Sistema Cardiovascular e
Exercicio



Muscles (20% Liver (27%)

Componentes do consumo
de oxigénio no repouso e no ey
exercicio

Brain (14%) 4108

Kidneys (22%)
Othef(7°6) 1100 mL
350 mL

Muscles (84%)
21,000 qu

_- Liver (2%)

500 mL
Kidneys (1%)

250 mL

Other (3%)
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Utilizacao de substratos pelo miocardio
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Fenomeno antecipatorio

Estimulos originados no cortex
motor antecipam o aumento da
frequéncia cardiaca que sera
necessaria ao aumento da demanda
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Diterenca arterio-venosa de O, no exercicio
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Diferenca entre o consumo de oxigénio causado

nelo exercicio com a cintura escapular e com a
cintura pélvica

Note a dualidade:

e Exercicios com os membros
superiores tém dVO,/dt maior
gue os exercicios de mesma
poténcia com 0s membros
inferiores. Porém, o dVO,/dt
maximo €& maior nos
exercicios de membros
inferiores.

600 750 900 1050 1200 1350
Power output, kgm - min—1

* Por que?

1 watt = 6,12 kg-m min?



Por que?

* A maior poténcia total € devidaa O maior consumo em poténcias
maior massa muscular total menores decorre de dois fatores:
recrutada nos exercicios 1.
maximos de membros inferiores.

Ineficiéncias dos movimentos

2. Ativacao de musculatura
postural e acessoria articular
para manutencao posicional
do tronco e ombros



Comportamento da
exercicio fisico

Blood Pressure Response During Rhythmic
Aerobic Exercise and Heavy Resistance
Training of Small and Large Muscle Mass
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Pressao Arterial em Exercicios Isomeéetricos
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Regulacao autonomica do coracao em funcao
da intensidade do exercicio
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https://www.nswis.com.au/wp-content/uploads/2018/05/Cardiac2.png



Regulacao autonomica do coracao em funcao
da intensidade do exercicio
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Descreva como vocé supoe que se comporte a variabilidade cardiaca durante o
exercicio em funcao da intensidade

https://www.nswis.com.au/wp-content/uploads/2018/05/Cardiac2.png



VFC em funcao da intensidade do exercicio

https://support.polar.com/support_files/en/C225742500419A8AC22574B0004480F4/2.gif



Estimativa da demanda energética do coracao

Duplo produto:

TABLE 9.3
I I "'.'!Y"‘.IT?".? i
* E definido como o
produto da
frequéncia cardiaca " .
(fc) pela pressao 50% VO, may "
sistolica (Psist)

https://slideplayer.com/slide/9144039/27/images/70/Changes+in+Double+Product+During+Exercise.jpg



Duplo Produto

* repare que o DP parece manter
uma relacao linear com a
demanda de oxigénio do
organismo
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Estimativa da demanda energética do coracao

Duplo produto:

* O duplo produto é TABLE 9.3
uma estimativa do
consumo de LS BARE PRGN SRS
oxigénio pelo the heart during exercise and other forms of stre
miocardio.

https://slideplayer.com/slide/9144039/27/images/70/Changes+in+Double+Product+During+Exercise.jpg



Qual a logica?



Uma rapida analise analitica

Poténcia (demanda metabdlica) W o« poténcia mecanica W w

O débito cardiaco € o fluxo de sangue obtido nas sucessivas ejecdes pelo

coracao; e como a poténcia mecanica deve ser suprida pelo DC, entao:
DC =fc - Vsist oc W oc Wy (1)
Se 0 Vsist € mantido constante, entéao

K

Vsist

fc =

W (2)

— linear (ou seja, se fc é linear a poténcia, entao Vsist &

mantido)



O trabalho cardiaco externo e § P(V)-dV . Aproximando-se por um retangulo,
Wec ext = AP - AV = (Psist — Pdiast) - Vsist. ASSIM, a poténcia cardiaca externa e

aproximada por: Wc = AP - DC = AP - Vit - fc (3)
E, supostamente, W ¢ = (kc)t - Ww (4)
Se o0 consumo de oxigénio pelo miocardio € linear ao d(trabalho externo)/dt, e,

também, a frequéncia cardiaca, entao:
fc = (ki) - dW/dt (5)

v



Se o0 consumo de oxigénio pelo miocardio € linear ao d(trabalho externo)/dt, e,
também, a frequéncia cardiaca, entao:

fo = (k)L - W /dt o Ki i (5)
Vsist

Comparando-se (5) com (2), temos Vsist = K - Kic = ko = constante
(preconizado ou assumido). Considerando que a presséao diastélica nao se

altera (ou nao se altere) significativamente, juntando tudo, tem-se:

Woe Wy =kec- We=ke-{P(V)-dV-fc ...
= kC . AP . Vsist . fSE (kC k2 . PSiSt_ KD) . fC oC Psist . fC = W»y

Este € o racional do uso do duplo produto para estimar o consumo de oxigénio

do miocardio. Note que utilizo w2 para indicar o duplo produto, e nao “Wy” ou “W
2” para que se tenha em mente que o duplo produto nao € uma poténcia de fato,

€ gue é uma aproximacao ao Vo, do miocardio (o qual pressupde que a
demanda energética seja, somente, suprida pelo metabolismo aerdbio).

(2)
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FiIGURE 3 The increase in myocardial oxygen consumption resulting from an increase in stroke volume when the
systolic pressure-rate product was held constant is illustrated. The results for an individual animal are shown in the
left panel, while the data, averaged on a point-by-point basis, for all seven phase I experiments are shown in the right
panel. Note that when stroke volume was held constant, there was a linear relation between the systolic pressure-rate
product and myocardial oxygen consumption. The fixed increment in stroke volume required more oxygen consumption
at a high systolic pressure-rate product than at a low value. In both panels, the systolic pressure-rate products were
obtained with the following approximate values (SBP x HR): Left-most pair of points, 120 x 80 = 9,600. Middle four
points, 120 x 120 = 14,400 or 180 x 80 = 14,400. Right-most pair of points, 180 x 120 = 21,600. In the right panel, the
standard error of the mean on the vertical axis ranged from 0.26 to 0.75 {ml Oz/mun per 100 g), which is approximately
the height of the symbols. The standard error on the horizontal axis ranged from 120 to 203 fmm Hg X beats/min),

which is a fraction of the width of the symbols.

Circulation Research. 1982; 50: 273-286



Porem, cuidado ...



ExperimentalPhysiology

282

Exp Physiol 101.2 (2016) pp 282-294

Research Paper

Is rate—pressure product of any use in the isolated rat
heart? Assessing cardiac ‘effort’ and oxygen consumption
in the Langendorff-perfused heart

Dunja Aksentijevi¢, Hannah R. Lewis and Michael J. Shattock

British Hearr Foundation Centre of Research Excellence, King's College London, The Rayne Institure, 5t Thomas™ Hospital, London, UK

New Findings

» What is the central question of this study?
Rate—pressure product (RPP) is commonly used as an index of cardiac ‘effort’. In canine and
human hearts (which have a positive force—frequency relationship), RPP is linearly correlated
with oxygen consumption and has therefore been widely adopted as a species-independent
index of cardiac work. However, given that isolated rodent hearts deminsl_mte a neeative
force—frequency relationship, its use in thisn . N . . .

+ What is the main finding and itsimportance @ VWhaat 1s the main finding and its importance?
Despite its widespread use, RPP is not correlat . . . . . . . . )
in the Langendorff perfused isolaed rathear — DeSpite its widespread use, RPP is not correlated with oxygen consumption (or cardiac ‘effort’)

erfusions included a range of metabolic sub
' B in the Langendorff-perfused isolated rat heart. This lack of correlation was also evident when

|
Langendorf perfusion of hearts iolated fro perfusions included a range of metabolic substrates, insulin or f-adrenoceptor stimulation.
for physiological, pharmacological and bioche

I'IEE.I"’.S reliably iS-, t]'lerefnre, E'SSEIILII.EI]. One m wc LASEILELIUAIIE Y USCU LLIALIRTS UL ELLLIALIVEL 13
rate—pressure product (RPP); a rather ill-defined index of ‘work’ or, more correctly, ‘effort’
Rate—pressure product, as originally described in dog or human hearts, was shown to be
correlated with myocardial oxygen consumption (MVp,). Despite its widespread use, the
application of this index to rat or mouse hearts (which, unlike the dog or human, have
a negative force—frequency relationship) has not been characterized. The aim of this study
was to examine the relationship between RPP and MVy, in Langendorff-perfused rat hearts.
Paced hearts (300-750 beats min—') were perfused either with Krebs—Henseleit (KH) buffer
(11 mm glucose) or with buffer supplemented with metabolic substrates and insulin. The
arteriovenous oxygen consumption (M Vp,) was recorded. Metabolic status was assessed using
P magnetic resonance spectroscopy and lactate efflux. Experiments were repeated in the
presence of isoprenaline and in unpaced hearts where heart rate was increased by comulative
isoprenaline challenge. In KH buffer-perfused hearts, MVp, increased with increasing heart
rate, but given that left ventricular developed pressure decreased with increases in rate, RPP
was not correlated with MVg,, lactate production or phosphocreatine/ATP ratio. Although the
provision of substrates or f-adrenoceptor stimulation changed the shape of the RPP-M Vi,
relationship, neither intervention resulted in a positive correlation between RPP and oxygen
consumption. Rate—pressure product is therefore an unreliable index of oxygen consumption
or ‘cardiac effort’ in the isolated rat heart.

J B iy



Deriva Cardiaca

* A deriva cardiaca (ou * Pergunta: quais as possiveis
cardiovascular) é o aumento causas?
progressivo da frequéncia
cardiaca e a diminuicao do
volume sistolico que comeca
apos aproximadamente 10
minutos de exercicio de
intensidade moderada
prolongada.

Wingo, Jonathan E., Matthew S. Ganio, and Kirk J. Cureton. "Cardiovascular drift during heat stress:
implications for exercise prescription." Exercise and sport sciences reviews 40.2 (2012): 88-94.



Deriva cardiaca classica

A) CV Drift
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COVYLE, E. F., and J. GONZALEZ-ALONSO. Cardiovascular drift during prolonged exercise: New perspectives. ~ Exerc.
Sports Sci. Rev. Vol. 29, No. 2, pp. 88-92, 2001



Explicacao tradicional

e Aumento de fluxo cutaneo
devido ao aumento da
temperatura central

* Contudo, esta vasodilatacao
cutanea nao necessariamente €
evidenciada experimentalmente
(dados em um proximo slide)



Desidratacao ?

e Ciclistas profissionais sofrendo B) Dehydration in Endurance Athletes
uma perda de 4,9% de massa 120 o Hoar Rate
Corpérea (égua) durante O 11~::I: » - Total Peripheral Resistance

experimento.
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para 39,3 °C

* A reposicao hidrica impede estas
respostas
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Deriva Cardiaca
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Volume Sistolico,
Temperatura central, perda

de volemia em diferentes
temperaturas ambiente

Note o efeito combinado

B Heat
Cold

Stroke volume (m1)

Stroke volume (m)




ConclusOes acerca da deriva cardiaca

* Em condicdes de normotermia, a deriva cardiaca parece ser resultado
da atividade simpatica aumentada, com diminuicao do tempo
diastolico e concomitante queda no volume sistdlico

* Este efeito se agrava em decorréncia do aumento da temperatura
central em condicdes de T, elevada.

* Tanto a hiperatividade simpatica quanto a perda de volemia em
condicdes de desidratacao concorrem para a deriva cardiaca.



Medida do débito cardiaco por termodiluicao
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