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RESUMO

GUINDANI, Grace. Impacto do exercicio resistido em parametros funcionais e
bioquimicos em pacientes com insuficiéncia cardiaca cronica, 2015. 113f. Tese
(Doutorado em Ciéncias da Salde — Area: Cardiologia e Ciéncias Cardiovasculares) —
Universidade Federal do Rio Grande do Sul. Programa de Pds-graduacdo em Ciéncias da
Saude: Cardiologia e Ciéncias Cardiovasculares, Porto Alegre, 2015.

Fundamentagdo: Evidéncias experimentais e clinicas apontam um estado gradativo de
ativagdo inflamatoria em pacientes com insuficiéncia cardiaca crénica (ICC). Niveis elevados
de diversas citocinas sdo encontrados na circulacdo e no musculo cardiaco de individuos
com ICC, correlacionando-se, invariavelmente, com o grau de gravidade da doenca e agindo
na disfuncdo endotelial, na inducdo de anemia, na apoptose miocitaria e na perda gradativa
de massa muscular esquelética. O treinamento aerdbico diminui a inflamacdo ICC. Nossa
hipdtese foi de que pacientes com ICC apresentariam atenuacdo do estado inflamacdo apos
uma sessdo de exercicio resistido. Objetivo: Verificar os efeitos agudos e subagudos do
exercicio resistido sobre o perfil inflamatério de pacientes ICC. Métodos: Estudo transversal
com onze pacientes com ICC e 10 controles higidos. Ambos os grupos realizaram uma sessdo
de exercicio resistido para membros inferiores que incidiu em o individuo realizar extensdo de
joelho na intensidade de 70% de 1-RM (repeticdo maxima), com tempo de execucdo
controlado por metronomo consistindo em 3 segundos na fase concéntrica e 3 segundos na fase
excéntrica. Previamente ao inicio do exercicio, foi realizado um aquecimento de 2 séries de 15
repeticdes, a 10% de 1-RM. A extensdo de joelho foi realizada em 5 séries de 15 repeticdes
com 1 min e 30 seg de intervalo entre as séries. Os padrdes de respiracdo que foram aplicados
se referem a expiracdo na fase concéntrica e inspiracdo na fase excéntrica. Antes do inicio do
exercicio, bem como em todos os intervalos entre séries e ao término do esforco, a pressdo
arterial foi mensurada através de método oscilométrico. Ao final da coleta os individuos
realizaram uma sesséo de 5 a 10 minutos de alongamento passivo. Resultados: pacientes com
ICC apresentaram um aumento significativo da interleucina-6 (IL-6) e interleucina-18 (I1L-18)
nos niveis plasmaticos durante o pico do exercicio (P<0.05 vs basal) e uma reducdo
significativa em relacdo aos niveis basais 120 min pds-exercicio (P<0.05 vs basal). Houve
também um aumento na interleucina-10 (IL-10) até 60 min pds-exercicio em pacientes com
ICC (P<0.05 vs basal). O mesmo padrdo de resposta paa todas as citocinas foi observado,
exceto paralL-6, no grupo de controle. O grupo ICC demonstrou uma cinética de recuperacdo
de lactato retardada em comparacdo aos controles (P<0.001 vs controles higidos). A ativacdo
muscular global mostrou uma maior variacdo percentual em todos os exercicios, exceto na 12
série, no grupo ICC comparado com os controles (62 + 4 vs. 43 + 5%, P<0.05). Concluséo:
Nossos resultados sugerem que uma sessdo de exercicio resistido isolado pode promover uma
reducdo no estado inflamatorio apds esfor¢o em pacientes com ICC.

Palavras-chave: exercicio de forga, citocinas inflamatorias, efeitos agudos e subagudos.



1. INTRODUCAO

A Insuficiéncia Cardiaca Croénica (ICC) é uma sindrome complexa na qual ha
reducdo do debito cardiaco e consequente ativacdo neuro-humoral como mecanismo
reativo ao deficit de perfusdo dos tecidos, caracterizada por uma série de fenémenos
multifatoriais, como falta de ar, fadiga precoce e reduzida tolerdncia ao exercicio, sendo

considerada a via final de diversas doencas cardiacas (1-8).

No contexto da salde publica estima-se que 1% da populagdo mundial seja
portadora desta doenca, acometendo nos Estados Unidos quase 6 milhdes (9), na
Europa 10 milhGes (10) e, no Brasil, 6,4 milhdes de individuos (11), representando um

evidente problema com altas taxas de mortalidade (12).

Ocorre acionamento inflamatorio crénico com aumento de mediadores
inflamatdrios e liberacdo de citocinas além da ativagdo neuro-humoral, tanto em
nivel sisttmico quanto tecidual, como mecanismos compensatorios desenvolvidos na
ICC (6). Sugere-se que a ativacdo inflamatdria na ICC contribua para a progressdo da
doenca por favorecer o efeito inotrépico cardiaco negativo, atrofia muscular esquelética e

piora da capacidade funcional (6, 13-16).

O treinamento fisico (TF) tem sido estudado em profundidade e é considerado
ferramenta essencial no tratamento ndo medicamentoso (17-19) de pacientes com ICC.
Evidéncias da literatura demonstram que o exercicio fisico regular pode ter potencial
impacto sobre desfechos clinicos relevantes (20-24) e auxiliar na reversdo de diversas
alteraces fisiopatologicas que limitam a capacidade funcional de pacientes com ICC

(25-28).

O TF também exerce influéncia sobre mediadores inflamatérios, como aumento
dos niveis de interleucina 10 (IL-10), exercendo o papel de modulacdo anti-

inflamatoria por meio dos macrofagos e linfécitos (29), que leva a diminuigdo dos
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niveis de fator alfa de necrose tumoral (TNF-a), interleucina 1(IL-1), interleucina 6

(IL-6), interleucina 18 (IL18) e de seus receptores (30-32).

Em relagdo ao efeito imediato do exercicio sobre mediadores inflamatorios,
especula-se que o aumento do tempo de duragdo seria o fator mais importante para
determinar a magnitude do aumento da IL-6, seguido do tipo de exercicio utilizado
(grandes grupos musculares) (33). Também se verificou que o aumento de IL-6
derivada do musculo (independentemente da producdo de TNF-o) em uma Unica
sessdo de exercicio fisico tem efeitos biolégicos importantes na regulacdo da
homeostase da glicose e do metabolismo de gordura, além de ter acdo anti-inflamatéria

(34-36).

Apesar de demonstrada na literatura a relevancia do treinamento fisico como
ferramenta ndo famacoldgica no tratamento de pacientes com ICC e de diretrizes
clinicas como a European Heart Society (ESC) e American Heart Association (AHA)
declararem seu apoio a reabilitacio baseada em exercicio nesta populacdo, o
fornecimento e a utilizacdo destes programas na ICC continua escasso. Além disso,
também contrariando estudos atuais, a base do treinamento fisico implementado para
pacientes com ICC no tratamento da doenca continua sendo o exercicio aerébico (37-

41).

Sendo assim, destacaremos nesta revisao aspectos clinicos e fisiopatoldgicos da
ICC, contextualizando o leitor sobre os efeitos agudos e crdnicos do exercicio fisico
nesta populagdo. Considerando-se a caréncia de informagdes sobre respostas
inflamatorias durante e apds-exercicio na insuficiéncia cardiaca crénica conduzimos um
estudo original que aborda os efeitos agudos e subagudos do exercicio resistido sobre o

perfil inflamatorio em pacientes com ICC estavel.
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2. REVISAO DE LITERATURA

Epidemiologia da Insuficiéncia Cardiaca Cronica

No Brasil, segundo os registros do Sistema Unico de Satde (SUS), que atende
cerca de 80% da populacdo, as doencas do aparelho circulatorio representam a terceira
maior causa de hospitalizacdo pelo SUS, com mais de um milhdo de internagfes no ano
de 2010. Embora a sindrome se mantenha como causa mais frequente de internagédo por
doenca cardiovascular, o nimero de internacdes hospitalares por insuficiéncia cardiaca
vem reduzindo progressivamente ao longo da Udltima década, passando de 398.489
internacbes em 2000 para 264.727 internacdes em 2010. Somente na regido Sul, a IC
representa mais de 57 mil internagdes no mesmo ano. No entanto, o gasto total com
internacbes por este quadro aumenta progressivamente e passou de cerca de 204
milhGes de reais em 2000 para mais de 304 milhGes de reais no ano de 2010. Os ultimos
dados do Ministério da Salude indicam também que o nimero de 6bitos por ICC no pais
foi superior a 23.000 no ano de 2010 (42).

As elevadas taxas de prevaléncia e incidéncia desta doenca refletem um
problema de salde publica que estd associada a altos custos e a crescente nimero de
admissbes hospitalares, sendo necessarias mais investigacdes que possam auxiliar no

tratamento e manejo da doenca (42).

Fisiopatologia da Insuficiéncia Cardiaca Cronica

A Insuficiéncia Cardiaca Croénica (ICC) pode ser conceituada como a
anormalidade da funcdo cardiaca em bombear sangue numa taxa proporcional as
necessidades dos tecidos metabolizantes ou de fazé-lo somente a partir de elevadas
pressdes de enchimento (7, 43). Atualmente, a ICC vem sendo considerada cada vez

mais uma doencga ndo somente do corac¢do, mas da circulagdo como um todo.
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A ICC possui duas classificacbes principais. A primeira relaciona-se a
progressdo da doenca e caracteriza-se por quatro estagios. O estagio A inclui
individuos sob risco de desenvolver ICC, mas ainda sem alteracdo estrutural e sem
sintomas atribuiveis a doenca. O estagio B refere-se aqueles que adquiriram lesdo
estrutural cardiaca, mas ainda sem sintomas. O estagio C engloba os individuos
com lesdo estrutural cardiaca e sintomas da ICC. O estagio D inclui os que
apresentam sintomas refratarios ao tratamento. Esta categorizagao permite definir o tipo
de abordagem a ser realizada, seja ela preventiva (estagios A e B), terapéutica (estagio
C) ou paliativa (estagio D). A segunda classificacdo foi proposta pela New York Heart
Association (NYHA) e divide a ICC conforme classes funcionais assim descritas: classe
| - sem sintomas com limitacdo semelhante a individuos sem a doenca, classe Il -
sintomas em atividades cotidianas, classe Il - sintomas em esforgos menores que 0S

habituais e classe 1V - sintomas em minimos esfor¢os ou no repouso (6, 43-44).

Adaptacdes fisiopatoldgicas ocorrem por presenca de defeito da contragdo
miocéardica, de sobrecarga hemodindmica excessiva ao ventriculo, ou por ambos. O
coragdo possui trés principais mecanismos compensatdrios para manutencdo de sua
funcdo de bomba: 1) o mecanismo de Frank Starling, no qual ha aumento da pré-carga,
com alongamento dos sarcébmeros para fornecer superposi¢cdo Otima entre 0s
miofilamentos melhorando o desempenho contratil; 2) o aumento da liberacdo de
catecolaminas por nervos adrenérgicos e pela medula adrenal, produzindo efeito
inotropico positivo, aumentando a contratilidade miocardica; 3) a hipertrofia
miocardica, com ou sem dilatacdo das camaras cardiacas, na qual a massa de
tecido contratil estd aumentada. Esses trés mecanismos compensatorios podem ser
inicialmente adequados para manter o desempenho da bomba cardiaca, em nivel
relativamente normal, embora a contratilidade miocardica intrinseca possa ser

substancialmente reduzida. Todavia, esses mecanismos tém potencial limitado. Se o
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distdrbio original de contratilidade miocardica e/ou sobrecarga hemodinédmica persistir

podem acarretar efeito deletério sobre a funcao cardiaca (7, 43).

Dentre os mediadores acionados na ICC estdo: ativacdo do sistema renina-
angiotensina aldosterona (SRAA) e do sistema nervoso simpatico (SNS); aumento
das concentracbes de proteina C reativa (PCR), baixa resposta vasodilatadora da
parede endotelial, menor expressdo da proteina de Oxido nitrico-sintase endotelial
(eNOS) e aumento na expressdo génica pela producdo de citocinas pro-inflamatorias e

linfdcitos, como 0 TNF-qa, IL-6, IL-18, PCR e interleucina 1 beta (IL-1p) (45-55).

Resumidamente, em situagbes nas quais ha reducdo do débito cardiaco,
mecanismos neuro-humorais sdo ativados com o objetivo de preservar a homeostase
circulatéria. Apesar de primeiramente ser vista como uma resposta compensatoria
benéfica, a liberacdo enddgena de neuro-horménios vasoconstritores exerce papel
deletério no desenvolvimento da ICC. Assim, a progressdo da insuficiéncia pré-
existente se da as custas da ativacdo dos sistemas nervoso simpatico e renina-
angiotensina-aldosterona, aumentando a sobrecarga de volume e a poOs-carga do
ventriculo esquerdo. Deste modo, a sindrome clinica da ICC ocorre em
consequéncia as limitacbes ou falha definitiva desses mecanismos compensatorios.

(7, 43, 56).

Essas alteracbes do controle autbnomo do coracdo e da circulacdo
periférica variam com o modelo e a etiologia da ICC, bem como com a natureza e
intensidade do estimulo provocador. Em geral, nos estagios iniciais da ICC, a ativacao
do sistema nervoso autdbnomo atua para manter o débito cardiaco, aumentando a
contratilidade miocardica e elevando a frequéncia cardiaca; na ICC grave, a
vasoconstricdo mediada pelo sistema nervoso simpatico e pela angiotensina Il
circulante, tende a manter a pressdo arterial e, desviar o fluxo sanguineo dos leitos

cutaneo, esplancnico e renal para preservar a perfusdo dos leitos coronarios e
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cerebral. Em pacientes com ICC moderada, estas alteracdes ocorrem
primariamente durante o esforco, enquanto nos pacientes com ICC grave, elas

estdo presentes mesmo em repouso. (7, 43).

Outro ajuste compensatorio é o aumento do conteudo de sédio vascular e a
pressdo intersticial elevada que resultam na retencdo de sodio e agua e levam ao
espessamento e compressao das paredes vasculares sanguineas, o que impede a
resposta vasodilatadora normal durante o esforco. A perfusdo inadequada do
musculo esquelético, por sua vez, leva a dependéncia mais precoce do
metabolismo anaerobio, de acidemia latica, a um débito de oxigénio excessivo, a
fraqueza e a fadiga. As veias da extremidade dos pacientes com ICC estdo
contraidas, aparentemente em consequéncia da compressao pelo aumento da pressdo
tecidual, por substancias venoconstritoras circulantes (noradrenalina e angiotensina Il)
e, em menor extensdo, pela atividade do sistema nervoso simpatico. A venoconstricao

das extremidades resulta no deslocamento do sangue para coracdo e pulmdes (7, 43).

Como resposta, para portadores de ICC a perda da capacidade funcional €
consequéncia destas alteracGes centrais e periféricas. Sob a Otica central, ocorre
incapacidade em se aumentar adequadamente o volume sistélico (VS) e a frequéncia
cardiaca (FC), resultando em menor fracdo de ejecdo e menor débito cardiaco (DC).
Sob o prisma periférico, observa-se diminuicdo da capacidade oxidativa do musculo
esquelético, menor perfusdo muscular presenca de disfuncdo endotelial e favorecimento
na incidéncia de acidose (acumulo de lactato) nas fases iniciais do exercicio (7, 28, 57-
58).

Portanto, a complexa interacdo dos fatores hemodindmicos, ativacdo neuro-
hormonal sistémica e local alem de alteragbes circulatdrias e tissulares periféricas,
caracterizam a ICC como sindrome de carater progressivo, ndo homogénea e de

multiplas causas (7, 43, 58).
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Perfil Inflamatério na Insuficiéncia Cardiaca Cronica

A progressdo da ICC ndo depende exclusivamente das dessas alteracdes
hemodinamicas, neurohumorais e enddcrinas, pois a ativacdo inflamatoria local e
sistémica inicialmente contribui para compensar a perda da capacidade de bombeamento

cardiaco (47, 59-60).

As citocinas sdo moléculas que interligam, amplificam e propagam a resposta
imune, recrutando células para areas de inflamacdo, estimulando sua divisdo,
proliferacdo e diferenciacdo. Além das células imunoldgicas, fibroblastos, plaquetas,
endotélio, masculo liso vascular e o proprio cardiomidcito sdo capazes de produzir
amplo espectro desses peptideos bioldgicos, principalmente sob estimulo de hipdxia,
estresse mecanico e de endotoxinas. As citocinas promovem inflamacéo, disfuncao
endotelial, coagulacdo, desacoplamento do estimulo beta-adrenérgico, geracdo de
radicais livres, perda gradativa de massa muscular e intolerancia ao esforco (61), entre

outros efeitos (62-64).

A inflamacdo é um componente central da resposta ao estresse tecidual e lesbes
no coracdo, promovendo remodelacdo e cicatrizacdo através do remodelamento da
matriz extracelular, proliferacdo celular, da hipertrofia de cardiomidcitos, afetando

também a capacidade contratil desses (65).

Os mediadores inflamatdrios podem contribuir para a progressdo da alteracédo
estrutural e funcional cardiaca, causando disfuncdo ventricular e fibrose do miocardio,
inducdo da morte celular por apoptose e ou necrose (66), como tambeém
manifestacbes periféricas com modificagdes funcionais e perda de massa muscular

esquelética (67-68).

Dentre os efeitos observados pelas citocinas pro-inflamatérias na ICC,

destacam-se aqueles vinculados a fungdo ventricular esquerda: inotropismo negativo,
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alteracdes no metabolismo cardiaco e remodelacdo ventricular, gerando hipertrofia dos
cardiomidcitos, necrose, apoptose e alteracdes na matriz extracelular do miocardio.
As citocinas também contribuem para a caquexia e sarcopenia dos musculos
esqueléticos (62-63, 69). Citocinas no tecido muscular esquelético em pacientes com
ICC sdo capazes de induzir a expressdo de oOxido nitrico-sintase induzida (iNOS),
inibindo assim, a liberacdo de 6xido nitrico (NO) de forma a contribuir com a fadiga

muscular (70-71).
Citocinas Pro-Inflamatorias na Insuficiéncia Cardiaca Crénica

As citocinas pré-inflamatorias mais estudadas na ICC séo o TNF-a. e interleucinas
IL-1 B, IL-1 e IL-6 em nivel plasmatico e muscular (72). Negoro e colaboradores. (73)
descrevem que a IL-6, pela via receptor glicoproteina transmembrana da IL-6 (gp130),
pode ter acdo também protetora em nivel cardiovascular, pois mantém a homeostasia das
células cardiacas com a diminuicdo da apoptose e prevencéo da hipertrofia cardiaca nos

estagios iniciais da doenca (73-74).

Niveis elevados de citocinas sdo detectados em estagios precoces da ICC, mesmo
antes da ativacdo neuro-humoral (74). Recentemente, Vistnes e colaboradores (75)
estudaram as alteracdes de 18 (dezoito) citocinas circulantes na etiologia da hipertrofia
cardiaca em ratos induzidos a ICC. Observaram que ap6s uma semana da lesdo do
miocardio (infarto) apenas a IL-18 aumentou consubstancialmente. Mas quando ocorria a
ICC, IL-1, IL-2, IL-3, IL-6, IL-9, IL-10, IL-12p40, eotaxina, fator estimulante da
colénia de granulécitos (G-CSF), interferon gama, a proteina quimio-atrativa de
mondcitos, proteina-1 de macréfago inflamatorio se apresentavam com niveis elevados.
Tal estudo concluiu que as citocinas sdo fatores dependentes da ICC e responsaveis pela

hipertrofia cardiaca e pelo agravo da mesma (75).

O aumento de citocinas pré-inflamatorias e seus respectivos receptores sdo

indicadores mortalidade na ICC, Villacorta e colaboradores (76) em estudo com a PCR,
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indicador dtil para lesdo imune tecidual, verificou que niveis acima de 3 mg/dl em
pacientes com ICC estavam associados as maiores taxas de mortalidade quando
comparado por seus pares com valores inferiores a este (76). A PCR pode ser usada como
marcador alternativo da ativacdo da IL-6 e complementar na ICC, sendo de valor
progndstico quando associada com niveis elevados de peptideo natriurético cerebral

(BNP) (77).

As IL-6 e IL-18 séo consideradas citocinas pro-inflamatorias e sdo produzidas por
células nucleadas cardiacas (59). Em pacientes com miocardiopatia dilatada sdo fator de
depressor da contratilidade miocardica em intensidade diretamente proporcional a
elevacdo dos niveis plasmaticos (78). Sdo produzidas pela secrecdo de células
mononucleares, como 0s mondcitos e 0s macrofagos, este processo ocorre somente em
miocardio lesado, e ndo em miocardio saudavel, determinando extravasamento das

citocinas para a corrente sanguinea (79).

A IL-18 pertence a familia da IL-1 e foi demonstrado estimular especificamente
celulas T-helper, induzir & secrecdo de TNF-o e IL-6 nos macrofagos. Naito e
colaboradores (80) demonstrou a significativa elevacdo dos niveis séricos de IL-18 em
uma coorte com ICC estavel. Em outro estou foi analisada a expressao de IL-18, IL-18
receptor-a e seu inibidor endogeno, e também a proteina de ligagdo da IL-18 em pacientes
com significativa reducdo da fracdo de ejecdo. Esses marcadores encontravam-se
elevados, com excecdo da proteina de ligacdo da IL-18, que estava reduzida em
comparacdo com o grupo controle (81). A IL-18 induz a expressao atrial do mMRNA do

Peptideo Natriurético Atrial (ANP).

A IL-6 por sua vez é liberada em resposta ao estimulo do TNF-a. Os niveis
plasmaticos da IL-6 estdo elevados em pacientes com ICC e influenciam no

desenvolvimento da hipertrofia do cardiomidcito, disfuncéo de ventriculo esquerdo (VE)
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e caquexia muscular. Os niveis elevados de IL-6 também estdo associados com pior

prognostico em pacientes com ICC (82).

A elevacdo dos niveis plasmaticos da IL-6 e TNF-a apresenta papel crescente
como preditor de desenvolvimento de ICC em pacientes idosos assintomaticos (83),
entretanto, o bloqueio do TNF-a ndo tem resultado em beneficio clinico em pacientes
com ICC, assim como o bloqueio das endotelinas (84-85). Também a elevacdo dos
niveis séricos da gp130 da IL-6 demonstrou o valor prognostico de mortalidade dos

pacientes com ICC (85).

A ambiguidade da IL-6 vem sendo largamente discutida na literatura, pois esta
pode além de atuar como citocina pré-inflamatoria, ter acdo anti-inflamatéria. A
angiotensina Il, via final da ativagéo do sistema renina-angiotensina na ICC (6), facilita
a inducdo de IL-6 em midcitos cardiacos, fibroblastos e células endoteliais e
musculares lisas dos vasos (13). Outros locais sdao também fonte de expressdo de IL-6
como macréfagos, ceratindcitos, osteoblastos, células T, neutrofilos, eosindfilos,
células musculares esqueléticas e até mesmo tecido adiposo (35). Portanto, sua acao pro-
inflamatoria esta relacionada a sua hiperproducdo crbnica, com aumento dos indices
em repouso, promovendo efeitos adversos sobre contratilidade miocardica como
deposicdo anormal de colageno e reducdo de proteinas locais levando a hipertrofia
patoldgica (86). J& seu papel anti-inflamatdrio esta relacionado ao efeito do exercicio

fisico, que serd abordado posteriormente nesta revisao.

Wollert e colaboradores. (13) relatou também acdo anti-inflamatoria e protetora
dessa citocina no coragdo, pois ela inibe apoptose celular (13). Porém, os efeitos
deletérios da elevagdo crbnica de IL-6 sobre o miocérdio sdo mais presentes e se
destacam na evolucdo da ICC. O aumento crénico de seus indices plasmaticos de
repouso em pacientes com ICC esta diretamente associado a disfuncéo ventricular (r =

- 0,61 com fracdo de ejecdo) e a gravidade da doenca (86). Alem disso, 0 aumento
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sistémico da IL-6 favorece a atrofia muscular esquelética com perda de proteina e
aumento do risco de trombose devido a acdo estimulante na produgdo de
fibrinogénio (14). A avaliacdo dos indices plasmaticos de IL-6 vem sendo
considerada como um bom indicador de deterioracdo da ICC (86). Ha elevacdo mais

acentuada de IL-6 em pacientes com ICC de maior gravidade (51, 87).

Petretta e colaboradores. (51) avaliaram os indices de IL-6 em individuos com
ICC de diferentes classes da NYHA e encontraram diferencas significativas nas
concentracOes plasmaticas desta citocina, com aumento progressivo da classe Il até a
classe IV (51). Além disso, IL-6 vem sendo descrita como preditor independente de

pior prognostico e mortalidade nestes pacientes (87-89).

Em outro estudo foram encontrados indices de IL-6 44% maiores em
individuos ndo sobreviventes com ICC e demonstraram por meio de modelo
multivariado que IL-6, juntamente com TNF-a, foram preditores de mortalidade nesta
populacdo (87). Evidéncias prospectivas demonstram que a concentracdo plasmatica
de IL-6 em pacientes com ICC com complicacdo de morte € duas vezes maior que em
sobreviventes (88-89). Kell e colaboradores. (88) avaliaram a estratificacdo de risco em
pacientes da classe 11l da NYHA e encontraram que o valor de IL-6 de 5,4 pg/mL

permitiu discriminar sobreviventes e ndo sobreviventes (88).

Citocinas anti-inflamatorias na Insuficiéncia Cardiaca Cronica

Outra citocina, porém, que demonstra propriedades anti-inflamatérias, inibindo
a producdo de vérias outras citocinas, como o proprio TNF-a ¢ a interleucina 10 (I1L-10)
(90). Estudos recentes mostraram que a queda na razdo IL-10/TNF-a é correlacionada
com a progressdo da ICC pos infarto agudo do miocérdio (IAM) (91). De fato,
alteracdes cardiacas e ndo cardiacas, da musculatura central e periférica, do sistema
nervoso e metabolico locais, demonstram um painel de atividade multifatorial na ICC
durante o esforgo. Embora isso ocorra, as provaveis correlacées que possam identificar

interacdes nos mecanismos de acéo, envolvidos nos sintomas de fadiga.
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A inflamacédo persistente que envolve estes pacientes, como ja destacado
anteriormente, também pode contribuir para a miopatia do musculo esquelético, sendo o
TF atil na reversdao, mesmo que parcial, desta resposta inflamatoria (32, 92). Neste
contexto, tem sido sugerido que o exercicio regular possa funcionar como uma
importante estratégia ndo farmacoldgica para a melhora da inflamacdo, tanto em
pacientes ICC, assim como em portadores de doenca arterial coronariana (DAC) (93).
O TF parece impactar de forma benéfica sobre a modulacdo das respostas imunes de
pacientes com ICC, expressa pela elevada circulacdo de citocinas pro-inflamatérias
(94), assim como atuar sobre o efeito deletério promovido pela inflamacéo plaqueta-
mediada (95). Em suma, o aumento da condutancia vascular e a diminuicdo de
citoquinas inflamatdrias podem contribuir para 0 aumento da capacidade oxidativa

muscular, o que acaba promovendo um aumento na capacidade funcional (70).

Treinamento Fisico na Insuficiéncia Cardiaca Cronica

Alteracdes periféricas ocorrem em resposta ao funcionamento hemodindmico
anormal que parecem ter participacdo fundamental na resposta funcional durante o
exercicio na ICC. Anormalidades metabdlicas dos musculos periféricos e mudancas da
vasculatura periférica associam-se com modificacdes do sistema respiratdrio (dispneia),
podendo promover fadiga precoce quando estes pacientes sdo submetidos ao esforgo

fisico (26-27).

Estudos que enfatizam o exercicio fisico para portadores de ICC suportam
positivamente a prescricdo de treinamento aerobico, de moderada intensidade, entre
70% a 80% do VOzpico, com duracdo média de 30 minutos, frequéncia semanal entre
trés a cinco vezes por semana (20, 37, 39, 96-105). A Percepcao Subjetiva do Esforco,
aferida através da Escala de Borg também é uma ferramenta valida para prescricdo de

intensidade de treinamento fisico, especialmente em pacientes betabloqueados. O limiar
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ventilatorio ou anaerdbico geralmente ocorre entre os niveis 13 a 15, sendo que a

percepcdo de 12 e 13 é normalmente bem tolerada por pacientes (100, 106-107).

Portanto, na reabilitacdo cardiaca de individuos com ICC, treinamentos com
intensidades leve (abaixo de 60% do consumo de oxigénio de pico - VOzpico) €
moderada (entre 60 e 80% do consumo de oxigénio de pico - VOzpico) de exercicio
sdo utilizados com melhoras clinicamente relevantes em longo prazo na capacidade
funcional, no controle autonémico, na qualidade de vida e na reducdo de sintomas

sem impacto negativo na funcéo ventricular (67, 108-113).

O treinamento fisico (TF) exerce papel fundamental na promocédo da sintese e
liberacdo de NO, além do aumento da densidade capilar. Atua também sobre a
angiogénese e sobre a vasodilatacdo, reduzindo o estresse oxidativo e a resisténcia
vascular periférica em tecidos ativos, aumentando a capacidade metabélica e o fluxo
sanguineo para os musculos esqueléticos (92, 114-118). Neste particular, através da
acao sobre todos estes fatores, o TF promove incremento na capacidade funcional (25)

gue impacta diretamente sobre a qualidade de vida desses pacientes (25, 119).

Neste cenario, um ensaio clinico randomizado conduzido por Hambrecht e
colaboradores (120), evidenciou que além das adaptacGes periféricas geradas pelo
exercicio fisico regular, este pode promover adaptacGes na funcdo hemodindmica
central, como melhora do volume de ejecdo do ventriculo esquerdo e reducdo da
cardiomegalia (120).

A hiperatividade do sistema nervoso simpatico e a atividade parassimpatica
deprimida s&o tipicas de pacientes com ICC, sendo este desbalan¢o associado com
morte sUbita (121). Estudos realizados em pacientes com ICC evidenciaram atenuacao
da hiperatividade simpatica, mensurada através da atividade nervosa simpatico
muscular, apds serem submetidos a treinamento fisico (122-123). No estudo de Roveda

colaboradores 2003 foi observada diminuicdo em 22% da atividade simpética em
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pacientes submetidos a 16 semanas, 180 min/semana, de exercicios fisicos. Neste
estudo foi evidenciado haver reversdo da hiperexcitacdo simpatica, pois ndo houve
diferenca entre a atividade nervosa simpatica muscular de repouso entre 0 grupo com

ICC e individuos saudaveis apds o periodo de treinamento fisico (122).

A disfuncdo na musculatura esquelética em pacientes com ICC é outra
modificacdo fisiopatologica que decorre da combinacdo de fatores relacionados a
diminuicdo do fluxo sanguineo associada as mudancas celulares induzidas pela
inatividade fisica (124-125). Além disso, modificacdes na composicdo das fibras
musculares sdo tipicamente encontradas nessa sindrome. Pacientes com ICC apresentam
maior proporcdo de fibras do Tipo Il (glicoliticas) as custas da reducdo das fibras do
Tipo | (oxidativas). Na microestrutura pode-se encontrar também reducdo no nimero e
no tamanho das mitocondrias. Sob o ponto de vista metabdlico, observa-se reducao em
maior ou menor grau na acdo de algumas enzimas oxidativas, como citrato sintase e a
succinil CoA desidrogenase. Em conjunto, ocorre diminuicdo na capacidade oxidativa
no musculo esquelético, o que induz a predominio do metabolismo anaerébico durante

as fases iniciais do exercicio, com acidificacdo intracelular e fadiga precoce (126-127).

Drexler e colaboradores (128) destacam que as alteraces nos musculos
esqueléticos se relacionam com uma liberacdo precoce do lactato, diminuicdo do
tamanho mitocondrial, reducdo das enzimas oxidativas, atrofia das fibras tipo Il e

alteracdo das respostas musculares metabdlicas (128).

Todos esses achados corroboram o conceito de que pacientes com ICC
desenvolvem de fato atrofia da musculatura esquelética e anormalidades metabolicas,
sendo que a primeira contribui tanto para a redugéo da capacidade funcional quanto

para modificacOes deletérias no metabolismo muscular (128-131).
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A limitacdo ao exercicio que esta relacionada a incapacidade de captacdo e
transporte de oxigénio devido a vasoconstricdo que gera um menor fluxo, tem ainda

como fator contribuinte o acimulo de lactato (118, 132).

Em um estudo de Kawase e colaboradores (133), com 754 pacientes com IC
aguda, verificou-se que a hiperlactatemia, devido a ma perfusdo tecidual identificadas
em pacientes de mau progndstico, poderia auxiliar a estratificar o risco de mortalidade

precoce na admissao destes pacientes (133).

Schaufelberger e colaboradores (134), investigaram pacientes com ICC e
relacionaram varidveis do musculo esquelético com a classe funcional, capacidade
fisica, hemodindmica central, forca muscular e tratamento médico. Foram retiradas
amostras de musculo esquelético (biopsia) a partir de 43 pacientes e 20 individuos
controles. Os pacientes apresentaram niveis elevados tanto de lactato como da atividade
da lactato desidrogenase. Por outro lado, observou-se menor atividade enzimatica
oxidativa. A percentagem da capilarizacdo das fibras do tipo | estavam reduzidas, ao
passo que a percentagem de fibras do tipo Il apresentavam-se aumentadas nessa
populacdo. Essas caracteristicas observadas condizem com a sindrome da ICC e
refletem todo um ambiente glicolitico e com metabolismo oxidativo prejudicado, o que
causa uma maior intolerancia ao esforco (134). Esses dados corroboram com os achados
no trabalho de Sullivan e colaboradores (135) que verificaram um aumento da
concentracdo de lactato sanguineo durante o exercicio, diminui¢cdo da expressdo e

atividade de enzimas mitocondriais, como por exemplo, a citrato sintase (136).

Vaérios estudos tém destacado os efeitos crénicos do exercicio aerobico e
também do exercicio resistido para melhorar a capacidade funcional, a densidade
mineral 6ssea e para a prevencdo ou reabilitacdo de problemas musculoesqueléticos
nestes individuos (137-139). Ha melhora do consumo de oxigénio, da fungdo

respiratoria, da funcdo endotelial, das caracteristicas histologicas e bioquimicas da
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musculatura esquelética, além de atenuacdo do remodelamento ventricular cardiaco,
melhoria da acdo neuroendocrina e maior controle autonémico com refor¢o para
atividade vagal (17, 38, 40, 120, 140-141). Tém sido ainda constatado maior tolerancia
ao esforco com diminuicdo da dispneia, fadiga, distirbio no sono e fraqueza muscular

(17).

Em sintese, o TF pode trazer inUmeros beneficios para portadores de ICC:
melhora no balanco entre a atividade simpatica e parassimpatica, melhora no perfil
inflamatdrio, reducdo na hiperatividade de receptores metabdlicos presentes na
musculatura esquelética, aumento na capacidade oxidativa do musculo esquelético e
incremento na capacidade para as atividades fisicas diarias, assim como para 0 exercicio

fisico (139, 142).

Efeitos Cronicos do Exercicio Fisico e Inflamacéo na ICC

Os efeitos deletérios das citocinas inflamatorias na progressédo da ICC tém sido
crescentemente investigados (63-64, 75, 143-147). Uma revisdo sistematica apontou
crescente aumento de estudos relacionados a tematica da ICC, inflamacdo e exercicio
com evidéncias que o treinamento pode atenuar os efeitos nocivos das citocinas (148).
Estudos apontaram que concentragcbes musculares do TNF-a, IL-6 e IL-1p diminuiram
37%, 42%, 48%, respectivamente, em pacientes com ICC submetidos a exercicios

regulares (70, 108).

Porém, resultados do efeito em longo prazo do exercicio fisico na modulacéo
inflamatoria na ICC sdo ainda controversos. Alguns estudos demonstraram redugdo dos
indices de citocinas em resposta ao treinamento (94, 149), outros ndo observaram este
efeito (67, 108, 150) e existem aqueles que observaram diferencas de adaptacédo crénica

ao exercicio de dependendo da etiologia (31).
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Larsen e colaboradores (149) realizaram 12 semanas de treinamento aerobico
com caminhada de 25 minutos, na intensidade de 80% da capacidade maxima em
individuos com ICC de classes Il e 111 da NYHA e encontraram reducdes significativas
dos indices de TNF-a nos pacientes de menor gravidade sem mudancas em 1L-6 (149).
Em outro estudo foram realizadas 12 semanas de treinamento em populacdo semelhante
com 30 minutos de exercicio em cicloergdmetro com intensidade, entre 60 e 80% da
frequéncia cardiaca maxima, e demonstraram diminuicao significativa em I1L-6, TNF-a

e seus receptores soluveis (94).

Em contraposicdo, Gielen e colaboradores (70) ndo detectaram mudancgas nos
indices plasmaticos das citocinas ao avaliarem individuos com ICC classes Il e Il da
NYHA, antes e ap6s tratamento ndo supervisionado durante 6 meses de 20 minutos
diarios de exercicio aer6bico em cicloergbmetro com intensidade de 70% do consumo
de oxigénio alcancado em teste maximo (70). Outro estudo também ndo demonstrou
mudancas nas concentracdes plasmaticas de IL-6 e TNF-o apds 6 semanas de programa
domiciliar em cicloergbmetro, com 30 minutos por dia a 70% da frequéncia cardiaca
méaxima (108). Dados de Niebauer e colaboradores (150) corroboraram com estes
achados ndo observando modificacdo dos marcadores inflamatérios apds 8 semanas de
treinamento também em cicloergdmetro, 20 minutos por dia com intensidade entre 70 a

80% da frequéncia cardiaca maxima (150).

Esta auséncia de adaptacdo ao treinamento fisico em alguns dos estudos citados
pode estar relacionada as caracteristicas clinicas dos pacientes, ao nivel de supervisdo
e ao comportamento dos marcadores inflamatorios perante a intensidade e duracdo

tanto da atividade aerdbica quanto do programa imposto.

Além disso, e pertinente especular sobre os métodos utilizados na investigacao
das citocinas nos estudos apresentados para explicar a variabilidade dos resultados.

Vale ressaltar que diferentes metodologias podem ter sido utilizadas tanto nas
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técnicas de medidas quanto no controle de variaveis externas que influenciam no

comportamento da inflamacéo e consequentemente das citocinas.

Além disso, poucos estudos investigam os efeitos do treinamento resistido
isolado ou em combinagdo com o aerdbico. Conraads e colaboradores (31) incluiram 30
minutos de treinamento resistido a 50% de uma repeticdo maxima em associacdo com
20 minutos de aerdébico a 90% do limiar ventilatorio durante 4 meses e observaram
reducdo dos receptores sollveis para TNF-a sem mudancas em IL-6 em individuos com
ICC de origem isquémica (31). Os autores ndo observaram a mesma resposta nos

individuos com ICC idiopatica que ndo obtiveram nenhuma melhora.

Petersen e colaboradores (151) relatam que entre os efeitos adaptativos e
positivos do treinamento fisico sobre parametros inflamatoérios, a intensidade do
exercicio € um importante fator de determinacdo leucocitaria, que abrangem a
subpopulacdo de linfécitos, podendo este marcador aumentar a contagem inicial de

50 a 100%.

Citocinas anti-inflamatorias, em particular a IL-10, ganharam destaque e podem
ter um papel importante na fisiopatologia ICC . Nesses pacientes ha uma diminuicdo na
producdo de IL-10 sendo positivamente correlacionada com uma diminuicdo da fracdo
de ejecdo ventricular esquerda (152-153). Nesse contexto, varios estudos demonstraram
aumento na concentracao plasmatica de IL-10 apds o exercicio, uma condi¢cdo que pode
contribuir e ser um mediador importante dos efeitos anti-inflamatoérios do treinamento
fisico (154). A 1L-10 pode atuar em diferentes tipos de células e induzir a supressao da
resposta inflamatoria em varios tipos de células. Além disso, apesar de crescente
evidéncias indicando a existéncia de uma relacdo entre o efeito anti-inflamatorio do
exercicio e seu efeito protetor e/ou inibidor em varios quadros clinicos, possiveis efeitos
de longo prazo ndo estdo bem caracterizados, principalmente em relagéo treinamento

resistido (155).
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A IL-10 modula o processo anti-inflamatorio por meio da supressao da producgéo
de citocinas pro-inflamatorias, como a TNF-a, 0 qual é transcricionalmente modulada
pelo sistema NF-kB. Em ratos foi demonstrado que o exercicio aerdbico aumenta a
ativacdo desse sistema, notadamente via redu¢ao dos niveis de IkBa (proteina inibitoria
do sistema NF-kB) ¢ aumento na fosforilagdao da IKK (enzima que degrada o complexo
protéico IkB) (156), embora ndo nenhum estudo tenha sido encontrado avaliando o
efeito do treinamento em condicGes de ativacdo do sistema NF-kB como ocorre com o

exercicio na ICC (155).

Efeitos Agudos e Subagudos do Exercicio Fisico e Inflamacéo na ICC

Pesquisas mais recentes comecaram a investigar ndo apenas os beneficios
cardiovasculares do exercicio regular, mas também os efeitos resultantes de uma Unica

sessdo de exercicio.

As mudancas que ocorrem durante a realizacdo do esfor¢o (respostas agudas),
sugerem estimulos fisioldgicos importantes a adaptacdo cronica obtida apo6s
determinado periodo de TF. Durante o exercicio, terminacdes nervosas sensiveis em
relacdo as mudancgas metabolicas (metaborreceptores musculares) sao ativadas, o que
gera um aumento na atividade nervosa simpética eferente e consequente aumento na
resisténcia vascular periférica em regides inativas, aumento da pressdo arterial sistémica
e da frequéncia cardiaca. Em portadores de ICC, a sensibilidade desses
metaborreceptores estd aumentada, potencializando a atividade nervosa simpatica
durante o exercicio. Essa resposta pode, em parte, explicar a atenuada queda na
resisténcia vascular periférica e a reduzida vasodilatacdo observada durante o exercicio,

tanto em humanos quanto em animais com ICC (18, 157).
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Os efeitos subagudos se referem ao fenémeno fisioldgico que ocorre entre as
sessOes de esforco fisico e que envolve mecanismos que transferem os sinais do estresse
agudo as adaptacGes desenvolvidas durante o periodo de treinamento (158). As
modificagdes subagudas podem exercer influéncias excitatorias, como ocorre no
aumento da FC (159), ou inibitoria, conforme demonstrado pela menor atividade
simpatica apos o esforgo (160).

Segundo Nobrega e colaboradores (158), as respostas também se manifestam
com padr@es diferentes e podem ser classificadas em 3 tipos, comparativamente aos
efeitos agudos (Figura 1): resposta tipo 1 (linha continua) - apresenta efeitos que sdo
gradativamente diminuidos no periodo pos-esfor¢o, como ocorre com a frequéncia
cardiaca e com o consumo de oxigénio; resposta tipo 2 (linha tracejada) - representa o
comportamento na qual as respostas subagudas estdo mais intensas do que quando
manifestas durante o exercicio: reativacao parassimpatica - aumento nos seus valores
quando do término do exercicio (161); resposta tipo 3 (linha pontilhada) - refere-se aos
efeitos que sdo desencadeados somente apds a sessdo de exercicio, como ocorre na
reducdo marcada dos niveis de presséao arterial (162).

Dentro deste contexto, sabe-se que uma Unica sessdo de exercicio fisico
extenuante ou de longa duracdo eleva consideravelmente os indices de IL-6 no plasma
por favorecer a maior expressao génica da IL-6 muscular (33, 36, 163), provavelmente

sinalizada pelo aumento de célcio intracelular durante a contragéo (35).

33



Tipo 1: Agudo > Sub-agudo
Tipo 2. Agudo < Sub-agudo
Tipo 3. Agudo << Sub-agudo

Fator

T Exercicio

Figura 1. Magnitudes dos efeitos sub-agudos em relacio aos agudos.
As respostas sub-agudas de uma sessdo de esforgo podem ser menores (linha continua), maiores (linha
tracejada), ou muito maiores (linha pontilhada) do que aquelas observadas durante o exercicio. Adaptado

de Nébrega (151), com permissao.

Entretanto, as informagdes relativas ao seu comportamento em resposta a uma
Unica sessdo de exercicio fisico precisam ser mais elucidadas. Ostrowski e
colaboradores (164) estudaram as respostas de citocinas em individuos saudaveis
durante uma maratona, com coletas no pré-exercicio, ao término da atividade e a cada
30 minutos até 4 horas apds a interrupcdo da maratona (164). Os autores encontraram
elevacdo significativa de IL-6 em maior proporcdo que TNF-o, que também aumentou
significativamente. O aumento de IL-6 permaneceu por 4 horas apdés a atividade

enquanto TNF-a retornou aos niveis pré-exercicio 3 horas apds a maratona.

O aumento de IL-6 derivada do musculo (independentemente da producédo de
TNF-a) em uma Unica sessdo de exercicio fisico tem efeitos biologicos importantes
na regulacdo da homeostase da glicose e do metabolismo de gordura, além de ter acéo
anti-inflamatoria atenuante sobre TNF-o levando a reducgéo de seus receptores solUveis

(34-36).

34



Em relacéo ao efeito imediato do exercicio, postula-se que o aumento do tempo
de duracdo seria o fator mais importante para determinar a magnitude do aumento da
IL-6, seguida do tipo de exercicio utilizado (grandes grupos musculares) (33). Quando
se busca na literatura avaliacdo da resposta imediata da IL-6 em ICC a diferentes
intensidades de exercicio aerébico, determinadas a partir de varidveis
cardiovasculares (consumo de oxigénio, frequéncia cardiaca), ndo foi encontrado
suporte para a afirmacdo de que a intensidade ndo influenciaria o aumento de IL-6 em

resposta a uma unica sessao de exercicio fisico.

Em acordo com estes achados, foi documentado em individuos com ICC que
uma Unica sessdo de exercicio maximo pode aumentar indices plasmaticos tanto de
IL-6 quanto de TNF-a. Kinugawa e colaboradores (163) avaliaram os efeitos de um
exercicio maximo na resposta inflamatéria em adultos saudaveis e com ICC (163).
Em ambos os grupos houve aumento significativo de IL-6 e TNF-o, mas os individuos
com ICC ja apresentavam valores de repouso mais elevados destas citocinas,
alcancando maiores valores absolutos. Em outras intensidades esta resposta imediata

ao exercicio fisico ndo estad documentada.

Também se discute que durante uma sessdo de exercicio, conforme intensidade
e tempo da mesma, os niveis de IL-6 circulantes aumentam exponencialmente em até
100 vezes, mas declinam no periodo pds-exercicio (151). Neste contexto, Jonsdottir e
colaboradores (165) afirmam que a contracdo muscular causada pelo exercicio ativa a
transcricdo do gene da IL-6 (RNA) e por conseguinte exerce efeitos inibidores sobre
a producdo do TNF-a e IL-1 (166). No entanto, quando submetidos a programa de
exercicios, as concentracdes plasmaticas e musculares de IL-6 diminuiram 42% em
pacientes com ICC que realizaram exercicios regulares de moderada intensidade (70,

108).
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Em concordancia, Adamopoulos e colaboradores (94) observaram diminuicao
significativa da concentracdo de IL-6 de 8,3 pg/mL para 5,9 pg/mL, atribuida a
desativacdo receptores apos intervencdo com protocolo de exercicios de moderada
intensidade. O exercicio fisico contribuindo para atenuacdo do perfil inflamatorio
promove reversdo do processo catabdlico que se instala na sindrome. Larsen e
colaboradores (149) evidenciaram modesta correlacdo entre a atrofia muscular e niveis

elevados de IL-6 de pacientes com ICC.

Petersen e colaboradores (151) ainda sugerem que o exercicio fisico exerce
efeito anti-inflamatorio mediante a producéo e liberacdo da IL-6 por células musculares,
por meio do aumento dos niveis do mRNA IL-6, e queda da ativacdo transcricional do
NF-kB que parece mediar a diminuicdo da IL-6 (156), sendo que resultados

semelhantes a estes foram observados em outros estudos (70, 94).
Estabilidade Hemodinamica Durante o Exercicio Resistido na ICC

Estudos com variadas técnicas de avaliacdo aprofundaram o conhecimento da
hemodinamica durante o exercicio resistido em pacientes ICC. Meyer e colaboradores
(167) submeteram individuos com ICC a duas diferentes intensidades de esforco (60% e
80%) no leg press e encontraram um aumento no indice cardiaco e no volume sistélico
durante sua execucdo. Nesse estudo, os autores observaram estabilidade na funcédo
ventricular esquerda durante o exercicio resistido em pacientes compensados, todos em

terapia medicamentosa otimizada (167).

Resultados similares ocorreram em outro estudo que arrolou pacientes com
insuficiéncia cardiaca grave, 0s quais ndo apresentaram instabilidade hemodindmica
durante exercicio resistido de membros superiores e inferiores. Nestes individuos com
ICC classe Il e IV (FE: 25+2%, VOgpico: 12,420,7ml.kg™.min™) ocorreu discreta

diminuicdo do volume sistolico em exercicio de membros inferiores e manutengdo do
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volume sistélico no exercicio com membros superiores (em relacdo aos valores de

repouso). O débito cardiaco (DC), por sua vez, ndo se alterou (168).

Outro estudo demonstrou que funcdo ventricular esquerda se mantém estavel
durante o exercicio resistido de intensidade moderada, em pacientes ICC (169). Apesar
das elevagdes na pressdo arterial diastolica e presséo arterial média durante exercicios
de resisténcia, ndo houve evidéncia de deterioracdo na funcao ventricular esquerda, do

exercicio em relacdo ao repouso.

Por fim, mesmo ndo estando completamente esclarecidos 0s mecanismos que
propiciam a manutencdo da funcdo ventricular em diferentes classes de ICC, a resposta
cronotrdpica parece ser a principal responsavel pela manutencdo do DC durante o
exercicio resistido (142, 167-169).

Em conjunto, esses estudos demonstram a importancia de que se realizem
investigacbes mais direcionadas para os efeitos agudos e subagudos do exercicio,
isolando o componente aerdbico ou o resistido, devido ao fato de que essas alteracGes
podem influenciar diretamente sobre as adaptacdes induzidas pelo TF. Também, as
principais diretrizes de cardiologia recomendam fortemente a inclusdo de exercicios
resistidos supervisionados nos programas de reabilitacdo cardiaca, embasados em
estudos que demonstraram tanto sua estabilidade hemodinamica quando realizados em
pacientes com ICC como beneficios impactantes no retardo da evolucéo desta doenca.

Além disso, evidéncias indicam que o treinamento resistido, realizado de forma
exclusiva ou em combinacdo aos exercicios aerdbicos, pode impactar sobre o perfil
inflamatorio, o que pode contribuir para minimizar a limitacdo funcional presente na

insuficiéncia cardiaca cronica.
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OBJETIVOS

Com base nas evidéncias da literatura, fica claro que ainda sdo pouco
explorados os efeitos agudos e subagudos do exercicio resistido na populagdo com ICC,

0s quais apresentam potencial relevancia fisiologica e clinica.

Neste contexto, conduzimos um experimento sobre as respostas inflamatorias e

funcionais de pacientes com insuficiéncia cardiaca cronica tendo como objetivos:

1. Definir o impacto agudo e subagudo do exercicio resistido dinamico sobre o
perfil inflamatdrio de pacientes com insuficiéncia cardiaca crénica, através dos niveis

plasmaticos de IL-6, IL-10 e IL-18;

2. Verificar a ativacdo muscular (reto femoral, vasto lateral e vasto medial)

durante o exercicio resistido em pacientes com insuficiéncia cardiaca cronica;

3. Avaliar as respostas agudas de variaveis hemodinamicas (PAS, PAD, FC, IC,

DC, VS) ao exercicio resistido em pacientes com insuficiéncia cardiaca crénica;

4. Analisar as respostas agudas e subagudas das concentracBes de lactato

sanguineo, ao exercicio resistido em pacientes com insuficiéncia cardiaca cronica.
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Abstract

Background Aerobic training improves inflammation in chronic heart failure (CHF). We
hypothesized that CHF patients would present decreased inflammation status after an
isolated resistance exercise session.

Methods Eleven CHF patients and 10 healthy controls participated of one bilateral knee-
extensor resistance exercise session. Before, during, and after exercise blood was collected
for cytokine and lactate analyses. Muscular activation was monitored during the exercise
session.

Results CHF patients presented a significant increase in interleukin-6 (IL-6) and
interleukin-18 (IL-18) plasma levels in peak exercise (P<0.05 vs. baseline) and a
significant reduction from baseline at 120 min post-exercise (P<0.05 vs. baseline). There
was also an increase in interleukin-10 (IL-10) up to 60 min post exercise in CHF patients
(P<0.05 vs. baseline). The same pattern of response was observed for all cytokines, except
for IL-6, in the control group.

CHF group demonstrated a delayed lactate kinetic recovery compared to controls (P<0.001
vs. healthy controls). The overall muscular activation demonstrated a higher percentage
change in all exercise, except in 1% set, in CHF group compared with controls (62+4 vs.
4315 %, P<0.05).

Conclusion: Our findings suggest that isolated resistance exercise session is capable to

induce a reduction in inflammatory status after effort in patients with CHF.

Keywords: strength exercise, inflammatory cytokines, acute and subacute effects.
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Introduction

Elevated plasma levels of inflammatory cytokines are characteristic of heart failure.
Those levels are further exacerbated in patients with reduced muscle mass and in patients
with reduced functional capacity (1-4). The influence of inflammatory mediators in fatigue
and skeletal muscle wasting in heart failure is in active investigation. Cytokines can lead to
increased muscle catabolism, loss of muscle protein (5), and apoptosis in skeletal
myotubes (6) associated with a decrease in maximal exercise capacity (7) .

Cytokines and other peptides are produced, expressed and released by muscle fibers
as part of the acute effects of exercise. They exert autocrine, paracrine or endocrine effects
and have been classified as myokines (8). Interleukin-6 (IL-6) is a pleiotropic cytokine
produced and released by contracting muscles. Even though it has usually been considered
a pro-inflammatory cytokine, some evidence suggests it may have anti-inflammatory and
metabolic effects. The magnitude of the exercise-induced IL-6 release is probably
dependent on the intensity, the amount of muscle mass involved, and especially the
duration of the exercise. Other cytokines, such as interleukin-10 (IL-10) and interleukin-18
(1L-18) are expressed during inflammatory conditions such as CHF (9).

Exercise training in patients with chronic heart failure (CHF) promotes favorable
changes in exercise tolerance and there are plausible mechanistic explanation supporting
its involvement cytokine production (8, 10-14). Controlled trials of exercise training have
demonstrated reduced levels of pro-inflammatory cytokines and possibly an increment of
anti-inflammatory cytokines after training (15-18). Some studies have shown that
resistance training improved muscular strength, functional capacity, and quality of life.
However, evidences for the effect of this type of training on the inflammatory profile of

patients with heart failure are still scarce (19-22).
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No previous studies have evaluated the acute and subacute effects of isolated
resistance exercise on cytokine response in CHF patients. Therefore, we conducted the
present study to test the hypothesis that one resistance exercise session improves

inflammatory status in CHF patients.

Patients and Methods
Study Participants

Participants were sedentary patients with CHF or age and gender-matched healthy
sedentary individuals. Patients were recruited from the heart failure outpatient clinic at the
Hospital de Clinicas de Porto Alegre and controls were recruited through public
advertisement.

Inclusion Criteria for CHF patients were: clinically stable CHF for at least 6 months
before the study entry; left ventricular systolic dysfunction with left ventricular ejection
fraction < 40% (determined by echocardiography); functional class Il or Il according to
the New York Heart Association; age between 35 and 70 years; being able to perform
treadmill and resistance exercise. Exclusion criteria for CHF patients were: participation in
any rehabilitation or regular exercise program in the previous 12 months; acute coronary
syndrome in the previous 6 months; any moderate or severe cardiac valve disease;
significant co-morbidities such as diabetes mellitus, uncontrolled hypertension, pulmonary,

or renal disease; use of hormone replacement therapy or hormonal contraceptives; smoking

or body mass index >30 kg/mz; inability or refuse to sign the consent form.

Inclusion criteria for healthy subjects were: age, gender and race matching to CHF
patients; being sedentary; no previous history of hypertension or any other symptoms or
diagnosis of pulmonary, renal, or endocrine disease; no current use of any regular
medication. Exclusion criteria for healthy subjects were: any abnormality identified by

medical history, physical examination, blood chemistry, resting electrocardiogram,
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echocardiography and cardiopulmonary exercise test; smoking or body mass index >30

kg/mz; inability or refuse to sign the consent form.
The Institutional Review Board approved the study protocol and all participants gave

their written informed consent before participation.

Study Design

This was a cross-sectional study performed in three visits. In the first visit, subjects
performed baseline evaluation: medical history and physical examination, collection of
blood samples and symptom limited incremental cardiopulmonary exercise testing on
treadmill. In the second visit, scheduled for one week after the first, individuals were
submitted to knee-extensor 1 repetition maximum (1-RM) test. During this period, both
patients and controls also participated in familiarization sessions for the knee-extensor

exercise protocol. In the third visit, the experimental protocol was applied.

Experimental Protocol

The experimental protocol was designed to evaluate the acute and subacute effects
of resistance exercise (knee-extensor) on inflammatory cytokines in CHF patients.
Individuals came to the laboratory in the morning, after an overnight fasting, and seated for
30 min before baseline blood samples were collected from an antecubital vein for plasma
cytokine analysis.

Exercise session was preceded by specific warming-up, two sets of 15 repetitions at
10% of 1-RM, for knee-extensor exercise. After warming-up subjects performed a
unilateral maximal voluntary isometric contraction (MVIC) test for assessment of the
maximal muscular activation during knee-extensor in rectus femoris, vastus lateralis and
vastus medialis using surface eletromiography. Subsequent to the test both groups rest for
10 min and initiated the resistance exercise session, in the seated position on an adjustable

chair (Acadmix Executive, Metalmix, S&o Paulo, Brazil) with their knees flexed at 90°.
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Subjects performed bilateral knee-extensor exercise at an intensity of 70% of 1-RM, 5 sets
of 15 repetitions (concentric phase, 3 seconds; eccentric phase, 3 seconds). The
approximate duration of exercise sessions was 15-20 min. Exercise cadence was controlled
by a metronome, with 90-seconds interval between sets. During exercise, heart rate (HR)
and blood pressure (BP) were measured with an automatic device (Dinamap 1846 SX/P;
Critikon, Florida, USA) at the interval between sets. Muscular activation was monitored
during the exercise session. Participants were verbally encouraged and instructed to expire
during the concentric phase (23). At the end of every set, leg effort perception was
evaluated by the modified categorical Borg Scale (24). Before, during, and after exercise
blood samples were collected, for posterior cytokines analyses, at the timepoints: basal,
peak (end of 5" set), immediately, 60, and 120 min post-exercise.

Ear lobe arterialized blood samples were obtained for lactate measurements at
baseline, prior to exercise, at peak exercise (end of 5" set), and at 3, 6, 9, 12, 20, 30, 40,
60, and 120 min after in the recovery period. Current medications were maintained

throughout the study.

Measurements

Cardiopulmonary Exercise Testing

Cardiopulmonary exercise testing was performed on a treadmill (Inbramed, Porto
Alegre, Brazil), with initial speed at 3 km/hour, incremented by 0.2 km/hour every 20 sec.
Inclination started at 0% and was increased by 0.5%/min. Tests were symptom-limited or
interrupted by volitional fatigue. Heart rate was continuously monitored throughout the test
and blood pressure was measured every 2 min. Respiratory variables were acquired breath-
by-breath and averaged in 20-sec intervals, using a commercial system (Metalyzer 3B,
CPX system, Cortex, Leipzig, Germany). Peak oxygen uptake (VO, peak) was considered

as the highest oxygen level attained during exercise.
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Strength Exercise Testing

Test was preceded by specific warm-up for knee-extensor exercise. The 1-RM was
performed in the knee-extensor exercise chair, as previously described by Kraemer et al.
(25). During the strength test, HR and BP were measured with an automatic device
(Dinamap 1846 SX/P; Critikon, Florida, USA) at the interval between attempts.
Participants were verbally encouraged and instructed to expire during the concentric phase

(23).

Cytokines Analysis

In Vacutainer® containing sodium heparin (Becton, Dickinson and Company,
Franklin Lakes, NJ, USA), 10 mL of blood were collected for each sample. The tube was
kept on ice until centrifugation at 1000 g for 10 min at 4°C. Plasma was separated from the
cells and stored at —80°C until subsequent cytokines analysis. Plasma levels of
inflammatory cytokines IL-6 and IL-10 were measured by Multiplex Bead Immunoassay,
using Human Magnetic Custon Luminex Kit by the Luminex system 200 (Invitrogen by
Life Technologies, MD). The IL-18 dosages were performed by enzyme-linked
immunosorbent assay (ELISA) kits (MBL Medical & Biological Laboratories, CO). All
analyzes were performed in duplicate, using commercial assays and in accordance with the

specifications of their respective manufacturers.

Blood lactate analyses
Twenty-five pL fingertip blood samples were mixed with 50 pL of 1% sodium
fluoride. This solution was then frozen for later analysis of blood lactate concentration

using a dedicated analyzer (YSI 1500-L Sport, Yellow Springs, Ohio, USA).

Eletromiography
Surface EMG was recorded with a common mode rejection ratio of 126 dB and an

input impedance of 10 GQ using a four-channel EMG system (Miotool, Miotec
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Equipamentos Biomedicos Ltda, Porto Alegre, Brazil). Pairs of Ag/AgCl electrodes
(bipolar configuration) with a diameter of 22 mm and center-to-center distance between
electrodes of 25 mm (Kendall Meditrace, Chicopee, Canada) were positioned on the skin
after careful shaving and cleaning of the area with an abrasive cleaner and alcohol swabs to
reduce skin impedance. The electrodes were placed over the belly of the muscles, parallel
with the muscle fibers orientation and taped to the skin to minimize artifact movement.
The EMG signals were amplified (x100), band-pass filtered at 20-500 Hz by a Butterworth
5" order digital filter, and A/D converted (14 bits resolution) at a sampling rate of 2000
Hz. EMG signals were extracted from MVIC and knee-extensor exercise and root mean
square (RMS) values were calculated by a mathematical routine using Matlab® 7.1
software (Math Works Inc., USA). The onset and offset of EMG activity were obtained by
a mathematical method (26). This was adopted as threshold criteria for determination of
the muscle activation—deactivation dynamics. All RMS values obtained from each muscle
were normalized by the RMS value for that specific muscle during the isometric MVIC.
For the analysis of the overall activation during knee-extensor exercise RMS values from

rectus femoris, vastus lateralis and vastus medialis were sum and averaged.

Statistical analysis

Data are expressed as mean £ SEM. Based on previous study (27), a sample size of
11 individuals per group was estimated to have a power of 0.8 to detect a mean difference
of 5.0 pg/mL in inflammatory response, for an alpha of 0.05. Clinical characteristics of
CHF patients and healthy controls were compared by unpaired t-test or Mann-Whitney U
test. Hemodynamic responses to the experimental protocol were assessed by one-way
ANOVA with repeated measures, with the Newman-Keuls method to identify contrasts. A
generalized estimated equation (GEE) was used to compare means within and between

groups for each moment of the protocol. Data were analyzed using SPSS version 20 for
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Windows software; (Inc., Chicago, IL). A P<0.05 was considered as statistically

significant.

Results

Participants’ and exercise characteristics

Table 1 shows characteristics of the participants. CHF patients and healthy controls
were well matched for age, sex distribution, and body mass index. Patients with CHF
presented moderate reduction of left-ventricular ejection fraction and lower HR and
diastolic blood pressure (DBP) at rest, when compared with healthy controls. CHF patients
had impaired functional capacity and reduced muscle strength when compared to healthy
controls. Total cholesterol was lower in patients with CHF.

Strength test elicited lower mean blood pressure (MBP) (945 vs. 1105 mmHg,
P<0.05) and similar HR responses (72+3 vs. 79£3 bpm) in CHF patients compared with
healthy controls. In CHF patients the resistance exercise sessions induced similar responses
MBP (10547 vs. 1165 mmHg) and lower HR responses (79+1 vs. 100+2 bpm, P<0.05) in

CHF group.

Inflammatory Cytokines responses to resistance exercise

Figure 1 presents inflammatory cytokines responses before, during (considering
peak at the end of 5" set) and after (immediately, 60 min and 120 min) knee-extensor
exercise. At baseline, all cytokines values were similar for patients with CHF and healthy
controls.

Both groups presented increases in IL-6 plasma levels from baseline to peak
exercise, but only CHF patients presented a significant change (P<0.05 vs. baseline).
Within groups IL-6 plasma levels remained unchanged throughout resistance exercise,
except for the moment 120 min post-exercise in CHF group that showed a significant

reduction from baseline (P<0.05 vs. baseline). Comparisons between groups demonstrated
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that CHF patients presented greater magnitude of change in IL-6 levels from baseline to
peak (A IL-6peax, P<0.05 vs. healthy controls).

CHF patients and healthy controls presented significant increases in IL-18 plasma
levels from baseline to peak exercise (P<0.05 vs. baseline). Within groups 1L-18 plasma
levels changed throughout resistance exercise. Healthy controls showed a sustained
increase immediately post-exercise (P<0.05 vs. baseline) and both groups demonstrated
significant reduction at 120 min after effort in IL-18 levels from baseline (both, P<0.05 vs.
baseline), whereas CHF showed greater magnitude than healthy controls (P<0.05 vs.
healthy controls). No significant changes in magnitude were observed between groups
from basal to peak.

A single resistance exercise session for the lower limbs produced a rise in IL-10 up
60 min after effort in CHF patients and healthy controls (both, P<0.05 vs. baseline). The
magnitude in changes in IL-10 levels differ between groups, where CHF patients presented
greater magnitude of change from baseline to peak (A IL-10pea, P<0.05 vs. healthy

controls).

Lactate concentration responses to resistance exercise

Figure 2 represents the acute and subacute effects of resistance exercise in blood
lactate concentrations. Within groups blood lactate levels changed throughout knee-
extensor exercise and at recovery. Both presented significant increases, up to 120 min post-
exercise in CHF patients and up to 60 min in healthy controls (P<0.001 vs. baseline).
Comparisons between groups demonstrated that CHF patients presented increased
magnitude of change in lactate levels in post-exercise period demonstrating a delayed

lactate kinetic recovery compared to healthy controls (P<0.001 vs. healthy controls).
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Muscular Activation during resistance exercise

The overall activation, values from rectus femoris, vastus lateralis and vastus
medialis, during knee-extensor exercise demonstrated a higher percentage change in all
exercise, except in 1% set (56+4 vs. 41+4 %, P=0.058), in CHF group compared with
healthy controls (2" set, 62+8 vs. 42+4 %; 3" set, 62+4 vs. 43+3 %; 4™ set, 62+6 vs. 43+4

%; 5™ set 68+7 vs. 47+4 %, P<0.05).

Discussion

The main finding of the present study is that one resistance exercise session
improves inflammatory status in CHF patients by attenuating IL-6 and IL-18 levels post-
exercise, and inducing a sustained increase in 1L-10. Together with these major results we
observed that the magnitude of responses of the overall activation was higher in CHF
patients during exercise accompanied by an increased in IL-6 expression at peak exercise
when compared to healthy controls. Moreover, CHF patients demonstrated higher levels of
blood lactate after exercise, reflecting in a retarded kinetic of lactate recovery post-
exercise. To our knowledge, this is the first report on the beneficial effects of isolated
resistance exercise on inflammatory status in this patient population.

Exercise training involves multiple adaptations including increased pre-exercise
skeletal muscle glycogen content (28) and, as a consequence, the trained skeletal muscle is
less dependent on plasma glucose and muscle glycogen as substrate during exercise (29).
The beneficial effects of endurance exercise are well known (10, 16-17, 30-33). Baseline
levels of IL-6 are reduced after training in patients with coronary artery disease (34).
However, the anti-inflammatory effect of strength training and strength exercises is less
studied in CHF population (35).

Inflammatory activation with increased cytokine levels has been described by

several authors as an important factor in clinical deterioration in CHF (30, 36-37). High
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serum levels of IL-18 were associated with an increased risk of developing cardiovascular
disease in the general population, increased mortality in CHF patients and development of
congestive heart failure and acute myocardial infarction in patients with acute coronary
syndromes IL-18 mediates acute cardiac effects such as contractile dysfunction as well as
chronic cardiac changes like hypertrophy and fibrosis (38-43). Our results for the 1L-18
showed higher baseline values in patients with CHF compared with healthy individuals.
There was a significant decrease in IL-18 levels in both groups after resistance exercise,
and this response was more exacerbated in CHF patients. Previous studies demonstrated
reduced levels of IL-18 after aerobic training, but not after resistance training. It might be
in part because strength training was combined with flexibility and balance training, what
may have contributed to the negative finding in reducing IL-18 (44). Beta adrenergic
receptors may play a role in regulating cytokine release in several chronic disease states
associated with inflammation. These receptors are expressed on several cells and tissue
that can secrete pro-inflammatory cytokines including leukocytes, adipose tissue,
myocardium and skeletal muscles. One proposed mechanism to explain an anti-
inflammatory effect of exercise is that exercise training reduces the density of beta
adrenergic receptors in the myocardium and therefore would minimize 1L-18-induced
damage (45).

The presence of a chronic low-level increase of plasma IL-6 (usually <10 pg/mL) is
associated with low physical activity (46-48), cardiovascular disease (49) and may serve as
a predictor of mortality (50). Epidemiological studies have reported a negative association
between the amount of regular physical activity and the baseline plasma IL-6 levels, with
lower baseline plasma IL-6 in more physically active (48, 51-52). Since our healthy
individuals were sedentary for at least six months, this may explain the slightly elevated
baseline I1L-6 levels. Since the first study in 1991 (53), several studies have consistently

reported that the plasma IL-6 concentration increases in response to exercise (9). Although
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the plasma concentration of various cytokines may be affected by exercise, IL-6 increases
more dramatically than any other cytokine investigated (8, 14, 54-55). The plasma IL-6
concentration is ~1 pg/mL or even lower in resting healthy subjects (9, 12). In contrast, the
plasma IL-6 concentration may reach 10000 pg/mL in response to severe systemic
infections (56). Less dramatic increases of plasma IL-6 are found in numerous
inflammatory and infectious diseases. Considering that the elevation of IL-6 in response to
exercise may exert anti-inflammatory effects (17, 33, 57), our data suggest that resistance
exercise may contribute to the anti-inflammatory response to acute effort.

The contracting skeletal muscle per se appears to be one of the main sources of IL-
6 in the circulation in response to exercise: Of note, the exercise-induced increase of
plasma IL-6 is not linear over time; repeated measurements during exercise show an
accelerating increase of the IL-6 in plasma in an almost exponential manner (58-60).
Furthermore, the peak IL-6 level is reached at the end of the exercise or shortly thereafter
(58-59), followed by a rapid decrease towards pre-exercise levels. Evidence that
contracting muscle fibers themselves are a source of IL-6 mRNA and protein has been
achieved by analysis of biopsies from the human vastus lateralis (61-62).

Accordingly, 1L-6 appears to accumulate within the contracting muscle fibers as
well in the interstitium during exercise. However, it has been the simultaneous
measurement of arterial-venous IL-6 concentrations and blood flow across the leg that has
demonstrated that large amounts of IL-6 can be released from the exercising leg (60). In
the same study, the authors also estimated that the net release from the exercising leg could
account for the systemic increase of plasma IL-6, assuming that IL-6 is distributed in the
extracellular compartment and that IL-6 content in blood is the same in plasma and the
cellular fraction. (60). Our findings corroborate this evidence demonstrating a rapid rise of

IL-6 levels at the end of resistance exercise, which is not reproduced in healthy subjects
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probably due to a low load or duration of exercise as reflected in the overall muscle
activation.

Overall, the combination of mode, intensity and duration of the exercise determines
the magnitude of the exercise-induced increase of plasma IL-6. The IL-6 response is
sensitive to the exercise intensity (63), which again indirectly represents the muscle mass
involved in the contractile activity. Since contracting skeletal muscle per se is an important
source of IL-6 found in the plasma (58, 60), it is therefore not surprising that exercise
involving a limited muscle mass, e.g. the muscles of the upper extremities, may be
insufficient in order to increase plasma IL-6 above pre-exercise level (64-66). In contrast,
running — which involves several large muscle groups — is the mode of exercise where the
most dramatic plasma IL-6 increases have been observed. Exercise duration is the single
most important factor determining the post-exercise plasma IL-6 amplitude. More than
50% of the variation in plasma IL-6 following exercise can be explained by exercise
duration alone. Since exercise at high intensity often is associated with shorter duration of
the exercise and vice versa, the relationship between the plasma IL-6 increase and the
duration may be even more pronounced if adjusted for the exercise intensity. This
relationship is remarkably insensitive to the mode of exercise, although the highest
increases of plasma IL-6 generally are found in response to running (46).

IL-6 appears to be capable of enhancing its own transcription (72), which may
partly explain the almost exponential increase of IL-6 towards the end of exercise.
However, it should be noted that the IL-6 released into the circulation is cleared very
quickly, thus the plasma IL-6 exercise-induced is limited in particular in response to short
bouts of exercise (46, 67-69).

Several mechanisms may link muscle contractions to IL-6 synthesis. Changes in
calcium homeostasis, impaired glucose availability, and increased formation of reactive

oxygen species are all capable of inducing transcription factors regulating IL-6 gene
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transcription. The synthesized I1L-6 may act locally within the contracting skeletal muscle
in a paracrine manner or be released into the circulation, thus able to induce systemic
effects such as in lymphocytes, macrophages, and monocytes, the circulating 1L-6 may
stimulate the production of interleukin-1 (IL-1) receptor antagonist and 1L-10. Evidences
also suggests that the prophylactic effect of exercise may, to some extent, be ascribed to
the anti-inflammatory effect of regular exercise mediated via a reduction in visceral fat
mass and/or by induction of an anti-inflammatory environment with each bout of exercise
(e.g. via increases in circulating anti-inflammatory cytokines including IL-1 receptor
antagonist and 1L-10).

Our results evidenced that one isolated resistance exercise session can induce a rise
in 1L-10 levels up to 60 min after effort in both groups. This elicits the anti-inflammatory
effects and probably adaptations that resistance training can promote especially in CHF
due to the elevated inflammation status. Anti-inflammatory cytokines, particularly IL-10,
have gained prominence and may have an important role in the pathophysiology of CHF
(70-71). In patients with CHF, a decrease in 1L-10 plasma concentration has been reported
and positively correlated with a decrease in the left ventricular ejection fraction (72). In
this regard, several studies have shown changes in plasma concentration of 1L-10 and IL-1
receptor antagonist after exercise, a condition which can contribute to the anti-
inflammatory milieu, and thus be an important mediator of the anti-inflammatory effects of
physical training. IL-10 can act in different cell types and induces suppression of
inflammatory response in several cell types. Moreover, despite increasing evidence
indicating the existence of a relationship between the anti-inflammatory effect of exercise
and its protective and/or inhibitor effect in various clinical pictures, possible long range
effects (training) are not well characterized, especially regarding resistance training (18).

Controlled trials of exercise training also demonstrate reduced levels of the

inflammatory cytokines after training and a correlation with an improvement in peak
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oxygen uptake (73-74). These observations suggest that inflammatory mediators are
involved in the skeletal muscle myopathy of CHF and the consequent experience of fatigue
and exercise intolerance. Circulating IL-6 may synergize with other molecules to induce
muscular atrophy in some disease states. For instance, activation of the renin—angiotensin
system (SAA), which is commonly found to be induced in CHF is known to cause severe
muscle degradation (75). In vitro experiments confirmed that neither IL-6 nor SAA alone
induce significant changes in protein degradation or myotube size (76-77), but taken
together, these data indicate that Angiontensin Il stimulates liver-dependent systemic
release of IL-6 and SAA that synergistically target muscle cells to induce muscle
proteolysis by inhibiting insulin growth factor 1-dependent signaling (78).

A significant association was demonstrated between elevated serum cytokine levels
and functional class or the degree of exercise intolerance in CHF patients (30).
Inflammatory cytokines may alter skeletal muscle histology and have a negative impact on
left ventricular remodeling and cardiac contractility (30, 37, 79). Exercise training has been
documented to improve the inflammatory profile in CHF by inhibition of cytokine
production, regulation of monocyte activation and adhesion, inhibition of inflammatory
cell-growth signals and growth factor production, reduction of soluble apoptosis signaling
molecules (10), and attenuation of monocyte endothelial cell adhesive interaction (16). On
the other hand changes in skeletal muscle, but not systemic expression of tumor necrosis
factor-alpha, interleukin-1-beta, and IL-6 have been reported in heart failure patients
undertaking a regimen of 10 min cycling, 4-6 times daily for 6 months (30). This study
suggested the existence of a cytokine cascade in which levels may be changed in different
rates in different tissues.

Skeletal myopathy of CHF is characterized by muscle fiber atrophy and fiber type
shift from oxidative to glycolytic fiber types, decreased capillary number per muscle fiber,

rapid depletion of high-energy phosphates and rapid decrease in muscle pH during
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exercise, and decreased mitochondrial density and oxidative enzyme content. Skeletal
myopathy in CHF limits exercise capacity (80). In our study, there was a more pronounced
overall muscular activation during resistance exercise in CHF group accompanied by the
reduced muscle strength elicited in 1-RM test. It is likely secondary to the muscle
abnormalities seen in skeletal myopathy. Exacerbated muscle activation reflects a larger
number of motor units recruited by muscular contraction at the same 1-RM load, which in
our patients was indicative of early mechanical fatigue, a marked characteristic of this
pathological scenario. Together with these findings, the results of lactate Kinetic in
recovery after effort demonstrated slower withdrawal in CHF patients compared to healthy
controls. With maximal exercise testing, the CHF patient typically reports leg fatigue and
increased lactate release from leg muscles, which supports the presence of skeletal muscle
dysfunction. Lactate levels correlate closely with maximal exercise capacity, suggesting a
link between muscle dysfunction and exercise intolerance in CHF (81-82). A decrease in
leg venous lactate levels seems to be inversely related to the changes in mitochondrial
volume and density and not to leg blood flow (83). The compromise of cardiac output
during exercise caused by an inability of the heart to maintain adequate blood flow to
metabolic needs, enhances extraction of the oxygen at rest and progressively up to a
maximum exercise. With the aggravation of the disease, the reduction of the flow causes
rapidly reaches the oxygen extraction threshold at submaximal loads, increasing lactate
production, therefore, decreasing muscle pH during exercise that leads to mechanical
failure and anticipates the fatigue in this group of patients with heart failure (84-88).

Our study has some limitations. Our sample was comprised of only 11 patients with
CHF and 10 controls. However, with this sample we had adequate power to find significant
changes in cytokine levels. Additionally this is probably the first study to evaluate the
isolated effect of resistance exercise on cytokines in patients with overt CHF. Our

resistance exercise session lasted approximately 20 min at moderate-intense load. Perhaps
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a longer and varied session would reflect in a more exacerbated cytokine response.
Nevertheless the perception of fatigue, lactate levels and other objective measures of
fatigue give evidence that the performed exercise session managed to achieve a moderate
to intense level.

In conclusion our findings suggest that one isolated resistance exercise session is
capable to induce anti-inflammatory effects via attenuation of pro-inflammatory and a

sustained increase in anti-inflammatory cytokines after effort.
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Table 1. Subject’s characteristics

72

CHF patients

Healthy controls

n
Men/ women

Age, yr

Body mass index, kg.m™
Etiology of CHF
Ischemic/non-ischemic
LVEF, %

NYHA 11/111

VO,peak, mL kg™ min™
RER peak

Knee-extensor, Load 1-RM, Kg
Resting systolic BP, mmHg
Resting diastolic BP, mmHg
Heart rate, bpm

Total cholesterol, mg/dL
HDL cholesterol, mg/dL
LDL cholesterol, mg/dL
Triglycerides, mg/dL

Blood glucose, mg/dL
Medications

B-Blockers

Diuretics

ACE-i or ARB

Digoxin

Anticoagulants

11

8/3

8/3
21 £ 1**

1,13+0,04

174 + 9*
402
101+7

153 + 17

89+3

11

11

4

3

10
8/2
57+1

26+1

29+%2

1,17 +£0,02

206 + 10
53+4
131+12
125+ 12

92+2

Data are mean + SEM or number of subjects. ACE-I, angiotensin-converting enzyme inhibitors; ARB,
angiotensin receptor blockers; BP, blood pressure; CHF, chronic heart failure; LVEF, left ventricular ejection
fraction; RER, respiratory exchange ratio; VO, peak oxygen uptake; 1-RM, one repetition maximum.
*P<0.001 vs. healthy controls; **P<0.05 vs. healthy controls.



Figure 1. Inflammatory cytokines
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Figure 2. Lactate Concentration
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Legends
Fig 1. Inflammatory responses to exercise in CHF group (@) or healthy controls (O).
CHF patients presented a significant increase in interleukin-6 (IL-6) and interleukin-18
(IL-18) plasma levels in peak exercise (*P<0.05 vs. baseline) and a significant reduction
from baseline at 120 min post-exercise (*P<0.05 vs. baseline). There was also an increase
in interleukin-10 (IL-10) up to 60 min post exercise in CHF patients (*P<0.05 vs.
baseline). The same pattern of response was observed for all cytokines, except for IL-6, in
the control group. CHF patients presented greater magnitude of change in IL-6 (A IL-
Bpeak, P<0.05 vs. healthy controls) and 11-10 (A IL-10pea, P<0.05 vs. healthy controls)

levels from baseline to peak.

Fig. 2. Blood lactate concentrations before, during and after exercise in CHF group (@) or
healthy controls (Q). Both groups presented significant increases, up to 120 min post-
exercise in CHF patients and up to 60 min in healthy controls (*P<0.001 vs. baseline).
CHF group demonstrated a delayed lactate kinetic recovery compared to controls

(#P<0.001 vs. healthy controls).

Fig. 3. Overall muscular activation during exercise in CHF patients (black bars) and in
healthy controls (grey bars). The overall muscular activation demonstrated a higher
percentage change in all exercise, except in 1% set, in CHF group compared with controls

(62+4 vs. 435 %, *P<0.05).
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Abstract

Background A better understanding of the acute hemodynamic response to resistance
exercise could promote its use in different patient populations, including heart failure
patients. The aim of this study was to follow the evolution of cardiac parameters:
heart rate (HR), blood pressure (SBP and DBP), cardiac output (CO), stroke volume
(SV), ina continuous and non invasive manner during knee-extensor exercise.

Methods Eleven CHF patients and 10 healthy controls participated in one resistance
exercise session. Subjects performed bilateral knee-extensor exercise at an intensity of
70% of one repetition maximum, 5 sets of 15 repetitions (concentric phase, 3 seconds;
eccentric phase, 3 seconds). Exercise cadence was controlled by a metronome, with 90-
seconds interval between sets. During all exercise CO and SV were continuously measured
with a Physio Flow impedance cardiography.

Results Rest SV did not differ between groups (43£3 vs. 45+3 mL) and increased similarly
during the exercise bout (59+4 vs. 64+3 mL). As expected, cardiac output showed different
values at rest (2,5+0,2 vs. 3+0,2 L/min, P<0.05) and during effort (4+0,2 vs. 6,5+0,1
L/min, P<0.05) for CHF and healthy patients respectively, but both increased similarly
during exercise. Cardiac index showed increased values in response to resistance exercise
in both groups. This effect was significantly lower in CHF group when compared to
healthy controls (2+0,2 vs. 4+0,1 bpm, P<0.05).

Conclusion: This study demonstrated the feasibility of a noninvasive monitoring of
cardiac parameters during resistance exercise in well-compensated CHF patients. This
monitorization revealed stability of left ventricular function parameters during resistance

exercise.

Keywords: strength exercise, cardiac function, acute and subacute effects.
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Introduction

Impedance cardiography (ICG) is a noninvasive modality that utilizes changes in
impedance across the thorax to assess hemodynamic parameters, including cardiac output
(CO). This method provides a clinically acceptable evaluation of CO in chronic heart
failure (CHF) patients submitted to resistance exercise compared to invasive techniques as
Fick principle (1).

Muscle wasting and reduced peak oxygen consumption are hallmarks of CHF (2-5)
as well as negative prognostic factors (2, 6). Total muscle cross-sectional area and strength
of quadriceps muscle account for a high percentage of the variance in peak oxygen
consumption in these patients (6). Resistance training as well as acute exercises in this
modality target the peripheral limitations to exercise tolerance evident in patients with
CHF improving cardiorespiratory fitness, skeletal muscle strength, and vascular function
(7-11).

This impaired muscular strength in CHF when compared with healthy normals has
been demonstrated to be due to a smaller muscle cross-sectional area, (3, 12-13) but not to
a reduced maximum force generated per area of muscle (12). Despite well-described
abnormalities of skeletal muscle (14) and the benefits of resistance training on partially
reversing these muscle weakness (7), this exercise modality traditionally has been
discouraged because of concerns for furthering impairment of left ventricular function and
potential adverse left ventricular remodeling related to increased afterload during the
lifting phase. In reality, at the intensity of resistance training performed by patients with
CHF, the hemodynamic responses do not exceed levels attained during standard exercise
testing, and adverse remodeling after resistance training has not been demonstrated (15-
16). Thus, resistance training can be incorporated safely into rehabilitation programs for

patients with CHF, although further studies are needed (17-18).
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Therefore, it is essential to demonstrate the safety and tolerability of rhythmic
resistance exercise on cardiovascular function in CHF. In this regard, we designed a study
to assess central hemodynamic responses during knee-extensor exercise in patients with
stable CHF compared with healthy controls, by monitoring using a non-invasive method

which is feasible to control the exercise sessions in this population.

Patients and Methods

Study Participants

Eleven outpatients with CHF (eight men, three women) and ten healthy individuals
physically inactive for at least 6 months participated in this study. All CHF patients had
left ventricular systolic dysfunction (ejection fraction below 40% determined by echo) and
were clinically stable for at least 6 months before the study. Patients unable to exercise or
presenting any conditions such as diabetes mellitus, uncontrolled hypertension, pulmonary,
or advanced renal failure were not included. Female patients with CHF and healthy women
were postmenopausal and not taking hormone replacement therapy. Ten subjects matched
for age, gender, and race, were included in the control group. Such individuals were
normotensive, not exercising regularly, not taking medications, and without any symptoms
attributable to cardiovascular diseases, as identified by medical history, physical
examination, resting electrocardiogram, cardiopulmonary exercise testing, and blood

chemistry.
Exclusion criteria for both groups were current smoking, body mass index >30

kg/m2, or issues to accomplish the study scheduling. The Institutional Review Board
approved the study protocol and all participants gave their written informed consent before

participation.
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Study Design

A cross-sectional study was performed comprising three different visits. In the first
visit, all subjects performed baseline evaluation which comprised anamnesis and physical
examination, blood samples collection and symptom limited incremental cardiopulmonary
exercise testing on treadmill. One week later individuals were submitted to knee-extension
one repetition maximum (1-RM) test. During this period, both patients and controls also
participated in familiarization sessions for the knee extension exercise protocol. In the third

visit, the experimental protocol was applied.

Experimental Protocol

The experimental protocol was designed to evaluate the acute and subacutes effects
of resistance exercise (knee-extensor) on hemodynamics parameters evaluated by
impedance cardiography in CHF patients. Subjects came to the laboratory in the morning,
after an overnight fast, and rested for 30 min before baseline started the protocol.

Exercise session was preceded by specific warm-up with two sets of 15 repetitions
at 10% of 1-RM, for knee-extensor exercise. Subsequent to the warm-up individuals
initiated the resistance exercise session, in the seated position on an adjustable chair
(Acadmix Executive, Metalmix, Sdo Paulo, Brazil) with their knees flexed at 90°. Subjects
performed bilateral knee-extensor exercise at an intensity of 70% of 1-RM, 5 sets of 20
repetitions (concentric phase, 3 sec; eccentric phase, 3 sec). The approximate duration of
exercise sessions was 15-20 min. Central hemodynamics were monitored during the
exercise session. Exercise cadence was controlled by a metronome, with 90-sec interval
between sets. During exercise, blood pressure (BP) was measured with a noninvasive
automatic device (Dinamap 1846 SX/P; Critikon, Florida, USA) at the interval between

sets. At the end of every set, leg effort perception was evaluated by the modified
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categorical Borg Scale (19). Participants were verbally encouraged and instructed to expire

during the concentric phase (20).

Measurements

Cardiopulmonary Exercise Testing

Cardiopulmonary exercise testing was performed on a treadmill (Inbramed, Porto
Alegre, Brazil), with initial speed at 3 km/hour and increments of 0.2 km/hour every 20
seconds. Inclination started at 0% and was increased by 0.5%/min. Tests were symptom-
limited or interrupted by volitional fatigue, fulfilling maximality criteria (RER>1.1).
Electrocardiogram was continuously monitored throughout the test and BP was measured
manually every 2 min. Respiratory variables were acquired breath-by-breath and averaged
in 20-sec intervals, using a commercial system (Metalyzer 3B, CPX system, Cortex,
Leipzig, Germany). Peak oxygen uptake (VO, peak) was considered as the highest oxygen

level attained during exercise near to maximal effort.

Strength Exercise Testing

Test was preceded by specific warm-up for knee extensor exercise. The 1-RM was
performed in the knee-extensor exercise chair, as previously described by Kraemer et al.
(2002) (21). During the strength test, HR and BP were measured with an automatic device
(Dinamap 1846 SX/P; Critikon, Florida, USA) at the interval between attempts.
Participants were verbally encouraged and instructed to expire during the concentric phase

(20).

Central hemodynamic monitoring during exercise
Variables of central hemodynamic were measured noninvasively throughout the

experimental protocol using an impedance cardiography device (Physio Flow PF enduro,



Manatec Biomedical, France). The Physio Flow device and its methodology have been
described elsewhere (22). Prior to each measurement, the system was autocalibrated and
adjusted to age, stature, body mass, and blood pressure values. Verification of the correct
signal quality was performed by visualizing ECG tracing, its first derivative (dECG/dt),

and the impedance waveform (AZ) with its first derivative (dZ/dt) (1).

Statistical analysis

Data are expressed as mean £ SEM. Based on previous study (20), a sample size of
11 individuals per group was estimated to have a power of 0.8 to detect a mean difference
of 1.0 L/min/m? in cardiac index response, for an alpha of 0.05. Clinical characteristics of
CHF patients and healthy controls were compared by unpaired t-test or Mann-Whitney U
test. A generalized estimated equation (GEE) was used to compare hemodynamic
responses within and between groups for each moment of the protocol. Data were analyzed
using SPSS version 20 for Windows software; (Inc., Chicago, IL). A P<0.05 was

considered as statistically significant.

Results

Participants’ and exercise characteristics

Table 1 shows participants’ characteristics. CHF patients and healthy controls were
well matched for age, sex distribution, and body mass index. CHF patients presented
moderate reduction of left-ventricular ejection fraction, and lower HR and diastolic (DBP)
at rest, when compared with healthy controls. Interestingly, CHF patients had impaired
functional capacity and reduced muscle strength when compared to healthy controls. Total
cholesterol was lower in patients with CHF.

Strength test elicited lower systolic blood pressure (SBP) (122+5 vs.139+£5 mmHg,

P<0.05), DBP (754 vs. 91+3 mmHg, P<0.05) and mean blood pressure (MBP) (9445 vs.

90



11045 mmHg, P<0.05) and similar HR responses (723 vs. 79£3 bpm) in CHF patients
compared with healthy controls. Healthy controls demonstrated significantly increases in
SBP, DBP, MBP and HR compared to baseline values in the strength day test. This same
pattern was observed in CHF group except for SBP that was similar in baseline and during

1-RM test (Table 2).

Central hemodynamic responses to resistance exercise

Figure 1 presents central hemodynamic responses to resistance exercise. Rest stroke
volume did not differ between groups (43+3 vs. 453 mL) and increased similarly during
the exercise bout (59+4 vs. 64+3 mL). Although, as expected, cardiac output showed
different values at rest (2,5+0,2 vs. 30,2 L/min, P<0.05) and during effort (4£0,2 vs.
6,5+0,1 L/min, P<0.05) for CHF and healthy patients respectively, but both increased
during exercise. Similar values on rest (109+11 vs. 95+1 mL) and during exercise (122+5
vs. 119+3 mL) were observed in end-diastolic volume of left-ventricule in CHF and
healthy controls, respectively. The magnitude of change on this parameter was similar
between groups. During the course of knee-extensor exercise at 70% load, CHF patients
and healthy controls demonstrated significantly higher heart rate and mean arterial blood
pressure, but the magnitude of change was similar in both groups for mean blood pressure
(10547 vs. 116+5 mmHg) and lower for heart rate (79£1 vs. 100+2 bpm, P<0.05) in CHF
patients. Cardiac index showed increased values in response to resistance exercise in both
groups. This effect was significantly lower in CHF group when compared to healthy

controls (2£0,2 vs. 4+0,1 bpm, P<0.05).

Discussion

The major finding of this study is that acute resistance exercise can improve CO, as
well as end diastolic volume in both, CHF patients and healthy controls. Our findings

demonstrate the stability of central hemodynamics in CHF patients during isolated
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resistance exercise, which involves large muscle groups, and the appropriateness of mode
and intensity applied (load 70% 1-RM) as it relates to cardiovascular stress, constituting a
safe modality of training for this specific population.

Due to an increased metabolic demand of active muscles, cardiovascular responses
differ based on the mode of exercise chosen (rhythmic/dynamic vs. static isometric),
muscle groups/mass involved (single leg/arm vs. double leg/ arm) (23-24), and the
intensity of muscle contraction (25). Depending on the duration and intensity of the
resistance exercise, HR can substantially increase and may approach age-predicted
maximum as usually occur when an exercise testing is performed. . Blood pressure
responses, both systolic and diastolic, may potentially surpass values achieved during
standard exercise testing. Whereas DBP would be expected to decrease or not change with
aerobic exercise in normotensive patients, substantial rises in DBP have been observed
with resistance training. During dynamic exercise, CO increases to ensure adequate
perfusion to the working musculature. This augment is achieved firstly by a withdrawal of
parasympathetic tone; afterwards a raise in sympathetic activity, directly and indirectly
increases heart rate and contractility; and pronounced vasoconstriction of the venous
vasculature causing a greater venous return and therefore stroke volume and filling
pressures. Contraction of the active muscle mass also acts like a pump assisting blood
returning towards the heart. This muscle pump effect further increases venous return and
stroke volume (26-27).

In our study, during the course of knee-extensor exercise compared with healthy
controls, CHF patients had a significantly lower HR and a smaller change in this
parameter, as well as tendency to inferior MBP during the course of exercise (Figure 1).
This can be explained by a lower stroke volume and cardiac index, and a smaller increase
in cardiac index, along with a significantly smaller increase in CO. In addition, beta-

blocker drugs could have interfered with this response, as all CHF patients had taken these
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medications and none of controls. Even with these decreased responses, there was no
deterioration in left ventricular function, presence of symptoms or any clinical instability in
these CHF patients with optimal drug therapy.

It also has been demonstrated that the magnitude of heart rate and neurohumoral
changes on regulation of contractile strength is attenuated in end-stage heart failure (28).
This suggests that Frank-Starling mechanism is primarily responsible for the increase in
stroke volume during work phases of resistance exercise (29). Additional support for this
hypothesis is provided from studies on healthy athletes and normal subjects taking beta
blockers, which resulted in a limited ability to increase heart rate on demand (30). At
submaximal workload, these subjects had a marked increase in diastolic pulmonary arterial
pressure at submaximal work rate without a significant change in heart rate, indicating an
increase in stroke volume and cardiac output due to increased end-diastolic filling
pressures (30).

In a study comparing hemodynamic responses to resistance and aerobic exercise in
CHF patients, CO measured by two-dimensional echocardiography increased modestly, to
9.3 L/min during submaximal cycle-ergometer exercise and to 6.9 L/min during
submaximal leg press (15). We’ve found a significant increase in CO during resistance
exercise, corroborating the results of this prior study, despite the different central
hemodynamic measurement methodologies. Predictably, the CO response to exercise in
CHF depends on degree of left ventricular impairment. Most studies of CHF patients have
revealed similar or slightly larger changes during maximal aerobic-type exercise (31-33),
whereas patients with less severe left ventricular dysfunction exhibit higher CO values (34-
36).

Another study showed compared with cycling, that resistance exercise produced a
comparable systolic blood pressure (similar afterload), a lower rate-pressure product,

reflecting a lower myocardial oxygen demand, and a slower heart rate and higher diastolic
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blood pressure, which at least theoretically suggests better myocardial perfusion. These
findings are consistent with other studies of cardiac patients with well-maintained left
ventricular function performing resistance exercise (37-39). Cardiac output increased
significantly more during cycling than during leg press exercise. This finding can be
attributed to the greater oxygen cost during cycling and to the short (40 to 50 seconds)
duration of the leg press exercise, which did not allow time for matching cardiac output
with systemic oxygen demand. The lack of a large increase in stroke volume during
exercise is consistent with other studies of patients with CHF, and is in agreement with
the suggestion that increased cardiac output during exercise is mainly related to
increases in heart rate (40-42).

Our findings demonstrate significant increases in stroke volume during knee-
extensor exercise within CHF and healthy controls group in contrast to relatively
unchanged or decreased stroke volume that has been reported in other series. (43). Preload
may be lower than baseline because of decreased filling time (due to increased heart rate)
and a decrease in venous return. Venous return is likely decreased due to mechanical
occlusion to the muscle during contraction and the performance of the Valsalva maneuver,
defined as forcefully exhaling against a closed glottis, is performed as a natural tendency to
stabilize the torso during resistance exercise (44-45). The impact of the Valsalva maneuver
and high levels of muscle tension to lift or otherwise move a heavy weight can result in
somewhat dramatic changes to the physiological responses to resistance training.
Depending on the duration and intensity of the maneuver and the resistance, an increase in
intrathoracic pressure leading to decreased venous return and potentially reduced cardiac
output may occur (46). The physiological responses are an increase in HR to maintain
cardiac output and vasoconstriction to maintain BP, which otherwise may decrease with
decreasing cardiac output due to high intramuscular pressure generated during contraction

that can temporarily occlude flow through the active muscles, thus decreasing stroke
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volume (47-49). Miles et al. (47) reported in healthy subjects that stroke volume decreased
significantly (~20%) assessed using impedance cardiography during leg extension
exercises that involved 12 repetitions to fatigue (lasting about 90 sec). Heart rate increased
approximately 50 beats/min (from 70 to 120 beats/min), and cardiac output increased from
approximately 5.4 to 6.3 L/min (17%), although this increase did not achieve statistical
significance. Perhaps our results are different from the cited studies because they did not
perform an adequate control to avoid the Valsalva maneuver. In our study as well as
familiarize individuals with proper breathing during knee-extensor exercise, we also
verbally encourage the correct breathing pattern on the exercise itself.

In CHF, an acute session of leg press at 60% and 80% load of maximum voluntary
contraction demonstrated significant increase in HR (mean = SEM 90%4 beats/min;
P<0.05), MBP (95+3 mmHg; P<0.01), diastolic pulmonary artery pressure (20.2+2.7
mmHg; P<0.01), and cardiac index (3+0.3 L/m2/min; P<0.05) at 60%. At 80% load was
showed an increased cardiac index (3.4+0.1; P<0.001), and left ventricular stroke work
index (7545 g.m/m?% P<0.01), suggesting enhanced left ventricular function (20), as well
as demonstrated in other studies with resistance training in CHF patients (50-52). Despite
the different methods used in the hemodynamic evaluation of these studies, our findings
through ICG show that this method is feasible in the evaluation of these parameters during
a resistance exercise session.

Cardiac output responses to more intense resistance training have been reported in
healthy male subjects that performed a double leg press to failure at 95% of their
maximum dynamic strength. Stroke volume was determined using echocardiography and
was reported pre exercise, at the end of the lift phase, during the “lockout,” and during the
lowering phase of the lift. Cardiac output increased significantly during the lifting phase
and increased further during the lockout phase. The increase in cardiac output, however, is

modest compared to that with aerobic exercise and is due almost entirely to an increase in
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heart rate, which reached approximately 140 beats/min, as stroke volume was relatively
unchanged or decreased slightly during the exercise (48). Another investigation showed
that cardiac output increase during mild dynamic exercise, 25% of maximal voluntary
contraction force, involving lifting and extending the leg. Throughout the leg exercise,
heart rate was recorded and stroke volume was measured using Doppler ultrasound. In this
study, heart rate increased by approximately 40% (from 55.3 to 78.0 beats/min), and stroke
volume decreased by about 5% (from 86.5 to 82.2 ml). Thus, cardiac output increased by
about 35% (from 4.59 to 6.18 L/min). Therefore, in this study, mild dynamic exercise with
a light resistance caused a small increase in cardiac output resulting from a small decrease
in stroke volume that was more than offset by the increase in heart rate (53). Together with
these findings our healthy controls increased CO during resistance exercise, due to both, an
augment in HR and in stroke volume, maybe for the combined of duration, intensity and
muscle mass involved in exercise.

In a statement published by the American Heart Association (54) regarding use of
resistance exercise in those with and without cardiovascular disease, the authors detail
what is currently known about the safety of resistance exercise. They acknowledge that
“excessive” blood pressure elevations have been documented with high-intensity resistance
exercise (80-100% of 1-RM performed to exhaustion), but note that such elevations are
generally not a concern with low to moderate-intensity resistance training performed with
correct breathing technique and avoidance of the Valsalva maneuver. Furthermore, there is
indirect evidence that resistance exercise results in a more favorable balance in myocardial
oxygen supply and demand than aerobic exercise because of the lower heart rate and
higher myocardial (diastolic) perfusion pressure (54).

As possible limitations of our study although our patients maintained rhythmic,
coordinated breathing with knee-extensor exercise, a mild increase in thoracic pressure,

possibly due to contraction of abdominal muscle for stabilizing of the trunk during effort,
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cannot be absolutely excluded. As a cross-sectional study, we must emphasize that is a
hypothesis generator, trying to depict the mechanisms underlying resistance exercise
benefiting patients with CHF. Further studies can assess the long term benefits of this
intervention

This study demonstrates stability of left ventricular function during resistance
exercise in well-compensated CHF patients with optimal drug therapy, as well as the
appropriateness of the chosen mode and intensity applied as these factors relate to
cardiovascular stress. This conclusion cannot be extrapolated to patients with
decompensated heart failure, or to more protracted resistance training. Our findings further
suggests that resistance exercise does not cause any acute cardiovascular hazard for this

population.

Acknowledgements

This work was supported in part by grants from CAPES and CNPq, Brasilia, Brazil, and

FIPE-HCPA, Porto Alegre, Brazil

Disclosures: none

97



Table 1. Subject’s characteristics

98

CHF patients

Healthy controls

n
Men/ women

Age, yr

Body mass index, kg.m™
Etiology of CHF
Ischemic/non-ischemic
LVEF, %

NYHA 11/111

VO,peak, mL kg™ min™
RER peak

Knee-extensor, Load 1-RM, Kg
Resting systolic BP, mmHg
Resting diastolic BP, mmHg
Heart rate, bpm

Total cholesterol, mg/dL
HDL cholesterol, mg/dL
LDL cholesterol, mg/dL
Triglycerides, mg/dL

Blood glucose, mg/dL
Medications

B-Blockers

Diuretics

ACE-i or ARB

Digoxin

Anticoagulants

11

8/3

8/3
21 £ 1**

1,13+0,04

174 + 9*
402
101+7

153 + 17

89+3

11

11

4

3

10
8/2
57+1

26+1

29+%2

1,17 +£0,02

206 + 10
53+4
131+12
125+ 12

92+2

Data are mean + SEM or number of subjects. ACE-I, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor

blockers; BP, blood pressure; CHF,

chronic heart failure; LVEF,

left ventricular ejection fraction; RER, respiratory

exchange ratio; VOppear, peak oxygen uptake; 1-RM, one repetition maximum. *P<0.001 vs. healthy controls; **P<0.05 vs.

healthy controls.



99

Figure 1. Central Hemodynamic Responses
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Table 2. Hemodynamic responses during 1 RM test

CHF group Healthy Controls Group
At rest 1 RM test At rest 1 RM test
SBP, mmHg 11541 12245+ 124+4 139+5*
DBP, mmHg 673+ 75+4* 77+2 91+3**
MBP, mmHg 82+4 94+5* 93+2+ 11045**
HR, bpm 63+3 72+3* 63+3 79+£3**

Data are mean + SEM. SBP = systolic blood pressure; DBP = diastolic blood pressure; MBP = mean blood
pressure; HR = heart rate; CHF = chronic heart failure; 1 RM = one repetition maximum test. ¥ P < 0.05 vs.
healthy controls; *P < 0.05 vs. baseline; ** P < 0.001 vs. baseline.



Legends
Fig 1. Central hemodynamic responses to exercise in CHF patients (@ or healthy controls (O).
SV increased similarly during the exercise bout (59+4 vs. 64+3 mL). cardiac output showed
different values during effort (4+£0,2 vs. 6,5+£0,1 L/min, #P<0.05) for CHF and healthy
patients respectively, but both increased during exercise. Similar values on rest (109+11 vs.
95+1 mL) and during exercise (122+5 vs. 119+3 mL) were observed in end-diastolic volume
of left-ventricule in CHF and healthy controls, respectively. The magnitude of change on this
parameter was similar between groups. During the course of knee-extensor exercise at 70%
load, CHF patients and healthy controls demonstrated significantly higher heart rate and mean
arterial blood pressure, but the magnitude of change was similar in both groups for mean
blood pressure (105+7 vs. 1165 mmHg) and lower for heart rate (79+1 vs. 100+2 bpm,
#P<0.05) in CHF patients. Cardiac index showed increased values in response to resistance
exercise in both groups. This effect was significantly lower in CHF group when compared to

healthy controls (2+0,2 vs. 40,1 bpm, #P<0.05).
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Conclusdes e Consideracdes Finais

Em conclusdo nossos achados sugerem que uma sessao isolada de exercicio resistido é
capaz de induzir uma reducdo no perfil inflamatorio de pacientes com ICC. Apos o esforco
esse grupo apresentou uma diminuicdo significativa nos valores de citocinas pro-
inflamatdrias, como IL-6 e IL18, além de um efeito prolongado sobre a IL-10, demonstrando
uma manutencdo da resposta anti-inflamatoria até 60 min apos o esforco.

Juntamente com estes achados a ativagdo muscular total foi significativamente maior
em pacientes com ICC, refletindo na elevacdo durante o pico do exercicio dos valores de IL-
6. Essa ativacdo muscular mais intensa no grupo ICC corrobora também com uma cinética de
recuperacdo de lactato retardada apresentada pelos pacientes com ICC quando comparados ao
grupo de controles higidos no periodo pos exercicio.

Esses resultados evidenciam que o exercicio resistido pode influenciar no quadro
fisiopatologico de pacientes com ICC, melhorando seu perfil inflamatério e desempenho
muscular, o que poderia impactar a longo prazo na fadiga precoce apresentada por esta

populacéo.
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APENDICE |

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Pacientes Portadores de Insuficiéncia Cardiaca Cronica

Através deste texto iremos explicar os objetivos e cada etapa do estudo para
qual vocé esta sendo convidado.

O exercicio fisico tem sido utilizado como uma forma de beneficiar a satde dos
pacientes com insuficiéncia cardiaca. Isto tem sido confirmado através de pesquisas
cientificas realizadas no Brasil e no mundo. Além disso, o exercicio € parte de todas as

recomendacgOes para pacientes que apresentam um quadro estavel desta enfermidade.

Sendo assim, através deste estudo, buscamos avaliar os efeitos do exercicio
resistido em alguns parametros cardiovasculares importantes aos pacientes com

insuficiéncia cardiaca. Para isto, precisaremos que voceé participe de duas fases:

1) Primeira Fase: apés a assinatura do TCLE, vocé realizard uma avaliagdo clinica com
perguntas sobre a salde e exame clinico, Teste de Forca e logo apds o Teste

Cardiopulmonar de Exercicio (TCPE).

-Teste de Forca Maxima, vocé realizara um teste de contracdo voluntaria maxima

para avaliagéo de sua forga em membros inferiores (pernas).

-Teste Ergoespirométrico (Cardiopulmonar): vocé realizard um teste maximo de
exercicio em esteira. Normalmente este teste ocorre sem maiores desconfortos, a néo
ser a comum sensacdo de esforco. Porém, algumas pessoas podem apresentar nausea,
fraqueza e/ou tontura. Vale informar, que cumpriremos todos os critérios de seguranca
para a realizacdo do seu teste.

2) Segunda Fase: Sessdo Exercicio Resistido, sera realizada uma sessao de exercicio
resistido (musculacdo) para membros inferiores (pernas) com duracdo de
aproximadamente 10 minutos. Antes, durante e ap0s esta sessdo realizaremos coletas
sanguineas, analise do consumo do oxigénio (mascara facial), coleta de lactato (através
de um pequeno corte no lébulo da orelha). A coleta sanguinea e de lactato podera
ocasionar dor, desconforto, e/ou hematoma local. Para diminuir essa possibilidade, sua
coleta sera realizada por profissional habilitado e treinado para tal, e nas devidas
condicdes de assepsia (limpeza).
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Atencdo: o intervalo entre as fases do estudo sera de 7 dias, e 0 agendamento de
cada encontro serd realizado de acordo com sua disponibilidade de tempo,
respeitando as etapas do estudo.

Caso queira, vocé podera interromper a qualquer momento a participacdo no estudo,
sem necessidade de justificativa e sem que esta decisao lhe traga qualquer prejuizo. As
informacdes obtidas estardo disponiveis ao participante e para quem este autorizar, e

poderdo ser utilizadas anonimamente para fins académicos cientificos.
Ressaltamos também que vocé ndo tera custos para participar desta pesquisa.
Se vocé tiver davidas, faca as perguntas que desejar antes de decidir sua participacao.

Eu, , identidade n°

, declaro que fui informado e esclarecido sobre o estudo, e

concordo em participar voluntariamente deste projeto de pesquisa sob a

responsabilidade do Prof. Sandro Cadaval Gongalves.

Porto Alegre, de 201 .

Participante:

Pesquisador:

Grace Guindani Vidal

Centro de Pesquisas Clinicas (CPC) — Laboratorio de Fisiopatologia do Exercicio
(LaFiEx) — 3 ° andar — telefone: 51 3359 6332

Responsavel pelo projeto: Prof. Dr. Sandro Cadaval Gongalves
Telefones para contato:
- Grace Guindani Vidal (pesquisadora): 51 9927 3333

- Sandro Cadaval Gongalves (pesquisador responsavel): 51 9982 4984
- Comité de Etica em Pesquisa: 51 3359 7640
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APENDICE I1

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Individuos Higidos
Através deste texto iremos explicar os objetivos e cada etapa do estudo para
qual vocé esta sendo convidado.
O exercicio fisico tem sido utilizado como uma forma de beneficiar a satde de
pessoas enfermas e pessoas saudaveis como vocé. Isto tem sido confirmado através de
pesquisas cientificas realizadas no Brasil e no mundo. Além disso, o exercicio é parte

de todas as recomendacdes para se obter uma melhor qualidade de vida.

Sendo assim, através deste estudo, buscamos avaliar os efeitos do exercicio
resistido em alguns parametros cardiovasculares importantes aos pacientes com
insuficiéncia cardiaca comparados aos individuos saudaveis. Para isto, precisaremos

que voceé participe de seis fases:

1) Primeira Fase: apés a assinatura do TCLE, vocé realizard uma avaliagdo clinica com
perguntas sobre a saude e exame clinico, Teste de Forca e logo ap6s o Teste

Cardiopulmonar de Exercicio (TCPE).

-Teste de Forca Maxima, vocé realizard um teste de contracdo voluntaria méaxima

para avaliagéo de sua forga em membros inferiores (pernas).

-Teste Ergoespirométrico (Cardiopulmonar): vocé realizard um teste maximo de
exercicio em esteira. Normalmente este teste ocorre sem maiores desconfortos, a néo
ser a comum sensacdo de esfor¢o. Porém, algumas pessoas podem apresentar nausea,
fraqueza e/ou tontura. Vale informar, que cumpriremos todos os critérios de seguranca
para a realizacdo do seu teste.

2) Segunda Fase: Sessdo Exercicio Resistido, sera realizada uma sessdo de exercicio
resistido (musculagdo) para membros inferiores (pernas) com duracdo de
aproximadamente 10 minutos. Antes, durante e apds esta sessdo realizaremos coletas
sanguineas, analise do consumo do oxigénio (mascara facial), coleta de lactato (através
de um pequeno corte no lébulo da orelha). A coleta sanguinea e de lactato podera
ocasionar dor, desconforto, e/ou hematoma local. Para diminuir essa possibilidade, sua
coleta sera realizada por profissional habilitado e treinado para tal, e nas devidas

condigdes de assepsia (limpeza).
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Atencao: o intervalo entre as fases do estudo sera de 7 dias, e 0 agendamento de
cada encontro serd realizado de acordo com sua disponibilidade de tempo,
respeitando as etapas do estudo.

Caso queira, vocé podera interromper a qualquer momento a participacdo no estudo,
sem necessidade de justificativa e sem que esta decisdo lhe traga qualquer prejuizo. As
informacdes obtidas estardo disponiveis ao participante e para quem este autorizar, e

poderdo ser utilizadas anonimamente para fins académicos cientificos.
Ressaltamos também que vocé ndo tera custos para participar desta pesquisa.
Se vocé tiver davidas, faca as perguntas que desejar antes de decidir sua participacéo.

Eu, , identidade n°

, declaro que fui informado e esclarecido sobre o estudo, e

concordo em participar voluntariamente deste projeto de pesquisa sob a

responsabilidade do Prof. Sandro Cadaval Gongalves.

Porto Alegre, de 201 .

Participante:

Pesquisador:

Grace Guindani Vidal

Centro de Pesquisas Clinicas (CPC) — Laboratorio de Fisiopatologia do Exercicio
(LaFiEx) — 3 ° andar — telefone: 51 3359 6332

Responsavel pelo projeto: Prof. Dr. Sandro Cadaval Gongalves
Telefones para contato:
- Grace Guindani Vidal (pesquisadora): 54 9927 3333

- Sandro Cadaval Gongalves (pesquisador responsavel): 51 9982 4984
- Comité de Etica em Pesquisa: 51 3359 7640
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APENDICE I11

FLUXOGRAMA DO ESTUDO

12 Visita

22 Visita

32 Visita







