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RESUMO

Michelle Cristina-Oliveira. Efeitos de uma sesséo de treinamento com restricéo de fluxo
nas respostas hemodindmicas e vasculares em individuos com osteoartrite de joelho
[Dissertacéo]. So Paulo: Faculdade de Medicina, Universidade de S&o Paulo; 2022

O exercicio de forca com restricdo de fluxo sanguineo (EFRF) tem sido sugerido como
estratégia eficaz para o aumento da forca e funcionalidade em pacientes com osteoartrite
(OA) de joelho. Entretanto, davidas ainda permanecem sobre a seguranca cardiovascular
do EFRF, pois hipotetiza-se que esse tipo de exercicio possa promover maiores picos
pressoricos e alteracBes negativas na funcdo vascular. Desta forma, o presente estudo
avaliou o impacto de uma sessdo de EFRF sobre respostas hemodindmicas e vasculares
em mulheres com OA de joelho. Para isto, 12 mulheres p6s-menopausa com OA de joelho
realizaram quatro sessGes experimentais compostas da realizacdo de 4 séries dos
exercicios Leg Press 45° (LP45) e cadeira extensora (CE) nas seguintes condi¢es: i) 15
repeticdes a 30% de 1RM sem restri¢do de fluxo (30%1RM); ii) 15 repeticGes a 30% de
1RM com restricdo de fluxo (30%1RM+ocluséo); iii) 8 repeticbes a 80% de 1RM sem
restricdo de fluxo (80%1RM); iv) sessdo controle sem exercicio. Durante o protocolo, a
frequéncia cardiaca e a pressdo arterial sistolica e diastdlica (PAS e PAD) foram obtidas
continuamente e o shear rate e vasodilatacdo mediada pelo fluxo (VMF) foram avaliados
nos periodos pré e pos-exercicio. Esses desfechos foram comparados entre as sessdes
experimentais por meio da andlise de variancia para medidas repetidas com post-hoc de
Tukey (p < 0,05). Em ambos os execicios, foram observados maiores valores de PAS e
PAD na sessdo 30%1RM+oclusdao (LP45: PAS/PADyico=208/117mmHg; CE:
PAS/PADyico=214/121mmHg) em comparagdo as sessfes 30%1RM  (LP45:
PAS/PADyico=177/99mmHg; CE: PAS/PADpico=188/105mmHg), 80%I1RM (LP45:
PAS/PADyico=184/100mmHg; CE: PAS/PADyico=188/108mmHg) e controle (P<0,05).
Por outro lado, ndo foram observadas diferencas na VMF e shear rate entre as sessoes.
Conclui-se que o EFRF promove maiores picos pressoricos durante o exercicio, 0 que
pode levar a um maior risco de eventos cardiovasculares em individuos com risco
cardiovascular aumentado. No entanto, este estresse hemodinamico parece ndo produzir
alteracdes vasculares agudas.

Palavras-chave: pressdo arterial; reflexo pressor do exercicio; treinamento com oclusé&o;

vasodilatacdo mediada pelo fluxo.



ABSTRACT

Michelle Cristina-Oliveira. Effects of a single session of blood flow-restricted training on
hemodynamic and vascular responses in individuals with knee osteoarthritis
[Dissertacdo]. Sao Paulo: “Faculdade de Medicina, Universidade de S&o Paulo”; 2022

Resistance exercise with blood-flow restriction (RE-BFR) have been recommended as an
effective strategy to increase strength and improve functionality in patients with knee
osteoarthritis (OA). However, questions remain about the cardiovascular safety of RE-
BFR as it is hypothesized that this type of exercise may promote larger increases in blood
pressure and negative changes in vascular function. Therefore, this study assessed the
acute impact of a single session of RE-BFR on hemodynamic and vascular responses in
women with knee OA. Twelve women with knee OA performed four sessions of 4 sets
of the exercises Leg Press 45° (LP45) and knee extension (KE) in the following
conditions: i) 15 repetitions at 30%1RM without blood flow restriction (30%1RM); ii) 15
repetitions at 30%1RM with blood flow restriction (30%1RM-+occlusion); iii) 15
repetitions at 80%1RM without blood flow restriction (80%1RM) and; iv) control
session. During the protocol, heart rate and systolic and diastolic blood pressure (SBP and
DBP) were continuously recorded and the shear rate and flow-mediated dilation (FMD)
were assessed pre- and post-exercise. These outcomes were compared between sessions
using the two-way repeated analysis of variance with Tukey’s post-hoc (P<0,05). In both
exercises, SBP and DBP were higher in the 30%1RM-+occlusion session (LP45:
SBP/DBPpeak=208/117mmHg; KE: SBP/DBPpeak=214/121mmHg) in comparison with
the sessions 30%1RM (LP45: SBP/DBPpeak=177/99mmHg; KE:
SBP/DBPpeak=188/105mmHg), 80%1RM (LP45: SBP/DBPpeax=184/100mmHg; KE:
SBP/DBPyeak=188/108mmHg) and control (P<0,05). On the other hand, there were no
differences in FMD and shear rate between sessions. It is concluded that RE-BFR
promotes higher blood pressure responses during exercise, which may lead to an
increased risk of cardiovascular events in subjects with knee OA. However, this

hemodynamic stress is not accompanied by deterioration of vascular function.

Keywords: arterial pressure; exercise pressor reflex; occlusion training; flow-mediated

dilation.
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1. INTRODUCAO E BREVE REVISAO DE LITERATURA

A osteoartrite (OA) € uma doenca que afeta cartilagem articular, causando
degradacdo, calcificagdo dos ligamentos, crepitacdo e remodelagdo dssea, formacdo de
espordes nas bordas das faces articulares, esclerose subcondral, destruicdo da cartilagem
e formacoes cisticas (1-2). A OA pode cursar com dor articular, rigidez matinal, fraqueza
e atrofia muscular, e com diminui¢do da qualidade de vida (3). A OA ¢é a forma de artrite
mais prevalente na populagéo, afetando aproximadamente 4,4% da populagéo e atingindo
15,8% em individuos acima de 55 anos. Além disso, é considerada uma das principais

causas de perda de mobilidade e despesas com salde no Brasil e no mundo (4-5).

Estudos indicam que mulheres com OA apresentam risco cardiovascular
aumentado (6). Uma recente meta-andlise identificou prevaléncia 30% maior de doenca
cardiovascular em mulheres com OA de joelho em comparagao a populagéo saudavel (7).
Os mecanismos subjacentes a este risco aumentado ainda ndo estéo claros, mas a presenca
de fatores de riscos cardiovasculares pode ajudar a explicar esta relacdo. De fato,
mulheres com OA apresentam prevaléncia aumentada de hipertensédo arterial (11-12),
diabetes (10), dislipidemia (11), obesidade (12) e sindrome metabdlica (13). Além disso,
a utilizacdo de anti-inflamatorios nao-esteroidais — pratica comum nesta doenca — também
esta associada ao aumento de eventos cardiovasculares (14). Por fim, a dor articular e a
incapacidade fisica produzidas pela OA, reduzem os niveis de atividade fisica e de
deambulagéo (15), levando ao aumento do risco cardiovascular, o que ajuda a explicar o

aumento da morbimortalidade cardiovascular na OA (18-19).

A relagdo entre incapacidade funcional, inatividade fisica e risco cardiovascular
na OA evidencia a necessidade de terapéuticas que promovam a pratica de exercicios
fisicos nesta populacdo. A Liga Europeia Contra o Reumatismo (EULAR) recomenda
que mulheres com OA devem seguir as recomendacdes gerais de exercicio fisico para a
populacdo, com foco na melhoria da aptiddo cardiorrespiratoria, forca muscular,
flexibilidade e desempenho neuromotor (18). Da mesma forma, o Colégio Americano de
Reumatologia recomenda fortemente que mulheres com OA participem de programas de
exercicio aerobio e de forca, exercicios aquaticos, e que percam peso (20-21). Dentre
estes tipos de exercicio, evidéncias indicam importantes efeitos terapéuticos do

treinamento de forca na OA. Mikesky, et al (21) verificaram aumento de forca, reducédo



16

de dor, melhorias funcionais e aprimoramento da capacidade de caminhada em mulheres
com OA de joelho apds um programa de treinamento de forca. Resultados semelhantes
foram encontrados por Jan et al. (22) que verificaram que um programa de treinamento
de forca foi eficaz em reduzir a dor e melhorar a funcionalidade de mulheres com OA de
joelho. Desta forma, destaca-se a importancia do treinamento de forca para melhora da

salde e da condicdo funcional destas mulheres.

E importante destacar, no entanto, que mulheres com OA podem apresentar dor e
estresse articulares aumentados durante a pratica do exercicio de forga, especialmente
quando este é realizado em intensidades altas (23). Por conta desta potencial restrigdo, é
necessaria a busca por estratégias que mimetizem os ganhos observados com o
treinamento de forca de alta intensidade, porém evitando aumentos de dor e estresse
articulares durante a sua pratica. Nesse sentido, o treinamento de forca com restricéo
parcial de fluxo sanguineo (TFRF) tem sido apresentado como uma possibilidade
terapéutica interessante para promoc¢do dos ganhos de forca muscular nesta populacédo
(24-25). O TFRF é um treinamento que limita o fluxo sanguineo da musculatura
exercitada por meio da utilizagdo de manguitos de pressdo posicionados ao redor desta
musculatura. Este modelo de intervencdo tem como premissa obter resultados de
treinamento de alta intensidade mesmo sendo executados em baixa intensidade (~20-30%
1RM) (26-28). Nesse sentido, a restricdo de fluxo promove aumento na concentracdo de
metabolitos na fibra muscular, criando um ambiente favoravel ao recrutamento de fibras

do tipo 2 (27), e consequente aumento de forca (26) e hipertrofia muscular (28).

De maneira interessante, os beneficios do TFRF também foram recentemente
demonstrados em individuos com OA de joelho. Num estudo anterior do nosso grupo,
(23) verificou-se aumento da forca muscular de flexdo e extensdo do joelho, da area de
seccao transversa do quadriceps e melhoras funcionais apds 12 semanas de TFRF em
individuos com OA de joelho. Esses efeitos foram semelhantes aos obtidos com o
treinamento de forca de alta intensidade e superiores aos de baixa intensidade, ambos sem
restricdo de fluxo. No entanto, é interessante destacar que nesse estudo 4 individuos foram
excluidos do grupo de alta intensidade por apresentarem dores no joelho relacionadas a
esse protocolo, enquanto nenhuma perda amostral relacionada a intervencéo ocorreu no

grupo que realizou o TFRF, suportando a préatica desse tipo de treinamento nesta
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populacdo. De maneira similar, um protocolo de TFRF aumentou a forca muscular de

membros inferiores em mulheres com sintomas de OA de joelho (24).

Os resultados dos estudos citados acima evidenciam o potencial terapéutico do
TFRF para individuos com OA de joelho. No entanto, ddvidas ainda permanecem sobre
a seguranca cardiovascular desse tipo de exercicio. A este respeito, em uma revisdo
recente do nosso grupo (29) (ANEXO 1V), listamos potenciais prejuizos cardiovasculares
que podem ser promovidos pela pratica do exercicio de forca com restricdo de fluxo
(EFRF). Sabe-se que a realizagéo de ocluséo vascular promove aumento na concentracao
de metabolitos (ex: lactato, H+, ADP, Pi, potéssio) na musculatura ocluida, estimulando
receptores quimicos presentes na fibra muscular, também denominados de
metaborreceptores. Estes sdo compostos por fibras aferentes (do tipo 1V) que, quando
estimuladas, produzem uma cascata de ajustes autondmicos, tais como aumento da
atividade simpética para o coracdo e vasos sanguineos e diminuicdo da atividade
parassimpatica cardiaca (30). Estas respostas autondmicas levam ao aumento da
frequéncia cardiaca, vasoconstricdo periférica e aumento da pressdo arterial. Este
conjunto de respostas é denominado de metaborreflexo, e um maior engajamento deste
mecanismo — tipicamente durante o EFRF (31) — pode levar a respostas exacerbadas da
pressdo arterial, o que pode ser restritivo em grupos com risco cardiovascular aumentado

(30), merecendo investigacoes.

Especula-se, ainda, que o EFRF possa prejudicar a funcdo endotelial via alteragdes
na pressao arterial e no padréo do shear rate induzidos pela ocluséo circulatéria. De fato,
Morishima et al. (32)verificaram que maiores picos da pressdo arterial durante o exercicio
estdo associados a uma deterioracdo da funcdo endotelial pds-exercicio, o que também
pode acontecer com EFRF, porém ainda ndo investigado. Com relacédo a alteracdes no
shear, Thijssen et al. (33) demonstraram que a manobra de oclusao circulatéria parcial
realizada no antebraco, em uma situacdo sem exercicio, promoveu alteragdes agudas no
padréo de shear rate na artéria braquial, notadamente uma reducdo do shear méedio e um
aumento do shear retrogrado. Este padrdo de aumento do shear retrgrado tem sido
associado a aumentos no dano endotelial, na expressdo de moléculas de adesdo, na
producéo de espécies reativas de oxigénio no endotelio (34) e a piora da funcdo endotelial
avaliada por meio da manobra de vasodilatacdo mediada pelo fluxo (33-35). Corroborando

o0 possivel efeito negativo da ocluséo circulatoria sobre a funcéo endotelial, Paiva et al.
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(35) observaram que um protocolo de ocluséo circulatoria parcial no antebraco durante o
exercicio impediu a melhora da funcdo vascular promovida por uma sessdo aguda de
exercicio de preensdo manual em jovens saudaveis. Resultados semelhantes foram
observados por Tinken et al. (36), que verificaram que a realizagdo de oclusdo circulatéria
impediu os beneficios agudos e crénicos na funcdo e estrutura vasculares promovidos
pelo exercicio de preensdo manual. E importante destacar, no entanto, que os estudos
acima foram conduzidos com individuos saudaveis e utilizaram protocolos diferentes aos
tipicamente empregados no TFRF (24-25); e desta forma é importante a avaliagdo do
impacto de uma sessdo tipica de EFRF sobre a fungédo vascular em doencas caracterizadas

por risco cardiovascular aumentado, tais como a OA.

Diante dos potenciais prejuizos cardiovasculares associados a pratica do EFRF em
sujeitos com risco cardiovascular aumentado, torna-se necessaria a avaliacdo do impacto
agudo (ie., durante o exercicio) e sub-agudo (ie., imediatamente apds o exercicio) deste
tipo de exercicio sobre as respostas hemodinamicas (pressao arterial, frequéncia cardiaca

e fluxo sanguineo) e vasculares (funcdo endotelial) em sujeitos com OA de joelho.

2. OBJETIVOS

2.1. Geral:
Avaliar o impacto agudo e sub-agudo de uma sessdo de EFRF sobre respostas
hemodindmicas (pressdo arterial, frequéncia cardiaca) e vasculares (funcdo endotelial)
em mulheres com OA de joelho.

2.2. Especificos:
Avaliar em mulheres com OA de joelho:

a) As respostas da pressao arterial e frequéncia cardiaca durante uma sesséo de
EFRF, e comparar tais respostas ao exercicio de forca de baixa intensidade,
alta intensidade e a uma sessao sem exercicio.

b) Os efeitos sub-agudos de uma Unica sessdo de EFRF sobre o shear rate, e
funcdo endotelial; e comparar tais efeitos ao exercicio de forca de baixa

intensidade, alta intensidade e a uma sessdo sem exercicio.
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3. METODOS

3.1. Aspectos éticos
O presente estudo foi aprovado pelo comité de ética local (CAAE:
96006618.9.3001.5391; numero do parecer: 3.681.872) (ANEXO 1Il) e no Registro

Brasileiro de Ensaios Clinicos (RBR-7gvrmm).

3.2. Sujeitos

Foram recrutadas 12 pacientes, adultas (55 — 85 anos) do sexo feminino e pos-
menopausa gque estavam sob atendimento no ambulatorio de osteoartrite do Hospital das
Clinicas da Faculdade de Medicina da Universidade de Séo Paulo (HC-FMUSP). As
participantes foram diagnosticadas com OA, seguindo os critérios propostos pelo ACR
(37); apresentaram acometimento articular de graus Il e 111, de acordo com Kellgren &
Lawrence (38); e escala visual analdgica de dor entre 2 e 8 (VAS) (39). Foram excluidas
as participantes que apresentavam: doencas cardiovasculares (exceto hipertensdo
arterial); doencas pulmonares; e outras condi¢des que poderiam comprometer a aplicagéo
dos procedimentos do estudo. Também foram excluidas as participantes com presséo
arterial sistolica e diastdlica maiores do que 160/105; alteracGes eletrocardiograficas
sugestivas de isquemia ou arritmias graves durante o teste de esforco; insuficiéncia
venosa nos membros inferiores, antecedente de trombose e flebite nos membros
inferiores, alteracGes musculoesqueléticas que poderiam impedir a execucao do programa
de exercicio proposto; osteoartrite sintomatica nos membros inferiores que poderiam
influenciar na realizacdo dos testes; que estivessem fazendo uso de medicamentos que
poderiam afetar o funcionamento do sistema nervoso autdbnomo (ex: beta-bloqueadores,
e blogueadores de célcio ndo-hidropiridinicos); que faziam uso de anticoagulantes ou
antiagregantes plaquetarios; infiltracdes com corticosteroides ha pelo menos 3 meses; ou
que iniciaram a terapia com corticosterdides ha menos de trés meses antes do inicio do

estudo.

3.3. Desenho experimental
Trata-se de um estudo randomizado do tipo cross-over (Figura 1). Os
experimentos foram realizados no Laboratério de Avaliacdo e Condicionamento em

Reumatologia do Hospital das Clinicas da USP (LACRE), no Laboratério de Adaptacao
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ao Treinamento de Forca da Escola de Educacdo Fisica da USP (EEFEUSP), e no
Laboratério de Hemodindmica da Atividade Motora da EEFEUSP. Inicialmente, os
potenciais participantes realizaram uma visita a0 LACRE para esclarecimentos e
assinatura do termo de consentimento. As pacientes que aceitaram participar do estudo,
realizaram avaliacGes preliminares, compostas por avaliacao clinica, da dor e qualidade
de vida, antropomeétrica, avaliacdes funcionais, exames laboratoriais, teste de forca
muscular e teste ergoespirométrico. Posteriormente, as participantes que apresentaram os

critérios para entrada no estudo, realizaram as sessdes experimentais.

CRITERIOS DE INCLUSAO

Pacientes do ambulatério de Osteoartrite do - )
Hospital das Clinicas da Universidade de Sdo Paulo - sexo feminino (pos-menopausa)

-diagnéstico de osteoartrite de joelho.

I CRITERIOS DE EXCLUSAO

12 SUJEITOS -alteragdes ortopédicas que impegam a prética de exercicios fisicos.

-alteragdes eletrocardiograficas.

-doengas cardiovasculares/pulmonares/metabdlicas.

AVALIACOES PRELIMINARES
-infiltragéo no joelho com &cido hialurénico.
-Avaliagdo Antropométrica.
-isquemia ou arritmias graves durante teste de esforgo.
-Avaliaggo Clinica.
-medicamentos que afetam sistema nervoso auténomo.
-Avaliagdo da dor e qualidade de vida.

-Avaliagdes funcionais.

-Exames Laboratoriais.

-Teste ergoespirométrico.

-Teste de 1IRM

SESSOES EXPERIMENTAIS

T~

EXERCICIO DE BAIXA EXERCICIO DE BAIXA EXERCICIO DE ALTA SESSAO CONTROLE
INTENSIDADE INTENSIDADE INTENSIDADE (SEM REALIZAGAO DE
30% 1RM COM RESTRIGAO 30% 1RM SEM RESTRIGAO 80% 1RM SEM RESTRIGAO EXERCICIO)
(4 SERIES, 15 REP.) (4 SERIES, 15 REP.) (4 SERIES, 8 REP.)

Figura 1. Desenho experimental.

3.4. Avaliac0es clinicas para caracterizacdo da amostra

3.4.1. Avaliacao clinica

As informacdes especificas da doenca, assim como presenca de co-morbidades e
fatores de risco para doenca cardiovascular, e uso de medicamentos foram obtidas atraves

de revisé@o de prontuarios e entrevista.

3.4.2. Dor e qualidade de vida
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Para a avaliacdo da dor e funcao, foi utilizado o questionario WOMAC no quesito
dor(40). Adicionalmente, o nivel de dor dos participantes foi avaliado por meio da Escala
Visual Analdgica (EVA), a qual é uma escala unidimensional facil de usar, que ndo requer
habilidades verbais ou de leitura e versatil para se usar em situa¢fes diversas (39). Por
meio da EVA o participante pontuou a dor sentida nos joelhos na dltima semana, com
notas entre zero (nenhuma dor) e 10 (dor intensa ou insuportavel). Por fim, tambeém foi
utilizado o questionario S-36 (Medical Outcomes Study 36 — Item Short-Form Health
Survey), o qual € um instrumento genérico para avaliagdo da qualidade de vida. O
questionario é composto por 36 itens que avaliam os seguintes dominios: capacidade
funcional, aspectos fisicos, dor, estado geral da salde, vitalidade, aspectos sociais,

aspectos emocionais e satide mental (41).

3.4.3. Avaliacdo antropométrica

O peso corporal foi avaliado por meio de uma balanca devidamente calibrada e a
estatura foi avaliada por meio de um estadidmetro. O indice de massa corporal (IMC) foi
calculado através da formula: IMC = peso (kg) / altura (m)2. A circunferéncia abdominal
foi mensurada com uma fita métrica flexivel e inelastica, posicionada sobre a cicatriz
umbilical. A obesidade foi definida por um IMC > 30 kg/m2 e/ou circunferéncia
abdominal > 88 cm (42).

3.4.4. Avaliacdo funcional

Para avaliacdo funcional foram empregados 0s seguintes testes:

Timed stands test (43), que avaliou durante um periodo de 30 segundos a
quantidade de vezes que o participante conseguiu sentar-se e levantar-se de uma cadeira
usando apenas a forca dos membros inferiores.

Timed up and go test (44), no qual foi verificado o tempo que o participante

levou para levantar-se de uma cadeira andar por trés metros e retornar para cadeira.

3.4.5. Teste de forca muscular

Para avaliagdo da forca dos membros inferiores foi feito o teste de uma repeticéo
méaxima (1RM) nos exercicios de leg press 45° e extensdo de joelhos. Esta avaliacédo foi
realizada em dois dias distintos, e precedida por 2 dias de familiarizacdo (43).

Inicialmente, os individuos foram posicionados nos respectivos aparelhos e realizado o
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aquecimento de duas series de cinco repeticdes, com intervalos de dois minutos, sendo a
primeira série com 50% de carga estimada para 1RM e a segunda com trés repeticbes
com carga de 70% 1RM. Ap0s a realizacéo do aquecimento, foi dado um intervalo de trés
minutos para o inicio do teste. Para realizagéo do teste de 1RM no exercicio de extenséo
de joelhos na cadeira extensora, os participantes realizaram uma extensdo completa dos
joelhos, iniciando com flex&@o de 90° e retornando a posicao de extensao total dos joelhos.
Foi adicionada carga progressivamente, até que a carga maxima seja alcancada, a qual foi
considerada como 1RM. Para o exercicio no leg press 45° utilizamos o mesmo
procedimento, contudo, o individuo foi posicionado no equipamento, assumindo como
posicao final angulacdes entre 90° e 100° de flexdo na articulacdo do joelho. Em ambos
0s exercicios, 0s voluntarios atingiram a carga de 1 RM em no maximo 5 tentativas. Foi

adotada a maior carga atingida nos dois dias de teste, em cada um dos exercicios.

3.4.6. Teste de esforco cardiopulmonar

O teste foi realizado em ambiente climatizado com umidade do ar e pressao
barométrica constantemente monitoradas. As participantes foram orientadas a nao
realizar exercicios de intensidades altas e a ndo ingerir bebidas cafeinadas nas 24 horas
anteriores ao teste.

O teste foi realizado em uma esteira ergométrica e o protocolo de esforco foi
adaptado as condic¢des funcionais das participantes. Em todos os testes, a velocidade pico
da esteira variava entre 4 e 5,6 km/h, e o incremento de carga se deu por aumentos da
inclinacdo da esteira (3% de incremento) a cada minuto.

O comportamento cardiovascular foi monitorado continuamente durante o teste
de esforco através do eletrocardiografo com 12 derivagdes simultaneas. A frequéncia
cardiaca e pressao arterial foram registradas no repouso, ao final de cada minuto de teste,
e no 1°, 2°, 4° e 6° minuto de recuperacgdo. O consumo de oxigénio foi monitorado durante
todo o teste por meio de um analisador metabolico (Metalyzer modelo 111 b/ breath- by-
breath, CORTEX, Germany), sendo que o0 VO obtido nos ultimos 30 segundos de esfor¢o

foi considerado 0 VOzpico.

3.4.7. Exames laboratoriais

As pacientes compareceram ao LACRE em jejum noturno de 12 horas. Foram

coletados 15 mL de sangue da veia basilica mediana ou cefélica para as analises. Foi
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avaliado o hemograma completo e mensuradas as concentracdes séricas de colesterol
total, HDL (high density lipoprotein), LDL (low density lipoprotein), VLDL (very low
density lipoprotein), triglicérides e proteina C-reativa (PCR).

3.5. SessOes experimentais

As sessdes experimentais foram realizadas em quatro visitas em dias distintos
separados por pelo menos 72 horas. As participantes foram orientadas a seguir as mesmas
recomendacdes feitas para o teste de esforco cardiopulmonar.

As sessbes foram compostas de avaliacbes basais, posteriormente os voluntérios
realizaram quatro séries dos exercicios ou sessdo controle (Figura 2), e por fim foram
repetidas as avaliacGes basais no periodo pos-exercicio. As medidas pos-exercicio

iniciaram 20 minutos ap6s o término do exercicio.

Durante todo o protocolo (pré-exercicio, exercicios e pos-exercicio), a frequéncia
cardiaca (FC) e a pressdo arterial batimento-a-batimento (PA) foram obtidas
continuamente. Além disso, o shear rate e a vasodilatacdo mediada pelo fluxo nas artérias
braquial e femoral supervisial foram avaliadas nos periodos pré- e pds-exercicio (Figura
2).

—
£
LEG PRESS 45*¢ CADEIRA EXTENSORA : 5
BASAL ‘ ‘ | l ‘ ] POS-EXERCICIO
|s1|s2]| s3|sa | s1| s2 s3|s4]
FMD FC/PA FC/PA FMD

Figura 2. Protocolo experimental. S1, S2, S3 e S4 =séries 1, 2, 3 e 4. PA = pressédo

arterial, FC = frequéncia cardiaca, FMD = vasodilatacdo mediada pelo fluxo.

3.5.1. Protocolos de exercicio e sessdo controle

Em cada uma das sessfes experimentais, os individuos realizaram quatro séries

dos exercicios leg press 45 e extensdo de joelhos na cadeira extensora (ou Sessdo
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controle), com 1 minuto de intervalo entre as séries e 0s exercicios. Essas sessdes foram
executadas utilizando os seguintes protocolos em ordem aleatéria: 15 repeticdes a 30%
de 1RM com restrigdo de fluxo (30%1RM + ocluséo); 15 repeti¢des a 30% de 1RM, sem
restricdo de fluxo (30%1RM); 8 repeticdes a 80% de 1RM, sem restricdo de fluxo
(80%1RM); sessdo controle (as participantes ndo realizaram exercicio fisico, sendo
apenas posicionadas nos aparelhos durante um tempo equivalente a realizacdo das demais

sessdes).

3.5.2. Protocolo de oclusdo

Durante o protocolo de oclusdo circulatéria na sessdao 30%1RM + oclusdo, foi
posicionado um manguito de pressao arterial (manguito de 10x80 cm, cdmara inflavel de
7x52 c¢cm, Clinic Leg, Cardiomed, Brasil) abaixo da prega inguinal de ambas as coxas.
Este manguito foi insuflado a uma pressdo de 50% da pressdo de oclusdo total do fluxo
sanguineo de repouso, e esta pressdo foi mantida durante toda execugéo dos exercicios e

durante os intervalos de recuperagéo.

A pressao de ocluséo total do fluxo sanguineo foi determinada previamente as
sessOes, por meio de um manguito de pressao arterial posicionado nas duas coxas e de
um doppler vascular (DV-600, Marted, Ribeirdo Preto, Sdo Paulo, Brazil) posicionado
sobre a artéria tibial. Os manguitos foram inflados progressivamente e a pressdo de
oclusdo total do fluxo sanguineo ficou definida como o ponto em que o pulso
auscultatorio da artéria tibial foi interrompido.

3.6. Procedimentos

3.6.1. AvaliacOoes hemodindmicas

A frequéncia cardiaca e PA foram avaliadas batimento a batimento por meio da
técnica fotopletismogréafica. Para tanto, um manguito inflavel de tamanho apropriado foi
posicionado no dedo médio no brago ndo dominante do voluntario acoplado a um monitor
automatico (Finometer, Finapres Medical System, Arnhem, Paises Baixos). Esses sinais
foram digitalizados e gravados em microcomputador através do programa WINDAQ

(DI720, Akron, Estados Unidos) com frequéncia de amostragem de 500 Hz.

3.6.2. Avaliacdo do shear rate e funcdo endotelial
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Foram realizadas medidas do shear rate basal e da vasodilatacdo mediada pelo
fluxo (VMF) na artéria braquial e femoral superficial, por meio de um Ultrassom Doppler,
de acordo com as recomendacfes mais recentes (44). Para isto, inicialmente os individuos
permaneceram deitados e um transdutor linear multifrequencial foi posicionado sobre a
artéria de interesse (braquial ou femoral superficial) para obtencdo do didmetro e
velocidade do sangue basais. A velocidade do sangue foi obtida com angulo de inclinacéo
<60° e volume de amostra localizado no centro do vaso. O diametro ¢ a velocidade basais
foram mensurados durante 1 minuto. Posteriormente, um manguito previamente
posicionado distalmente a fossa antecubital (para a artéria braquial) ou distalmente a fossa
poplitea (para artéria poplitea) foi inflado a 200 mmHg por 5 minutos. Finalmente, ap6s
este periodo o manguito foi desinsuflado e as imagens de diametro e velocidade foram

obtidas continuamente por 5 minutos.

As analises da VMF e do shear rate foram realizadas por meio de um software
com deteccdo automatica das paredes das artérias (Cardiovascular Suite, Quipu®, Pisa,
Italia). A VMF foi calculada como o percentual de aumento do didametro das artérias
braquial e poplitea p6s-oclusdo em relacdo aos seus valores basais (VMF = diametro pico
— didmetro basal / didmetro basal x 100). O shear rate foi calculada a partir da seguinte
formula: shear rate = 8 x velocidade do fluxo sanguineo / diametro do vaso (44). Além
disso, computamos 0s componentes anterogrado e retrégrado do shear rate, como a area
acima e abaixo da linha de base do eixo horizontal do Doppler, respectivamente. Por fim,
0 indice de shear rate oscilatorio foi calculado por meio da férmula: shear rate

retrégrado/(shear rate anterégrado + shear rate retrogrado).

3.7. Analise Estatistica

Antes da andlise inferencial, foi verificado a presenca de outliers e testadas a
esfericidade, homocedasticidade e normalidade dos dados. Apds garantir 0s pressupostos
fundamentais para a realizacdo de testes paramétricos, a avaliacdo do efeito das sessoes
experimentais sobre as variaveis dependentes do estudo realizamos por meio da anéalise
de variancia de medidas repetidas e, quando pertinente, post hoc de Tukey para
comparagfes multiplas. As sessdes (30%1RM, 30%-+oclusdo, 80%1RM e controle) e 0s
periodos (basal, durante e pos-exercicio) foram considerados os fatores da analise de

variancia. Todos os dados foram expressos em média + desvio padrdo. O nivel de
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significancia adotado para rejeitar a hipotese nula foi de p < 0,05. Além disso, os dados

foram apresentados individualmente.

4. RESULTADOS

4.1. Caracterizacdo da Amostra

Foram triadas 420 mulheres que se encontram sob atendimento no ambulatério
OA do Hospital das Clinicas da Faculdade de Medicina da Universidade de Séo Paulo
(HC-FMUSP). Apo6s observacdes feitas durante as consultas no ambulatério e leitura nos
prontuarios, foram selecionadas 12 mulheres que se enquadravam no protocolo e foram
convidadas a participar do estudo. Todas aceitaram o0 convite para participar, e
compareceram para assinar o Termo de Consentimento (ANEXO 2) e submetidas aos
testes preliminares. Ndo houve desisténcia de nenhuma participante e todas finalizaram

os protocolos (Figura 3).

Individuos triados (420)

Apresentaram wm ou mais
critérios de exclusdoc (n= 408)

Randomizados

(n=12)
| SESSOES EXPERIMENTAIS |
EXERCIZED DE BaRA ENERCICIO DE BAlA EXERZICED DE ALTA
INTEMSIDADE FTENSIDADE FTENSIDADE SESEAN CONTROLE
% 1AM COM 35 1AM S0 0% 1AM SEM {SEM REALIZAGAD DE
RESTRICAD RESTRIGAD RESTRIGAD EXERCIIO)
[4 5ERIES, 15 REF {4 SERMEE, 18 REP.) [4 SERIES, & REP.}

Figura 3. Fluxo de voluntarios, numero de individuos triados, randomizados e que

concluiram o protocolo até o presente momento.

4.2. Caracteristicas clinicas e demograficas

A Tabela 1 apresenta a média (+ desvio padrao) das caracteristicas demogréaficas,
fisicas e clinicas, terapia medicamentosa, testes funcionais, variaveis fisioldgicas e dos

questionarios SF-36 para capacidade funcional e EVA e WOMAC no dominio da dor. A
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média de idade das pacientes era de 72 + 6,2 anos. A dor foi avaliada através escala visual
analogicas (EVA) que pontuou a dor sentida na altima semana com notas de (0 — 10),
verificamos um score médio de 0,4 (x 0,7), também no quesito dor avaliado pelo
questionario WOMAC, especifico para pacientes com osteoartrite, verificamos um score
médio de 35,4 (x 13,7). Para capacidade funcional, utilizamos o questionario SF-36,
observa-se que, para esse domino o score médio foi 50,3 (+ 14,6). Com relacdo as
comorbidades, a presenca de hipertensdo foi de 67% mesmo valor apresentado para
medicamentos anti-hipertensivos. Com relagdo aos medicamentos para o tratamento da
OA, 100% das voluntarias estavam sob uso de anti-inflamatdrios ndo-esteroidais, 42%
estavam sob uso de cloroquina, 25% estavam sob uso de metotrexato, 17% usava

diacereina e 42% faziam uso de colchicina.

Tabela 1 — Caracteristicas demograficas, fisicas, clinicas, comorbidades e fatores de
risco cardiometabdlicos, qualidade de vida e terapia medicamentosa.

Variaveis

N 12
Idade (anos) 72+6,2
Variaveis clinicas

Dor (EVA 0 -10) 0,4+0,7
SF- 36 50,3+ 14,6
WOMAC 35,4+ 137
Comorbidades

Diabetes, n (%) 1 (8%)
Hipertensdo, n (%) 8 (67%)
Obesidade, n (%) 2 (17%)
Osteoporose, n (%) 2 (17%)
Variaveis antropométricas

Estatura (m) 16+0,1
Peso (kg) 68,9+ 9,7
IMC (kg/m?) 28,0+3,7
Variaveis fisiologicas

V O2pico (MI/kg/min) 16,8 +1,8
Exames laboratoriais

HDL (mg/dL) 57,2+9,8
LDL (mg/dL) 101,5+214
VLDL (mg/dL) 23,2+55
Proteina C-reativa (mg/L) 2,3+ 1,7
Triglicérides (mg/dL) 131,5 + 46,2
Medicamentos para tratamento da OA

AINEs, n (%) 12(100%)
Cloroquina, n (%) 5 (42%)
Metotrexato, n (%) 3 (25%)

Diacereina, n (%)

2 (17%)
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Colchicina, n (%) 5 (42%)
Outros medicamentos

Anti-hipertensivos, n (%) 8 (67%)
Célcio, n (%) 7 (58%)
Vitamina D, n (%) 9 (75%)
Componentes

Timed stands test (Rep) 104+£2,6
Timed up and go test (s) 14,0+ 8,0

Legenda: IMC = Indice de massa corporal, SF-36 = Short- form Health Survey, WOMAC
= Westerm Ontario and McMaster Universities, AINE = anti-inflamat6rios néo
esteroidais, HDL = high-density lipoprotein, LDL = low-density lipoprotein, VLDL
=very-lowdensity lipoprotein. Os dados estdo apresentados como média + desvio padrdo
(DP) frequéncia absoluta (n) e relativa (%).

4.3. Resultados Principais

4.3.1 Pressao arterial sistolica, diastolica e frequéncia cardiaca durante o exercicio de

Leg Press 45°

A figura 4 (painéis a — c) representa respectivamente os valores da PAS, PAD e
FC ao longo das séries (S1, S2, S3 e S4) e intervalos inter-séries (11, 12, 13 e REC) durante
0 exercicio de Leg Press 45. Foram observadas interacdes sessdo x tempo significativas
para o comportamento da PAS (P<0,001), PAD (P<0,001) e FC (P<0,001).

Foram observados maiores valores de PAS durante o exercicio de Leg Press 45
na sessdo 30%1RM-+oclusdo em comparacdo a sessao 30%1RM momentos S2, S3 e S4
(todos P<0,05). Foram observados maiores valores de PAS durante o exercicio de Leg
Press 45 na sessao 30%1RM-+oclusdo em comparacdo a sessao 80%1RM nos momentos
S1, 11, S2, e 12 (todos P<0,05). Foram observados maiores valores de PAS durante o
exercicio de Leg Press 45 na sessdo 30%1RM+oclusdo em comparacao a sessao controle
nos momentos S1, S2, 12, S3, 13 e S4 (todos P<0,05). Foram observados maiores valores
de PAS durante o exercicio de Leg Press 45 na sessdo 30%1RM em comparacao a sessao
controle nos momentos S2, S3 e S4 (todos P<0,05). Foram observados maiores valores
de PAS durante o exercicio de Leg Press 45 na sessao 80%1RM em comparacao a sessdo
controle nos momentos S2, S3 e S4 (todos P<0,05). Nao foram observadas diferencas da
PAS durante o exercicio de Leg Press 45 entre as sessées 30%1RM e 80%1RM.

Foram observados maiores valores de PAD durante o exercicio de Leg Press 45
na sessdo 30%1RM+oclusdo em comparagéo a sessdo 30%1RM momentos 11, S2, 12, S3,

I3, S4 e REC (todos P<0,05). Foram observados maiores valores de PAD durante o
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exercicio de Leg Press 45 na sessdo 30%1RM+oclusdo em comparacdo a Sessdo
80%1RM nos momentos S1, S2, 12, S3, 13, S4 e REC (todos P<0,05). Foram observados
maiores valores de PAD durante o exercicio de Leg Press 45 na sessdo 30%1RM-+oclusdo
em comparacdo a sessdao controle nos momentos S1, S2, 12, S3, 13, S4 e REC (todos
P<0,05). Foram observados maiores valores de PAD durante o exercicio de Leg Press 45
na sessdo 30%1RM em comparacao a sessdo 80%1RM apenas no momento S1 (P<0,05).
Foram observados maiores valores de PAD durante o exercicio de Leg Press 45 na sessdo
30%1RM em comparacdo a sessdo controle nos momentos S1, S2, S3 e S4 (todos
P<0,05). Foram observados maiores valores de PAD durante o exercicio de Leg Press 45
na sessdo 80%1RM em comparacao a sessdo controle nos momentos S2, S3 e S4 (todos
P<0,05).

Né&o houve diferencas no comportamento da FC durante o exercicio de Leg Press
45 entre as sessoes 30%1RM, 30%1RM+Oclusdo e 80%1RM. No entanto, em todas estas
sessOes a FC estava significativamente mais alta do que na sessdo controle em todas os

momentos.

2 b) c)
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— 309 —_
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Figura 4 — Resposta da pressdo arterial sistolica (PAS) (painel a), pressao arterial diastdlica (PAD)
(painel b) e frequéncia cardiaca (FC) (painel c) durante o exercicio Leg Press 45. REP = repouso,
S = série, | = intervalo, REC = recuperagdo. a = diferenca entre 30%1RM e controle (P<0,05); b
= diferenca entre 30%1RM+oclusdo e controle (P<0,05); ¢ = diferenca entre 80% e controle
(P<0,05); t diferenca entre 30%I1RM-+oclusdao e 30%1RM (P<0,05); I diferenca entre
30%1RM+oclusdo e 80%1RM (P<0,05), # diferenca entre 30%1RM e 80%1RM (P<0,05).



30

4.3.2. Pressdo arterial sist6lica, diastolica e frequéncia cardiaca durante a cadeira

extensora

A figura 5 (paineis a — c) representa respectivamente os valores da PAS, PAD e
FC ao longo das séries (S1, S2, S3 e S4) e intervalos inter-séries (11, 12, 13 e REC) durante
0 exercicio cadeira extensora. Foram observadas interacdes sessdo x tempo significativas
para o comportamento da PAS (P<0,001), PAD (P<0,001) e FC (P<0,001).

Foram observados maiores valores de PAS durante o exercicio cadeira extensora
na sessao 30%1RM+oclusdo em comparacdo a sessao 30%1RM momentos S3 e S4 (todos
P<0,05). Foram observados maiores valores de PAS durante o exercicio cadeira extensora
na sessdao 30%1RM+oclusdo em comparacdo a sessdo 80%1RM nos momentos S2, S3 e
REC (todos P<0,05). Foram observados maiores valores de PAS durante o exercicio
cadeira extensora na sessdo 30%1RM+oclusdo em comparagdo a sessdo controle nos
momentos S1, S2, 12, S3, 13, S4 e REC (todos P<0,05). Foram observados maiores
valores de PAS durante o exercicio cadeira extensora na sessdo 30%1RM em comparacao
a sessdo controle nos momentos S1, S2, 12, S3 e S4 (todos P<0,05). Foram observados
maiores valores de PAS durante o exercicio cadeira extensora na sessdo 80%1RM em
comparagao a sessao controle nos momentos S1, S2, S3 e S4 (todos P<0,05). Ndo foram
observadas diferencas da PAS durante o exercicio cadeira extensora entre as sessdes
30%1RM e 80%1RM.

Foram observados maiores valores de PAD durante o exercicio cadeira extensora
na sessao 30%1RM+oclusdo em comparacéo a sessdo 30%1RM momentos S3 e S4 (todos
P<0,05). Foram observados maiores valores de PAD durante o exercicio cadeira
extensora na sessao 30%1RM-+oclusdo em comparacao a sessdao 80%1RM nos momentos
S1, 11, S2, 12, S3, 13, S4 e REC (todos P<0,05). Foram observados maiores valores de
PAD durante o exercicio cadeira extensora na sessao 30%1RM-+oclusdo em comparacao
a sessdo controle nos momentos S1, S2, 12, S3, 13, S4 e REC (todos P<0,05). Foram
observados maiores valores de PAD durante o exercicio cadeira extensora na sesséo
30%1RM em comparagdo a sessdo controle nos momentos S1, S2, S3 e S4 (todos
P<0,05). Foram observados maiores valores de PAD durante o exercicio cadeira
extensora na sessdo 80%1RM em comparagdo a sessdo controle nos momentos S1, S3 e
S4 (todos P<0,05). N&o foram observadas diferencas da PAD durante o exercicio cadeira
extensora entre as sessoes 30%1RM e 80%1RM.
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N&o houve diferencas no comportamento da FC durante o exercicio cadeira
extensora entre as sessfes 30%1RM, 30%1RM+Oclusdo e 80%1RM. No entanto, em
todas estas sessdes a FC estava significativamente mais alta do que na sessdo controle em

todas os momentos.
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Figura 5 — Resposta da pressdo arterial sistolica (PAS) (painel a), pressao arterial diastdlica (PAD)
(painel b) e frequéncia cardiaca (FC) (painel c) durante o exercicio cadeira extensora. REP =
repouso, S = série, | = intervalo, REC = recuperacédo. a = diferenga entre 30%1RM e controle
(P<0,05); b = diferenca entre 30%1RM+ocluséo e controle (P<0,05); ¢ = diferenca entre 80% e
controle (P<0,05); T diferenca entre 30%1RM-+oclusdo e 30%1RM (P<0,05); i diferenca entre
30%1RM+oclusdo e 80%1RM (P<0,05).

4.3.3. FMD, Shear rate pico, Shear rate médio, Shear rate anterégrado, Shear rate

retrégrado, Shear rate oscilatério e VHRauc na artéria braquial

A figura 6 (painéis a — e) apresenta valores da vasodilatacdo mediada pelo fluxo
(FMD), shear rate médio (SR médio), shear rate anterégrado (SR+), shear rate retrogrado
(SR-) e indice de shear rate oscilatorio (SR oscilatdrio) na artéria braquial antes (pré) e
apos (pds) as sessdes experimentais. Ndo houve diferenca em nenhum desses parametros

entre as sessoes e/ou tempos (P interacdo sessdo x tempo > 0,05 para todos os indices).
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Figura 6 — Vasodilatacdo mediada pelo fluxo (FMD) (painel a), shear rate médio (SR
médio) (painel b), shear rate anterogrado (SR+) (painel c), shear rate retrégrado (SR-)
(painel d), indice de shear rate oscilatorio (SR oscilatério) (painel ) na artéria braquial
pré e pos sessdes experimentais.

4.3.4. FMD, Shear rate pico, médio, anterégrado, retrégrado, oscilatério e VHRauc na

artéria femoral

A figura 7 (painéis a — ) apresenta valores da vasodilatacdo mediada pelo fluxo
(FMD), shear rate médio (SR médio), shear rate anterdgrado (SR+), shear rate retrégrado
(SR-) e indice de shear rate oscilatorio (SR oscilatdrio) na artéria femoral superficial antes
(pré) e apos (pds) as sessdes experimentais. Ndo houve diferenca em nenhum desses
pardmetros entre as sessdes e/ou tempos (P intera¢do sessdo x tempo > 0,05 para todos

os indices).
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Figura 7 — Vasodilatacdo mediada pelo fluxo (FMD) (painel a), shear rate médio (SR
médio) (painel b), shear rate anterégrado (SR+) (painel c), shear rate retrégrado (SR-)
(painel d), indice de shear rate oscilatorio (SR oscilatorio) (painel €) na artéria femoral
superficial pré e pos sessdes experimentais.

5. DISCUSSAO

O presente estudo foi o primeiro a investigar os efeitos agudos do EFRF na
pressdo arterial e funcdo endotelial em mulheres com OA de joelho. De maneira geral,
observou-se maiores valore de PAS e PAD ao longo das series dos exercicios leg press
45° e cadeira extensora na sessdo 30%1RM+oclusdo em comparacdo as demais sessoes.

Por outro lado, ndo houve diferenca na VMF e demais parametros vasculares entre as
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sessOes. Em conjunto, esses resultados sugerem que o EFRF promove maior aumento da

pressdo arterial, o que nédo se traduz em alteracfes vasculares pos-exercicio.

Os resultados do presente estudo questionam a seguranca cardiovascular do
EFRF, visto que este promoveu maiores picos de PAS e PAD ao longo do exercicio
30%21RM-+ocluséo. Esses resultados corroboram os achados sumarizados em uma revisao
do nosso grupo ((29)) que demonstrou que individuos com risco cardiovascular
aumentado parecem apresentar uma maior sensibilidade metaborreflexa nesses
individuos. Do ponto de vista clinico, estes picos presséricos aumentados durante o EFRF
podem levar a um maior risco de eventos macrovasculares agudos, tais como acidente
vascular cerebral hemorragico ou dissec¢do arterial (45-47). De fato, estudos prévios tém
demonstrado ocorréncias isoladas destes eventos vasculares em halterofilistas, e
especula-se que a resposta exagerada da pressdo arterial em exercicios de altissimas
cargas pode ser o fator desencadeador de tais eventos. Eventos microvasculares como
lesdo renal ou hemorragia na retina também tem sido associados ao aumento subito da
pressdo arterial durante o exercicio(48,49) e ha um estudo de caso que demonstrou que 0
EFRF pode levar a perda transitoria da visdo como resultado de lesdes microvasculares
na retina(49). Adicionalmente, respostas pressoricas exageradas durante o exercicio
podem aumentar o risco de infarto do miocardio mesmo na auséncia de doenca
aterosclerdtica (50) e uma reatividade simpatica exagerada durante o exercicio fruto da
ativacdo metaborreflexa pode causar vasoconstricdo coronariana favorecendo o aumento

dos riscos de isquemia, arritmia e morte stbita (51-53).

Os métodos utilizados no presente estudo ndo permitem um aprofundamento nos
mecanismos que podem ajudar a explicar 0os maiores niveis pressoricos durante a sessao
30%-+oclusdo em comparacgdo aos demais protocolos de exercicio e a sessdo controle. No
entanto, estudos seminais utilizando modelos experimentais identificaram maior ativacdo
de aferentes musculares do tipo IV (tipicamente presentes no intersticio muscular),
também denominados de metaborreceptores frente a a exposicdo da musculatura a
metabdlitos como lactato, ADP, Pi e ATP ou estimulacdo com capsaicina (54,55).
Estudos posteriores confirmaram a agdo desses receptores no controle cardiovascular por
meio da observacdo de maior ativacdo simpatica e subsequente aumento da pressao
arterial frente a ativagdo destes metaborreceptores por diferentes métodos(56-58). Dada

a oclusdo circulatoria e maior isquemia tecidual durante o EFRF, hipotetiza-se que esse
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exercicio promova maior ativacdo desses metaborreceptores (ou ativagdo
metaborreflexa), resultando em maior ativacdo simpatica e aumento da presséo arterial
em comparacdo aos demais exercicios. Estudos prévios com EFRF dédo suporte a esta
hipGtese uma vez que demonstram maior hipoxia muscular(59) durante esse exercicio em
comparacao a exercicios sem restricao de fluxo. Por outro lado, nenhum estudo avaliou a
ativacdo simpatica direta (por meio da microneurografia) durante o EFRF, e desta forma
ndo € possivel afirmar que este exercicio promova hiperativagdo simpatica até o presente
momento. Desta forma, os proximos estudos envolvendo EFRF devem buscar avaliar de
maneira integrada as respostas teciduais, neurais e hemodinamicas a este tipo de
exercicio, no intuito de fornecer uma descricdo completa dos mecanismos subjacentes ao

aumento da pressao arterial durante o EFRF.

De maneira contréaria a hip6tese do estudo, o estresse hemodindmico e esperada
alteracdo no padréo do shear rate durante a sessdo 30%1RM-+oclusdo ndo promoveram
deterioracdo na funcdo endotelial medida na artéria braquial e superficial femoral. No
presente estudo, a op¢do pela avaliacdo vascular nestas duas artérias se deve a tentativa
de avaliar os impactos locais (artéria femoral superficial) e remotos (artéria braquial) das
sessOes de exercicio. A hipotese do presente estudo era que a sessdo 30%1RM+oclusao
promoveria prejuizo endotelial por conta do estresse hemodindmico durante o exercicio
(confirmado no presente estudo) e por alteracdes no padrdo do shear rate durante (ndo
avaliado no presente estudo) e ap0s o exercicio (ndo confirmado no presente estudo). No
entanto, ndo houve diferengas na resposta da FMD e do shear rate em resposta a nenhuma
das sessOes experimentais e também ndo houve diferenca nessa resposta entre as sessoes.
Esses achados sugerem que o exercicio de forca, com ou sem oclusdo, realizado em

diferentes intensidades, parece nao promover alteracdes na funcao endotelial.

Estudos prévios que avaliaram os efeitos agudos do exercicio de for¢a na funcéo
endotelial tém demonstrado diferentes resultados, incluindo melhora(60),
manutencdo(61) ou piora(32). Fatores como caracteristicas da populacdo podem ajudar a
explicar a diferenca entre os estudos. De maneira interessante, a maior parte dos estudos
citados foi realizada em homens e um estudo recente demonstrou que enguanto homens
apresentam deterioracdo da funcdo endotelial ap6s o exercicio resistido, esta resposta
parece ndo ocorrer em mulheres (32). Este dado pode ajudar a explicar o porqué néo

foram observadas alteragbes na funcdo endotelial nas participantes do presente estudo
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frente a nenhum protocolo de exercicio resistido, incluindo o EFRF. Outro aspecto que
pode ajudar a explicar a auséncia de alteracfes na funcéo endotelial em resposta ao EFRF
foi a auséncia de alteracdo no padréo do shear rate em resposta a este exercicio. Estudos
prévios demonstraram reducédo do shear médio e aumento do shear retrdgrado durante um
protocolo de exercicio com oclusdo circulatoria(33,62,63). No entanto, todos esses
estudos avaliaram as respostas durante o exercicio, enquanto o presente estudo avaliou as
respostas no periodo pos-exercicio em comparacdo ao pré-exercicio. Nesse sentido,
observa-se que embora 0 EFRF possivelmente reduza o shear médio e aumente o shear
retrégrado durante o exercicio, essa resposta € possivelmente transiente e tende a nao
aparecer minutos ap0s o exercicio, o que pode ajudar a explicar a explicar a auséncia de
alteracdo no shear e na fungéo endotelial em resposta ao EFRF no presente estudo. Por
fim, estudos tem demonstrado que alteracGes do shear frente a oclusdo circulatéria
parecem produzir deterioracdo da funcdo endotelial apenas em jovens(33,62), sendo que
este efeito parece estar diminuido em individuos idosos(62), o que também pode ajudar a

explicar os resultados do presente estudo.

Os achados do presente estudo trazem importante implicacdo clinica sobre a
prescricdo do EFRF em individuos com OA. E importante destacar que individuos com
OA apresentam maior risco cardiovascular em geral(64), o que pode culminar com maior
risco de eventos cardiovasculares durante o exercicio(65). Parte desse risco aumentado
na OA passa pela presenca dos fatores de risco cardiovascular. A saber, a obesidade é um
dos principais fatores associados a OA de joelho(15), e a a prevaléncia de hipertensao
arterial, diabetes e dislipidemia também é maior em individuos com OA em comparagéo
a populacdo em geral(10-13). Fruto desse fenotipo cardiovascular, nos ultimos anos a
osteoartrite de joelho tem sido caracterizada como uma doencga metabodlica e que cursa
com aumento do risco cardiovascular(66). De fato, um estudo com uma coorte americana
de 7714 adultos observou que a prevaléncia de sindrome metabdlica (ocorréncia conjunta
de obesidade central, hipertensdo arterial, diabetes e dislipidemia) em individuos com
osteoartrite é de 59%, enquanto esta prevaléncia em adultos sem osteoartrite é de apenas
de 23%(8). No presente estudo, as prevaléncias de obesidade, hipertenséo, osteoporose e
diabetes na amostra foram respectivamente 17%, 67%, 17% e 8% que reforcam a alta
prevaléncia de fatores de risco cardiovascular na amostra do presente estudo. Desta
forma, destaca-se o risco que esses individuos podem apresentar frente a realizacdo do

EFRF visto os maiores picos pressoricos atingidos durante este exercicio em comparacao
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aos exercicios sem oclusdo respiratdria. Desta forma, o presente estudo chama a atengédo
de potenciais riscos de eventos cardiovasculares que podem ser desencadeados pelo
EFRF, o que precisa ser investigado de maneira mais compreensiva e com maiores

ndmeros amostrais em estudos futuros.

Por outro lado, também é importante destacar que até o presente momento sao
escassos 0s relatos de efeitos adversos cardiovasculares com o EFRF, mesmo em
pacientes com risco cardiovascular aumentado(67—-69). Além disso, deve-se notar que
alguns estudos prévios que avaliaram as respostas hemodindmicas ao EFRF néo
observaram maiores aumentos da PA no EFRF em comparacdo a protocolos de exercicio
sem restricdo de fluxo. Fatores como a populacdo estudada, o tipo e intensidade do
exercicio, atingir ou ndo a fadiga, o percentual de ocluséo arterial e largura do cuff podem
ajudar a explicar a diferenga nos achados desses estudos e o presente estudo. Tal como
levantado em nossa revisdo(29), uma combinacgdo étima dos parametros de prescri¢ao do
EFRF pode favorecer a criacdo de um protocolo seguro desse exercicio que pode ser
aplicado em individuos com risco cardiovascular aumentado, tais como os individuos do
presente estudo. Desta forma, estudos futuros devem investigar os efeitos da combinacgao
desses parametros sobre as respostas hemodindmicas durante e apds o EFRF.

O presente estudo apresenta algumas limitagfes que precisam ser apresentadas.
Primeiramente, trata-se de um estudo com amostra pequena e, desta forma, é possivel que
nem todas as andlises tenham poder estatistico suficiente para detectar diferencas entre as
sessOes ou tempos. Também é importante destacar que este estudo foi realizado com
mulheres p6s-menopausa com OA sob atendimento em um hospital terciario. Desta
forma, os resultados ndo podem ser extrapolados para outros grupos com caracteristicas
distintas as da amostra do presente estudo. Além disso, conforme mencionado
anteriormente, auséncia de medidas da ativacdo simpatica, oxigenacao tecidual e acimulo
de metabolitos impedem a discussdo dos mecanismos subjacentes ao maior aumento da
PA no EFRF. Finalmente, é importante destacar que a medida fotoplestismografica da
pressdo arterial permite avaliar apenas a resposta (delta) da PA durante o exercicio(70),
desta forma € necessario cautela na interpretacdo dos valores absolutos de PA atingidos
durante os diferentes exercicios, visto que podem nao representar os valores de PA intra-

arterial.
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6. CONCLUSAO

O presente estudo demonstrou maiores aumentos da PA durante o EFRF em
comparacdo a outros protocolos de exercicio de forca sem restricdo do fluxo sanguineo.
Esses resultados reforcam a cautela na prescricao desse tipo de exercicio em individuos
com maiores riscos de eventos cardiovasculares durante o exercicio, visto que uma
resposta exacerbada da PA pode favorecer a deflagracdo de eventos macro- e
microvasculares durante o exercicio de forca. Por outro lado, o EFRF parece nao
promover deterioracdo aguda da funcdo endotelial, tal como hipotetizado pelo presente
estudo.
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ANEXO |. APROVACAO NO COMITE DE ETICA EM PESQUISA
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PARECER CONSUBSTANCIADO DO CEP

DADOS DA EMENDA

Titulo da Pesquisa: EFEITOS DE UMA SESSf\O DE TREINAMENTO COM RESTRICAO DE FLUXO NAS
RESPOSTAS HEMODINAMICAS, AUTONOMICAS E VASCULARES EM INDIVIDUOS
COM OSTEOARTRITE DE JOELHO

Pesquisador: Tiago Pecanha de Oliveira

Area Tematica:

Versao: 4

CAAE: 96006618.9.0000.0068

Instituigdo Proponente: Hospital das Clinicas da Faculdade de Medicina da USP
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 3.649.185

Apresentacao do Projeto:

Resposta ao parecer anterior que questionou:

(1): justificar a inclusdo da nova pesquisadora visto que pelo menos 1/3 do projeto ja estaria completo;

(2), (3) e (4): autores devem explicar como essa modificagdo afeta o projeto uma vez que 1/3 dos pacientes
ja foi incluido na metodologia "antiga".

Objetivo da Pesquisa:

Avaliar o impacto agudo e sub-agudo de uma sessao de treinamento com restricdo de fluxo sobre respostas
hemodinamicas (presséo arterial, freqiiéncia cardiaca, fluxo sanguineo) autonémicas (i.e., modulagéo
autondmica cardiovascular) e vasculares (funcdo endotelial) em pacientes com OA de joelho.

Avaliacao dos Riscos e Beneficios:
Riscos mantidos em relacdo ao projeto inicialmente apresentado.

Comentarios e Consideragoes sobre a Pesquisa:

Pesquisadores responderam que irdo recrutar mais 12 novos participantes, totalizando 16 participantes que
realizarao o novo protocolo. Nesse caso, os resultados das 5 participantes iniciais ndo serdo utilizados nas
publicagdes oriundas deste estudo.
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Continuacgéo do Parecer: 3.649.185

Em relacdo a inclusdo da aluna, trata-se de nova pesquisadora importante para o programa de pos-
graduacéo.

Consideracoes sobre os Termos de apresentagao obrigatoria:
Adequados.

Recomendagoées:
Aprovar.

Conclusdes ou Pendéncias e Lista de Inadequagoes:
Projeto pode ser aprovado, porém os 5 pacientes iniciais foram submetidos ao protocolo
desnecessariamente. Autores devem evitar mudangas de protocolo que exijam excluir pacientes ja incluidos.

Consideracoes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacao
Informacgdes Basicas| PB_INFORMACOES_BASICAS_142990( 03/10/2019 Aceito
do Projeto 7_E1.pdf 15:05:20
Recurso Anexado Resposta_pendencias_ok.docx 03/10/2019 |Tiago Pecanha de Aceito
| pelo Pesquisador 14:54:24 |Oliveira
Qutros Relatorio_de_andamento.docx 05/09/2019 | Tiago Peganha de Aceito
16:41:13 [ Oliveira

Outros FORMULARIO_PARA_SUBMISSAO_D | 05/09/2019 |Tiago Pecanha de Aceito

E _EMENDAS E BROCHURAS.doc 16:38:34 | Oliveira

Outros Carta_CAPPESQ.docx 05/09/2019 | Tiago Peganha de Aceito
16:37:02 | Oliveira

TCLE / Termos de |TCLE_OA_adendo.docx 05/09/2019 |Tiago Peganha de Aceito

Assentimento / 16:35:31 | Oliveira

Justificativa de

Auséncia

Projeto Detalhado / |Projeto_adendo.docx 05/09/2019 | Tiago Peganha de Aceito

Brochura 16:34:49 | Oliveira

Investigador

Outros Resposta_pendencias.pdf 25/09/2018 |Tiago Pecanha de Aceito
11:48:08 [Oliveira

TCLE / Termos de | TCLE_OA_modificado.docx 25/09/2018 | Tiago Peganha de Aceito

Assentimento / 11:46:43 |Oliveira

Justificativa de

Auséncia
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Continuacgéo do Parecer: 3.649.185

Projeto Detalhado / |Projeto_OA_final_etica_modificado2.doc| 25/09/2018 |Tiago Peganha de Aceito

Brochura X 11:46:24 |Oliveira

Investigador

Folha de Rosto FolhaDeRosto_ProjetoOA.pdf 14/08/2018 |Tiago Pecanha de Aceito
12:27:14 | Oliveira

Cronograma Cronograma_michelle.docx 14/08/2018 | Tiago Peganha de Aceito
12:25:55 | Oliveira

Projeto Detalhado / |Projeto_OA_final_etica.docx 14/08/2018 |Tiago Pegcanha de Aceito

Brochura 12:18:47 |Oliveira

Investigador

Declaragédo de carta_infra_estrutura_LACREHC.pdf 14/08/2018 | Tiago Peganha de Aceito

Instituicdo e 12:18:16 | Oliveira

Infraestrutura

Declaracéo de Declaracao_colaboracao_LAHAM_EEF | 07/08/2018 |Tiago Pecanha de Aceito

Instituicéo e EUSP.pdf 07:49:58 |Oliveira

Infraestrutura

Declaragéo de declaracao_compromisso.pdf 01/08/2018 | Tiago Peganha de Aceito

Pesquisadores 13:42:41 Oliveira

Orgamento Orcamento_michelle.docx 01/08/2018 | Tiago Pecanha de Aceito
13:40:08 | Oliveira

TCLE / Termos de | TCLE_OA.docx 01/08/2018 |Tiago Pecanha de Aceito

Assentimento / 11:44:06 |Oliveira

Justificativa de

Auséncia

Situagao do Parecer:

Aprovado

Necessita Apreciagao da CONEP:

Nao

SAO PAULO, 18 de Outubro de 2019
Assinado por:
ALFREDO JOSE MANSUR
(Coordenador(a))
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ANEXO Il - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
HOSPITAL DAS CLINICAS DA FACULDADE DE MEDICINA DA
UNIVERSIDADE DE SAO PAULO - HCFMUSP.

1

HOSPITAL DAS CLINICAS DA FACULDADE DE MEDICINA DA UNIVERSIDADE DE SAO PAULO — HCFMUSP.

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

DADOS DE IDENTIFICAGAO DO SUJEITO DA PESQUISA OU RESPONSAVEL LEGAL

AtNONES Fmrunasessmssnsmmssioss sy e s oS T S ST S S SR a9
DOCUMENTO DE IDENTIDADE N°: ..o SEXO: Mo F o
DATANASCIMENTO: ........ y p— s
ENDEREGO ...ttt sttt se e NO e APTO: ..o
27| 2 510 R ——————— (01711 ] =

DOCUMENTO DE IDENTIDADE....
DATANASCIMENTO.: ...... /R —

ENDEREG® :xuusvavsssmmsmsnsstsis o s vt s e i s s s N sonzesomnas APTO  susvmsnszvsswsmunaan
BAIRRO: ..o CIDADE: ....c.oiiiiiee e
CERS umsmsvsassnmsssmssssswstis TELEFONE!DDD (;::ccc0.:i et R R T R TR

DADOS SOBRE A PESQUISA

Titulo da pesquisa — “EFEITOS DE UMA SESSAO DE TREINAMENTO COM RESTRIGAO DE FLUXO NAS
RESPOSTAS HEMODINAMICAS, AUTONOMICAS E VASCULARES EM INDIVIDUOS COM OSTEOARTRITE DE
JOELHO".

Pesquisador principal — Dr. Tiago Peg¢anha de Oliveira

Departamento/Instituto - Faculdade de Medicina da Universidade de Sdo Paulo — Departamento de Clinica Médica,

Disciplina de Reumatologia.

Convite a participacao
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Convidamos a Sra. para participar desta pesquisa intitulada “EFEITOS DE UMA SESSAO DE TREINAMENTO COM
RESTRICAO DE FLUXO NAS RESPOSTAS HEMODINAMICAS, AUTONOMICAS E VASCULARES EM INDIVIDUOS
COM OSTEOARTRITE DE JOELHO".

Justificativa e objetivos do estudo

O treinamento de forgca (i.e. exercicio com aparelhos de musculagdo) com a utilizacdo de manguitos de pressdo ao
redor dos membros tem sido recomendada para pacientes com artrose de joelho. No entanto, ainda ndo séo
conhecidos os efeitos desse protocolo sobre o coragédo e vasos sanguineos. Dessa forma, o objetivo do nosso estudo
sera investigar os efeitos desse tipo de treinamento nas respostas cardiovasculares (pressao arterial, pulsacéo, fluxo

de sangue nas artérias) em mulheres com artrose de joelho.

Procedimentos que serao realizados e métodos que serdao empregados

Primeiramente, gostariamos de convida-la a participar deste estudo.
Caso vocé aceite o convite, vocé realizara alguns exames que estédo descritos abaixo, no Hospital das Clinicas da

Faculdade de Medicina da Universidade de Sao Paulo.

Esse estudo tera a duragédo aproximada de 2 meses e sera composto por 6 visitas ao nosso laboratério.

Nas primeiras 2 visitas, vocé realizara os seguintes exames: entrevista, avaliacdo do peso e altura, exame de
sangue, testes funcionais, teste de esfor¢o na esteira e medida da presséao arterial.

Nas 4 visitas seguintes, vocé realizarda um protocolo no qual sera realizado quatro séries de dois exercicios para
suas pernas. Em uma das visitas, um manguito (bragadeira) de pressao arterial sera posicionado em suas pernas e
sera insuflado durante a realizagdo dos exercicios (exercicio com oclusdo). Em outras duas visitas, vocé realizara
os exercicios sem a utilizagdo desse manguito. Em uma outra visita, vocé ira sentar nos aparelhos de ginastica,
mas nao ira realizar o exercicio. Nas 4 visitas, serdo avaliados a sua pressao arterial, batimentos cardiacos e fluxo
de sangue nas suas artérias.

Abaixo estdo descritos os exames que serdo feitos por vocé.

Entrevista: Sera realizada através de um questiondrio no qual iremos obter alguns dados pessoais,
antropométricos e sobre a doenca.

Teste na esteira: Vocé tera que caminhar na esteira até atingir o seu esforgo maximo para sabermos o quanto vocé
consegue correr. Esse teste é utilizado de forma rotineira no hospital, e serve para avaliar a capacidade do seu
coragdo e pulmao durante o exercicio fisico. A duracao do teste sera de 20 minutos.

Avaliagdo da pressédo arterial (pressdo de sangue nas artérias): iremos medir a sua pressao por meio da utilizagao
de uma bragadeira (manguito) que sera posicionado em seu bragco. Além disso, em alguns momentos também
avaliaremos a sua pressao arterial por meio da utilizagdo de um manguito que sera colocado no seu dedo médio
do brago ndo-dominante.
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Frequéncia cardiaca (batimentos cardiacos): sua frequéncia cardica serd monitorada por meio de eletrodos que
serdo colocados em trés pontos do seu peito.
Medidas de fluxo sanguineo: inicialmente vocé permanecera deitado e um equipamento de ultrassom sera

posicionado sobre suas artérias do brago e da perna para verificar o fluxo sanguineo.

Explicitagcdo de possiveis desconfortos e riscos decorrentes da participagao na pesquisa

Se vocé tiver medo de agulhas, vocé podera sentir certo desconforto durante a picada da coleta de sangue, mas
deve desaparecer em um dia.

O teste na esteira € um teste maximo, vocé podera sentir cansaco fisico e dor muscular ou articular, que podem
durar até 7 dias e deverdo desaparecer com o repouso adequado.

A realizagdo do exercicio de forca pode causar dor muscular ou articular. No entanto, essas dores deverdo
desaparecer com 72 horas com o repouso adequado.

A realizagdo do exercicio com oclusé@o pode causar dor devido a compresséao feita pelo manguito nas pernas. No

entanto, essa dor desaparecera assim que finalizarmos o protocolo.

Beneficios esperados para o participante

Vocé realizara alguns exames que ndo sdo rotineiros, como teste na esteira, teste de forca maxima, testes
funcionais e ultrassom vascular. Esses exames irdo permitir um maior conhecimento sobre a sua condig¢do clinica e

capacidades fisicas, o que pode ser util para entender um pouco mais sobre sua doenga.

Esclarecimento sobre a forma de acompanhamento e assisténcia a que terao direito os participantes da

pesquisa

Em qualquer etapa do estudo, vocé tera acesso aos profissionais responsaveis pela pesquisa para esclarecimento
de eventuais duvidas. O principal investigador é o Prof. Dr. Tiago Peganha de Oliveira, que pode ser encontrado no
endereco Av. Dr. Enéas de Carvalho Aguiar, 255 - Cerqueira César, Sdo Paulo - SP, 05403-000; telefone: (11)
2661-0000; e-mail: tiagopecanha@usp.br. A pesquisadora responsavel é a Michelle Cristina Oliveira. A
pesquisadora Michelle Cristina Oliveira irda acompanha-la em todas as etapas do estudo, desde o recrutamento,
realizacdo de exames e testes, e vocé podera falar com ela a qualquer momento. Ao final do estudo a

pesquisadora ira Ihe entregar os resultados dos seus testes e exames, explicando o significado de cada um deles.

Garantias de plena liberdade ao participante de recusar-se a participar ou retirar o seu consentimento

em qualquer fase da pesquisa sem penalizagao alguma, de sigilo e privacidade

Vocé tem a liberdade de recusar-se a participar, desistir ou interromper sua participagéo neste estudo no momento

em que desejar sem qualquer prejuizo a continuidade de seu tratamento na Instituicdo.

49



Além disso, vocé recebera uma cépia do presente termo de consentimento livre e esclarecido
Os resultados obtidos serdo analisados em conjunto com outros pacientes e mantidos em sigilo. Serdo divulgados
apenas em publicagdes cientificas, sem a mencgéo dos seus dados pessoais. Caso deseje, podera pessoalmente

tomar conhecimento dos resultados, ao final da pesquisa.

Explicitagdo das garantias de ressarcimento por despesas decorrentes da pesquisa e explicitacao da

garantia de indenizacéo por eventuais danos decorrentes da pesquisa

Vocé ndo tera despesas pessoais em qualquer fase do estudo, incluindo exames e consultas. Também ndo ha
compensacao financeira relacionada a sua participagdo. Se existir qualquer despesa adicional, ela sera absorvida
pelo orgamento da pesquisa. Além disso, se os procedimentos ou tratamentos propostos neste estudo lhe
causarem algum mal-estar ou desconforto, vocé tera direito a tratamento médico no Hospital das Clinicas da
Faculdade de Medicina da USP.

Em qualquer etapa do estudo, vocé tera acesso aos profissionais responsaveis pela pesquisa para esclarecimento de
eventuais duvidas. O principal investigador é o Prof. Dr. Tiago Pegcanha de Oliveira, que pode ser encontrado no
endereco Av. Dr. Enéas de Carvalho Aguiar, 255 - Cerqueira César, Sdo Paulo - SP, 05403-000; telefone: (11)
2661-8022; e-mail: tiagopecanha@usp.br. Se vocé tiver alguma consideragdo ou duvida sobre a ética da pesquisa,
entre em contato com o Comité de Etica em Pesquisa (CEP) — Rua Ovidio Pires de Campos, 225 — 5° andar — tel: (11)
2661-7585, (11) 2661-1548, (11) 2661-1549; e-mail: cappesq.adm@hc.fm.usp.br.

Fui suficientemente informado a respeito do estudo “Efeitos de uma sessdo de treinamento com restricdo de fluxo
nas respostas hemodinamicas, autonédmicas e vasculares em individuos com osteoartrite de joelho”. Eu discuti com
o Dr. Tiago Pecanha e com a Michelle Cristina Oliveira sobre a minha decisdo em participar nesse estudo. Ficaram
claros para mim quais sdo os propdésitos do estudo, os procedimentos a serem realizados, seus desconfortos e
riscos, as garantias de confidencialidade e de esclarecimentos permanentes. Ficou claro também que minha
participagdo é isenta de despesas e que tenho garantia do acesso a tratamento hospitalar quando necessario.
Concordo voluntariamente em participar deste estudo e poderei retirar o meu consentimento a qualquer momento,
antes ou durante o mesmo, sem penalidades ou prejuizo ou perda de qualquer beneficio que eu possa ter

adquirido, ou no meu atendimento neste servigo.

Assinatura do paciente/representante legal Data / /

(Somente para o responsavel do projeto)

Declaro que obtive de forma apropriada e voluntaria o Consentimento Livre e Esclarecido deste paciente ou
representante legal para a participagéo neste estudo.

Assinatura do responsavel pelo estudo Data / /
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PT-BR
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EN
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Instituigio: Faculdade de Medicina, Universidade de Sao Paulo

Fonte: de apoio financeiro ou material:
Instituigio: Comselho Nacional de

Condigoes de saude
Condigoes de salde ou problemas:

Osteoartrite de joeino

Descritores gerais para as condigdes de salde:

PT-BR
MO0-M99: XNl - Doencas do sistema
e do lecido

paraas G

PT-BR
M17: Gonartrose [artrose do joelho]

Intervengoes

Behavioural
Intervengbes:

PT-BR
Trata-se de um design cross-over (as
participantes participardo de todas as
i3 ek i3

serdo realizadas de forma aleatorizada, em
um periodo de 14-28 dias.

Condicdo experimental 16 mulheres com
osteoartrite de joelho realizardo 4 séries
dos exercicios leg press 45 e cadeira
extensora nas seguintes condigdes (cada
uma condicdo sera realizada em uma visita
distinta e apenas uma vez)

1) io resistido de baixa it
sem restricdo de fluxo (N = 16)
2) sistido de alta i
sem restricio de fluxo (N = 16)
3) Exercicio resistido de baixa inlensidade
com restricdo de fluxo (N = 16)

Condicdo controle (comparador) (N = 16)
16 mulheres com osteoartrite de joeino
permanecerdo sentadas sem realizar
exercicio (apenas uma visita).

www ensaiosclinicos gov. brirg/RBR-7gvrmm/

de saude:

Clentifico e Te 0 - CNPq

EN
Knee osteocarthritis

EN
M00-M99: XII| - Diseases of the

system and

tissue

ES
M17: Gonartrosis (artrosis de la rodilla)

EN
This is a doss-over design (the participants

will perform all expenmental

conditions) The 4 conditions will be
performed in a randomized fashion. in a
period between 14.28 days

Experimental condition. 16 women with
knee ostearthritis will perform 4 sets of the
leg press 45 and leg extension exercises in
the following way (each condition will be
performed in a distinct visit and only one
time)

1) Low-intensity resistance exercise without
blood flow restriction (N = 16)

2) High-intensily resistance exercise
without blood flow restriction (N = 16)

3) Low-intensity resistance exercise with
blood flow restriction (N = 16)

Control condition (comparison) (N = 16)
16 women with knee osteoarthritis will be
kepl seated without doing exercise (only
one visit).

EN
M17: Gonarthrosis [arthrosis of knee]
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Descritores para as intervengoes:

G11.427.410.698.277: Exercicio

Recrutamento

Situacao de recrutamento: Recruiting

Pais de recrutamento
Brazil

Data prevista do primeiro recrutamento: 2019-05-15

Data prevista do dltimo recrutamento: 2020-09-15

Tamanho da amostra alvo:

16 F

Critérios de inclusdo:

PT-BR

Mulheres pos-menopausa entre 40-85
anos, diagnosticadas com osteoartrite de
joelho seguindo os critérios propostos pelo
Colégio Americano de Reumatologia. As
participantes devem apresentar
acometimento articular de graus Il e Il de
acordo com Kellgren & Lawrence, e escala
visual analogica de dor entre 2 € 8

Critérios de exclusio:

PT-BR

Serao excluidas as participantes que
p : doengas 3
pulmonares, metabdlicas e outras que

possam comprometer a aplicagdo dos
procedimentos e os resultados; pressao
arterial sistélica e diastdlica maiores do que
160/105 mmHg; alteracbes
eletrocardiograficas sugestivas de isquemia
ou arritmias graves durante o teste de
esforco; insuficiéncia venosa nos membros
inferiores, antecedente de trombose e
flebite nos membros inferiores, alteragbes
musculoesqueléticas que impegam a
execucdo do programa de exercicio
proposto; osteoartrite sintomatica nos
membros inferiores que possam

Género para inclusdo:

Registro Brasileiro de Ensaios Clinicos

ES
G11.427.410.698.277: Ejercicio

Idade minima para inclusdo:

Y

EN

Post-menopausal women between 40-85
years, with knee ostecarthritis according to
the criteria proposed by the American
College of Rheumatology. The participants
should present grade Il or Il of severity of
the osteoarthritis according to Kellgren &
Lawrence and pain rated between 2 and 8
in the visual analogue scale.

EN
The participants will be excluded if they

present: cardiovascular, pumonary,
metabolic or any other disease that could
preciude the procedures; systolic blood
pressure greater than 160/105 mmHg;
Ischemia or amhythmia during the exercise
test; lower limb venous insufficiency;
previous thrombosis and/or phiebitis in
lower limbs; musculoskeletal impaimment
that preclude the performance of physical
adtivity; body mass index greater than 35
kg/m2; under use of medications affecting
the autonomic nervous system (e.g., beta
blockers, and non-dihydropyridine calcium
channel blocker); under use of

under

na realizagdo dos testes; indice de massa
corporal igual ou maior de 35 Kg/m2; que
estejam fazendo uso de medicamentos que
possam a afetar o funcionamento do
sistema nervoso auténomo (ex beta-
bloqueadores, e bloqueadores de calcio
nao-hidropindinicos); que fagam uso de
anticoagulantes ou antiagregantes
plaquetarios; infiltragdes com

www.ensaiosclinicos.gov.br/rg/RBR-7gvimm/

Infiltration in the last 3 months; or under use
of any glucorticoid in the last 3 months.

Idade maxima para inclusdo:

85y

3/6

53



22/11/12019
corticosteroides ha pelo menos 3 meses;
ou que estejam sob uso de corticosterdides
ha pelo menos trés meses antes do inicio

do estudo.

Tipo do estudo

Desenho do estudo:

PT-BR
Ensaio clinico de prevencéo, cruzado,
unicego, randomizado e controlado, com 4

bragos.

Programa de acesso Enfoque do
expandido estudo
False Prevention
Desfechos
Desfechos primarios:
PT-BR

Presséo arterial bastimento-a-batimento

por meio de um monitor

Registro Brasileiro de Ensaios Clinicos

EN

Randomized prevention cross-over single-

blinded and controlled study with 4 arms.

Desenho da Numero de Tipo de Tipo de
intervencio bragos mascaramento alocagdo
Cross-over 4 Single-blind Randomized-
controlled
EN

Beat-by-beat blood pressure using a

iic monitor (Finometer,

(Finometer, FMS, Inc., Amsterdam,
Netherlands) conectado a um cuff de dedo.
Esta medida sera realizada antes, durante

e apds o exercicio.

PT-BR
Funcéo endotelial por meio de um
ultrassom vascular e da técnica da
vasodilatagcdo mediada pelo fluxo. Esta
medida sera realizada nas artérias braquial

e femoral antes e apds o exercicio.

Desfechos secundarios:

PT-BR
Frequéncia cardiaca por meio de um
eletrocardiograma. Esta medida sera

realizada antes, durante e apos o exercicio.

PT-BR
Variabilidade da frequéncia cardiaca por
meio de um software customizado. Esta
medida sera realizada antes e apds o

exercicio

PT-BR
Variabilidade da press&o arterial por meio
de um software customizado. Esta medida

sera realizada antes e apos o exercicio.

www.ensaiosclinicos.gov.br/rg/RBR-7gvrmm/

FMS, Inc., Amsterdam, Netherlands)
connected to a finger cuff. This assessment
will be performed before, during and after

the exercise.

EN

Endothelial function using a vascular
ultrasound and the flow-mediated dilation
technique. This assessment will be

performed before and after the exercise.

EN

Heart rate using a electrocardiogram. This
assessment will be performed before,

during and after the exercise.

EN

Heart rate variability using a customized
software. This assessment will be

performed before and after the exercise.

EN

Blood pressure variability using a
customized software. This assessment will
be performed before and after the exercise.

Fase do
estudo

NIA
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PT-BR
Sensibilidade barorreflexa por meio de um
software customizado. Esta medida sera

realizada antes e apds o exercicio.

PT-BR
Movimentos respiratorios por meio de uma
cinta piezoelétrica conectada a um
amplificador. Esta medida sera realizada

antes e apos 0 exercicio.

PT-BR
Percepgao de dor utilizando uma escala
analogica visual de 0-10. Esta medida sera

realizada antes, durante e apds o exercicio.

PT-BR
Percepgao de esforco utilizando a escala
de Borg Cr-10. Esta medida sera realizada
durante o exercicio.

PT-BR
Percepgao de prazer por meio da escala de
valéncia afetiva de 11 pontos proposta por
Hardy e Rejeski (1989). A escala é
quantificada de +5 (muito bom) a -5 (muito
ruim). Esta medida sera realizada durante o

exercicio.

PT-BR
Presséo arterial braquial por meio de um
monitor oscilométrico. Esta medida sera

realizada antes, durante e apds o exercicio.

Contatos

Contatos para abli

Nome completo: Tiago Peganha

Enderego: Av. Dr. Arnaldo, 455 3° andar - sala 3131

- Cerqueira César

Cidade: Sao Paulo / Brazil
CEP: 01246-903

Fone: +551130617090

E-mail: pecanhatiago@gmail.com

Filiagdo: Faculdade de Medicina, Universidade de

Sao Paulo

www.ensaiosclinicos.gov.brirg/RBR-7gvrmm/
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EN

Baroreflex sensitivity using a customized
software. This assessment will be

performed before and after the exercise.

EN

Respiratory movements using a
piezoelectric belt connected to an amplifier.
This assessment will be performed before

and after the exercise.

EN

Pain perception using a visual analogue
scale from 0-10. This assessment will be
performed before, during and after the

exercise.

EN
Effort perception using the Cr-10 Borg

Scale. This assessment will be performed

during the exercise.

EN

Pleasure perception using the 11 point
bipolar Feeling Scale by Hardy e Rejeski
(1989). The scale ranges from +5 (very
good) to -5 (very bad). This assessment will

be performed during the exercise.

EN

Braquial blood pressure using an
monitor. This will

be performed before, during and after the

exercise.
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Contatos para questdes cientificas

Nome completo: Tiago Pecanha

Endereco: Av. Dr. Arnaldo, 455 3° andar - sala 3131

- Cerqueira César

Cidade: Sao Paulo / Brazil

CEP: 01246-903

Fone: +551130617090

E-mail: pecanhatiago@gmail.com

Filiagdo: Faculdade de Medicina, Universidade de
Sao Paulo

Contatos para informagio sobre os centros de pesquisa

Nome completo: Tiago Peganha

Endereco: Av. Dr. Arnaldo, 455 3° andar - sala 3131
- Cerqueira César

Cidade: Sao Paulo / Brazil

CEP: 01246-903

Fone: +551130617090

E-mail: pecanhatiago@gmail.com

Filiagdo: Faculdade de Medicina, Universidade de
Sao Paulo

Links adicionais:
Download no formato ICTRP

Download no formato XML OpenTrials

@QpenTrials v1.2
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Clinical safety of blood flow-restricted training? A comprehensive review of
altered muscle metaboreflex in cardiovascular disease during ischemic
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Cristina-Oliveira M, Meireles K, Spranger MD, O’Leary DS, Roschel H,
Pecanha T. Clinical safety of blood flow-restricted training? A comprehensive
review of altered muscle metaborefiex in cardiovascular disease during ischemic
exercise. Am J Physiol Heart Circ Physiol 318: H90-H109. 2020. First published
November 8. 2019: doi:10.1152/ajpheart.00468.2019.—Blood flow restriction
training (BFRT) is an increasingly widespread method of exercise that involves
imposed restriction of blood flow to the exercising muscle. Blood flow restriction
is achieved by inflating a pneumatic pressure cuff (or a tourniquet) positioned
proximal to the exercising muscle before, and during, the bout of exercise (i.c.,
ischemic exercise). Low-intensity BERT with resistance training promotes compa-
rable increases in muscle mass and strength observed during high-intensity exercise
without blood flow restriction. BFRT has expanded into the clinical research setting
as a potential therapeutic approach to treat functionally impaired individuals, such
as the elderly, and patients with orthopedic and cardiovascular disease/conditions.
However. questions regarding the safety of BFRT must be fully examined and
addressed before the implementation of this exercise methodology in the clinical
setting. In this respect, there is a general concern that BFRT may generate abnormal
reflex-mediated cardiovascular responses. Indeed. the muscle metaborefiex is an
ischemia-induced. sympathoexcitatory pressor reflex originating in skeletal muscle.
and the present review synthesizes evidence that BFRT may elicit abnormal
cardiovascular responses resulting from increased metaboreflex activation. Impor-
tantly, abnormal cardiovascular responses are more clearly evidenced in popula-
tions with increased cardiovascular risk (e.g., elderly and individuals with cardio-
vascular disease). The evidence provided in the present review draws into question
the cardiovascular safety of BFRT, which clearly needs to be further investigated
in future studies. This information will be paramount for the consideration of BFRT
exercise implementation in clinical populations.

autonomic nervous system: blood flow restriction training: exercise pressor reflex:
cardiac rehabilitation: Kaatsu training: sympathetic nervous system

INTRODUCTION

Blood flow restriction training (BFRT) is a method of
exercise training that involves execution of low-intensity re-
sistance exercise combined with blood flow restriction (LI-
BFR) provided by an inflatable cuff or a tourniquet placed
proximal to the exercising muscle. In general, the external cuff

Address for reprint requests and other correspondence: T. Peganha. Applied
Physiology and Nutrition Research Group, School of Physical Education and
Sport, Rheumatology Div., Faculty of Medicine FMUSP, Univ. of Sao Paulo,
Av. Dr. Arnaldo, 455-Cerqueira César, Sdo Paulo, 01246-903, Brazil (e-mail:
pecanhatiago@ gmail.com).

H90 0363-6135/20 Copyright © 2020 the American Physiological Society

pressure applied is set relative to the arterial occlusion pressure
(AOP: i.e.. the pressure required to cease blood flow to a limb).
which is sufficient to produce partial restriction of arterial
inflow and full occlusion of venous outflow (81, 116). This
hypoxic and metabolic-demanding environment augments
muscle motor unit recruitment and activates signaling path-
ways driving protein synthesis and stem cell activation. leading
to muscle hypertrophy (for more information see Ref. 119).
BERT has become increasingly popular in recent years due
to its positive effects on muscle size and strength (80). More-
over, the L.‘llpﬂl,‘ily o genemle neuromuscular improvemenm
(e.g.. muscle hypertrophy and physical function) comparable to

hutp://www.ajpheart.org

Downloaded from journals.physiology.org/journal/ajpheart (179.209.047.081) on October 3, 2022.
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CARDIOVASCULAR SAFETY IN BLOOD FLOW RESTRICTION TRAINING Hol

more intense resistance (raining protocols, while employing
low-intensity workloads, has generated considerable interest in
utilizing BFRT as a potential therapeutic option for function-
ally impaired populations, which may be incapable of engaging
in high-intensity resistance exercise regimens (e.g.. older indi-
viduals, patients with knee osteoarthritis) (19. 35). Accord-
ingly. several authors have suggested that BFRT could be used
as an important therapeutic tool in clinical practice (82, 98,
118), constituting a promising and possibly suitable alternative
to high-intensity resistance training for conditions such as
postoperative rehabilitation, cardiac rehabilitation, and inflam-
matory diseases (118). However, for the appropriate imple-
mentation of this mode of training in the daily routine of
clinical populations. the safety of routine BFRT use in clinical
populations has yet to be fully determined.

Previous reviews (53, 82, 118) reported potential negative
side effects associated with BFRT. such as increased incidence
of blood clots, vein congestion/distension. ischemia-reperfu-
sion injury, muscle damage. and exertional rhabdomyolysis,
but concluded that for most of these events BFRT is unlikely
to present additional risks in comparison with traditional ex-
ercise. A large survey in Japan with BFRT instructors from 232
facilities did not verify any major event, such as cerebral
hemorrhage. cerebral infarct, or thrombosis in >120,000 sub-
jects with a large variability of demographical and clinical
characteristics (e.g.. older adults and people with obesity,
diabetes, cerebrovascular and cardiovascular diseases). Re-
ported side effects were generally minor, including transient
numbness or dizziness, subcutaneous hemorrhage, and itchi-
ness (98). However, care should be taken with general assump-
tions about BFRT safety given the paucity of long-term pro-
spective trials with clinical populations, and the possibility of
some remaining adverse effects that are still largely overlooked
in the literature.

One area requiring further investigation regarding BFRT
safety is its potential to promote exacerbated reflex-mediated
cardiovascular responses via engagement of the muscle
metaboreflex arm of the exercise pressor reflex (154). The
metaboreflex is a sympathoexcitatory blood flow- and blood
pressure (BP)-raising reflex originating in the contracting skel-
etal muscle which responds to the increase in muscle metabo-
lites typically occurring during exercise. Upon activation, these
afferents relay neural information to the central nervous system
(63) which, in turn. produces increases in cardiac output (CO)
and BP. While this reflex plays a pivotal role in controlling
muscle blood flow during exercise, rapidly correcting any
mismatch between oxygen demand and supply (39). an exac-
erbated activation of the metaboreflex has been shown to
produce abnormal cardiovascular responses (20, 28, 73, 140,
152). which may be a matter of concern in specific groups of
individuals.

Insufficient O, delivery to active muscle, and the resulting
accumulation of metabolites within muscles fibers during the
execution of BFRT, might promote augmented metaboreflex
activation, producing increased BP and other abnormal cardio-
vascular responses. which may increase the risk of adverse
cardiovascular events in individuals with cardiovascular risk
factors or overt cardiovascular disease. This hypothesis is
supported by several experimental and clinical studies demon-
strating the role of metaboreflex activation on neural and
hemodynamic responses to exercise in healthy and clinical

populations (2, 20, 28, 38. 49. 52, 54. 87, 120, 143, 150. 156).
Recent studies have assessed cardiovascular responses during
typical BFRT sessions (6, 14, 16, 29. 36, 71. 76, 85, 88. 114,
124, 125, 127. 128. 142, 146. 150, 155, 156, 167). The
equivocal results of these limited studies suggest that further
investigation of the cardiovascular responses to BFRT are
necessary and required to properly assess the cardiovascular
safety of this method of exercise training. Importantly, some
training variables of BFRT exercise might either increase or
attenuate potential risks, which also deserve appropriate dis-
cussion. Therefore, the aim of this review is to provide exper-
imental and clinical information about the role of the muscle
metaboreflex on cardiovascular adjustments to exercise, to
present the current evidences on the acute cardiovascular
responses to BFRT, and to provide practical consideration
regarding implementation of BFRT in clinical populations.

CARDIOVASCULAR ADJUSTMENTS TO EXERCISE: ROLE OF
THE AUTONOMIC NERVOUS SYSTEM

During exercise, CO increases mainly due to elevations in
heart rate (HR) and relatively smaller increases in stroke
volume (SV). while systemic vascular resistance (SVR) may
either fall (dynamic aerobic exercise) or increase (static/dy-
namic resistance exercise). This difference reflects whether
skeletal muscle vasodilates substantially (as during dynamic
aerobic exercise) or whether there is physical compression of
blood vessels in the active muscle (as during strong static/
dynamic resistance exercises). During aerobic exercise, the rise
in CO is greater than the fall in resistance and. as a result, mean
arterial pressure is increased. but the response is much larger
during intense resistance exercise (39). Indeed, in experienced
bodybuilders, intra-arterial measurements have shown in-
creases in systolic blood pressure in excess of 300 mmHg
during high-intensity dynamic contractions (84). Studies with
clinical populations and with submaximal resistance exercise
intensities have shown more modest increases in BP (50). In
parallel to the rise in CO there is a shift in blood flow from
inactive vascular beds (e.g.. renal and splanchnic) to active
(e.g.. exercising muscle, heart, and skin). This coordinated
hemodynamic response ensures adequate blood flow to all
organs and tissues without compromising blood flow and
oxygen supply to exercising muscle.

Exercise-induced hemodynamic responses are determined
by alterations in the activity of the autonomic nervous system,
with increases in sympathetic nerve activity to the heart and
vasculature and decreases in cardiac parasympathetic nerve
activity. These autonomic adjustments are tightly regulated by
the synchronous action of multiple neural mechanisms, includ-
ing central command (i.e., a feed-forward mechanism originat-
ing in higher brain areas involved in volition and effort sen-
sation) (46), the arterial baroreflex (i.e., a negative feedback
reflex stimulated by stretch receptors within the carotid sinuses
and aortic arch, sensitive to changes in pulsatile blood pres-
sure) (33). and the exercise pressor reflex (63). The exercise
pressor reflex (composed of the muscle metaboreflex and
muscle mechanoreflex) originates in the contracting skeletal
muscle and is triggered by the activation of thinly myelinated
(group 1II) and unmyelinated (group IV) atferent nerve fibers.
Group III afferents are mainly stimulated by mechanical stim-
uli (i.e.. mechanoreceptors), whereas group IV afferents are

AJP-Heart Circ Physiol » doi:10.1152/ajpheart.00468.2019 « www.ajpheart.org
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mainly sensitive to changes in the chemical milieu in the
interstitial space of skeletal muscle (i.e.. metaboreceptors),
secondary to the production of exercise metabolites (64, 65).
During exercise. descending signals from higher brain areas
and afferent signals from baroreceptors and the exercise pres-
sor reflex are integrated within specific areas of the brain stem
and, as output, efferent signals carried by parasympathetic and
sympathetic nerve fibers produce the abovementioned cardio-
vascular adjustments to exercise (39, 63, 129) (Fig. 1).

MUSCLE METABOREFLEX

As a component of the exercise pressor reflex, the muscle
metaboreflex exerts an important role in regulating the cardio-
vascular response to exercise. Ischemia-induced metabolites
produced during moderate- to high-intensity exercise (e.g..
proton, lactate. ATP) stimulate metabolically sensitive afferent
nerve receptors in the muscle interstitium [e.g.. acid-sensing
ion channels (ASIC). purinergic receptors (P2X). and transient
receptor potential cation channels of the vanilloid type 1
(TRPV1)] (77), which relay information to the central nervous
system to produce increases in blood flow to the working
muscle (15). However, while optimal activation of the
metaboreflex is paramount for regulating muscle blood flow
during exercise, an augmented and sustained activation of this
reflex might evoke abnormal cardiovascular responses, which
could be a matter of concern in populations with increased
cardiovascular risks.

e ™

‘| Central command
- )

Type |l fibers -
mechanoreceptors

%

Exercise pressor reflex

Animal Studies

Healthy animals. Studies in healthy animals have identified
the role and discharge characteristics of the metaboreceptors
involved in cardiovascular regulation. A seminal study with
anesthetized cats showed that electrically induced contraction
(i.e., 30-45 s) of triceps surae increased the activity of unmy-
elinated group IV muscle afferents, which was accompanied by
increases in HR and arterial pressure (64). Of note, these
afferents showed a progressive firing increase alongside the
stimulation, which is consistent with these types of receptors
being sensitive to the accumulation of metabolites in the
muscle interstitium (64). In addition, injection of capsaicin (an
exogenous agonist TRPvI receptor primarily localized in type
IV fibers) into the abdominal aorta of the cats also increased
the impulse activity of type IV fibers. The ischemic depen-
dence of type IV fibers was further evidenced in a subsequent
study from the same group that showed that circulatory occlu-
sion to the working muscle increased contraction-induced car-
diovascular and nerve firing responses (65) (Fig. 2).

Studies using conscious, chronically instrumented dogs sup-
port the role of the metaboreflex in the control of circulation
during exercise. Wyss et al. (169) originally placed a vascular
occluder around the terminal aorta of these animals to limit
blood supply to active muscles during exercise. These authors
showed that a protocol of mild to vigorous dynamic exercise
with restriction of blood flow to the hindlimbs evoked a

1 Heart rate
1 Stroke volume
1 Cardiac output

1 Mean arterial pressure

1 Arteriolar/venous vasoconstriction
1 Peripheral vascular resistance

Fig. 1. Cardiovascular adjustments to exercise: the role of the autonomic nervous system. During exercise, feedforward signals from higher brain areas (i.c.,
central command) and feedback information arising from different somatic and visceral afferents (i.c., such as the arterial baroreflex and the exercise pressor

reflex) convi

cy sensory information to the central nervous system, which then coordinates the efferent response to the cardiovascular system. SNA. sympathetic

nerve activity: PNA, parasympathetic nerve activity: RAS, renin-angiotensin system; Adr, adrenaline: Nor., noradrenaline.
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Fig. 2. Seminal experiments (Refs. 64 and 65) with anesthetized cats showed that electrical stimulation of the ventral root of the spinal cord, or capsaicin injection
into the hindlimbs (A), produced an increase in activity of group IV fibers, which was accompanied by increases in heart rate (HR) and mean arterial pressure
(B). The black arrow in B illustrates the beginning of stimulation (either by capsaicin or an electrical stimulus).

powerful BP increase. which was mainly due to increases in
HR and CO. Later studies supported these findings and showed
that an increase in cardiac sympathetic activity is the main
mechanism behind these metaboreflex-mediated hemodynamic
responses (105). Importantly, CO increases as a result of
enhanced ventricular performance and central blood volume
mobilization, which preserves SV despite the reduced filling
time promoted by tachycardia (107, 147). This cardiac re-
sponse is also accompanied by sympathetically mediated va-
soconstriction of renal (8. 9) and nonischemic vascular beds
(8), which helps redirect blood flow to the exercising muscle.
On the other hand. the vascular response to the ischemic
muscle is under opposing vasoconstrictor and vasodilatory
influences. and the resulting response is a function of the
interaction between contrasting neural, hormonal and local
inputs (66, 67, 69, 108). Nevertheless, metaboreflex activation
increases perfusion pressure to the exercising muscle, partially
restoring blood flow and O delivery to the active skeletal
muscle (106, 111).

Animal models of cardiovascular disease. While metabore-
flex-induced increases in CO increase blood supply to the
ischemic working muscle, the accompanying increase in BP,

and resulting neurovascular adjustments, might be particularly
unfavorable in groups at risk for cardiovascular events. For
instance, activation of the metaboreflex. by either ischemic
muscle contraction or by graded administration of capsaicin
into the arterial supply of the hindlimb, elicits increased BP
and renal sympathetic nerve activity responses in hypertensive
rats (73, 93). In addition, expression of TRPVI receptors
within dorsal root ganglia was increased in hypertensive rats,
and administration of a TRPV1 antagonist attenuated these
increased metaboreflex-induced cardiovascular responses (93).
These findings demonstrate increased metaboreflex sensitivity
in hypertensive rats and advocate for an important role of
TRPV1 receptors in the increased BP responses during exer-
cise in hypertension (HTN).

Studies in conscious hypertensive animals also show an
altered metaboreflex response to exercise. Sala-Mercado et al.
(140) and Spranger et al. (153) reported attenuated metabore-
flex-induced increase in CO increase and a shift toward en-
hanced peripheral vasoconstriction in dogs with renovascular
HTN. In this model, the rise in BP is reduced, and this
attenuated pressor response is due to a smaller increase in CO,
which is associated with decreased ventricular performance.
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Interestingly. exaggerated a-adrenergic-mediated sympathetic
coronary vasoconstriction might underline this reduced ven-
tricular performance in the hypertensive animals (152). which
raises additional questions about the safety of excessive
metaboreflex activation during exercise in specific populations.
Exaggerated coronary vasoconstriction coupled with increased
myocardial oxygen demand might favor ischemic episodes and
lead to arrhythmias and sudden cardiac death.

A hallmark of diseases such as heart failure (HF) and
peripheral artery disease (PAD) is underperfusion of skeletal
muscle. As the metaboreflex is tonically active is these dis-
eases, further stimulation of this reflex might generate abnor-
mal cardiovascular responses to exercise. For instance, in HF
animals, metaboreflex activation during exercise impairs in-
creases in cardiac performance and CO (5. 7. 48, 109, 139). As
with HTN, this response seems to be mediated either by
increased coronary vasoconstriction (5) (which may also lead
to electrical abnormalities in the failing heart, thereby increas-
ing cardiovascular risks) or by impaired systolic and/or dia-
stolic function (109, 139). Despite diminished CO responses
during exercise, animals with HF do exhibit metaboreflex-
induced increases in BP, and this response seems to be primar-
ily mediated by a marked increase in peripheral vasoconstric-
tion (7). Importantly, in HF this metaboreflex-induced vaso-
constriction also occurs in the ischemic active skeletal muscle,
via increased a-adrenergic sympathetic vasoconstriction, cou-
pled with potential impaired functional sympatholysis (68).
This response might further limit blood flow to working mus-
cle, promoting additional engagement of the metaboreflex,
thereby leading to a vicious cycle of progressive impairment in
skeletal muscle blood flow.

PAD is characterized by transient ischemia in skeletal mus-
cle during physical exertion, which may evoke pain while
walking (i.e.. intermittent claudication) and tonic activation of
the metaboreflex. In support of the latter, femoral artery liga-
tion (i.e.. model of simulated PAD) has shown to produce
increased BP and sympathetic responses (o exercise (163, 164),
which is mediated by an increase in protein expression of
TRPV1, P2X3. and ASIC3 receptors in sensory afferent neu-
rons (78, 79. 170. 171). Furthermore. stimulation of these
receptors, either by the injection of specific metabolites (e.g.,
ATP, lactic acid, capsaicin) into the arterial blood supply of
hindlimbs or by electrically induced muscle contraction, also
leads to increased sympathetic and cardiovascular responses in
PAD models (78, 79, 157, 170). Collectively. these findings
suggest that an increase in either the expression and/or the
sensitivity of metaboreceptors takes place in PAD models,
leading to augmented reflex-mediated cardiovascular responses
during physical effort. Further stimulation of the metaboreflex
might generate abnormal cardiovascular responses to exercise.

Studies in Humans

Healthy humans. Studies in healthy humans support the
important role of the metaboreflex in the control of hemody-
namic responses during exercise. The classic method to test the
role of the metaboreflex in cardiovascular responses in humans
is the employment of suprasystolic circulatory occlusion im-
mediately after static or dynamic exercise (2, 38. 40, 54. 55. 87,
89, 120. 133). This protocol traps contraction-induced metab-
olites within previously working muscle. allowing the assess-

CARDIOVASCULAR SAFETY IN BLOOD FLOW RESTRICTION TRAINING

ment of cardiovascular responses elicited by the metaboreflex
in isolation, without concurrent influence of other mechanisms
engaged during exercise (e.g.. central command and the muscle
mechanoreflex). Other studies have performed partial or total
circulatory occlusion during exercise to engage the metabore-
flex in a typical exercise condition (2., 37, 49, 89).

The seminal study of Alam and Smirk (2) showed that
circulatory arrest during and following dynamic calf and fore-
arm exercises elicits an increase in systolic and diastolic BP
compared with exercise under free-flow conditions. According
to these authors, this reflex-mediated BP response ensures an
increase in blood supply to ischemic working muscles, thereby
postponing fatigue. Subsequent studies reinforced this marked
pressor response associated with the engagement of the
metaboreflex, and further studies investigated the neural and
hemodynamic mechanisms responsible for this response (87,
130, 134, 149). Mark et al. (87) employed microneurography to
directly record sympathetic activity during handgrip exercise
followed by postexercise muscle ischemia (PEMI). This study
showed that the powerful pressor response associated with
metaboreflex activation is paralleled by marked sympathetic
activation to the peripheral vasculature. In another landmark
study. Joyner et al. (60) found a marked rise in muscle
sympathetic activity during heavy handgrip and PEMI in
healthy humans. with this response being significantly attenu-
ated by the application of suction around the forearm to
artificially increase blood flow to active muscle. These findings
indicate that metaboreflex activation drives increases in muscle
sympathetic activity to the peripheral vasculature during exer-
cise, even in unrestricted blood flow conditions.

As previously mentioned, the neural responses associated
with the engagement of the metaboreflex are important mech-
anisms in the regulation of blood flow to exercising muscle.
Accordingly, studies in humans have shown that the increased
sympathetic activation to the peripheral vasculature produces
vasoconstriction in renal and splanchnic vascular beds (91. 94,
149) as well as nonactive muscle vasculature (122, 134),
directing blood flow to the exercising muscles (106). In addi-
tion, metaboreflex-induced sympathetic venoconstriction in-
creases preload and central blood volume mobilization, which
favors increases in cardiac performance, leading to increases in
SV and CO (15, 149).

The role of metaboreflex on HR in humans at one time was
debatable (37, 38, 40, 54-56, 101. 120, 133). Previous studies
showed a complete return of HR to baseline levels during
PEMI after moderate intensity static or rhythmic handgrip in
healthy humans (40, 55. 56, 133), which initially led to the
suggestion that, despite producing a robust peripheral sympa-
thetic response, activation of the metaboreflex did not seem to
increase cardiac sympathetic activity during exercise (137). On
the other hand, more recent studies using either more intense
exercise (38), or exercise recruiting larger muscle masses (e.g.,
leg exercise) (37, 49, 120), demonstrate moderate elevations in
HR during PEMI. which is consistent with the notion that
activation of the metaboreflex is able to produce at least modest
cardiac sympathetic responses in humans.

The prevailing explanation for the return of HR toward
baseline levels in the face of persistent metaboreflex activation
is that the increase in cardiac sympathetic activity during PEMI
may be overpowered by a concurrent parasympathetic reacti-
vation which occurs upon the cessation of exercise (56, 101,
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105). Parasympathetic reactivation could result from /) deac-
tivation of central command and the mechanoreflex (18, 121)
and/or 2) stimulation of the arterial baroreflex due to increased
BP during ischemia (56). Indeed, parasympathetic blockade
increases HR during PEMI after moderate-intensity handgrip
exercise (38), while sympathetic blockade abolishes this re-
sponse. These results indicate that cardiac sympathetic tone is
augmented as a result of metaboreflex activation, but a con-
current parasympathetic activation might diminish the sympa-
thetic effects on HR after exercise.

Elevations in HR in response to metaboreflex activation
have also been reported when the metaboreflex is engaged via
partial blood flow restriction during (not after) exercise (32,
49). During exercise, the activation of central command and
the mechanoreflex. and the resetting of the arterial baroreflex to
higher BP values. lead to a reduction in cardiac parasympa-
thetic activity (102, 104a, 104b). In this scenario, further
parasympathetic blockade does not seem to accentuate the
metaboreflex-mediated increases in HR. On the other hand,
sympathetic blockade significantly attenuates the HR responses
to partial blood flow restriction during exercise (37). indicating
an important cardiac sympathetic activation in response to the
engagement of the muscle metaboreflex during exercise.

Humans with cardiovascular disease. The studies in humans
reviewed herein are in line with the studies in animals showing
significant sympathetic and pressor responses associated with the
engagement of the metaboreflex in healthy populations. As pre-
viously reported, these neural and hemodynamic responses are
paramount for providing adequate blood flow to exercising mus-
cle. However, supraphysiological activation of the metaboreflex
might produce abnormal cardiovascular responses, and this could
be potentially deleterious in some populations. Indeed. recent
studies in humans confirm previous findings in animals showing
that metaboreflex-induced cardiovascular responses could be
more accentuated in subjects with cardiovascular and metabolic
diseases, such as HTN, diabetes, HF. and PAD, as reviewed
below.

Hypertensive patients present with increased BP responses
to exercise (11, 20), and this is partly due to increased
metaboreflex-mediated cardiovascular responses (20). Studies
using isometric or rhythmic handgrip exercise followed by
PEMI have shown increased BP and muscle sympathetic re-
sponses in young (143) and elderly (28) hypertensive subjects.
Interestingly. the increased BP response to dynamic exercise is
normalized after the partial blockade of muscle afferents using
lumbar intrathecal injection of fentanyl (a selective p-opioid
receptor agonist) (11), which further supports the role of
reflex-based signals arising from skeletal muscle in producing
increased BP responses during exercise in hypertension.

It is important to point out that the increased BP response to
exercise in hypertensive individuals occurs even in those with
well-controlled resting BP levels, and a recent study demon-
strated that this response is mediated by an increased metabore-
flex sensitivity (20). Interestingly, in this study the systolic BP
responses during isolated metaborefiex activation (via PEMI
after static handgrip) in the treated control patients were similar
to the treated uncontrolled or untreated patients. It is hypoth-
esized that part of this abnormal response is due to the fact that
most, if not all, antihypertensive drugs do not directly influence
the metaboreflex-related pathways (ASIC. TRPVI, P2X, as
previously mentioned). Therefore, the excessive engagement

of the metaboreflex might produce exaggerated BP responses
even in those individuals with properly controlled resting BP.

Hypertensive individuals have also shown to present with an
attenuated reduction in HR during PEMI compared with their
normotensive counterparts (120). Slower HR recovery during
metaboreflex activation in hypertensive individuals suggests
sustained sympathetic activation and reduced parasympathetic
reactivation (121), which may increase cardiovascular risks in
certain conditions where the metaboreflex is overactivated
(23). Indeed, a reduced HR recovery after exercise has been
shown to be a predictor of ventricular fibrillation after myo-
cardial infarct (151) and to be independently associated with
cardiovascular disease (58, 121) and mortality (23, 121).

Dysfunction in cardiovascular autonomic regulation is in-
trinsically involved in the pathophysiology of HF. being asso-
ciated with clinical symptoms (34. 123) and implicated in the
disease progression and mortality (13, 24). HF patients present
with increased sympathetic and decreased parasympathetic
activity under baseline conditions (13, 74), and also increased
sympathetic responses to exercise (104). Interestingly. this
sympathetic overactivation may be a compensatory response to
preserve CO in the face of reduced ventricular function (41).
However, as the disease progresses. this persistent sympathetic
activation exacerbates ventricular dysfunction, further increas-
ing cardiovascular (24) and overall mortality risks (13, 70).

The muscle hypothesis contends that part of the functional
incapacity and exercise intolerance in HF patients comes from
insufficient blood flow/oxygen supply to active and respiratory
muscles. which may be related to exaggerated sympathetic-
mediated vasoconstriction in these areas (22. 123). Impor-
tantly, vasoconstriction in active skeletal muscle is driven by,
and drives, a persistent engagement of the metaboreflex. fur-
ther compromising muscle perfusion and thereby exacerbating
the symptoms of fatigue and exertional intolerance (123).
Clinical studies partially support the role of exaggerated
metaboreflex-induced sympathetic activity (122, 123, 145).
Piepoli et al. (122) reported increased BP responses during
PEMI following dynamic handgrip exercise in stable HF pa-
tients, and this response was supported by an increase in a
sympathetic-related index of HR variability. Similar results
were found by Notarius et al. (103), who reported increased
sympathetic nerve tratfic and HR during PEMI in HF patients
following either static or dynamic handgrip exercise. On the
other hand. Sterns et al. (156) observed blunted muscle sym-
pathetic nerve activity responses during PEMI following static
handgrip in NYHA class II-IV HF patients. Differences in
exercise protocol (dynamic vs. static handgrip. muscle group
involved in the exercise), and in characteristics of the popula-
tion (e.g.. sex, disease etiology. severity of disease) might
underline these reported differences in sympathetic activity
(150). The association between metaboreflex-induced cardio-
vascular responses and the severity of HF was further explored
by Negrio et al. (99). who reported a preserved muscle sym-
pathetic response to PEMI after moderate static handgrip
exercise in mild HF patients and diminished responses in
severe HF patients.

Trrespective of augmented or blunted sympathetic responses
to metaboreflex activation. most studies show a preserved BP
increase to metaboreflex activation in HF (12, 27, 122, 132).
However. as previously reported in animal studies. HF indi-
viduals have an impaired capacity to increase SV and CO
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during metaboreflex activation; thus the metaboreflex-medi-
ated BP increase is largely dependent upon an increase in SVR
(12. 27. 122, 132, 165). Accentuated peripheral vasoconstric-
tion occurs in nonactive vascular beds (122) and in active
muscle (3). with the latter reducing skeletal muscle perfusion
during exercise, thereby increasing fatigue-related symptoms
and stimulating further metaboreflex responses. Indeed. Piepoli
et al. (122) reported an increase in non-exercising leg vascular
resistance during PEMI following dynamic handgrip in HF
patients. The muscle reflex dependence of this response was
reinforced by Amann et al. (3), who observed powerful in-
creases in exercising leg blood flow and conductance during
exercise after blockade of group III and IV muscle afferent
central projections with intrathecal fentanyl. While not yet
investigated in humans, animal studies support the contention
that metaboreflex-mediated vasoconstriction might also oceur
in the coronary vasculature (5. 110). potentially leading to
coronary vasospasms, ventricular fibrillation. and myocardial
infarct.

HF patients also suffer with exertional dyspnea, which might
be related to changes in pulmonary vascular dynamics (83,
165). which is an important mediator of exercise intolerance in
this population (31). Tmportantly, activation of the metabore-
flex may promote pulmonary vasoconstriction (83, 165) and
abnormal ventilatory responses during exercise in HF (122,
123, 126, 144, 145). Piepoli et al. (122) reported increased
ventilatory responses during PEMI after leg cycling exercise in
patients with HF. This increased ventilatory metaboreflex sen-
sitivity is associated with disease severity as assessed by
NYHA functional class. and with exercise intolerance mea-
sured by peak Vo (126, 144). Therefore, an augmented acti-
vation of the metaboreflex in HF patients might produce
dyspnea responses in this population.

Studies in other clinical populations have also showed ab-
normal cardiovascular effects produced by altered metabore-
flex responses. Coronary artery disease patients without overt
clinical signs and symptoms of HF also present with the
inability to increase CO during metaboreflex activation (86).
This may be related, in part, to paradoxical sympathetic coro-
nary vasoconstriction in response to the engagement of the
metaboreflex (110, 152). Indeed, increased epicardial vasocon-
striction during exercise has been reported to produce impair-
ment of left-ventricular performance and an increased risk of
cardiovascular events in these patients (17). In humans with
PAD. chronic limb ischemia sensitizes muscle afferents, and
this has been shown to potentiate BP and sympathetic re-
sponses to exercise (96). This response seems to be partially
mediated by increased SVR. as demonstrated by augmented
renal, coronary. and muscle vasoconstriction during exercise in
these patients (30, 72, 135). Importantly. this increased sym-
pathetic activity during exercise in PAD promotes a further
reduction in blood flow to exercising muscle, likely increasing
exercise intolerance in this population (75). Interestingly, a
recent study showed that the increased pressor response to
exercise is attenuated after leg revascularization (92), which
further supports the role of limb ischemia in promoting abnor-
mal cardiovascular responses during exercise. Finally, type 2
diabetes mellitus patients also present with increased BP and
sympathetic responses to exercise, and this has been attributed
to increased muscle metaboreflex sensitivity (52). On the other
hand. subjects with type 1 diabetes mellitus (131), and with

Parkinson’s disease (138), have shown blunted hemodynamic
and sympathetic responses to metaboreflex activation. which
may be related to central and/or peripheral neural denervation/
loss of sensitivity in these groups (43, 90, 160). It should be
acknowledged that a blunted cardiovascular response to the
engagement of the metaboreflex and other reflexes might help
explain the autonomic dysreflexia and the high prevalence of
postural hypotension and hemodynamic abnormalities in this
group of patients (90, 161).

CARDIOVASCULAR RESPONSES TO BFR EXERCISE:
CURRENT EVIDENCE

Methodological Considerations

Collectively, experimental data in animals and humans dem-
onstrate negative cardiovascular outcomes due to excessive
metaboreflex activation as the result of limiting blood flow
during exercise. These negative cardiovascular outcomes are
particularly noteworthy in subjects with chronic diseases such
as HF, HTN., and PAD. It must be highlighted though, that
these data were collected during in vivo experimental or
clinical laboratory studies assessing the integrated role of the
metaboreflex on cardiovascular regulation. Therefore, discre-
tion should be taken when extrapolating these findings to the
real-world BFRT setting. Recently. studies have begun to
assess the hemodynamic responses during typical BFRT ses-
sions in healthy and clinical populations. These studies have
compared BP and other hemodynamic responses to LI-blood
flow restriction(LI-BFR: 3—4 sets, 10—15 repetitions, 20—40%
1 RM). low-intensity free flow resistance training (LI; 3—4 sets,
1015 repetitions, 20-40% 1 RM). and high-intensity free
flow resistance training (HI; 3-4 sets. 8—10 repetitions, 60—
80% 1 RM) (Table 1).

As depicted in Table I, most of these studies were per-
formed with young. healthy subjects and used lower limb
exercises (i.e.. leg press or leg extension): however, there are
also studies with middle-aged/elderly subjects with or without
chronic diseases. and studies that used upper limb exercises
(i.e., bench press or biceps curl). Aspects related to the blood
flow restriction protocol. such as the cuff pressure and width,
also present large variability between studies. Some studies
employed absolute occlusion pressures (i.e., 100-200 mmHg),
while others used a percentage of the AOP (i.e., 50-130% of
AOP). Similarly, cuff widths ranged from narrow (3-5 cm) to
wider cuffs (10-18 c¢m). Finally. different methods have been
used to assess hemodynamic responses during exercise, which
may also affect interpretation of the results. as discussed
below.

Studies Comparing LI-BFR with LI Free Flow Exercise

The majority of the trials (14 of 19, 74%) comparing
LI-BFR with LI (i.e., comparison matched by load) showed
increased BP responses in the LI-BFR group (14, 16, 29, 85,
88, 125, 127, 128, 146, 155, 159, 167). These results were
reproduced in young or middle-aged/elderly men (14, 16, 88,
127, 155, 159, 167) and women (125, 146). and also in
populations with chronic diseases (85, 125). Moreover, these
trials employed a wide variety of exercise (e.g.. lower or upper
limbs) and blood flow restriction protocols (e.g.. wide or
narrow cuffs: low or high occlusion pressure levels). On the
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other hand. there was no difference in BP responses between
LI-BFR and LI in four trials (36, 45, 71. 142), and only one
trial showed higher responses in LI (76). These studies em-
ployed either exercise protocols of repetitions until fatigue (36,
45, 76, 142). performed exercise with a small muscle mass
(i.e.. handgrip) (71). or an intermittent blood flow restriction
protocol (i.e.. blood flow restriction interrupted during the
interval between sets) (36). When repetitions until fatigue are
used. the number of repetitions and, therefore, the volume are
expected to be higher in LI due to less fatigue in this type of
exercise, which might help to promote a larger mechanical
and/or metabolic stimulus in LI In addition, the use of a small
muscle mass and intermittent BFR might limit the metabolic
impact of BFR, which may generate attenuated hemodynamic
responses.

Studies Comparing LI-BFR with HI Free Flow Exercise

The data are more equivocal when LI-BFR and HI are
compared, with 6 of 12 (50%) trials showing greater BP
responses in LI-BFR (6, 29. 88, 125, 142, 146). 5 (42%)
showing greater BP responses in HI (16, 76. 114, 127, 128),
and 1 (8%) showing no differences (124). Differences in
exercise and/or blood flow restriction protocols might help
explain such differences. For instance. greater responses in
LI-BFR have been found when an elevated number of repetitions
were employed (from 15 to fatigue) (29, 88, 142), and when the
occlusion pressures were higher than resting systolic pressure
(29). Regarding this latter aspect, previous studies showed in-
creased BP responses when higher AOPs (e.g., 80 vs. 40%) are
employed (59). These conditions might increase the production
and/or reduce the rate of removal of muscle metabolites. which
might help to explain increased hemodynamic responses in LI-
BFR.

An important BFRT protocol-related parameter that might
affect the comparison between LI-BFR and HI is the cuff
width. For absolute occlusion pressures (e.g.. 100 mmHg),
wider cuffs tend to promote greater arterial occlusion com-
pared with thinner ones. For instance, Rossow et al. (136)
found greater BP responses using 13.5-cm compared with
5.0-cm-wide cuffs. In the present review, the only study
comparing LI-BFR with HI that used absolute occlusion
pressures observed reduced BP responses to LI-BFR com-
pared with HI using a 3-cm cuff, which support the notion
that thinner cuffs might attenuate BP responses during
LI-BFR. On the other hand, when the occlusion pressure is
made relative to AOP, the cuff width may not affect sign-
ificantly the BP responses during blood flow restrict-
ion (95).

The comparison between LI-BRF and HI is also influenced
by the population studied. Among healthy young subjects,
most of the studies (5 of 7, 71%) either showed decreased BP
responses to LI-BFR or did not show differences between trials
(16, 76, 114, 127, 128). On the other hand, four of five (i.e.,
80%) of the studies with hypertensive subjects or middle-aged/
elderly subjects showed greater BP responses in LI-BFR com-
pared with HI (6, 125, 142. 146). These findings corroborate
the concern raised by the current review, that patients with
chronic diseases (e.g.. HIN) or with increased cardiovascular
risks (e.g., middle-aged/elderly) might present with exagger-
ated BP responses to blood flow restriction protocols. which
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might be ascribed to an increased metaboreflex sensitivity in
these groups.

Additional Aspects To Be Considered

There is only one pilot study that has assessed cardiovascu-
lar-related responses to BFRT in patients with heart disease.
Madarame et al. (85) compared the responses of HR. plasma
noradrenaline, and markers of hemostasis and inflammation
between LI-BFR and LI in coronary artery disease patients.
Interestingly. although there were no differences in inflamma-
tory and hemostatic responses between groups, HR and nor-
adrenaline concentration were greater in LI-BFR compared
with LI. These results support the animal and human studies
showing greater sympathetic responses to metaboreflex activa-
tion in patients with heart disease (68, 103). Moreover, this
study provides preliminary data that the increased HR response
to the BFRT in populations with cardiovascular disease might
involve increased overall adrenergic activation.

The information reviewed thus far is restricted to the re-
sponses occurring during exercise. However, three studies also
compared the hemodynamic responses to the above-mentioned
exercise protocols during intervals between sets, and in two of
them (124, 125) BP was increased in LI-BFR compared with
LI, while in the other (128) there was no difference between
groups. The absence of a proper reduction in BP during
recovery might help to explain increased BP responses in the
subsequent sets in BFRT. It is worth mentioning that in these
three studies. blood flow restriction was maintained during
intervals, which might help to explain the increased BP re-
sponses during intervals and subsequent sets. Sustained in-
creases in BP throughout the BFRT exercise protocol result in
increased cardiovascular overload. which is a matter of con-
cern in cardiovascular disease populations.

Several studies have investigated the hemodynamic deter-
minants of the BP responses to BFRT comparatively to free
flow exercise. but the overall data are inconclusive. Most of the
studies showed increased CO during HI compared with LI and
LI-BFR (16, 29, 88, 125, 128). Decreased CO responses in
LI-BFR compared with HI might be related to a reduction in
the SV observed with LI-BFR (29. 128). while the reduced
response in LI seems to be related to a decreased HR response
(88. 128, 146). Paradoxically, the analysis of the reviewed
studies does not support the contention that the reduced CO in
LI-BFR is compensated by greater increases in peripheral
vascular resistance, providing similar or higher BP responses
in this mode of training. However, it is worth considering that
the aforementioned studies used different methods to estimate/
calculate CO and peripheral vascular resistance, some less
reliable than the others, which might have affected the consis-
tency of the results. Among the trials using more robust
methods to assess vascular resistance during exercise, two
trials using venous plethysmography and one trial with a
gas-rebreathing technique have, respectively, showed in-
creased forearm/calf vascular resistance and SVR in LI-BFR
compared with LI and HI (16. 167). These results suggest that
an excessive engagement of the metaboreflex might produce
increases in a-adrenergic-mediated peripheral vasoconstric-
tion. However, given the apparent inconsistency of this finding
(155), more studies with robust measurements of local vascular
resistance and SVR are necessary to confirm this hypothesis.
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Summary of the Evidence

The results of the studies assessing cardiovascular responses
to BFRT support the concerns raised by the review of animal
and human studies assessing the neural and hemodynamic
responses to metaboreflex activation. Almost unanimously,
LI-BFR seems to evoke greater BP responses comparatively to
LI when the regimes are performed at the same intensity and
matched by the total work, which is likely caused by greater
metaboreflex activation during LI-BFR. Moreover. when HI is
used as a reference, the LI-BFR group seems to produce
greater BP/HR responses specifically in individuals with in-
creased cardiovascular risks (i.e.. middle-aged and elderly
subjects, hypertensive and coronary artery disease patients).
which is likely related to a greater metaborefiex sensitivity in
these groups.

Increased BP responses to BFRT occur both during exercise
sets and also in interset intervals (Fig. 3). Collectively, these
findings do not support the general assumption that BFRT
confers similar cardiovascular risks compared with unrestricted
resistance exercise. which draws into question whether BFRT
is a feasible alternative to high-load resistance training exercise
in clinical populations.

POTENTIAL CLINICAL RESPONSES THAT MAY ARISE FROM
EXCESSIVE METABOREFLEX ENGAGEMENT DURING BFRT

Considering the reviewed neural and cardiovascular re-
sponses to metaboreflex activation. and the current data on the

Rest Setl IlntervallI Set2

| Interval2 |
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cardiovascular responses to BFRT exercise. measured caution
is warranted when employing BFRT. There are potential car-
diovascular risks that must be considered before employing a
BFRT protocol. particularly in a clinical setting with certain
disease populations. As previously reported, hypertensive in-
dividuals seem to present with exacerbated BP responses
during BFRT sessions, which is partly related to increased
metaboreflex sensitivity (20). It is important to underscore that
increased metaboreflex sensitivity also occurs in hypertensive
individuals with good control of resting BP values (20); thus
even uncomplicated hypertensive individuals might exhibit
increased BP responses during BFRT. This increased BP
response to BFRT might increase the risks of vascular events
(e.g.. hemorrhagic stroke. artery dissection. or myocardial
ischemia) during exercise. Indeed. previous reports have iden-
tified the occurrence of dissection of aortic and craniocervical
arteries and subarachnoid hemorrhage in response to strenuous
activities, which is probably triggered by a marked rise in BP
occurring during such tasks (1, 42, 51). Microvascular events
might also be triggered by acute elevations in BP (21). and
there is a report of retinal hemorrhage in hypertensive and
diabetic middle-aged men after a single session of BFRT (115).
Finally, the ACC/AHA 2002 Guideline Update for Exercise
Testing warns that “severe systemic hypertension may cause
exercise-induced ST depression in the absence of atheroscle-
rosis” (44). Although these events are rare in nature and may
also occur in nonrestricted exercise, the evidence presented in
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Fig. 3. Hypothetical time course of blood pressure responses occurring during resistance exercise with and without blood flow restriction (BFR). Absence of
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this review supports the contention that this frequency might
increase during BFRT in subjects with increased risks for
vascular events.

For patients with increased risk for ischemic events, the
potential coronary vasoconstriction that could occur in re-
sponse to metaboreflex engagement (5. 152) might create a
mismatch between myocardial blood demand and supply. fa-
voring episodes of ischemia and arrhythmia and increasing the
risks of ischemic events and sudden death (97). Although
coronary blood flow responses have not been directly tested by
studies employing BFRT, the available evidence gives support
to the proposed hypothesis. For instance, PAD patients present
with reduced coronary hyperemia during exercise (135); how-
ever. this response is partially reverted 1 mo after leg revas-
cularization (92), suggesting that episodes of leg ischemia
leading to increased metaboreflex activation during exercise is
the primary mechanism behind the marked coronary vasocon-
striction during exercise in this disease. Studies showing in-
creased forearm vascular resistance during BFRT (167) rein-
force this hypothesis, as previous studies have shown associ-
ations between peripheral and coronary vasoreactivity (4). The
sympathetic origin of such a response is supported by experi-
mental studies showing increased a-adrenergic coronary vaso-
constriction during exercise with blood flow restriction (152),
and also by evidence in humans showing increased plasma
noradrenaline levels during BFRT (57, 85).

The increase in limb vascular resistance during BFRT might
be a matter of concern in patients with exercise intolerance due
to the impairment in peripheral blood flow. Indeed, patients
with HF and PAD present with reduced leg vascular conduc-
tance. which is partly mediated by enhanced metaboreflex-
mediated adrenergic activation (3, 75, 122). Additional en-
gagement of the metaboreflex during BFRT might exacerbate
this sympathetic response, further reducing limb blood flow
and increasing exercise intolerance. Although it could be
argued that this response will terminate upon cessation of
BFRT. experimental data show that femoral artery ligation (a
model of chronic limb ischemia) increases the expression of
chemically sensitive receptors (i.e.. TRPVI. P2X3. and
ASIC3) in afferent neurons (78, 79. 170, 171). which might
evoke a sustained increase in metaboreflex responsivity. On the
other hand, a recent study has shown that BFRT in healthy and
young male humans did not exacerbate metaboreflex respon-
sitivity (26), which discourages such a hypothesis. Future
studies should investigate the effects of repeated sessions of
BFRT in metaboreflex responses and exercise tolerance in
chronic disease populations.

CONCLUSION AND FUTURE STEPS

BFRT is a mode of resistance exercise training that has
recently gained popularity due to its proved effectiveness in
promoting increases in muscle strength. mass, and functional-
ity. The capacity to generate clinically relevant neuromuscular
gains with relatively reduced workloads has made BFRT a
highly attractive mode of exercise to populations with func-
tional incapacity and/or with certain chronic diseases. Indeed,
recent guidelines have suggested that this mode of training
might be a viable alternative to HI in patients with chronic
diseases and/or during postsurgery rehabilitation. Despite the
desirable effects promoted by this type of training on skeletal
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muscle function, the present review synthesizes evidence sup-
porting the hypothesis that BFRT may evoke increased BP and
other abnormal cardiovascular responses secondary to the aug-
mented and sustained activation of the muscle metaboreflex.
Based on the reviewed studies that provided peak BP values
during the exercise protocols (14, 29. 36, 61, 88, 124, 155,
159). it is estimated that BFRT exercise might add 5-10 mmHg
to the usual BP response during resistance exercise. These
increased BP responses might trigger major cardiovascular
events in populations with increased cardiovascular risks.
These potential adverse outcomes do not support the general
claims about safety of BFRT for populations with chronic
diseases or under cardiac rehabilitation.

It is important to underscore that the present review does not
negate the hypothesis that in parallel to potentially increasing
acute cardiovascular risks, BFRT might also promote subacute
(i.e., reduction of BP hours after exercise) and chronic (i.e..
reduction of BP weeks/months after exercise) benefits to the
cardiovascular system (6, 27, 100, 158). This acute-chronic
paradox has been extensively discussed with other types of
exercise (e.g., Hl interval training (47)). and this discussion has
only been recently initiated for the BFRT (154). More studies
assessing the cardiovascular responses during BFRT in popu-
lations with increased cardiovascular risks are necessary to
better elucidate the impact of this method of exercise training
on the cardiovascular system. For instance, all BFRT studies
with subjects with chronic diseases were conducted in women,
whereas the studies in young subjects mainly involved men.
Sex-based differences in cardiovascular responses have already
been reported in metaboreflex studies (141), and this should be
further investigated in BFRT studies. In addition, the effects of
BFRT on intra- and extracranial circulation. coronary blood
flow, and muscle sympathetic nerve activity remain to be
characterized.

It is also likely that some aspects of BFRT prescription (e.g.,
using continuous vs. intermittent blood flow restriction proto-
cols, types of exercise) might improve the benefits and reduce
the risks of this mode of exercise. For instance, reduced BP
responses during BFRT have been reported when lower AOPs
(e.g.. 40 vs. 80%) are employed (168). It is worth considering
that, besides promoting lower circulatory arrest, the use of
lower AOPs might also generate lower pain/discomfort levels
(25), which per se might alleviate BP responses during BFRT
(162). The metaboreflex literature also indicates lower cardio-
vascular responses when exercising with small vs. larger mus-
cle masses (37. 39). and this may also occur in BFRT. Further
investigation on the effects of different combinations of BFRT
variables (e.g.. cuff pressure and width. occlusion protocol,
exercise intensity, and number of repetitions) on hemodynamic
responses are necessary to better characterize the isolated
effects of each of these variables on cardiovascular function
during BFRT.

Even with further clarification, it should be emphasized that
some training recommendations may not be practical in the real
world. For instance, a recent review has recommended that cuff
pressure should be established according to cuff width and
based on previous measurements of AOP (i.e.. from 40 to 80%
of AOP) (118). However, despite our agreement with this
recommendation, the use of tourniquets instead of BP cuffs, the
occasional unavailability of Doppler ultrasound to personalize
AOP. and absence of trained professionals may hamper this

AJP-Heart Circ Physiol « doi:10.1152/ajpheart.00468.2019 - www.ajpheart.org
Downloaded from journals.physiology.org/journal/ajpheart (179.209.047.081) on October 3, 2022.

chrome-extension://dagcmkpagjlhakfdhnbomgmjdpkdklff/enhanced-reader.html?openApp&pdf=https%3A%2F % 2Fjournals.physiology.org%2Fd...

14/20

70



03/10/2022 22:32

H104

standardization. For instance. Patterson et al. (117) conducted
a survey among BFRT practitioners and verified that only
11.5% of them based the cuff pressure according to the AOP,
with the vast majority using previously defined cuff pressures.
It should also be highlighted the challenges associated with
accurately assessing BP responses during resistance exercise as
the auscultatory method underestimate the peak BP during
resistance exercise by 30-35% (168). More accurate methods
require the use of expensive noninvasive devices (45) or
arterial catheterization (50, 84, 168), making it impractical in
the real world.

Finally, although some recent clinical trials with patients
with heart (62) and kidney disease (10) or elderly subjects (25,
148, 162, 166, 172. 173) have not shown adverse cardiovas-
cular effects during BFRT. long-term and powered prospective
clinical trials in cardiovascular disease patients, directly target-
ing cardiovascular outcomes and including a detailed report of
adverse effects, must also be conducted to identify potentially
overlooked cardiovascular side effects associated with this type
of exercise training. The safety profile of BFRT in a cardio-
vascular-related clinical setting can only come from a compre-
hensive investigation of the cardiovascular responses to BFRT
in different disease populations (e.g., patients in cardiac reha-
bilitation, coronary artery disease patients. HF, HTN, PAD,
inflammatory diseases, etc.). Inasmuch as these data are virtu-
ally nonexistent. it may be considered clinical malpractice to
employ BFRT in a cardiovascular-related clinical setting with-
out performing the appropriate risk assessment.
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