO2ar suggest that the NMES can produce effects equal to
usual treatment [0.3 mL.kg!.min"! (95% C.I. —0.90 to 1.5, p=0.62)], but not greater than
moderate aerobic exercise (—0.46 mL.kg!.min' [95% C.I. —0.83 to 0.10, p=0.01]).
NMES also appears to produce beneficial effects in HRpeak, but also no greater than with
exercise [—5.26 bpm (95% C.I. —8.55 to —1.96, p=0.002)] or usual treatment [-4.96 bpm
(95% C.I. =8.22 to —1.7, p=0.003)]. The favorable changes in VO2peak, VO24T and
HRpeak from both NMES and moderate aerobic exercise were expected since the
improvement in these variables is secondary to peripheral adaptations. Over half of
studies examining the effect of NMES and moderate aerobic exercise on VOazpeak Were
observed to have a clinical significant improvement (> 1L/kg.min) [31]. Despite the fact
that there does not appear to be a clinical significant value for increase in HRpeak and
VO:zar any increase in both is important for exercise capacity in patients with HF since
lower values are related to poor outcomes [32]. The maintenance of the results for
HRpeak even with usual treatment was unexpected and may be related to the small
sample size of the no-exercise study [21, 23].

Our findings suggest that the NMES can produce effects equal to moderate
aerobic exercise [9.91 W (95% C.I. —21.02 to 1.2, p=0.08)] or usual treatment [—3.12
W (95% C.I. —19.51 to 13.27, p=0.71)]. Greater levels of PW have been associated with
improved prognosis in patients with HF [2,4,9], thus making it a clinically relevant
measurement. The production of repeated skeletal muscles contractions at a dose
sufficient to evoke visible muscle contractions induces muscle hypertrophy [33].
Considering that the improvement in PW may be the primary mechanism driving the
improvement in the other CPX variables, the benefits on muscle strength that NMES
produces appears to positively impact global aerobic capacity. Thus, the findings of our
systematic review with meta-analysis are important since improved prognosis in all
patients with HF, specially for who are unable to exercise, may benefit from NMES.

In fact, although the results of our study found traditional exercise led to a

greater improvement in VO2peak, VO2aT, and HRpeak, NMES was still found improve all
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of the above CPX variables, but not to the extent produced by exercise. Furthermore,
our finding of similar effects of both NMES and exercise on PW is an important finding
that has not been previously reported and thus provides a potentially greater rationale
for either intervention to improve prognosis in HF.

The selection data of population was embracing including all severity class
(NYHA I-IV) in consequence of the lack of studies that intent to compare individuals
with different severities and the selection data of intervention was in accordance of the
current guidelines for aerobic exercise prescription for HF patients [10]. Even the
analysis presented a low heterogeneity, clinically the NMES protocols demonstrate a
high variance of parameters inducing different muscle fiber type stimulation. Because of
the lack of studies evaluating these prognostic variables comparing NMES with no-
exercise control group, we also chose a combined analysis of both exercise and control
which was defined as “usual treatment”. Despite the fact that this methodology was
previously used in a published meta-analysis[12], these results should be cautiously
interpreted because of the heterogeneity of the interventions which can increase the
occurrence of null results. The studies included in this meta-analysis were of a moderate
to high quality, with principal weaknesses of small sample size, concealment of

allocation and adequacy of follow-up.

The findings of this systematic review with meta-analysis suggests that NMES
may be an important vehicle for all HF patients specially for who are unable to perform
aerobic or strength training to improve skeletal muscle strength and endurance in order
to avoid some of the adverse manifestations of HF as well as improve exercise capacity,
prognosis and survival [10, 11, 34-37]. Systematic reviews and guidelines [27, 38]
strongly recommend traditional exercise-based interventions for patients with HF and
also identify the importance of the improvement and long-term maintenance of
functional capacity. Also, considering the fact that not all patients adhere to exercise or
are able to perform aerobic exercise at a sufficient dose to elicit training adaptations, the
addition of new technologies such as NMES to produce positive effects on exercise
capacity and CPX results is highly important. We also believe that further details are
necessary to clarify if the synergistic use of NMES and traditional exercise-based

interventions is able to produce better clinical outcomes in comparison to either [39].
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Table 1. Characteristics of included studies — clinical, demographics and intervention description
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Intervention description

HF Age Type Frequency Duratio Protocol
Study assessment Population N (years) (Frequency/Pulse/Time On-off and (days/week n (weeks)
Modality/Intensity) ) (min/da
y)
Harris et al., J-2/P-5/Q-9 NYHA I-II NMES (24) 6310 25Hz/ND/5-5s 5 30 6
2003 [20] LVEF <40% Exercise (22) 62+10.8 Bicycle/70% HRmax 5 30 6
Nubhr et al., J-3/P-6/Q-10 NYHA II-IV  NMES (15) 53+7 15Hz/500s/2-4s 5 60 5
2004 23] LVEF <35% Control (17)  53+13 Control ND ND ND
Deley et al. NMES (12) 56+8 ‘ 10Hz/2.00us/ 12-$s 5 60 5
2005 [16] ’ J-2/P-4/Q-11 NYHA II-III  Exercise (12) 5746 Bicycle, treadmill or cycling/60-70% 5 60 5
LVEF <40% HRmax
Dobsak et al., J-1/P-4/Q-5 NYHA II-III  NMES (15) ND 10Hz/200us/20-20s 7 60 8
2006 [17] LVEF <40% Exercise (15) ND Bicycle/VOaat 3 60 8
Karavidas et J-2/P-6/Q-10 NYHA II-III NMES (16) 57+15.3 25Hz/ND/5-5s 5 30 6
al., 2006 [21] LVEF <40% Control (8)  64+£8.1 Control ND ND ND
Lemaitre et al., NYHA II-III NMES (17) 64+4.7 25Hz/ND/5-5s 5 30 5
2006 [22] 1-2/P-5/Q-7 nly VOzeik | ypp 350, Exercise (19) 61£2.6 Bicycle/70% Hrmax 5 30 6
Deley et al., 1-2/P-5/Q-8 NYHA [I-IV  NMES (22) 55+10 10HZz/200ps/12-8s 5 60 5
2008 [15] LVEF <40% Exercise (22) 56+7 Bicycle or treadmill/Borg 13-15 5 60 5
Defteros et al., 1-2/P-4/Q-7 NYHA II-IIT  NMES (31)  6142.1 25 Hz/ND/5-5s 5 30 5
2010 [14] LVEF <35% Exercise (31) 61+£2.1 Bicycle/70% HRmax 5 30 6
Dobsak et al., J-3/P-4/Q-11 NYHA II-III NMES (23) 59+1.4 10Hz/200us/20-20s 7 120 12
2012 [18] LVEF <40% Exercise (26) 59+2.2 Bicycle/VOaat 3 60 12

Legend: P=PEDro Scale; J=Jadad Scoring; Q=Quality of Research Score Sheet; VOzpeak= peak consumption of oxygen; VO2a1= consumption of oxygen at anaerobic
threshold; PW= peak workload; HRpeak= peak hear rate; NYHA= New York Heart Association; LVEF= Left-ventricular ejection fraction; NMES= Neuromuscular
electrical stimulation; ND= Not described.



Table 2. Characteristics of excluded studies.

Study

Reasons for Exclusion

Malek and Mark, 1989

Crevenna et al., 2004
Dobsak et al., 2006b
Fritzsche et al, 2010
Maillefert et al., 1998
Quittan et al., 1999
Wiesinger et al., 2001
Karavidas et al., 2010
Vaquero et al., 98
Araujo et al., 2012
Karavidas et al., 2008
Quittan et al., 2001
Bittencourt et al., 2001
Eicher et al. 2004

No application of any NMES

Without control group
Without control group
Without control group
Without control group
Without control group
Without control group
Review study
Non-HF population
None of selected outcome
None of selected outcome
None of selected outcome
None of selected outcome
No measure of variability

Legend: NMES= neuromuscular electrical stimulations; HF= Heart Failure.

83



Figures legends

)

84

Records identified through
database searching

Additional records identified
through other sources
(n=03)

Identification

Eligibility

Included

Figure 1: Flowchart summary of study selection process.

Records after duplicates removed

(n=1635)

A 4

Records screened
{n = 544)

Y

A 4

Full-text articles assessed
for eligibility
{n=23)

h 4

Records excluded
{n=521)

Y

Studies included in
gualitative synthesis
(n=09)

Y

Studies included in
guantitative synthesis
(meta-analysis)
(n=09)

Full-text articles excluded,
with reasons
(n=14)




NMES versus Exercise
Qutcome oo
s Forrest Plot Mean Funnel Plot of Standard Error by Std diff in Means
(Egger’s test)
NMES Exercise Mean Difference Mean Difference o
Study or Subgroup  Mean  SD_Total Mean SD Total Weight IV, Random, 95% CI I, Random, 95% CI
Deteros 2010 11 135 3 2B 142 31 31.8%  -1.50[(-219,-0.81] —-— a
Delzy 2005 13 566 12 32 583 12 08% -190-650,270| f—
Delzy 2008 2 475 22 27 139 22 1.2%  -0T0[4.37, 287 _
VO Dobsak 2006 08 B08 15 12 586 15 08%  -0.40(-4.60,3.£0) — .
2peak Dobsak 2012 17 099 23 21 0988 26 468%  -0.40 (096, 0.186] -
(p=0.15) Hanris 2003 0 166 22 0B 158 24 179% -DB0E1.74,044] — o3 o o
Lemaitre 2006 03 8.4 17 1.3 8.06 19 06% -1.00(6.30,4.30] 4]
o
Total {95% CI) 142 149 100.0% -0.84[-1.25,-0.43] * . o
Heterogeneity: Tau®= 0.01; ChF= 619, df= 6 (F= 0.40) F= 3% =%
Test for overall effect 2= 4,05 (F = 0.0001) Favours [Exercise] Favours [NMES] 05 —
20 -5 1.0 as [-1] s 10 s 0
e
NMES Exercise Mean Difference Mean Difference
Study of Subgrowp  Mean SD_Total Mean SD Total Weight IV,Random, 95% Cl IV, Random, 95% ClI 01
Deley 2008 175 379 12 21 36 12 16% -0.35[3.31, 261 —
Deley 2008 1.7 342 22 19 3.06 22 3T -020[212,1.72] S i
VOzar Dobsak 2006 25 545 15 DB 468 15 10% 170194534 ~——1
(p=0_24) Dobsak 2012 08 071 23 1.4 064 26 937% -0.50[0.88,-012] .
03 (=}
Total (95% CI) 72 75 100.0% -0.46 [-0.83, -0.10] L 3 &
Heterogenelty: Tau® = 0.00; Ch7 = 1.47, df=3 (P = 0.69); F= 0% R TR T ST 04 G
Testfor overall efict Z= 247 (P=0.01) Favours [Exercise] Favours [NMES]
5 pu——=—
20 A5 AL 45 (1] os 10 15 20
NMES Exercise Mean Differ ence Mean Difference 0o
Study or Subgroup  Mean SD_Total Mean SD _Tofal Weight IV, Random, 95% CI I, Randorn, 95% Cl
Deley 2005 -5 2842 12 32 2022 12 27% -4.70F24.90,14.50) i
Deley 2003 13792 @& &7 2879 12 L17% -6.70[26.59,14.08) .
HR Dogsak 2005 N 399 15 15 38.m 15 1.4% 6002189 3189 ——
( Op;ag) Dosak 2012 55 7M1 73 108 448 26 9372% -540[8871.-199) = 0z
B Total (B5% C1) 2 75 100.0% 526 8.55,-1.96] L us
Hetemogenely: Tau=s 0,00, Gl = 066, df= 3 (F = 0.53), 1= 1% e o & 2
Test for overall eflect Z= 312 (P =0002) Favours [Exorciss]  Fawours Nms ] o
o8 (=]
a5 e —
———
28 18 -10 45 oo os 10 s 00
NMES Exercise Mean Difference Mean Difference
Study of Subgroup  Mean SO Total Mean SD Total Weight IV, 95% C1 W, Random, 95% C1
PW Delay 2005 10 25 12 194 2828 12 271% -940[-30.76,119) ———=———
Dobsak 2006 1.6 1800 15 207 1721 15 729% -10.10[23.11,291] ——
Total (95% CI) 27 27 100.0% -9.91(.21.02, 1.20] e Not Availiable
Heleroganeity: Tav®= 0,00, Ch*= 000, of=1 (P = 0.96) P= 0% —t t +
- ; <20 10 0 10 20
est for averall effect Z= 1,75 (P = 0.03) Favours [Exercise] Fawours [NMES]

85

Figure 2: Forest Plot Mean, Funel Plot of Standard Error by Standard differences in Means for the comparison of Neuromuscular
Electrical Stimulation (NMES) versus Exercise for peak oxygen consumption (VO2peak), 0Xygen consumption at anaerobic threshold

(VO2ar), peak hear rate (HRpeak) and power workload (PW).
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Figure 3: Forest Plot Mean, Funel Plot of Standard Error by Standard differences in Means for the comparison of Neuromuscular
Electrical Stimulation (NMES) versus Usual Treatment (Exercise + Control) for peak oxygen consumption (VOazpeak), 0Xygen

consumption at anaerobic threshold (VOzar), peak hear rate (HRpeak) and power workload (PW).
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Figure 4: Forest Plot Mean of Standard Error by Standard differences in Means for the comparison of Neuromuscular Electrical

Stimulation (NMES) versus no-exercise control for peak oxygen consumption (VO2peak)
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Abstract
Introduction: The limited number of valid and reliable questionnaires for the evaluation of exercise tolerance
has stimulated the development of simple international assessment tools for this purpose, one of the most widely
used of which is the Duke Activity Status Index (DASI). However, this index has not yet been translated and adap-
ted to the Portuguese language. Objective: To develop a Brazilian version of the DASI and cross-culturally adapt
it for the evaluation of cardiorespiratory fithess among patients with cardiovascular disease in Brazil. Materials
and methods: The translation process involved four stages: initial translation, back-translation, multidisciplina-
Ty committee review and pre-test with 16 subjects (8 cardiac patients and 8 healthy individuals). Patients were
screened from outpatient Cardiac Surgery, Sdo Paulo Hospital. The Mann-Whitney and chi-square tests were em-
ployed to determine differences between controls and individuals with heart disease. Results: The sample was
characterized by individuals aged = 50 years who were mainly from the southeastern region of Brazil (62.5%)
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Resumo

Introdugao: A participagdo em programas de reabilitagio cardiovascular pode
apresentar importancia significativa na QV de idosos cardiopatas. Objetivo:
Analisar o impacto da reabilitagio cardiovascular na qualidade de vida do ido-
so. Métodos: Realizou-se uma revisao sistemética com pesquisa bibliografica de
ensaios clinicos publicados até outubro de 2011, nos idiomas inglés, portugués,
espanhol e italiano, em quatro bases de dados (BVS, Medline, PEDro, Cochrane),
com estratégia de cruzamento dois a dois dos termos “reabilitagio cardiovas-
cular” ou “reabilitagio cardiaca” e “qualidade de vida”. Resultados: Dos 684
trabalhos localizados, 675 foram excluidos por nao serem ensaios clinicos com
populagio-alvo idosa (idade > 60 anos), ndo terem como desfecho a qualidade
de vida ou ndo estarem nos idiomas citados. Conclusao: Verificou-se, nesta re-
visao, que a participagao em programas de reabilitacao cardiovascular produziu
impacto positivo na qualidade de vida de idosos, sendo o beneficio superior em
individuos com idade avangada.

Descritores: Doencas cardiovasculares; Idoso; Qualidade de vida; Reabilitacio.

Abstract

Introduction: Participation in cardiovascular rehabilitation programs can in-
fluence the quality of life of elderly cardiac patients. Objective: To evaluate the
impact of cardiac rehabilitation on the quality of life of the elderly. Methods:
A systematic literature review was conducted through a bibliographic search
of clinical trials published in English, Portuguese, Spanish, and Italian up to
October 2011 in four databases (BVS, Medline, PEDro, and Cochrane). A search
strategy using two terms at a time was employed with the following list of ex-
pressions: “cardiovascular rehabilitation” or “cardiac rehabilitation” and “quality
of life”. Results: Of 684 studies found, 675 were excluded because they were not
clinical trials that target elderly population (age = 60 years), did not have quality
of life as an outcome, or were not available in the cited languages. Conclusions:
This review found that participation in cardiac rehabilitation programs pro-
duced positive impact on the quality of life of the elderly, the benefit being higher
in subjects with advanced age.

Key words: Aged; Cardiovascular diseases; Quality of life; Rehabilitation.
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