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RESUMO



Carvalho VO. A escala de Borg como ferramenta de auto-monitorizagdo e auto-
adaptacdo do esforco em pacientes com insuficiéncia cardiaca na hidroterapia e
no solo: estudo randomizado, cego e controlado. [Tese]. Sdo Paulo: Faculdade de
Medicina, Universidade de S&o Paulo;2009. 115p.

INTRODUCAO: A escala de Borg é a padronizacéo da percepcéo subjetiva
de esforco mais difundida e seu uso ja foi proposto para garantir um esforco
submaximo em portadores da sindrome da insuficiéncia cardiaca (SIC). A
hidroterapia € um novo método usado nos programas de reabilitacdo
cardiovascular que parece proporcionar ao paciente um beneficio extra em relagéo
ao treinamento fisico convencional. OBJETIVO: Avaliar o uso da escala de Borg
entre “relativamente facil e ligeiramente cansativo” como uma ferramenta de auto-
monitorizacao e auto-adaptagéo do esforco fisico em portadores da SIC no solo e
na piscina, por possivelmente levar a frequéncia cardiaca a uma faixa entre o
limiar anaerdbio e o ponto de compensacao respiratério. METODOS: Os pacientes
realizaram uma ergoespirometria para determinagdo dos limiares metabdlicos. O
percentual da frequéncia cardiaca média durante a sessdo de exercicio em
relacdo a frequéncia cardiaca referente ao limiar anaerobio (%FCE-LA), em
relacdo ao ponto de compensacdo respiratorio (%FCE-PCR), em relagdo a
frequéncia cardiaca de pico medida pela ergoespirometria (%FCE-pico) e em
relacdo a frequéncia cardiaca maxima predita para a idade (%FCE-Predita) foi
realizado. Posteriormente, os pacientes foram randomizados para 0S grupos
piscina ou solo. Um investigador, cego para a frequéncia cardiaca referente aos
limiares metabdlicos instruiu os pacientes a caminhar entre “relativamente facil e
ligeiramente cansativo”. A frequéncia cardiaca média apos 30 minutos de
exercicio foi considerada. RESULTADOS: O %FCE-LA (114£11 versus 111+11,
p=0,352) e %FCE-Predita (61+8 versus 587, p=0,306) nao diferiram entre 0s
grupos piscina e solo; mas diferente no %FCE-PCR (95%7 versus 86%7, p<0,001)
e no %EHR-Peak (85+8 versus 789, p=0,007). O %FCE-LA (r=0,63, p=0,018)
mostrou uma concordancia entre os grupos, mas o %FCE-PCR (r=0.33, p=0.192),
%FCE-pico (r=-0,18, p=0,643) e %FCE-Predita (ri=-0,38, p=0,755) néo.
CONCLUSAO: O exercicio fisico guiado pela escala de Borg levou a frequiéncia
cardiaca média durante o exercicio para uma faixa entre o limiar anaerdbio e
ponto de compensacdo respiratério (zona alvo de treinamento fisico). O grupo
piscina apresentou a frequéncia cardiaca mais préxima do limiar anaerdbio
enquanto o grupo solo apresentou mais préximo do ponto de compensacgdo
respiratorio, o que parece refletir o efeito hemodindmico da imersdo em agua
aquecida. Este dado é importante para na auto-adaptacdo e para a auto-
monitorizacao do treinamento fisico sem a realizacao seriada da ergoespirometria,
podendo implicar em um custo financeiro mais baixo de um programa de
reabilitagao.

Descritores: Insuficiéncia cardiaca, Frequéncia cardiaca, Escala de Borg,
Exercicio.



SUMMARY



Carvalho VO. The Borg scale as a tool for self-monitoring and self-regulation of the
exercise effort in patients with heart failure in hydrotherapy and land: a
randomized, blinded, controlled trial. [Thesis]. S&o Paulo: Faculdade de Medicina,
Universidade de Sao Paulo;2009. 115p.

BACKGROUND: The Borg scale is the standardization of perceived exertion most
widespread and has been proposed to ensure a submaximal effort in patients with
the syndrome of heart failure (SIC). Hydrotherapy is a new method used in
cardiovascular rehabilitation programs that seems to offer the patient an extra
benefit compared to conventional exercise training. AIM: To evaluate the use of the
Borg scale between "relatively easy and slightly tiring" as a tool for self-monitoring
and self-adaptation to physical exertion in patients with the SIC on the land and on
the hidrotherapy, by possibly lead the heart rate to a range between anaerobic
threshold and respiratory compensation. METHODS: Patients performed the
cardiopulmonary exercise test to determine the metabolic thresholds. The
percentage of the mean heart rate during the exercise session in relation to the
anaerobic threshold heart rate (%FCE-LA), in relation to the respiratory
compensation point (%EHR-PCR), in relation to the peak heart rate by the exercise
test (%EHR-Peak) and in relation to the maximum predicted heart rate (%EHR-
Predicted) were performed. Then, patients were randomized into land or water
groups. One investigator, blinded to metabolic threshold’s heart rate, instructed the
patients to walk between “relatively easy and slightly tiring”. The mean heart rate
after the 30 minutes of exercise session was recorded. RESULTS: The %EHR-AT
(114411 to 111411, p=0,352) and %EHR-Predicted (61+8 to 58+7, p=0,306) were
not different between land and water groups; but different in the %EHR-PCR (957
to 86+7, p<0,001) and in the %EHR-Peak (8548 to 78+9, p=0,007). The %EHR-AT
(r=0,63, p=0,018) showed an agreement between groups, but %EHR-VT (ri=0,33,
p=0,192), %EHR-Peak (r=-0,18, p=0,643) and %EHR-Predicted (ri=-0,38,
p=0,755) did not. CONCLUSION: The exercise guided by the Borg scale has led to
heart rate during exercise to a range between the threshold and respiratory
compensation point (the target area of physical training). The hydrotherapy group
had the heart rate closer to the anaerobic threshold as the land group that had
closer to the respiratory compensation point, which seems to reflect the
hemodynamic effect of immersion in hot water. This information is important to self-
adapt and self-regulate the exercise training without a serial cardiopulmonary
exercise test, what could imply in lowest cost.

Descriptors: Heart failure, Heart rate, Borg scale, Exercise.
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A sindrome da insuficiéncia cardiaca (SIC) € considerada a via final comum
de toda cardiopatia e uma importante causa de morte no mundo.'”® Esta
sindrome possui uma alarmante taxa de mortalidade de aproximadamente 50%
em 5 anos, o que pode superar muitos tipos de cancer.* No Brasil, SIC representa
a maior causa de internagdo hospitalar por doenca cardiovascular e, quando
analisadas todas as causas de Obito, representa uma taxa de mortalidade de
6,3%.°

A SIC é definida como uma disfuncdo cardiaca que ocasiona inadequado
suprimento de sangue para atender as demandas metabdlicas do corpo na
presenca do retorno venoso normal ou fazé-lo na presenca de elevadas pressoes
de enchimento.® Este inadequado suprimento de sangue deflagra um mecanismo
compensatorio a fim de normalizar o débito cardiaco através de um aumento da
atividade simpatica, uma importante vasoconstricdo periférica e um aumento na
volemia associada a uma diminuicdo da diurese. O racional deste mecanismo
adrenérgico € aumentar o inotropismo e o cronotropismo do coracdo, além de
redirecionar o fluxo sanguineo para os 0rgdos vitais do corpo como cérebro e
coracdo. Através do aumento da volemia, ha também a tentativa de utilizar o
mecanismo de Frank-Starling para restaurar o débito cardiaco.

Por estes mecanismos compensatorios, a musculatura esquelética torna-se
um alvo de sofrimento pela privacdo ao fluxo sanglineo, gerando uma
consequente perda de massa muscular e uma disfungdo endotelial o que
contribuem para uma baixa capacidade fisica.” Assim, a SIC caracteriza-se

9

clinicamente por uma baixa tolerancia ao exercicio fisico,®® por uma alta

morbidade/mortalidade’® e por uma qualidade de vida deteriorada.™

Vitor Oliveira Carvalho
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Fisiopatologicamente caracteriza-se por um comprometimento da funcao cardiaca,

12 13
| l.

uma persistente atividade neurohormonal™ e uma disfuncao endotelia

O tratamento para a SIC €, fundamentalmente, medicamentoso. Drogas
como os beta-bloqueadores e os Inibidores da Enzima de Conversao da
Angiotensina (IECA), dentre outros, jA mostraram efeitos positivos na sobrevida de
pacientes com a SIC.'* Além disto, terapias coadjuvantes véem ganhando
notoriedade no meio cientifico.

Em um passado relativamente recente, recomendava-se repouso no leito e
restricdo a atividade fisica. A partir de 1980, este conceito comegou a mudar e
somente em 1990 foi publicado o primeiro trabalho que usou uma metodologia
bem controlada para estudar os efeitos do exercicio fisico na SIC. Neste trabalho,
0s autores mostraram que o treinamento fisico promoveu uma melhora da
capacidade fisica maxima e submaxima, assim como melhora dos sintomas da
SIC de uma forma segura sem a presenca de eventos adversos durante o
treinamento fisico. A partir destes resultados, os autores concluiram que a crenca
de que o repouso no leito fosse benéfico para poupar o coracao dos portadores da
SIC ndo poderia ser mais aceita.” Desde este marco histdrico, o programa de
exercicio fisico na SIC vem sendo aceito e aperfeicoado gradualmente.'
Atualmente, o programa de exercicio fisico tem sido recomendado formalmente
através de importantes diretrizes como um importante e seguro tratamento para
pacientes portadores da SIC.**"*®

Muitos beneficios da atividade fisica em portadores da SIC tém sido
documentados, como: melhora da capacidade fisica (aumento de 10 a 30% na

capacidade fisica maxima),’®*? da qualidade de vida,?* da disfuncéo endotelial,?

VITOR OLIVEIRA CARVALHO
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dos niveis séricos de catecolaminas,” da morbidade e re-internag&o.?* Outros
beneficios ndo obtiveram a necessaria comprovacao, alguns por possiveis motivos
metodoldgicos do estudo, tornando-se limitagdes da atividade fisica em portadores
da SIC. Os exemplos mais classicos sdo: a relacdo com a diminuicdo da
mortalidade® e da melhora da funcéio cardiaca no repouso.”® A funcédo cardiaca
no repouso inalterada com o treinamento fisico e a inexisténcia de correlacao
entre fracdo de ejecdo do ventriculo esquerdo com a capacidade fisica leva a
comunidade cientifica a crer, cada vez mais, de que o0s principais efeitos do
treinamento fisico na SIC sejam mais periféricos do que centrais.

Para iniciar um programa de treinamento fisico, um teste de esfor¢co faz-se
necessario para a identificagcdo de possiveis anormalidades eletrocardiograficas
potencialmente perigosas e para estratificacdo de riscos dos pacientes com a
SIC.?” Além disto, é muito Gtil na prescricdo de exercicios por avaliar a dinamica
da frequéncia cardiaca, identificar a transicdo metabdlica no esforgo e quantificar a
capacidade fisica subméxima e maxima dos pacientes com a SIC (mais
especificamente pela ergoespirometria).”®°

A prescricdo de exercicio aer6bio é feita através de um percentual da
capacidade fisica maxima, representada pelo consumo maximo de OXxigénio
(VO2max). Costuma-se usar a frequéncia cardiaca relativa a 50 e 80% do VO
max ou 50 a 90% da frequiéncia cardiaca de pico ou de 60% a 80% da frequéncia
cardiaca de reserva ou, mais especificamente, as frequéncia cardiaca referente
aos limiares anaerdbio e ventilatério.?”

Apesar de ndo haver consenso sobre quais métodos e intensidades de

exercicio fisico sdo os melhores para o tratamento de pacientes com a SIC, os

VITOR OLIVEIRA CARVALHO
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exercicios submaximos (aqueles realizados entre o limiar anaerdbio e o ponto de
compensacdo respiratério) parecem proporcionar uma melhor relacdo
seguranca/eficiéncia.®* Exercicios fisicos de intensidades elevadas, isto &, acima
do ponto de compensacéao respiratério, estdo associados a um grande desprazer®
e uma significativa reducdo na aderéncia do paciente ao treinamento.*

A aderéncia ao programa de exercicio fisico para portadores da SIC
representa um grande problema e um grande desafio para os profissionais que
trabalham com a atividade fisica. Os dados sdo muito dispersos e variam de
acordo com o parametro usado para avaliar a aderéncia, mas cerca de 28 a 37%
dos cardiopatas evadem o programa de exercicios fisico. Muitos fatores estdo
relacionados a esta grande evaséo, como: situag&o sociocultural, idade avangada,
sexo feminino, baixa capacidade fisica, depresséo, cansa¢o excessivo durante o
exercicio, baixa motivacéo e tempo prolongado do programa de reabilitacéo.**

O desenvolvimento de estratégias para aumentar a aderéncia ao programa
de atividade fisica faz-se muito necessario para uma melhora mais expressiva dos
pacientes e para uma diminui¢do de custo financeiro. O desenvolvimento de um
método simples de prescricdo de exercicio que proporcione ao paciente a
autonomia e a capacidade de auto-regular seu esforco e auto-adaptar seu
treinamento fisico para que esteja na zona alvo de treinamento, poderia ser
bastante util no aumento da aderéncia ao programa de exercicio fisico, no ganho
de capacidade fisica e na diminuicdo de custo financeiro. Assim, o paciente
poderia contribuir mais independentemente como um gestor do seu proprio

treinamento fisico e da sua saude.

VITOR OLIVEIRA CARVALHO
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Uma ferramenta muito usada para monitorizar e prescrever o treinamento
fisico é a freqiiéncia cardiaca.”*® O uso desta variavel cardiovascular apresenta
um baixo custo financeiro e uma certa facilidade de utilizacdo e mensuracao que
pode ser realizada através de um monitor cardiaco ou pela autopalpacdo da
artéria radial ou jugular. O uso da frequiéncia cardiaca proporciona uma relativa
autonomia ao paciente, porém a evolugéo e adaptacao do seu treinamento fisico e
da sua zona alvo de esforco dependem de avaliagbes ergoespiromeétricas
seriadas. Isto porque a medida que o paciente ganha condicionamento fisico, a
frequéncia cardiaca relativa a zona de treino podera mudar.

Em relagdo a frequéncia cardiaca, até um passado recente ainda havia o
mito de que a mesma ndo aumentava durante o esfor¢o (resposta cronotrépica)
em portadores da SIC em uso de beta-bloqueadores e que, consequentemente,
seu uso na prescricdo de exercicio fisico poderia ser invalido. Sabe-se hoje que a
resposta cronotrépica ao esfor¢co existe e ndo depende da situacdo clinica do
paciente em relac&o & otimizacdo ou ndo dos beta-bloqueadores.?®

A grande vantagem em se usar a frequéncia cardiaca como uma variavel
de prescricao e monitorizacdo do exercicio fisico € a sua relacao préxima com o
Consumo de Oxigénio (VO,) em individuos saudaveis® e em portadores da SIC.*
Em individuos saudaveis esta relacao é ainda mais proxima quando analisamos o
percentual da freqUiéncia cardiaca de reserva em relagéo ao percentual do VO, de
reserva.®> Em portadores da SIC, esta relacdo mais proxima sé parece ser
verdadeira naqueles em uso de dose plena de beta bloqueador e com freqiiéncia
cardiaca de repouso entre 50 e 60 batimentos por minuto.”® Apesar disto, o uso da

frequéncia cardiaca relativa ao limiar anaerébio e o ponto de compensacao

VITOR OLIVEIRA CARVALHO
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respiratorio ainda € o método mais preciso para prescricdo de exercicio fisico
aerdbio para portadores da SIC em uso de betabloqueadores.*®

Outro método simples, pratico e de baixo custo financeiro de monitorizar o
treinamento fisico na SIC é através da percepc¢éao subjetiva do esfor¢o, cuja escala
mais difundida é a de Borg. A escala de Borg foi inicialmente formulada na década
de 70 pelo fisiologista sueco Gunnar Borg com o propoésito de quantificar os
sintomas dos pacientes, como a falta de ar e a dor toracica.’”*® Existem duas
versdes da escala de Borg: a original que vai de seis a vinte (anexo 1) e a
modificada que vai de zero a dez (anexo 2). Hoje em dia, a escala de Borg tornou-
se 0 instrumento mais usado para a mensuragdo da auto-percepcao da
intensidade de esforco pela sua praticidade, baixo custo financeiro e sua relagéo
com importantes variaveis fisiolégicas, apesar de algumas contradi¢ées.*

Muito das relacbes encontradas entre variaveis fisiologicas e a percepgéo
subjetiva do esfor¢co estdo associadas aos reflexos da transicdo metabdlica no
trabalho ventilatério do paciente ao longo de um exercicio progressivo. A
magnitude da resposta do sistema respiratorio parece estar relacionada a dispnéia
e a percepcdao subjetiva do esforco.

Existem basicamente trés fases metabdlicas no exercicio progressivo. A
primeira € a fase onde o metabolismo € predominantemente aerdbio; a segunda
fase € onde h&d o metabolismo aerdbio associado ao anaerdbio na sua fase
compensada e a terceira é quando o metabolismo esta predominantemente
anaerobio. O ponto de transi¢cdo entre a primeira e a segunda fase é chamado de
limiar anaerdbio, enquanto que entre a segunda e a terceira € chamado de ponto

de compensacao respiratério. Estes pontos de transicdo metabdlica sédo
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acompanhados por um expressivo aumento do trabalho ventilatorio (volume
corrente e frequéncia respiratoria, ou comumente chamado de ventilacdo). O
aumento da ventilagdo no primeiro limiar € motivado pelo aumento na producao de
gas carbonico, reflexo do tamponamento do acido pelo bicarbonato e no segundo
limiar pela queda do pH sanguineo, fruto da completa utilizacdo do bicarbonato e
consequiente anaerobiose.*

Com base nesta relagdo entre a transicdo metabdlica e a percepcao
subjetiva de esforco, o uso da escala de Borg entre ‘“relativamente facil e
ligeiramente cansativo” foi proposto para guiar o exercicio fisico e garantir um
esforco subméaximo em portadores da SIC.° Apesar da importancia da intensidade
de esfor¢co na prescricdo de exercicios, pouco se sabe sobre a auto-monitorizacao
e auto-regulacdo da intensidade do esforco mediada pela escala de Borg em
pacientes com a SIC, particularmente na hidroterapia que € um método novo e
promissor no tratamento da SIC.

A hidroterapia, isto é, exercicio fisico realizados em meio aquatico
aquecido, ja foi considerado um método potencialmente perigoso para portadores
da SIC pelo suposto aumento exacerbado do retorno venoso causado pela
pressdo hidrostatica. Contudo, atualmente, sabe-se que a funcédo cardiaca
apresenta uma melhora expressiva com a imerséo do paciente em agua aquecida.
Isto acontece pelo aumento no enchimento diastélico e diminuicdo da frequéncia
cardiaca levando um aumento no volume sistélico e na fracdo de ejecdo do
ventriculo esquerdo.** Os mecanismos de atenuacdo da atividade da renina

plasmética e do aumento da diurese, possivelmente motivados pela ativacdo de
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baroreceptores renais e aumento do fluxo sanguineo esplancnico durante a
imersao, ja foram descritos.*?

Além da preocupacédo da resposta hemodinamica a imerséo dos portadores
de SIC em piscina aquecida, existia também a preocupacdo com a resposta do
sistema respiratério. Contudo, sabe-se que as alteracdes respiratérias decorrentes
a imersdo em piscina aquecida sédo pequenas e semelhantes quando comparados
portadores da SIC com individuos saudaveis.*

A hidroterapia parece possuir vantagens em relagdo ao treinamento fisico
em solo.** Estas vantagens parecem estar relacionadas ao efeito somatério dos
consagrados beneficios relacionados ao treinamento fisico de atenuacdo da
atividade simpética e da melhora da fungéo vascular, dentre outros, aos beneficios
promovidos pelo aquecimento.* Estes dados sugerem que a hidroterapia possa
ser um potencial tratamento adicional para portadores da SIC, embora haja muito
poucos estudos disponiveis.*°

Tendo em vista das potenciais vantagens da hidroterapia em relagdo ao
treinamento fisico convencional, o uso da escala de Borg como ferramenta de
auto-monitorizacdo e auto-adaptacdo do esforco fisico poderia ser atil na
reabilitacdo de portadores da SIC na piscina.

O proposito deste estudo foi avaliar a escala de Borg como ferramenta de
auto-monitorizacdo e auto-adaptacdo do esforgo fisico na hidroterapia e no solo

em pacientes com a SIC.
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Primario

- Avaliar o uso da escala de Borg entre “relativamente facil e ligeiramente
cansativo” como uma ferramenta de auto-monitorizacdo e auto-adaptacdo do
esforco fisico em portadores da SIC no solo e na piscina, por possivelmente levar
a frequéncia cardiaca a uma faixa entre o limiar anaer6bio e o ponto de

compensacao respiratorio.

Secundario

- Avaliar a aplicabilidade da Escala de Borg na hidroterapia em pacientes
com a SIC.

- Comparar a resposta da frequéncia cardiaca em relacdo ao limiar
anaerobio e ao ponto de compensacdo respiratério durante o exercicio fisico
guiado pela escala de Borg entre “relativamente facil e ligeiramente cansativo”

entre portadores da SIC nos grupos solo e piscina.
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3.1 — Casuistica

N&o existe um estudo que tenha avaliado a resposta de frequéncia cardiaca
durante o exercicio de caminhada no solo e na piscina para que seus dados
pudessem ser usados na realizacdo do célculo amostral. Sendo assim, a amostra

foi calculada com base no estudo de Cider et al**

gue avaliou as alteragdes
hemodinamicas através da ecocardiografia apds a imersdo de pacientes com a
SIC em piscina aquecida: a frequéncia cardiaca foi de 78+16 batimentos por
minuto no solo e 66+12 batimentos por minuto na piscina. Foi usada a interface
www.openepi.com para célculo amostral com um poder de 90% e um intervalo de
confianca de 95%. Como resultado, foi obtido uma amostra de sessenta individuos
(trinta em cada grupo). Com a amostra final deste estudo, obtivemos um poder
estatistico do estudo de 80%, o que € bastante aceitavel.

Quarenta e dois pacientes com a SIC foram recrutados do ambulatorio de
insuficiéncia cardiaca e transplante do Instituto do Coracdo do Hospital das
Clinicas da Faculdade de Medicina da Universidade de Sdo Paulo entre Mar¢o de
2007 e junho de 2008. Os critérios de inclusdo foram: estabilidade clinica e
medicamentosa por, no minimo, trés meses, fracdo de ejecdo do ventriculo
esquerdo <40%, classes funcionais I, Il e Ill segundo a New York Heart
Association (NYHA) e auséncia de participagbes prévias em programas de
atividade fisica. Pacientes com marcapasso, fibrilacdo atrial, doenca de chagas,

teste ergoespirométrico submaximo ou limitagdes funcionais ndo relacionadas ao

sistema cardiovascular, como sequela de acidente vascular encefalico e doenca
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pulmonar obstrutiva cronica foram excluidos deste estudo. A caracterizacdo do
grupo encontra-se na tabela 1.

Este protocolo foi aprovado pela Comissdo Cientifica do Instituto do
Coracdo e pela Comissdo de Etica para Analise de Projetos de Pesquisa —
CAPPesq da Diretoria Clinica do Hospital das Clinicas da Faculdade de Medicina
da Universidade de S&o Paulo sob o numero 1107/05. Todos o0s pacientes

forneceram o consentimento por escrito antes da participacao neste estudo.
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Tabela 1. Caracterizacdo dos pacientes.

Etiologia (%)
Isquémico
N&o Isquémico
Classe functional NYHA ()
|
Il
1l
Pico de VO2 (mLO.Kg"min™)
Sexo (%)
Homens
Mulheres
Idade (anos)
FEVE (%)
IMC (Kgim?)
Medicagdes: (%) mg/dia
Diuréticos
Furosemida

Hidroclorotiazida

Inibidores de ECA
Enalapril
Captopril
Blogqueadores AT1 (losartan)

Beta-bloqueador (carvedilol)
Espironolactona
Digoxina

Nitrato

Hidralazina

Solo (médiatDP) Piscina (médiatDP) p 95% IC
30 14 0,210 -0,098 a 0,0435
70 86 0,210 -0,098 a 0,0435
36 60 0,291 -0,761 a 0,233
36 20 0,291 -0,761 a 0,233
28 20 0,291 -0,761 a 0,233
19+4 2145 0,309 -1,432a4,416
81 70 0,381 -0,151 a 0,388
19 30 0,381 -0,151 a 0,388
5447 48+8 0,018 -10,67 a-1,08
30%7 29+7 0,606 -5,262 a 3,107
25+10 25+1 0,836 -5,298 a 4,307
45 45
35,31+10 45, 42+7 0,026 1,607 a 21,884
10, 37+17 0 e Poucos casos
90 87
85, 3319 61, 29+12 0,302 -12,406 a 3,974
10, 25100 20, 2500 — Poucos casos
10, 100+0 20, 10040 —- Poucos casos
100, 54+32 100, 60+32 0,547 -26,289 a 14,149
45,2540 50, 2540 0,357 -0,123a0,323
40, 0,250 45, 0,2540 0,374 -19,448 a 9,148
10, 100+0 10, 80+0 — Poucos casos
0 10, 50+0 e Poucos casos

NYHA= New York Heart Association, VO,= Consumo de Oxigénio, FEVE= Fracdo de eje¢do do
ventriculo esquerdo (eco), ECA= Enzima Conversora da Angiotensina. IMC= Indice de massa

corporea.
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3.2 - Dinamica do estudo

Este ensaio clinico randomizado foi idealizado para avaliar a Escala de
Borg entre “relativamente facil e ligeiramente cansativo” como uma possivel
ferramenta de auto-monitorizacdo e auto-adaptacdo da prescricdo de exercicios
no solo e na piscina por possivelmente levar a freqiéncia cardiaca dos pacientes
com a SIC a uma zona entre os limiares anaerdbio e ponto de compensacao
respiratorio. Além disto, o estudo foi idealizado para comparar 0 comportamento
da frequéncia cardiaca durante o exercicio no solo e na agua.

Inicialmente, todos o0s pacientes realizaram uma ergoespirometria em
esteira rolante para determinar a dindmica da frequiéncia cardiaca: repouso, pico,
frequéncia cardiaca relativa ao limiar anaerdbio e ao ponto de compensacao
respiratério. Apés o exame, cada paciente sorteou um papel que o indicava para o
exercicio no solo ou na piscina. Entre dois e trés dias apos esta randomizacao, 0s
pacientes realizaram a sessdo de exercicio guiada pela escala de Borg. Um
investigador cego para as frequéncias cardiacas referentes ao limiar anaerébio /
ponto de compensacdo respiratorio e cego para todos os outros dados da
ergoespirometria, conduziu a sessdo de exercicio. Este investigador orientou os
pacientes a realizar o exercicio fisico respeitando a percep¢do subjetiva de
esforco entre “relativamente facil e ligeiramente cansativo”.

A frequéncia cardiaca foi monitorizada durante os trinta minutos de sesséo
de exercicio. Ao final desta sessdo, uma média foi obtida de forma automatica

pelo monitor de freqiiéncia cardiaca. A dindmica do estudo esta representada na
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Figura 1.
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3.3 — Ergoespirometria

Os exames de ergoespirometria foram realizados no Laboratorio de
Insuficiéncia Cardiaca e Transplante do Instituto do Coracdo do Hospital das
Clinicas da Universidade de Sao Paulo. Os pacientes foram submetidos ao teste
de esforco cardiopulmonar em esteira programavel (Marquette series 2000,
Marquette Electronics, Milwaukee, WI, EUA), segundo o protocolo de Naughton
modificado,*’ pelo menos duas horas apds uma refeicéo leve. Os pacientes foram
orientados a ndo consumir bebidas ou alimentos que contivessem cafeina ou
outras substancias que pudessem alterar a dinamica da frequéncia cardiaca no
dia do exame. Os exames foram realizados em ambiente com temperatura
controlada (21°C a 23°C) no intervalo entre 10:00 e 15:00 horas do dia. A opc¢éo
pela esteira rolante em detrimento do cicloergbmetro para a realizagdo da
ergoespirometria se deu pela especificidade do exercicio fisico a ser realizado no
solo e na piscina (caminhada).

Apds dois minutos em repouso, na posicdo ereta, 0s pacientes foram
encorajados a realizar exercicio progressivo até serem limitados por sintomas de
dispnéia ou fadiga. O ritmo cardiaco foi monitorizado continuamente através de 12
derivacbes (Marquette MAX 1, Marquette Electronics, Milwaukee, WI, EUA). A
ventilacdo e as concentracdes de oxigénio e de dioxido de carbono foram
medidas, respiracédo a respiracao (SensorMedics, modelo Vmax 229, Yorba linda,
CA, EUA). O pico de VO, foi considerado como o valor mais alto atingido durante o
exercicio. A presséo arterial foi monitorizada no repouso e ao final de cada estagio

da ergoespirometria pelo método auscultatorio.

VITOR OLIVEIRA CARVALHO



CAsuUisTICA E METODOS 19

Considerou-se um teste ergoerspirométrico satisfatério quando atingido um
guociente respiratério (comumente chamado de razéo de troca respiratoria) >1,05

e sintomas de esforco méximo.*®

Célculo da frequéncia cardiaca:

A freqiéncia cardiaca maxima predita para a idade (FCM-Predita) foi
calculada pela equacéo: 220 — idade. O percentual da frequéncia cardiaca de pico
determinada pela ergoespirometria em relacdo a predita para a idade (%FCP-
Predita) foi calculado dividindo-se a frequéncia cardiaca de pico pela a predita e
multiplicado por 100. Para poder comparar a frequéncia cardiaca média coletada
durante os 30 minutos de exercicio no solo e na piscina, foi necessario transformar
esta frequiéncia cardiaca média em uma variavel relativa ao limiar anaerébio e ao
ponto de compensacao respiratorio. O percentual da freqiéncia cardiaca média
durante a sessdo de exercicios em relagdo a frequéncia cardiaca do limiar
anaerobio (%FCE-LA), determinado pela ergoespirometria, foi calculado por
%FCE-LA = FC sessdo / FC limiar anaerébio x 100; em relacdo ao ponto de
compensacao respiratorio (%FCE-PCR) por %FCE-PCR = FC sessao / FC ponto
de compensacgao respiratério x 100, em relagdo ao pico da frequéncia cardiaca
determinada pela ergoespirometria (%FCE-pico) pelo %FCE-pico = FC sessao /
FC de pico x 100 e em relagao a frequiéncia cardiaca predita para a idade (%FCE-

Predita) pelo %FCE-Predita = FC sesséo / 220-idade x 100.

Limiares metabdlicos:
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A partir dos dados obtidos no teste ergoespirométrico, o limiar anaerébio e o
ponto de compensacdo respiratorio foram determinados através da analise dos
gases expirados. O limiar anaer6bio foi determinado no momento em que 0s
niveis da relacdo entre a ventilacdo e o VO; (VE/VO;) e a pressao parcial de
oxigénio no final da expiracdo (Pet O;), alcancaram valores minimos antes de
comecarem a subir. O ponto de compensacgao respiratorio foi determinado no
momento em que os niveis da relacdo entre a ventilacdo e a producéo de diéxido
de carbono (VE/VCO,), alcancaram valores minimos antes de comecgar a subir e
quando a pressdo parcial de gas carbdnico ao final da expiracdo (Pet CO,)

alcancou niveis maximos antes de comecar a diminuir.*°

3.4 - Programa de exercicios

3.4.1. Solo (convencionais)

Os pacientes com a SIC randomizados para este grupo realizaram o
protocolo no Laboratério de Atividade Fisica e Saude do Centro de Praticas
Esportivas da Universidade de S&o Paulo. Os pacientes foram orientados a nao
consumir bebidas ou alimentos que contivessem cafeina ou outras substancias
gue pudessem alterar a dinamica da frequéncia cardiaca no dia da sessao de
exercicio. Os pacientes realizaram a sessdo exercicio em uma sala de ginastica
com temperatura controlada a 20+1° entre dois a tré s dias apdés a randomizacao.
Esta sessdo aconteceu no periodo correspondente a ergoespirometria a fim de

evitar possiveis variagdes circadianas na atividade neurohormonal e possiveis
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interferéncias na freqiéncia cardiaca. Estes pacientes foram instruidos por um
investigador cego para as frequéncias cardiacas referentes ao limiar anaerébio e
ao ponto de compensacdo respiratorio. Orientou-se para que 0s pacientes
exercitassem em uma esteira rolante sem inclinacdo com uma percepcéo
subjetiva do esforgco entre “relativamente facil e ligeiramente cansativo” (o
correspondente a numeragao entre 11 e 13 da escala de Borg). Os pacientes
eram livres para aumentar e diminuir a velocidade da esteira rolante. O incentivo
foi padronizado com frases: “se vocé pode andar mais rapido, aumente a
velocidade”, “vocé esta indo bem” e “se esta cansativo, diminua a velocidade”.’
Nenhuma escala visual foi mostrada aos participantes desta pesquisa. Todos 0s
pacientes foram monitorizados com um monitor cardiaco (Polar, Electro Oy,
Kempele, Finland), que mostrou continuamente a freqiéncia cardiaca através dos
30 minutos da sesséo de exercicio. Uma média da freqiiéncia cardiaca era obtida

imediatamente no final do protocolo. O investigador cego monitorizou a frequéncia

cardiaca dos pacientes a cada cinco minutos de exercicio.

3.4.2. Hidroterapia (Piscina)

Os pacientes com a SIC randomizados para este grupo realizaram o
protocolo na piscina da Academia Number One. Os pacientes deste grupo, assim
como o0s pacientes do grupo solo, foram orientados a ndo consumir bebidas ou
alimentos que contivessem cafeina ou outras substancias que pudessem alterar a
freqUéncia cardiaca no dia da sessdo de exercicio. Os pacientes realizaram a
sessdo exercicio em uma piscina de 12 metros de comprimento com temperatura

controlada a 31+1° entre dois a trés dias apdés a randomizacdo. Esta sesséo
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aconteceu no periodo correspondente a ergoespirometria a fim de evitar possiveis
variagdes circadianas na atividade neurohormonal e possiveis interferéncias na
frequéncia cardiaca. Estes pacientes foram instruidos pelo mesmo investigador
cego do grupo de exercicio no solo. A imersdo dos pacientes na piscina foi no
nivel do processo xiféide.”® Orientou-se que 0s pacientes se exercitassem na
piscina percorrendo toda a sua extensdo nos dois sentidos guiados pela
percepc¢do subjetiva do esfor¢o entre “relativamente facil e ligeiramente cansativo”
(o correspondente a numeracao entre 11 e 13 da escala de Borg). O investigador,
gue estava fora da piscina, demonstrou como 0s pacientes deveriam realizar o
exercicio, usando as maos para auxiliar na caminhada (figura 2). Os pacientes
eram livres para aumentar e diminuir a velocidade do exercicio. O incentivo foi
padronizado com as frases: “se vocé pode andar mais rapido, aumente a
velocidade”, “vocé esta indo bem” e “se esta cansativo, diminua a velocidade”.’
Nenhuma escala visual foi mostrada aos participantes desta pesquisa. Todos o0s
pacientes foram monitorizados com o0 mesmo tipo de monitor cardiaco do grupo de
exercicio em solo (Polar, Electro Oy, Kempele, Finland), que mostrou
continuamente a frequéncia cardiaca através dos 30 minutos de sessdo de
exercicio. Uma média da freqiéncia cardiaca era obtida de forma automatica pelo
monitor de frequéncia cardiaca imediatamente no final do protocolo. O
investigador cego monitorizou a freqiéncia cardiaca dos pacientes a cada cinco

minutos de exercicio.
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Figura 2.

Exercicio na piscina, realizado com ajuda do membro superior.

VITOR OLIVEIRA CARVALHO



CAsuUisTICA E METODOS 24

3.5 — Andlise estatistica.

Os dados sao apresentados como média, desvio-padréo e 95% de Intervalo
de Confianca. A freqiéncia cardiaca de repouso, de pico, %FCE-LA, %FCE-PCR,
%FCE-pico e os dados referentes a caracterizacdo dos pacientes apresentaram
distribuicdo normal. Para comparar estas variaveis entre 0s grupos solo e piscina,
usamos o teste “t” de student na sua versdo ndo-pareada. O Coeficiente de
Correlacao Intra-classe (r) com 95% de Intervalo de Confianca e o indice alfa de
Cronbach foram calculado para testar a concordancia do %FCE-LA, %FCE-PCR,
%FCE-pico entre os grupos solo e piscina. O teste de concordancia foi realizado
para avaliar se a resposta da freqiéncia cardiaca em relacéo ao limiar anaerébio e
ao ponto de compensacao respiratorio entre os grupos foi a mesma entre os dois
grupos, uma vez que a imersdo em agua aquecida sabidamente promove
adaptacdes hemodinamicas importantes.**

Os dados foram analisados com o programa Statistical Package for
Social Sciences for Windows, 11,5 (SPSS Inc, Chicago, IL). A significancia

estatistica foi definida como p < 0,05.
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Os pacientes dos grupos solo e piscina apresentaram caracteristicas bem
similares para o sexo, fracdo de ejecdo do ventriculo esquerdo, indice de massa
corpoérea, etiologia da SIC, classe funcional segundo a NYHA, pico de VO, e
medicacao usual (tabela 1). Os grupos apresentaram o0 mesmo comportamento da
freqUéncia cardiaca maxima na ergoespirometria em relacdo ao predito para a
idade, o que caracteriza a homogeneidade dos grupos em relacdo ao beta-
bloqueio promovido pelo carvedilol.?®

Dos 64 pacientes recrutados, 2 foram excluidos por apresentar gripe com
febre no periodo do teste ergoespirométrico, 8 ndo atingiram o0s critérios de
inclusdo (5 tinham a SIC de origem chagéasica e 3 possuiam fibrilagdo atrial
cronica) e 10 recusaram a participar do protocolo (9 alegando n&o ter interesse em
realizar exercicios fisicos e 1 pela possibilidade de ser randomizada para o grupo
piscina. A paciente alegou ndo se sentir confortavel em ter de usar roupas de
banho). Ap6s a randomizacédo (44 pacientes sendo 22 para cada grupo), dois
pacientes do grupo piscina abandonaram o protocolo por motivos pessoais (1 por
morte de familiar e 1 por motivo de trabalho). O protocolo foi bem tolerado e
nenhum evento adverso grave foi relatado pelos pacientes ou observado pelo
investigador. Um paciente (nimero 1 do grupo piscina) queixou-se de falta de
adesao dos pés ao chao da piscina durante o exercicio e uma paciente (nimero
15 do grupo piscina) queixou-se de pouca afinidade com o meio aquético e
demonstrou receio de entrar na agua, mas realizou o protocolo de forma
satisfatoria quando orientada a caminhar ao lado da barra lateral da piscina.

Somente um paciente (nimero 11 do solo) apresentou a média da frequéncia
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cardiaca durante a sessdo muito acima do ponto de compensacao respiratorio
(113,5%) (figura 1, anexo 8).

O %FCE-PCR (95%7 versus 86%7, p<0,0001) e o %FCE-pico (8518 versus
7819, p=0,007) apresentaram diferenca entre os grupos de exercicio no solo e na
piscina, respectivamente. As variaveis relacionadas ao exercicio estdo

representadas nas figures 5,6 e 7.
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Figura 3. Frequéncia cardiaca média em relagdo ao limiar anaerébio e em relacéo

ao ponto de compensacao respiratorio para 0s grupos piscina e solo.
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Freqiéncia cardiaca média em relagdo ao limiar anaerébio e em relacdo ao ponto de
compensacao respiratério para 0s grupos piscina e solo. A linha superior é referente ao ponto de
compensacao respiratorio e a linha inferior € o limiar anaerébio. A média da freqiiéncia cardiaca de
cada paciente estd apresentada em percentual. %FCE-LA, percentual da média da freqiiéncia
cardiaca durante a sesséo de exercicio em relacdo ao limiar anaerébio; %FCE-PCR, em relacdo
ao ponto de compensacao respiratério.
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Figura 4. Frequéncia cardiaca média relativa para os grupos piscina e solo.
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Freqliéncia cardiaca média relativa para os grupos piscina e solo: %FCE-LA, percentual da média
da frequéncia cardiaca durante a sessdo de exercicio em relagdo ao limiar anaerébio; %FCE-PCR,
em relagdo ao ponto de compensacao respiratério; %FCE-Pico, em relacéo ao pico da freqiéncia
cardiaca obtido na ergoespirometria; %FCE-Predita, em ralagdo a formula 220 - idade.
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O %FCE-LA (r=0,63, p=0,018 com 95% de Intervalo de Confianca entre
0,066 e 0,854 e o coeficiente alfa de Cronbach de 0,63) mostrou concordancia
entre 0s grupos solo e piscina, mas 0 %FCE-PCR (ri=0,33, p=0,192 com 95% de
Intervalo de Confianca entre -0,683 e 0,736 e o coeficiente alfa de Cronbach de
0,33), %FCE-pico (r= -0,18, p=0,643 com 95% de Intervalo de Confianca entre -
0,500 e 0,361 e o coeficiente alfa de Cronbach de -0,18) e 0 %FCE-Predita (ri= -
0,38, p=0,755 com 95% de Intervalo de Confianca entre -2,486 e 0,454 e 0o
coeficiente alfa de Cronbach de -0,38) ndo mostraram.

O investigador checou a frequiéncia cardiaca dos pacientes a cada cinco
minutos de exercicio fisico, mas nenhuma alterac&o significativa foi observada. A
resposta da frequiéncia cardiaca foi, praticamente, constante durante a sesséo de

exercicio em ambos 0s grupos.
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Figura 5. Variaveis durante a ergoespirometria.
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FC= frequéncia cardiaca, FC-LA= frequiéncia cardiaca no limiar anaerébio, FC-PCR= Freqiiéncia
cardiaca no ponto de compensacéo respiratorio, FC pico= freqiiéncia cardiaca de pico atingida na
ergoespirometria, FC predita= freqiéncia cardiaca méxima predita para idade e %FC pico-predito=
percentual da frequéncia cardiaca de pico atingida na ergoespirometria em relacdo a predita para a

idade.
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Figura 6. Variaveis durante a ergoespirometria: Razao de troca respiratoéria.
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Figura 7. Variaveis durante o exercicio guiado pela escala de Borg.
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FCE= frequéncia cardiaca média durante o exercicio; %FCE-LA= percentual da frequéncia
cardiaca média durante o exercicio em relagdo ao limiar anaerébio; %FCE-PCR= percentual da
freqUéncia cardiaca média durante o exercicio em relagdo ao ponto de compensacgédo respiratorio;
%FCE-pico= percentual da freqiiéncia cardiaca média durante o exercicio em relacédo a frequéncia
cardiaca de pico atingida na ergoespirometria; %FCE-predita= percentual da frequéncia cardiaca
média durante o exercicio em relagdo a frequéncia cardiaca méxima predita para a idade.
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Figura 8. Gréafico de Bland-Altman para percentual da frequéncia cardiaca média
durante a sessédo de exercicios em relacao a freqiéncia cardiaca do limiar anaerébio

(%FCE-LA) dos grupos solo e piscina.
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Figura 9. Grafico de Bland-Altman para percentual da frequéncia cardiaca média
durante a sesséo de exercicios em relacdo ao ponto de compensagao respiratorio

(%FCE-PCR) dos grupos solo e piscina.
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O principal achado deste estudo foi que os exercicios aerdbios guiados pela
escala de Borg entre “relativamente facil e ligeiramente cansativo” levaram a
freqUéncia cardiaca dos portadores da SIC a uma zona entre o limiar anaerébio e
0 ponto de compensacao respiratério (zona alvo de treinamento fisico). O grupo
de pacientes que realizou o exercicio fisico na piscina apresentou uma meédia de
frequéncia cardiaca, em relacdo ao ponto de compensacdo respiratorio e a
frequéncia cardiaca de pico do teste cardiopulmonar, mais baixa do que o grupo
gue realizou exercicio fisico no solo.

O treinamento fisico aerébio para portadores da SIC é um tratamento ndo-
farmacolégico bem estabelecido no meio cientifico, porém novas tendéncias tém
ganhado destaque nestes ultimos anos. A hidroterapia é um método novo e
aparentemente seguro para portadores da SIC inseridos em um programa de
reabilitacdo cardiovascular.***® Esta nova modalidade foi primeiramente proposta
para atender as necessidades de uma subpopulacédo de pacientes com a SIC: os
pacientes idosos e 0s que apresentam alguma limitacdo de mobilidade, como
distarbios ortopédicos.”> Em favor disto, a hidroterapia apresentou beneficios
importantes para esta populacdo no ganho de forca muscular, capacidade fisica e
qualidade de vida.* Apesar destes beneficios, muitas questdes acerca da
prescricdo e monitorizacdo do esforco fisico em portadores da SIC durante um
programa de treinamento fisico na piscina ainda necessitam de um maior
esclarecimento cientifico.

Independentemente do método de reabilitacdo, a prescricdo e a
monitorizacdo adequada dos exercicios aerdbios é de fundamental importancia

para se obter um estimulo fisico ideal (sobrecarga) e um bom controle dos riscos
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cardiovasculares relacionados ao exercicio.* Apesar de n&o haver consenso sobre
qual intensidade de exercicio € a melhor para o tratamento de pacientes com a
SIC, os exercicios submaximos, isto €, entre o limiar anaerébio e o ponto de
compensacao respiratorio, parecem ter a melhor relagdo seguranca/eficiéncia.®
Em nosso estudo, os exercicios realizados no solo e na piscina foram muito bem
tolerados pelos pacientes, sem o registro de nenhuma complicacdo ou sintomas
adversos como tontura, falta de ar, dor ou fadiga muscular. Por isto, nossos dados
falam a favor da relacdo entre o exercicio fisico submaximo e a seguranca de um
programa de reabilitag&do cardiovascular no solo e na piscina.

Para garantir um exercicio fisico submaximo, na intencdo de se obter a
melhor relacdo seguranca/eficiéncia, métodos de monitorizagdo do esforgo fisico
para portadores da SIC se fazem necessarios. Uma implicacdo pratica da
necessidade de métodos que possam proporcionar uma auto-monitorizacdo do
exercicio de maneira simples, € o fato da maioria dos cardiopatas ndo fazerem
parte de um programa formal de reabilitacdo cardiovascular e a maioria dos
pacientes recebe apenas uma breve recomendacdo para a realizacdo de
exercicios em domicilio.”* Além disto, os programas de reabilitagéo cardiovascular
apresentam um alto indice de evasado, o que é motivado, em parte, pela baixa
habilidade da maioria dos pacientes em auto-monitorizar e auto-regular a
intensidade do seu treino fisico.*

Uma ferramenta muito eficiente para prescrever e monitorizar o treinamento
fisico € a frequéncia cardiaca devido a sua relacdo proxima com o VO,
especialmente quando consideramos a relacdo destas variaveis no formato do

percentual da frequiéncia cardiaca de reserva em relagéo ao percentual do VO, de
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reserva em portadores da SIC com a terapéutica do carvedilol otimizada.?*?°

Apesar da facilidade de monitorizacdo da freqiéncia cardiaca através de um
monitor cardiaco ou através da autopalpagdo, este método apresenta algumas
limitacdes: a perda da sua referéncia em casos de arritmia, a grande variacao que
a frequéncia cardiaca pode apresentar para um mesmo individuo (ambiente,
estado emocional e medicacdo, por exemplo) e o fato de muitos pacientes ndo
realizarem um teste de esforco antes de entrar em um programa de reabilitacdo.>
Além disto, a principal destas limitagdes é a necessidade de realizacdo de testes
cardiopulmonares seriados para regular a prescricdo e monitorizagdo do exercicio
fisico ao longo dos meses, proporcionando assim um custo mais elevado ao
programa de reabilitagdo e uma baixa autonomia por parte do paciente em
conduzir seu treinamento fisico.>

Outro método de auto-monitorizagédo do esforgo fisico, de simples aplicacao
pratica e de baixo custo financeiro e boa reprodutibilidade é a escala de Borg.>®
Este método tem sido usado para um auto-ajuste individual do esforgo fisico a fim
de atingir um desejado nivel de esforco, o que inclui a atividade submaxima.>® A
explicacdo para o uso deste método é que a transicdo do metabolismo aerdbio
para o anaerobio esta associado a mudancas exponenciais na auto-percepc¢ao de
funcdes fisiolégicas, como ventilacdo e conseglientemente na percepcao subjetiva
do esforgo.”’

Em portadores da SIC, a escala de Borg ja se mostrou um método bem
tolerado e ja foi proposto para garantir um esforco subméximo, desde que guiado

entre “relativamente facil e ligeiramente cansativo”.® Este método parece ser bem
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atil na avaliacdo, prescricdo e monitorizacdo da intensidade do esforco em um
programa de reabilitagdo cardiovascular.®®

Em nosso estudo, nenhum paciente relatou dificuldade no entendimento e
na execucdo dos exercicios guiados pela escala de Borg entre “relativamente facil
e ligeiramente cansativo”, o que demonstra sua facil aplicabilidade pratica.

Alguns estudos avaliaram a percepcéao subjetiva de esforco e a sua relagao
com a transicdo do metabolismo aerébio para o anaerobio durante o teste de
esforco.”®® Ekkekakis et al. estudaram 30 jovens voluntarios sadios em uma
esteira rolante e concluiu que a intensidade de esforco acima do ponto de
transicdo do metabolismo predominantemente aerobio para o predominantemente
anaerobio (ponto de compensacgdo respiratorio) foi acompanhado por uma
percepcdo subjetiva do esforco de desprazer em relacdo a realizacdo do
exercicio.*® Hetzler et al. estudaram 29 individuos saudaveis em uma esteira
rolante e em um cicloergbmetro e concluiu que a modalidade do exercicio ndo
afetou a percepcdo subjetiva do esforco para uma mesma situacdo metabdlica
(exercicio realizado no ponto de compensacdo respiratorio).”® Hill et al.
determinaram o efeito do treinamento fisico na percepcédo subjetiva do esforco no
ponto de compensacao respiratorio de individuos antes e ap0s um programa de
treinamento fisico. Estes pesquisadores concluiram que a classificacdo do esfor¢o
percebido no ponto de compensacao respiratério ndo foi afetado pelo treinamento
fisico, apesar deste limiar ter ocorrido em a uma maior carga de trabalho.®® Estes
estudos nos levam a crer que, em pessoas saudaveis, a percepc¢do subjetiva do
esforco esta relacionada ao tipo de fase metabdlica em que o exercicio esta sendo

realizado, mas esta relagdo é pouco conhecida em portadores da SIC.
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Em nosso estudo, quase a totalidade dos portadores da SIC, em ambos os
grupos, apresentaram a frequiéncia cardiaca média durante a sessdo de exercicio
entre o limiar anaerdbio e o ponto de compensacao respiratorio, quando guiados
pela escala de Borg entre “relativamente facil e ligeiramente cansativo”. Nossos
dados estdo em parcial concordancia com a comissédo de exercicio, reabilitacdo e
prevencdo da “American Heart Association”. Este documento reconhece que o
limiar anaerébio e o ponto de compensacao respiratério devem ocorrer a um nivel
de esforco percebido entre 13 e 15 da escala de Borg.*®

Um estudo prévio avaliou os ganhos funcionais de um programa de
reabilitacdo cardiovascular domiciliar guiado pela escala de Borg (“relativamente
facil’), guiado pela frequéncia cardiaca (Karvonen com 60 a 80% do esforco
maximo) e guiado por ambos. De forma interessante, os autores concluiram que
os ganhos foram os mesmos nos 3 grupos, 0 que sugere que a monitorizacao do
paciente pela freqiiéncia cardiaca possa ser desnecessario.”*

No presente estudo, o grupo que realizou exercicio no solo teve a
frequéncia cardiaca média de treino mais proxima do ponto de compensacao
respiratorio (95%) do que o grupo que realizou o0s exercicios na piscina (86%),
para a mesma percepcado de esfor¢co (entre “relativamente facil e ligeiramente
cansativo” da escala de Borg). Estes resultados seguem a mesma tendéncia
quando avaliada em relacdo a frequéncia cardiaca de pico pelo teste
ergoespirométrico (85% versus 78%, respectivamente). Esta frequéncia cardiaca
mais baixa no grupo que realizou exercicios na agua pode ser explicada pela
melhora da fungcdo cardiaca, atenuacdo do sistema neurohormonal e pela

vasodilatac&io promovida pelo aquecimento da agua.**
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A frequéncia cardiaca de pico em um teste de esfor¢co caracteriza um
esforco maximo ou muito proximo do maximo em pessoas sem disturbios
cardiovasculares e pode ser acessada indiretamente através da formula da
freqUéncia cardiaca méaxima predita para a idade: 220-idade. Este método tem
sido questionado por alguns autores® mas, ainda é o mais comumente usado na
atualidade.

Em portadores da SIC, é sabido que o uso de beta-bloqueadores pode
interferir na freqUéncia cardiaca de pico, 0 que torna invalida a estimativa da
freqUéncia cardiaca maxima predita para a idade (220-idade). A dinamica da
freqUéncia cardiaca durante o teste ergoespirométrico em portadores da SIC com
a terapia betabloqueadora otimizada (frequéncia cardiaca de repouso entre 50 e
60 batimentos por minuto e uma dose diaria de carvedilol > 50mg/dia) foi estudada
em trés etapas.

Na primeira etapa, os portadores da SIC com a terapia betabloqueadora
otimizada tiveram a dindmica da frequéncia cardiaca durante o teste
ergoespirométrico comparada a dindmica da frequéncia cardiaca de pessoas
saudaveis. Os individuos saudaveis atingiram a frequéncia cardiaca maxima
predita pra idade (220 — idade), como esperado, enquanto que os portadores da
SIC ndo. Os portadores da SIC atingiram somente 65% da frequéncia cardiaca
predita para a idade.*

Na segunda etapa, foi estudada a dinamica da frequéncia cardiaca em
portadores da SIC com diferentes sensibilidades a terapia betabloqueadora: grupo
ndo-otimizado (frequéncia cardiaca > 60 batimentos por minuto e Carvedilol < que

50 mg/dia); grupo ndo-otimizado com baixa sensibilidade (freqiéncia cardiaca >
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60 batimentos por minuto e Carvedilol > 50 mg/dia); grupo otimizado (freqiéncia
cardiaca entre 50 e 60 batimentos por minuto e Carvedilol > 50 mg/dia) e grupo
otimizado com alta sensibilidade (freqiiéncia cardiaca entre 50 e 60 batimentos
por minuto e Carvedilol < 50 mg/dia). Os autores concluiram que o grupo nao-
otimizado atingiu 74+7% da frequiéncia cardiaca predita para a idade, o0 grupo néo-
otimizado com baixa sensibilidade atingiu 78+8%; o grupo otimizado atingiu
60+13% da freqléncia cardiaca predita para a idade, enquanto que 0 grupo
otimizado de alta sensibilidade atingiu 62+8%. A dindmica da frequéncia cardiaca
foi praticamente a mesma entre os grupos com frequéncia cardiaca de repouso
>60 e entre os grupos com frequéncia cardiaca <60 batimentos por minuto,
independentemente da dose diaria de Carvedilol. Além disto, nenhuma diferenca
na freqiiéncia cardiaca de reserva foi encontrada entre os grupos.?®

Na terceira etapa, os autores concluiram que a caracterizacdo do esforgo
muito proximo do maximo em portadores da SIC com freqiéncia cardiaca de
repouso < 60 batimentos por minuto (independentemente da dose diaria de beta-
bloqueador) ocorreu em uma freqiiéncia cardiaca de pico de 61% do predito para
a idade. Para os pacientes com a frequéncia cardiaca de repouso > 60 batimentos
por minuto, ocorreu a 76% da freqiiéncia cardiaca maxima predita para a idade.®

Estes dados mostram-se concordantes com os de Mezzani et al. que
observaram a freqiéncia cardiaca de pico em torno de 76% da méaxima predita
para a idade em portadores da SIC com a dose terapéutica betabloqueadora ndo
otimizada.®®

Em nosso estudo, o %FCE-Predita foi 61% e %FCE-pico 85% para o grupo

gue realizou exercicios no solo e 58% e 78%, respectivamente, para 0s que
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realizaram na piscina. Estes dados atestaram, mais uma vez, que o treinamento
fisico guiado pela escala de Borg entre “relativamente facil e ligeiramente
cansativo” foi um bom método para garantir um esforco submaximo em portadores
da SIC cuja dose diaria de carvedilol foi de 54+32 mg/dia e frequiéncia cardiaca de
repouso 69+10 batimentos por minuto (pacientes ndo otimizados) para o grupo
solo e 60+32 mg/dia com freqliéncia cardiaca de repouso de 76+13 batimentos

por minuto (pacientes ndo otimizados) para o grupo piscina (p=0,547).

Limitagao do estudo

Este estudo foi limitado pelo uso de somente um tipo de betabloqueador
(carvedilol) pela populacéo estudada. Esta limitagao ocorreu pelo fato do carvedilol
ser de uso padrao para tratamento da SIC na instituicAo onde foi realizado o
estudo. Os pacientes foram avaliados por somente um método de teste
ergoespirométrico (esteira). Motivado pela especificidade do treinamento fisico,
nao seria seguro extrapolar estes dados para o cicloergdmetro ou outro meio de
exercicio fisico sem uma devida experimentacdo. Nenhum perfil neurohormonal,
como dosagem de catecolaminas, foi realizado por dificuldades de coleta do

sangue do paciente durante o exercicio fisico dentro da piscina.
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1- O uso da escala de Borg entre “relativamente facil e ligeiramente
cansativo” mostrou-se uma importante ferramenta de auto-monitorizagdo e auto-
adaptacdo do esforco fisico em portadores da SIC no solo e na piscina. O
exercicio fisico guiado por esta ferramenta levou a freqiiéncia cardiaca média
durante o exercicio para uma faixa entre o limiar anaerébio e ponto de
compensacao respiratorio (zona de treinamento fisico).

2- O grupo piscina apresentou uma resposta da frequéncia cardiaca mais
proxima do limiar anaerébio enquanto o grupo solo apresentou mais préximo do
ponto de compensacéao respiratério, o que parece refletir o efeito hemodinamico
da imersdo em agua aquecida.

3- Os portadores da SIC dos grupos solo e piscina ndo mostraram
dificuldades no entendimento e no uso da escala de Borg entre “relativamente facil
e ligeiramente cansativo”.

4- Dentro de um programa de reabilitacéo, estes dados sao potencialmente
importantes na conducgéo e adaptacao da prescricdo de um treinamento fisico sem
a utilizacdo seriada do teste ergoespirométrico, o que poderia implicar em
diminuicdo de custo financeiro e favorecer centros que nao possuem este caro

recurso de avaliagao fisica.
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Anexo 1. Percepcao subjetiva de esforco de Borg.

06 Nenhum

07 Muito facil

08

09 Facil

10

11 Relativamente facil

12

13 Ligeiramente cansativo
14

15 Cansativo

16

17 Muito cansativo

18

19 Extremamente cansativo
20 Maximo

Escala de Borg original
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Anexo 2 . Percepcéo subjetiva de esfor¢co de Borg
(modificado).

0 Nenhum

Extremamente leve

o
[

Muito leve
Leve
Moderado
Pouco intenso

Intenso

Muito intenso
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Muito muito intenso

=
o

Méaximo

Escala de Borg modificada
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Anexo 3. Dados de caracteriza¢do do grupo piscina.

Paciente Idade IMC Etiologia Sexo FEVE NYHA VOgpico
01 58 23 Na&oisquémico masculino 26 1 25,7
02 50 25 Nao isquémico masculino 30 1 21,7
03 51 27 Isquémico masculino 40 2 16,5
04 55 25 Isquémico masculino 35 1 23,9
05 52 24 Na&o isquémico feminino 31 3 15,6
06 44 26 Na&oisquémico masculino 24 1 26,9
07 45 26 N&oisquémico masculino 27 2 17,6
08 44 25 Na&o isquémico masculino 40 1 21,2
09 44 24 Na&o isquémico masculino 40 2 16,3
10 49 28 Na&o isquémico masculino 23 1 25,9
11 48 26 Na&oisquémico masculino 40 2 19,3
12 45 25 Na&o isquémico feminino 30 1 27,0
13 45 25 Na&o isquémico masculino 32 1 26,0
14 62 24 Na&o isquémico masculino 20 1 26,5
15 58 25 Nao isquémico feminino 29 3 12,0
16 50 23 Isquémico masculino 24 3 10,5
17 53 25 Na&o isquémico masculino 25 1 25,7
18 30 24 Na&o isquémico feminino 25 1 20,0
19 27 26 Na&o isquémico feminino 20 1 20,5
20 47 25 Na&o isquémico feminino 22 3 154

IMC: indice de massa corpérea. FEVE: Frac&o de ejecéo do ventriculo esquerdo. NYHA: New York
Heart Association. VO,pico: Consumo de Oxigénio de pico.
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Anexo 4. Dados de frequéncia cardiaca na ergoespirometria do grupo piscina.
Paciente FCR FC-LA FC-PCR FCPico FCM-Predita %FCP-Predita

01 64 78 105 109 162 67,28
02 60 81 109 126 170 74,12
03 69 90 109 111 169 65,68
04 72 83 113 120 165 72,73
05 82 98 117 132 168 78,57
06 82 91 128 166 176 94,32
07 86 98 118 125 175 71,43
08 84 99 119 172 176 97,73
09 71 84 103 107 176 60,80
10 66 71 98 102 171 59,65
11 63 83 119 141 172 81,98
12 81 86 102 118 175 67,43
13 71 103 141 172 175 98,29
14 70 82 107 122 158 77,22
15 60 101 140 149 162 91,98
16 90 92 103 112 170 65,88
17 75 98 125 139 167 83,23
18 87 94 127 134 190 70,53
19 119 127 150 162 193 83,94
20 81 91 109 114 173 65,90

FCR: Freguéncia cardiaca de repouso. FC-LA: Frequéncia cardiaca no Limiar Anaerdbio. FC-PCR:
Freqiéncia cardiaca no Ponto de compensacdo Respiratério. FCM-Predita: Frequéncia cardiaca
méxima predita para a idade. %FCP-Predita: O percentual da frequiéncia cardiaca de pico determinada
pela ergoespirometria em relagdo a predita para a idade.
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Anexo 5. Dados de frequiéncia cardiaca durante o exercicio do grupo piscina.
Paciente FCME %FCE-LA %FCE-PCR %FCE-Pico %FCE-Predita

01 84 107,69 80,00 77,06 51,85
02 92 113,58 84,40 73,02 54,12
03 92 102,22 84,40 82,88 54,44
04 88 106,02 77,88 73,33 53,33
05 108 110,20 92,31 81,82 64,29
06 97 106,59 75,78 58,43 55,11
07 99 101,02 83,90 79,20 56,57
08 100 101,01 84,03 58,14 56,82
09 92 109,52 89,32 85,98 52,27
10 93 130,99 94,90 91,18 54,39
11 113 136,14 94,96 80,14 65,70
12 102 118,60 100,0 86,44 58,29
13 125 121,36 88,65 72,67 71,43
14 94 114,63 87,85 77,05 59,49
15 128 126,73 91,43 85,91 79,01
16 93 101,09 90,29 83,04 54,71
17 99 101,02 79,20 71,22 59,28
18 96 102,13 75,59 71,64 50,53
19 125 98,43 83,33 77,16 64,77
20 98 107,69 89,91 85,96 56,65

FCME: Frequéncia cardiaca média durante o exercicio. %FCE-LA: Percentual da frequéncia
cardiaca média durante a sesséo de exercicios em relacdo a frequiéncia cardiaca do limiar
anaerébio. %FCE-PCR: Percentual da frequéncia cardiaca média durante a sessdo de
exercicios em relagdo ao ponto de compensacéo respiratério. %FCE-pico: Percentual da
freqUéncia cardiaca média durante a sesséo de exercicios em relagcao ao pico da frequéncia
cardiaca determinada pela ergoespirometria. %FCE-Predita: Percentual da frequéncia
cardiaca média durante a sessé@o de exercicios em relagdo a frequéncia cardiaca predita
para a idade.
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Anexo 6. Dados de caracteriza¢gédo do grupo solo.

Paciente Idade IMC Etiologia Sexo FEVE NYHA VOgpico
01 52 25 Isquémico Masculino 31 2 154
02 58 24 Na&o isquémico Masculino 26 1 23,9
03 44 28 Na&o isquémico Masculino 24 1 24,0
04 60 26 Isquémico Masculino 28 2 18,9
05 63 25 Na&o isquémico Feminino 29 2 19,2
06 52 24 Na&o isquémico Feminino 31 1 20,4
07 55 27 Isquémico Masculino 35 2 17,9
08 63 23 Na&oisquémico Masculino 40 1 25,5
09 53 22 Na&oisquémico Masculino 27 3 15,9
10 54 25 Na&o isquémico Masculino 40 1 26,6
11 54 24 Na&o isquémico Masculino 14 2 17,0
12 53 25 Nao isquémico Masculino 32 1 26,2
13 58 20 Na&o isquémico Feminino 30 3 14,2
14 44 52 Na&o isquémico Masculino 32 2 19,3
15 50 52 Isquémico Masculino 26 2 18,4
16 55 27 Isquémico Masculino 25 2 16,4
17 51 26 Isquémico Masculino 40 1 21,5
18 33 25 Na&o isquémico Masculino 30 3 13,3
19 57 26 Na&oisquémico Masculino 37 2 17,5
20 52 24 Isquémico Masculino 25 1 23,0
21 63 25 Na&o isquémico Masculino 40 3 15,2
22 58 25 Nao isquémico Feminino 23 3 13,1

IMC: indice de massa corpérea. FEVE: Frac&o de ejecéo do ventriculo esquerdo. NYHA: New York

Heart Association. VO,pico: Consumo de Oxigénio de pico.
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Anexo 7. Dados de frequéncia cardiaca na ergoespirometria do grupo solo.
Paciente FCR FC-LA FC-PCR FCPico FCM-Predita %FCM-Predita

01 76 80 100 100 168 59,52
02 76 85 106 124 162 76,54
03 77 100 122 149 176 84,66
04 75 94 113 132 160 82,50
05 86 107 141 159 157 101,27
06 73 104 125 148 168 88,10
07 85 104 122 131 165 79,39
08 57 68 85 105 157 66,88
09 79 110 117 139 167 83,23
10 62 74 93 128 166 77,11
11 51 64 81 92 166 55,42
12 72 98 115 132 167 79,04
13 52 64 71 77 162 47,53
14 68 95 106 119 176 67,61
15 73 80 97 112 170 65,88
16 62 85 98 106 165 64,24
17 61 97 111 124 169 73,37
18 50 73 95 100 187 53,48
19 62 94 134 136 163 83,44
20 79 117 123 132 168 78,57
21 69 90 97 100 157 63,69
22 77 94 105 111 162 68,52

FCR: Frequéncia cardiaca de repouso. FC-LA: Frequéncia cardiaca no Limiar Anaerdbio. FC-PCR:
Freqliéncia cardiaca no Ponto de compensacéo Respiratdrio. FCM-Predita: Freqiiéncia cardiaca méxima
predita para a idade. %FCP-Predita: O percentual da freqiéncia cardiaca de pico determinada pela
ergoespirometria em relagdo a predita para a idade.
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Anexo 8. Dados de frequéncia cardiaca durante o exercicio do grupo solo.
Paciente FCME %FCE-LA %FCE-PCR %FCE-Pico %FCE-Predita

01 91 113,75 91,00 91,00 54,17
02 103 121,18 97,17 83,06 63,58
03 106 106,00 86,89 71,14 60,23
04 105 111,70 92,92 79,55 65,63
05 123 114,95 87,23 77,36 78,34
06 115 110,58 92,00 77,70 68,45
07 112 107,69 91,80 85,50 67,88
08 85 125,00 100,0 80,95 54,14
09 114 103,64 97,44 82,01 68,26
10 92 124,32 98,92 71,88 55,42
11 92 143,75 113,5 100,0 55,42
12 105 107,14 91,30 79,55 62,87
13 69 107,81 97,18 89,61 42,59
14 110 115,79 103,7 92,44 62,50
15 97 121,25 100,0 86,61 57,06
16 88 103,53 89,80 83,02 53,33
17 101 104,12 90,99 81,45 59,76
18 99 135,62 104,2 99,00 52,94
19 110 117,02 82,09 80,88 67,48
20 119 101,71 96,75 90,15 70,83
21 91 101,11 93,81 91,00 57,96
22 104 110,64 99,05 93,69 64,20

FCME: Frequéncia cardiaca média durante o exercicio. %FCE-LA: Percentual da freqiéncia
cardiaca média durante a sessé@o de exercicios em relagéo a frequéncia cardiaca do limiar
anaerébio. %FCE-PCR: Percentual da frequéncia cardiaca média durante a sessdo de
exercicios em relagdo ao ponto de compensacgdo respiratério. %FCE-pico: Percentual da
freqUéncia cardiaca média durante a sesséo de exercicios em relagcdo ao pico da frequéncia
cardiaca determinada pela ergoespirometria. %FCE-Predita: Percentual da freqiéncia
cardiaca média durante a sessdo de exercicios em relagdo a frequiéncia cardiaca predita
para a idade.
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Anexo 9. Artigos publicados pelo autor relacionados ao presente estudo.

Clinical Urology
International Braz J Urol Vol. 34 (3): 302-312, May - June, 2008

Inverse Correlation between Testosterone and Ventricle Ejection
Fraction, Hemodynamics and Exercise Capacity in Heart Failure
Patients with Erectile Dysfunction

Edimar A. Bocchi, Vitor O. Carvalho. Guilherme V. Guimaracs

Laboratory of Heart Failure and Transplantation, Heart Institute, Incor, University of Sao Paulo,
SP Brazil

ABSTRACT

Background: Neurohormonal activation and abnormalities in growth hormone and testosterone concentrations have been
reported in heart failure (HF). Erectile dysfunction(ED) is common in these patients and contributes to a low quality of
life. No data are known regarding the correlation between testosterone and hemodynamics, exercise capacity and cardiac
function in HF patients with ED, a marker of endothelial dysfunction. The aim of this study was to correlate testosterone
levels with cardiac function, hemodynamic and exercise capacity in HF patients with ED.

Materials and Methods: Fifteen HF patients underwent a six-minute treadmill cardiopulmonary walking test (6°CWT)
and, ten minutes later, a maximum cardiopulmonary exercise test. Also, testosterone and other hormones were determined
at rest.

Results: Among hemodynamic variables only diastolic blood pressure on 6’CWT was correlated with testosterone levels(r
=-0.66, p=0.007). The variables onexercise tests, VE/VCO, slope and oxygen consumption did not show any correlation,
except the distance at 6’CWT (r=0.50, p=0,047). Right and left ventricle ejection fraction showed inverse comelation
with testosterone (r =- 0.55, p = (.03 and r =- 0.69, p = 0.004 respectively).

Conclusion: Testosterone levels correlated directly with distance at six-minute cardiopulmonary walk test and inversely
with diastolic blood pressure, right and left ventricle gjection fraction in heart failure patients with erectile dysfimction.
Further elucidation of mechanisms as regards testosterone action in these patients is warranted.

Key words: heart failure; hemodynamics; physical activity; testosterone; erectile dvsfunction
Int Braz J Urol. 2008; 34: 302-12

have been reported to be related to exercise capac-
ity including diastolic and systolic cardiac function,
reflex, metabolic, vascular and muscular response

INTRODUCTION

Heart failure (HF) can be considered as the (3). Sexual satisfaction is an important component
last stage of heart disease and a significant cause that influences quality of life in HF patients. Erectile
of mortality and morbidity worldwide (1). The left dysfunction (ED) affects 60 to 70% of HF clinic
ventricular systolic dysfunction and limited exercise outpatients (4). Symptoms, hormonal abnormalities,
capacity manifested by breathlessness and fatigue are hemodynamic status, medication side effects and
determinants of mortality and clinical events in the psychological factors are the major contributors to

follow-up of HF patients. (2,3). Multiple mechanisms this sexual disorder.
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CLINICS 2(08:63(2):201-6

CLINICAL SCIENCE

REPRODUCIBILITY OF THE SELF-CONTROLLED
SIX-MINUTE WALKING TEST IN HEART FAILURE
PATIENTS

Guilherme Veiga Guimaries, Vitor Oliveira Carvalho, Edimar Alcides Bocchi

Guimardes GV, Carvalho VO, Bocchi EA. Reproducibility of the self-controlled six-minute walking test in heart failure
patients. Clinics. 2008;63:201-6.

INTRODUCTION: The six-minute walk test (6WT) has been proposed to be a submaximal test, but could actually demand a high
level of exercise intensity from the patient, expressed by a respiratory quotient >1.0, following the guideline recommendations.
Standardizing the 6WT using the Borg scale was proposed to make sure that all patients undergo a submaximal walking test.
PURPOSE: To test the reproducibility of the six-minute treadmill cardiopulmonary walk test (6CWT) using the Borg scale and
to make sure that all patients undergo a submaximal test.

METHODS: Twenty-three male heart failure patients (300 years) were included; these patients had both ischemic (5) and non-
1schemic (18) heart failure with a left ventricle ejection fraction of 23+£7%, were diagnosed as functional class NYHA [I-11T and
were undergoing optimized drug therapy. Patients were guided to walk at a pace between “relatively easy and slightly tiring” (11
and 13 on Borg scale). The 6CWT using the Borg scale was performed two times on a treadmill with zero inclination and patient
control of speed with an interval of 24 hours. During the sixth minute, we analyzed ventilation (VE, L/min), respiratory quotient.
Oxygen consumption (VO_, ml/kg/min). VE/VCO, slope. heart rate (HR, bpm), systolic blood pressure (SBP. mmHg), diastolic
(DBP, mmHg) blood pressure and distance. )

RESULTS: The intraclass correlation coefficients at the sixth minute were: HR (r=0.06, p<0.0001), VE (r=0.84, p<0.0001), SBP
(r=0.72. p=0.001), distance (r=0.88, p<0.0001), VO, (r=0.92, p<0.0001). SlopeVE/VCO, (r=0.86. p<0.0001) and RQ<1 (r=0.6.
p=0.004).

CONCLUSION: Using the 6CWT with the Borg scale was reproducible, and it seems to be an appropriate method to evaluate the
functional capacity of heart failure patients while making sure that they undergo a submaximal walking test.

KEYWORDS: Walking test. Heart failure. Reproducibility. Borg scale. Exercise.

BACKGROUND The maximal exercise cardicpulmonary test is performed
to evaluate the functional capacity, therapeutic response and
prognosis in heart failure patients.** The six-minute walk test

is proposed to be a submaximal exam that could reproduce a

Heart failure can be considered as the last stage of heart
diseases and as a significant cause of mortality and mor-

bidity throughout the world.! A limited effort tolerance is
frequently both the first and most important clinical char-
acteristic of heart failure, reflecting the reduction in cardiac
function and the alteration in reflex, metabolic, vascular and
muscular function.'?

Heart Institute (InCor), Faculdade de Medicina da Universidade de Sao
Paulo - 830 Paulo/SP, Brazil.

vitor.carvalho@ usp.br

Received for publication on 19/10/07

Accepted for publication on 17/12/07

patient’s daily physical activities and evaluate the prognosis
of heart failure patients.” However, if the original version is
followed. the six-minute walk test could demand a higher ex-
ercise intensity than that demanded during the patient’s daily
activities.>® as expressed by a respiratory quotient (RQ)>1.0.5
The Centers for Disease Control and Prevention recognize
submaximal activities as 3 to 6 METs, which corresponds to
a moderate intensity for most young to middle-aged adults.®
To make sure that all patients undergo a submaximal test. a
careful standardization was proposed using the Borg scale
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CLINICS 2008:64:479-82

CLINICAL SCIENCE

HEART RATE DYNAMICS DURING A TREADMILL
CARDIOPULMONARY EXERCISE TEST IN OPTIMIZED
BETA-BLOCKED HEART FAILURE PATIENTS

Vitor Oliveira Carvalho, Guilherme Veiga Guimariies, Emmanuel Gomes
Ciolac, Edimar Alcides Boechi

doi: 10.1590/S1807-593 2200800040001 1

Carvalho VO, Guimarfies GV, Ciolac EG. Bocchi EA. Heart rate dynamics during a treadmill cardiopulmonary exercise fest
in optimized beta-blocked heart failure patients. Clinics. 2008:63:479-82.

BACKGROUND: Calculating the maximum hear rate for age is one method to characterize the maximum effort of an individual. Al-
though this method 1s commonly used, little is known about heart rate dynamics in optimized beta-blocked heart failure patients.
AIM: The aim of this study was to evaluate heart rate dynamics { basal, peak and % heart rate increase) in optimized beta-blocked
heart failure patients compared to sedentary, normal individuals (controls) during a treadmill cardiopulmonary exercise test.
METHODS: Twenty-five heart failure patients (4911 years, 76% male). with an average LVEF of 30+7%, and fourteen controls
were included in the study. Patients with arrial fibrillation, a pacemaker or noncardiovascular functional limitations or whose drug
therapy was not optimized were excluded, Optimization was considered to be 50 mg/day or more of carvedilol, with a basal heart
rate between 50 to 60 bpm that was maintained for 3 months.

RESULTS: Basal heart rate was lower in heart failure patients (5743 bpm) compared to controls (80+14 bpm: p<0.0001). Simi-
larly. the peak heart rate (% maximum predicted for age) was lower in HF patients (65.4+1 1.1% ) compared to controls (98.6+2.2:
p=<0.0001 ). Maximum respiratory exchange ratio did not differ between the groups (1.2+0.5 for controls and 1.15+1 for heart failure
patients; p=0.42). All controls reached the maximum heart rate for their age, while no patients in the heart failure group reached the
maximum. Moreover, the % increase of heart rate from rest to peak exercise between heart failure (4829%) and control (33£8%)
was not different (p=0.157).

CONCLUSION: No patient in the heart failure group reached the maximum heart rate for their age during a treadmill cardiopul-
monary exercise test, despite the fact that the percentage increase of heart rate was similar to sedentary normal subjects. A heart
rate mcrease in optimized beta-blocked hean failure patients during cardiopulmonary exercise test over 63% of the maximum
age-adjusted value should be considered an effort near the maximum. This information may be useful in rehabilitation programs
and ischemic tests, although further studies are required.

KEYWORDS: Heart failure. Heart rate. Carvedilol. Exercise. Optimization.

BACKGROUND

Heart failure (HF) is considered the last stage of heart
disease and a significant cause of worldwide mortality
and morbidity.! In recent years, beta-blocking therapy has
become a primary pharmacologic intervention in patients

Laboratono de Insuficiéncia Cardiaca ¢ Transplante do Instituio do Coragiio,
Faculdade de Medicina da Universidade de 830 Paulo (INCOR -HCFMUSP)
— Sin Panla/SP, Brazil.

Email: vitor.carvalho @usp.br

Received for publication on May 02, 2008

Accepted For publication on May #7, 2008

with HF. The prescription of beta-blockers arises from an
abundance of evidence demonstrating that beta-blocking
therapy improves survival and reduces hospitalization®,
although improvement in aerobic capacity has not been
proved.?

Cardiopulmonary exercise testing is a well-established
technique to evaluate peak oxygen consumption (pVO,) in
HF patients. This variable is the best prognostic factor in
HF patients, even in the beta-blocking era.* Aerobic exercise
training is also a well-established nonpharmacoelogical
method to increase pVO, in HF patients. In the HF
population, prescription of adequate aerobic effort relative
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CLINICS 2008:63(6):725-30

CLINICAL SCIENCE

THE RELATIONSHIP BETWEEN HEART RATE
RESERVE AND OXYGEN UPTAKE RESERVE IN
HEART FAILURE PATIENTS ON OPTIMIZED AND
NON-OPTIMIZED BETA-BLOCKER THERAPY

Vitor Oliveira Carvalho, Guilherme Veiga Guimaries, Edimar Alcides Bocechi

doi: 10.1590/S1807-59322008(00600003

Carvalho VO. Guimariies GV. Bocchi EA. The relationship between heart rate reserve and oxygen uptake reserve in heart
failure patients on optimized and non-optimized beta-blocker therapy. Clinics. 2008:63:725-30.

BACKGROUND: The relationship between the percentage of oxygen consumption reserve and percentage of heart rate reserve
in heart failure patients either on non-optimized or off beta-blocker therapy is known to be unreliable. The aim of this study was to
evaluate the relationship between the percentage of oxygen consumption reserve and percentage of heart rate reserve in heart failure
patients receiving optimized and non-optimized beta-blocker treatment during a treadmill cardiopulmonary exercise test.
METHODS: A total of 27 sedentary heart failure patients (86% male, 50+12 years) on optimized beta-blocker therapy with a left
ventricle ejection fraction of 33+8% and 35 sedentary non-optimized heart failure patients (75% male, 4710 years) with a left
ventricle ejection fraction of 30+£10% underwent the treadmill cardiopulmonary exercise test {Naughton protocol). Resting and
peak effort values of both the percentage of oxygen consumption reserve and percentage of heart rate reserve were, by definition.
0 and 100, respectively.

RESULTS: The heart rate slope for the non-optimized group was derived from the points (.949+0.088 (0 intercept) and 1.055+0.128
(1 intercept), p<0.0001. The heart rate slope for the optimized group was derived from the points 1.026+0.108 (0 intercept) and
1.012+0.108 (1 intercept), p=0.47. Regression linear plots for the heart rate slope for each patient in the non-optimized and opti-
mized groups revealed a slope of 0.986 (almost perfect) for the optimized group, but the regression analysis for the non-optimized
group was 0.030 (far from perfect, which occurs at 1).

CONCLUSION: The relationship between the percentage of oxygen consumption reserve and percentage of heart rate reserve in pa-
tients on optimized beta-blocker therapy was reliable, but this relationship was unreliable in non-optimized heart failure patients.

KEYWORDS: Heart rate; Beta-blockers: Oxygen consumption; Heart failure; Exercise.

INTRODUCTION

Heart failure is considered to be the last stage of heart
disease. and it is a significant cause of mortality and
morbidity in the world.' In recent years, beta-blocker therapy
has become a primary pharmacologic intervention in patients
with heart failure. Although improvement in aerobic capacity
has not been proven.” the use of this therapy arises from an

Labaoratirio de Insuficiéncia Cardiaca e Transplante - Instituto do Coracio,
Huospital das Clinicas, Faculdade de Medicina, Universidade de Sio Paolo
(InCor HC-FMUSP) - Sao Paulo/SP, Brazil.

Email: vitor.carvalho @ usp.br

Tel.: 55 11 3068.5419
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abundance of evidence demonstrating that beta-blockers
improve survival and reduce hospitalization.”

The cardiopulmonary exercise test is a well-established
technique used in heart failure patients to evaluate peak
oxygen consumption (pVO_). Oxygen consumption (VO.)
is the best prognostic variable in heart failure patients, and
it remains so even in the beta-blocker era.* Aerobic exercise
training is also a well-established non-pharmacological
method used to increase pVO, in heart failure patients. In
this population, prescription of adequate aerobic exercise
intensity based on heart rate is crucial to permit both an
increase in exercise capacity and reasonable control of
exercise-related risk.'**

Heart rate and VO, are strongly related from rest to the
peak of the treadmill cﬁrdiopulrnonaiy exercise test in normal
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Heart rate dynamic during an exercise test in heart failure {Paticnts with
different sensibilities of the carvedilol therapy
Heart rate dynamic during exercise test

Vitor Oliveira Carvalho®, Rodrigo Xavier Rodrigues Alves,
Edimar Alcides Bocchi, Guilherme Veiga Guimaries

Laboratério de Insuficiéncia Cardiaca e Transplante do Institute do Coragio do Hospital das Clinicas da Faculdade de Medicina da USP
(InCor HC-FMUSP}), Brazil
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Abstract

Background: Some trials suggest that the titration of Carvedilol is based onrest heart rate from 50 to 60 bpm and a target daily dose of 50 mg/day.
Aim: To evaluate the heart rate dynamic in heart failure patients with different sensibilities of the Carvedilol therapy during an exercise test.
Methods: Patients were divided into four groups and submitted a treadmill cardiopulmonary exercise test heart rate =60 bpm and Carvedilol< than
50 mg/day (30 patients) (non-optimized group); heart rate =60 bpm and Carvedilol >=50 mg/day (19 patients) (non-optimized low-sensibility);
heart rate between 30 and 60 bpm and Carvedilol ==50 mg/day (16 patients) (optimized); heant rate between 50 and 60 bpm and
Carvedilol< 50 mg/day (10 patients) (optimized high-sensible group).

Resulee: The heart rate peak and the percentage of the peak heart rate in relation with the maximum heart mte predicted for age during the
cardiopulmonary exercise test were the same between the non-optimized ( 128+ 13, bpm; 74+ 7%) and non-optimized low-sensibility (1 36+20,
bpm; 78+ 8%) groups, and between the optimized (105£25, bpm; 60+ 13%) and optimized high-sensible (108+16, bpm; 62+ 8%) groups. The
hear rate reserve was the same.

Conclusion: The heart rate dynamic was almost the same between groups with rest heart rate =60 bpm and between groups <60 bpm,
independenty of the Carvedilol dose. Based on these findings, we propose a new method to titrate carvedilol therapy by the candiopulmonary
exercise test

© 2008 Elsevier Ireland Lid. All rights reserved.

Kevwornds: Heart failure; Heart rate; Carvedilol; Exercise

1. Background prescription of beta-blockers arises from an abundance of evi-
dence demonstrating that it improves survival and reduces

In recent years, beta-blocker therapy has become a primary hospitalization [1]. Some trals suggest that the titration of
pharmacologic intervention in patients with heart fmlure. The Carvedilol 1s based on rest heart rate from 50 to 60 bpm and a
target daily dose of 50 mg/day [2—4]. These recommendations

delimit to the patients different sensibilities of the Carvedilol

_ therapy.
™ This study was supporied by “Coordenagio de Aperfeigoamento de The aim of this study was to evaluate the heart rate dynamic
Pessoal de Nivel Superior”™. E . e, x i
* Comespanding author, Teodoro Sampaio, 363 apto 304, CEP: 05405- in hezu:l failure pmlenlls with -:ilﬂ'la'enl &.fin&bﬂ:heg of the
000, Tel: +55 11 3069 54190, Carvedilol therapy during a treadmill cardiopulmonary exer-
E-mail address: vitorcarvalho@usp br (WV.O. Carvalho). cise test

0167-5273/§ - see front matter © 2008 Elsevier Ireland Lid. All rights reserved.
doi: 10,101 6/.djcard 2008.11.140
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Heart rate dynamics in heart transplantation
patients during a treadmill cardiopulmonary
exercise test: A pilot study

Vitor Oliveira Carvalho, Lucas Nobilo Pascoalino, Edimar Alcides Bocchi,
Silvia Ayub Ferreira, Guilherme Veiga Guimaries

Léboratorio de Insuficiencia Cardiaca e Transplante do Instituto
do Coracao (InCor HC-FMUSP), Brazil

Abstract

Background: One way of defining an individual's heart effort is to calculate the maximum
heart rate to be expected given their age, but the reinnervation seen in patients who have
received heart transplants makes for different calculations from patients who have suffered
heart failure. The purpose of this study is to evaluale heart rate dynamics (rest, peak and
percentage of predicted heart rate for age) in heart transplant patients compared to optimized
beta-blocked heart failure patients during a treadmill cardiopulmonary exercise fest.
Methods: Twenty two (81% male, 46 + 12 years) sedentary heart failure patients and
15 (47% male, 44 + 13 years) sedentary heart transplant patients performed a treadmill
cardiopulmonary exercise test between 10 am and 3 pm. Heart failure optimization was considered
50 mg/day or more of carvedilol, with a resting heart rate of between 50 and 60 bpm.
Results: Basal heart rate was lower in heart failure patients (58 = 5 bpm) compared to heart
transplant patients (93 + 11 bpm; p < 0.0001). Similarly, the peak heart rate (percentage of
the maximum predicted for age) was lower in heart failure patients (60 + 13%) compared to
heart transplant patients (80 + 12; p < 0.0001). Maximum respiratory exchange ratio did not
differ between the groups (1.05 = 0.06 in heart failure patients and 1.11 = 0.1 in heart
transplant patients; p = 0.08). Moreover, the heart rate reserve between heart failure (49 + 22)
and heart transplantation (46 + 16%) was not different (p = 0.644).

Conclusions: No patient reached the maximum heart rate predicted for their age during
a treadmill cardiopulmonary exercise test. The heart rate reserve was similar between groups.
A heart rate increase in heart transplant patients during cardiopulmonary exercise test of
more than 80% of the maximum age-adjusted value should be considerved an effort near the
maximum. (Cardiol ] 2009; 16, 3: 254-258)

Key words: heart failure, heart rate, heart transplantation, exercise
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Purpose: Beta-blockers (BB) have shown to improve outcomes among heart failure patients (HF). Adequate
risk stratification is still a major concern for HFE. The prognostic indexes have been detected, but only few
parameters maintain consistently high power in predicting progression of disease and morality, Peak oxygen
consumption (VO peak, ml kg~ ' min~") is traditionally used for risk stratification in HE, however, there is
limited evidence regarding predictive value of VOz peak in patients taking BB,

Methods: Two hundred twenty nine patients, aged 49 413 years with diagnosed HF for more than 6 months
due to ischemic (n=73), idiopathic dilated (n=149) and Chagas disease (n=7) underwent a
cardiopulmonary exercise test (CPX), The ejection [raction was 38 £ 10%; clinical stability was defined as
no change in the NYHA class or absence of hospitalization for heart Eilure and stable medical treatment
during 3 months prior to (PX. Subjects were tracked for cardiac-related mortality after CPX.

Results: The mean follow-up period was 254 1.1 years and means value for VO, peak was 16.3+ 4 Current
BB therapy included carvedilol (83.4%), metoprolol (7.8%), bisoprolol (3.9%) and others (4.8%), The area
under the ROC curve for VO, peak was 0.80 (95% Cl: 0.69-090, optimal threshold: 125 and 82% sensitivity/
26% specificity, p<0.001). Kaplan-Meier analysis that revealed event-free survival for subjects in <and >12.5
was 28% and 2.8%, respectively (Tong-rank 34.8; p=0.001).

Conclusions: VIO peak seems to maintain prognostic value in HF patients BB therapy. The present study also

provides new evidence that optimal threshold value for VO, peak in the BB era is 12.5ml kg™ 'min™ ",

© 2009 Elsevier Ireland Led. All rights reserved.

1. Introduction

The use of beta-blockers ( BB) in the treatment of patients with heart
failure { HF) started a new era in the managementof this cardiomyopathy.
These drugs increase survival and reduce hospitalization in this group of
patients [1], although they do not improve tolerance to exercise [2].

The cardiopulmonary exemise test ((PX) is a well-established
technique to evaluate exercise tolerance in HF patients, The peak oxygen
consumption (VO, peak) is a predictor of mortality and an important
criterion in the selection of heart wansplant candidates [3]. However,
based on the controversial idea that BB could decrease the chronotropic
response during exercise, with little or no effect on the VO peak in HF
|4-7), some studies compared VO peak above versus below 14 mlkg™!
min~" [8], and above and below 10 mi kg~ min—"' [9]. Other study
suggested that patients with HFwho weretaking BB would have a better
survival rate even if their VO, peak level was >12 ml kg~" min™'
compared with patients who underwent heart transplantation [10].
Mevertheless, investigations on the effects of BB on the VO, peak cutoff
value in the prognostic in HF patients are limited [ 11},

* Corresponding author. Rua Doutor Baeta Meves, 98, CEP 05444-050, S3o Paulo,
SP, Brazil.
E-mail address; geguima@uspbr (GV. Guimaraes).

0167-5273/8 - see front matter & 2000 Hsevier Ireland Lod. All rights reserved.
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2. Methods
21 Sample

Patients with HF lasting at least 6 months were consecutively recruited from a
tertiary hospital (Table 1). All patients received a siable dose of BB for more than
3 months prior w the CPX. Patdents with non-optimized drog therapy, interru pred test
due to hemodynamic or electrocardiogra phic complications, respiratory exchange ratio
[RER) <1.0, neuromuscular or respiratory limiations were excluded,

22 Cardiopultonary exercise s

Patients performed the (PX in treadmill according to the modified Naughton protocol
[12], Gas exchange data wers obtained at each re spiratory oycle, using a computerized sy stem
Vmax 229, Peak V02 was considered as the highest YO; attained during the exercie[13].

23, Sty design

Fatients with HF who underwent the CPX between January 05, 1999 and the last
one an May 12, 2003 were induded in this study. The analysis was planned tos@&rt at
2 years follow-up from the last patent indusion. All padents gave their informed
consent prior to the scentific publication.

24, Folibw-up and analysis of survival

Follow-up ended on May 15, 2005. Patients were followed-up by phone interviews
with the patient and/or family members for at least 2 years. The study cutoff was death

Please cite this article as: Guimaraes GV, et al, A cutoff point for peak oxygen consumptien in the prognesis of heart failure patients with
beta-blocker therapy, Int | Cardiol (2009), doi: 10.1016/jijcard 2009.05.001
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ORrRIGINAL PAPER

Effect of Exercise Training on 24-Hour Ambulatory Blood Pressure
Monitoring in Heart Failure Patients

eart failure (HF) can be consid-
ered the last stage of hearr dis-

easse and a significant cause of
mortality and morbidity in the world.!
It is associated with a persistent activa-
tion of a circadian neurohormonal
system and endothelial dysfunction.
This low endothelial functon, as
exercise capacity, is associated with an
increase  in  mortality.™  Aerobic
exercise training (ET) is a well-estab-
lished nonpharmacological method to
increase exercise capacity and to
improve endothelial function (vasodila-
tation) in HF patie'nts‘i

Patients can experience farigue and
dizziness that may relate to periods of
hypotension exacerbared by vasadilator
drug therapy. The 24-hour ambulatory
blood pressure monitoring (ABPM) in
HF may help to evaluate time-depen-
dent pharmacodynamic drug effects and
titrate angiotensin-converting enzyme
(ACE) inhibitors and other dmgs to
opcimimljm.ﬁ

Auscultation of the Korotkoff sounds
is fraughr with potential sources of error.”
Aurterial blood pressure (BP) has a daily
variation characterized by reductions
during sleep, a rapid rise on awakening,
and increased variability during the
awake period® The timing and ampli-
tude of the rhythm of BP is influenced by
intrinsic and extrinsic facrors, such as
neurohormonal regulation, ET, and die-
tary sodium.” The 24-hour ABPM is
reproducible and allows registration of
the BP in persons engaged in usual activi-
ties, avoiding the white-coat effect.” We
hypothesized that ET could decrease 24-
hour BP in HF patiens and in healthy
persons by the artenuation of the sympa-
thetic system. The aim of this study was
to evaluate the effect of ET on 24-hour
BP in sedentary HF patients.

The aim of this sludy was to evaluate the 24hour ambulatory blood pressure moni-
foring [ABPM] response fo exercise fraining (ET) in heart failure (HF] patients.
Twelve HF patients and 15 sedentary healthy controls underwent ET for 2 months
(3 times per week from 80%-90% of the ventilatory threshold). ABPM was per-
formed before and 2 days affer the last exercise season. Despite the fact that ET in
HF patients was associated with significant improvements in peak oxygen consump-
tion (pVOy, there were no significant changes in systolic blood pressure (SBP), dia-
stolic blood pressure (DBP|, and heart rate (HR). On the other hand, controls
decreased 24hour mean SBP (117+8-115+9 mm Hg, P=.019) and 24hour
mean DBP (73+6-71+5mm Hg, P=.016), mainly at nightime SBP (107+8-
103+9, P=.0004) and DBP (63+5-59+5 mm Hg, P<.0001). No changes in HR
were found in confrols. Values of 24-hour blood pressure did not change with ET
in HF patients. Congest Heart Fail. 2009;15:1-5. ©2009 Wiley Periodicals, Inc.
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Methods
Population. Nineteen sedentary HF
patients were recruited from an HF
ambulatory unit from March 2006 to
March 2007. Twelve HF patients (10
male and 2 female), aged 5249 years,
with left ventricle ejection fraction
32%+5% (echocardiography), New
York Heart Associaon (NYHA)
functional class 1.740.7, peak oxygen
consumption  (pVO;) 2043 ml/kg/
min, and body mass index (BMI)
2243 kg/m2 (Table 1) completed the
protocol.

All patients were in stable clinical
condition without changes on medica-

tion and free from any kind of ET for

3 months. Patients with atrial fibrilla-
tion, a pacemaker, noncardiovascular
funcrional limitarions such as ostecar-
thritis, and chronic obstructive pulmo-
nary disease (proven by baseline
pulmonary function test) were excluded

from the study.

Fifteen sedentary healthy patients
without cardiovascular risk  facrors
(I3 male and 12 female), aged

2548 years, with BMI 2045 kg/m?,
and pVO; 3345 ml/kg/min  com-
pleted the exercise training protocol
as conmols. An ethical committee
approved this protocol and all patients
provided informed consent before

participation.

exercise training on 24-hour ABPM
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About “Resting Heart Rate Does Not Reflect the Degree of
Beta-Blockade in Subjects with Heart Failure on Chronic

Beta-Blocker Therapy”

Vitor Oliveira Carvalho

Laboratario de insuficiéncia Cardiaca e Transplante do instituto do Corag3o do Hospital das Clinicas da Faculdade de Medicina da UsP

{inCor HC-FMUSP), sao Paulo, Brazil

This study is very interesting and adds important in-
formation to the discussion about rest heart rate ver-
sus beta-blocker daily dose as endpoints to heart [ailure
lreatment.

Mignatti et al. [1] concluded that the rest heart rate is
not associated with norepinephrine plasma level and sug-
gest that the rest heart rate should not be used to tailor
the beta-blocker therapy. They support the uptitration of
beta-blockers based on daily doses rather than physiolog-
ical endpoints.

Carvalho et al. [2] studied the heart rate dynamic dur-
ing the cardiopulmonary exercise test in heart {ailure pa-
tients with different sensibilities of carvedilol. They found
that the group of patients who had the rest heart rate less
than 60 beats per minute had the same heart rate dy-
namic during the exercise, independent of the carvedilol
daily dose. This also happened with the group of patients
who had a rest heart rate more than 60 beatls per minute.
This study, unlike the Mignatti's, suggests that the
optimization of the beta-blocker therapy should be char-
acterized by the rest heart rate instead of the daily
dose.

These conflicting data show that the discussion about
beta-blockers target dose and rest heart rate is not over
and the scientific community has a lot of things to
leamn.

Cardiovascutar Therapeutics 27 {200%) 221 (T 2009 Blackwall Publizhing Ltd
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HYDROTHERAPY IN HEART FAILURE: A CASE

REPORT

doi: 10.1590/51807-59322009000800020

Vitor Oliveira Carvalho,'"! Edimar Alcides Bocchi,M" Guilherme Veiga Guimardes™!

BACKGROUND

Heart failure is considered to be the last stage of heart
disease and a significant cause of morbidity and mortality
worldwide."™ It is characterized by the persistent activation
of the neurchormonal system.* endothelial dysfunction?®
exercise intolerance,>** high mortality' and a poor quality
of life.!!

Exercise training has been strongly recommended as
a safe and important tool for the non-pharmacological
treatment of heart failure. Exercise training improves
exercise capacity.'*'* quality of life.'* endothelial
dysfunction.” skeletal muscle oxidative capacity.'® the
cathecolamine plasma level'” and the autonomic and
ventilatory responses.'® In heart failure patients. designing an
appropriate aerobic exercise routine is crucial for obtaining
both an increase in exercise capacity and the reasonable
control of exercise-related risks.'®

Hydrotherapy (i.e., exercise in warm water) had been
considered potentially dangerous in heart failure patients
due to the increased venous return caused by the hydrostatic
pressure. However., il is now known that cardiac function
actually improves during water immersion due to the
increase in early diastolic filling and decrease in heart rate,
resulting in improvements in stroke volume and ejection
fraction.'” Studies with sauna therapy (i.e., warming) have
demonstrated important improvements in neurohormonal
attenuation and exercise status in heart failure patients. These
data suggest that hydrotherapy is a good potential treatment
for heart failure patients. However, few studies are available,

"Unidade Clinica de Insuficiéncia Cardiaca e Transplante do Instituto do
Coragao do Hospital das Clinicas da Faculdade de Medicina da USP (InCor
HC-FMUSP) - Sao Paulo/SP, Brazil.

" Laboratirio de Atividade Fisica e Satide do Centro de Praticas Esportivas
da Universidade de Sio Paulo (LATIS-CEPEUSP) - Sao Paulo/SP, Brazil.
Email: vitor.carvalho @usp.br

and none have compared conventional rehabilitation to
hydrotherapy.™

This study was partially supported by “Coordenacio de
Aperfei¢oamento de Pessoal de Nivel Superior”.

CASE REPORT

A 5l-year-old male heart failure patient (ischemic
etiology with 40% left ventricular ejection fraction) was
recruited from a cardiology hospital to this rehabilitation
program (Table 1). This patient underwent 24 exercise
sessions in a 22-24°C temperature-controlled gym
(conventional exercises) between May and July 2007.
After the exercise fraining program, this patient was invited
{o continue in our rehabilitation program but opted out.
After 6 months, the patient returned to our program to
continue the exercise program, and we assigned him to
hydrotherapy. Between January and March 2008, he had
24 more exercise sessions in a 30-31°C temperature-
controlled swimming pool (hydrotherapy). The exercise
training protocol was almost the same for both methods: 5
minutes of warm up exercises (stretching). 30 minutes of
aerobic exercise training (90% of ventilatory threshold).
25 minutes of strength exercises (lower and upper limbs)
and 5 minutes of cool down exercises (stretching). A
treadmill (Max 1: Marquette Electronics; Milwaukee, W1,
USA) cardiopulmonary exercise test (Vmax 229 model,
SensorMedics, Yorba Linda, CA, USA), 24-hour ambulatory
blood pressure measurement (Space Labs Redmond, Wash,
USA). New York Heart Association functional classification
and a Minnesota Living With Heart Failure Questionnaire
were performed before and after the exercise training
protocols (the cardiopulmonary exercise test was performed
2 days prior to the other evaluations). The medications were
not changed during the protocols (150 mg/day Carvedilol,
100 mg/day Losartan, 40 mg/day Furosemide. 25 mg/day

824
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Background: In healthy subjects, the percentage of heart rate reserve [¥HRR) versus the percentage of
oxygen consumption reserve (¥VO;R) is the closest relationship between heart rate and VO, and it seems
also to be true to heart failure patients only if they are under optimized beta-blocker therapy.

Aim: To evaluate the closest relationship between heart rate and VO, (¥peak heart rate versus Zpeak VO,; %
HRE versus ¥VO:R or absolute heart rate versus absolute WO;) in heart transplant recpients during a

ffé::a;gsl;m treadmill cardiopulmonary exercise test.

Heart rate Methods: A total of 19 sedentary heart transplant recipients (54433 years after transplant] in a stable
Oxygen consumption condition (for, at least, 3 months), were recruited to perform a cardiopulmonary exercise test The
Carvedilol relationship between ¥HRR-XVOLR, ¥peak heart rate versus %peak VO; and absolute heart rate versus

absolute VO, were tested.

Results: The strongest relationship was found between $HRR-2VOLR (r = 095, p=0.0001), followed by %peak heart
rate versus Epeak VO, (r=091, p= 00001 ] and absolute heart rate versus absolute VO, (r =067, p=00001), The
mean regression line did not coincide with the line of identity in any group (p<0.0001 for all groups).

Conclusion: The HRR versus V0, R showed the closest relationship followed by ¥peak heart rate versus ¥peak VO,
and absolute heart rate versus absolute VO,. Despite this, the perfect reliability of the heart rate versus WOz was not

Exercise prescription
Cardiac rehabilitation

found.

© 2009 Elsevier Ireland Led. All rights reserved.

1. Background

Heart failure is considered to be the final stage of heart disease and a
significant cause of worldwide mortality and morbidity [1-4). End-stage
of heart failure, which is marked by a lack of response to medical
treatment, disabling symptoms and repeated hospital stays, is assodated
with high morbidity and mortality [5]. Heart transplantation is an
acceptable gold standard treatment for selected patients in the terminal
stages [6].

The cardiopulmonary exerdse test is a well-established technique to
evaluate peak oxygen consumption (V0. ) and heart rate dynamicin heart
transplant recipients |7] Aerobic exercise training is also a well-
established non-pharmacological way of increasing VO: in heart
transplant recipients. The prescription of an adequate aerobic effort is
crudal to obtain both an increase in exerdse capacity and a reasonable
control of exercise-related risks [8].

* Thig smudy was partially supported by “Coordenagdo de Aperfeioamento de
Pessoal de Nivel Superior®,
* Corresponding author, Av. Dr. Enéas de Cavalho Aguiar, 44, Laboratdrio de Insufidénda
Cardiaca, Bloco 1,17 Andar ieCor. CEP: (05403 900, S3o Paulo, Brazil. Tel: +55 11 30695419,
E-mail address: vitor.carvatho@uspbr (V0. Carvalho),

167-5273/% - see front matter © 2000 Elsevier lreland Ltd. All rights reserved.
doi:10.1016/j.ijard 2009.07 035

Heart rate is a cardiovascular variable easily and cheaply measured
by a simple heart rate monitor [9]. The advantage of using the heart
rate as a variable to monitor and prescribe the exercise training is the
close relation with VO in both healthy people and in heart failure
patients [ 10]. This relationship is especially closer when considering %
heart rate reserve ( %HRR) and %V0, reserve (%VOsR). In heart failure
patients, this ¥HRR-%VO.R reladonship seems to be true only
optimized beta-blocker heart failure patients | 10]. However, no data is
available in heart ransplant patients.

The aim of this study was to evaluate the closest relationship
between heart rate and VO (%peak heart rate versus %peak VOg; ¥HRR
versus #VO;R or absolute heart rate versus absolute V0;) in heart
transplant recipients during a treadmill cardiopulmonary exercise test,

Z Materials and methods
21, Smudy population

Actotal of 19 sedentary heart ransplant recipients in a stable condition (for, at least,
3 months), were recruited from a tertiary cardiology hospital from May 2007 to April 2009
to perfor m a cardiopulmonary exercise test. All sedentary heart ransplant recipients were
in a clinically sable condition, 5.4 + 3.3 years having elapsed following transplantation,
Endomyocardial biopsy did not show any evidence of tissue refection during the entire
sudy. Subjects' characteristics arelisted in Table 1.

Please cite this article as: Carvalho VO, et al, The relationship between heart rate and oxygen consumption in heart transplant recipients
during a cardiopulmonary exercise test, Int ] Cardiol (2009), doi:10.1016/j ijcard 2009.07.035
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Is the 6-min walking test a sub-maximal exercise test

in heart failure patients?

Vitor Oliveira Carvalho » Guilherme Veiga Guimaries

Accepted: 11 Angust 2009
© Springer-Verlag 2009

The study by Jehn et al. (2009) is interesting and adds
important information to the discussion about the 6-min
walking test as a sub-maximal exercise test in heart failure
patients. The current study compared the cardiorespiratory
responses during a 6-min walking test performed in a
corridor with those during a maximal cycle ergometer
exercise test in patients with three different stages of heart
failure based on the peak oxygen uptake (VO 2apeqi): group 1:
=252 mlkg per minute: group 2: between 17.5 and
252 mlVkg per minute and group 3: <17.5 mlkg per
minute. The authors concluded that heart failure patients
with a VOgpea <17.5 ml/kg per minute reached higher
levels of respiratory response during the 6-min walking test
compared with patients with a VO, =252 ml/kg per
minute. These data would benefit from being expressed
relative to the responses to incremental exercise on the
treadmill, rather than the cycle ergometer: i.e.. treadmill
walking being more closely related to walking test per-
formance. In addition, the authors could have used the
prognostic cutoff point for VO, in heart failure patients
to divide the groups: 14 ml/kg per minute (Mehra et al.

V. Q. Carvalho () - G. V. Guimaries

Labomtirio de Insuficiéncia Cardiaca ¢ Transplante do Instituto
do Coragiio do Hospital das Clinicas da Faculdade de Medicina
da USP (InCor HC-FMUSP), Av. Dr. Enc¢as de Carvalho Aguiar,
44, Bloco 1, 10 Andar, InCor., 580 Paulo, Brazil

e-mail: vitor.carvalho@ usp.br

V. O. Carvalho - G. V. Guimariies

Labomtirio de Atividade Fisica ¢ Saude do Centro de Praticas
Esportivas da Universidade de Sio Paulo (LALS, CEPEUSP),
S80 Paulo, Brazil

Published online: 27 August 2009

2006), or more recently 12.5 mlkg per minute (Guimaraes
et al. 2009) instead of the 17.5 ml/kg per minute criterion.

The discussion on the nature of the sub-maximal 6-min
walking test is not new. Guimardes et al. 2002 evaluated
the cardiorespiratory response of 12 male heart failure
patients (New York Heant Association functional class TIT
and 15.4 ml/kg per minute) in a treadmill cardiopulmo-
nary exercise test and in a 6-min walking test. The tests
showed that the respiratory exchange ratio at end exercise
was of the order of 1.0 (mean of 1.06), The respiratory
exchange ratio during the 6-min walking test represented
94% of the peak respiratory exchange ratio reached in the
cardiopulmonary exercise test. It is known that peak
respiratory exchange ratio above 1.05 represents an effort
near to the maximum in heart failure patients (Carvalho
et al. 20092, b).

The study by Guimardes contests, for the first ime, the
sub-maximal status of the classical 6-min walking test and
proposes a new method to perform this test using the Borg
Scale between “relatively easy™ and “slightly tiring™. This
new method assures the 6-min walking test as sub-maxi-
mal. The Borg Scale is recognised as an imporiant tool
of self-monitoring and self-regulation of the exercise
(Carvalho et al. 2009a, b). A second study (Guimardes
et al. 2008) showed that the 6-min walking test using the
Borg Scale in heart failure patients is reproducible and
once more that this methodology assures the 6-min walking
test as sub-maximal.

Thus, the study by Jehn et al. provided new perspectives
for the evaluation of the 6-min walking test by taking into
account the different cardiorespiratory responses on the
different functional status of the heart failure patients.

Conflict of interest statement The authors have no conflicts to

disclose.

@ Springer
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The Borg Scale as an Important Tool of Self-Monitoring
and Self-Regulation of Exercise Prescription
in Heart Failure Patients During Hydrotherapy
—— A Randomized Blinded Controlled Trial —

Vitor Oliveira Carvalho, PT*##*; Edimar Alcides Bocchi, MD, PhD##%;
Guilherme Veiga Guimaries, PhD#*-**

Background: The Borg Scale may be a useful tool for heart failure patients to self-monitor and self-regulate
exercise on land or in water (hydrotherapy) by maintaining the heart rate (HR) between the anaerobic threshold
and respiratory compensation point.

Methods and Results: Patients performed a cardiopulmonary exercise test to determine their anaerobic thresh-
old/respiratory compensation points. The percentage of the mean HR during the exercise session in relation to
the anaerobic threshold HR (%EHR-AT). in relation to the respiratory compensation point (%eEHR-RCP), in
relation to the peak HR by the exercise test (REHR-Peak) and in relation to the maximum predicted HR (% EHR-
Predicted) was calculated. Next, patients were randomized into the land or water exercise group. One blinded
investigator instructed the patients in each group to exercise at a level between “relatively easy and slightly
tiring”. The mean HR throughout the 30-min exercise session was recorded, The %WEHR-AT and %EHR-Predicted
did not differ between the land and water exercisegroups, but they differed in the %EHR-RCP (95£7 to 86+7.
P<0.001) and in the %EHR-Peak (858 to 7819, P=0.007).

Conclusions: Exercise guided by the Borg scale maintains the patient’s HR between the anaerobic threshold

and respiratory compensation point (ie, in the exercise training zone).

(Circ J2009; 73: 1871-1876)

Key Words: Borg scale; Exercise prescription; Heart rate; Hydrotherapy; Rehabilitation

eart failure is considered to be the last stage of
heart disease and a cause of worldwide mortality
and morbidity.! It is characterized by persistent
activation of the neurohormonal system.® endothelial dys-
function,®¥ exercise intolerance. ™" high mortality!! and
poor quality of life, 1213
Exercise training is an important component of heart
failure treatment. It improves exercise capacity.’® quality
of life.’5 endothelial dysfunction,'® catecholamine levels,!”
and morbidity.'® In this population of patients, the prescrip-
tion of adequate aerobic exercise intensity based on heart
rate (HR) is crucial to ensure both an increase in exercise
capacity and reasonable control of exercise-related risk.!7
Despite the lack of consensus about which exercise method
and intensity are the best to improve heart failure patients,
a submaximal level (ie, between the anaerobic threshold
and respiratory compensation point) seems to have the best
security/efficacy relationship.!” Higher exercise intensities
are associated with displeasure2” and reduced adherence.?!
Hydrotherapy (ie, exercise in warm water) has been
considered potentially dangerous for heart failure patients
because of the increased venous return caused by the hydro-

static pressure.’? However, nowadays, it is known that
cardiac function improves with water immersion, which
increases early diastolic filling and decreases HR, leading to
improvements in stroke volume and left ventricular ejection
fraction (LVEF).!® Hydrotherapy has advantages compared
with conventional land training because of the combina-
tion of exercise and warming.” Studies using saunas (ie,
warming) have shown important improvements in neurc-
hormonal attenuation and exercise status in heart failure
patients.” These findings suggest that hydrotherapy is a
potential treatment for heart failure patients, despite only
the few studies available. Exercise guided by the Borg Scale
of between “relatively easy and slightly tiring” has been
proposed to guarantee submaximal effort during exercise.”
Despite the importance of exercise intensity, little is known
about the self-monitoring and self-regulating of exercise
intensity by heart failure patients, particularly during hydro-
therapy.

The aim of this study was to evaluate if the Borg Scale
could be used to self-monitor and self-regulate exercise on
land or in water by maintaining the heart failure patient’s
HR between the anaerobic threshold and respiratory com-
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in heart failure patients
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Abstract

Background: A previous study assoctated CD34™ levels with NYHA functional class in heart
failure patients. The aim of this study was to correlate CD34" levels to exercise capacity,
functional class, quality of life and norepinephrine in heart failure patients.

Methods: Twenty three sedentary patients (52 + 7 years, 78% male) answered the Minnesota
Living with Heart Failure Questionnaire and rested for 20 minutes before an tnvestigator
collect a blood sample. After this, patients performed a cardiopulmonary exercise test to deter-
mine the heart rate at anaerobic and ventilatory threshold and oxygen consumption at peak
effort, at anaerobic and ventilatory threshold. One other blood sample was collected during the
peak effort to investigate the norepinephrine and CD34" levels.

Results: Rest percentage of CD34" did not show corvelation with: left ventricle ejection
fraction (r = 0.03, p = 0.888), peakVO, (r = 0.32, p = 0.13), VO, at anaerobic threshold
(VOAT) (r = 0.03, p = 0.86), VO: at ventilatory threshold (VOVT) (v = 0.36, p = 0.08),
NYHA functional elass (r = -0.2, p = 0.35), quality of life (Minnesota) (r = —0.17, p = 0.42).
CD34* did not show correlation, either, with: peak VO, (r = 0.38, p = 0.06), VOAT (r = 0.09,
p = 0.65), VONT (r = 043, p = 0.4), NYHA functional class (r =—0.13, p=0.54), quality of
life (r = 0.00, p = 0.99).

Conclusions: CD34" levels did not correlate with exercise capacity, functional class, quality
of life and norepinephrine. Percentage of CD34" levels did not increase during the cardiopul-
monary exercise test in heart fatlure patients. (Cardiol ] 2009; 16, 5: 426-431)

Key words: exercise capacity, CD34%, quality of life, functional class,
norepinephrine, stem cell
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Validacao da Versao em Portugués do Minnesota Living with Heart

Failure Questionnaire
Validation of the Portuguese Version of the Minnesota Living with Heart Failure Questionnaire

Vitor Oliveira Carvalho, Guilherme Vieiga Cuimardes, Dirceu Carrara, Fernando Bacal, Edimar Alcides Bocchi
Laboratério de Insuficiéncia Cardiaca e Transplante do Instituto do Coracdo do Hospital das Clinicas da Universidade de 580 Paulo (InCor
HCFMUSP), 3o Paulo, SP— Brasil

Resumo

Fundamento: O Minneseta Living with Heart Failure Questionnaire (MLHFQ) é uma importante ferramenta de avaliagio
da qualidade de vida em pacientes com insuficiéncia cardiaca. Apesar de amplamente usado em nosso meio, nio
contivamos com a sua traducdo e validacio em lingua portuguesa.

Objetivo: Este estudo pretendeu traduzir e validar a versio em portugués do MLHFQ em pacientes com insuficiéncia
cardiaca.

Meétodos: Quarenta pacientes com insuficiéncia cardiaca (30 homens, FEVE 30£6%, 55% de etiologia isquémica, NYHA
I a Ill) com estabilidade clinica e terapia medicamentosa otimizada realizaram teste cardiopulmonar maximo para
avaliacio da capacidade fisica. Logo apds, o MLHFQ, devidamente traduzido, foi aplicado por um mesmo pesquisador.
A classe funcional NYHA foi encaminhada pela equipe medica.

Resultados: A versio em portugués do MLHFQ apresentou-se com a mesma estrutura e métrica da versdo original.
Nio houve dificuldade na aplicacio e compreensao do questionario por parte dos pacientes. A versio em portugués do
MLHFQ mostrou-se concordante com o pico de VO,, o tempo de exercicio do teste cardiopulmonar e com a classificagio
funcional da NYHA. Nio houve diferenca da média do escore do questiondrio entre os grupos de etiologia isquémica e
nao-isquémica.

Conclusio: Aversiao em lingua portuguesa da MLHFQ, proposta no presente estudo, demonstrou ser vilida em pacientes
com insuficiéncia cardiaca, constituindo uma nova e importante ferramenta para avaliar a qualidade de vida. (Arq Bras
Cardiol 2009;93(1):39-44)

Palavras-chave: Insuficiéncia cardiaca, validagio, questiondrios, qualidade de vida.

Summary
Background: The Minnesota Living with Heart Fallure Questionnaire (MLHFQ) 15 an important measurement instrument for assessing the quality
of life of heart failure patients. Despite being largely used within our context, the questionnaire had not yet been translated and validated into

the Portuguese language.
Ohjective: Of this study was to translate and validate the Portuguese version of the MLHFQ for use in heart failure patients.

Methods: Forty patients with heart failure (30 men, IVEF 30=6%, 55% ischemic eticlogy, classified as NYHA | to lll), clinically stable and on
optimized drug therapy underwent maximal cardiopulmonary stress testing to assess their physical capacity. Right after the test, the MLHFQ duly
transiated into Portuguese was administered by the same investigator. The NYHA functional classification was provided by the medical team.

Results: The Portuguese version of the MLHFQ had the same structure and metrics of the original version. There was no difficulty in the
administration of the questionnaire or in the patient’s understanding of the questions. The Portuguese version of the MLHFQ was consistent
with peak VO, duration of the cardiopulmonary test, and NYHA functional classification. There was no difference in the score mean for the
guestionnaire between the group of patients with ischemic etiology and the group with non-ischemic etiology.

Conclusion: The Portuguese version of the MLHFQ proposed in this study proved to be valid for heart failure patients, and constitutes a new
and important instrument for assessing quality of life. (Arq Bras Cardiol 2009;93(1):36-41)
Key words: Heart failure; validation; questionnaires; quality of life.
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Exercise training is a well-established nonpharmacological meth-
od to increase exercise capacity, an important prognostic variable [1],
and to restore quality of life in heart failure patients [2]. Despite this,
new methods (like hydrotherapy and interval exercise training) have
been proposed with the aim of potentiate the well known benefits of
the conventional rehabilitation.

Hydrotherapy (i.e, exercise in warm water) had been considered
potentially dangerous in heart fallure patients due to the increased
venous return caused by the hydrostatic pressure. However, it is now
known that cardiac function actually improves during water immersion
due to the increase in early diastolic filling and decrease in heart rate,
resulting in improvements in stroke volume and ejection fraction |3}
Despite of this, the literature ladks on studies companng hydrotherapy
and conventional exercise training in heart failure patients.

The study by Caminiti et al. [4] is very interesting and adds
important information to what we know abeut hydrotherapy in heart
failure patients. This randomized study investigated the gains of
adding hydrotherapy into a conventional exercise fraining program.
The authors compared the endurance group ( only land exercises) to a
combined group (hydrotherapy plus land exercises, performed in
different days) in a 3 session/week for 24 weeks exercise training
program. The main original finding of the study was that the patients
who performed the combined training walked a greater distance at
the six-minute walking testthan those who performed the endurance
training alone. This means that the’eembined group improved more
the exercise capacity, an.important prognostic variable | 1].

The study by Caminiti‘et al. did not show great details about
adherence and exercise prescription, espedally in the hydrotherapy
protocol. As the authors reported, the study has some limitations and
they could have influenced the result, We must be careful when
interpreting this data.

* Corresponding author. Av. Dr. Enéas de Carvalho Aguiar, 44, Laboratdcio de
Insuficiéncia Cardiaca, Bloco 1, 1 Andar InCor HCFMUSE, CEF: 05403-900, 530 Paulo,
Brazil. Tel: + 55 11 3069541%9; [ax: +55 11 30693522,

E-mail address: vitor.caralho@usp.be (V.0. Carvalho),

0167-5273/8 - see front matter 2010 Elsevier Ireland Ltd, All rights reserved.
doi:10.1016/ljcard. 2010.02.050

The authors explained the greater improvement in the exercise
tolerance in the combined group by combination of a higher prescribed
in-water exercise intensity with endurance training (vs endurance
training alone). Despite of this, an extra speculation could be made. The
randomized study by Carvalhoetal investigated the heart rate response
when the land exercise training or hyd rotherapy were guided by a given
rating of perceived exertion between “relatively easy and slightly tiring”
in heart failure patients. The authors found that the mean exercise heart
rate was in the.exerdse training zone of prescription for both groups
(between the heart rate concerning to the first and the second
ventilatory thresholds). The patients in the hydrotherapy group had
the mean heart rate lower than the land group, what could reflect the
effectof waterimmersion and the hemodynamic improvement not only
in the rest, but also during the exercise [3,5] Interestingly, the
hydrotherapy group seemed to exercise at a lower heart rate for the
same given perceived level of exertion when compared to the land
group Maybe the hydrotherapy hasa protective effect on the heart [6]
and it could also have contributed to the greater gain in exercise capadty
in'the study by Caminiti etal

These data suggest that hydrotherapy could be a very interesting
method of rehabilitation for heart failure patients and may add extra
gains to the conventional exercise program
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Abstract

Background: Physical activity (PA) has proven benefits in the primary prevention of heart
diseases such as heart failure (HF). Although it is well known, HF PA habits and physicians’
advice have been poorly described. The aim of this study was to investigate if physicians were
advising HF patients fo exercise and to quantify patients’ exercise profiles in a complex
cardiology hospital.

Methods: All 131 HF patients (80 male, average age 53 + 10 years, NYHA class I-V, left
ventricular ejection fraction 35 = 11%, 35 ischemic, 35 idiopatic, 32 hypertensive and 29 with
Chagas disease) went to the hospital for a HF routine check-up. On this occasion, after seeing
the physician , we asked the patients if the physician had advised them about PA. Then, we
asked them fto fill in the international physical activity questionnaire (IPQA) Short Form to
classify their PA level.

Results: Our data showed a significant difference between patients who had recetved any
kind of PA advice from physicians (36%) and those who had not (64%, p<0.0001). Using the
IPAQ criferia, of the 36% of patients who had received advice, 12.4% were classified as low
and 23.6% as moderate. Of the 64% of patients who did not receive advice, 26.8% were
classified as lowand 37.2% as moderate. Etiology (except Chagas), functional class, ejection
fraction, sex and age did not influence the PA profile.

Conclusions: Physicians at a tertiary cardiology hospital were not giving patients satisfactory
advice as to PA. Our data supports the need to strengthen exercise encouragement by physicians
and for complementary studies on this area. (Cardiol ] 2010; 17, X: xx—=xx)

Key words: heart failure, exercise, adherence, rehabilitation
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Background

In recent vyears, beta-blocker therapy has become a primary pharmaco-
logic intervention in patients with heart failure by blocking the sympa-
thetic activity. To compare the exercise training's sympathetic blockade
in healthy subjecis (athletes) and the carvedilol’s sympathetic blockade in
sedentary heart failure patients by the evaluation of the heart rate dy-
namic during an exercise test. A total of 26 optimized and 49 nonopti-
mized heart failure patients in a stable condition (for, at least, 3 months),
15 healthy athletes and 17 sedentary healthy subjects were recruited to
perform a cardiopulmonary exercise test. The heart rate dynamic (rest, re-
serve, peak and the peak heart rate in relation to the maximum predicted
for age) was analyzed and compared between the four groups. The heart
rate reserve was the same between optimized (48 £+ 15) and nonoptimized
{49 £ 18} heart failure patients (P = 0.0001). The athletes (188 £ 9)
showed a larger heart rate reserve compared to sedentary healthy subjects
{92+ 10, P = 0.0001). Athletes and healthy sedentary reached the maximum
age-predicted heart ratefor their age, but none of the heart failure patients
did. The carvedilol’s sympathetic blockade occurred during the rest and during
the peak effort in the same proportion, but the exercise training's sympathetic
blockade in healthy subjects occurred mainly in the rest.

the patients’ beta-blockade status (if they are optimized
or not). This previous study also showed that the heart

Heart failure is considered the last stage of heart dis-
eases and a significant cause of worldwide mortality and
morbidity [1,2]. It is characterized by a persistent activa-
tion of the neurohormonal system [3,4]. In recent years,
beta-blocker therapy has become a primary pharmaco-
logic intervention in patients with heart failure by block-
ing the sympathetic activity [5]. Since this beta-blocker
era, too many speculations about the heart rate dynamic
have been made, specially the decreased heart rate re-
sponse during exercise. The inability to achieve 85%
maximal age-predicted heart rate has been arbitrarily set
as a chronotropic incompetence [6]. Despite of this, a pre-
vious report has shown that the maximal age-predicted
heart rate achieved during an exercise test depends on

Cardicvascular Therapeutics 00 (2009) 1-6 € 2009 Elackwell Publishing Ltd

rate reserve remains constant in heart failure patients in-
dependently of the carvedilol's daily dose [7], but the
comparison between optimized and nonoptimized heart
failure patients based on resting heart rate (<60 or =60
beats per min) independently of the patient's sensibil-
ity to the carvedilol was not performed. It seems that
the carvedilol's sympathetic blockade decrease the rest-
ing heart rate proportionally to the peak to maintain a
constant heart rate reserve.

In healthy subjects, exercise training induces a sym-
pathetic blockade (vagotonia) expressed by a low resting
heart rate. It is well known that the lower resting heart
rate could predict the exercise capacity status [8]. Despite
this, healthy subjects reach the maximum age-predicted
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The Borg Scale as an Important Tool of Self-Monitoring
and Self-Regulation of Exercise Prescription
in Heart Failure Patients During Hydrotherapy
—— A Randomized Blinded Controlled Trial —

Vitor Oliveira Carvalho, PT**#; Edimar Alcides Bocchi, MD, PhD*-##;
Guilherme Veiga Guimaraes, PhD***

Background: The Borg Scale may be a useful tool for heart failure patients to self-monitor and self-regulate
exercise on land or in water (hydrotherapy) by maintaining the heart rate (HR) between the anaerobic threshold

and respiratory compensation point.

Methads and Results: Patients performed a cardiopulmonary exercise test to determine their anaerobic thresh-
old/respiratory compensation points. The percentage of the mean HR during the exercise session in relation to
the anaerobic threshold HR (%EHR-AT). in relation to the respiratory compensation point (%EHR-RCP), in
relation to the peak HR by the exercise test (% EHR-Peak) and in relation to the maximum predicted HR (% EHR-
Predicted) was calculated. Next, patients were randomized into the land or water exercise group. One blinded
investigator instructed the patients in each group to exercise at a level between “relatively easy and slightly
tiring”. The mean HR throughout the 30-min exercise session was recorded. The %EHR-AT and %EHR-Predicted
did not differ between the land and water exercisegroups, but they differed in the %EHR-RCP (95£7 to 864£7.

P<0.001) and in the @ EHR-Peak (858 to 78£9, P=0.007).

Conclusions: Exercise guided by the Borg scale maintains the patient’s HR between the anaerobic threshold
and respiratory compensation point (e, in the exercise training zone).  (Cire J 2009; 73: 1871-1876)

Key Words: Borg scale: Exercise prescription; Heart rate; Hydrotherapy: Rehabilitation

eart failure is considered to be the last stage of
H heart disease and a cause of worldwide mortality
and morbidity.! Tt is characterized by persistent
activation of the neurohormonal system,’ endothelial dys-
function,** exercise intolerance.™" high mortality!' and
poor quality of life,12.13
Exercise training is an important component of heart
failure treatment. It improves exercise capacity,™* quality
of life.’S endothelial dysfunction,!® catecholamine levels,!
and morbidity.!8 In this population of patients, the prescrip-
tion of adequate aerobic exercise intensity based on heart
rate (HR) is crucial to ensure both an increase in exercise
capacity and reasonable control of exercise-related risk.!7
Despite the lack of consensus about which exercise method
and intensity are the best to improve heart failure patients,
a submaximal level (ie, between the anaerobic threshold
and respiratory compensation point) seems to have the best
security/efficacy relationship.!” Higher exercise intensities
are associated with displeasure? and reduced adherence.2!
Hydrotherapy (ie, exercise in warm water) has been
considered potentially dangerous for heart failure patients
because of the increased venous return caused by the hydro-

static pressure.’? However. nowadays, it is known that
cardiac function improves with water immersion, which
increases early diastolic filling and decreases HR. leading to
improvements in stroke volume and left ventricular ejection
fraction (LVEF).'® Hydrotherapy has advantages compared
with conventional land training because of the combina-
tion of exercise and warming. Studies using saunas (ie,
warming) have shown important improvements in neuro-
hormonal attenuation and exercise status in heart failure
patients.2* These findings suggest that hydrotherapy is a
potential treatment for heart failure patients, despite only
the few studies available. Exercise guided by the Borg Scale
of between “relatively easy and slightly tiring” has been
proposed to guarantee submaximal effort during exercise.”
Despite the importance of exercise intensity, little is known
about the self-monitoring and self-regulating of exercise
intensity by heart failure patients, particularly during hydro-
therapy.

The aim of this study was to evaluate if the Borg Scale
could be used to self-monitor and self-regulate exercise on
land or in water by maintaining the heart failure patient’s
HR between the anaerobic threshold and respiratory com-

(Received May 18, 2009 revised manuscript received June 15, 2009; accepted June 18, 2009: released online August 28, 2009)
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pensation point (ie, in the exercise training zone).

Methods

Study Population
A total of 64 outpatients with heart failure were recruited
from a tertiary cardiology hospital from March 2007 to
June 2008. Inclusion criteria were: clinical and treatment
stability (for at least 3 months), LVEF <40%, New York
Heart Association functional class -1l and no previous
participation in an exercise training program. Patients were
either unaccustomed to or had no previous experience with
water or swimming. Patients with a pacemaker, atrial fibril-
lation, Chagas’ disease. a submaximal cardiopulmonary
exercise test (CPET) or noncardiovascular functional limi-
tations, such as stroke or chronic ohstructive pulmonary
disease. were excluded. Patient characteristics are shown in
Table 1.

The study protocol was approved by the ethics commit-
tee of the study institution. All patients provided informed
consent prior Lo participation.

Study Design

This clinical trial was designed to evaluate if the Borg Scale
used between “relatively easy and slightly tiring” could be
an important tool for self-monitoring and self-regulating
exercise prescription on land or in water by maintaining the
heart failure patient’s HR between the anaerobic threshold
and respiratory compensation point (ie. in the exercise train-
ing zone), Firstly, all patients performed a CPET to deter-
mine the HR dynamics: resting HR, peak HR, anaerobic
threshold and respiratory compensation point. When the
CPET was completed, patients were randomized one by one
to the land or water exercise group. Between 2-3 days after
the randomization, patients performed the exercise session.
One blinded investigator who did not see the patient’s
CPET or the HR corresponding to the anaerobic threshold/
respiratory compensation point, conducted the exercise
session. The investigator advised the patients to exercise
at a pace between “relatively easy and slightly tiring”
{between |1 and 13 on the Borg Scale). HR was collected
throughout the 30-min session and the mean was calculated.

CPET

All patients were asked to refrain from both strenuous
physical activity and the consumption of any stimulants
{eg, coffee, tobacco, alcohol) that could influence HR for
24h prior to the CPET. The patients’ last meal was ingested
at least 2h before the start of the test. All subjects under-
went the test on a programmable treadmill (Series 2000,
Marquette Electronics, Milwaukee, WI. USA} in a temper-
ature-controlled room (21-23°C) between 10.00h and
15.00h with a standard 12-lead continuous ECG monitor
{Max 1, Marquette Electronics). Blood pressure monitoring
was performed by the auscultation method. Minute venti-
lation, oxygen uptake, carbon dioxide output and other
cardiopulmonary variables were acquired breath-by-breath
by a computerized system ( Vmax 229 model, SensorMedics,
Yorba Linda, CA, USA). Resting oxygen consumption and
HR were computed as the mean of the final 30s of the
resting period, whereas peak effort (peak of oxygen con-
sumption) and peak HR were the mean values of the final
30s of effort before exhaustion. The respiratory exchange
ratios were recorded as the averaged samples obtained
during each stage of a modified Naughton protocol. A satis-

CARVALHO VO etal

factory CPET was characterized by a peak of respiratory
exchange ratio >1.05 and symptoms of maximum effori.
Maximum HR predicted for age was calculated as: 220
age. To compare the mean HR of the land and water groups
collected throughout the 30min of exercise training, we
transformed the mean HR in a relative variable to the anaer-
obic threshold and respiratory compensation point. The
percentage of the peak HR in relation to the maximal HR
predicted for the age (%PHR-Predicted) was calculated
by %PHR-Predicted=(peak HR/Predicted HR)x100. The
percentage of the mean HR during the exercise session in
relation to the anaerobic threshold HR (%GEHR-AT), deter-
mined by the CPET. was calculated as WEHR-AT=HR
session/HR anaerobic threshold>x 100, in relation to the
respiratory compensation point (REHR-RCP) as WEHR-
VT=HR session/HR respiratory compensation point 100,
in relation to the peak HR determined by the CPET (%EHR-
Peak) as %EHR-Peak=HR session/Peak HRx 100 and in
relation to the predicted HR (% EHR-Predicted) as WEHR-
Predicted =HR session/220—age < 100,

The anaerobic threshold was determined when the levels
of the ratio between VE/VOz and the oxygen partial end-
tidal pressure reached minimum values before rising. The
respiratory compensation point was determined when VE/
VCO2 reached their minimum values before rising and the
carbon dioxide partial end-tidal pressure reached its
maximum level before starting to decrease ™

Exercise Training Protocol

The heart failure patients in the land exercise group (20+
1°C controlled temperature room) were instructed by the
blinded investigator to exercise on a treadmill with zero
inclination at a level between “relatively easy and slightly
tiring” (between 11 and 13 on the Borg scale). Between 2—
3 days after the randomization. patients performed the
exercise session at the same time as they had performed the
CPET to avoid neurchormonal circadian variation. Encour-
agement was standardized with phrases such as “If you can
walk faster, increase the speed”, *You are doing very well”,
and “If it is tiring. you can reduce the speed”.” All patients
used a HR monitor (Polar, Electro Oy, Kempele, Finland)
that continuously showed the HR throughout the 30-min
exercise session and the mean HR immediately after the
study exercise protocol. The investigator checked each
patient’s HR every 5 min during the exercise training.

The patients in the water exercise group (31£1°C con-
trolled temperature swimming pool) were instructed by the
investigator to walk in 2 directions for [2m at a pace that
was between “relatively easy and slightly tiring” (between
11 and 13 on the Borg Scale). The water exercise was per-
formed at the same time as the CPET had been conducted
to avoid neurchormonal circadian variations. Patients were
not immersed up to the xiphoid.?® Encouragement was stan-
dardized with phrases such “If you can walk faster, increase
the speed”, “You are doing very well”, and “If it is tiring,
you can reduce the speed”. All patients in the water group
used the same brand of HR monitor as the land group had
used. HR was continuously monitored throughout the 30-
min exercise session and the mean HR was recorded imme-
diately after the water exercise protocol by the same device
used for the land group. The investigator checked each
patient’s HR every 5 min during the exercise training.

Current Medication Intake
All patients were instructed to take their usual heart failure
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Table 1. Characteristics of the HF Patients

1873

Land exercise Water exercise
(mean SD) {mean+5D) Foes Hea

Etiology of HF (%)

Ischemic Eli] 14 0.210 —0.098-0.0435

MNon-ischemic ] &6 0.210 —{.098-0.0435
NYHA functional class (%)

1 in ] 0.201 —0.761-0.233

] 36 20 0.291 —0.761-0.233

m 23 20 0.201 —0.761-0.233
Peak VOz (mlO2-kg-!  min-1) 1044 2145 0.309 -1.432-4 416
Sex (%)

Male £l 70 0.3%1 —0.151-0.388

Female 19 30 0.381 —0.151-0.388
Age (years) 547 4848 0.018 —10.67-—1.08
LVEF (%) 34T 2047 0.606 —5.262-3.107

Body mass index (kg/m?) 2510 2541 0.834 —5.208-4.307
Current medications: (%) mg/day
Diuretics 45 45

Furosemide 35 3110 45: 4247 0.026 1.607-21.584

Hydrochlorothiazide 10; 37417 1] - Few cases
ACEl 90 &7

Enalapnil 85; 3349 b1; 20£12 0.302 —12.406-3.974

Captopril 10; 25400 0; 25:00 - Few cases
Losartan 10; 1000 20; 1003 - Few cases
Carvedilol 100; 54+32 100; 6032 0.547 -26.289~14.149
Spironolactone 45; 250 50; 2540 0.357 —0.123-0323
Digoxin 40; 0.2540 45; 0.2540 0374 -19.448-0.148
[sosorbide 3-mononitrate 10; 1000 10; 8020 - Few cases
Hydralazine ] 10; 500 - Few cases

HF, heart failure; CL, confidence interval; NYHA, New York Heart Association; V02, oxygen consumption; LVEF, left ventricular
ejection fraction (echo); ACEL angiotensin-converting enzyme inhibitor.

medication. All were using carvedilol in association with
an angiotensin-converting enzyme inhibitor (enalapril/
captopril) or losartan and isosorbide 5-mononitrate. The
medications of the groups are shown in Table 1. Patients
took their medications twice daily: half of the daily dose was
taken in the morning (09.00h) and the other half was taken
at might (21.00h). Diuretics, digoxin and spironolactone
were taken in the morning (09.00h).

Statistical Analysis
Data are presented as mean, standard deviation and 93%
confidence interval (CI). The resting HR. peak, %EHR-AT,
%EHR-RCP, %EHR-Peak and patient’s characteristics were
normally distributed. To compare these variables between
groups, we used the unpaired Student’s t-test. Intraclass
correlation coefficients (ri) with 95%CI and Cronbach's o
were calculated to test the agreement of the %EHR-AT,
%EHR-RCP, % EHR-Peak between the land and water exer-
cise groups. This agreement test was performed to evaluate
if the HR response relative to the anaerobic threshold and
respiratory compensation point between the water and land
exercise groups was the same. because immersion in warm
water provides hemodynamic adaptations.

Data were analyzed using the Statistical Package for
Social Sciences for Windows, 1 1.5 (SPSS Inc, Chicago. IL,
USA). Statistical significance was defined as P<0.05.

Results

Both groups were well matched for sex, LVEF, body mass
index, heart failure etiology. New York Heart Association
functional class, peak oxygen consumption and current
medications (Table 1). Of the 64 recruited patients, 2 were
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Ascessed for
elegibility
(n=64) Excluded (n=2)
Ded not meet inclusion
criteria (n==2}
Refused to participate
Randomized n=(10)
/ (n=44) \ S
Alotated to | Alocated to
lard exercises waler exercises
{n=22) (n=22)
Sistartiniad | Discontinued
(n=zera) Liy pérechal
| reasons (n=2})
Analysed Analysed
(n=22) (n=20)
Figure 1. Flow of participants through the trial.

excluded because of influenza. 8 did not meet the inclusion
criteria and 10 refused to participate. After randomization
(44 patients), 2 patients from the water exercise group
dropped out of the study for personal reasons (Figure 1).
The protocol was well tolerated by all patients and no
adverse events occurred.

The %EHR-RCP (957 vs B6+7%. P<0.0001) and
% EHR-Peak (8528 vs 7840, P=0.007) differed between

the land and water exercise groups, respectively. Exercise
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Table 2. Variables of the 2 Exercise Groups

CARVALHO VO et al

Land exercise Water exercise
{mean+SD) {mean+SD) P A
CPET
Resting HR (beats'min) 69410 T6t13 0057 -0.231~15.167
HR at AT (beats/min} Bi+15 91112 0.697 —6.788~10.061
RER at AT 081406 D.83+0.4 0.203 —0.012-0.058
HR at RCP (beats/min) 107217 11714 0.048* N.OET-19.830
RER al RCP 0.9510.6 0.98£0.6 0115 —0.008-0.073
Peak HR (beats/min) 121420 31422 0.107 —2472-24318
HR predicted (beats/min) 16627 17248 0019= 1.023~10.730
% PHR-Predicted 73413 T6£12 03358 —4.023-11.433
Exercise session
HR ibeats/min) 101412 101+12 0.897 —8.386-7.368
%EHR-AT 114111 111£11 D3s2 -10.010-3.650
HEHR-RCP 9547 BotT <0.0001* —13.198~-4.707
EEHR -Peak 8548 [LERY 0007+ —12.453~-2.094
% EHR -Predicted 6148 5847 0306 =1070-2.277
*Significant values.

CPET, cardiopulmonary exercise test; HR, heart rate; AT, anserobic threshold; RER, respiratory exchange ratio; RCP, respiratory
compensation point; %PHR-Predicted, percentage of the peak HR in relation to the maximal HR predicted for age (220-age):
WEHR-AT, percentage of the mean HR during the exercise session in relation to the AT HR; %EHR-RCP, in relation to the RCP;
‘EEHR-Peak, in relation to the peak of HR in the exercise test; %EHR-Predicted. in relation to 220-age.

p=0. 0001
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Figure 2.  Heart rate response to water and
land exercise. WEHR-AT. percentage of the
mean hear rate during the exercise session
in relation to the anaerobic threshold heart
rate: %G EHR-RCP, in relation to the respira-
tory compensation point; % EHR-Peak, in
relation to the peak of heart rate in the exer-
cise test: %EHR-Predicted. in relation to
220—age.

Figure 3. Heart rate response to water and
land exercise. The upper line is the respira-
tory compensation point and the lower line
is the anaerobic threshold. Data are presented
as percentage. REHR-AT, percentage of the
mean heart rate during the exercise session
in relation to the anaerobic threshold heart
rate: %WEHR-RCP, in relation to the respira-
Lory compensation point,
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variables are listed in Table 2 and shown in Figures 2. 3.

The %EHR-AT (ri=0.63. P=0.018 with 95%CI 0.066—
(1.854 and Cronbach’s a 0.63) showed an agreement between
the land and water exercise groups, but %EHR-RCP (ri=
(.33, P=0.192 with 95%CI —0.683-0.736 and Cronbach’s «
0.33), %EHR-Peak (ri=—0.18, P=0.643 with 95%CI -0.500—
(1361 and Cronbach’s a —0.18) and % EHR-Predicted (ri=
—0.38. P=0.755 with 95%CI -2.486-0.454 and Cronbach’s
& —0.38) did not.

The blinded investigator checked each patient’s HR
every Smin during the exercise session, but no significant
differences were observed. The HR response was almost
constant during the exercise session in both groups.

Discussion

The main finding of this study is that exercise training
guided by the Borg scale of between “relatively easy and
slightly tiring” took the patient’s HR into the zone between
the anaerobic threshold and respiratory compensation point
{ie, the exercise training zone) during land or water exer-
cises. The exercise performed on land took the HR nearer
to the respiratory compensation point when compared with
the water group.

Aerobic exercise training is a well-established non-
pharmacological treatment for patients with heart failure.
Hydrotherapy is a new and well-tolerated method of exer-
cise rehabilitation that was first proposed as an alternative
for elderly and impaired patients with heart failure, but
which showed important improvements in neurchormonal
attenuation because of the hydrostatic pressure and
warming.'” Independent of the method of exercise rehabili-
tation, the prescription of adequate aerobic effort is crucial
to obtain both an acceptable training stimulus and a reason-
able control of the exercise-related risk.! Despite there
being no consensus about which exercise intensity 1s the
best for heart failure patients. a submaximal level (between
the anaerobic threshold and respiratory compensation point)
seems to have the best security—efficacy relationship.!> The
HR is a good tool to use as a guide for exercise training
because of the close relation with oxygen consumption.?’
especially when considering the percentage of HR reserve in
heart failure patients on optimized carvedilol therapy.® In
our study, the land and water exercises were well tolerated
without any complications such as dizziness, breathlessness
or muscular pain.

The high rate of dropout from exercise programs may
be attributed, in part. to the poor ability of most individuals
to accurately self-monitor and self-regulate their exercise
intensity.”” The Borg scale is a simple and cheap method of
self-monitoring that correlates with submaximal effort in
healthy subjects.? The transition from aerobic to anaerobic
metabolism 1s associated with exponential changes in
several perceptible peripheral physiological functions, such
as ventilation.?! Heart failure patients can manage to use the
Borg scale well and its use guarantees a submaximal effort
in the 6-min walking test.” The Borg scale also can be quite
useful in prescribing exercise training intensity.’2 In the
present study, the patients did not have any difficulties
understanding the exercise training as guided by the Borg
scale.

Some studies have evaluated perceived exertion and
the transition to anaerobic metabolism during exercise
testing. 2334 Ekkekakis et al studied 30 young and healthy
volunteers (on a treadmill) and concluded that exercise
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intensity above the point of transition from aerobic to
anaerobic metabolism is accompanied by significant dis-
pleasure about the exercise.”® Hetzler et al studied 29
untrained male subjects (using a cycle ergometer and tread-
mill} and concluded that the exercise modality does not
affect the perception of exertion at the anaerobic thresh-
old.2? Hill et al determined the effect of exercise training on
perceived exertion at the respiratory compensation point
and concluded that the rating of perceived exertion is
not affected by training, despite the fact that after exercise
training the respiratory compensation point occurs at a
higher work rate.? It seems that. in healthy subjects, self-
perceived exertion is related to the metabolic profile, but
this relationship is unknown in heart failure patients.

In cur study, almost all the heart failure patients, in both
groups, had an exercise training HR between the anaerobic
threshold and respiratory compensation point when guided
by the Borg scale of between “relatively easy and slightly
tiring”. Our data are partially in agreement with the State-
ment from the American Heart Association Committee on
Exercise, Rehabilitation, and Prevention, which recognizes
that the ventilatory or anaerobic threshold generally occurs
at a rate of perceived exertion between 13 and 15 on the
Borg scale. 2

The land group had an exercise training HR nearer the
respiratory compensation point (95%) than did the water
group (86%), for the same perceived exertion (between
“relatively easy and slightly tiring” on the Borg scale). This
finding was also true in relation to the peak HR by the
CPET (85-78%, respectively). The respiratory compensa-
tion point typically occurs at 90% of the peak HR.35 The
lower HR in the water exercise group could be explained
by the improvement in cardiac function, attenuation of the
neurchormonal system and vasodilatation promoted by the
warm water.?

Achievement of age-predicted values for maximal HR
during exercise is often used as a reflection of maximal
or near maximal effort (220—age). This method has been
questioned by some authors.®® but it is currently the most
commonly used method worldwide, Carvalho et al found
a peak HR of 65% of the maximum age-predicted HR in
an optimized heart failure group (HR between 50 and
60 beats/min and carvedilol dose 230 mg/day).2*7 Mezzani
et al observed a peak HR of 76% of the maximum age-pre-
dicted in heart failure patients with non-optimized 3-blocker
(carvedilol) dose.®® These data are in agreement with ours.
In our study, the BEHR-Predicted was 61% for the land
and 58% for the water exercise groups. which indicates that
the Borg scale was useful for ensuring submaximal exer-
cise training in the present heart failure patients.

In our study. the difference in the %EHR-Peak and
TEHR-RCP found between groups was expected, because
decreased HR during water immersion has been shown
previously.2? Interestingly, the water group in the present
study seemed to exercise at a lower HR, despite a similar
perceived level of exertion in both groups. Maybe the hydro-
therapy has a protective effect on the heart that is more
pronounced than with land exercise. This aspect should be
followed in further studies, especially looking at the train-
ing effect of a longer training period.

Study Limitations

This study was limited by the patient’s use of 1 type of
-blocker drug (carvedilol). Patients were evaluated by |
method of CPET (treadmill). Neurchormone profiles were
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not investigated because of the difficulties of collecting
blood samples during exercise in water.

Conclusion

The Borg Scale of between “relatively easy and slightly
tiring” was an important tool for self-monitoring and self-
regulating exercise prescription in land and water exercises
by maintaining the heart failure patients’ HRs between the
anaerobic threshold and respiratory compensation point (ie,
in the exercise training zone).

Land exercises took the HR closer to the respiratory com-

pensation point when compared with hydrotherapy. In reha-
bilitation programs, these data are potentially important
for conducting and adapting exercise training prescription
without a CPET, which implies lower costs.
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