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do aumento do retorno venoso e, num segundo momento, da diminuigéo progressiva
do conteudo venoso de O, (CvOy) (isto é, do aumento da extragdo muscular de O,),
juntamente com o incremento na oferta de O, circulante aos musculos ativos
(Sietsema et al., 1994; Whipp et al., 2005). Portanto, a cinética da YO,p na fase ||
depende de fatores periféricos e centrais, respectivamente. Desta forma, a cinética
prolongada nos nossos pacientes com IC poderia ser resultante de limitacées do DC
e/ou inadequacéo do fluxo na microcirculacdo, sugerindo que o tratamento atual da

IC ndo é capaz de corrigir essas alteragoes.

7

No contexto clinico, a questdo é ainda mais complexa por causa dos
potenciais efeitos do tratamento farmacolégico contemporaneo da IC sobre os
principais determinantes da oferta de O, em pacientes com IC. Mais
especificamente, os antagonistas ou inibidores do sistema renina-angiotensina-
aldosterona associados a B-bloqueadores tém-se mostrado eficazes em melhorar a
disfuncdo endotelial relacionada a IC (Nakamura, 2004; Poelzl et al., 2006) e em
reduzir a hiperatividade simpatica nos membros (De Matos et al., 2004; Doughty,
White, 2007), com efeitos positivos sobre o @m esquelético (Onder et al., 2006;
Poelzl et al., 2006). Logo, tais avanc¢os no tratamento da IC poderiam ter melhorado
a dinamica da oferta muscular de O, de tal forma que a inércia metabdlica
intramuscular passaria a ser o principal fator limitante da cinética da VO.p. No
entanto, no presente estudo, diversas variaveis medidas e estimadas sugerem que
esse parece ndo ser o caso, ao menos durante o exercicio intenso em homens nao

treinados com IC estavel.

Dentro do aspecto funcional, ha fatores que ndo apenas a hiperatividade
simpatica presente na IC contribui para a reducdo do @m como pode ser observado
no estudo de Santos et al. (2005) que observaram melhora da perfusdo muscular
somente quando inibiram a vasoconstricAo simpatica, por meio de bloqueador
adrenérgico, associada a, ativador do fator relaxante do endotélio, o qual aumenta a
disponibilidade de éxido nitrico. Demonstrando que na IC a hiperatividade simpatica

e a disfuncéo endotelial contribuem para reducao do fluxo sanguineo no exercicio.

Estudos em diversas popula¢gdes tém demonstrado que, durante o exercicio,
a cinética da oxigenacdo muscular periférica pode fornecer informacgdes Uteis sobre

os efeitos de intervenc¢des na dinamica da oferta de O, em relacdo ao VO,m (Bauer
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et al., 2007; Chiappa et al., 2008, 2009). A analise da A[deoxi-Hb+Mb], ou seja, um
indice da fracéo de O, extraida, reflete o balanco entre @m e VO,m (DeLorey et al.,
2003; Grassi et al., 2003; Ferreira et al., 2006).

Nossos dados demonstraram que pacientes com IC apresentaram cinética da
extracdo microvascular muscular de O, mais rapida (estimada pela A[deoxi-Hb+Mb])
e cinética mais lenta da fase Il do que os controles, sugerindo que a oferta
microvascular de O, esteve comprometida nos pacientes com IC, dados também
observados em estudo experimental com ratos portadores de IC (Diederich et al.,
2002, Ferreira et al., 2006). Além disso, no presente estudo a razdo tVO,p/MRT-
Aldeoxi-Hb+Mb] esteve intimamente relacionada a cinética global de ajustes
cardiovasculares centrais e a tolerancia ao exercicio. Entendemos que os resultados
sdo de especial importancia clinica, pois 0s pacientes estavam com terapéutica
otimizada e possiveis efeitos de confusdo, como treinamento fisico prévio e co-
morbidades (como anemia e diabetes), foram cuidadosamente evitados. E
necessario, contudo, salientar que a ordem da velocidade das respostas foi
semelhante em pacientes e controles, ou seja, A[deoxi-Hb+Mb], VO,p e DC.
Consequentemente € possivel que a taxa insuficiente de oferta microvascular de O,
também tenha limitado a taxa de aumento do VO,m em nossos controles de meia
idade, ainda que em menor extensdo. O estudo de DeLorey et al. (2005) demonstrou
cinética mais lenta da VO,p e cinética acelerada da A[deoxi-Hb+Mb] em idosos
saudaveis comparado a jovens saudaveis. Behnke et al. (2007) e Eklund et al.
(2005) demonstraram em estudos prévios que a idade potencializa os efeitos da IC

na reduc&o na oxigenac&o microvascular muscular e no @m, respectivamente.

No presente estudo, os pacientes com IC apresentaram uma cinética global
da A[deoxi-Hb+Mb] mais rapida (ou seja, valores mais baixos de MRT), por causa da
taxa de mudanca mais rapida (1), apesar de valores inalterados de TD.
Consequentemente, parece que a fase Il do fluxo sanguineo microvascular esteve
particularmente prejudicada em nossos pacientes, o que confirma os achados de
Ferreira et al. (2006) no estudo realizado em ratos com IC. ApOs uma rapida
resposta inicial, observamos um “overshoot” transitorio na resposta da A[deoxi-
Hb+Mb] na maioria dos pacientes com IC (7/10 pacientes), sugerindo que a fragao

de O, extraida aumentou acima do estado estavel por causa do comprometimento
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do @m em relacdo ao VO,. Corroborando com esse conceito, os estudos com
modelagens matematicas demonstraram que a cinética do CvO; (Pm,O2) relacionam-
se com o @m, e dependem da interacdo entre VO,m e @m (Ferreira et al., 2005a,
2005b; Bauer et al., 2007; Poole et al., 2007). Dessa forma, uma cinética prolongada
do @m em relacdo ao VO,m pode resultar em atraso no incremento (TD) e
“undershoot” no CvO, (isto €, “overshoot” na A[deoxi-Hb+Mb]). Os estudos de
Barbosa et al. (2010) e Ferreira et al. (2005a), também com modelagens
matematicas, demonstraram associacdo entre a area do “overshoot” e a reducgéo do
am.

A presenca de “overshoot” na A[deoxi-Hb+Mb] (“undershoot” no sinal da
PmO2) tem sido demonstrada ndo somente em modelagens matematicas (Ferreira
et al.,, 2005a), mas também em estudos envolvendo seres humanos e animais em

condicdes saudaveis e patoldgicas (Bauer et al., 2007; Padilla et al., 2007).

Curiosamente, esse padrdo de resposta é qualitativamente semelhante ao
“undershoot” das respostas de P, O,, previamente observado durante o exercicio no
musculo de pacientes diabéticos (Padilla et al., 2007) e em animais com IC (Kindig
et al., 1999; Diederich et al., 2002; Behnke et al., 2004, 2007), e idéntico ao perfil da
Aldeoxi-Hb+Mb] descrita em pacientes com diabetes tipo Il (Bauer et al., 2007) e
com DPOC (Chiappa et al., 2008). Esse padrao especifico de resposta pode estar
relacionado a reducéo transitoria da PO, que parece ser grande o suficiente para
reduzir o gradiente de difusdo do capilar para a mitocondria, desse modo
prejudicando o fluxo de O, e restringindo a taxa de aumento do YO,m (Ferreira et
al., 2005a, 2005b; Poole et al., 2007). Portanto, na tentativa de manter uma taxa
adequada de incremento do VO,, ocorreria aumento na velocidade de extracéo
tissular de O, resultando assim em elevacédo mais pronunciada e rapida da A[deoxi-
Hb+Mb] (ou, de forma inversa, da P,,Oz2). Sua interpretacdo vem sendo realizada de
maneira qualitativa, como resultado de lenta oferta de O, em relagédo ao VO,. Os
nossos achados indicam que ha comprometimento do @m em relac&o ao VO,m nos
pacientes com IC, ndo somente por causa da aceleracdo da cinética da A[deoxi-

Hb+Mb] presente nos pacientes, mas também a presenca de “overshoot”.

Nossos resultados adicionam informacdes a estudos anteriores que utilizaram

medi¢cbes baseadas em NIRS durante exercicio incremental ou exercicio de
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pequena massa muscular em pacientes com IC (Wilson et al., 1989; Matsui et al.,
1995). De fato, 0 Unico estudo que observou a cinética da A[deoxi-Hb+Mb] no inicio
do exercicio de intensidade moderada avaliou pacientes com IC apds transplante
cardiaco. Curiosamente, esses autores ndao encontraram diferencas significativas na
cinética da A[deoxi-Hb+Mb] em transplantados versus controles normais, apesar de
uma cinética da YO,p mais lenta nos transplantados (Lanfranconi et al., 2006). Os
resultados sugerem que as anormalidades metabdlicas presentes nos musculos
esqueléticos foram o principal mecanismo para a cinética mais lenta da YO,p nesses

pacientes, o0 que estd em contradicdo com os achados em pacientes menos graves.

Reciprocamente, os dados do presente estudo sdo consistentes com estudos
anteriores em animais, 0s quais sugerem que o0 comportamento da Pm,O2 (e,
possivelmente, A[deoxi-Hb+Mb] no sentido inverso), € extremamente influenciado
pela gravidade da doenca em ratos com IC, ou seja, uma rapida cinética da P,,O-
esta associada a um sinal de “undershoot” na IC moderada e a uma dindmica mais
lenta da P,,O> sem “undershoot” na IC mais avancada (Diederich et al., 2002;
Behnke et al., 2007). Os resultados foram interpretados como evidéncia de que na
IC grave a redugdo da oferta microvascular de O, é proporcional ao
comprometimento do metabolismo oxidativo muscular, que esta mais lento do que
as rapidas taxas de mudanca na P, O, (Diederich et al., 2002; Behnke et al., 2007).
Durante oclusédo arterial, Zelis et al. (1974) encontraram taxas mais lentas de
desoxigenacdo no musculo de pacientes com IC grave. Na mesma linha, Diederich
et al. (2002) e Behnke et al. (2007) encontraram taxas mais lentas de reducao da
PmO2 em ratos com IC grave versus moderada. Dessa forma, a gravidade das
alteracdes musculares periféricas influencia a relacdo oferta-utilizacdo de O e,

portanto, as taxas de variacdo da P, O, e da A[deoxi-Hb+Mb].

O argumento fundamental a favor da reposta da A[deoxi-Hb+Mb] como indice
ndo invasivo da dindmica da fragdo de O, extraida sdo as caracteristicas
semelhantes entre as respostas da A[deoxi-Hb+Mb] em relacdo a mensuracdo da
dindmica de extracdo de O, na musculatura esquelética (Grassi et al., 2002) e as
simulag@es realizadas em computador (Ferreira et al., 2005b). Portanto, este € o
primeiro estudo a confirmar a importancia da A[deoxi-Hb+Mb] para a mensuragéo da

dindmica de extracdo de O, em pacientes com IC.
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Existem varias explicagfes para uma cinética da oferta microvascular de O,
persistentemente anormal no inicio do exercicio, apesar da otimizagado terapéutica.
Em primeiro lugar, a cinética do DC foi significativamente mais lenta em pacientes
com IC em relacdo aos controles. O potente efeito B-bloqueador cardiaco do
carvedilol péde ser relevante (Doughty, White, 2007), pois o MRT-FC foi ~ 80%
menor nos pacientes com IC em relagéo aos controles. Um estudo com idosos e [3-
bloqueadores nao seletivos encontrou uma cinética da VO,p mais lenta no exercicio
(Hughson, Smyth, 1983) e Guazzi e Agostoni (2000) relataram que o carvedilol ndo
melhorou a cinética da VO,p em pacientes com IC moderada. Apesar dos efeitos
positivos dos B-bloqueadores sobre a mortalidade da IC (Packer et al.,, 1996), a
maioria dos grandes ensaios clinicos randomizados ndo conseguiu demonstrar
efeito benéfico significativo de novos B-bloqueadores na toleréncia ao exercicio
submaximo (Doughty, White, 2007). Além disso, os efeitos positivos do carvedilol
relacionados ao blogueio a-adrenérgico no tonus vascular poderia também ter
desaparecido ao longo do tempo (Kubo et al., 2001). Importante ressaltar que os
nossos pacientes foram terapeuticamente otimizados de acordo com as diretrizes
clinicas atuais (Dickstein et al., 2008; Hunt et al., 2009), que né&o incluem avaliacdo
da cinética da VO.p para titular as doses das medicacdes. Consequentemente, néo
podemos descartar que seriam necessarias doses mais elevadas de IECA/BRA para
compensar os efeitos potencialmente deletérios do B-bloqueio na dinamica da oferta
microvascular de O, na transicdo do exercicio leve para o intenso. Em segundo
lugar, apesar das possiveis melhorias no desempenho cardiovascular “central”, o
tratamento farmacologico pode ndo ter melhorado o comprometimento da funcgéo
microvascular muscular da IC (Nakamura, 2004; Poelzl et al., 2006). De fato, estudo
recente, que combinou NIRS e espectroscopia de ressonancia magnética P,
descobriu que a cinética de recuperacdo da [deoxi-Hb+Mb] foi mais lenta do que a
da fosfocreatina apds exercicios de extensdo de uma Unica perna em pacientes com
IC classe funcional da NYHA Il e Il (Kemps et al., 2010). Os achados sugerem que o
comprometimento da funcdo microvascular pode ter contribuido para limitar a
disponibilidade muscular de O,, pois o tipo de exercicio ndo foi associado a aumento
substancial na demanda central cardiovascular. Enfim, deve-se enfatizar que os
pacientes do nosso estudo foram submetidos a exercicio supralimiar anaerobico,

predispondo assim uma cinética da YO.p limitada pela oferta (Poole, Jones, 2005).
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Contudo, esse dominio da intensidade do exercicio foi considerado o mais adequado
para testar a hipétese principal do estudo, pois colocaria carga maior do que a usual
para o sistema cardiovascular em tratamento. De fato, apesar do teste de exercicio
ter sido realizado em intensidades subméaximas, a VO,p no Tlim foi muito
semelhante & VO,p de pico, sugerindo o desenvolvimento de um marcador do
exercicio de alta intensidade, ou seja, o componente “lento” da VO,p (Poole, Jones,
2005).

A despeito da utilizacdo de metodologia néo rotineira na avaliacdo de fluxo
sanguineo periférico e de varias limitacdes do estudo, acreditamos que 0S nosSsos
dados indicam que os pacientes com IC mesmo com tratamento otimizado
apresentaram evidéncias de desequilibrio no acoplamento temporal entre oferta-
utilizacdo microvascular de O, pela musculatura periférica na transicdo do exercicio
leve para o intenso. Portanto, os nossos dados sugerem que os disturbios
cardiocirculatorios centrais parecem ser fatores preponderantes em limitar a rapidez
dos ajustes cinéticos da VO,p e, provavelmente, influenciam negativamente a

tolerancia ao exercicio intenso dessa populacéo de pacientes.

LIMITACOES DO ESTUDO

Em consequéncia da natureza transversal e ndo invasiva do presente estudo,

ha varios aspectos metodoldgicos e interpretativos a serem esclarecidos.

Algumas consideracdes devem ser feitas em relacdo ao uso da A[deoxi-
Hb+Mb] mensurada pela NIRS. Assumimos que este sinal reflete a extracao
muscular de Oz (C(a-v)O2), assim como em outros estudos (Ferreira et al., 2005b;
Bauer et al.,, 2007; Chiappa et al., 2008; Poole et al., 2008). O sistema utilizado
(NIRO 200®) ndo fornece os dados da [deoxi-Hb+Mb] em valores absolutos,
permitindo avaliar somente sua variacdo de resposta. NO0s, como outros (Grassi et
al., 2003; DelLorey et al., 2005; Ferreira et al., 2005a, 2005b), assumimos que a
mensuracao da cinética da A[deoxi-Hb+Mb] em um Unico sitio refletiu a evolucao
temporal da fragdo de O, muscular extraida apos o inicio do exercicio. Contudo,
existe grande heterogeneidade na distribuicdo do @m e VO,m (Koga et al., 2007),

que pode ser mais relevante nos musculos mal perfundidos de pacientes com IC.
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Consequentemente € improvavel que um unico local de avaliagdo forneca descricao
completa da gama de relacionamentos intramusculares individuais de oferta e
utilizacdo microvascular de O,. Embora existam controvérsias a respeito dos
determinantes primarios do sinal da NIRS (Tran et al., 1999; Lai et al., 2009), varios
estudos tém usado A[deoxi-Hb+Mb] a partir de um Unico sitio no masculo quadriceps
femoral, como aproximacédo da fracado de O, tecidual extraida (DeLorey et al., 2003;
Grassi et al., 2003; Ferreira et al., 2005a, 2005b), provendo extensa discussao sobre

0 assunto.

Adicionalmente, os sinais da Hb e Mb ndo sdo diferenciados; entretanto,
como a Hb possui quatro vezes mais sitios de ligacdo com o oxigénio, isto ndo tem
sido considerado critico (Ferrari et al., 2004). Entretanto, outro ponto de
preocupacao € a potencial diferenca entre as popula¢gdes na contribuicdo relativa da
Mb para o sinal da A[deoxi-Hb+Mb] (Mancini et al., 1994; Tran et al., 1999), o que
poderia impactar na magnitude e na taxa de desoxigenacdo muscular. Lai et al.
(2009), utilizando uma abordagem de biologia de sistemas, verificaram que a
contribuicdo da Mb para todo o sinal da NIRS poderia ser maior durante a hipoxia
comparado a norméxia. Supondo que o musculo esquelético de pacientes com IC
contrai sob condicdes mais hipéxicas em relacdo aos controles saudaveis, nao
descartaremos a hipotese de que a contribuicdo da Mb para a A[deoxi-Hb+Mb] tenha
sido maior nos pacientes. No entanto, a Mb tem valores menores de Ps5y do que a
Hb, efeito que tenderia a prolongar, e ndo acelerar, a taxa de desoxigenacao

muscular nos pacientes com IC.

Outro aspecto importante é que utilizamos a cinética do componente primario
da VO,p como indicador da dinamica do YO,m (Barstow, Mole, 1987; Grassi et al.,
1996). No entanto, deve-se reconhecer que a utilizacdo de funcdo monoexponencial,
embora estatisticamente justificavel, ndo € evidéncia de mecanismos metabdlicos
semelhantes nas duas populacdes, especialmente durante o exercicio de alta
intensidade. Mais especificamente, é pouco provavel que a contribuicdo relativa da
glicOlise anaerdbica para a regeneracdo de ATP tenha sido equivalente nos
pacientes e nos controles (Poole, Jones, 2005). Portanto, reconhecemos também
que um @m mais lento pode ter induzido uma discrepancia temporal entre a cinética

do VO.m e a cinética da YO,p, em que a resposta da VO,p tenha sido mais rapida
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do que a dindmica do YO,m, por causa das mudancas no atraso do transito perna-
pulméo (Barstow, Mole, 1987). Assim, podemos ter subestimado a desaceleragéo da

cinética de O, muscular em pacientes com IC durante exercicio de alta intensidade.

Ha consideracdes clinicas que devem ser reforcadas para evitar extrapolacao
generalizada dos nossos resultados. Varios pesquisadores relataram que a
probabilidade de disturbios intramusculares graves estd aumentada em pacientes no
estagio final da doenca cardiaca (Lanfranconi et al., 2006; Jendzjowsky et al., 2007)
e também em ratos com IC grave (Diederich et al., 2002; Behnke et al., 2007).
Considerando que 0Ss nossos pacientes eram apenas moderadamente
comprometidos, € necessario testar os resultados do presente estudo em humanos
com doenca mais avancada. Contudo, nossos pacientes sedentarios nunca haviam
sido submetidos a reabilitacdo cardiaca, o que os predispdem a disfuncédo grave no

metabolismo oxidativo muscular.

Ndés também admitimos que a resposta de “overshoot” na A[deoxi-Hb+Mb] (ou
“undershoot” na Pn,,0,) € mais provavel de ser encontrada em individuos mais
velhos (Eklund et al., 2005; Behnke et al., 2007), como os avaliados neste estudo.
Assim, nossos resultados devem ser vistos sob a perspectiva de que o0 processo de
envelhecimento esteja subjacente ao comportamento da A[deoxi-Hb+Mb] e VO,p em
ambos 0s grupos. Portanto, novos estudos sdo necessarios para confirmar esses

achados em pacientes mais jovens com IC.

Finalmente, cuidados devem ser tomados para extrapolar nossos resultados
aos pacientes com IC secundaria a doenca isquémica do coracao, pois a etiologia
da IC pode impactar os fatores determinantes da tolerdncia ao exercicio nessa
populacao de pacientes (De Feo et al., 2005). Adicionalmente, estudos avaliando a
funcdo microvascular e 0s mecanismos de regulacdo autondémica poderao
acrescentar informacfes importantes sobre a relacdo oferta-utilizagdo de O, e
elucidar de maneira ainda mais precisa os papéis de cada fator para a resposta
metabdlica mais lenta na transicdo do exercicio leve para o intenso em individuos

com IC.



6. CONCLUSOES
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Os resultados obtidos no presente estudo, cuja amostra foi composta por

pacientes com IC CF da NYHA 1l e Illl, estaveis clinicamente com terapia

farmacolégica adequada e um grupo controle pareado por idade e género,

submetidos a teste submaximo de exercicio até o limite da tolerancia, indicaram que,

na transicao exercicio leve-intenso:

1-

A taxa de incremento da VOp foi significativamente mais lenta nos
pacientes com IC, comparativamente aos controles, como demonstrada
pela desaceleracdo da resposta cinética da fase I, refletindo o prejuizo do

ajuste metabdlico aerdbico;

Por outro lado, houve aceleracéo da cinética da fragcdo de O, extraida pela
musculatura periférica, como estimada pelas variacdes da A[deoxi-Hb+Mb]
pela NIRS, além de resposta mais rapida da A[deoxi-Hb+Mb] em relacdo
ao VO.p, sugerindo assim reducéo da oferta microvascular de O, que se

correlacionou significativamente com a intolerancia ao exercicio;

A cinética de resposta do DC foi mais lenta, associando-se com a reducéo
na oferta microvascular de O, 0 que pode indicar inabilidade “central” em
aumentar o fluxo sanguineo, e consequentemente, a ofertar O, de forma

apropriada a demanda metabdlica.



7. ANEXOS
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ANEXO 1 — Carta de aprovacgido do Comité de Eticaem Pesquisa

UHIFEST
I‘J.'IJI.II'ITI..
K = Lisdvaraisace Federal e 580 Fawlo Comid de Elics em Peaquics
! Escola Faubsls de Medicing Hospiial S50 Fawio

S0 Paulo, 24 de agosto de 2007.
CEP 093507

limic{a). Sria).

Pesquisador{a) FRISCILA CRISTIMA DE ABREL SPERANDIO

Co-Investigadores: Adrianc Candido Barroco, Dirceu Rodrigues de Almeida (orientador)
Disciplina/Departamento: Cardiclogia/Madicina da Universidade Federal de S3o Paulo/Hespital Sao Paulo
Patrocinador: Recursos Proprios.

PARECER DO COMITE DE ETICA INSTITUCIONAL

Fef: Projeto de pesquisa infilulade: “Avaliagao do comportamento da relagac entre oferta e utilizagao muscular
periférica de oxigénio na transigdo do exercicic leve para o infenso em pacientes com insuficigéncia

cardiaca”.

CARACTERISTICA PRINCIPAL DO ESTUDC: Intervencic diagnostica.

RISCOS ADICIOMAIS PARA O PACIENTE: Risco minima, desconforts leve, envalvendo coleta de sangue.
OBJETIVOS: Investigar a relagio dindmica entre a oferta e a utilizagio microvascular de O na fransicdo do exercicio
leve {sem carga) para o infenso em pacientes ndo freinades com insuficiéncia cardiaca (1) classe funcional 1l 2 1
comparado @ um grupo controle de individuos saudaveis.

RESUMO: Serdo selecionados 15 pacienies do sexo masculing. com idade entre 20 e 70 ancs, portadores de IC
sintomatica com fratamento contempordnes ofimizade, tiados no ambulatorio de Miocardiopatia da Disciplina de
Cardiolegia da UMIFESP e 15 controles saudaveis pareados por idade e génerc. Os individuos serdo submetidos aos
saguintes procedimentos: Avaliagde clinica, teste de exercicio cardiopulmenar incremental & de carga constants no
Laborataric de Exercicio no Setor de Fungdo Pulmonar e Fisiologia Clinica do Exercicio. Além das respostas
metabdlicas e ventilatorias serd mensurado débito cardiaco por cardicimpedancia elétrica transtoracica e oxigenagio
muscular pela especiroscopia por raios guagi-infravermelhos.

FUMDAMENTOS E RACIOMAL: A IC & uma sindrome clinica de alta incidéncia & mau prognastice, caracterizada por
fadiga, dispnéia & grande Fmitagie dos esforgos fisicos, com inabilidade em aumentar o débito cardiaco para a
demanda metabdlica. Embora esta alteragdo possa estar relacionada com uma resposta mail lenta do consuma de
arigénio pele miocardie durants o exercicio. nenhum estudo prévie avaliou a relagdo entre a resposta central e
periférica em paciente com |IC em fratamento ofimizada.

MATERIAL E METODO: Estio descritos os procedimentos a serem realizados.

TCLE: Adequada. contemplande a resolugdo 1968/28.

DETALHAMENTO FINAMCEIRD: sem financiamento externo - RS 2078,00.

CROMOGRAMA: 12 meses.

Rua Botucatu, 572 - 1° andar — conj. 14 - CEP 04023-082 - 230 Paulo / Brasil
Tel: {(011) 5571-1082 - 5539.7162
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UHIEEEP

FAULIZITA

Lirwvaratdionte Federal oe 580 Fawko Gl de Slice &m Pecouiss
Fscolfa Fauisls de Medicing Hospiial a0 Fawio

OBJETIVG ACADEMICO: Mestrado.
ENTREGA DE RELATORIOS PARCIAIS AD CEF PREVISTOS PARA: 2382008 & 23/8/2009.

O Comité de Etica em Pesquiza da Universidade Federal de 530 FauloHospital S30 FPaule ANALISOU & APROVOU
o projeto de pesguisa referenciado.
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ANEXO 2 — Termo de Consentimento Livre e Esclarecid o

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Para individuos com Insuficiéncia Cardiaca

“Avaliacdo do comportamento da relagdo entre oferta e utilizacdo muscular periférica de
oxigénio na transicao do exercicio leve para o inte  nso em pacientes com insuficiéncia
cardiaca”

O objetivo deste estudo é investigar a relacdo entre a oferta e a utilizagao de oxigénio na transigdo do
exercicio leve (sem carga) para o intenso em pacientes ndo treinados com insuficiéncia cardiaca
moderada a grave comparado a um grupo controle de individuos saudaveis.

Este estudo tera uma duracéo total de 3 dias, quando iremos realizar varios exames em repouso e
durante o esfor¢co Na visita de triagem o0 médico realizard uma avaliacdo clinica, para identificar se
vocé podera participar da pesquisa. Vocé fard também um teste de exercicio na bicicleta usando uma
mascara, que permitira que vocé respire normalmente, ao mesmo tempo que se consegue medir 0
gquanto vocé usa de oxigénio para realizar o exercicio. A carga sera escolhida de acordo com a sua
falta de ar e o0 que vocé aglienta fazer no seu dia-a-dia, vai subir gradativamente até o maximo que
vocé aglentar (em geral dura de 8 a 12 minutos). Vocé podera pedir a qualquer momento para
interromper o teste, quando achar que ndo consegue mais continuar. Vocé estara sendo
acompanhado por um médico durante todo o teste e por dois fisioterapeutas. O seu coragdo estara
sendo monitorizado durante todo o exame através do eletrocardiograma, assim como a sua pressao,
tudo isso para sua seguranca durante os exames.

Na visita 2, vocé fara 2 testes na bicicleta com intervalo de 1 hora entre eles com uma carga fixa.
Apbs 1 hora vocé repetird o teste com a mesma carga do anterior com duracdo maxima de 4 minutos,
para avaliar a reproducao dos dados. Durante os testes na bicicleta, também sera realizada a
avaliacdo do funcionamento do seu coracédo (cardioimpedancia transtoracica), por meio da colocacao
de 6 pequenas pecas arredondadas com gel, em contato com a sua pele: 2 no pesco¢o, 2 nas costas
e 2 no peito. Usaremos também um aparelho para avaliar a quantidade de oxigénio que o seu
musculo utiliza durante o exercicio (espectroscopia por raios quasi-infravermelhos). Colocaremos
uma peca pequena na parte lateral da sua coxa e fixaremos com um adesivo transparente e uma
faixa escura para que a luz ndo entre e prejudique o exame. Ao terminar os testes na bicicleta, vocé
ficara em repouso na sala do exercicio por mais 30 minutos para descansar. No total, todos estes
exames demorardo em torno de 3 horas e serdo realizados no Setor de Funcdo Pulmonar e Fisiologia
do Exercicio (SEFICE), da Disciplina de Pneumologia — Universidade Federal de Sao Paulo.

Caso ocorra alguma intercorréncia durante os testes, vocé ficara internado no Hospital Sdo Paulo e
sob a responsabilidade da equipe da Cardiologia. Todos os medicamentos e exames que forem
necessarios nesta eventualidade serdo realizados.

Cabe salientar que vocé esta sendo convidado a participar de um estudo, e que a sua participacdo é
voluntaria. Vocé podera desistir a qualquer momento do estudo. Se vocé desistir, ndo modificara em
nada o seu tratamento e acompanhamento no Ambulatério de Cardiologia deste hospital ou qualquer
atendimento de que precisar.

O teste de exercicio pode desencadear: (a) falta de ar, mas que melhora apés interrompermos o
teste, (b) arritmias (quando o coracao bate fora do ritmo normal, ou seja, palpitacdo) devido ao
esforco maior do que esta acostumado a fazer, (c) parada cardiorrespiratdria, se ocorrer uma arritmia
grave e neste caso, (d) morte, o que é extremamente raro. Os demais exames nao trazem riscos.

Os beneficios que poderemos obter com este estudo séo: (a) maior conhecimento dos mecanismos
fisiopatolégicos da insuficiéncia cardiaca durante o exercicio, uma vez que é durante o esforco que
ocorrem 0s maiores sintomas da sua doenca; (b) fornecer mais informagGes para os médicos que
tratam outros pacientes com 0 mesmo problema que o seu, para aprenderem e entenderem melhor
os fatores que limitam o exercicio.
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A qualquer hora do dia vocé podera esclarecer suas dividas ou ser atendido através de contato com
0 Laboratério de Exercicio da Disciplina de Pneumologia (5571-8384) ou com algum profissional
responsavel por esta pesquisa (Dra. Priscila Cristina de Abreu Sperandio, no celular 9541-0394) ou
pessoalmente de 22 - 62 feira no Laboratério de Exercicio da Disciplina de Pneumologia.

Se vocé tiver alguma consideragéo ou duvida sobre a ética da pesquisa, entre em contato com 0
Comité de Etica em Pesquisa (CEP) - Rua Botucatu, n 572 - Sala 14, 1° andar (telefones: 5576-4564 /
5571-1062).

A qualqguer momento vocé podera desistir da participacdo deste estudo, sem ser prejudicado em
qualquer sentido.

Os dados obtidos nas suas avaliagdes serdo mantidos em sigilo, isto é, em segredo.
Os resultados obtidos com este estudo, tanto positivos quanto negativos, seréo discutidos com vocé.

Vocé terd direito a tratamento médico e indenizacdo pela instituicdo em caso de danos ocorridos por
causa deste estudo.

Caso vocé tenha gastos adicionais por causa da sua participacéo neste estudo, eles serdo cobertos.

Eu, , acredito ter sido suficientemente
informado a respeito das informac8es que li ou que foram lidas para mim, descrevendo o estudo:
“Avaliacdo do comportamento da relacédo entre oferta e utilizagdo muscular periférica de oxigénio na
transicéo do exercicio leve para o intenso em pacientes com insuficiéncia cardiaca”. Eu discuti com a
Dra Priscila Cristina de Abreu Sperandio sobre minha decisdo em participar deste estudo. Ficaram
claros para mim quais sdo os propésitos do estudo, os exames que serdo realizados, seus
desconfortos e riscos, as garantias de confidencialidade e de esclarecimentos constantes. Ficou claro
também que a minha participacéo é isenta de despesas e que tenho garantia de acesso a tratamento
hospitalar quando necessario. Concordo voluntariamente, em participar deste estudo e poderei retirar
0 meu consentimento a qualquer momento, antes ou durante a realizacdo do mesmo, sem
penalidades ou prejuizo ou perda de qualquer beneficio que eu possa ter adquirido, ou no meu
atendimento neste Servico.

Data:__ / /
Assinatura do paciente / representante legal

Data: / /

Assinatura da testemunha

Declaro que obtive, de forma apropriada e voluntaria, o Termo de Consentimento Livre e Esclarecido
deste paciente ou do seu representante legal para a participacéo dele.

Dra. Priscila Cristina de Abreu Sperandio — Investigador Principal
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Para individuos saudaveis

“Avaliacdo do comportamento da relagédo entre oferta e utilizacdo muscular periférica de
oxigénio na transicao do exercicio leve para o inte  nso em pacientes com insuficiéncia
cardiaca”

O objetivo deste estudo € investigar a relacao entre a oferta e a utilizacao de oxigénio na transicéo do
exercicio leve (sem carga) para o intenso em pacientes ndo treinados com insuficiéncia cardiaca
moderada a grave comparado a um grupo controle de individuos saudaveis.

Este estudo tera uma duracao total de 3 dias, quando iremos realizar varios exames em repouso e
durante o esfor¢co Na visita de triagem o0 médico realizard uma avaliacdo clinica, para identificar se
vocé podera participar da pesquisa. Vocé fara também um teste de exercicio na bicicleta usando uma
mascara, que permitira que vocé respire normalmente, ao mesmo tempo que se consegue medir 0
quanto vocé usa de oxigénio para realizar o exercicio. A carga sera escolhida de acordo com a sua
falta de ar e 0 que vocé aglienta fazer no seu dia-a-dia, vai subir gradativamente até o0 maximo que
vocé agientar (em geral dura de 8 a 12 minutos). Vocé podera pedir a qualquer momento para
interromper o teste, quando achar que ndo consegue mais continuar. Vocé estara sendo
acompanhado por um médico durante todo o teste e por dois fisioterapeutas. O seu coragdo estara
sendo monitorizado durante todo o exame através do eletrocardiograma, assim como a sua pressao,
tudo isso para sua seguranca durante os exames.

Na visita 2 , vocé fara 2 testes na bicicleta com intervalo de 1 hora entre eles com uma carga fixa.
ApoOs 1 hora vocé repetira o teste com a mesma carga do anterior com duragdo maxima de 4 minutos,
para avaliar a reproducao dos dados. Durante os testes na bicicleta, também sera realizada a
avaliacdo do funcionamento do seu coracédo (cardioimpedancia transtoracica), por meio da colocacao
de 6 pequenas pecas arredondadas com gel, em contato com a sua pele: 2 no pesco¢o, 2 nas costas
e 2 no peito. Usaremos também um aparelho para avaliar a quantidade de oxigénio que o seu
musculo utiliza durante o exercicio (espectroscopia por raios quasi-infravermelhos). Colocaremos
uma peca pequena na parte lateral da sua coxa e fixaremos com um adesivo transparente e uma
faixa escura para que a luz ndo entre e prejudiqgue o exame. Ao terminar os testes na bicicleta, vocé
ficara em repouso na sala do exercicio por mais 30 minutos para descansar. No total, todos estes
exames demorardo em torno de 3 horas e serdo realizados no Setor de Funcdo Pulmonar e Fisiologia
do Exercicio (SEFICE), da Disciplina de Pneumologia — Universidade Federal de Sao Paulo.

Caso ocorra alguma intercorréncia durante os testes, vocé ficara internado no Hospital Sdo Paulo e
sob a responsabilidade da equipe da Cardiologia. Todos os medicamentos e exames que forem
necessarios nesta eventualidade serdo realizados.

Cabe salientar que vocé esta sendo convidado a participar de um estudo, e que a sua participacdo é
voluntaria. Vocé podera desistir a qualquer momento do estudo. Se vocé desistir, ndo modificara em
nada sua relacdo de trabalho/estudo com esta universidade ou atendimento ambulatorial/hospitalar,
caso necessite.

O teste de exercicio pode desencadear: (a) falta de ar, mas que melhora apés interrompermos o
teste, (b) arritmias (quando o coracdo bate fora do ritmo normal, ou seja, palpitacdo) devido ao
esfor¢co maior do que esta acostumado a fazer, (c) parada cardiorrespiratéria, se ocorrer uma arritmia
grave e neste caso, (d) morte, o que é extremamente raro. Os demais exames nao trazem riscos.

Os beneficios que poderemos obter com este estudo sdo: (a) oportunidade de avaliar sua capacidade
de exercicio e como estd o funcionamento do seu sistema cardiovascular durante o esforco; (b)
orientacao da melhor faixa de treinamento para quem quiser iniciar atividade fisica. (c) avaliar se vocé
tem alguma alteracao cardiaca induzida pelo esforco.

A qualquer hora do dia vocé podera esclarecer suas dividas ou ser atendido através de contato com
0 Laboratério de Exercicio da Disciplina de Pneumologia (5571-8384) ou com algum profissional
responsavel por esta pesquisa (Dra. Priscila Cristina de Abreu Sperandio, no celular 9541-0394) ou
pessoalmente de 22 - 62 feira no Laboratério de Exercicio da Disciplina de Pneumologia.
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Se vocé tiver alguma consideragdo ou dlvida sobre a ética da pesquisa, entre em contato com 0
Comité de Etica em Pesquisa (CEP) - Rua Botucatu, n 572 - Sala 14, 1° andar (telefones: 5576-4564 /
5571-1062).

A qualquer momento vocé podera desistir da participacdo deste estudo, sem ser prejudicado em
qualquer sentido.

Os dados obtidos nas suas avaliagdes serdo mantidos em sigilo, isto é, em segredo.
Os resultados obtidos com este estudo, tanto positivos quanto negativos, seréo discutidos com vocé.

Vocé tera direito a tratamento médico e indenizagdo pela instituicdo em caso de danos ocorridos por
causa deste estudo.

Caso vocé tenha gastos adicionais por causa da sua participacdo neste estudo, eles serdo cobertos.

Eu, , acredito ter sido suficientemente
informado a respeito das informag8es que li ou que foram lidas para mim, descrevendo o estudo:
“Avaliacdo do comportamento da relacédo entre oferta e utilizagdo muscular periférica de oxigénio na
transicéo do exercicio leve para o intenso em pacientes com insuficiéncia cardiaca”. Eu discuti com a
Dra Priscila Cristina de Abreu Sperandio sobre minha decisdo em participar deste estudo. Ficaram
claros para mim quais sdo os propositos do estudo, os exames que serdo realizados, seus
desconfortos e riscos, as garantias de confidencialidade e de esclarecimentos constantes. Ficou claro
também que a minha participacéo é isenta de despesas e que tenho garantia de acesso a tratamento
hospitalar quando necessario. Concordo voluntariamente, em participar deste estudo e poderei retirar
0 meu consentimento a qualquer momento, antes ou durante a realizacdo do mesmo, sem
penalidades ou prejuizo ou perda de qualquer beneficio que eu possa ter adquirido, ou no meu
atendimento neste Servico.

Data: / /

Assinatura do voluntario

Data: / /

Assinatura da testemunha

Declaro que obtive, de forma apropriada e voluntaria, o Termo de Consentimento Livre e Esclarecido
deste voluntario.

Dra. Priscila Cristina de Abreu Sperandio — Investigador Principal
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ANEXO 3 — Artigo publicado no  American Journal of Physiology — Heart and

Circulatory Physiology

Am J Phyriol Heart Circ Physiol 207 HI T20-H1728, 2009,
First published September 4, 2000 dei: 100115320 ajpheart O0596, 2000,

Microvascular oxygen delivery-to-utilization mismatch at the onset

of heavy-intensity exercise in optimally treated patients with CHF

Priscila Abreu Sperandio,'* Audrey Borghi-Silva.'” Adriano Barroco,

Dircen R. Almeida,® and J. Alberto Neder!

12 Luiz Eduardo Nery.!

'Pulmonary Function and Clinical Exercise Physiolagy Unit (SEFICE), Division of Respiratory Diseases, Department
af Medicine, Federal University of Sae Pawlo {UNIFESP), Sdo Paule; *Division of Cardiology, Department of Medicine,
Federal University of Sae Paulo { UNIFESP), Sde Paulo; and *Cardiopulmonary Laboratory, Nucleus of Research in
Phyvsical Exercise, Federal University of Sdo Carlos { UFSCar), S0 Carlos, 5P, Brazil

Submmitted & July 2009; accepted in final form 4 September 2009

Sperandin FA, Borghi-Silva A. Barroco A, Nery LE, Almeida DR,
Meder JA. Microvascular oxygen delivery-to-utilization mismatch at the
onset of heavy-intensity exercise in optimally treated patients with CHF.
Am J Phvsiol Heart Circ Phvsiol 297: HIT20-HI728, 2009. First
published September 4, 2009; doi:l0.1152/Ajphean (0596, 20009. —
Impaired muscle blood flow at the ansel of heavy-iniensity exercise
may transiently reduce microvascular O pressure and decrease the
rate of O transfer from capillary to mitochondria in chronic heart
failure (CHF), However, advances in the pharmacological treatment
of CHF ie.g.. angiotensin-converting enzvme inhibitors and third-
generation B-blockers) may have improved microvascular Oz delivery
to an extent that intramyvocyte metabolic inertia might become the
main locus of limitation of O3 uptake (Vioo) kinelics. We assessed the
rate of change of pulmonary Voo (Vog). (estimated) fractional O
extraction in the vastus lateralis {—A[deoxy-Hb+Mb] by near-infra-
red spectroscopy), and cardiac output (QT) during high-intensity
exercise performed to the limit of tolerance (Tlim) in 10 optimally
treated sedentary patients (ejection fraction = 29 * B%) and 11
controls. Sluggish Voo, and Qr kinetics in patients were significantly
related to lower Tlim values (F = 0.05). The dvnamics of A[deoxy-
Hb+Mb], however, were fasier in patients than controls [mean re-
sponse time (MRT) = 159 = 20svs. 190 & 2.9 5 P < 0.05] with
a subsequent response “overshoot” being found only in patients
(7/10). Moreover, TVooMRT-[deoxy-Hb+Mb] ratio was greater in
patients (4.69 * 142 svs. 2.25 = 077 5. P <2 0.05) and related 1o QT
kinetics and Tlim (R = 0.89 and —0.78, respectively: P < 0.01). We
conclude that despite the advances in the pharmacological treatment
of CHF, disturbances in “central” and “peripheral” circulatory adjust-
ments still play a prominent role in limiting Vosp kinetics and
tolerance to heavy-intensity exercise in nontrained patienis.

blood flow; chronic heart failure: hemodynamics; near-infrared spec-
troscopy, oxygen consumption

THE TIME COURSE IN WHICH pulmonary oxygen uptake (Vog,)
adapts to dynamic exercise is characteristically slowed in
patients with chronic heart failure (CHF) compared with age-
matched controls (7, 58, 61), The slowed Voo kinetics (i.e.
larger O deficit) lead to greater reliance on Os-independent
pathways for ATP regeneration and accumulation of by-prod-
ucts related to increased muscle fatigability (e.g., inorganic
phosphate and HY) (2, 56). In fact, faster Vozp kinetics after
selected therapeutic and rehabilitative strategies have been

Address for reprint requests and other correspondence: I AL Meder,
Pulmonary Function and Clinical Esxercise Physiology Unir (SEFICE):
Bespiratory Division, Dept. of Medicine, Pedeml Univ. of Sin Paulo-
Paulista School of Medicine (UNIFESP-EPM ), Rua Professor Francisco de
Costro 534, Viln Clementino, CEP 040200050, S3o Pavlo, Brazil (e-mail:
albnzder @ pricumo.epm br).
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O363-6135/00-$8.00 Copyright © 2000 the American Physiological Society

associated with improved exercise tolerance in CHF patients
(12, 48, 63), suggesting that amelioration or resolution of the
impaired oxidative metabolism at the onset of exercise has
important clinical implications (as reviewed in Ref. 1)

It is widely recognized that disturbances in the diffusive
andfor convective transport of Oz 1o skeletal muscle mitochon-
dria (31, 41) andfor intramyvocyte metabolic machinery (9, 25,
26) could explain the slowness of ‘\'-’ozp kinetics in patients with
cardiopulmonary and metabolic disorders (7. 51, 61). In this
context, it can be anticipated that if the increase in muscle
microvascular Os delivery (Qoapn,) slows Lo a greater extent
than the rate of change in muscle Vo, (as estimated by the
kinetics of the “primary” component of ‘(’Ggp) (2, 25, 56),
fractional O extraction [--changes (A) in the deoxygenated
hemoglobin + myoglebin {[deoxy-Hb+Mb]) signal by near-
infrared {NIR} spectroscopy (NIRS)] would be accelerated in
CHF patients (14, 22, 23, 28). Conversely, if the rate of
increase in fractional O extraction is slowed in CHF patients
at the onset of exercise, this would argue against a predominant
role of insufficient (0o, in limiting Vo, kinetics. thereby
suggesting that Voz dynamics are limited by a slow activation
of intracellular metabolic pathways (9, 25, 26).

The dynamic relationship between Q0ag,, and Oy vtilization,
however, has been to date explored only in animal models with
nontreated CHF induced by myocardial infarction (5, 6. 18, 20,
35, 45). By using phosphorescence quenching to obtain intra-
vital measurements of microvascular Poo (Poay, ) (59), previ-
ous investigators reported that CHF was indeed associated with
Q0zmv-to- V02 mismatching, a finding that was modulated by
disease severity (18, 20}, Aber typing (5. 45). and senescence
(6. 200. However, it is unknown whether these seminal obser-
vations are actually applicable to humans with naturally oc-
curring CHF receiving contemporary pharmacological treat-
ment. In fact, the last decades brought about major changes in
the treatment paradigms of CHF [e.g.. anglotensin-converting
enzyme inhibitors ({ACEls)yangiotensin-receptor  blockers
(ARBs) and B-adrenergic blockers] (17, 32). which might be
effective in improving CHF-related endothelial dysfunction
(49, 55) and excessive svmpathetic and neurchumoral activa-
tion (16, 193 with positive consequences on muscle blood flow
(52, 55). In fact. combined therapy with ACE[s and ARBs and
carvedilol. a B-adrenergic antagonist with vasodilatory prop-
erties (o-antagonism). is particularly emphasized in clinical
guidelines (17, 32). These recommendations were based on the
evidence that these drugs might work synergistically to im-
prove left ventricular (LV) ejection fraction and lessen LV
remodeling with positive consequences on hospitalizations and

htep:fwew. ajpheart org
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OM-EXERCISE MUSCLE DEOXYGENATION KINETICS IN CHF

survaval (17, 32, 53). However, the effects of CHF on the
dvnamics of (estimated ) muscle Qg p,-to-Vo, matching at the
onset of exercise in optimally treated humans with naturally
occurring forms of the disease remain unknown.

The objective of the present study. therefore, was to inves-
tigate the relationship between the dynamics of 02y, and O
utilization at the onset of heavy-intensity exercise in nontrained
patients with advanced CHF receiving contemporary pharma-
cological therapy. We tested the hypothesis that the therapeutic
advances in the weatment of CHF (17, 32) might have im-
proved QUag, to an extent that the slowness of intramyvocyte
metabolic machinery would become the limiting step of Vogg
kinetics. For this purpose, we simultaneously assessed the rate
of change of V0., Aldeoxy-Hb+Mb], and cardiac output (QT)
during an exercise bout performed above the gas-exchange
threshold (GET) to the limit of wlerance (Tlim) in a group of
CHF patients and age-matched controls. We reasoned that
knowledge of the precise etiological mechanisms leading to the
microcirculatory O: exchange impairment in CHF 1s crucial to
understanding the mechanisms of exercise intolerance and the
planning of effective rehabilitative strategies aimed to decrease
its clinical burden in this patient population.

METHODS
Subjects

This was a prospective study involving 10 nonsmoking men re-
cruited from the CHF Outpatients Clinic of our institution and 1] age-
and sex-matched controls. Patients had an established diagnosis of
CHF for at least 4 yr. three-dimensional echodopplercardiography
showing left ventricle ejection fraction (LVEF) = 35%. and MNew
York Heart Association classification scores I-II1. The patients have
been optimally treated for CHF for at least 3 vr (Table 1) according to
the American Heart AssociationfAmerican College of Cardiology
treatment recommendations for stage “C” patients, i.e., reduced LVEF
and current or previons symptoms of heart failure (32). No patients
had a history of hospitalization or disease exacerbation in this time-
frame. Patients were excluded from study if they had clinical andfor
functional evidences of obstructive pulmonary disease (forced expi-
ratory volume in | s-to-forced wvital capacity ratio (<0 0.7) anemia
([Hb] < 13 g%). exercise-induced asthma, diabetes mellitus or other
metabolic diseases, unstable angina or significant cardiac archvthmias,
and myocardial infarction within the previous 12 mo. To avoid the
confounding effects of physical activity on the determinants of Voo
kinetics (561, no patient had ever been submitted to cardiovascular
rehabilitation. The control group was also carefully selected to recruit
subjects who had not take part into any exercise training program in
the preceding 5 vr and had no regular physical activity either at work
of during leisure time. Subjects were required to be free of chronic
pulmonary, cardiovascular, immune, and metabolic diseases. Prior to
entering the study all healthy controls were submitied o clinical
evalpation and they were screened by pulmonary function tests,
analysis of blood biochemistry, electrocardiography. echocardiogra-
phy, and a stress exercise testing. Stody participants gave written,
informed consent. and the study protocol was approved by the
Institutional Medical Ethics Committes.

Study Protocol

After familiarization, subjects performed & ramp-incremental exer-
cise test (5-10 W/min in patients and 15-20 Wimin in controls) to
determine parameters of asrobic function during exercise. The difference
between Viosg at the GET and Voop at peak exercise (AVoappex cer) Was
determined. On a different day, subjects were submitted to a constant-
work-rate exercise test to the Tlim (s) at a Vo, equivalent to

ATP-Hears Cire Physiol « VoL 27

H1721

Table 1. Resting and exercise data from healihy subjecis
and optimally treated patients with CHF

Conrrols, m =11 CHF, n =10
Anthropometnes!demographics
Age, yr 62.4+50 GHOEEE
Body mass. kg Ta4x159 9137
Body mase index, kg/m?® 2309+38 225241
Echocardiography
Left ventricle ejection fraction, % 50.7+5.0 291 +82*
Drugs
Dhiuretics T
Spironolactone 4
Dhgitalis 5
Carvedilal 10
ACE inhibitors’! AR blockers 1o
Incremental exercise
Power, W 132+1%9 x4~
Vi, mlfmin 17082204 L3l5=02*
Vioep, ml*min " kg ™! 23.1=x42 15.1=2.8%
Vi, % pred 83.0=x10.1 R B
Viospaer, mlimin 1080175 TRIx128*
HE. bpm 15312 134 =10
HR. % pred 05347 T4l =l09*
Constant work rite exercise
Power, W J=x13 =l
Time (o exercise intolerance, s 405+ |68* Jl5x103
Vioze, mlfmin I.684x 181 1,292+ 200"
HE. bpm 14510 130x5*
5V, ml [ 3161 B2 143
0T, l'min 148x2.] 00x24*

Values are means = SD. CHF, chronic heant failure: ACE, angictensin-
camverting enzyme; AR, angictensin-neceptor; Viog,, pulmonary oxygen up-
take; GET, gas-cxchange thweshold: HR, heart rate: 5V, stroke volume; Q1.
cardiae output, *F < 0,05 (nonpaired rest),

40-50% of the AVozppeak.ger [~T0-80% peak work rate]. Tlim
was defined as the time point at which subjects signaled to stop
exercising or could not maintain the required pedaling rate for 10 s
despite being encouraged by the investigators. Subjects avoided
caffeine. alcohol, or heavy meals before testing.

Measuremenis

Exercise tests. The tests were performed on an electronically
braked cycle ergometer (Corival 400, Lode. The Metherlands) at &0
rpm and they were preceded by an unloaded baseline pedaling at 0 W
for 2 min. Vozp (mifming, Voos, (pulmonary carbon dioxide output,
ml/min), minute ventilation (VE, /min ), and end-tidal partial pressures
(PET) for Oy and CO, ¢mmHg) were measured breath by breath vsing
a computer-based system (CardiO: System. Medical Graphics). Gas-
exchange variables measured during the incremental f2st were aver-
aged every 15 5. Voop,.q Was defined as the highest value achieved
during the test and compared with Brazilian standards (50). Heart rate
(HE, bpm) wazs determined by using the R-R interval from a 12-lead
electrocardiogram. Arterial oxvhemoglobin saturation was determined
by pulse oximetry (F; POX 010-340, Mediaid) with its analog signal
being directed to the system. Subjects were also asked (o rafe their
“shortness of breath™ at exercise cessation using the 0—10 Borg's
category-ratio scale. The Vozpoer was estimated by the gas-exchange
method, inspecting visually the inflection point of Vicoa, with regard
to Voo, (modified V-slope) and szcondarily confirmed by the venti-
latory method when Ve/Voz, and PErO: increased while VE/Voos,
and PErCO. remained stable. The reading was performed indepen-
dently by two experienced observers without knowledge of other
results or subject identities.

Skeletal muscele oxveenarion. Skeletal muscle oxvgenation profiles
of the left vastus lateralis were evaluated with a commercially avail-
able WIRS system (Hamamatsu NIRO 200, Hamamatsn Photonics).

« NOVEMBER 200% « www ajpheart.org

OLOZ 'g Jequanop uo Bio dBojosiyd pesydie woly pepeojuso




Anexos |64

H1722

The theory of NIRS has been described in detail elsewhere (21).
Briefly. one fiber optic bundle carried the NIR light produced by the
laser diodes to the tissue of interest while a second fiber optic bundle
returned the transmitted light from the tissue to a photon detector in
the spectrometer, The intensity of incident and transmitted light were
recorded continuously and. along with the relevant specific extinction
coefficients, used to measure changes in the oxveenation status of Hb
and Mb. A set of optodes was placed on the belly of the vastus
Tateralis muscle midway between the lateral epicondyle and preater
trochanter of the femur. The optodes were housed in an optically
dense plastic holder, thus ensuring that the position of the optodes.
relative o each other, was fixed and invariant. The optode assembly
was secured on the skin surface with tape and then covered with an
optically dense. black vinyl sheet, thus minimizing the intrusion of
extraneous light and loss of NIR light.

The variables assessed by NIES are the concentration (denoted by
square brackets) of oxygenated. decxyvgenated, and total Hb. Among
the MNIRS wvariables, several laboratories have adopted the [deoxy-
Hb+Mb] signal as the preferred indicator of changes in muscle
microvascular oxygenation during exercise (11, 14, 23, 28). The
[deoxy-Hb+Mb] response to exercise is then considered a proxy of
fractional O extraction in the microcirculation, reflecting the balance
between Oz delivery and utilization. The device vsed herein did not
measure the reduced-scattering of the tissue (36), preventing determi-
nation of absolute valvues of [decxyv-Hb+Mb] (in k). Therefore.
values were recorded as a delta (&) from baseline in units of micro-
molar per centimeter and expressed relative (%) 1o the amplitude of
variation from baseline (o the steady state.

Central hemodvaamics. O (imin) and stroke volume (SWV. liters)
were measured noninvasively throughout the constant work rate test
by impedance cardiography (PhysioFlow PF-05, Manatec Biomedi-
cal). The PhysioFlow device and its methodelogy have been thor-
cughly described elsewhere (10). This methodology is different from
previously used impedance systems gs its algorithm does not requine
basal thoracic impedance measurement (Zo). Before each exercise
test, the system was autocalibrated taking into consideration age.
stature, body mass, and blood pressure values. Signal quality was
verified by visualizing the electrocardiography (ECG) tracing and its
first derivative (dECG/dr and the impedance waveform (AZ) with its
first derivative (dZfi). In preliminary experiments the coefficient of
variation for changes in QT and SV during exercize were 3.3 and
4.1%. respectively. In these preliminary trials the changes in Qr
measured by impedance cardiography were consistent with those
predicied from Vozp values nsing the submaximal Qr-Voop relation-
ship described in CHF patients (8).

Kinetics anafysis. The breath-by-breath Vo, Aldeoxy-Hb-+Mb]
and hemodynamic (Qr. SV, and HR) data were time aligned to the
start of exercise and interpolated szcond by second. The Kinetics of
these responses were determined by nonlinear regression using a least
square technique (Marquardt-Levenberg, SigmaPlot 10.0, Systat Soft-
ware). The Voap responses to exercise in the intensity domain used in
our investigation are characterized by the presence of a slow compo-
nent (2, 56). We checked the absence of the onset or emergence of the
slow component in the first 180 s after the start of exercise by
certifying that the monoexponential fit (Eg. §) did not demonstrate a
discernible departure from the measured response profile, ie.. main-
tenance of the flat profile of the residual plot. If the slow compenent
was 0ot discerniblz, we apted o fit Vog, from 30 s of baseline
pedaling to the steady-state value; otherwise, data were fitted from
30 s of baseline pedaling to 180 s after the onsat of exercise. For
Aldeoxy-Hb+Mb] kinetics the analyses were conducted on data from
30 s of baseline cycling to the steady-state response to minimize
distortion of the curve-fitting seen when longer periods are analyzed.
Theoretical (22) and empirical studies (11, 14, 23, 28) suggest that the
primary phase of the A[decxy-Hb+Mb] response is complete within
this time window,

ON-EXERCISE MUSCLE DEOXYGENATION KINETICS IN CHF

The model used for ftting the kinetic response of Vo, and
Aldeoxy-Hb+Mb] was

[Ylp=[¥ly +A-(1— e i1

where b refers to baseline unloaded cycling and A. TD. and 1 are the
amplitude. fime delay. and time constant of the exponential response,
respectively. For Vo analysis we deleted the data relative to the
cardiodynamic phase. which duration was individually determined
according to standard procedures (2). Therefore, TVozp represents the
time course of the primary component — an estimate of the muscle
Vi, kinetics (25) (see Methodological Considerations and Interpre-
fative Ivsues). The overall kinetics of Aldeoxy-Hb4-Mb] (—time to
reach 63% of the response following the onset of exercise) were
determined by the mean response time (MET = 7 + TD). To relate
the kinetics of O utilization te the dynamics of {estimated) fractional
Oz extraction, we calculated the ratio TVop/MRET-Aldeoxy-Hb+Mb].
Therefore, the higher this ratio, the faster the A[deoxy-Hb+Mb]
kinetics in relation to Voo, dynamics, suggesting slower adaptation of
Qo2my (110, For the hemodynamic data, we opted to calculate the
individual half-time (£, .. 5) as the low signal-to-neise ratio for SV and
Ot precluded an adequate monoexponential fitting in some patients.
This parameter was defined as the time in which the physiological
reaponse reached half of the difference between 180 s and the onset of
exercise (SigmaPlot 10.0). An estimate of MRT was then obtained as
T ¥ 144,

Based on previous findings with other disease populations (3. 11).
we systematically looked at the presence of not of an “overshool™ in
Aldecxy-Hb+Mb] after the initial “fast” response (see RESULTS). A
twoecomponent, monoexponential model was applied to these data:

(YT = [¥la + A (1 — 70T — A0 — o770 2y

where the subscripts | and 2 correspond to the two sequential
components (upward and downward, respectively). This model was
applied o adequately define the duration of the vpward component,
Le.. TDa Considering, however, the uncertainties about the actual
physiclogical meaning of the downward component, only the describ-
ing parameters of the wpward component were considered for statis-
tical analysis. Assuming that a larger area under the Afdeoxy-
Hb+Mb] overshoot would be conceptoally similar to a greater “un-
dershoot™ in the Poug, (22, 23, 57), the former variable was used as
an additional index of impaired microvascular Oz delivery. Cn pre-
liminary trials. the coefficient of variation for the kinetic parameters of
the A[deoxy-Hb+Mb] response ranged between 5-11% [lst test —
2nd test mean bias and range: 7 = 03 5 (—0.3 5 to 0.8 5) and TD =
0.1 s {—04 to 0.5 s)].

Staristical Analysis

Results were summarized as means = 5D, To contrast berween-
subject resting and exercise responses, nonpaired f or Mann-Whitney
I2sts were used as appropriate. Pearson’s product moment correlation
was used to assess the level of association between continuous
variables. The level of statistical significance was set at P = 0.05 for
all tests.

RESULTS
Subject Characteristics and Maximal Exercive Capacity

There were no significant differences on anthropomerric
attributes in CHF patients vs. age-matched controls (Table 1)
Eticlogy of CHF was mostly nonischemic and patients had
severe LY dysfunction at rest. In contrast, peak work rate and
peak Voz, were only moderately reduced with eight patients
heing classified as Webar's class [T and two patients as class
NI, The GET was identified in all subjects, and patients had
lower Vozpoer than controls (P < 0.05). Patients showed
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impaired chronotropic responses and lower tolerance to con-
stant work-rate exercise (Thm)y compared with controls (Table
13 P < 0.01).

Pulmonary Gas Exchange and Cardiovascular Dynamics

The kinetics of Vo, and hemodynamic responses were
slower in patients than controls (Fig. | for Vozp and Or; Table 2).
In a subgroup of subjects i whom the tests were repeatad (6 patients
and & controls), the coefficient of varation for T";-"O;P_ﬂﬂd i Or
averaged 5.4 and Y.9%, respectively. Estimated MRT-0T was con-
sistently slower than V05, in both groups (7 < 0.03) (Fig. 1: Table
1), MRT-HE was particularly impaired in patients compared
with controls (CHF-controlsfcontrols = 100 = 847 + 32.3%
and 3.7 = 19.5% for HR and SV responses, respectively).
There was a significant relationship between -T'\'-"Dgp and #, QT
only in patients (R = 0.79); in addition, both variables were
related to Tlim in CHF patients (R = —0.8] and B = —0.6%9,
respectively: P < (.05} but not in controls.

Muscle Oxygenation and Estimated (0,

The Aldeoxy-Hb+Mb] response displayed a region in which
the signal remained stable or decreased transiently with similar
duration in both groups (time delay). Adter this phase, Aldecxy-
Hb+Mb] increased rapidly with a response kinetics that were
much faster than the Yoz, and QT responses in both groups
(Figs. | and 2; Table 2},

There were substantial differences in the Aldeoxy-Hb+Mb]
dynamics in patients vs. controls. Therefore, TA[deoxy-
Hb+Mhb] (Figs. | and 2: Table 2) and MET-A[deoxy-Hb+Mb]
{Fig. 2) were significantly faster in patients compared with
controls (P < 0.05). In addition. TVoxMRT-Aldeoxy-
Hb+Mb] was grealer in patients (4.69 £ [42 s vs, 225 *
0.775; P = 0.05) and an overshoot in the Aldeoxy-Hb+Mhb]

120

-

o

=
f
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o
=
L

Mean response time (s}
2
+

VO, p Qr  Aldenxy=Hb+Mb]

Fig. |. Mean msponse time of pulmonary ¥oz (Vog), candiac eutout (0T),
and changes in deoxy-hemoglobin+myoglobin measured by near-infrared
spectroscopy (A&]deoxy-Hb+Mb|: ~fractional O: extracton) at the onset of
heavy-intensity exercise in age-matched sedentary contmols (shaded barsi and
optimally treated patients with ¢hronic bean failure (CHF) (solid bars), Note
that the kinctics of ¥oop and O were slower in CHF paticnts, in contrast,
patients presented with faster Aldecxy-Hbh+Mb] dynamics compared with
healthy controls, suggesting impaired microvascular Os delivery. Data am
means (5D). *F = (005 for between-group comparisons: 1P < (L0535 for
within-group comparisons of Voo, vs. QT P < 005 for within-group
comparizons of Aldeoxy-Hb+Mb] vs, Voo and Q.
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Table 2. Kinetic parameters for Vozp, Aldeoxy-Hb+Mb],
and Q1 by transthoracic impedance in healthy subjects and
aptimally treared patients with CHF

Controle. n =11 CHFE. n =10
Vnzp
Bascline, mlfmin 434123 404+ 08
Amplitude, mlfmin 0081 584+ 140
T, 8 40.5=11.3 653167
TD, = 10.8+8.7 25+101*
Aldecxy-Hb+MbB]
Baseline, % 0.1x21 —04+1.4
Amplitude, % U475 1142+035%
T, § 93x16 50x17*
TD, = 07+19 loox2.0
Bascline, Ifmin 6510 49x1.7*
Amplitude, l{min 52x15 3.1x1.3*
fim s 40275 TO.Tx£13.0%

Vulues are means *= SD. Aldeoxy-Hb+Mb], changes in deoxy-
hemoglobin+myoblobin by nearinfrored spectroscopy: TI. time delay; 7,
time constant; 2. half-time. Aldeoxy-Hb+Mb] values expressed mlative 1o
steady-state, bascline vanation. *P < 0,05 tnonpoired &test)l

response was found in 7 of 10 patients but in no control (see
Fig. 2 for a representative patient).

There was a significant relationship between TVo2/MET-
Aldeoxy-Hb+Mb] and the area under the overshoot in these
patients (R = 0.74: P < 0.05). Importantly, TVo./MRT-
Aldecxy-Hb+Mb] was also significantly related to hoth r12 QT
and Tlim (Fig. 3) in CHF patients.

DISCUSSION
This is the first study. to our knowledge. to investigate
whether the dynamic matching of (estimated) Q02 and Vo2

at the onset of heavy-intensity exercise is impaired in optimally
treated (17, 32) humans with CHF. We found that phase [I

140 4

: “overshoot”
120 I
|
= 100 - :
— I
= 80 '
+ | =
0 I T =74
i | ® CHF 4 TD =102
Sy | \_HRT' 176
g 40 |
@ I e =114
E 20 4 [ aCTLATD =107
< I © | MRT= 22.4
0 - i
|
w2l i : : : :
=50 o 54 100 150 200
Time (s)

Fig. 2. Aldeoxy-Hb-+Mb] at the onset of heavy-intensity exercise in & repre-
sentative age-matched control (CTL) and an optimally treated patient with
CHF. Values are expressed mlative to the amplitude of vanation from baseline
to the steady state, Note the signal “overshoot™ after o mom mpid rate of
change in Aldeoxy-Hb+Mb] [i.c., lower mean response tme (MRT = v +
TL] in the CHF patient, suggesting a Taster kinetics of fractional O extraction
and impaired microvascular Oy delivery. TD, tme delay; 7, bme constant.
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Fig. 3. Relationship between time constant of the “primary™ component of the
on-transient You/MRT of Aldecsy-Hb+Mb] with the dynamics of QT (4) and
time to exercise intolerance (Thmd (8) in optimally treated patients with CHF
{m) and healthy controls (). These data suggest thai the sluggish kinetics of
microvascular Oz delivery have been mechanistically linked to slower “cen-
tral” cardiovascular adjustments (A) ond contnbuted to decrased exemcise
tolerance i CHF paticnts (8,

Wiz, kinetics were slower in patients than controls and signif-
icantly related to decreased exercise tolerance (Tlim). Patients
also displayed sluggish kinetics of Qr and faster dynamics of
fractional Oz extraction {--A[deoxy-Hb+Mb] by NIRS) (11,
14, 23, 28), suggesting impaired adaptation of Qosy,,. This
contention was further supported by the hndings of higher
values of the T'\'-r’DgP-Tu'lRT-ﬁ[dmx}'-Hp+ Mb] ratio in patients.
i.e., for a given rate of change in Vo, Aldeoxy-Hb+Mb]
adapted more rapidly in patients than controls. Moreover, an
overshoot in Aldeoxy-Hb+Mb] signal was found in 7 of 10
patients but in none of the controls. Importantly. higher 7V o,/
MRT-Aldeoxy-Hb+Mb] values were associated with slower
dynamics of QT and shorter Tlim (Fig. 3}, suggesting that the
slowness of (J0g,, kinetics have been mechanistically linked to
the sluggish “central” cardiovascular adjustments and contrib-
uted to decreased exercise tolerance. These data, therefore,
provided evidence that contemporary pharmacolegical therapy
(17, 32) does not preclude that central and “peripheral™ circu-
latory disturbances still play a prominent rele in limiting the
initial rate of change in the muscle oxidative metabolism and
tolerance to high-intensity exercise in humans with CHF.
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Mechanisms for Slower Vo, Kinetics in Humans With CHF

It has long heen demaonstrated that the dynamics of Vi, are
slowed in patients with CHF (7. 61) and related to a number of
clinical and functional cutcomes (1. 12, 48, 63). In this context,
derangements of convective and diffusive Oz delivery to mi-
tochondria (e, Of transport) and/or impaired muscle utiliza-
tion (Le., intramyocyte metabolic inertia) may account for the
prolonged Vionp kinetics (56). Potential mechanisms leading to
impaired O delivery inclode the central hemodynamic effects
of CHF (46, 62), heightened newrohumeoral activation (16, 49).
impaired nitric oxide- (24) and endothelivm-dependent (4)
vasodilation, andfor impaired blood flow redistribution from
the nonexercising tissues to the exercising muscles (47),

Conversely. CHF is also associated with profound bioener-
getle disturbances in the skeletal muscles that could also lmit
the rate of increase in ‘}"Uzl._. { 15). For instance, ""-"Dgp kinetics are
not always accelerated in heart transplant recipients (39 and
remain abnormal during small muscle mass exercise in which
the central cardiovascular constraints are no longer operative
{33, In addition. increased QT after cardiac reinnervation has
not been consistently associated with faster ‘;’Gzp kinetics (430,
Further evidence for a relevant role of intramuscular factors
was provided by Zelis et al. (66). who found slower rates of
NIRS-measured muscle deoxygenation during arterial occlu-
sion in patients with severe CHF and by the findings of
Diederich et al. (18) and Behnke et al. (6). who described
slower, rather than faster, rates of decrease in POag, in rat with
severs vs, moderate CHFE.

In the clinical context. this 1ssue 1s further complicated by
the potential effects of contemporary pharmacological treat-
ment of CHF on the main determinants of O delivery in
patiznts with CHF. More specifically, ACEls and ARB= plus
B-blockers have been found 1o be effective in improving
CHF-related endothelial dysfunction (49, 55) and reduce ex-
cessive sympathetic outflow 1o the limbs {16, 19) with positive
effects on muscle blood fow (52, 55). Collectively, these data
might indicate that such improvements in CHF treatment may
have enhanced the dynamics of muscle Oz delivery 1o an extent
that intramuscular metabolic inertia would become the main
factor limiting Vs, kinetics. Several variables measured and
estimated in our study suggest that this may not be the case
during exercise of heavy intensity in nontrained men with
stable CHF.

Microvascular Os Delivery During Exercise in CHF

Our data demonstrated that CHF patents showed faster
kinetics of muscle microvascular fractional Os extraction (as
estimated by Aldeoxy-Hb+Mb]) and slower kinetics of phase
I than controls, suggesting that Qo adapted at a slower rate
in patients (14, 22, 23, 28). Moreover, the matio TVoa,/MRT-
Aldeoxyv-Hb+Mb] was closely related to the overall kinetics of
central cardiovascular adjustments and exercise tolerance (Fig.
3). These results are of particular clinical relevance because the
patiznts have been therapeutically optimized for at least 3 yr
{17, 32) and the confounding effects of training status and
comorbidities (such as anemia and diabetes) have been care-
fully avoided. It is appropriate, however, 1o point oot that the
order of speed of responses was similar in patients and con-
trols, ie.. Aldeoxy-Hb+Mb], ¥os,. and QT (Fig. ). Conse-
quently, it is conceivable that insufficient rates of muscle Oz

« NOVEMBER 2000 = www ajpheariorg

0LOZ ‘g Jaquanop uo Bio ABoisiyd pesydie woly pepeojuMon




Anexos |67

OMN-EXERCISE MUSCLE DEOXYGENATION KINETICS IN CHF

delivery alsa limited the rate of increase in Vo, albeit in a
lesser extent, in our middle-aged to aged controls (6, 20},

MIRS is o neninvasive technique that allows continuous
measuremeant of key determinants of peripheral muscle oxy-
genation during exercise (213 The time course of Aldecxy-
Hb+Mb] in particular reflects the local balance between O
delivery and uptake in the area under investigation (14, 22, 23,
28). Several studies have shown that Aldeoxy-Hb-+Mb] pro-
vides o surrogate of fractional O3 extraction (see Methodolog-
ical Considerations and Interpretative Issues). and its mea-
surement in parallel with (muscle) phase 1T Voo, kinetics can
give useful inferences regarding (Qoa,,, via the Fick principle
(14,22, 23, 28). In this context, it is widely recognized that the
muscle hemodynamic response al the onsel of exercise is
characterized by o fast “phase [ response related to the
mechanical effect of muscle conraction (Le., muscle pump)
and, probably, rapid vasodilation and a slower “phase 117
maiched with metabolic demand, resulting from metabolic
feedback control (60, In contrast, muscle Voo response ap-
pears to be well characterized by a single monoexponential
function from the start of exercise (2). Therefore, the resulting
response of fractional Oz extraction (—A[deoxy-Hb+Mb])
encompass an early delay where Oo delivery meets (or ex-
ceeds) demand (TD) and a rapidly increasing response when
the dyvnamics of capillary flow blood is slower than the rate of
change in O wtilization (57). In this construct, the overall
Aldeoxy-Hb+Mb] kinetics are expected 1o be inversely related
to the dynamics of Qoamy (14, 22, 23, 28).

In the present study, CHF patients showed faster overall
Aldecxv-Hb+Mb] kinetics (Le.. lower MRT values) due to a
more rapid rates of change (7) despite unaltered TD values.
Consequently, it seems that the phase 11 of microvascular blood
fAow has been particularly impaired in our patients (22, 23), In
line with this notion, we observed a transient overshoot in the
Aldeoxy-Hb+Mb] response after the initial “fast” response in
most CHF patients (Fig. 2), suggesting that estimated fractional
Oz extraction increased above the steady-state level because of
impaired muscle blood flow relative to Yog (3, 22, 23 57).
Interestingly. this pattem of response is qualitatively similar to
the undershoot in the capillary Poz responses previously ob-
served in the exercising muscle of diabetic (54) and CHF
animals (3, 6, 18 35) and identical to the Aldeoxy-Hb+Mb]
profiles described in patients with Type 2 diabetes {3) and
chronic obstructive pulmonary disease (11). This specific pat-
tern of response is thought to be related to a transient lowering
of capillary Poz that seems to be large enough to reduce the
diffusion gradient from capillary to mitochondria thereby im-
pairing O3 flux and constraining the rate of increase in muscle
Voo (22, 23, .57),

Owr results add novel information to previous studies that
used NIRS-based measurements during incremental (65) or
small muscle mass exercise (44) in patients with CHF. In fact.
the single study that has looked at the kinetics of Aldeoxy-
Hb+Mb] at the onset of moderate-intensity exercise (40)
evaluated CHF patients after heart transplantation. Interest-
ingly. these authors did not find significant differences in
Aldeoxy-Hbh+Mhb] kinstics in recipients vs. normal controls,
despite slower Voo, kinetics in patients (40). These findings
suggest that the metabolic abnormalities in the skeletal muscles
were the main mechanism leading to slower Voo, kinetics in
their subjects which is at marked variance with the present
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findings in less severe patients. Conversely, our data are
consistent with previous anmimal studies that suggest that the
behavior of Py, (and. conceivably, Aldeoxy-Hb+Mb] on the
inverse direction) is critically influenced by disease severity in
rats with CHF, ie.. faster Poom, kinetics associated with a
signal indershoot in moderate CHF and slower Pos,, dynam-
ics without undershoots in more advanced CHF (6. 18). These
findings were intarpreted as evidence that severe CHF has been
associated with proportional impairments in Q0zm, and muscle
oxidative metabolism with the net effect being slower rather
than faster rates of change in Pogg, (6. 18).

There are several putative explanations by the persistently
abnormal Q0s,,, kinetics at the onset of exercise despite
optimal medical therapy. Firstly, QT kinetics were significantly
slower in CHF patients than controls (Fig, 1, Table 2). In this
context, the strong cardiac Ba-blocking effect of carvedilol was
likely 10 be instrumental (19) because MET-HR was —80%
lower in patients than controls. A study with “old,” nonselec-
tive B-blockers did find a slowing effect on-exercise Vozp
kinetics (20, and Guazzi and Agostoni (29) reported that
carvedilol failed to accelerate Voo, kinetics in moderately
impaired patients with CHF. In fact, despite positive effects on
mortality (53), most of the large randomized controlled trials
actually failed to demonstrate a significant effect of newer
B-blockers wpon submaximal exercise tolerance (19). The
positive effects of carvedilol-related ct-adrenergic blockade on
vascular tone might have also vanished over time (37). Note-
worthy, patients” therapy had been optimized according to
current climical guidelines (17, 32) that do not include a
formal assessment of pulmonary gas-exchange kinetics to
titrate the prescribed doses of medication. Consequently, we
cannot rule out that would be necessary higher doses of
ACEls and ARBs to counterbalance the potentially deleteri-
ous effects of B-blockade in the 0y, dvnamics at the on-
exercise transient. Secondly, despite potential improvements in
central cardiovascular performance, pharmacological treatment
may have failed to ameliorate the impairment in muscle mi-
crovascular function in CHF (49, 55). In fact, a recent study
combining NIRS and *'P magnetic resonance spectroscopy
found that the recovery kinetics of [deoxy-Hb+Mb] were
slower than that of phosphocreatine after single-leg extension
exercise in well-treated New York Heart Association class
H-IIT patients (34). These findings suggest that impaired mi-
crovascular function might have contributed to limit muscle Os
availability because the exercise paradigm was not associated
with substantial increases in the central cardiovascular de-
mands. Finally, patients were submitted to supra-GET exer-
cise, thereby predisposing Vo3, kinetics to be delivery limited
(56). However, this exercise intensity domain was deemed the
most adequate to test the main study hypothesis since it would
pose a higher-than-usual burden to the cardiovascular system
under treatment. In fact. despite the exercise test has been
performed at submaximal intensities, Vﬂgp at Tlim was quite
similar to peak Vozp (Table 1), suggesting the development of
a marker of heavy-intensity exercise, Le.. the Vo, “slow”
component {36),

Methodological Considerations and Interpretative Issues

Because of the cross-sectional and noninvasive nature of the
present investigation, several methodological and interpreta-
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tive aspects merit further clarification. We. like others (14, 22,
23, 28). assumed that the kinetics of Aldeoxy-Hb+Mb] mea-
sured ot a single site reflects the time course of muscle
fractional Oz extraction following the onset of exercise. How-
ever, there exists substantial heterogeneity on the distribution
of muscle blood Aow and Vo, (36) that might be more relevant
in the poorly perfused muscles of CHF patients. Consequently,
it is unlikely that a single-site evaloation provides a full
depiction of the complete range of individual intramuscular
02my-to-Voa relationships. It should also be acknowledged
that the lowering effect of CHF on capillary O, driving
pressure is less prominent in fast- rather than slow-twitch fibers
(5). Considering the higher proportion of fast-twitch fibers in
the quadriceps of the elderly (6) and patients with CHF {5}, we
may have underestimated the speeding effect of CHF on the
rate of increase in muscle fractional O extraction,

A key argument in favor of the Aldeoxy-Hb+Mb] response
as a neninvasive surrogate of fractional O extraction dynamics
is the similar characteristics of A[deoxy-Hb+Mb] changes
compared with [ractional O; extraction dynamics calculated in
computer simulations (23} and measured in skeletal muscles
(27). However, no previous study has confirmed these assump-
tions in patients with CHF. Another point of concern is the
potential interpopulation differences in the relative contribu-
tion of Mb to the Aldecxy-Hb+Mb] signal (42, 64). which
might have also impacted on the magnitude and rate of change
in muscle deoxygenation. In this context, Lai et al. (38). using
a systems biology approach, reported that the Mb contribution
to the whole NIRS signal is particularly relevant during hyp-
oxla compared with normoxia. Assuming that the skeletal
muscles contract under more hypexic conditions in CHF pa-
tients than healthy controls, we cannot rule out that the Mb
contribution o Aldeoxy-Hb+Mb] was higher in patients,
However, Mh has lower Pag values than Hb, an effect that
would tend to slow, not accelerate (Table 2. Fig. 21, the rate of
muscle deoxygenation in the CHF patients.

We used the kinetics of the primary component of Voo
response as an indicator of the muscle Yoo response (2, 25).
However., it should be acknowledged that the fining of a single
exponential, though statistically justifiable, is not evidence of
similar metabolic mechanisms in the two populations. espe-
cially during heavy-intensity exercise. More specifically, it is
unlikely that the relative contribution of anaerobic glyeolysis to
ATP regeneration was equivalent in patients and controls (56).
We also recognize thal slowing of muscle blood flow may
create a temporal dissociation between muscle and pulmonary
Vi kinetics, with the Vg, response becoming faster than the
muscle Vo dynamics because of changes in the leg-to-lung
transit delay (2). Accordingly, we may have underestimated the
slowness of muscle Voa kinetics in CHF patients performing
heavy-intensity exercise. Our investigative approach. there-
fore, used noninvasive methods and was based on several
assumptions; consequently, we could only infer the rate of
muscle O, delivery.

There are some clinical considerations that should be
stressed o avold a widespread extrapolation of our results.
Several investigators reported that the likelihood of severe
intramyceyte disturbances is increased in patients with end-
stage disease (33, 40 and rats with severe CHF (6, 18).
Considering that our patients were only moderately impaired
(despite severe LY dysfunction by echodopplercardiography)
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(Table 1), it remains to be tested whether the present resulis
hold true for humans with more advanced disease. However,
our sedentary patients had never been submitied (o cardiac
rehabilitation, predisposing them o severe impairment in mus-
cle oxidative metabolism. We also admit that the response
overshoot in A[deoxy-Hb+Mb] {or POs,,, undershoot) is more
likely to be found in older subjects (6, 20) than those evaluated
in the present study (Table 1). Therefore, our results should be
viewad under the perspective that the aging process underlies
the behavior of Aldeoxy-Hb+Mb] and Voz, in both groups
and further studies are warranted to confirm the present find-
ings in younger CHF patients. In relation to the fitting approach
to Aldeoxy-Hb+Mb] overshoot, it needs to be stressed that a
single monoexponential model was used merely for conve-
nience of comparisons and a higher-order model might have
better described the observed response profile (Fig, 2).

According to current guidelines, no patient in the present
study had clinical indication for resynchromzation therapy or
LV assist device; nevertheless, it remains to be tested whether
the add-on therapy with these nonpharmacological strategies
would positively impact on (esimated) (0., kinetics. Fi-
nally, care should be taken to extrapolate our results for
patients with CHF secondary to ischemic heart disease since
CHF etiology may impact on the determinants of exercise
tolerance in this patient population (13).

Conclusions

The dynamic matching between O3 delivery to. and Os
uptake by, the peripheral museles is significantly impaired at
the wransition to heavy-intensity exercise in patients with CHF
who had been adequately treated with the best-available phar-
macological therapy. These abnormalities are closely related to
the derangements on the central cardiovascular adjustments to
exertion. Our data, therefore, indicate that despite the remark-
able advances in clinical management of CHF. disturbances in
the cardiocirculatory responses still play a prominent role in
limiting Voo, kinetics and tolerance to heavy-intensity exercise
in humans with naturally oceurring forms of the disease.
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Abstract

Impaired muscle blood flow at the onset of heavy-intensity exercise may transiently
reduce microvascular O, pressure and decrease the rate of O, transfer from capillary
to mitochondria in chronic heart failure (CHF). However, advances in the
pharmacological treatment of CHF (e.g., angiotensin-converting enzyme inhibitors
and third generation of B-blockers) may have improved microvascular O, delivery to
an extent that intramyocyte metabolic inertia might become the main locus of
limitation of O, uptake (VO,) kinetics. We included 10 optimally treated sedentary
patients (ejection fraction = 29 + 8%) and 11 age-matched controls. We assessed the
rate of change of pulmonary VO, (VO2p), tissue O, extraction in the vastus lateralis
estimated by concentration of deoxy-hemoglobin+myoglobin (~A[deoxy-Hb+Mb])
measured by near-infrared spectroscopy (NIRS), and cardiac output (@) during high-
intensity exercise performed to the limit of tolerance (Tlim). Sluggish VO.p and @
kinetics in patients were significantly related to lower Tlim values (P = 0.05). The
dynamics of A[deoxy-Hb+Mb] were faster in patients than controls (mean response
time (MRT) = 15.9 + 2.0 svs. 19.0 £ 2.9 s; P = 0.05) with a subsequent response
“overshoot” being found only in patients (7/10). Moreover, tVO,p/MRT-A[deoxy-
Hb+Mb] ratio was greater in patients (4.69 £ 1.42 s vs. 2.25 £ 0.77 s; P = 0.05) and
related to @t kinetics and Tlim (R = 0.89 and 0.78, respectively; P = 0.01). We
conclude that despite the advances in the pharmacological treatment of CHF,
disturbances in “central” and “peripheral” circulatory adjustments still play a
prominent role in limiting VO.p kinetics and tolerance to heavy-intensity exercise in

nontrained patients.

Key-words: blood flow; chronic heart failure; hemodynamics; near-infrared

spectroscopy; oxygen consumption
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