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RESUMO

Introducdo: A hiperestimulacdo simpética acontece frequentemente nas condigdes
isoladas da doenca pulmonar obstrutiva crénica (DPOC) e insuficiéncia cardiaca (IC),
porém pode estar presente em pacientes com sobreposicdo da DPOC-IC, alterando o
controle do fluxo sanguineo. Esse controle tem sido avaliado através da inducdo do
metaboreflexo muscular esquelético (MME) provocado pelo teste de reflexo pressorico.
Em nosso estudo, testamos a hipotese de que a presenca da resposta exacerbada da
atividade simpética encontrada isoladamente na DPOC e IC, pode atenuar a resposta do
MME em pacientes com DPOC-IC coexistente.

Métodos: Dezenove pacientes com DPOC (VEF; = 40,01 + 3,11% do prev), 10
pacientes com IC (FEVE = 30,90 + 2,85%), 11 pacientes com DPOC-IC (VEF, = 47,24
+ 4,40% do prev, e FEVE = 38,20 + 2,90 %), e 11 individuos controles pareados por
idade participaram do estudo. A resposta da pressdo inspiratoria maxima (PImax),
capacidade funcional avaliado através do consumo de oxigénio no pico do exercicio (V
O2pico), exacerbaces, drogas, frequéncia cardiaca (FC), pressao arterial média (PAM),
fluxo sanguineo periférico (FSP), e respostas da resisténcia vascular periférica (RVP)
foram avaliados durante a técnica de inducéo do MME.

Resultados: Pacientes com DPOC-IC apresentaram uma menor Plmax e VO,pico
comparados aos controles (p<0,05). A PAM foi significamente maior na IC em
comparagdo com DPOC e DPOC-IC durante o exercicio. Aumento na RVP e
decréscimo no FSP induzidos pelo metaboreflexo muscular foram significamente
menores em pacientes com DPOC e DPOC-IC, e maior em pacientes com IC (p<0,05).
Considerando todos os sujeitos, houve correlagdo do VO,pico com a diferenca de a érea
sob a curva de RVP, VEF;, PImax, e Cl / CPT (p <0,001).

Conclusdo: Este € o primeiro estudo a sugerir que pacientes com sobreposi¢do de
DPOC-IC apresentam diminui¢do na resposta da resisténcia vascular periférica ao
exercicio de preensdo manual e ativagdo do metaboreflexo muscular esquelético quando
comparados a pacientes com DPOC e IC isolada. Portanto esses achados indicam uma
atenuacdo da atividade do metaboreflexo muscular em pacientes com sobreposicédo de
DPOC-IC.

Palavras chaves: Exercicio, controle do fluxo sanguineo e sistema nervoso autbnomo.
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1 INTRODUCAO

Pacientes com doenca pulmonar obstrutiva cronica (DPOC) e/ou associada a
insuficiéncia cardiaca (IC) apresentam com frequéncia desajustes metabdlicos,
musculares e cardiorespiratorios que modificam a sua capacidade de realizacdo de
exercicio reduzindo a tolerancia ao exercicio, o que afeta diretamente as atividades da
vida diaria™*.

A intolerancia ao exercicio fisico tem origem multifatorial® podendo estar
associadas com a propria evolucdo da doenca®, evolugdo da obstrugdo bronquica’, nivel
de hiperinsuflagio pulmonar®, fraqueza dos musculos respiratorios®®, o
descondicionamento fisico’ e, em especial a fraqueza dos musculos periféricos'®**.
Ainda, os baixos niveis de condicionamento fisico associados a miopatia dos musculos
periféricos encontradas nesses pacientes estdo diretamente relacionados ao aumento nos
indices de morbidade e mortalidade em ambos os tipos de pacientes com DPOC e IC*

12

E importante ressaltar que todas essas alteraces associadas ao descontrole da

131415 yem sendo consideradas como os

oferta de oxigénio e sua utilizagdo na periferia
fatores determinantes da resposta alterada ao esforco na DPOC e IC *2**'_ Paralelo as
alteragdes musculares, tem sido amplamente sugerido que pacientes com DPOC e IC
apresentam alteracdo no sistema nervoso autdnomo’®*°. Classicamente, o aumento da
atividade nervosa simpética estd associada a diversos efeitos deletérios para o sistema
cardiovascular, tais como aumento na demanda metabdlica e reducdo do suprimento de
oxigénio para o miocardio®®, associado com maior desenvolvimento de hiperinsuflagéo
pulmonar pode afetar a resposta do controle do fluxo sanguineo, tornando a velocidade
de distribuicso mais lenta'’.

Em pacientes com DPOC, o aumento na atividade simpética estd diretamente
relacionado ao aumento das complicagdes cardiovasculares e na mortalidade nesta
populacdo®. Embora o sistema nervoso simpético tenha reconhecidamente um papel
fundamental nas respostas cardiovasculares ao exercicio, pouca aten¢do vem sendo dada
as provaveis interacdes entre a atividade deste sistema e outras modificacGes periféricas
do DPOC associado a IC, como a intolerancia ao exercicio.

Tem sido amplamente sugerido uma forte associagdo entre o aumento da

resposta simpatica mediante uma intensa vasoconstricdo periférica com mecanismo de
12



intolerancia ao exercicio em ambos os pacientes com DPOC efou IC*?%#%  As
alteragdes do sistema nervoso autdbnomo sdo evidenciadas por alteragdes no mecanismo
neural, que é mediado durante o exercicio dinamico de natureza reflexa, chamado de
metaboreflexo muscular (MM) ou reflexo pressorico do exercicio. O MM inclui as
alteracbes cardiovasculares induzidas reflexamente pelo musculo esquelético, que
resultam no aumento da pressdo arterial. Este mecanismo neural tem origem em
terminagfes nervosas tipo Ill e 1V localizadas no musculo esquelético que quando
sensibilizadas desencadeiam alteracdes na funcéo cardiorespiratoria elevando o trabalho
respiratrio em condiges extremas®.

Schmidt et al. (2005)%’, demonstraram a importancia da caracterizacdo do
metaboreflexo muscular em condigBes patoldgicas. Baseados no conceito de que este
reflexo tem fundamental importancia na resposta cardiorespiratoria adequada ao
exercicio, tem sido sugerido que a alteracdo deste mecanismo pode estar associada a
fisiopatologia de algumas comorbidades, sobretudo as que cursam com alteragédo na
funcdo muscular esquelética, como na DPOC e a IC*?% | Diante disso, acredita-se que
pacientes com associagdo de DPOC e IC por apresentarem uma severa miopatia, aliada
a reducdo do fluxo sanguineo muscular e anormalidades metabdlicas durante o
exercicio, possam apresentar respostas cardiovasculares alteradas & indugdo do
metaboreflexo muscular quando comparados a individuos com essas doencas isoladas.

Nesta revisdo, abordaremos portanto as respostas reflexas oriundas da
estimulacdo das fibras metabosensitivas musculares destacando-se 0s principais
mecanismos de acdo deste reflexo. Alem disso, revisaremos 0s mecanismos de
intolerdncia ao exercicio na associacdo da DPOC e IC e a possivel contribuicdo da

ativagdo neuro-humoral para a fisiopatologia dessa doenga.
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2 REVISAO DE LITERATURA
2.1 CONTROLE NEURAL DO FLUXO SANGUINEO NO EXERCICIO

Ao iniciar o exercicio sdo necessarios ajustes cardiovasculares e hemodindmicos
a fim de suprir as demandas metabdlicas durante o trabalho muscular esquelético®.

Esses ajustes ocorrem devido a interacdo entre 0S mecanismos excitatorios e
inibitorios, que tem como via eferente modificagdes no sistema nervoso autbnomo
(SNA), ou seja, o sistema nervoso simpatico (SNS) é ativado associado a uma
atenuacao do sistema parassimpatica gerando um aumento da perfusdo muscular através
do aumento no débito cardiaco e pressdo arterial, aléem de uma redistribuicdo do fluxo
sanguineo para musculos ativos, em detrimento a uma vasoconstricdo em 0Orgdos
inativos como regido esplénica e rins*®. Existem trés mecanismos de controle neural
que tém sido propostos para explicar a geragéo da ativacdo do SNS: o comando central,
o baroreflexo arterial e o reflexo pressérico do exercicio 3*,

O comando central consiste na agéo direta de centros cerebrais superiores como
cortex motor e hipotdlamo sobre neurdnios de regides associadas ao controle de funcdes
locomotoras, cardiovasculares e respiratorias™®. Considera-se que esse mecanismo seja
responsavel pelas respostas cardiovasculares nos primeiros segundos do exercicio
fisico, como a diminui¢do da atividade parassimpédtica que leva ao aumento da
frequéncia cardiaca (FC)"®. Alguns estudos demonstram que o comando central é capaz

9,10

de modificar a funcdo baroreflexa durante o exercicio™™ e pode aumentar a atividade

simpatica renal e cardiaca no inicio do exercicio estatico**2.

O segundo mecanismo é o baroreflexo arterial que consiste na presenca de
barorreceptores arteriais no arco adrtico e no seio carétideo responsaveis pelos ajustes
da pressdo arterial (PA)*?, através de modificaces na FC, no volume sistélico (VS) e na
resisténcia vascular periférica (RVP)*. Estudos antigos concluiram que a resposta do
baroreflexo diminuia conforme a carga de exercicio aumentasse'®, porém outros estudos
mostraram que o baroreflexo se ajusta segundo uma elevagdo na PA, contribuindo de
forma direta para ativagdo do SNS''. Alguns estudos demonstram ainda que a
alteracdo na fungdo do baroreflexo seria realizada tanto pelo comando central quanto

por informacdes vindas de masculos ativos™*'.
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Finalmente, o reflexo pressorico do exercicio (RPE), o terceiro mecanismo que
contribui para o aumento reflexo na fungdo cardiovascular e ventilatdria durante o
exercicio®®. Este reflexo ocorre através da estimulacdo de fibras quimiosensiveis
(fibras nervosas do grupo IV) que sdo ativadas por mediadores quimicos e as
mecanosensiveis (fibras nervosas do grupo Ill), também chamadas de terminacdes
nervosas livres e sensibilizadas pela deformagdo mecéanica (contracdo) no musculo
esquelético>*®.

Resumindo, esses trés mecanismos interagem continuamente na regulacdo
autondmica durante o exercicio, ou seja, a atividade simpética no aparelho
cardiovascular aumenta prevalecendo sobre o tonus parassimpético, aumentando assim
a FC, a contratilidade do miocardio e a constricdo dos leitos vasculares de 6rgaos e
tecidos que ndo estdo envolvidos no exercicio (Figura 1). Embora esse aumento da
resposta simpatica ocorra, a presenca de doencas, o tipo e intensidade do esfor¢co podem

afetar a resposta cardiovascular durante o exercicio gerado por esses reflexos®?°.

Barorreceptores arteriais

Cornando central
Barorreceptores
cardiopulmonares

Reflexo pressérico do
exercicio

/ .
Eferentes o
par355|mpat|c0§.
. g ’

Eferentes
AChM o simpaticos ®e — O essd0

‘@' Eg “ arterial média
PAM = FC x VS x RVS

Figura 1: llustracdo esquematica dos mecanismos de controle neural da circulagdo no exercicio.
Sinais neurais oriundos do cortex motor, das artérias aorta e cardtidas e dos misculos esqueléticos ativos,
comunicam-se continuamente durante o exercicio, modulando a atividade do SNA. As modificacdes
nesse sistema contribuem para os ajustes na FC, no volume sist6lico (VS) e na resisténcia vascular
sistémica (RVS), mediando assim o controle da pressdo arterial média (PAM) durante o exercicio.
Adaptado de Fadel et. al, 2012".
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2.2 REFLEXO PRESSORICO DO EXERCICIO: MECANO E
METABORECEPTORES

No século XIX surgiram os primeiros relatos sobre 0s mecanismos que
controlavam as alterages cardiovasculares durante o exercicio®®. A partir desses
estudos foram observados que existe um mecanismo central e também um mecanismo
de controle periférico que poderia causar alteracfes cardiovasculares durante o
exercicio®.

Em 1937, Alam e Smirk®® foram os primeiros a mostrar evidéncias que
subprodutos quimicos da contracdo muscular poderiam gerar um reflexo pressorico, ou
seja, 0s autores demonstraram que a pressao arterial mantinha-se acima dos valores
basais pela isquemia circulatoria pos-exercicio nos membros ativos.

Em 1971 Coote et. al.?? forneceram evidéncias sobre a existéncia do reflexo
pressorico do exercicio (RPE) utilizando uma preparagdo em gatos anestesiados. Neste
experimento, a contracdo estatica do triceps sural induzida por estimulacéo elétrica das
raizes ventrais resultou no aumento na PA, FC e ventilagdo, respostas que foram
abolidas pela sec¢do das raizes dorsais.

Na mesma década, McCloskey e Mitchell*®

demonstraram que respostas reflexas
cardiovasculares e ventilatorias desencadeadas pela contracdo muscular eram causadas
pela estimulacdo de pequenas fibras nervosas de conducédo lenta. Existem quatro tipos
de grupos de fibras nervosas, as do tipo | e Il que s&o fibras mielinizadas presentes nos
fusos musculares e 6rgdos tendinosos de Golgi, as fibras do tipo Il (pouco
mielinizadas) e as fibras do tipo IV (ndo mielinizadas), ambas constituidas por
terminacdes nervosas livres localizadas dentro do musculo esquelético®®?. No

experimento realizado por McCloskey e Mitchell*®

, realizado com uma preparagdo em
gatos anestesiados, a aplicacdo de lidocaina na raiz dorsal contendo 0s axdnios
aferentes, interrompeu os impulsos das fibras delgadas Il e 1V, mas deixou livre a
conducdo pelas fibras | e Il, dessa forma bloqueou as respostas cardiovasculares
reflexas a contracdo. Contrariamente, a aplicacdo de corrente anddica sobre a raiz
dorsal, que provoca interrupgdo da condugéo das fibras I e 1I, mas ndo das fibras Il e
IV, ndo interferiu nas respostas cardiovasculares induzidas pela contragéo.
Posteriormente aos achados de McCloskey e Mitchell na década de 80 iniciaram

0s estudos que identificaram as propriedades sensitivas destas fibras em resposta a
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contracdo muscular isométrica®® 2, Assim as fibras do tipo 11, presentes em estruturas
colagenas do tecido muscular®, parecem ser mecanoreceptores, ou seja, S0
terminagdes que respondem a deformagao mecénica de seus campos receptivos®, essas
aferéncias sdo responsaveis pela geracdo dos impulsos no inicio da contracdo e sua
resposta muitas vezes diminui & medida que ocorre a fadiga muscular®. J4 as fibras do
tipo 1V, associadas aos vasos sanguineos e vasos linfaticos?, parecem se comportar
como quimioreceptores, que respondem ao acimulo de metabdlitos gerados durante a
contracdo muscular®®, essas aferéncias realizam disparos vigorosos no inicio da

contragéo diferente das fibras do tipo 111*°

. Além das caracteristicas distintas em relacdo
a resposta a contracéo entre os dois tipo de fibras, foi observado que a atividade elétrica
das fibras do tipo 1V pode ser mantida durante o periodo de isquemia circulatoria pos-
exercicio, visando corrigir uma inadequacdo entre a oferta e a demanda de oxigénio
evitando assim o excesso de aciimulo de metabélitos da contragio muscular®*®,

Em suma, segundo diversos estudos, o RPE é dividido em um componente
metabdlico, chamado de “metaboreflexo muscular”, mediado predominantemente por
fibras do tipo IV, e em outro componente mecanico, chamado de “mecanoreflexo
muscular”, que parece ser mediado por fibras do tipo Ill. A atividade conjunta desses
mecanismos induzem ajustes autondémicos para o exercicio através do aumento da

atividade simpética e em grande parte pela retirada da atividade parassimpatica.

2.3 METABOREFLEXO MUSCULAR E SUAS RESPOSTAS A TECNICA DE
OCLUSAO CIRCULATORIA POS-EXERCICIO

E bem reconhecido que os ajustes cardiovasculares durante o exercicio estatico
sédo mediados por parte pela ativacéo de aferéncias mecanosensitivas e metabosensitivas
presentes dentro do mlsculo esquelético ativo®. Especificamente a estimulacdo das
fibras aferentes metabosensitivas por metabolitos produzidos pela contracdo muscular
gera um aumento na atividade do SNS e, consequentemente uma resposta pressorica
conhecida como metaboreflexo muscular. A principal fungdo desse reflexo € corrigir
uma inadequacéo entre o fluxo de sangue e o metabolismo no musculo esquelético
isquémico”.

Inicialmente em estudos realizados por Alam & Smirk?" descobriu-se que

fazendo uma isquemia no musculo esquelético aumentava-se a PA e FC em resposta ao
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exercicio e essa PA e FC permaneciam elevadas se a isquemia fosse mantida durante
um periodo pés-exercicio (Figura 2). Assim, apds essa descoberta diversos estudos vém
empregando a técnica de oclusdo circulatéria pds-exercicio (OCPE) para entender o

componente metabélico do RPE®*3°,
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Figura 2: Resposta da frequéncia cardiaca (FC) durante o exercicio estatico e durante oclusdo
circulatoria pds-exercicio (OCPE). Em uma série de mais de 30 experimentos observou-se que a FC em
individuos saudaveis aumentava durante o exercicio e durante a OCPE. Adaptado de Alam et al, 1938,

Neste tipo de técnica de OCPE, é possivel estudar isoladamente a contribuigdo
das fibras quimiosensiveis para as respostas cardiovasculares reflexas, na auséncia de
outras influéncias, como o comando central ou 0 mecanoreflexo muscular. A natureza
reflexa da isquemia poés-exercicio foi demonstrada em experimentos em que apds a
realizagcdo de anestesia epidural em humanos houve a eliminagdo da resposta pressorica
no periodo de exercicio isométrico seguido de ocluséo circulatoria®”.

A ativagdo do metaboreflexo através da técnica de OCPE estd diretamente
relacionada com o aumento da ativacdo do SNS*. Esse mecanismo foi demonstrado
através de diversos estudos em que se registrou a atividade nervosa simpética para o
musculo (ANSM), através da microneurografia, sendo demonstrado que a ativacdo do
SNS associada ao exercicio estatico ou dindmico de pequenos grupos musculares é
mantida durante o periodo de OCPE, e assim como a PAM a ativagcdo do SNS esta

relacionada com a intensidade do exercicio (Figura 3)**“*!. Ainda, esta manutencio da
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ANSM acima dos valores basais durante o periodo de oclusdo estd associada a um
progressivo aumento da PAM (Figura 4) e a uma simultdnea vasoconstricdo nos
membros inativos*®“?. Outros estudos tém sugerido que, durante o periodo de ocluséo,
também pode haver aumento da contratilidade miocardica e do volume sist6lico*®*

achado ndo confirmado por outros autores*.
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Figura 3: Resposta da pressdo arterial média (PAM) e da atividade nervosa simpatica muscular
(ANSM) durante e depois do exercicio estatico de punho realizado a 15, 25 e 35% da CVM. O
exercicio a 35% da CVM foi realizado duas vezes, uma vez seguido de 4 min de recuperacdo normal e
uma vez seguido de 2 min de oclusdo circulatdria pés-exercicio (OCPE) além de 2 min de recuperagdo

normal. Durante a OCPE a PAM e a ANSM permaneceram elevadas nos sujeitos saudaveis. Adaptado de
Seals et al, 1988%,
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Figura 4: Correlacdo entre a pressdo arterial média (PAM) e a atividade nervosa simpatica
muscular (ANSM). A PAM aumentou proporcionalmente a ANSM no Gltimo minuto de exercicio
isométrico realizado a 15, 25 e 35% da CVM. Adaptado de Seals et al, 1988%.

Alguns experimentos em animais, demonstraram que a ativagdo do

metaboreflexo muscular pode estar associada a liberacdo de algumas substancias como:
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acido latico, ions hidrogénio, bradicinina, potassio, acido araquidonico, adenosina e

26,33,47

prostaglandinas . A adenosina tri-fosfato (ATP) e o0s receptores purinérgicos

possuem um papel importante como potenciais mediadores destas respostas®*’ .
Associado a esse contexto, vérias substancias vém sendo apontadas como moduladoras
da atividade simpatica no exercicio. Embora os resultados ndo sejam conclusivos, tem-
se sugerido que substancias advindas do proprio musculo ativo ou do endotélio vascular
podem modular a ANSM “*°. Em um estudo realizado por Mendonga et. al.* acreditava-
se que a ingestdo de agua poderia aumentar o efeito pressorico da ativacdo do
metaboreflexo muscular, porém foi observado que a ingestdo de 500 ml de &gua nédo
aumentou o efeito pressorico induzido pela OCPE. No entanto, verificou-se que a
ingestdo de agua pode influenciar os mecanismos pelos quais 0 metaboreflexo muscular
provoca um aumento do débito cardiaco durante OCPE.

Estudos recentes tém demonstrado que a dor muscular de longa duragéo,
induzida pela infusdo de solugdo hipertbnica, provoca um aumento sustentado da
ANSM, pressdo arterial e frequéncia cardiaca em alguns individuos®*!. Em um estudo
utilizando ressondncia magnética funcional, avaliou-se alteragcBes corticais e
subcorticais durante o exercicio e OCPE e na induc¢do da dor muscular, assim puderam
observar que havia um aumento da intensidade do sinal no cortex somatosensorial
durante o periodo de isquemia pds-exercicio paralelamente com o desenvolvimento da
dor, dessa forma as mudangas corticais e subcorticais foram semelhantes na inducdo da
dor quer por isquemia pés-exercicio ou por infusdo de solucdo hipertonica®’. Dessa
forma, sugere-se que os ajustes cardiovasculares observados no periodo de OCPE
poderiam também ser influenciados pela indugéo da dor muscular.

Diversos estudos tém mostrado que as alteragbes cardiovasculares reflexas
induzidas pela estimulacdo do metaboreflexo muscular estdo intrinsecamente ligadas

4348535 Estes estudos

com o desenvolvimento de acidose durante o exercicio
demonstraram que o aumento da atividade simpética, da PA e resisténcia vascular nos
membros inativos estavam inversamente relacionadas com o pH intracelular no musculo

em contragdo e durante ativacdo do metaboreflexo muscular pela OCPE.

2.4 IMPORTANCIA DO METABOREFLEXO MUSCULAR
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O metaboreflexo muscular € importante devido a sua participacdo nos ajustes
cardiovasculares ao exercicio®. As evidéncias mais consistentes quanto ao significado
deste reflexo vém de experimentos realizados em cées, por meio de uma preparagao
conhecida como modelo de “Seattle”. Nestes experimentos, realizados inicialmente por
Rowell e colaboradores®, simularam uma situagdo de ativacdo do metaboreflexo
muscular em cdes submetidos a exercicio em esteira rolante. Reducdes do fluxo
sanguineo para as patas traseiras em exercicio foram realizadas gradualmente e as
respostas hemodinamicas centrais e periféricas medidas®®>"*".

Estes experimentos mostraram que redugBes parciais no fluxo sanguineo dos
membros em exercicio eram associadas a um aumento da resposta pressorica, e que
desencadeada pela isquemia muscular era capaz de restaurar aproximadamente 50% do
fluxo sanguineo para os membros isquémicos>’. Outros estudos demonstraram que a
resposta pressorica era desencadeada ndo apenas pela reducdo do fluxo para 0s
membros, mas também pela reducgdo no aporte de oxigénio (acimulo de &cido latico),
que estimularia as fibras quimiosensiveis®®,

Concluindo, o metaboreflexo muscular € um mecanismo que € ativado quando
existe um desequilibrio entre o aporte de oxigénio e o metabolismo muscular. Essa
ativagéo desencadeia uma resposta pressorica com a finalidade de restaurar a perfuséo e
0 aporte de O2 para 0s musculos isquémicos. Em intensidades moderadas, a resposta
pressorica derivada da ativacdo deste reflexo é adquirida principalmente pelo aumento
no débito cardiaco®, enquanto que em intensidades mais elevadas, existe um aumento
simultaneo da resisténcia vascular periférica™.

Em seres humanos, até 0 momento existem evidéncias controvérsias quanto a
capacidade do metaboreflexo muscular de restaurar a perfusio no muasculo em
exercicio, pois 0 acimulo de metabdlitos no musculo durante o exercicio além de ativar
os musculos aferentes também pode contribuir para uma reducdo na capacidade de
geracdo de forca®**. Joyner e cols. ®, bem como Daley e cols.®, utilizaram um modelo
equivalente ao modelo de “Seattle” e avaliaram as respostas hemodindmicas ao
exercicio ritmico de preensdo manual aplicando pressdo positiva externa para diminuir a
perfusdo do membro exercitado. Apesar desse modelo provocar aumento da resposta
pressorica, ndo foi evidenciado aumento do fluxo sanguineo para o mdsculo isquémico.
Portanto, mais estudos sdo necessarios para investigar os mecanismos determinantes

desta diferencga nos resultados entre o modelo animal e 0 modelo em seres humanos.
24



Alguns estudos definiram como resposta priméria para o metaboreflexo em
individuos saudaveis a redistribuicdo do fluxo sangiineo, visando manter o equilibrio
entre condicdo vasoconstritora e débito cardiaco. Além disso, explica que o
metaboreflexo tem dupla fung&o, ele pode tanto elevar como diminuir o fluxo sangliineo
muscular dependendo de algumas varidveis como: (1) intensidade e modo de contracéo
muscular; (2) membro no qual o reflexo é evocado; (3) forca do sinal definido pela
massa muscular envolvida; (4) medida do fluxo sangiiineo que é redistribuido de leitos
vasculares inativos para aumentar o volume sangiliineo central e (5) da propor¢do em
que o débito cardiaco pode ser aumentado®®°2¢,

Diante disso, podemos concluir que seria possivel que intervengbes que
inibissem ou atenuassem o metaboreflexo, poderiam contribuir para a melhora do

desempenho fisico e capacidade funcional.
2.5 METABOREFLEXO EM CONDICOES PATOLOGICAS
2.5.1 Insuficiéncia Cardiaca

A IC nas ultimas décadas tém-se tornado um importante problema de saide
pablica, sua prevaléncia tem aumentado conforme a populacdo envelhece®,
aumentando a taxa de mortalidade e a necessidade frequente de internacio®, além disso
é uma das principais causas de incapacidade e morbidade®.

Nas Gltimas décadas experimentos em seres humanos e modelos animais tém
demonstrado que o reflexo pressérico do exercicio parece estar envolvido na origem das
alteracdes nas respostas cardiovasculares ao exercicio na IC*. Contudo ainda existe
controvérsia importante quanto a contribuicdo das fibras quimiosensiveis musculares
para estas respostas®”®®. Alguns investigadores afirmam que o metaboreflexo muscular
estd exacerbado em pacientes com IC e é um dos principais mecanismos responsaveis
pelo aumento das respostas cardiovasculares e ventilatorias encontradas nestes pacientes
09707172 por outro lado, existe uma série de evidéncias que tem mostrado que as
respostas reflexas a estimulagdo seletiva do metaboreflexo muscular estdo atenuadas

73,74

nestes pacientes e que outro mecanismo, possivelmente a hiperatividade de fibras

mecanosensiveis’” estaria contribuindo para exacerbago das respostas ao esforgo.
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Um dos primeiros estudos a sugerir que existe atenuagdo do metaboreflexo
muscular em pacientes com IC foi realizado por Sterns e colaboradores™. Utilizando a
técnica de oclusdo circulatoria pds-exercicio estatico de preensdo manual, puderam
demonstrar que individuos com IC apresentam atenuacdo do controle da atividade
simpética periférica mediada pelo metaboreflexo muscular. Estes achados foram

confirmados por outros autores’*"

, que mostraram, que a atenuagdo do metaboreflexo
muscular estd diretamente ligada a gravidade da doenca nestes pacientes (Figura 5 e 6).
Em ambos os estudos, os investigadores atribuiram os achados a uma possivel
dessensibilizacdo das fibras quimiosensiveis, provenientes de disfun¢des metabolicas

73,74

musculares e da diminui¢do crbnica na perfusdo muscular’", que provavelmente

estaria relacionado com a gravidade da doenca”.
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Figura 5: Resposta da atividade nervosa simpéatica muscular (ANSM) durante o exercicio estatico e
durante oclusdo circulatéria pos-exercicio (OCPE). Negrdo e colaboradores comparando o delta de
resposta da ANSM durante o periodo de OCPE em relacdo aos valores basais, mostraram que pacientes
com IC grave apresentam diminuicdo do controle da atividade simpatica periférica mediada pelo
metaboreflexo muscular. Adaptado de Negréo et al, 20017,

Em um estudo realizado por Crisafulli e colaboradores’? foi testada pela primeira
vez em seres humanos a resposta hemodindmica a ativacdo do metaboreflexo, este
estudo demonstrou que em pacientes com IC, a indugéo do metaboreflexo provocou um
aumento da pressdo arterial decorrente do aumento da resisténcia vascular sistémica
devido a vasoconstricdo simpética periférica, diferentemente de individuos saudaveis
que esse aumento ocorreu devido ao aumento no débito cardiaco (Figura 7). Esse

aumento exagerado na resisténcia vascular sisttmica em resposta ao metaboreflexo, ndo
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é acompanhada por um aumento da contratilidade cardiaca e volume sistolico e essa

mudanga funcional pode contribuir para a fadiga precoce em pctes com IC".
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Figura 6: Resposta da resisténcia vascular periférica (RVP) durante o exercicio estatico e durante
ocluséo circulatéria pds-exercicio (OCPE). Kon e colaboradores demonstraram que durante a OCPE a
RVP permaneceu elevada nos sujeitos saudaveis, retornado aos valores basais nos pacientes com IC.

Adaptado de Kon et. al, 2004™.
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Figura 7: Resposta da resisténcia vascular sistémica (RVS) durante o exercicio estatico e durante
oclusdo circulatéria pds-exercicio (OCPE). Durante o exercicio e a OCPE, a RVS aumentou
significamente nos pacientes com insuficiéncia cardiaca, enquanto que nos individuos saudaveis nédo
houve diferenca significativa. Adaptado de Crisafulli et al, 20072

A reducdo na fungdo ventricular acarreta em efeitos metabélicos que deterioram
0 musculo esquelético e geram anormalidades no metabolismo e fungdo muscular

Nos ultimos vinte anos, desenvolveu-se a hipotese muscular que atribui as
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anormalidades no mdusculo periférico a origem dos sintomas e anormalidades nos
reflexos vistos na insuficiéncia cardiaca’’. Portanto, na IC existem mecanismos
compensatorios como ajustes autondmicos que levam a mudangas progressivas na
periferia o que pode prejudicar ainda mais a tolerancia ao exercicio’®.

Do ponto de vista funcional, o0 masculo esquelético de pacientes com IC mostra
uma tendéncia crescente & fadiga, reducdo da producdo de forca maxima’®, disfuncéo

endotelial®

, aumento da resisténcia vascular periférica, histologia anormal, perda de
massa muscular profunda e fadiga muscular respiratoria**®°.As mudancas autondmicas
que ocorrem com o exercicio inicialmente sdo benéficas para manter a pressao arterial
adequada e a perfusdo em areas mais nobres. Entretanto, a longo prazo, essa situacdo se
torna danosa e causa vasoconstricdo permanente, resposta vascular e endotelial,
inflamacdo e necrose, que altera a funcéo de outros 6rgdos, incluindo rins, pulmdes e

musculo cardiaco’” ®.

2.5.2 Doenga Pulmonar Obstrutiva Cronica

A DPOC é caracterizada por uma lesao inflamatéria intratoracica em vias aéreas,
parénquima pulmonar, e na rede vascular pulmonar em combinagbes altamente
variaveis®’. A DPOC é um importante problema de satide, com o aumento da morbidade
e mortalidade®. Existe uma literatura crescente sobre as manifestacdes extra-
pulmonares de DPOC, que podem ter um impacto significativo na carga de sintomas e
progressio da doenca®* 54,

Assim como na insuficiéncia cardiaca, a DPOC também existem estudos que
demonstram que o reflexo pressorico do exercicio parece estar envolvido na origem das
alterag@es nas respostas cardiovasculares ao exercicio®*®’,

Nos anos 90 foi constatado que pacientes com DPOC que apresentam hipoxemia
possuem um desequilibrio na atividade do sistema nervoso autbnomo, que se
correlaciona com a gravidade da hipoxemia®®®, Em um estudo realizado por Heindl e
colaboradores™, através da microneurografia foi identificado que pacientes com DPOC
que também apresentam hipoxemia possuem atividade nervosa simpética para o
musculo duas vezes maior que sujeitos saudaveis, sugerindo assim que essas alteraces

no SNA resultaria numa modulacdo da ativacdo de quimiorreceptores periféricos.
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Porém os mecanismos que contribuem para essa hiperativacdo simpética no repouso em
pessoas com DPOC ainda nédo séo bem definidos.

Roseguini e colaboradores®® foram os primeiros a sugerir que existe atenuacéo
do metaboreflexo muscular em pacientes com DPOC. Utilizando a técnica de oclusdo
circulatoria pos-exercicio estético de preensdo manual, estes autores demonstraram que
pacientes com DPOC moderada a grave, tém uma resisténcia vascular periférica
reduzida em resposta ao exercicio de preensdo manual e & ativagdo seletiva de

metaboreflexo muscular quando comparados com individuos saudaveis (Figura 8).
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Figura 8: Resposta da resisténcia vascular periférica (RVP) durante o exercicio estatico e durante
oclusdo circulatéria pds-exercicio (OCPE). Durante o exercicio e a OCPE, a RVP aumentou
significamente nos sujeitos saudaveis, enquanto que nos pacientes com DPOC ndo houve diferenca
significativa. Adaptado de Roseguini et al, 2008%.

Em contrapartida em um estudo realizado por Sherman® e colaboradores 0s
resultados mostraram que o metaboreflexo muscular esta preservado em pessoas com
DPOC e que a capacidade de exercicio e gravidade da doenca néo estdo correlacionados
com a magnitude do metaboreflexo muscular (Figura 9). A diferenca encontrada entre
os estudos pode ser explicada pelo fato dos participantes diferirem quanto a gravidade
da doenca e a capacidade de exercicio, no estudo de Roseguini e colaboradores® os
pacientes possuiam maior gravidade da doenca representada por uma redugdo de
36,57% do valor predito do volume expiratério forgcado no primeiro segundo (VEF1),

também apresentaram menor consumo de oxigénio caracterizado por uma reducédo de
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15,82%, além disso apresentaram forga muscular de membro superior 8 % menor que 0S
pacientes do estudo de Sherman®’.
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Figura 9: Resposta da resisténcia vascular periférica (RVP) durante o exercicio estatico e durante
oclusdo circulatoria pos-exercicio (OCPE). Durante o exercicio e a OCPE a RVP ndo apresentou
diferenca significativa entre os grupos. Adaptado de Sherman et. al, 2011%".

Em ambos os estudos, os investigadores atribuiram os achados a uma possivel
dessensibilizacdo das fibras quimiossensiveis, advinda possivelmente de niveis basais
mais elevados de noradrenalina e lactato, portanto maior ativacdo simpatica em repouso,
0 que limitaria uma resposta incremental durante o exercicio estatico, resultando numa
diminuicdo da vasoconstricdo periférica que pode ser vista nos pacientes com
DPOC®¥

Em estudos recentes em que se avaliou o aumento da atividade do ergoreflexo
muscular durante o exercicio foi possivel observar que esse aumento ndo contribuiu
para uma resposta ventilatoria excessiva ao exercicio em individuos com DPOC™,
porém esteve associado com a diminuicdo da capacidade de difusdo pulmonar e
inflamagdo  sistémica® e com um controle reflexo cardiorespiratério anormal,

evidenciado por alteracdes da frequéncia cardfaca durante o exercicio®.

2.5.3 DPOC coexistindo com IC
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A coexisténcia da DPOC-IC ¢ considerada uma epidemia global, pois cada uma
afeta mais de 10 milhdes de pessoas™. Estima-se que a prevaléncia da DPOC seja em
torno de 23-33% em pacientes com insuficiéncia cardiaca cronica e pode ser ainda
maior, pois pacientes com DPOC tém seus sintomas de dispneia e fadiga
frequentemente associados a insuficiéncia cardiaca™. A prevaléncia de DPOC foi maior
em pacientes com IC do que na populacdo em geral e isso pode ser devido tanto aos
fatores etiol6gicos como a erros diagndsticos®™. Portanto, a associagdo da DPOC e IC
pode proporcionar um pior prognéstico levando a um aumento da mortalidade nessa
populacdo®®. Embora as deficiéncias primarias na DPOC e IC diferem-se, h4 uma
notavel semelhanca nas consequéncias sistémicas dessas doencas®®®>%, Pacientes com
DPOC e/ou associada a IC apresentam anormalidades metabdlicas, musculares e
cardiorespiratorias que associadas limitam a capacidade funcional e suas atividades da
vida diéria de forma independente da doenca priméria® %,

Em um estudo realizado por Guazzi®’ e colaboradores, pacientes com DPOC e
IC apresentaram uma menor capacidade funcional, um prejuizo maior da funcdo
pulmonar e um aumento da pressdo sistolica na artéria pulmonar demonstrando haver
uma significativa intolerancia ao exercicio.

Estudos tém demonstrado que a intolerancia ao exercicio resulta da interagdo de
multiplos fatores, entre eles, podemos considerar a propria evolucdo da doenga, a
obstrugdo bronquica®™, a hiperinsuflagio pulmonar®®, a fraqueza dos musculos
respiratorios'®”’, o descondicionamento fisico®® e em especial a fraqueza dos musculos

95,99

periféricos Interesantemente, as anormalidades da musculatura esquelética

associadas com baixa capacidade de exercicio proporciona aumento nos indices de

morbidade e mortalidade nessa populagdo®™.

Em ambas as doengas, esse
comprometimento muscular tem origem multifatorial, sendo apontadas como possiveis
causas, rapida acidez latica, capacidade oxidativa alterada, mudanca na composigao das
fibras musculares, metabolismo energético diminuido, hipoxemia, estresse oxidativo,
desuso, medicacéo, deficiéncia nutricional e inflamacéo sistémica®®%.

Paralelo as alteragdes musculares, tem sido amplamente sugerido que pacientes
com DPOC e IC apresentam uma importante alteragcdo no sistema nervoso autbnomo
10310 " Estudos que utilizaram a microneurografia mostram que esses pacientes
independentes da sua condicéo apresentam aumento na atividade nervosa simpatica para

0 coracdo e para 0 musculo, respectivamente’®. O aumento na atividade simpética esta
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associado a diversos efeitos deletérios para o sistema cardiovascular, tais como aumento
na demanda metabdlica e reducdo do suprimento de oxigénio para o miocardio,
diminuicéo do limiar arritmogénico e um efeito necrético direto no miocardio®.

Em pacientes com DPOC, o aumento na atividade simpatica mensurada pela
dosagem de catecolaminas plasméticas esta diretamente relacionado ao aumento nas
complicagdes cardiovasculares e na mortalidade nesta populagdo’®. Os mecanismos
responsaveis pela ativacdo simpdtica nesta patologia ndo estdo bem esclarecidos,
embora tenha sido sugerido que o estimulo desencadeante pareca estar relacionado as
alteracdes de drive ventilatorio e no set point de CO,'”. Portanto, apesar do sistema
nervoso simpético ter um papel fundamental nas respostas cardiovasculares ao
exercicio, pouca atengdo vem sendo dada as provaveis interacdes entre a atividade deste
sistema e outras modificacdes periféricas do DPOC e 1C?.

A inducdo do metaboreflexo muscular em pacientes com DPOC e IC esta
relacionado & contribuicdo do mecanismo de distribuicdo do fluxo sanguineo a
capacidade de exercicio nesses individuos. Estudos sugerem que a fadiga central e
periférica possam contribuir para a interrupgéo precoce do exercicio na associagdo da
DPOC e IC, pois o prejuizo na oferta de oxigénio aos tecidos reduziria o fluxo
sanguineo cerebral e muscular durante o exercicio, comprometendo assim o débito
cardiaco e consequentemente a redistribui¢do do fluxo sanguineo para os musculos, ou
seja, haveria uma piora do sistema cardiaco e uma relacdo de concorréncia entre o
musculo locomotor ativo e o respiratério devido a uma limitagdo do débito cardiaco®®
84199 Diversas evidéncias sugerem uma forte associacdo entre o aumento da resposta
simpética mediante uma intensa vasoconstricdo periférica como mecanismo de
intolerdncia ao exercicio tanto em pacientes com DPOC quanto em pacientes com 1C
72,110

Estudo recente realizado por Chiappa’® e colaboradores avaliou-se as alteracdes
cardiovasculares & inducdo do metaboreflexo muscular inspiratorio, através de
respiracdo continua contra uma carga resistiva inspiratoria em pacientes com DPOC
associada a IC, foi possivel observar que esses pacientes apresentam aumento de
resisténcia vascular sistémica, associada a uma acentuada vasoconstricdo periférica.
Portanto a sobreposicdo de DPOC-IC pode gerar um aumento da atividade do MMI

podendo impactar negativamente na tolerancia ao exercicio desses individuos'®.
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Apesar dos pacientes com DPOC e IC apresentarem uma severa miopatia, aliada
a reducdo do fluxo sanguineo muscular e anormalidades metabdlicas durante o
exercicio, ndo se sabe ainda como se encontram as respostas cardiovasculares a inducdo
do MM.
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3 JUSTIFICATIVA E OBJETIVOS

Baseado nas informages revisadas anteriormente, a alteragdo no metaboreflexo
muscular periférico possui importancia clinica e fisiologica relacionadas com a doenga
pulmonar obstrutiva crénica e insuficiéncia cardiaca. Porém nenhum estudo analisou as
respostas cardiovasculares & indugdo do MM em pacientes com DPOC-IC comparado
com DPOC e IC isolados. Baseado no fato de que pacientes com DPOC e IC
apresentam miopatia, aliada a reducdo do fluxo sanguineo muscular e anormalidades
metabdlicas durante o exercicio, o presente estudo buscou verificar se as respostas
cardiovasculares & inducdo do metaboreflexo muscular em pacientes com DPOC
coexistindo com IC apresentam-se atenuadas em relagéo as respostas de pacientes com

IC isolada e individuos saudaveis.

3.1 OBJETIVO GERAL
Caracterizar as respostas cardiovasculares & inducdo do metaboreflexo muscular
em pacientes com DPOC coexistindo com IC e compara-las com as respostas de

pacientes com DPOC e IC isolados.
3.2 OBJETIVOS ESPECIFICOS

1. Comparar a magnitude das alteracBes na PA e na resisténcia vascular periférica
induzidas pela ativacdo do metaboreflexo muscular em pacientes com DPOC
coexistindo com IC e comparé-las com as respostas de pacientes com DPOC e
IC isolados.

2. Avaliar a relagéo entre a atividade do metaboreflexo muscular e capacidade
maxima de exercicio, gravidade da doenca e grau de hiperinsuflagdo em
pacientes com DPOC coexistindo com IC e compara-las com as respostas de

pacientes com DPOC e IC isolados.
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Abstract

Sympathetic overstimulation is often in both conditions of chronic obstructive
pulmonary disease (COPD) and chronic heart failure (CHF) alone and might also occur
in coexisting COPD-CHF overlap patients. Skeletal muscle metaboreflex induction can
trigger a sympathetically-mediated metaboreflex which increases peripheral vascular
resistance and impairs muscle blood flow. In this study, we test the hypothesis that
coexistence of COPD-CHF may attenuate the muscle metaboreflex compared with CHF

per se, and healthy matched controls.

Nineteen patients with COPD (FEV; = 40.01 + 3.11 % of pred), 10 patients with CHF
(LVEF = 30.90 + 2.85 %), 11 patients with COPD-CHF (FEV1 = 47.24 + 4.40 % of
pred, and LVEF = 38.20 + 2.90%), and 11 age-matched controls participated in the
study. Maximal inspiratory pressure (Plmax), performance exercise, exacerbations, drugs
and heart rate (HR), mean blood pressure (MBP), calf blood flow (CBF), and calf
vascular resistance (CVR) responses to static handgrip exercise at 30% of maximal
voluntary contraction, with and without circulatory occlusion were measured. Muscle
metaboreflex was estimated by differences in area under curve with occlusion and

without occlusion.

COPD-CHF patients had significantly lower Plma and ‘i’ozpeak than controls (p<0.05).
MBP were significantly higher in CHF compared to COPD and COPD-CHF during
exercise. Increases in CVR and decrements in CBF induced by muscle metaboreflex
were significantly smaller in COPD and COPD-CHF patients, and higher in CHF
patients (p<0.05). Considering all subjects, "':"ngeak correlated with the difference in

the area under the curve of CVR , FEV;, PImax (p<0.001).
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CHF, as a co-morbidity of COPD, blunted vasoconstriction in resting limbs induced by
muscle metaboreflex. These reflex responses decrease appendicular blood flow and

might contribute to further impair exercise capacity in these patients.

KEYWORDS: exercise capacity, blood flow, vasoconstriction
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Introduction

Chronic respiratory and cardiovascular diseases are two of the four priority non-
communicable diseases for the World Health Organization (17) and leading causes of
death worldwide (35). In these patients they are characterized to exertion dyspnea and
fatigue causing exercise intolerance, which is linked to: i) delivery-to-utilization
mismatch and O, transport due to altered perfusion and/or difusion mechanisms in
chronic obstructive pulmonary disease (COPD); ii) and reduced left ventricular ejection

fraction in chronic heart failure (CHF)(43).

We had demonstrated that lung hyperinflation and shift intra-thoracic pressures
associated with gas-exchange abnormalities evoked sluggish cardiac output kinetics (7,
8) and impaired vascular blood flow distribution from locomotor muscles during
exercise in advanced COPD (5). In contrast, CHF patients presented impaired lung
perfusion (22) and diffusion capacity increasing respiratory muscle work and metabolic
demand (45), limiting performance exercise, peripheral muscle oxygen delivery and
overstimulation from muscle type 111 and 1V receptors, which result in an exacerbated
sympathetic-mediated metaboreflex and a reduced blood flow to the active peripheral

muscles affecting COPD and CHF patients (9, 16).

Few studies have evaluated muscle metaboreflex in COPD patients (49, 60), as such in
CHF patients their results are contradictory (2, 13, 29, 30, 34, 40-42, 53, 68). All
together, these responses may be associated by disease type and complexity,
sympathetic-mediated vasoconstriction, and muscle blood flow redistribution to active
muscles. As aforementioned, we hypothesized that: a) COPD has abnormal reflex

responses to stimulation of metabosensitive afferents in skeletal muscle when compared
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with health-matched subjects, confirming a blunted muscle metaboreflex hypothesis
published in a previous study (49); b) this response is linked to severity of disease and
functional status; c¢) CHF has exacerbated reflex responses to stimulation of
metabosensitive afferents in skeletal muscle when compared with healthy-matched
subjects and COPD patients; d) finally, we believed that coexistent COPD-CHF overlap
patients may result in different response. The literature has demonstrated that CHF
patients may present an exacerbated muscle metaboreflex, and COPD patients a
probable attenuation in this reflex, which results in important impaired O, delivery and
utilization during exercise, mainly during isometric handgrip exercise, followed by
postexercise circulatory occlusion (PECO). Based on that, we believed that muscle
metaboreflex may be dependent on the presence of the severity of pulmonary and
cardiac components, which is more serious, resulting in a blunted muscle metaboreflex
compared to healthy control and COPD patients, but preserved when compared to CHF

patients.
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Methods
Participants

From January 2013 to August 2014 patients with previous diagnosis of COPD and CHF
under optimized clinical treatment as judged by the accompanying physician were
screened from specialized tertiary care clinics at our Institution. Main inclusion criteria
for COPD was non-reversible airway obstruction (post-bronchodilator FEV1/FVC ratio
< 0.7 and FEV; < 80 % of predicted)®. CHF patients were eligible if they had a history
of CHF for at least six months and a left ventricular ejection fraction (LVEF < 40% as
measured by echocardiography. Patients with concomitant criteria for both COPD and
CHF as above described were included in COPD-CHF overlap group. Healthy never
smoker subjects with no history of cardiac or respiratory disease were selected from the
community by invitation aiming to match for age and sex the included patients. All
patients were clinically stable (i.e., no exacerbations and/or change in medications) in
the previous 8 weeks before the study. None were recently involved in any exercise-
training program. The exclusion criteria included: peripheral vascular disease,
significant valvular heart disease (grade > 1), uncontrolled hypertension, neuromuscular

or orthopedic comorbidities that could impair exercise capacity.

Although the response to metaboreflex involves sympathetic activation (40), all
medications with sympathetic effects were continued during the course of the study.
Patients with COPD and COPD-CHF were receiving continuously
formoterol/budesonide (12/400 pg) twice a day and short acting bronchodilators as

rescue medications.

The research protocol was approved by the institutional ethics committee, and signed
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informed consent was obtained from each individual according to the principles of the

Declaration of Helsinki™.
Experimental design

All experiments were carried out in a temperature-controlled air-conditioned room.
Subjects came to the laboratory for two visits. Resting pulmonary function, inspiratory
muscle strength measurement, and symptom-limited incremental cardiopulmonary
exercise tests were performed in the first visit. In the second visit, at least 72 h apart,
subjects performed the protocol for the evaluation of skeletal muscle metaboreflex

activity.
Procedures
Resting pulmonary function and cardiopulmonary exercise test

Measurements of forced vital capacity (FVC) and forced expiratory volume in 1s
(FEV1), FEV1/FVC, and inspiratory capacity (IC) were obtained with a calibrated
pneumotachograph (Eric Jaeger™, GmbH, Wuerzburg, Germany), as recommended by
the American Thoracic Society, and results were expressed as percent predicted (33).
Maximal “static” inspiratory pressure (Plmax) Was obtained using a pressure transducer
(MVD-500 V.1.1™ Microhard System, Globalmed, Porto Alegre, Brazil) connected to
a system with 2 unidirectional valves (DHD Inspiratory Muscle Trainer, Chicago, IL,
USA) as previously described (9, 15). In short, Pln.x was determined during a maximal
inspiratory effort performed after maximal expiration. The highest pressure of six

measurements was used for analysis.
A symptom-limited incremental exercise test was performed on an electrically braked
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cycle ergometer (ER-900™, Ergoline, Jaeger, Wuerzburg, Germany), with minute
increments of 5-10 W for patients and 10-15 W for healthy controls. During the test,
gas exchange was measured breath-by-breath with a previously validated system
(Oxycon Pro™, Jaeger, Wuerzburg, Germany). Peripheral oxyhemoglobin saturation
(SpO2) was measured by pulse oximetry (NPB-195TM; Nellcor Puritan Bennett Inc,
Pleasanton, CA, USA). Heart rate (HR) was determined from a 12-lead
electrocardiogram (GE Healthcare, 9900 Innovation Drive Wauwatosa, WI 53226
U.S.A). Peak oxygen uptake (VO,peak) was defined as the highest 10-s value achieved
during cardiopulmonary exercise test (CPET) (38). The slope of minute ventilation (Vg)
to carbon dioxide output (VCO,) [V /VCO; slope] was estimated by linear regression
model using all data points obtained during CPET (12). Predicted maximal ventilation
voluntary (MVV) was calculated according to the formula MVV = FEV; x 40)(26).
Breathing reserve index at peak exercise was calculated by dividing the Ve peak by

MVV.
Muscle metaboreflex activity

The muscle metaboreflex was evaluated as described elsewhere (49, 50, 67). In short,
after 15 min of rest, baseline data for HR, mean blood pressure (MBP), and calf blood
flow (CBF) were collected for 3 min. Static handgrip exercise was then performed with
the dominant arm, at an intensity of 30% of maximal voluntary contraction, for 3 min.
In the last 15 s of exercise, in a randomized order, a pneumatic cuff on the upper arm
was inflated to suprasystolic pressure (PECO+) or was maintained deflated (PECO-)
during the next 3 min of exercise recovery. HR was continuously monitored by lead II
of the electrocardiogram, and MBP was measured, using an automated

sphygmomanometer (Dinamap 1846 SX/P, Critikon, Tampa, Florida), at 1-min
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intervals. CBF was measured by venous occlusion plethysmography (Hokanson, TL-
400, Bellevue, WA) (65). The limb was positioned above heart level and was supported
in the thigh and ankle to ensure proper venous drainage. A strain gauge was positioned
on the right calf at the point of maximum circumference. During the entire protocol, a
BP cuff on the thigh was alternately inflated to 60 mm Hg and deflated in 10-s cycles.
Additionally, another cuff was placed on the ankle and inflated to suprasystolic levels
(240 mm Hg) to occlude foot circulation. CBF (mL.min™. 100 mL™) was determined
manually on the basis of a minimum of four separate readings. Reproducibility of CBF
measurements in our laboratory presented coefficients of variations of 5.7% and 5.9%
for short-term (same day) and medium-term (different days) measurements, respectively

(49, 50, 67).
Data analysis

Differences between groups in mean + SEM of variable absolute values during rest
periods preceding handgrip runs were studied by means of the analysis of variance
(ANOVA) for repeated measures with groups and condition (PECO+ and PECO-) as
main factors followed by Tukey post-hoc when appropriate. Correlations were
evaluated with the Pearson correlation and regression linear stepwise. Statistical
significance was set at a P value of < 0.05 in all cases. Data were analyzed on the

Statistical Package for Social Sciences (SPSS, version 20.0, Chicago, Illinois).
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Results

Patients

Nine hundred ninety-nine patients were screened for the study (COPD, n = 716, CHF, n
= 211 and COPD-CHF, n = 56). Nine hundred forty-seven patients did not meet the
inclusion or met the exclusion criteria, and therefore, 40 participants were studied. Out
of these 40 patients, 19 patients presented COPD on isolation, 10 CHF on isolation and
11 COPD-CHF overlap, compared to 11 healthy controls (Figure 1). Table 1 describes
the clinical characteristics of the studied subjects. Gender, age, height, weight, and BMI
were not significantly different among the groups. LVEF was significantly under in
CHF and COPD-CHF overlap patients compared with COPD (P < 0.001). The cardiac
patients belong to | and 1l NYHA for CHF and Il and IlI-1V for overlap patients (P <
0.01). COPD and overlap patients belong to A and C-D versus A-B, C-D, respectively
(P < 0.001). Table 2 shows that the groups COPD and COPD-CHF of patients were
receiving guideline-recommended anticholinergic agents, inhaled corticosteroids and
bronchodilators. Likewise, CHF and COPD-CHF were also receiving guideline
recommended medications for heart failure, including a high percentage of

betablockers, diuretics and angiotensing converting enzyme inhibitors.

Respiratory Function

Respiratory function was significantly different among the groups (Table 1). The FEV;
was significantly reduced in COPD and overlap compared with controls and CHF
patients. FVC (L) was significantly smaller in all groups compared with controls. In
additional, when FVC is expressed in % of predicted it showed to be different when

COPD was compared to CHF patients, without differences with overlap patients.
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FEV1/FVC was significantly different in COPD and overlap compared to controls, and
COPD different with CHF patients. The overlap patients were different when compared
to controls, COPD, and CHF. CHF and overlap presented a PImax significantly smaller

compared to controls.

Cardiopulmonary Exercise Testing

Performance in exhaustion exercise is displayed in Table 1. VO, peak, VCO, peak, and
VE peak were smaller in COPD, CHF and overlap patients compared to control, and
without differences among the groups. RER was significantly different in COPD, CHF
and overlap patients compared to control, but CHF was significantly higher when
compared with COPD and overlap patients. VE/VCO, slope was significantly higher in
overlap compared to control and CHF patients. Patients with COPD, CHF and COPD-
CHF overlap presented an HR peak significantly smaller compared to control. RPP (rate
pressure product) was smaller in CHF and overlap patients compared to controls, and
CHF compared to COPD patients. Inspiratory capacity (IC) at rest and peak were
different in COPD compared to controls, and with CHF patients. Interestingly, 1C peak
in overlap was different when compared to CHF patients. Changes of IC (peak — rest)
were significantly smaller in COPD and overlap patients compared to controls. The
response of SpO, during exercise evidenced that COPD and overlap patients had a
significant reduction compared to controls and CHF patients. Borg Rating of Perceived
Exertion (RPE) for dyspnea was significantly higher in COPD and overlap patients
compared to controls, and overlap versus CHF patients, without differences in RPE for

leg fatigue.
Resting Hemodynamics
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HR, systolic and diastolic blood pressure (SBP and DBP) and MBP did not present
differences when compared to controls and one another (Table 1). In contrast, CBF was
significantly reduced in CHF and overlap patients compared to control. CVR was
significantly higher in CHF and overlap patients compared to control, and CHF was

different compared to COPD patients, without differences in SpO,.

The Exercise Pressor Response

The maximal handgrip strength was significantly smaller in COPD and COPD-CHF
overlap patients compared to control (Table 1, P < 0.01). Figure 2 depicts the group
mean data for the changes related to baseline values for MBP, CBF and CVR, during
exercise and PECO+/PECO-, in control, COPD, CHF and overlap patients. MBP
increased significantly during exercise and remained elevated during PECO+ when
compared to the control trial (PECO-) (Figure 2, upper panel). Changes from initial to
peak exercise showed to be significantly smaller in COPD and COPD-CHF overlap
compared to the control (P < 0.05), and CHF presented in increase of changes of MBP
compared to control, COPD and overlap (ANOVA, P < 0.001). CBF changed
significantly from baseline in two trials for the groups studied. However, patients with
COPD and overlap exhibited a lower response pattern when compared to control and
CHF patients. When comparing all groups, CBF was significantly reduced in the
healthy control at the end of exercise and during the entire circulatory occlusion period.
CVR increased significantly during exercise only in the control group and CHF patients
(Figure 2). Likewise, during circulatory occlusion (PECO+), CVR remained elevated
above baseline in the control group, COPD, CHF and overlap patients’ changes from
rest were significant in both trials. However, the end of exercise, it showed a higher

impact of CVR in CHF patients compared to the control, COPD and overlap patients.
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When comparing the estimated difference in the areas under the curves (AUC) of CVR
(Figure 3) between the two trials during PECO+/PECO- periods, patients with COPD
and COPD-CHF overlap had lower changes (26 + 11 and 25 £ 9 units) compared to
healthy subjects (40 £ 12 units; P < 0.05), but CHF presented significant values (46 +

12 units) compared to the control and COPD patients (P < 0.001).

Relationships between muscle metaboreflex activity with exercise capacity and disease

severity.

The AUC of tended to be correlated with exercise capacity as measured by VO, peak (r
= 0.25; P = 0.08). In addition was significantly correlated with FEV; (L) (r = 0.37; P <

0.009), FEV1/FVC (r = 0.39; P < 0.005) and VE/MVV (r = -0.37; P < 0.008).
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Discussion

In this crossover trial, we evaluated the cardiovascular adjustment to static handgrip
exercise and selective activation of the muscle metaboreflex through PECO+ in three
types of chronic cardiorespiratory diseases (COPD, CHF and COPD-CHF overlap
patients) compared to healthy matched controls. This is the first study that associates
severity disease with the muscle metaboreflex activity. Our findings are associated with
a different adjustment in CVR during handgrip exercise and PECO+ among the studied
groups. Overall, our findings confirmed previous results (49), showing an attenuation of
the muscle metaboreflex in COPD patients, an exacerbation in CHF, and blunted in
COPD-CHF overlap patients. In contrast, our study showed significant correlations with

severity markers and functional status.

Effect of COPD on hemodynamic response to metaboreflex. It is well documented that
static handgrip exercise evokes reflexively induced sympathetic vasoconstriction and
marked blood flow reduction to skeletal muscles during exercise (14, 36, 52, 55, 63). In
our study, we noticed that the CVR increased on average 40% in COPD patients
compared to 53% in healthy subjects at the end of the exercise, also demonstrating a
blunted response to exercise in the CBF in these patients. In fact, CVR increased
significantly in COPD patients before the muscle metaboreflex induction, which
suggests increased resting sympathetic tone in these patients, which results in a minor
reduction of CBF in these patients. In respiratory muscle metaboreflex (10) the muscle
metaboreflex is also expected to be particularly active when cardiac output is taxed by
negative cardiopulmonary interactions such as those elicited by dynamic hyperinflation
(4, 8). Our patients presented a FEV; reduced (40.01 = 3.11 % of pred) and

hyperinflation at the rest, which can justify an impaired cardiac output such as vascular
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resistance. In addition, in the muscle metaboreflex induction we observed that SpO;
reduced significantly, which can argue against a role of worsening airflow obstruction
and pre-hypoxaemia in explaining these findings. Interestingly, previous studies have
showed a significant inverse correlation between chronic hypoxemic with abnormal
autonomic nervous function (6, 54). To our knowledge, expiratory flow limitation and
lung hyperinflation affect negatively the mechanical interactions between the cardiac
and ventilatory pumps in COPD patients, resulting in an increased pulmonary vascular
resistance and pulmonary artery pressure, when the right ventricular ejection fraction
fails to increase despite progressively higher right ventricular end-diastolic volume (48).
In these conditions, stroke volume may be diminished by a right ventricular ejection
fraction reduction and/or space competition between the two sides of the heart within
the pericardium (43). However, this mechanism may contribute to a slower VO, and
cardiac output kinetics (7), in COPD patients. These mechanisms partially explain the

significant attenuation of the muscle metaboreflex in these patients.

There are other evidences that are linked to abnormal muscle metaboreflex in COPD
patients. Firstly, studies have demonstrated significant muscle strength loss in COPD
patients (19), especially in the quadriceps (3, 23), and in upper limb muscles (21, 47). In
our study, COPD patients presented important reduction of maximal voluntary
contraction compared to the matched controls. The findings have demonstrated that
limb muscle dysfunction may occur even in individuals with mild to moderate airway
obstruction (57). Secondly, muscle dysfunction may be associated with other systemic
factors such as an increased oxidative stress and inflammation, blood flow reduction,
hypoxia and contractile activity, which may exacerbate ROS production (19).

Additionally, these factors along with gas exchange abnormalities as hypoxia may have
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deleterious effects on muscle function in COPD patients (32). Thirdly, the comorbidities
number (20) and exacerbations (44) may contribute to severity of COPD patients,
increasing systemic inflammation and oxidative stress (19) and attenuating muscle
metaboreflex in these patients. Yet, the drugs used in COPD patients can induce
changes in skeletal muscles. The use of the corticosteroids and broncodilators have
increased sympathetic nervous activity (66). All these changes may help induce more

blunted metaboreflex in COPD patients.

Effect of CHF on hemodynamic response to metaboreflex. Interestingly, our study
also found an exaggerated increase in CVR during static handgrip exercise and PECO+
when compared to the healthy subjects, corroborating with other studies (31, 61, 62).
Previous study have found an attenuation of the muscle metaboreflex in CHF patients
(64). In our study, CVR increased on average 55% in CHF patients at end of exercise,
demonstrating a blunted CBF response to exercise. Thus, although the mechanisms
underlying this response are unclear, they probably involve an exaggerated sympathetic
outflow response to exercise and/or an exacerbated sympathetic-mediated
vasoconstriction in these patients. Available evidence suggests that neurohumoral
activation may play a pivotal role in the pathophysiology of CHF (13). Direct evidence
of marked sympathetic activation through microneurography recordings in patients with
CHF when compared with healthy subjects was reported (39). Importantly, however, we
did not observe baseline CVR differences among the groups, but only a differential
CVR response to exercise in the CHF group. The origin of the sympathetic activation
during exercise is not firmly established, but they probably involve the reflex responses
of metabosensitive afferents within the skeletal muscle stimulation (51). To gain insight

into the potential involvement of these chemical-sensitive afferents on the
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hemodynamic adjustments to exercise in patients with CHF, we performed selective
activation of the muscle metaboreflex through PECO+ technique. In addition, we
observed an increased calf vasoconstriction during PECO+ in CHF patients when
compared to the healthy control. Besides, by inference, it is reasonable to suggest that
this impaired sympathetic activation in CHF was at least partially mediated by an
exaggerated muscle metaboreflex control of CVR. Interestingly, despite an evident
exacerbated muscle metaboreflex control of CVR, CHF patients had only median
increases in the pressor response to PECO+ when compared to healthy subjects. The
reasons for this apparent discrepancy are unclear, but several hypotheses can be
advanced. Sustained BP elevation during PECO+ is thought to be mediated by
sympathetic-induced vasoconstriction in non active vascular beds (25) and enhancement

in myocardial contractility and cardiac filling (59).

Thus, it is primarily relevant to consider that similar BP responses to circulatory
occlusion do not necessarily mean that the mechanisms underlying these responses are
the same. In fact, Crisafulli et al (13) have demonstrated that, in contrast to healthy
individuals, in which BP elevation during PECO + is mediated by increases in cardiac
output, patients with HF rely mainly on increases in systemic vascular resistance to

achieve similar BP levels.

In our study, patients with CHF had similar BP responses but exaggerated CVR
responses to PECO+. One possible explanation for these findings is that despite
exacerbated vasoconstriction in resting skeletal muscle, these patients would exhibit
augmented sympathetic-mediated vasoconstriction in viscera, such as the splenic area
and the kidneys. Prior reports in patients with CHF have demonstrated a similar blunted

increase in CVR during handgrip exercise (34) associated with exaggerated renal

61



vasoconstriction (37). Moreover, although controversial, evidence from animal studies
suggests that non uniform changes in sympathetic nerve activity to different regions
may exist in certain conditions, such as sustained elevations in BP (11) or nitric oxide
synthase inhibition (28). Together, these findings reinforce the notion that a shift in the
mechanisms underlying cardiovascular responses to muscle metaboreflex activation

may also exist in patients with HF.

Another potential mechanism involved in the exacerbated CVR responses to exercise
and circulatory occlusion in HF patients is an increase vascular responsiveness to
sympathetic stimuli. In general, pathophysiological states associated with tonic
activation of the sympathetic nervous system and release of norepinephrine produce an
agonist promoted desensitization of a-adrenergic signaling (56), as seen in HF (18). On
the basis of these findings, it seems unlikely that eventual increase in vascular
adrenergic reactivity may account for the exacerbation in CVR observed during exercise
in HF patients. Sympathetic mediated reduction in resting-limb vascular conductance is

important for appropriate cardiac output redistribution during exercise.

Effect of COPD-CHF on hemodynamic response to metaboreflex. The induction of
the muscle metaboreflex in COPD-CHF overlap patients showed clinical and relevant
information that is blunted in comparison to the healthy control and CHF patients. This
response is focused on a possibility to determine the potential contribution of blood
flow distribution response mechanism to the exercise capacity in overlap patients. In
both conditions COPD or CHF alone are limited to exercise (19, 24). Studies have
suggested that central and peripheral fatigue potentiate each other and contribute to
easily exercise cessation in COPD-CHF overlap patients (43). This response is closely

linked to worsening of cardiac system and a similar competitive relation between
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respiratory and active locomotor muscle for limited cardiac output (10). In our study,
we noticed that COPD-CHF patients presented similar response to COPD, per se.
Interestingly, we believe that this response could be exacerbated such as in CHF
patients, per se. However, there is evidence of exacerbated respiratory muscle
metaboreflex in these patients compared to those with COPD in isolation and the
healthy control (10), which is associated with sympathetic overstimulation. It could be
argued that the disease would exacerbate the metaboreflex regardless of any coexisting
condition (43). To reinforce this explanation, we found a smaller inspiratory muscle
pressure, which is a good marker of inspiratory muscle weakness in CHF (9) and
overlap patients (10), which resuts in increased central and peripheral fatigue as a result
of the impairments in gas exchange (reduction of arterial O, pressure) and/or blood flow
limited. As reviewed by Chiappa et al (9) and Oliveira et al (10), a large fraction of
blood flow is distributed to the overloaded respiratory muscles due to increased work of
breathing resulting in a decreasing active limb perfusion and exaggerated peripheral
fatigue. Studies have demonstrated that blood flow to active skeletal muscle can be
reduced not only due to lowered cardiac output and heightened sympathetic
vasoconstriction but also via a “stealing” mechanism triggered by enhanced work of
breathing during exercise (9, 10, 27, 58). Therefore, attenuation of the muscle
metaboreflex evokes less blood flow redistribution to active muscle, maintaining a
higher muscle blood flow contribution in the limb not exercised, limiting exercise
performance and higher competition to respiratory muscles, affecting functional

capacity in COPD-CHF overlap patients.

Effect of disease on severity

Previous studies have shown that the changes in HR, MBP, and CBF are similar in both
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COPD and healthy control during the static handgrip exercise and PECO + (60), but
authors have explained it by the fact that there is a preservation of muscle strength in the
handles on both groups measured by maximal voluntary contraction (MVC). This result
differs from our findings, as in our study the COPD group had muscle strength in
handles 16% lower than the control group. The attenuated metaboreflex magnitude
found in our study could also be explained by maintenance of cardiac output during the
exercise period, this response similar to individuals with CHF per se, despite having
different hemodynamic characteristics (13, 60). Unlike the study by Sherman et al (60),
we found a significant correlation between exercise capacity, disease severity (r = 0.27;
P <0.01), the magnitude metaboreflex response (r = 0.77; P <0.01), and lung
hyperinflation (r = 0.73; P <0.010) as well as metaboreflex magnitude of association
between response and disease severity (r = 0.343; P <0.001) in normotensive
individuals. This difference found between studies may be explained by the fact that
patients differ as disease severity in our study subjects besides having greater
obstructive impairment, had a more reduced exercise capacity, equivalent to our study

(49).

Clinical limitations. This study had some limitations. First of all, the analysis of muscle
metaboreflex composed of two evaluations differing only in the presence of not of post-
exercise blood occlusion, was separated for 30 min. However we do not know whether
the time between protocols was enough for the muscle sympathetic nerve activity
(MSNA) to return to basal levels. We believe it may have influenced the cardiovascular
responses in cardiac insufficiency patients. The interval was determined based on
previous studies with similar individuals compared to those in our study. In them the

ideal resting time was also verified for the return of MSNA to basal levels.
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The second limitation was determining the maximum voluntary contraction. Perhaps
determining the strength in relation to the expected for each individual was the best
approach. However it could only be possible if there was a general estimate of the
muscle contraction in the forearm measured through electromyography before and after

the protocol.

Conclusion. This is the first study to suggest blunted skeletal muscle metaboreflex in
COPD-CHF overlap patients compared to CHF overlap and the healthy control, and a
deleterious adjustment that might contribute to poor tolerance exercise and severity

disease.
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Table 1. Subject characteristics

CONTROL COPD CHF COPD-CHF (n=11)
(n=11) (n=19) (n=10)
Gender, M/F** 6/5 10/9 8/2 5/6
Age, yr 62 +2.80 64 +2.42 64 + 2.65 67 +3.34
Height, m 1.66 + 0.03 1.61+0.02 1.62+0.03 1.64 +0.03
Weight, Kg 71.30£4.25 66.70 £ 2.35 73.30+£4.75 71.80 £ 3.25
BMI, Kg.m? 25.55 + 1.04 25.90 £ 1.00 28+ 1.70 27.70 £ 1.50
LVEF, % - 63.40 £ 1.17 30.90 + 2.85% 38.20 £ 2.901
Respiratory Function
FEV, (L) 3.01+0.30 0.96 + 0.05*t 2.50+0.26 1.25+0.17*t ¥
FEV, (% pred) 100.60 £ 3.70 40.01 + 3.11*¢ 87.50 + 6.07 47.24 £ 4.40*1 ¥
FVC (L) 4.00+0.30 2.00 £ 0.08* 3.00+0.32* 2.33+£0.30*
FVC (% pred) 104.50 £ 3.20 65.35 + 4*f 83.35 + 7.20* 70 £ 60*
FEV./FVC 75.82 +£1.23 48.90 + 2.50*t 82.55 + 2.52 55.85+3.23*1 ¥
Plmax 105.40 £ 9.51 86.74+7.33  74.70 + 8.60* 60.01 + 6.90*
Stratification Disease
- - 1(6), 11(4) H(7), 1(2), IV(2)*t

NYHA
GOLD

CPET

Vo,peak, L.min™
VCO,peak, L.min™
VEpeak, L

RER

VE/ VCO, slope
PetCO, peak, mm Hg
VE/MVV

HRpeak (bpm)

RPP (mm Hg.bpm™)
IC rest

1691.45 + 235.63

2169.55 + 279.13

64.91 + 7.62

1.32+0.03

27.44 +0.94

42.23+1.52
0.58+0.14
146.55 + 4.74

26186 + 1441
2.62+0.24

A(4), C(6), D(9)

900 + 74.13*
936 + 86*
31.21 + 2.40*
1.02 £ 0.02*
28.50 +1.04

42.37+1.52
0.88 +0.24*
124 + 4.30*

21792 + 1372
1.71 £ 0.10*t

1156 + 102.40*
1342.10 + 123*
44.70 + 4.93*
1.20 £ 0.03*t
3230+ 1.84

39.34 + 1.66*
0.50+0.18
100.50 + 3.42*

16081 + 1165*f
2.35+0.20

A(2), B(3), C(3), D
3)*t
977 + 73*
996.45 + 85.80*
38.10 + 40*
1.01 + 0.04*t¥
33.40 £1.32%%

38.41 £ 1.23*}¥
0.86 + 0.20*
113.45 + 5.20*

19386 + 890*
1.90 £ 0.14*
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IC peak 2.95+0.31 1.42 + 0.10*t 2.52+0.23 1.70 £ 0.10*¥
IC/TLC - 0.21+0.06 - 0.25 + 0.06%
SaO,peak, % 98.30+0.41 92 + 1.05* 98+ 0.40 93 + 20*¥
PIsO, 1135+ 4.6 7.30 £ 2.75% 11.52 £33 8.82 + 2.45*
BORG dyspnea 1.91+0.63 7.60 + 0.44* 4.85 + 1.20* 7.1+0.45%¥
BORG leg fatigue 6.45+0.64 6.92 +0.61 6.70+1.21 7.40+250
Resting values

HR, bpm 67+ 274 70.40 £ 2.92 67+1.92 72+2.70
SBP, mm Hg 119.30 + 3.97 125.40 £ 4.55 120.30 + 6.80 133+ 5.50
DBP, mm Hg 73+ 2.61 74+ 2.00 72.20 £ 4.03 77+ 3.02
MBP, mm Hg 91+2.70 92+ 2.42 89.30 + 4.44 99 + 3.62
CBF, mL-min*.100 g* 2.10+0.24 1.74+0.14 1.31+0,20* 1.62 £ 0.20*
CVR, units 49.01+4.64 58.50 + 4.33 77 +9.20*t 72.33 £ 9.60*
SatOy, % 97.2+0.43 95.5+0.53 96.1+0.51 96.9+0.42
Handgrip force (N) 37.40+4.30 31.45 + 1.40% 33.60+3.24 30.91+1.83*

Data expressed as mean = SE; CTL = controls; COPD = chronic obstructive pulmonary disease;
CHF = chronic heart failure; COPD-CHF = chronic obstructive pulmonary disease and chronic
heart failure coexistent. BMI = body mass index; LVEF = left volume ejection fraction; PImax =
maximal inspiratory pressure; FEV; = forced expired volume in 1 s; FVC = forced vital capacity;
VO,peak = peak oxygen uptake; VCOqpeak = carbon dioxide production; RER = respiratory
exchange ratio; VE = minute ventilation; VE/VCO, slope = minute ventilation and carbon dioxide
production; PetCO, = partial pressure of end-tidal carbon dioxide; HR = heart rate; RPP = rate
pressure product; IC = inspiratory capacity; SpO2 = arterial oxygen saturation; SBP = systolic
blood pressure; DBP = diastolic blood pressure; MAP = mean arterial pressure; CBF = calf blood
flow; CVR = calf vascular resistance; SatO, = peripheral oxygen saturation. One-way repeated-
measures ANOVA: * CTL compared with COPD or HF or Overlap; T COPD compared with HF;
1 COPD compared with overlap; ¥ HF compared with overlap. .** Fischer exact test. *T chi-
square test.
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Table 2. Subject medications

Medications CONTROL COPD CHF COPD-CHF
B2 short - 84,21 - 12,72
B2 long - 94,73 - 81,81
Anti short - 57,89 - 27,27
Anti long - 26,31 - 18,18
In cort - 94,73 - 72,72
ACE inhibitors - 63,15 100 100
B-Blocker - 5,26 100 45,45
a-blocker - - - 9,09
Diuretics 9,09 26,31 90 45,45
Xanthine - 15,78 - 9,09
Digitalis - - 70 63,63
Anticoagulant - 5,26 50 54,54
Blocker Ca - 5,26 - 9,09
Vasodilator - - 10 27,27
Antidiabetic - 5,26 50 21,27
agents

Statin 9,09 15,78 50 36,36
Nitrates - - 10 9,09
Carbonate Ca - 26,31 - 9,09
Outros - 15,78 30 18,18

B2 short = short-acting bronchodilators; B2 long = long-acting bronchodilators, anti
short = short-acting anticholinergic; anti long = long-acting anticholinergic; in cort =
Inhaled corticosteroids.
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Evaluation of eligibility (N=998)

|
l l l l

| Control (N=15) COPD (=716) CHF (N=211) COPD-CHF (N=56) |

Excluded (N=947)

Active smoking, former smoker <12meses,
death, frequent exacerbations, CHF (ejection
fraction> 50%), recent AMI, atrial fibrillation,
neuromuscular disease, angina, alcoholism active,
peripheral vascular disease, stroke, age <50 years,
dementia, CRF, HIV, systemic corticosteroids, use the
oxygen, mood disorder, poor adhesion, active cancer, Ao
aneurysm, claudication, transplant list, colostomy,

l l l l

| Control (N=11) COPD (N=19) CHF (N=10) COPD-CHF (N=11)

| Evaluation of muscle metaboreflex |

Figure 1. Flowchart of studied patients. CTL = Controls; COPD = chronic obstructive
pulmonary disease; CHF = Chronic heart failure; COPD-CHF = chronic obstructive
pulmonary disease and chronic heart failure coexistent.
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CONTROL COPD CHF COPD-CHF
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Figure 2. Mean blood pressure (MBP), calf blood flow (CBF), and calf vascular
resistance (CVR), in delta values during the static handgrip exercise, and after exercise
with (PECO+) and without (PECO-) circulatory occlusion in healthy subjects, with
CHF, COPD and COPD-CHF. Statistical significance was accepted when * P < 0.05 for
comparisons between PECO+ and PECO-; t P < 0.05 for comparisons between COPD
or CHF or COPD-CHF versus Control. ; # P < 0.05 for comparisons between CHF
versus COPD; f P < 0.05 for comparisons between CHF versus COPD-CHF.
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Figure 3. Estimated muscle metaboreflex control of calf vascular resistance, obtained by
the subtraction of the area under the curve during circulatory occlusion in control
subjects, CHF, COPD and COPD-CHF. Statistical significance was accepted when: * P
< 0.05 for comparisons between COPD or CHF or COPD-CHF vs Controle; T P < 0.05
for comparisons between COPD or COPD-CHF and CHF.
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