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RESUMO

Pacientes com doenca pulmonar obstrutiva cronica (DPOC) apresentam uma funcdo muscular
alterada com prejuizo na capacidade de exercicio. Na tentativa de reverter esse quadro, tem-se
recomendado o uso de treinamento de forca, de musculatura respiratéria e mais recentemente
da utilizacdo de estimulacdo elétrica neuromuscular (EEN). No entanto, os estudos néo
demonstraram, o efeito sobre a hiperinsuflacdo dindmica (HD) e qual a relagéo entre a presenca
do componente de fraqueza muscular respiratoria e periférica na intolerancia ao exercicio.
Meétodos: Um programa de treinamento muscular respiratorio (TMR, n = 51), treinamento de
forca (TF, n = 53) ou controle (n = 50), foi instituido. Funcdo pulmonar, forca muscular
respiratdria (PImax e PEmax), consumo de oxigénio (VOapico), teste de caminhada de 6 minutos
(TC6’), torque do musculo quadriceps (TMQ) e resisténcia (RMQ) foram avaliados. Em outro
estudo com EEN (n = 11) e controles (n = 9). Foram avaliados, tolerancia ao exercicio (Tlim),
funcdo pulmonar, fator de necrose tumoral (TNF-a) e niveis de B-endorfina. Principais
achados: O VEF1, CVF e VEF/CVF aumentaram significativamente no TF. PImax (P <0,001)
e TC6” (P <0,01) aumentaram nos grupos TMR e TF. PEmax (P <0,001) foi maior no grupo
TF vs. TMR. VO2pico (P <0,001) aumentou nos 2 grupos (TMR e TF) vs. controles. TMQ e
RMQ (P <0,01) aumentou significativamente no grupo TF vs. TMR. O grupo EEN aumentou
0 VEF1, VEF1 /CVF, TC6’ e Tlim (P <0,01) e reduziu os valores na escala de Borg (P <0,01).
Além disso, o Tlim foi positivamente correlacionado com melhorias no VEF; (rho = 0,48; P
<0,01), reduzindo os niveis de TNF-o e aumentando -endorfina, em compara¢do com o grupo
controle (P <0,001) Concluséo: O TMR e TF melhoram o desempenho do musculo esquelético
periférico e respiratorio em pacientes com DPOC. A EEN reduziu a dispnéia durante o

exercicio, acompanhado por melhorias no VEF, tolerancia ao exercicio e HD.



INTRODUCAO

Pacientes com doenga pulmonar obstrutiva cronica (DPOC) caracterizam-se por
apresentarem limitacdo do fluxo aéreo limitando a capacidade de exercicio [1-5]. Embora a
tolerdncia ao exercicio reduzida na DPOC tem uma origem multifatorial [2], o aumento
progressivo dos volumes pulmonares, secundario a limitacdo do fluxo expiratdrio, a
hiperinsuflacdo dindmica (HD), e consequente dispnéia, assume um papel importante,
especialmente em pacientes com doenga pulmonar avancada [3]. A dispnéia é um fator critico
na restricdo ao exercicio, associado com aumentos dos niveis de citocinas pré-inflamatorias,
desequilibrio antioxidante, hiperinsuflacdo dindmica e intensiva [6], colaborando com as
alteracbes no musculo esquelético, o que estd intimamente associado com a fisiopatologia da
DPOC, e reducgdes acentuadas no transporte de oxigénio para os musculos [1]. Aparentemente,
0 transporte de oxigénio pode ser prejudicado devido a alteragfes nas trocas gasosas
pulmonares, resultando em diminuigcdo da saturacdo de hemoglobina [4], a hiperinsuflacéo
induzida pela limitagéo do fluxo expiratdrio e maior trabalho muscular respiratério, contribuem
para a fadiga muscular inspiratoria e/ou expiratéria [7]. Apesar das deficiéncias de funcédo
pulmonar, que tradicionalmente tém sido identificadas como um fator-chave na génese da baixa
tolerdncia ao exercicio nestes pacientes [2], consideravel atengdo tem sido dada ao papel das
mudancas sistémicas, principalmente a disfuncdo muscular esquelética, como um elemento
importante neste processo [8, 9]. Essa disfun¢do do musculo esquelético na DPOC indica uma
série de mudancas na estrutura e funcdo, levando a diminuicdo da forca e anormalidades no
metabolismo energético durante o exercicio [5].

Em estudos sobre recondicionamento muscular em DPOC, demonstrou-se que 0S
pacientes se beneficiam muito com o treinamento de for¢a (TF) em sua musculatura periférica

[10, 11], também existem relatos de melhora no desempenho cardiovascular e na captacdo de
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oxigénio pelo mdsculo [12]. Na area de reabilitacdo pulmonar, porém os estudos do
componente de forca e resisténcia ainda ndo definem muito bem a melhor forma de treinar os
pacientes com DPOC [13]. Por outro lado, a inclusdo do TF na reabilitacdo pulmonar tem sido
recomendada como um meio para melhorar o desempenho do exercicio [13-15]. A literatura
atual sugere que o TF em pacientes com DPOC melhora a for¢a muscular [5, 16], apesar de
poucas evidéncias avaliarem o possivel efeito adicional sobre a for¢ca muscular respiratéria e a
hiperinsuflacdo dinamica (HD) em pacientes com DPOC [17].

Semelhante a musculatura esquelética, a disfuncdo também pode afetar a musculatura
inspiratoria. Um grande numero de pacientes com DPOC podem apresentar fraqueza muscular
inspiratoria (FMI) com pressdo inspiratoria maxima (PImax <60-70%) do valor previsto [18],
além da hiperinsuflacdo que contribuem de forma sinérgica para tolerancia prejudicada ao
exercicio e dispnéia [18, 19]. No entanto, as evidéncias que demonstram fraqueza e fadiga
muscular inspiratoria crénica ndo sdo muito robustas em pacientes com DPOC [20]. Vérios
estudos tém demonstrado uma melhora na PImax apds o treinamento muscular respiratério
(TMR) em pacientes com DPOC [21, 22]. Outros estudos mostraram resultados inconsistentes
sobre melhorias na dispnéia e capacidade de exercicio [23, 24]. Uma recente meta-analise [18]
demonstrou um aumento da capacidade funcional, dispnéia e qualidade de vida apés TMR
quando comparado com os controles. Além disso, 0s autores sugerem a combinacdo de TMR
com um programa geral exercicios, o que resulta em melhorias significativas da PImax e
tolerdncia ao exercicio em pacientes com FMI. Ainda nesse contexto, ha um interesse
substancial em modalidades de reabilitagdo muscular que ndo evocam dispnéia, tais como a
estimulacdo elétrica neuromuscular (EEN). A EEN envolve a aplicacdo de uma corrente elétrica
em um nivel que induz contra¢Ges do musculo esquelético [25]. A aplicacdo de EEN tém sido
associada ao aumento da forca muscular, capacidade funcional e estado geral de saide em

pacientes com DPOC [6, 26]. Embora os beneficios clinicos tenham sido mostrados apos

14



intervencdes com a EEN em populacdes com doencas cronicas [6, 27, 28] andlises, ainda mais
detalhadas sobre as melhorias fisioldgicas associadas com a EEN sdo necessarias. Além disso,
é particularmente relevante para pacientes com DPOC, uma avaliacdo mais aprofundada sobre
aaplicacdo da EEN nos musculos periféricos e seus impactos na funcdo pulmonar. Dessa forma,
desenvolvemos um estudo tendo como objetivo comparar a eficacia do TMR e TF na funcao
pulmonar, hiperinsuflacdo dindmica, capacidade de exercicio, forca muscular respiratoria e
forca muscular periférica em pacientes com DPOC. Ja no segundo estudo apresentado o
objetivo é avaliar de forma abrangente os efeitos da EEN na DPOC, fundamentando-se que a
EEN pode melhorar medidas clinicas relacionadas com varios processos fisiopatologicos

associados com a doenca.
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2. REVISAO DA LITERATURA

2.1 DPOC

2.1.1 DEFINICAO E PRINCIPAIS ACHADOS CLINICOS

A DPOC é uma doenca caracterizada pela presenca de limitagdo ao fluxo aéreo
decorrente de bronquite cronica ou enfisema. Essa obstrucéo, geralmente, evolui de maneira
lenta e progressiva, é irreversivel ou parcialmente reversivel e esta associada a resposta
inflamatoria do pulmao a particulas ou gases nocivos [1-3].

O padrdo ouro no diagnostico da DPOC é a espirometria. A relacdo fixa pés
broncodilatador entre o volume expiratério forcado no primeiro segundo (VEF1) e a capacidade
vital forcada (CVF) de 0,7 é usada para definir a presenca de limitacdo do fluxo aéreo [4]. A
gravidade da doenga, com base no VEF;, ¢ estratificada em quatro estagios: doenca leve ou
estagio 1 (VEF1 > 80%), moderada ou estagio 2 (VEF1 > 50 e menor que 80%), grave ou estagio
3 (VEF1 > 30 e menor que 80%,) ¢ muito grave ou estagio 4 (VEF1 < 30%) [1]. Entretanto,
ainda existe divergéncia entre os diferentes autores sobre o melhor critério para identificar a
obstrucéo ao fluxo aéreo na DPOC [5]. Como o valor do VEF; diminui mais rapidamente com
a idade do que a capacidade vital, a defini¢cdo do consenso GOLD tende a superdiagnosticar a
DPOC em idosos. Em funcgéo disso alguns autores sugerem a utilizacdo do Limite Inferior do

Normal (LLN) como critério diagnostico para a doenca [5].
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Tabela 1 — Classificacdo da Gravidade da DPOC

Estagio VEFJ/ CVF VEF1% previsto
Estagio I: Leve <0,70 VEF1 >80
Estagio Il: Moderado <0,70 VEF1>50¢e <80
Estagio I1I: Grave <0,70 VEF1>30e <50
Estagio IV: Muito Grave <0,70 VEF;: <30

Fonte: *GOLD 2011[4]

Em um estudo de Coorte, Guder et al. [5] acompanharam durante 4,5 anos 405 pacientes,
cujo diagnostico de DPOC foi realizado segundo os dois critérios - o preconizado pelo consenso
GOLD e o LLN, sendo a resposta ao tratamento e o prognostico levados em consideracdo. Em
suas conclusBes os autores observaram que os dois métodos ainda apresentam falhas para
diagnosticar a DPOC. A discussdo teorica sobre o critério utilizado para detectar a doenca em
paises desenvolvidos esbarra na situacdo “real” do acesso aos servigos de saude ¢ da
disponibilidade da espirometria nos setores de atendimento primario nos paises em
desenvolvimento e subdesenvolvidos. Como a progressao da doenca € usualmente insidiosa e
lenta, podendo demorar algumas décadas antes que 0s principais sintomas aparecam, 0 mais
frequente é que o diagndstico seja feito em estadios avancados da doenca [6].

Com a segunda revisdo do consenso GOLD em 2011 [1], as exacerbacdes e
comorbidades foram introduzidas para a definicdo da DPOC de acordo com a contribuicdo para
a gravidade da doenca nos pacientes. Um novo sistema multidimensional para a avaliacdo e
gestdo da doenca foi introduzido. Pela primeira vez, foi recomendado que fatores além do FEV1
devem ser incluidos na avaliagdo da DPOC. A abordagem proposta, consiste em uma
combinacdo do grau de limitagdo do fluxo aéreo, o impacto da doenca percebido pelo paciente
e a frequéncia de exacerbacéo, refletindo melhor a complexidade da DPOC do que a andlise

unidimensional até entdo proposta. Desde a introducéo desta nova avaliacdo, profissionais de
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salde e investigadores vém discutindo ativamente os potenciais pontos fortes e limitagdes deste
sistema e suas implicacGes para a pratica clinica. Agusti et al. [4] reviram os resultados de
varios estudos recentes que aplicaram o sistema de estadiamento multidimensional para coortes
existentes da DPOC. Embora alguns estudos [4, 7, 8] incluidos nesta revisdo ndo foram
concebidos para esse fim, essas analises tém aumentado significativamente a nossa
compreensdo da distribuicdo, caracteristica, estabilidade ao longo do tempo e relacionamento
com resultados para o novo GOLD em categorias A, B, Ce D [9].

Tornou-se claro que a distribuicdo das diferentes categorias depende da populagédo
estudada e que a classificacdo pode realmente mudar ao longo do tempo, assim como as
comorbidades sdo predominantemente presentes nos grupos com altos sintomas B e D [4]. Além
disso, os resultados destes estudos recentes indicam claramente que a nova categorizacdo A-D
ndo reflete necessariamente um aumento linear na gravidade da doenca, e que o risco de
hospitalizacao e de mortalidade é semelhante nos grupos B (altos sintomas e baixo risco) e C
(baixos sintomas e alto risco) [4]. Portanto, os grupos ndo diferiram na taxa de declinio da
funcdo pulmonar, o que sugere que este sistema ndo prevé a atividade da doenga. Vale ressaltar
que nenhum dos grupos com DPOC analisados usou o Teste de Avaliagdo da DPOC [10] para
medir sintomas atuais. No entanto, uma discrepancia nos resultados relacionados com o
paciente entre as duas medidas propostas para os sintomas (pontuacdo modificada para dispneia
do Medical Research Council e o Teste de Avaliacdo da DPOC) foi relatado anteriormente [9,
10].

Baseado no conhecimento atual sobre a avaliacdo da DPOC, é provavelmente seguro
concluir que a apresentacgdo clinica e o curso da DPOC sdo muito heterogéneos de serem
capturados por um numero limitado de variaveis em duas dimensdes. De fato, foi demonstrado
recentemente que existe uma consideravel heterogeneidade dentro de uma populacdo de

pacientes do grupo D [11]. Uma explicacdo possivel para esta observacédo é o fato de que a
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grande maioria dos pacientes classificados como "alto risco” (grupos C e D) sdo desses grupos
em funcdo de um FEV: reduzido severamente e ndo devido a um elevado nimero de
exacerbacOes [9]. Na verdade, o fenotipo "exacerbador frequente” [11] dos pacientes nos grupos
C e D pode exigir uma classificacdo separada [4, 9]. Do ponto de vista de uma avaliacdo 6tima
do estado de saude integrado na DPOC, a lista de variaveis a serem incluidas é provavelmente
infinita, incluindo ndo sé os resultados adicionais clinicas (como hiperisuflacdo, capacidade de
exercicio, indice de massa corporal e comorbidades), mas também fatores de estilo de vida
(incluindo o tabagismo, nivel de atividade fisica e dieta), e marcadores bioldgicos e genéticos
suplementares [9]. No entanto, deve ser considerado que o GOLD ¢é de fato uma iniciativa
global e que as regiGes menos desenvolvidas do mundo ndo podem se beneficiar de abordagens
de estadiamento da doenca mais complexos. Assim, qualquer sistema de estadiamento da
DPOC deve encontrar um equilibrio entre a facilidade de implementacéo e captura adequada
da complexidade da doenca [9].

A dispnéia é uma das manifestacBes clinica importantes da doenca, que costuma se
apresentar aos grandes esforcos quando o VEF: se reduz para cerca de 50% do previsto [12].
Com a evolugdo da doenca a dispnéia aumenta progressivamente, estando presente durante
pequenos esforcos, comprometendo as AVD’s e posteriormente se manifestando até no
repouso. Apesar do comprometimento no sistema respiratério predominar, a DPOC ¢
considerada uma doenca de ordem sistémica, com alteracdes do humor, alteracBes nutricionais
e perda de peso, deplecdo dos tecidos organicos e perda de massa muscular. Essas alteractes
comprometem a funcdo muscular periférica, diminuem a tolerdncia ao exercicio e estéo

associadas a um pior progndstico [13, 14].
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2.1.2 DADOS EPIDEMIOLOGICOS

A prevaléncia da DPOC ainda estd em ascensdo e 0s custos de salde publica
relacionados a doenca sdo substanciais. A DPOC esta entre as doengas com maior indice de
morbidade e mortalidade no mundo. Nos Estados Unidos a DPOC, em 2012, foi considerada a
quarta causa de morte, ainda € a Unica doenca que continua em expansdo entre as 10 maiores
causas de mortalidade. No mesmo ano, o numero de ébitos em mulheres excedeu o nimero de
homens [14]. Entretanto, acredita-se que estes dados possam estar subestimados, pois a DPOC
muitas vezes estd entre as comorbidades ao invés de ser a causa subjacente do ébito dos
pacientes portadores da doenca [6].

A prevaléncia mundial da DPOC apresenta indices com grande variabilidade. O estudo
PLATINO teve como objetivo descrever a epidemiologia da DPOC em cinco grandes cidades
da América Latina: Sdo Paulo (Brasil), Santiago (Chile), Cidade do México (México),
Montevidéu (Uruguai) e Caracas (Venezuela). Informagdes completas, incluindo espirometria,
foram obtidas de 963 pessoas em Sao Paulo, 1173 em Santiago, 1000 na Cidade do México,
885 em Montevidéu, e 1294 em Caracas. Taxas brutas de DPOC variaram de 7,8% (78 de 1000,
95% IC 5,9-9,7) na Cidade do México para 19,7% (174 de 885; 95% IC 17,2-22,2), em
Montevidéu. Estes resultados sugerem que a DPOC é um grande problema de satde na América
Latina, principalmente pelas altas taxas de consumo de tabaco nestes paises [15].

No Brasil, a anélise de um subgrupo do estudo PLATINO, demonstrou a prevaléncia da
DPOC em individuos com 40 ou mais anos de idade residentes na area metropolitana da Grande
Sdo Paulo. Nesse estudo a prevaléncia total da DPOC foi de 15,8%, sendo 18% nos homens e
14% nas mulheres. A distribuicdo de DPOC pela faixa etaria foi: 40-49 anos, 8,4%; 50-59 anos,
16,2%; e acima de 60 anos, 25,7% [15]. No nosso pais ainda temos dificuldades de
levantamentos como esse em funcdo da falta de registros epidemioldgicos e recursos que

possam disponibilizar exames de maior complexidade para essa populagéo [15].
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2.1.3 DPOC E COMORBIDADES

Além do comprometimento respiratorio a DPOC apresenta alteracOes
“extrapulmonares” conhecidas como manifestacGes sistémicas. Entre estas, destacam-se as
mudancgas nos niveis de estresse oxidativo, ativacdo de células inflamatorias, alteracdes
nutricionais e na composicdo corporal, assim como, comprometimentos osteoarticulares,
cardiovasculares e no sistema nervoso. A limitacéo ao exercicio ndo esta condicionada somente
as alteracOes respiratorias, dispnéia e hiperinsuflacdo dinamica, mas também com a disfungéo
muscular esquelética [16-18].

A inflamacéo sistémica e o estresse oxidativo participam na patogénese da DPOC [19,
20]. Foram descritas altera¢cdes no nimero de neutrofilos, aumento na carga oxidante e reducao
da capacidade antioxidante, aumento no ndmero de moléculas de adesdo dos neutrofilos
circulantes em pacientes com DPOC estavel e aumento no nimero de mediadores pro-
inflamatdrios, tais como, o fator de necrose tumoral e interleucinas [17, 20, 21].

O sedentarismo, a hipoxia tecidual, o uso crénico de corticosterdide, a deplecédo
nutricional e principalmente, a inflamacéo sistémica contribuem para a piora do progndstico
destes pacientes [3, 12]. A doenca cardiovascular é uma causa frequente de morte em individuos
com DPOC, ocasionada muitas vezes por doenca arterial coronariana. A insuficiéncia
ventricular esquerda e arritmias sdo relatadas com frequéncia na DPOC [22]. A inflamacéo
sistémica contribui ainda para o aparecimento de osteoporose e disturbios do SNC, incluindo a
depressao [23].

Os pacientes com DPOC apresentam alteracOes relacionadas com a arquitetura e funcgao
do sistema musculoesquelético [18]. A atrofia pela inatividade fisica pode estar presente na
DPOC, sendo os musculos dos membros inferiores os mais acometidos. No estudo realizado
por HajGhanbari et al. [24] foram investigados, através de ressonancia magnética

tridimensional, a medi¢do do tamanho e forma do trofismo da musculatura da coxa em 20
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pacientes com DPOC e 20 individuos saudaveis. Os resultados permitiram observar
anormalidades nos musculos extensores e flexores do joelho em pacientes com DPOC, quando
comparados com individuos normais. Adicionalmente, a constituicdo da musculatura
esquelética de acordo com o tipo de fibras musculares foi avaliada previamente em portadores
de DPOC. Em pacientes com a doenca, independentemente da perda de massa muscular, foi
relatada uma diminuicdo nas fibras de contracdo lenta do tipo 1 e aumento relativo das fibras

do tipo 2, indicando um desvio relativo da capacidade oxidativa para a via glicolitica [17].

2.2 DPOC E ATIVIDADE FiSICA

A obstrucdo ao fluxo aéreo, a inatividade e o descondicionamento fisico sdo importantes
fatores que contribuem para a piora do prognéstico na DPOC [25]. Em funcdo dos fatores
pulmonares e extrapulmonares e da intensidade dos sintomas, os individuos com DPOC evitam
o esforco fisico e, consequentemente, acentuam o descondicionamento fisico, gerando um ciclo
vicioso de dispnéia e inatividade [25, 26].

O conceito de atividade fisica é diferente do conceito de tolerancia ao exercicio, ou seja,
atividade fisica é definida como qualquer movimento produzido pelo sistema masculo
esquelético onde haja consumo de oxigénio. Em pessoas saudaveis a atividade fisica é condicédo
relacionada com a expectativa de vida, ja no grupo de pessoas que apresentam
comprometimentos na sua saude, baixo nivel de atividade fisica e intolerancia ao exercicio sdo
também considerados marcadores de gravidade da doenca [27].

Pacientes com DPOC moderada a grave, em comparacdo com individuos saudaveis,
apresentam reducdo importante das atividades fisicas, um gasto energético maior no
desempenho das atividades e um menor consumo maximo de oxigénio (VO2max) [28]. Esta

reducdo do VO:zmax 0corre devido a trés fatores: limitagdo cardiovascular, limitagao respiratoria,
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incluindo fatores de mecanica ventilatoria e troca de gases e fatores periféricos, referentes ao
descondicionamento muscular [29, 30].

O estudo de Garcia-Aymerich et al. [29], demonstrou que a atividade fisica reduz
internacbes hospitalares e até mesmo a mortalidade em pacientes com DPOC. Em outro
trabalho realizado pelo mesmo autor, foram avaliados 41 pacientes com DPOC na sua primeira
internacdo devido a episodio de exacerbacdo em nove hospitais de ensino da Espanha. O
objetivo foi avaliar a relacdo entre atividade fisica regular e as caracteristicas clinicas e
funcionais da DPOC. Os autores observaram que pacientes fisicamente mais ativos apresentam
melhor estado funcional em termos de capacidade de difusdo do monéxido de carbono, presséo
expiratéria maxima, teste de caminhada de seis minutos, consumo maximo de oxigénio e a
inflamacéo sistémica. Do mesmo modo, a capacidade de realizar exercicios esta diretamente
ligada com a capacidade de resisténcia dos musculos ventilatorios [31].

Um grande numero de estratégias como oxigenioterapia [32], heliox [30],
suplementacdo de esterdides anabolizantes [33], creatina monohidratada [34], estimulacdo
neuromuscular [35] e técnicas de conservacdo de energia [34] foram estudadas no contexto da
reabilitacdo de pacientes com DPOC. No entanto, entre todas estas estratégias, a recuperacdo
do condicionamento muscular, parece ser a medida com maior impacto sobre a qualidade de

vida, j& que a intolerdncia ao exercicio é comum em pacientes com DPOC [36].

2.3 DISFUNCAO MUSCULAR ESQUELETICA NA DPOC

A disfuncdo muscular esquelética é um dos principais efeitos extrapulmonares da
DPOC apresentando impacto negativo obre o estado de saude [37] e capacidade funcional
destes pacientes [38]. A perda de massa muscular esquelética ocorre em aproximadamente 30%

dos portadores de DPOC e é responsavel pela reducéo na forga muscular devido a diminuicéo
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de unidades funcionais disponiveis para a contracdo muscular com consequente instalacdo de
fraqueza muscular [18, 39].

Fatores como descondicionamento muscular por desuso, desnutricdo, miopatia pelo uso
de corticoesterdides sistémicos, hipoxemia, inflamacéo sistémica (com aumento dos niveis
circulantes de citocinas pro-inflamatorias) e alteracfes hormonais tém sido sugeridos como
potenciais contribuintes para o desenvolvimento da disfuncdo muscular esquelética em
pacientes com DPOC [40-42], com evidéncias apontando para o descondicionamento por
desuso como uma das causas mais comuns [43]. Portadores de DPOC tendem a diminuir seu
nivel de atividade fisica por medo da dispneia, 0 que pode resultar em um ciclo vicioso com
reducBes da atividade fisica gerando descondicionamento com consequente aumento do
comprometimento muscular esquelético, levando a percepcdo de sintomas em niveis de
trabalho cada vez mais baixos [43].

As anormalidades musculoesqueléticas em portadores de DPOC ocorrem tanto na
musculatura ventilatéria quanto na musculatura periférica, porém com padrdes de carga
diferentes. Enquanto os masculos respiratérios, particularmente o diafragma, estdo expostos a
uma carga de trabalho aumentada devido a alta resisténcia das vias aéreas e hiperinsuflagéo (o
que os torna cronicamente sobrecarregados e mais propensos a fadiga), os musculos periféricos,
principalmente de membros inferiores, tornam-se subutilizados devido ao estilo de vida
sedentério adotado por estes pacientes (inatividade cronica), levando ao descondicionamento
muscular e/ou a atrofia por desuso e reduzindo sua massa muscular e sua capacidade oxidativa,
tornando-os também mais suscetiveis a fadiga [44].

Estudos mostram que pacientes com DPOC apresentam diminuicdo significativa de
forca em membros superiores e inferiores, quando comparados com individuos saudaveis [18,
43]. A diminuicéo da forga muscular € mais acentuada nos membros inferiores, com o masculo

quadriceps apresentando menos for¢ca do que os mdusculos da cintura escapular. Esta
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distribuicdo desigual de forca apoia o conceito de descondicionamento por desuso, sugerindo

que enquanto os musculos dos membros inferiores sdo menos utilizados, os musculos da cintura

escapular estdo mais envolvidos nas atividades de vida diaria, além de participarem

concomitantemente da respiracao acessoria [43, 45].

Em individuos com DPOC, a disfuncdo muscular esquelética esta associada a perda de

forca muscular, que é um importante determinante da capacidade de exercicio independente da

gravidade da doenca, € um importante preditor de mortalidade em pacientes com DPOC,

independente da funcéo pulmonar, idade e indice de massa corporal [46].

Tabela 2 — Alteracdes musculares na DPOC

Fatores Etiolégicos

Mecanismos Biol6gicos

Fumaga do cigarro
Hipercapnia
Acidose

Hipoxia
Medicamentos
Genética

Nutri¢éo
Envelhecimento
Metabolismo
Inflamacéo Sistémica
Comorbidades
Exacerbactes

Inatividade

| Mioglobina muscular

1 Autofagia

| Densidade mitocondrial
| Rede de capilares

1 Apoptose

1 Atrofia da fibra muscular
1 Stress oxidativo

1 Proteolise

| Anabolismo

| Capacidade oxidativa

| Porcentagem de fibras do tipo I

Fonte: Adaptado de Barreiro et al. Guidelines for the Evaluation and Treatment of Muscle

Dysfunction in Patients With Chronic Obstructive Pulmonary Disease [47].

2.4 DISTRIBUICAO DA FORCA E RESISTENCIA MUSCULAR NA DPOC

O treinamento com exercicios fisicos para a recuperacdo da forca e resisténcia dos

musculos periféricos tem sido usado como terapia coadjuvante na DPOC desde o inicio da
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década de 1960, e tem se mostrado altamente benéfico [48]. O prejuizo da fungdo muscular
esquelética em pacientes com DPOC nao é homogéneo e sua distribuicdo entre membros
superiores e inferiores ainda ndo esta clara, embora estudos sugiram que a disfungdo muscular
seja predominante em membros inferiores [13].

Regueiro et al. [49], em estudo comparando a forca maxima de 52 individuos sedentarios
e 43 pacientes com DPOC, por meio de avaliagdo isocinética, demonstraram que 0s pacientes
com DPOC apresentaram reducdo da atividade muscular. Porém, ap6s o treinamento de forca
e resisténcia, a funcdo muscular e a resisténcia no teste de caminhada melhoraram sem nenhuma
mudanca no consumo maximo de oxigénio. Os resultados propGem que méa nutri¢do, hipoxemia
e envelhecimento, dentre outros fatores, possam contribuir para a fraqueza e anormalidades
funcionais e morfoldgicas, porém néo justifica o déficit da funcdo muscular esquelética na
DPOC, o qual esta diretamente ligada ao descondicionamento periférico geral [36].

Embora a musculatura dos membros inferiores seja a grande responsavel pela limitacéo
em atividades como andar e subir ladeiras ou escadas, ¢ reconhecido que as AVD’s realizadas
com 0s membros superiores, especialmente de maneira ndo sustentada (na altura dos ombros
sem apoio), também sdo pouco toleradas pelos pacientes com DPOC [49].

Quando comparadas as atividades de membros superiores e membros inferiores, 0s
exercicios com os membros superiores resultam em maior demanda metabdlica e ventilatoria

com sensacdo de dispnéia e fadiga mais intensas [50].

2.5 INTOLERANCIA AO EXERCICIO NA DPOC

A intolerancia ao exercicio € uma das queixas mais frequentes entre portadores de DPOC
[51]. Além do comprometimento pulmonar, outros fatores estdo envolvidos na limitacdo ao
exercicio nestes individuos, tais como: 1) a limitacdo ventilatoria devido ao comprometimento
da mecanica respiratoria e disfuncdo dos musculos ventilatorios; 2) as anormalidades
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metabolicas e nas trocas gasosas; 3) a disfuncdo muscular periférica; 4) o comprometimento
cardiaco; 5) os sintomas relacionados ao esforco, e 6) as combinag6es de alguns destes fatores
interdependentes [3]. Entre os fatores citados acima a limitacdo ventilatoria e a muscular
periférica tem um papel importante no comprometimento da capacidade de exercicio nestes
pacientes.

A hiperinsuflacdo pulmonar ocorre nos estagios mais avancados da DPOC e é definida
como um aumento na capacidade pulmonar total, onde uma maior quantidade de ar permanece
nos pulmdes no final da expiracdo espontdnea em decorréncia da complacéncia pulmonar
aumentada e da limitacdo ao fluxo aéreo, causadas pelo enfisema [52]. A hiperinsuflacéo reduz
a capacidade inspiratoria (Cl) e aumenta a capacidade residual funcional (CRF), principalmente
durante o exercicio (hiperisuflacdo dindmica) [3, 52]. O aumento da demanda ventilatoria
durante o exercicio em pacientes fluxo-limitados aumenta o algaponamento de ar, aumentando
ainda mais os volumes pulmonares ja aumentados em repouso, resultando em dispneia e
limitacdo da capacidade de exercicio [3]. Os musculos respiratérios também séo afetados pela
hiperinsuflacdo. A medida que a hiperinsuflagdo aumenta, o diafragma é empurrado para baixo
tornando-se retificado, isto reduz o seu comprimento em repouso, produzindo uma
desvantagem mecénica substancial e perda da geracdo da capacidade de tenséo, tornando-o
sobrecarregado e mais suscetivel a fadiga, especialmente durante o exercicio [52]. A dispneia
é o principal sintoma limitante do exercicio em pacientes com DPOC avancada e muitas vezes
leva o individuo a evitar a atividade fisica, com consequente descondicionamento muscular
esquelético [3, 12], o que somado a hipoxemia, um achado bastante comum em portadores de
DPOC, resulta em menor contedo de oxigénio sanguineo podendo elevar a resisténcia vascular
pulmonar e gerar hipertenséo arterial pulmonar e consequente insuficiéncia cardiaca direita. A
consequente reducdo do debito cardiaco, juntamente com o baixo teor de oxigénio, reduz o

fornecimento de oxigénio a todos os 6rgaos do corpo, incluindo os musculos esqueléticos [3].
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Associado a isto, o descondicionamento fisico gerado pela subutilizacdo dos mdsculos
periféricos (principalmente membros inferiores) devido ao estilo de vida sedentéario destes
pacientes, pode levar a atrofia por desuso, com consequente limitacdo ao exercicio [3].
Estudos [31, 44, 47], mostram que pacientes com DPOC apresentam fadiga nos
membros inferiores durante atividades fisicas, indicando que a disfuncdo muscular periférica,
com consequente desconforto de membros inferiores durante o exercicio, pode contribuir para
a limitacdo da capacidade de exercicio nestes pacientes [53]. Além disso, fatores com a anemia
e caquexia também podem contribuir para o agravamento da dispneia e para 0
comprometimento da capacidade de exercicio, porém o mecanismo pelo qual interferem na

capacidade de exercicio ainda nao esta bem estabelecido [54].

2.6 IMPACTO DA DPOC SOBRE AS AVD’S

As AVD’s sdo definidas como tarefas de desempenho ocupacional, realizadas todos os
dias, na preparacdo ou como adjuntas as tarefas que sdo conferidas aos individuos. Fazem parte
das AVD’s a capacidade do individuo de vestir-se, alimentar-se, tomar banho, pentear-se,
habilidades como atender telefone, comunicar-se pela escrita, manipular correspondéncias,
dinheiro, livros e jornais, além da prépria mobilidade corporal, como a capacidade de virar-se
na cama, sentar-se, mover-se ou transferir-se de um lugar para outro [49].

As AVD’s podem ser subdivididas em: AVD’s basicas, que sdo todas aquelas feitas no
cotidiano de forma automatica e que todo ser humano realiza no decorrer do seu dia, como
higiene pessoal, tomar banho, vestir-se, calgar-se e deambular; e AVD’s instrumentais, que sao
aquelas atividades mais complexas de trabalho que necessitam maior independéncia funcional,
como cozinhar, guardar utensilios em armarios, arrumar a cozinha, lavar roupas [55]. Os

sintomas e as complicagdes resultantes da DPOC interferem na execucdo das AVD’s e tem
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repercussdes sobre a qualidade de vida, o que acarreta em quadros de afastamento social,
depressao e ansiedade [28].

Uma reducdo significativa do nivel de atividade fisica em pacientes com DPOC foi
demonstrada previamente por Pitta et al. [28], os autores compararam atividade fisica e
intensidade de movimento em 50 pacientes com DPOC (64 anos £ 7 anos) e 25 idosos saudaveis
(66 anos £ 5 anos) e observaram valores menores no tempo de caminhada, tempo de pé e na
intensidade de movimento nos pacientes com DPOC.

O gasto energético desprendido na execugdo das AVD’s ¢ alto em pacientes com DPOC.
Os sintomas e o préprio descondicionamento fisico tornam uma tarefa simples em
extremamente dificil e extenuante. Regueiro et al. [49] realizaram uma analise da demanda
metabolica e ventilatoria durante a execu¢ao de AVD’s em individuos com DPOC ¢ individuos
sadios. Nas atividades de trocar a lampada, elevar peso, varrer, subir degrau e caminhar na rua,
os individuos com doenca pulmonar apresentaram diminuicdo na reserva metabodlica e na
reserva ventilatoria [49].

O grau de dificuldade para a realizacdo das AVD’s varia de acordo com a tarefa e com
as caracteristicas proprias do paciente. Em atividades como “amarrar os sapatos" e “pentear os
cabelos" os pacientes podem desenvolver um padréo respiratorio irregular, superficial e rapido
durante sua realizacdo e, ap6s as mesmas, respiram rapida e profundamente. A realizacdo de
tarefas aparentemente simples, tais como varrer, apagar a lousa, elevar potes e trocar lampadas,
representa um consumo de oxigénio em torno de 50% a 60% do consumo maximo de oxigénio,
além de aumentar também a ventilacdo minuto, com o uso em torno de 60% a 70% da ventilagéo
voluntaria maxima [55].

Pacientes com DPOC podem depender de auxilio na execugdo de suas AVD’s.

Alteracdes de coordenacéo e equilibrio também foram observadas em pacientes com DPOC.
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Estas alteracdes tornam os pacientes suscetiveis a quedas, e podem dificultar a realizacao das

AVD’s [56].
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3 INTERVENCOES TERAPEUTICAS EM REABILITACAO NA DPOC

3.1 TREINAMENTO DE FORCA

A DPOC progride com a diminuicdo da forca muscular que é predominante nos
membros inferiores e isso contribui na intolerancia ao exercicio, portanto o exercicio de forca
é opcdo racional no processo de reabilitacdo [57]. Conforme Clark et al. [36], podem ser
utilizados aparelhos de musculagdo comercialmente disponiveis para treinar forca, tanto nos
membros inferiores quanto nos membros superiores. Os treinamentos com o objetivo de
hipertrofia muscular ndo resultam em aumentos de endurance, ou seja, em ganho aerébio, tendo
em vista que as variaveis como VO2max € limiar anaerdbio ndo se alteram significativamente [1,
58]. Os treinamentos de forca com pesos ainda ndo estdo bem definidos para os pacientes com
DPOC [36, 57]. Entretanto, Storer et al. [59] relatam: dois a trés dias de treino por semana, uma
a trés séries de repeticdes para cada grupo muscular escolhido, oito a doze repeticdes, intervalo
de dois a trés minutos entre as séries, intensidade de 50 a 85% de 1RM e ajuste da intensidade
a cada trés ou quatro semanas.

Alguns estudos demonstraram que 0s escores de forca nos pacientes com doenca
pulmonar obstrutiva crénica eram em média 81% daqueles de uma populacédo controle [58, 59].
Em um outro estudo feito por Bernard et al. [45] constatou-se que as medidas de forga
voluntaria das extremidades inferiores com uma repeticdo maxima para 0s pacientes com
DPOC eram em média de 73% daquelas de um grupo controle equivalente, enquanto o tamanho
em corte transversal dos musculos da coxa era em média 76% do grupo controle. Neste mesmo
estudo foi mostrado que o treinamento de resisténcia aprimora a fungcdo muscular e o
desempenho das atividades funcionais nos pacientes com DPOC. Os principios de progressao
de exercicios sugerem que para maximizar a resposta duas ou trés séries podem ser mais

vantajosas a medida que o paciente progride. Para o paciente com DPOC, um menor nimero
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de repeticdes parece ser mais bem tolerado que um numero maior, com o ideal parecendo ser
oito a dez repeticdes [57]. Uma introducdo gradual ao treinamento com exercicios de
resisténcia, talvez com uma série de oito a dez repeti¢Ges utilizando 50 a 60% de 1- RM para
0s principais grupos musculares, evita a fadiga muscular e permite ao participante estabelecer
uma base de treinamento a partir da qual podera avancar o programa de exercicio [57, 60]. Além
disso, Casaburi et al. sugerem gue o treinamento seja realizado de duas a trés vezes por semana
com duas a trés séries de oito a dez repeticBes utilizando cargas de 50 a 85% de uma avaliacédo
atual de 1-RM, com intervalo de repouso entre as séries dificil de ser estabelecido para os
pacientes com DPOC, principalmente por causa da dispnéia e ou desaturacdo de oxigénio, que

devem ser acompanhadas constantemente [60].

3.2 TREINAMENTO MUSCULAR RESPIRATORIO

O TMR tem sido muito utilizado como uma intervencéo isolada ou como integrante da
reabilitacdo pulmonar em pacientes com DPOC. Interessantemente, o TMR € largamente
difundido na literatura em varias situacGes em funcdo de seus beneficios sobre a funcdo da
musculatura ventilatoria e toleréncia ao exercicio. No entanto, tém-se discutido o real beneficio
do aumento da forca muscular inspiratéria em pacientes com DPOC. Muitos estudos ndo tém
mostrado esse beneficio ao paciente, onde o mesmo deve possuir fraqueza da musculatura
inspiratoria (PImax < 60% do previsto) [61]. Parte dos pacientes com DPOC apresentam
fraqueza muscular inspiratoria (FMI) [62], o que contribui para o surgimento da hipercapnia e
dispneia, desaturacéo noturna [63] e reducédo da distancia caminhada [18].

Estudos prévios [6, 51] e meta-andlises [64, 65] ndo sdo indiscutivelmente positivos
sobre a aplicacdo do TMR. Os efeitos do TMR sdo bem definidos, especialmente o seu efeito
sobre a for¢a da musculatura inspiratéria e redugédo da dispneia. Gosselink et al. [61] publicaram

uma importante metanalise de TMR em pacientes com DPOC, onde incluiram 32 estudos. Os
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autores encontraram melhora significativa na forca muscular inspiratéria (13cm H20) e
resisténcia (261segundos), capacidade funcional avaliada atraves do teste de caminhada de 6
minutos (aumento de 32m), dispneia (2,8 pontos) e qualidade de vida (3,8 pontos). Os autores
relatam que pacientes com fraqueza muscular inspiratoria e baixos valores para PaO; ou elevado
PaCO; sdo os que melhor respondem ao programa de TMR sobre os desfechos de forga
muscular inspiratoria e capacidade funcional do que aqueles com forca preservada.

Recentemente, Petrovic et al. [66] avaliaram a eficdcia do TMR sobre a hiperinsuflacéo
dindmica em pacientes com DPOC. Como de acordo com a literatura, 0s autores encontraram um
significativo aumento da PImax (14cm H20) e aumento da tolerdncia ao exercicio (119 segundos) em
comparagdo com o grupo controle. Interessantemente, os autores identificaram um aumento da fracéo
inspirada, que é a relacdo entre a capacidade inspiratdria e a capacidade pulmonar total, indicativo de
reducdo da hiperinsuflagcdo dindmica. O grande problema dos estudos com TMR em DPOC é que
poucos sdo os pacientes que desenvolvem fraqueza muscular respiratéria, em torno de 20% [61] e que
realmente se beneficiardo com essa intervencgdo de treinamento, além disso, muitas vezes o diafragma
se adapta rapidamente ao estimulo [66]. Outro problema esta em incluir pacientes classe GOLD IV em
funcgdo das constantes exacerbagdes sintomaticas, o que gera dificuldade de aderéncia e seguimento nos

estudos [67].

3.3 ESTIMULACAO ELETRICA NEUROMUSCULAR E FORTALECIMENTO
MUSCULAR

A estimulacdo elétrica neuromuscular (EEN) é uma forma alternativa de intervencéao
que vem sendo proposta para o fortalecimento muscular [68, 69]. J& havia sido demonstrado
que adultos jovens obtém melhoras importantes na for¢a dos musculos extensores do joelho
apos cinco semanas de treinamento com EEN realizados diariamente [68]. Alem disso, a
efetividade da EEN foi ainda maior para as contracGes dindmicas em maiores velocidades,
quando o joelho era treinado isometricamente em posicoes fletidas [70], embora isso ndo tenha
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sido observado anteriormente por outros autores, que encontraram apenas um aumento da forca
isométrica [71]. Porém, em pessoas saudaveis, tem sido sugerido que a EEN néo seria tdo
efetiva para o fortalecimento quanto o treinamento por meio de contra¢des voluntarias [72]. Ja
em individuos acima de 65 anos, observou-se que o fortalecimento por meio da EEN dependia
diretamente do nivel de atividade fisica antes do inicio da sua aplicacdo, havendo a necessidade
do ajuste adequado da carga para gerar 0 estresse necessario e garantir os ganhos de forca. A
EEN quando realizada de forma progressiva passou entdo a ser indicada para a recuperagdo da
forca também em pessoas idosas, e em pacientes com doencas cronicas que geram alguma
incapacidade da musculatura esquelética periférica [69].

Atualmente, evidéncias propdem que a EEN pode ser uma modalidade mais efetiva do
que exercicios voluntarios no fortalecimento da musculatura dos membros inferiores,
especialmente para aqueles individuos que sofrem de algum nivel de hipotrofia muscular [73].
Como qualquer outra forma de tratamento, a intensidade da EEN deve ser estritamente dosada
e aplicada em funcdo do estado funcional inicial do paciente, sendo ajustada gradativamente as
mudangas adaptativas musculares ocorridas no decorrer do programa de treinamento [74].

Na DPOC uma das questdes fundamentais levantadas por alguns estudos é o fenétipo de
pacientes, ou seja, nem todos beneficiam-se com a EEN [75, 76]. Em recente metanéalise de Pan
et al. (2014) ndo houve evidéncia de melhora sobre a funcédo respiratoria, apenas acréscimos

substanciais sobre a musculatura esquelética periférica [77].

3.4 MECANISMOS RESPONSAVEIS PELAS ALTERACOES NA CAPACIDADE DE
PRODUCAO DE FORCA POR MEIO DA EEN

Ainda ndo estdo bem definidos os mecanismos responsaveis pelas alteraces na
capacidade de producéo de forca por efeito da EEN. Sabe-se que as alteracdes nos niveis de

forca ocorrem tanto em funcéo de alteragbes neurais quanto musculares, e que a arquitetura

37



muscular é um fator determinante de 50% da capacidade funcional dos musculos [78, 79].
Contudo, Gondin et al. demonstraram que homens jovens saudaveis aumentam em 27% o
torque de extensdo de joelho apds oito semanas de treinamento com EEN em funcdo de
adaptacdes musculares e neurais. Utilizando-se a técnica de interpolacdo, encontrou-se um
aumento de 6% da ativacdo apds o treinamento, indicando que a EEN aumenta a ativacdo em
todo o musculo [76, 80].

Observou-se, também, aumento de 5 a 8% das areas de secc¢do transversa dos musculos
vasto lateral, vasto medial e vasto intermédio, sem alteracdes na area de seccao transversa do
musculo reto femoral, acompanhado de um aumento de 14% do angulo de penacdo do vasto
lateral. Curiosamente, o aumento da ativacdo dos musculos vasto lateral e vasto medial,
observado ao final da quarta semana, nao foi acompanhado de alteracdes significativas dos
parametros de arquitetura muscular, sugerindo que os fatores neurais sdo responsaveis pelos
ganhos de forca iniciais, enquanto as alteracbes musculares participariam do aumento na forca
posteriormente [76]. Os mesmos autores avaliaram ainda os efeitos do destreino ap6s quatro
semanas do término do treinamento com EEN. Demonstraram que uma diminuicdo da
contracdo voluntaria maxima foi acompanhada de uma queda tanto da ativagdo muscular,
quanto de uma diminuicdo das areas de secg¢do transversa. Também foi demonstrado que a area
de seccdo transversa foi responsavel pelos valores mais altos da contracdo voluntaria maxima
apos o destreino, quando comparados com niveis antes do inicio dos treinos, confirmando que
mudangas no nivel muscular ocorrem mais lentamente que alterages neurais [80].

Dentre os diversos fatores musculares responsaveis pela geracao de forca, foi observado
que as propriedades intrinsecas das fibras musculares tém papel importante sobre a forca
especifica e sofrem alteracBes em funcéo do treinamento voluntario [78, 79]. No entanto, pouco
se sabe sobre os efeitos da EEN sobre estas propriedades musculares e € provavel que seu

padréo de recrutamento caracteristico gere adaptacdes distintas das observadas por efeito de
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contracdes voluntarias. Em contracdes geradas pela EEN, o recrutamento é ndo-seletivo e
randoémico, sendo que as unidades motoras ndo sdo recrutadas com uma ordem relacionada ao
seu tipo (tipo I: fibras de contracéo lenta resistentes a fadiga; tipo I1: de contracédo rapida menos
resistentes a fadiga). Isso implicaria na ativacdo conjunta de unidades motoras rapidas e lentas,
mesmo em niveis baixos de carga elétrica [81]. Por esta razdo, a EEN traria beneficios para
pessoas com atrofia seletiva das fibras do tipo Il ou até pessoas que ndo conseguem realizar
contracdes voluntarias com alta intensidade em funcéo de lesdo. Mesmo em baixas intensidades
de contracdo, seria possivel treinar ao menos parte das fibras rapidas, que voluntariamente sao
recrutadas apenas em contrac@es intensas [82].

O treinamento por meio da EEN em adultos saudaveis, Maffiuletti et al. mostraram
haver uma mudanca na distribuicdo das quantidades de isoformas de cadeias pesadas de miosina
na dire¢do IIx — Ila. Os autores atribuiram a mudanca das isoformas de cadeias pesadas de
miosina no sentido IIx — Ila a solicitacdo continua dessas fibras com o padréo de recrutamento
imposto pela EEN. Contudo, também foi observada uma maior hipertrofia das fibras lentas,
mostrando que adaptacdes em funcdo da EEN ndo sdo limitadas as fibras rapidas. Por fim, o
aumento da forca especifica observado neste estudo, indica que, de fato, a EEN é capaz de
aumentar a forca muscular em funcéo de alteracdes nas propriedades intrinsecas do musculo
[83]. Ainda que néo se saibam quais seriam os efeitos da EEN no tipo de fibras, estas mudancas
sugerem que a EEN é uma modalidade que apresenta vantagens para a reabilitacdo de
individuos com atrofia dos musculos.

As contracgdes provocadas por EEN imp&em um padrao randdémico de recrutamento das
unidades motoras que gera uma demanda metabolica exagerada sobre regides superficiais dos
musculos. Tal efeito esta relacionado a ativacdo celular sincronizada e espacialmente fixa tanto
de fibras rapidas quanto lentas. Quando se compararam exercicios voluntarios com a EEN,

Jubeau et al. observaram que, para uma mesma intensidade, a EEN gerou uma maior resposta
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de marcadores sanguineos de dano muscular (aumento da liberagcdo de horménio de crescimento
e atividade da creatinoquinase), além de um aumento da concentragdo de lactato sanguineo e
da sensibilidade da musculatura, os quais estariam diretamente associados com o nivel de lesdo
muscular gerado [84]. Contudo, outro estudo observou que apds a sessdo inicial de EEN,
adaptac0es protetoras foram geradas resultando em um menor grau de lesdo muscular a partir
da segunda sessdo [85]. Muito provavelmente, no estudo de Jubeau et al. a EEN gerou uma
sobrecarga excessiva em funcdo do estado fisico inicial dos individuos. Tal comportamento
corrobora com o pressuposto de que as adaptaces em funcdo da EEN sdo dose-dependentes
[74], havendo também a necessidade de aumento da sobrecarga ao longo do tratamento para
gerar um nivel minimo de dano muscular, assim como no treinamento voluntario. Levando-se
em conta esses achados, a aplicacdo da EEN sobre o ponto motor € vantajosa ao passo que
estimula inclusive fibras mais profundas, quando em comparagdo com a estimulacéo elétrica
aplicada diretamente sobre o musculo. A aplicacdo sobre o ponto motor permite um aumento
da demanda metabdlica também em regides mais profundas, contribuindo para o processo

adaptativo em todo o musculo.
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4 JUSTIFICATIVA

A DPOC é uma doenca respiratdria crénica, que apresenta importantes manifestaces
extrapulmonares [86] e comorbidades, as quais podem influenciar o quadro clinico, o
prognostico e a qualidade de vida dos portadores da doenca. Entre estas manifestagdes, a
disfuncdo muscular esquelética tem despertado particular interesse devido a sua contribuicao
para a limitacao ao exercicio nestes pacientes.

Em conjunto com a dispneia [16], a baixa tolerncia ao exercicio é a queixa mais comum
entre portadores de DPOC [51]. A intolerancia ao exercicio ja foi atribuida exclusivamente ao
comprometimento respiratorio e a hiperinsuflacdo que esses pacientes apresentam [52], porém,
outros estudos mostraram que a reducdo da forca muscular ventilatéria e periférica em
portadores de DPOC é um fator que contribui adicionalmente para a limitacdo da capacidade
de exercicio [18].

Killian et al. [53] relataram a fadiga de membros inferiores como um sintoma limitante
ao exercicio em individuos com DPOC, demonstrando a importancia da disfungdo muscular
periférica sobre a capacidade de exercicio nestes pacientes. Este achado foi confirmado por
outros estudos [50], sendo que a fadiga de membros inferiores pode ser um fator independente
do grau de obstrucdo ao fluxo aéreo [38]. Além de contribuir para a baixa tolerancia ao
exercicio, a fraqueza muscular esquelética esta associada a maior utilizacdo dos servicos de
satde [37]. Swallow et al.[46] demonstraram que, a fraqueza muscular periférica avaliada
através da forca muscular de quadriceps, € um preditor de mortalidade melhor do que indices
tradicionalmente aceitos na DPOC, como o indice de massa corporal, idade e 0 VEF;.

Portanto, diante das evidéncias da importancia da funcdo muscular esquelética em
portadores de DPOC, torna-se extremamente util comparar intervengdes que propiciem

melhorias sobre as medidas clinicas envolvidas nos processos fisiopatologicos da doenca, assim
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como determinar o impacto das mesmas sobre o desempenho, capacidade funcional e qualidade

de vida desses pacientes.
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5 OBJETIVOS

A partir desse contexto temos como objetivos no primeiro estudo, comparar a eficacia
do treinamento muscular respiratorio e treinamento de forca na funcdo pulmonar,
hiperinsuflacdo dinamica, capacidade de exercicio, forca muscular respiratoria e periférica em
pacientes com DPOC. Ja no segundo estudo, avaliaremos de forma abrangente os efeitos
clinicos e fisiolégicos da estimulacdo elétrica neuromuscular em pacientes com DPOC,
fundamentado sobre as melhorias nas medidas clinicas relacionadas com 0s VArios processos

fisiopatolgicos.
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ABSTRACT

Introduction: Inspiratory and peripheral muscle weakness is commonly found in chronic
obstructive pulmonary disease (COPD) and may play a role in the lack of tolerance to exercise
among such patients. The aim of the present study was to investigate the effects of respiratory
muscle training (RMT) in comparison with resistance training (RT) in patients with moderate

to severe COPD.

Methods: Patients were assigned to a six-month program of RMT (n=51), RT (n=53) or control
(usual care, n=50). Pulmonary function, maximum inspiratory and expiratory pressure (PImax
and PEmax, respectively), exercise capacity based on oxygen uptake (peak VO2) and the Six-

Minute Walk test (6MWT) as well as quadriceps muscle torque and endurance were evaluated.

Results: FEV1, FVC and FEV1/FVC did not change with RMT, while RT resulted in significant
increases in these variables. PImax (p < 0.001) and the distance travelled on the 6MWT (p <
0.01) increased in both the RMT and RT groups in comparison to the control group. PEmax (p
< 0.001) was higher in the RT group than the RMT group. VO2zpeak (p < 0.001) increased in both
the RMT and RT groups in comparison to the control group. Peak quadriceps muscle torque
and endurance (p < 0.01) increased in the RT group in comparison to the RMT and control

groups.

Conclusions: This study demonstrated that respiratory muscle training and resistance training
led to a significant increase in respiratory and peripheral skeletal muscle performance in

patients with COPD.

Keywords: Exercise, Functional Capacity, Maximum Inspiratory Pressure, Respiratory Muscle

Strength.
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INTRODUCTION

Pulmonary abnormalities and a diminished capacity for functional exercise are important
clinical manifestations of chronic obstructive pulmonary disease (COPD) (1). Airflow
obstruction leads to altered ventilation/perfusion matching and hyperinflation, decreasing
effective alveolar ventilation and reducing ventilatory efficiency (2), which are associated with
dyspnea, de-conditioning and muscle weakness.

Although pulmonary function impairment has been traditionally identified as a key factor in the
genesis of low tolerance to exercise in these patients (3), considerable attention has been given
to the role of systemic changes, mainly skeletal muscle dysfunction, as an important element in
this process (1, 4). Skeletal muscle dysfunction in patients with COPD indicates a set of changes
in structure and function, leading to decreased strength and abnormalities in energy metabolism
during exercise (5). This dysfunction may also affect the respiratory muscles. A number of
patients with COPD exhibit inspiratory muscle weakness, maximum inspiratory pressure
(PImax) < 60 to 70% of the predicted value (6) and hyperinflation, which synergistically
contribute to impaired exercise tolerance and dyspnea (2, 6). However, the evidence
demonstrating inspiratory muscle weakness and chronic inspiratory muscle fatigue is not very
robust in patients with COPD (7). Several studies have demonstrated an improvement in PImax
after respiratory muscle training (RMT) in such patients (8, 9). Other studies have demonstrated
inconsistent results regarding improvements in dyspnea and exercise capacity (10, 11). A meta-
analysis (6) found improvements in functional capacity, dyspnea and quality of life after RMT
in comparison to a control group. Furthermore, the authors suggested the combination of RMT
with a general exercise training program results in significant improvements in PImax and
exercise tolerance in patients with inspiratory muscle weakness. These findings are consistent

with a previous meta-analysis on this topic (12).
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On the other hand, the inclusion of progressive resistance training (RT) in pulmonary
rehabilitation has been recommended as a means to improve exercise performance (13-15). The
current body of literature suggests that RT in patients with COPD improves muscle strength (5,
16), although no study has assessed the possible additional effect on respiratory muscle strength
and dynamic hyperinflation in patients with COPD.

The aim of the present study was to compare the effectiveness of RMT and RT on pulmonary
function, dynamic hyperinflation, exercise capacity, respiratory muscle strength and peripheral

muscle force in patients with COPD.

METHODS

Patient Population

Patients with mild to severe COPD (forced expiratory volume in one second/forced vital
capacity [FEV1/FVC] < 70%) (3) were included in this study. The following were the inclusion
criteria: 1) a diagnosis of COPD with an FEV1< 80% predicted as per the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines and 2) dyspnea and/or fatigue during at
least one activity of daily living that requires arm exercise. The following were the exclusion
criteria: 1) musculoskeletal or neurologic conditions that may affect exercise performance,
symptomatic cardiac disease, or previous lung surgery; 2) acute exacerbation of COPD that
required a change in pharmacological management within the preceding two months; and 3)
the use of oral corticosteroids. All subjects gave written informed consent (79/2010) as
approved by the Institutional Medical Ethics Committee. This study was conducted in

compliance with the Declaration of Helsinki.
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Study Design

The effects of RMT and RT were investigated in a non-randomized parallel study design.
Patients were screened at a physical therapy clinic. Subjects were allocated to the RMT group
(n = 51), RT group (n = 53) or control group (usual care, n = 50). All measurements were
performed before the RMT or RT programs as well as within one week after completion. After

familiarization with testing procedures, the subjects underwent pulmonary function testing.

Intervention

Eligible patients were initially evaluated based on medical history, a physical examination, lung
function, maximum respiratory pressure, maximum and sub-maximum functional exercise
capacity as well as quadriceps muscle strength and endurance. The interventions were
conducted for 24 weeks (three times per week). All groups received usual care for respiratory
physical therapy (stimulus of cough, bronchial hygiene and pulmonary expansion), when
necessary. The control group did not receive sham training sessions. The subjects exercised
individually and all sessions were fully supervised. If necessary, the subjects were allowed to
use a short-acting bronchodilator (salbutamol of 120 mg/ipratropium of 20 mg; Combivent,
Boehringer Ingelheim GmbH, Ingelheim, Germany). The patients were separated into three
groups: a) Respiratory Muscle Training: The patients were submitted to RMT using the
POWERDbreathe Inspiratory Muscle Training program (Northfield Road, Southam,
Warwichshire, UK) and expiratory muscle training using the Threshold PEP-EMT (Philips
Respironics, Inc., Philips Healthcare, The Netherlands) for 40 min, three times a week, with a
respiratory load set at 30% of PImax and PEmax, as described elsewhere (17). Each week, the
training loads were adjusted to maintain 30% (18); b) Resistance Training: The patients
underwent RT targeting the quadriceps using a leg press exercise, pectoral and triceps muscle

groups on a multi-station apparatus (MG 525, Cybex Internacional UK, LTD, Derbyshire, UK).
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The deltoids, biceps and hamstrings were trained on a pulley apparatus (Steens Industries AS,
Oslo, Norway). The patients started at 70% of the initial one-repetition maximum (1-RM)
established during the first week of the study for three sets of eight repetitions per exercise
maneuver. Every week the load was increased by 5% of the 1-RM (15). Before and after each
exercise, the patients were asked to rate their dyspnea and arm fatigue using a visual analog
scale (scored from 0 to 10) (19); and c) Control Group: The patients in the control group
underwent training that consisted of usual care, as prescribed by the respiratory physiotherapist
(stimulus of cough, bronchial hygiene and pulmonary expansion) and upper limb flexibility and
stretching exercises. The duration of the control group training sessions was the same as the

sessions of the intervention groups.

Measurements

Pulmonary function tests: Spirometric tests were performed using the PFT System (Medical
Graphics-MGC, St. Paul, MN< USA) with air flow measured using a three-liter syringe
calibrated with a Pitot tube (PreVent, Pneumotach). The subjects completed at least three
acceptable maximum forced and slow expiratory maneuvers before and after the inhalation of
400 mcg of salbutamol via a metered-dose inhaler. FVC (liters), FEV1 (liters), FEV1/FVC,
inspiratory capacity (IC, liters) and total lung capacity (TLC, liters) were recorded using a
plethysmograph. IC was measured based on the protocol described by O’Donnell and Webb
(1993) (20), and the IC/TLC (inspiratory fraction) was used as a measure of resting
hyperinflation (21).

Respiratory muscle function: Inspiratory and expiratory muscle function testing was
performed using a pressure transducer (MVD-500 V.1.1 Microhard System, Globalmed, Porto
Alegre, Brazil). Maximum inspiratory (PImax) and maximum expiratory pressure (PEmax)

were measured as described elsewhere (17). PImax and PEmax were obtained from three valid
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and reproducible maneuvers (difference < 5%) and expressed in relation to the reference values
for the Brazilian population (22).

Cardiopulmonary exercise testing: Patients performed cardiopulmonary exercise testing to
evaluate their aerobic capacity on an electronically braked cycle ergometer (Inbrasport, Porto
Alegre, Brazil) at 60 rpm. Standard metabolic and ventilatory responses were measured breath-
by-breath using a calibrated, computer-based system (K4b?, Cosmed, Rome, Italy). Arterial
oxyhemoglobin saturation (SpO2) was determined by pulse oximetry (POX 010-340, Mediaid,
Torrance, USA). The incremental exercise test started with two minutes of unloaded cycling
and increments of 5 to 10 watts per min were added until exhaustion. Gas exchange variables
were averaged every five seconds and peak oxygen consumption (VOz) was defined as the
highest value achieved during the test. IC and (inspiratory fraction) IF were measured
immediately after cardiopulmonary exercise testing, serving as parameters for dynamic
hyperinflation. It is assumed that total lung capacity (TLC) remains constant during exercise
(23).

Submaximum functional capacity: The maximum distance covered during the Six-Minute
Walk Test (6MWT) was used to assess sub-maximum functional capacity and was performed
following the guidelines of the European Respiratory Society (24).

Lower limb muscle function: Quadriceps muscle strength was evaluated by peak quadriceps
muscle torque (QMT) and 1-RM, as described by Laoutaris (25). Peak quadriceps muscle
torque as calculated as the peak measured force (N) multiplied by the distance (m) between a
rotation axis (knee joint) and a point where lifted weights were attached and expressed as (N.m).
1-RM was calculated as the highest weight lifted by the quadriceps throughout a complete range
of motion. Quadriceps muscle endurance (QME) was calculated as the product of the 50% of

1-RM with the number of maximum repetitions.
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Statistical analysis

Baseline data were evaluated with descriptive statistics to characterize differences among the
groups. The SPSS version 19.0 statistical software was used for data analysis (SPSS, Chicago,
IL, USA). Changes after interventions and in relation to the control group were evaluated using
two-way repeated-measures ANOVA for the comparison of the variables. The level of

statistical significance was set at p < 0.05.

RESULTS

Flow of participants

One hundred eighty patients with COPD referred to the physical therapy clinic and who met
the inclusion criteria were selected for non-randomization to the RMT, RT or control groups
(Figure 1). Ten patients were excluded due to exacerbation (n = 8) and other reasons (n = 2).
Therefore, a total of 170 patients were included in the study. During the follow-up period, 16
patients were excluded from the analysis of the database for not having completed the 24-week
protocol (RMT, n =4; RT, n = 4; and control, n = 8). Thus, 154 patients completed the study
(RMT, n=51; RT, n=53; and control, n =50). As shown in Table 1, the clinical characteristics
and baseline values for all groups were similar, except for maximum inspiratory pressure. No
differences were found regarding baseline peak VO2, 6MWT, Borg score and quadriceps
strength among all groups. There were no changes in the medical regimen throughout the study
protocol.

Table 2 displays the effects of RMT and RT on the pulmonary and respiratory variables. FEV1,
FVC and FEV1/FVC remained unchanged with RMT, whereas RT resulted in a significant
increase in all variables. Both RMT and RT resulted in an additional gain in IC and IF, with no

statistically significant differences, indicating a reduction in dynamic hyperinflation. PImax
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significantly increased in both the RMT and RT groups compared to the control group (RMT
pre: 56 + 22 and post: 126 + 23 cm H20; RT pre: 67 £ 22 and post: 101 £ 26 cm H2O; control
pre: 75 £ 33 and post: 78 £ 35 cm H20, ANOVA, p < 0.001), but RMT differed significantly
from the RT intervention. The increase in PEmax was higher in the RT group than the RMT
group (RMT pre: 69 + 24 and post: 103 + 28 cm H2O; RT pre: 63 + 14 and post: 127 + 31 cm
H20; ANOVA, p < 0.001). VOgzpeak Was significantly increased in the RMT group (pre: 18.5 +
4.5; post: 21.1 + 3.8 ml.kgt.min; ANOVA, p < 0.001) and RT group (pre: 18.7 + 5.6; post:
20.5 + 4.3 ml.kgt.min) in comparison to the control group (pre: 19.1 + 5.2; post: 19.7 + 3.9
ml.kgt.min?) (Figure 2, upper panel). The distance travelled on the 6MWT increased
significantly in both RMT and RT groups in comparison to the control group (RMT — pre: 387
+ 98 and post: 461 + 96 m; RT — pre: 391 £ 79 and post: 460 = 91 m; control — pre: 425 + 97
and post: 427 £ 88 m, ANOVA, p < 0.01), with no statistically significant differences among
the groups (Figure 2, under panel). Peak QMT and QME increased significantly only in the
RT group (Figure 3, upper panel). Interestingly, RMT significantly increased quadriceps

muscle endurance in comparison to the control group (Figure 3, under panel).

DISCUSSION

The present study confirms that a six-month supervised program of RMT or RT significantly
improved a number of clinically important measures, including pulmonary and respiratory
muscle function, maximum and sub-maximum exercise capacity and lower limb muscle
strength production in patients with COPD. To the best of our knowledge, this is the first study
to evaluate the efficacy of the RMT versus RT compared with controls on clinical and

functional parameters in patients with COPD.
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Lung and Respiratory Function

In accordance with previous literature, RMT (6, 8, 11, 12) and RT (26-29) do not affect resting
pulmonary function test results. Although RT did not involve any respiratory exercise, the effect
on the respiratory muscles was found to improve pulmonary function in patients with COPD.
Recently, a meta-analysis by Strasser et al. (30) showed that RT improves pulmonary function
(increased FVVC and a borderline improvement in ventilation without any changes in FEV1).
The authors reported that this effect may be associated with an improvement in expiratory
muscle function, which may lead to gain in FVC. However, we believe that the differences in
the present findings and previous studies may be related to the improvement in inspiratory and
expiratory muscle strength, which may have lead to improved FVC (31) and IC/TLC through
the increased recruitment of abdominal muscles, thereby facilitating expiratory muscle strength
(32). Patients with COPD have with expiratory flow limitations that may over-activate
expiratory muscles and aggravate the competition for blood flow between the locomotor and
respiratory musculature, thereby increasing dynamic hyperinflation (33). A plausible
explanation for the improved dynamic hyperinflation is observed with the increase in PImax,
which is influenced by residual volume and the viscoelastic properties of the respiratory system
(34).

Interestingly, changes in FEV1 > 1 L (n = 25) were detected after RT, suggesting important
benefits with this form of training, reducing the severity of the disease from severe to moderate,
as demonstrated previously (30). Therefore, these factors together may be expected to diminish
the resistive component and reduce the severity of lung hyperinflation, as evidenced by an
increased IF.

On the other hand, studies have demonstrated that RMT results in an improvement in breathing
frequency in relation to tidal volume, indicating an improved breathing pattern and IF (4, 35).

Petrovic et al. (4) attributed this increased IF after RMT to the improvement in breathing
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patterns during exercise. The authors demonstrated that RMT results in a significant decrease
in the fraction between breathing frequency to minute ventilation and an increase in mean IF
both during incremental and constant load exercises. This response facilitates lung emptying,
which may reduce dynamic hyperinflation, the effect of which may also be related to an increase
in respiratory frequency, which is one of air trapping mechanisms, known as auto-PEEP.
However, it seems that RT may result in an improvement in lung mechanics. In the present
study, RT increased expiratory muscle strength, which may contribute to the greater use of the
abdominal muscles, placing the diaphragm higher in the chest and reducing the competition for

blood flow between the locomotor and the respiratory muscles.

Exercise Capacity

The subjects who participated in the RMT and RT programs experienced a significant increase
in functional capacity, as measured by peak VO». This was accompanied by an increase of
19.0% and 17.6% in the 6MWT distance in the RMT and RT groups, respectively, which is
consistent with previous investigations (6). This response may be attributed to improvements
in respiratory muscle function with both protocols. Previous studies have indicated that the
increase in respiratory muscle strength through RMT may reduce end expiratory lung volume
and increase inspiratory capacity during exercise, which contributes to improved exercise
performance. Likewise, some studies have shown that RT may increase mechanical efficiency
through a reduction in ventilatory equivalents for oxygen and carbon dioxide (36), which may
lead to increased efficiency of peripheral muscle oxygen extraction (37) and exercise tolerance.
Moreover, we believe that this effect may be linked to the longer program duration, but the
effects of exercise among patients with COPD is influenced by duration, training frequency and

intensity (38).
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Lower Limb Performance

As expected, RT increased quadriceps strength and endurance, which is consistent with data
reported in previous studies (26, 28, 30). In the present investigation, RMT and RT increased
quadriceps muscle endurance. Interestingly, RT improved respiratory muscle strength, which
may be related to the higher oxygen availability in the periphery, increasing skeletal muscle
performance. Recently, Singer et al. (39) have suggested that leg and inspiratory muscle
weakness are considered independent factors for poorer exercise capacity and lower extremity
function in patients with COPD. Studies have evaluated the relationship between leg muscle
weakness and exercise capacity (5, 40). In the present study, the subjects in the RT group
demonstrated a significant increase in leg muscle strength and functional capacity, which
clearly has clinical benefits.

We did not confirm our hypothesis that RMT significantly added benefits to RT during a
pulmonary rehabilitation program. RT has been shown to be more effective in increasing
significantly FVC, PEmax, peak quadriceps muscle torque and quadriceps muscle endurance
in comparison to RMT. Therefore, RMT differed with RT only with regard to PImax and IF.
To the best of our knowledge, no previous study has evaluated differences in outcomes between
RMT and RT. Thus, we believe that improvements in lower limb and expiratory muscle indices
may have contributed to the incremental benefits shown in exercise performance in the RT
group.

A potential limitation of the present study resides in its open-labeled design with a non-
randomized study involving selection bias. However, the impact on the results is very important
and reflects that the number of participants in each group can be a positive contributor. Random
sampling would be ideal and should be employed in upcoming designs. The 6MWT is also
known to be less sensitive to interventions, particularly in patients with higher exercise

capacity, but studies have previously shown that RMT improves performance during this
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functional assessment in patients with COPD (10, 41). The load during RT program was
controlled by a 1-RM test can underestimate maximum strength in older patients (42). However,
this is a safe method to determine higher loads of training (43), which were used in this study.
Furthermore, we did not evaluate the combination of RMT and RT, which may have an added
synergistic effect.

Clinical Implications: The present study may help define the importance of integrating RMT
plus RT therapeutic interventions in the management of patients with COPD. Previous studies
have demonstrated success in enhancing exercise tolerance using RMT and RT on patients with
COPD (44-46).

Future randomized clinical trials should be conducted with the goal of investigating the
combination of the interventions, respiratory muscle training associated with resistance training
affects with increase in the effect size and the effectiveness of these rehabilitation interventions.
However, the results obtained in this study encourage the use of both respiratory muscle
training, as resistance should be recommended in patients with COPD in rehabilitation
programs.

In conclusion, this trial demonstrates that RT and RMT both significantly improve a number of
clinically relevant variables. Therefore, large-scale clinical trials are warranted to additionally

evaluate the long-term effects of these interventions on clinical outcomes.
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Figure Legends

Fig. 1. Design and flow of participants through the trial. RMT, respiratory muscle training; RT,
resistance training; PImax, inspiratory muscle pressure; 1-RM, one repetition maximum; VO>
= oxygen consumption; 6MWT, 6 min walk test; quadriceps muscle torque and quadriceps
muscle endurance = quadriceps muscle torque and quadriceps muscle endurance, respectively.
Fig. 2. Peak oxygen uptake (peak VO3, upper pannel) and 6-minute walk test (6MWT, under
pannel) before (black) and after (white) RMT, RT and controls. * comparison between RMT
versus control (P < 0.001) and { RT and control (P < 0.01).

Fig. 3. Peak quadriceps muscle torque (QMT), upper pannel and quadriceps muscle endurance
(QME), under pannel before (black) and after (white) RMT, RT and controls. * comparison
between RMT versus control (P < 0.001) , + RT and control (P < 0.01) and # from RMT, RT

and controls (P < 0.001).
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Patients with COPD

screened (n = 180)

Excluded (n = 10)

\ 4

e Exacerbation (n = 8)
e Other reasons (n =2)

\ 4
Met inclusion criteria (n = 170)

Excluded (n = 16)

¢ Did not complete program (n =16)

\ 4

Month O Measured pulmonary function test, maximal inspiratory and expiratory pressure, VO2, 6MWT
and quadriceps muscle torque and endurance

RMT Group Control Group
e 30% Plmax e Usual care
e 40 min (respiratory
o 3times/week physiotherapy)
RT Group
e Load 70% 1-RM
e 40 min
o 3times/week
A A4

Lost to follow-up

(n=4) (n=4) (n=8)

Measured pulmonary function test, inspiratory and expiratory muscle strength, VO2, 6BMWT and

guadriceps muscle torque and endurance
Month 6

(n = 51) (n = 53) (n = 50)

Figure 1. Design and flow of participants through the trial.
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Table 1. Clinical characteristics of study participants

Patients
(n=154)
RMT RT Control
(n=51) (n=53) (n=50)
Demographic/anthropometric
Age, years 62+ 12 60 £ 13 61+ 18
Male/Female 26/25 25/28 25/25
BMI, kg/m? 305 296 30+4
Current smoker 17 (33) 14 (26) 15 (30)
Pulmonary Function
FEV1, L (% pred) 1.20£0.33 1.18+0.36 1.23+0.44
(48+9) (46£7) (46 £ 15)
FVC, % pred 66 + 12 65+ 10 62+ 12
FEV1/FVC 72+7.8 70+8.8 74 £10
IC, L (% pred) 2.02+0.34 2.01+0.74 2.05+0.54
(78 £18) (76 £ 12) (78 £11)
IF, % pred 30.5+10 28.7+9.6 29.3+9.3
Cardiopulmonary Test
VOzpeak (Ml.kg™. min™) 185+45 19.7+£5.6 19.1+5.2
Respiratory Muscle Function
Plmax, cm H20 56 + 22* 67 £ 22 75+ 33
PImax (% pred) 57 +12* 69 £ 24 7318
PEmax, cm H2 O 69 + 24 63 + 14 78 £ 28
PEmax (% pred) 67 +13 66 + 12 75+ 15
Peak Flow, mL 257 + 97 265 + 95 254 + 88
Performance on Walk Test
6-MWT, m 387 + 98 391+79 425 + 97
Borg dyspnoea scores 4 (1-5) 4 (1-6) 4 (1-6)
Borg leg effort scores 4 (3-8) 4 (3-9) 4 (3-7)
Strength Test
1-RM, Kg 21.3£3.5 195+28 204+1.8

Data expressed in mean + SD. Abbreviations: RMT, respiratory muscle training; RT, resistance training;
BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; FEV1=
forced expiratory volume in 1 s (pred); FVC= forced vital capacity (pred); IC= inspiratory capacity; IF
= inspiratory fraction (IC/TLC); peak VO = peak oxygen consumption; PImax and PEmax= maximal
inspiratory and expiratory muscle pressure (pred); 6MWT = 6 min walk test; 1-RM = 1 repetition
maximum. *p-value represents the overall comparison among the 3 study groups.
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Table 2. Pulmonary and respiratory muscle function tests before and after intervention for patients in RMT, RT and control groups

Control
(n=53) (n=50)
Before After Before After Before After
FEV1 (% pred) 48 +9 49 +11 46 =7 54 + 8*¢ 46 + 15 45 + 27
FVC (% pred) 66 + 12 68 +8 65+ 10 71 + 9%¢ 62 +12 60 + 10
FEV1/FVC 72+7.8 72+9.6 70 +£8.8 76 £9.3%¢ 74 £ 10 75+8
TLC (L) 6.98 + 0.35 6.89 +0.17 7.01 £0.64 7.0+0.38 6.97 £0.73 6.95 + 0.56
IC (L) 2.85+0.17 3.01+0.24F 2.71+£0.28 2.95 +0.29* 2.71+0.19 2.68 £0.24
IF (% pred) 0.40 £0.11 0.43 £0.19F 0.38 +0.07 0.42 +0.13* 0.39 +0.09 0.38+0.12
PImax (cm H20) 56 + 22 126 £ 234 67 £ 22 97 + 16* 75+ 33 78 £ 35
PEmax (cm H20) 69 + 24 86 + 287 63+ 14 127 £ 31%¢ 78 £ 28 81+31

Data expressed in mean = SD. Abbreviations: RMT, respiratory muscle training; RT, resistance training; FEV1 = forced expired volume in 1 s; FVC = forced

vital capacity; FEV1/FVC = FEV: to FVC ratio; PImax, PEmax = maximal inspiratory and expiratory pressure, respectively. * RT compared to control; ¥ RMT

compared to control; + RMT compares to RT.
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Abstract

Background. Neuromuscular electrical stimulation (NMES) improves muscle
performance and exercise tolerance in chronic obstructive pulmonary disease (COPD)
patients. In contrast, no study has assessed the effect of NMES on dynamic hyperinflation
(DH) in COPD. This study investigated the effect of short-term, high-frequency NMES

on DH in patients with COPD.

Methods. Twenty patients were randomly allocated to either a NMES applied bilaterally
to the quadriceps muscles (n=11: 8 weeks, 5 days/week, twice/day, 45 min/session) or a
control group (n=09). All patients received respiratory physical therapy and stretching
exercises. Free fat mass, pulmonary function, time to exercise tolerance (Tlim), 6-min
walk test distance (6-MWTD), tumour necrosis factor (TNF-a) and B-endorphin levels,
Borg dyspnea and leg score (BDS and BLS) and quality of life by the St. George’s
Respiratory Questionnaire score (SGRQ) were examined before and after the

intervention.

Results. Compared with the control group, NMES increased FEV: and FEV1/FVC, 6-
MWD and Tlim (P<0.01) and reduced BDS and SGRQ (P<0.01). Additionally, changes
in the Tlim were positively correlated with respiratory improvements in FEV1 (rho = 0.48,
P<0.01). Also, NMES reduced TNF-a and increased p-endorphin levels, compared with

the control group (P<0.001).

Conclusion. In summary, 8 weeks of NMES promotes reduction of the perceived
sensation of dyspnea during exercise in patients with COPD. This finding is accompanied
by improvements in FEV1, exercise tolerance and quality of life, and DH. Interestingly,
these findings may be associated with enhanced vasodilatory function and a reduction in

inflammatory responses.
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Clinical Trial Registration: NCT01695421.

Keywords: Electrical stimulation; dynamic hyperinflation; dyspnea; body composition;

exertion; pulmonary rehabilitation.
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Introduction

Patients with chronic obstructive pulmonary disease (COPD) are characterized by airflow
limitation during exercise, oftentimes resulting in significant exercise intolerance (1).
Although the reduced exercise tolerance in COPD has a multifactorial origin (2), the
progressive increase in operating lung volumes, secondary to the expiratory flow
limitation, dynamic hyperinflation (DH), and consequent dyspnea, takes on a major role,
especially in patients with advanced disease (3). Dyspnea is a critical factor in restricting
exercise associated with increased level of plasma pro-inflammatory cytokines,
antioxidant imbalance and intensive dynamic hyperinflation (4). In addition, most
patients with COPD present peripheral muscle fatigue (5) and limited exercise
performance (6). Alterations in skeletal muscle are associated with the pathophysiology
of COPD, and linked to marked reductions in oxygen (O2) transport to limb locomotor
muscles (1). Apparently, O> transport may be impaired due to deleterious changes in
pulmonary gas exchange resulting in decreased hemoglobin saturation (7), hyperinflation
induced by expiratory flow limitation and greater respiratory muscle work, all of which

contributing to inspiratory and/or expiratory muscle fatigue (8).

In this context, there is substantial interest in physical training modalities that do not
evoke dyspnea, such as neuromuscular transcutaneous electrical stimulation (NMES).
NMES involves the application of an electrical current at a level that induces skeletal
muscle contractions (9). Application of NMES has been linked to increased muscle
strength, function capacity and health status in COPD patients (4, 10). Although clinical
benefits have been shown after NMES interventions in chronic disease populations (4,
11-13), further detailed analyses into the physiological improvements associated with

NMES are needed. Moreover, and particularly relevant to patients with COPD, further
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assessment of whether application of NMES to peripheral muscles impacts pulmonary
function. Therefore, the present study aimed to evaluate comprehensively the clinical
and physiological effects of NMES in a COPD cohort. We reasoned that the NMES could
improve clinical measures linked to the improvement in several pathophysiological

processes associated with COPD.

Methods

Patient Population

Twenty-one men patients with stable COPD, not engaged in pulmonary rehabilitation,
and who met the criteria defined by the GOLD (14), were recruited in this study. Patients
included in our study did not present cough and sputum production for most days in three
consecutive months in the last two years or more successive years (chronic bronchitis
diagnosis) (15), presenting moderate to severe airflow limitation (FEV1 < 40% predicted)
and a previous history of exercise intolerance (walked distance by 6-minute walk test [6-
MWT] < 350 m) (16). Inclusion criteria were the following: (1) a diagnosis of COPD
with FEV1<50% predicted as per the GOLD guidelines and (2) self-reported dyspnea
and/or arm fatigue during at least one activity of daily living that required arm exercise.
Dyspnea and/or physical activity fatigue were self-reported by the Borg Scale. Exclusion
criteria were as follows: (1) musculoskeletal or neurologic conditions that might affect
exercise performance, symptomatic cardiac disease, or previous lung surgery; (2) an acute
exacerbation of COPD that required a change in pharmacological management within the
preceding 2 months; (3) use of oral corticosteroids; (4) a change in medication dosage or
exacerbation of symptoms in the preceding 12 weeks., (5) implantable electrical devices.
Before entering in the study, all patients had their pulmonary function optimized with

long-acting bronchodilators and corticosteroids. If necessary patients could also use a
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short-acting bronchodilator (salbutamol 120 mg/ipratropium 20 mg, Combivent,
Boehringer Ingelheim GmbH, Ingelheim, Germany). Procedures and potential risks were
clarified in details to the subjects. This study was conducted in accordance with the
amended Declaration of Helsinki. All participants gave written, informed consent as

approved by the Institutional Review Board.

Study Design

A prospective double-blind, randomized, pilot study was conducted to compare the use
of NMES to a control intervention. The design of the study is shown in Figure 1. The
patients were referred from a Private Physical Therapy Clinic by two investigators who
were blind to the order of patient allocation. Patients were randomly assigned to either
the NMES group (n = 11) or the control group (n = 9). All patients received respiratory
physical therapy (bronchial hygiene techniques such as huffing and assisted coughing)
when indicated by the pulmonary auscultation, as well as regular stretching exercises
(upper limbs, lower limbs, and back region, during 30 min). Randomization was
performed by the Graphpad StatMate computerized program (version 1.01i, San Diego,
California, EUA). The NMES intervention period lasted 60 minutes, being consistent
with previous investigations (17, 18). Each evaluation consisted of a two-day protocol
including: (1) a quality of life questionnaire, body composition assessment, pulmonary
function tests and an incremental exercise test (day 1); (2) constant work rate test (CWT)

to the limit of tolerance with electromyography of left vastus lateralis muscle.

NMES Intervention

NMES was applied to the bilateral quadriceps with surface electrodes as previously
described (4). A portable, user friendly, dual channel NMES stimulator was used

(Multicurrent Device, EndoMed 686, Enraf-Nonius B.V., Rotterdan, Netherlands, GB
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3004). The following training protocol was chosen in order to minimize the effects of
muscular fatigue: a) symmetrical biphasic square pulsed current at 50 Hz, b) duty cycle:
2 s on and 18 s off (10%) during the first week, 5 s on and 25 s off (20%) during the
second week, and 10 s on and 30 s off (33%) thereafter; and c¢) pulses of 300 to 400 us
wide using the highest tolerable amplitude (15-20 mA at the start of the training session
increasing up to 100 mA). The intensity was increased until a visible strong muscle
contraction occurred or to the maximum level of toleration. The same instruction and
electrode positions were provided to the control, although the equipment did not provide
any stimulation current. Patients underwent a series of evaluations before and after the 8
week intervention period. Each evaluation comprised measurements of body

composition, respiratory and exercise variables, as well as blood drawns.

NMES was applied in each thigh 5 times per week, twice a day for 8 weeks, lasting 60
minutes per session. The electrodes were positioned over the motor-point in order to
produce skeletal muscle contractions as a result of intramuscular nerve branch activation

(19).

Outcomes

Body composition, thigh circumference, pulmonary and respiratory muscle function tests,
cardiopulmonary exercise testing, the 6-MWT, TNF-a and B-endorphin level, and quality
of life assessments were obtained. Baseline demographic data including age, gender, body
mass index (BMI), medical history, exercise habits and smoking history were recorded.
Subjects were then asked to rest for 30 min in the sitting position to achieve a steady

cardiopulmonary status for the following assessments.
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Measurements

Body composition and thigh circumference. Fat-free mass (FFM) was measured by
bioelectrical impedance (Bodystat-500, Bodystat Ltd, Douglas, UK). Impedance
measurements were performed on the right side with subjects supine and with their limbs
slightly apart from the trunk. FFM was calculated by specific regression equation (20),
using height squared divided by resistance (Ht?/Res) and total body mass and expressed
as a percentage of ideal body weight (4). All measurements of the thigh circumference
were performed at 14 (C14), 21 (C21) and 28 (C28) cm below the iliac crest iliac crest
while subjects were in a resting state (21). All anthropometric measurements were taken

in accordance with WHO standards (22).

Pulmonary and respiratory muscle function tests. Spirometric tests were performed
using the CPF System (Medical Graphics-MGC, St. Paul, MN) with airflow being
measured by a calibrated Pitot tube (PreVent, Pneumotach). The subjects completed at
least three acceptable maximal forced and slow expiratory maneuvers after 15 min the
inhalation of 400 pg of salbutamol via a metered-dose inhaler (23). Forced vital capacity
(FVC, L), forced expiratory volume in one second (FEV1, L), FEV1/FVC, and inspiratory
capacity (IC) were measured according to American Thoracic Society standards (2, 24).
Maximal voluntary ventilation was estimated by multiplying FEV1 by 37.5 (25). The
patients completed at least three slow, forced expiratory maneuvers, considered
acceptable and reproducible. The predicted values were derived from those for the
Brazilian population (26). Respiratory muscle function assessment was performed using
a pressure transducer (MVD-500 V.1.1 Microhard System, Globalmed, Porto Alegre,
Brazil), connected to a system with two unidirectional valves (DHD Inspiratory Muscle
Trainer, Chicago, Illinois). Maximal static inspiratory (PImax) and expiratory (PEmax)

pressure were determined as described elsewhere (27). The highest pressure of six
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measurements was used for analysis. Arterial partial pressures for O2 and COz2 were
obtained during visit 1 from samples taken by radial artery puncture, and analyzed in the

ABL 330 system (Radiometer, Copenhagen, Denmark).

Cardiopulmonary exercise testing. Cardiopulmonary exercise tests were performed on
an electronically braked cycle ergometer (Inbrasport, Porto Alegre, Brazil) at 60 rpm. The
Standard metabolic and ventilatory responses were measured breath-by-breath using a
calibrated, computer-based system (K4b?, Cosmed, Rome, Italy). Pulse oximetry (SpO.)
was also assessed during testing (POX 010-340, Mediaid, Torrance, USA). An
incremental exercise test was carried out at baseline by all subjects to establish
individualized workloads for the subsequent constant work test (CWT). The incremental
ramp exercise test started with 2-min unloaded cycling followed by incremental workload
adjustments of 5 to 10 watts per min until exhaustion. Gas exchange variables were
averaged every 10 s and peak oxygen uptake (VOzpeak) Was defined as the highest value
achieved during the test. VO, at the first ventilatory threshold was estimated by the V-
slope method as previously described (28). Heart rate (HR) was determined using the R-
R intervals from a 12-lead electrocardiogram. Subjects were also asked to rate their
‘shortness of breath’ at exercise cessation using the 0-10 Borg’s category-ratio scale (29).
A CWT test was performed at baseline and after 8 weeks in all subjects. The CWT to
exercise tolerance (Tlim) was performed without the administration of long- or short-
acting bronchodilators. The constant power output was chosen to elicit an VO, that
exceeded the first ventilatory threshold by a value of 60% of the difference between V
Ozpeak and ventilatory threshold VO3 (~80% peak work rate) (30). Tlim was defined as the
point in time when patients signaled to stop exercising or could not maintain the required
pedaling rate for 10 s, despite being encouraged by the investigators. Serial inspiratory

capacity (IC) maneuvers were performed every 2 min during the CWT. Assuming that
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total lung capacity (TLC) remains constant during exercise, IC maneuvers provide an

estimate of end-expiratory lung volume (EELV = TLC - IC) (31) .

Electromyography. A four-channel surface electromyography system (Miotool, Miotec
Biomedical Device, Porto Alegre, Brazil) was used to measure muscle activity from the
left vastus lateralis muscle as previously described (32). Root mean square values
normalized by a previously obtained maximal voluntary contraction were calculated by
a mathematical routine using Matlab 7.1 software (Math Works Inc., Natick, MA).

Mechanical efficiency. Gross mechanical efficiency (ME) was calculated as the ratio of
work accomplishedemin (watts converted to kcal.min) to energy expended.min
(kcal.min). Energy expenditure.min’ (kcal.min) was calculated from ¥O, and the

respiratory exchange ratio (RER) as described by Fornusek and Davis (33).

Six-minute walk test. The maximum distance covered during the 6-MWT was used to
assess submaximal functional capacity (34). The 6-MWT was conducted according to
ATS guidelines (16). Dyspnea and leg effort (Borg scale) as well as SpO2 were assessed
at the beginning and end of the test. Following completion of the 6-MWT, subjects were
asked if they experienced any of the following symptoms: dyspnea, chest pain,

lightheadedness or leg pain.

TNF-a and B-Endorphin analysis A total of ten milliliters of venous blood was taken by
the phlebotomist, 3 ml of which was stored in ethylenediaminetetraacetic acid (EDTA)
for analysis of a differential white cell count. Seven ml of blood was divided between an
EDTA tube and a lithium heparin (LH) gel tube. These blood samples were centrifuged
and frozen until assayed. Serum tumour necrosis factor (TNF-a) and 3-endorphin were
measured by sandwich enzyme immunoassay (ELISA) kit (Phoenix Pharmaceuticals,

Inc., USA).
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Quiality of life questionnaire. The Saint Georges’s Respiratory Questionnaire (SGRQ)
(35) was used to assess the health-related quality of life HRQOL). The SGRQ is a self-
administered HRQOL measure containing 50 items and 76 weighted responses divided
into three components: symptoms, activity, and impacts. The symptoms component
contains items addressing the symptomatology, frequency of cough, sputum production,
wheeze, breathlessness, and the duration and frequency of breathlessness or wheeze. The
activity component addresses physical activities that either cause or are limited by
breathlessness. The impacts component assesses factors such as employment, being in
control of health, panic, stigmatization, the need for medication and its side effects,
expectations for health and disturbance of daily life. Scores ranging from 0 to 100 were
calculated for each component, as well as a total score that summarizes the responses to
all items. A zero score indicates no impairment of HRQOL. The questionnaire takes
approximately 10 min to be filled out and has been shown to be reproducible, valid and

responsive in both COPD and asthmatic populations (36).

Statistical Analysis

Based on the results of Ngai et al (37), which examined the long-term effects of a different
electrical stimulation (Acu-TENS) on FEV1 in COPD patients, with an effect size of 1.51,
power of 0.8 and a value of 0.05, 9 participants per group were required. Differences
between groups at baseline were assessed by an unpaired Student’s t test; mean
differences and their 95% confidence intervals are reported for the main outcomes. In
addition, the data following NMES in patients on group 2 were compared with baseline
values using a two-way, mixed model ANOVA assessing within (pre vs. post) and
between-groups (control vs. NMES) effects. Product-moment correlation (Spermann)

was used to define the associations between FEV1 and Tlim. A p-value <0.05 was
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considered statistically significant. Statistical analyses were conducted by using SPSS

version 19.0. All data are presented as mean + SD values.

Results

Flow of participants

Figure 1 illustrates the flow diagram of patients in the study. Thirty patients were
screened for eligibility. Four patients did not meet inclusion criteria and 2 declined to
participate. Therefore, 24 patients were randomized. Twelve patients were randomized to
NMES, but 1 patient had an exacerbation during the first week of intervention period.
Twelve patients were randomized to control, but 3 patients had an exacerbation during
the intervention period. Therefore, 20 patients completed the study.

At baseline, no significant differences were found between the groups in anthropometric,
pulmonary variables as well as in respiratory muscle function (Table 1). There were also
no differences in the incremental cardiopulmonary exercise testing results between the

groups. Medical regimen was unchanged throughout the experiments.

Pulmonary and respiratory muscle function

Table 2 shows the results of pulmonary function and respiratory muscle function before
and after 8 weeks of treatment. The NMES intervention resulted in significant
improvements in FEV1 (NMES 0.98 + 0.33 vs. 1.12 + 0.36; Control 0.96 + 0.17 vs. 0.93
+0.27 L; ANOVA, P <0.001), FEV1/FVC (NMES 44.1 + 11.4 vs. 53.1 + 10.8; Control
39.4 £9.6vs. 42.1 + 11.5; ANOVA, P <0.001), and peak flow (NMES 191.8 + 79.8 vs.
245.6 £ 86.1; Control 204.4 £ 106.3 vs. 212 £ 93.3 mL; ANOVA, P <0.001). Inspiratory
and expiratory muscle strength increased after the intervention, but there was not a

significant interaction effect.
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Anthropometric measures

As shown in Table 3, body composition was affected by NMES program. Fat-free mass
(FFM) increased only NMES (NMES, 32.01 £ 4.75 vs 34.01 + 4.67 %; control, 32.3 £
5.87 vs 33.1 = 4.34 %; P intra-group < 0.01, with no interaction). Muscle mass (MM)
increased by ~8 % only in the NMES group (NMES, 49.1 £ 455 vs 52.9 + 5.88 kg;
control, 50.2 + 4.78 vs 50.4 + 4.88 kg; P intra-group < 0.01, with no interaction).
Interestingly, thigh circumference significantly increased of 51.8 £ 7.7 to 53.3 + 6.9 cm

with NMES, without changes in the control group.
Constant work exercise test and the 6-minute walk test

Table 3 shows data from the CWT. The VO2 (NMES, 989 + 245 vs 1089 + 233; control,
977 + 189 vs 969 + 1918 mL/min; ANOVA, P < 0.01) and Ve (NMES, 38.3 £ 9.7 vs 46.5
+ 9.2; control, 345 + 85 vs 36.9 £ 6.1 L; ANOVA, P < 0.01) at Tlim increased
significantly in the NMES group compared with control group. VCO; and RER only
augmented when compared with baseline values in the NMES group. Tlim increased
significantly by 32% only in the NMES group (NMES, 6.9 + 1.5 vs 9.11 * 2.4; control,
8.2 +3.1vs 8.4 + 3.4 min; ANOVA, P <0.01). Borg leg effort (NMES, 8.6 £ 1.1 vs 7.3
+1.6; control, 7.8 £ 1.6 vs 8.1 £ 1.2; ANOVA, P <0.01) and Borg dyspnea score (NMES,
80+1.7vs6.2+1.4;control, 7.3 +1.5vs 7.7+ 1.4; ANOVA, P <0.01) assessed at the
end of exercise reduced significantly following NMES with no change in the control
group. Similarly, mechanical efficiency improved by 24.6% only in the NMES group
(NMES, 19.5 + 3.5 vs 24.3 £ 4.5; control, 20.5 £ 5vs 20. 1 £ 4.1; ANOVA, P <0.01).
The 6-MWT distance significantly increased by nearly 76 m in the NMES group but not
in the control group (NMES, 359.6 + 71.3 vs 435.3 £ 36.5; control, 349.8 + 95.2 vs 350.6

+95.6; ANOVA, P <0.01).
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Association between FEV1 and Tlim

In the NMES group, the improvement in Tlim was significantly associated with the
increase in FEV1 adjusted for post-training changes in exercise duration (CWT and 6-

MWT) (rho = 0.48; P < 0.001) (Figure 2).

Dynamic hyperinflation responses during exercise

At the 8-week follow-up, inspiratory capacity significantly increased at 4, 6, 8 and 10 min

during the CWT in the NMES group with no change in the control group (Figure 3).

Electromyography

Subjects in the NMES group demonstrated a lower submaximal root mean square (RMS)
at 8-week follow-up during the CWT compared to no change in the control group (Figure

4).

TNF-a and p-endorphin levels

NMES resulted in a significant decrease in TNF-a levels (Figure 5A, NMES 1.45 +0.39
vs. 1.05 £ 0.23; Control 1.55 + 0.33 vs. 1.48 + 0.43 pg/ml; ANOVA, P < 0.001) as well
as a significant increase in B-endorphin levels (Figure 5B, NMES, 356 * 27 vs. and 489

+ 34; Control 333 + 16 vs. 345 = 33; ANOVA, P <0.001).

Quality of life

The SGRQ domain (NMES, 60 + 12 vs. 44 + 11; control, 54 £ 9 vs. 52 + 8 after: ANOVA,
P <0.05) and total score (NMES, 48 £ 10 vs. 37 £ 11; control, 52 + 7 vs. 50 £ 9: ANOVA,

P < 0.05) improved in the NMES group only (Figure 6).
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Discussion

The primary findings of the present study were that NMES promoted increases in exercise
performance, QOL and peripheral muscle function, and such changes were accompanied
by improvements in pulmonary function, markers of systemic inflammation and pain
modulation in COPD patients. Thus, this study supports clinical benefits of NMES and
extends the knowledge in the NMES-mediated improvements in function and QOL in

patients with COPD.

Using a different NMES protocol on the stellate ganglion region, Lau et al have
demonstrated a significant improvement in FEV1 (38). In our study, we found similar
effects on FEV1, comparable to bronchodilators therapy (FEV1 gain > 10-15%) (39), with
benefits to DH. Other studies have suggested an association between FEV1 and reduced
residual volume (40). The effect of NMES on FEV1 does not seem to be directly chemical
(i.e. bronchodilators mechanism) or neural with stimulation in hypothalamic region
reducing airway constriction (41). In the present study, the increase of FEV1 may be the
result of improvements in peripheral muscle dysfunction, which in turn contribute to

improve FEV1 (42).

There is evidence that NMES attenuates the production of cardiovascular inflammatory
mediators and improves peripheral endothelium-dependent vasodilatation in chronic
heart failure (43). In our study, NMES resulted in decreased TNF-a and increased f-
endorphin levels. TNF-a is considered as an important systemic inflammatory marker
associated with the disease progression in COPD patients (44). Therefore, the changes in
B-endorphin levels in patients with COPD after 8 weeks of NMES intervention may be
linked to more systemic benefits. Previous study has demonstrated that NMES reduces

TNF-a and improves peripheral endothelium-dependent vasodilatation in chronic heart
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failure, which could facilitate the blood supply to active muscles (43). Although this latter
suggested mechanism needs to be evaluated in COPD, the hypothesis of enhanced blood
delivery mediated by improved vasodilation could be a possible explanation for the
increased exercise tolerance. Additionally, the increased B-endorphin levels in COPD
patients after NMES intervention have contributed to the rhythm-generating component

of the respiratory centre (45), therefore impacting the respiratory control.

The FVC reflects the integrity of all components involved with pulmonary function and
Is an important surrogate of cough effectiveness because the peak flow during the cough
is comparable with the mean peak flow during a FVC manuever (46). In our study, NMES
increased FVC and FEVi. Apparently, FEV1 is linked to increased strength of the
expiratory musculature and the diameter of upper airways (47), which helps to reinforce
the increase of peak flow and expiratory muscle strength in our study. This concept is not
novel, especially in the context of demonstrated changed in respiratory muscle function
during traditional exercise training. In a recent study (48), we showed that aerobic training
results in significant activation of the inspiratory musculature, similar to the expected
effects of inspiratory muscle training. In part, we believe that these effects might be due
initial inspiratory muscle weakness, which is afforded the opportunity to improve once

expiratory flow limitations are lessened.

The effect of NMES on peripheral muscle strength has been described previously (4, 21).
In our study, muscle mass and fat-free mass were changed with NMES. Conversely, Dal
Corso et al. (10) showed no significant changes in muscle strength with NMES, but an
increase in type Il and decrease in type | muscle fibers. However, these changes were not
sufficient to increase muscle strength, which is accordance with other findings (4). In our
study, we found a significant increase thigh circumference with NMES as found by

Vivodtzev et al. (21). This investigation found an increase of corrected thigh
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circumference during application NMES, suggesting an improvement to neural
remodeling because of the relatively short duration of the interventions (4-6 weeks).
However, other investigations did not find changes in thigh mass evaluated by DEXA
(10). The disparities between studies may be attributed to differences in disease severity
and variations in NMES protocols. Apparently, a difference in parameters of stimulation
could influence the potential for a hypertrophic response. Studies demonstrating an
increase in muscle mass with NMES (21) used higher intensities (15-90 mA) and lower
frequencies (5-35 Hz) while other studies (10) demonstrating no change used lower

intensities (10-45 mA) and higher frequencies (50 Hz).

We can only speculate on possible mechanisms related to the improved exercise tolerance
and lung function. In this regard, NMES has shown to improve cycling mechanical
efficiency as indicated by in our study. Previous studies have shown a reduced mechanical
efficiency seemed to be associated with an increased work of breathing in COPD patients
(49, 50), therefore suggesting the muscle adaption induced by NMES could at least

partially reduce the breathing demand during exercise.

Apparently, our data are consistent with growing evidence that NMES can be safe and
effective in patients with skeletal muscle dysfunction and exercise intolerance secondary
to systemic chronic diseases. Quittan et al. (18) have described substantial gains in muscle
strength and exercise tolerance after NMES in patients with congestive heart failure,
which have been confirmed by others (9, 51). These positive effects of NMES are likely
to be similar to those morphological changes described by Maltais et al. (52) in patients
with COPD who were submitted to conventional endurance training. Using a
comprehensive range of outcome measures, our study showed a reduction in leg effort
for a submaximal of exercise after NMES training, which would be consistent with this

view. Finally, Vivodtzev et al. (11) showed that muscle function is associated with a more
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favorable muscle anabolic to catabolic balance. Further morphological studies after

NMES training, however, will be required to test this hypothesis.

Previous studies (4) have demonstrated significant increases in 6-MWT distance after
NMES in COPD patients. Likewise, our results indicate clinically relevant changes in 6-
MWT after NMES. We observed an increase of 87 m (95% Cl, 13.16 to 172.5 m; P<0.01),
which is greater than the 47 m improvement recommended for an intervention to be of
credible clinical significance by ATS (16). Furthermore, the increase of 6-MWT was
accompanied by changes in SpO. (mean increase of 2.3%) and reduction in Borg dyspnea
scores after the NMES intervention, which has been also shown previously.(38) In
contrast, Ngai et al. (53) could not find reduction in dyspnea score with application of
transcutaneous electrical nerve stimulation. It is possible that the difference between
findings may be due to the fact that COPD patients were in a more stable condition in the
study by Ngai et al. (53), while in other studies (37, 38), such as the current analysis,

subjects were considered to have a higher disease severity.

Some limitations should be addressed in our study. First, the use of a non-perceptable
stimulus as the control intervention, without a real sham intervention, may have resulted
in ascertainment bias. In order to reduce underreporting of clinical improvements in
control group, subjects were managed as a group of conventional physiotherapy, rather
than a group non-intervention group. Second, the limited sample size did not allow us to
perform sub-group analysis that could clarify characteristics possibly associated with
clinical changes. In this regard, we encourage future research with different sets of
patients in order to clarify those who can derive larger gains with a NMES program.
Third, the lack of post-intervention measurements such as cardiopulmonary exercise
testing or pulmonary tests limited our interpretation of direct indicators of lung

hyperinflation and air trapping.
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Clinical Implications

Electrical stimulation has been shown to produce benefits in the muscle function of COPD
patients (54, 55), which indicates that NMES is a potential adjunctive technique
especially for patients who may sustain low metabolic and ventilatory demands (56). The
present study provides evidence that NMES may improve the exercise tolerance in COPD
non-bronchitic patients. Interestingly, these benefits may be associated with reduction in
dynamic hyperinflation, inflammatory responses, with concomitant increases in

vasodilatory function.

In summary, the present study shows that a short term, high frequency, NMES program
improves a variety of measures associated with function, symptomatology, QOL, and
physiological function in COPD patients. As such, this interventional approach may be a
efficacious and feasible complimentary rehabilitation technique in this chronic disease
population. Future studies should extend the present analysis, perhaps testing whether the
primary NMES effects are local (muscular adaptation) or systemic (blood supply,

inflammation, etc).
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Figure Legends

Fig.1. The CONSORT, Flow diagram of patients in the study.

Fig. 2. Scatterplot of the association between changes (post-pre) of FEV1 and Tlim during

NMES (closed circles) and Control group (open squares).

Fig. 3. Inspiratory capacity at rest and during exercise (until the 10th minute) in COPD
patients during pre and post NMES compared with control group. *Differences between

the groups at a given time point. §Differences related to the previous time point in a given

group.

Fig. 4. Significant decreases in peripheral muscle fiber activation during constant work
rate exercise in response to NMES (closed circles) compared with Control group (open
circles) in patients with chronic obstructive pulmonary disease. RMS = root mean square.

* P<0.05.

Fig. 5. TNF-a (A) and B-endorphin (B) levels in two groups before and after the
intervention period, (NMES, black bar, and Control, gray bar). * Two-way repeated-

measures ANOVA (P < 0.001) for group, training and interaction effects.

Fig. 6. SGRQ categorical and total score measured at pre and post NMES and Control.
(A) Symptom score; (B) activity score; (C) impact score; (D) total score. SGRQ =
St.George’s Respiratory Questionnaire. *P< 0.05 within-group comparison and T P< 0.05

between-group comparison.
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Figure 1 The CONSORT. Flow diagramo of patients in the study
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Table 1. Clinical characteristics of the study population

NMES Control P
(n=11) (n=09) Value
Demographic/anthropometric
Age, years 56.3 +11 56.4 +13 0.98
Height (cm) 164.4 £ 89.3 160.5 + 48.7 0.25
Weight (kg) 75.1+14.1 70.2+14.5 0.46
BMI 274 +43 276+6.4 0.74
Fat-free mass (% ideal weight) 49.14+9.41 51.87 +£10.92 0.55
COPD disease years 82+14 85+18 0.68
Pulmonary function
FEVy, L 0.91+0.33 0.88 £0.17 0.11
FEV1, % pred 36.5+10.5 39.6+14.4 0.24
FVC, L 2.13+0.63 2.19+£0.63 0.83
FVC, % pred 61.9+20.1 69.7 £20.2 0.39
FEV./FVC 475+12.8 56.7 £ 13.6 0.13
FEV1/FVC, % pred 58.6 + 16.4 68.9+15.6 0.17
MVV, L 38.9+198 525+24.7 0.18
IC, L 1.99+£0.23 2.01£0.32 0.56
IC, % pred 76 £12 78+ 22 0.87
TLC, L 5.88 £ 0.66 5.93+0.43 0.51
TLC, % pred 104 £ 23 106 + 29 0.52
RV, L 2.88+£0.34 2.99 £ 0.49 0.42
RV, % pred 164 + 34 169 £ 0.44 0.61
D.CO, % pred 50+ 12 52+ 17 0.34
Arterial blood gases
PaO2, mm Hg 66 +5 68+9 0.77
Sa0,, % 92+15 93+25 0.44
PaCO, mm Hg 39+3 39.5+6 0.66
Respiratory muscle function
PImax, cm H,O 779+24.3 72.2+225 0.78
PEmax, cm H,O 60.8 + 25.8 67.2£28.6 0.66
Peak Flow, mL 191.8+79.8 224.4 £ 106.3 0.78
Incremental ramp exercise test
VO, peak, ml.min' 989 + 245 977 + 189 0.88
VCO;, peak, ml.min 997 + 187 981 + 202 0.63
RER peak 1.01£0.03 1.02 £0.01 0.69
Ve peak, L 38.3+9.7 345+85 0.81
Ve peak/MVV, % 101.5 %22 103.6 £ 31 0.91
Vr peak, L 1.01+£0.12 0.98£0.21 0.45
SpO:2 peak (%) 92+3 94 +2 0.66
Power (watts) 755+7.8 70.6 £10.7 0.71
Borg dyspnea scores 8 (5-10) 8 (4-9) 0.61
Borg leg effort scores 8 (4-8) 7 (4-8) 0.74
Performance walk test
6-MWT, m 334.1+89.8 349.9 + 95.3 0.71

Values are means + standard deviation, except for symptoms (median and range).
Definition of abbreviations: NMES, neuromuscular electrical stimulation; BMI, body
mass index; FEV3, forced expiratory volume in 1s; FVC, forced vital capacity;
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FEV1/FVC, FEV: to FVC ratio; MVV, maximal ventilatory voluntary; IC, inspiratory
capacity; TLC, total lung capacity; RV, residual volume; D.CO, lung diffusing capacity
for carbon monoxide; Pa, arterial partial pressure; Sa, arterial saturation; PImax and
PEmax, maximal inspiratory and expiratory muscle pressure; VO,= oxygen uptake; v
CO,= carbon dioxide output; RER = ratio exchange ratio; VE= minute ventilation; VE
/IMVV= maximal voluntary ventilation; VT= tidal volume; SpO2= oxyhemoglobin
saturation by pulse oximetry; 6-MWT, 6-minute walk test. P value represents the overall
comparison between the groups.
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Table 2. Pulmonary and respiratory muscle function responses

NMES Control
Before After Before After
FEV., L 0.98 +0.33 1.12 + 0.36* 11 0.96 £0.17 0.93+0.27
FVC, L 2.10+£0.63 2.16 £ 0.62* 2.08 £ 0.66 2.12 +0.56
FEV./FVC, % 441 +11.4 53.1 £10.8*%% 39.4+96 42.1+115
Peak Flow, mL 191.8 +79.8 245.6 £ 86.1*+1 204.4 + 106.3 212 £93.3
PImax, cm H.O 69.9 +18.4 77.9 £24.3* 722 +225 71.9+18.8
PEmax, cm H.0 522 +17.4 66.8 + 15.8* 57.2+18.2 64.1 +23.4

Values are means + SD. Definition of abbreviations: NMES, neuromuscular electrical
stimulation; FEV1= forced expiratory volume in 1 s; FVC= forced vital capacity; 1C=
inspiratory capacity; EELV= end-expiratory lung volume; PImax = maximal inspiratory
muscle pressure; PEmax = maximal expiratory muscle pressure; * p< 0.05 from before
within a given intervention; T p<0.05 from trough within a given intervention; ;p<0.05
between-intervention comparison.
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Table 3. Measurements at the time to the limit of tolerance in the constant work tests

NMES Control
Before After Before After

Body composition

FFM, % 32.01£4.75 34.01 £ 4.67* 32.3+£5.87 33.1+4.34

MM, Kg 49.1+4.55 52.9 + 5.88* 50.2+£4.78 50.4 +4.88
Thigh circunference

C14,cm 431+72 44.3+6.7 42.7+7.1 42.7+6.8

C21,cm 485+6.8 49771 47.1+£8.9 474 +8.2

C28,cm 51.8+7.7 53.3 £ 6.9*% 50.1+8.1 50.0+7.8
Constant work test

VO, 1im, ml.min't 989 + 245 1089 + 233*+ 977 + 189 969 + 191

VCOsriim, ml.mint 997 + 187 1125 + 289* 981 + 202 1003+ 154

RERTiim 1.01 £0.03 1.03 £ 0.02* 1.02+£0.01 1.03+£0.01

Veriim, L 38.3+0.7 46.5 + 9.2*% 345+85 36.9+6.1

Tlim, min 6.9+15 0.11 £ 2.4*% 8.2+31 84+34

SpOzriim 93.2+28 97.1 £ 1.2*% 946+2.3 941+1.8

BLEriim 86+11 7.3+ 1.6%F 78+1.6 81+1.2

BDSriim 8.0+£17 6.2 +1.4%} 73+15 7.7+14
Mechanical efficiency

Gross ME (%) 195+35 24.3 £ 4.5*%% 205+5 20.1+4.1

6-MWT 359.6 +71.3 4353 £36.5%F 349.8 £ 95.2 350.6 £ 95.6

Abbreviations: FFM, fat-free mass; MM, muscle mass; thigh circumference at 14 cm
(C14), 21 cm (C21) and 28 cm (C28); VO2= oxygen uptake; VCO,= carbon dioxide
output; RER = ratio exchange ratio; VE= minute ventilation; Tlim, exercise toletance;
SpOz, pulse oximetry (oxyhemoglobin saturation); BLES, Borg leg effort; BDS, Borg
dyspnea sensation; Gross ME, mechanical efficiency; 6-MWT, 6-minute walk test. P
value represents the overall comparison between the groups. Data presented as mean +
SD.* p< 0.01 from before within a given treatment; Tp<0.01 between-treatment

comparison.
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Fig. 2. Scatterplot of the association between changes (post-pre) of FEV1 and Tlim during

NMES (closed circles) and Control group (open squares).
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Fig. 3. Inspiratory capacity at rest and during exercise (until the 10th minute) in COPD
patients during pre and post NMES compared with control group. *Differences between

the groups at a given time point. §Differences related to the previous time point in a given

group.
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Fig. 4. Significant decreases in peripheral muscle fiber activation during constant work
rate exercise in response to NMES (closed circles) compared with Control group (open

circles) in patients with chronic obstructive pulmonary disease. RMS = root mean square.
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Fig. 5. TNF-a (A) and B-endorphin (B) levels in two groups before and after the

intervention period, (NMES, black bar, and Control, gray bar). * Two-way repeated-

measures ANOVA (P < 0.001) for group, training and interaction effects.
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Fig. 6. SGRQ categorical and total score measured at pre and post NMES and Control.
(A) Symptom score; (B) activity score; (C) impact score; (D) total score. SGRQ =
St.George’s Respiratory Questionnaire. *P< 0.05 within-group comparison and T P< 0.05

between-group comparison.
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CONCLUSOES

1. O treinamento muscular respiratorio e de forca melhoraram significativamente
uma série de variaveis clinicamente relevantes. Entretanto mais ensaios sdo
necessarios para avaliar, adicionalmente, os efeitos a longo prazo destas

intervencdes.

2. A estimulago elétrica neuromuscular de alta frequéncia melhora uma variedade
de medidas relacionadas com a funcdo fisioldgica, sintomatologia e qualidade de
vida em pacientes com DPOC. Esta abordagem de intervengdo pode ser uma

técnica eficaz e viavel de reabilitagdo nessa populacéo.
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