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The Volume-Pressure Curves

The diastolic pressure curve — notice the
significant rise in pressure after 150 ml filling.

The systolic pressure curve — notice that
maximum pressure is reached at 150-170 ml
filling then pressure decline starts.

The Volume — Pressure loop — it describes the
cycle independent of time factor.
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Relationship between left ventricular volume and intra-ventricular

pressure during diastole and systole. Also shown by the red lines
is the “volume-pressure diagram,” demonstrating changesinintra-
ventricular volume and pressure during the normal cardiac cycle.
EW, net external work; PE, potential energy.
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The generation of a left ventricular pressure-volume loop (bottom
pane)) from pressure and volume changes during cardiac cycle (top
pane)). Abbreviations: a, ventricular filling; b, isovolumetric
contraction; ¢, ventricular ejection; d, isovolumetric relaxation; EDV
and ESV, left ventricular end-diastolic and end-systolic volumes,
respectively; EDPVR, end-diastolic pressure-volume relationship;
ESPVR, end-systolic pressure-volume relationship.
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Test Question:

Q. The dicrotic notch on the aortic
pressure curve is caused by?

A. Closure of the mitral valve.

B. Closure of the tricuspid valve.
C. Closure of the aortic valve.

D. Closure of the pulmonary valve.
E. Rapid filling of the left ventricle.




The Cardiac Output
And Its Regulation

Dr. Waleed R. Ezzat




Lecture Objectives:

5

Define the cardiac output and cardiac index.

Describe the relationship between cardiac output,
stroke volume and the heart rate.

Describe how stimulation of the sympathetic and
parasympathetic affect the cardiac output.

Explain the relationship between EDV and ventricular
performance (Frank-Starling curve).

Describe factors affecting EDV and define cardiac
reserve.

Describe the effect of autonomic nervous system, and
ions on the pumping activity of the heart.

Eescribe the energy expended and O, utilization by the
eart.

Understand methods of determination of cardiac
output.



The Cardiac Output (CO)

m (def.) The CO is the volume of blood pumped
by each ventricle per minute. It is not the total
amount of blood pumped by the heart.

m 1he CO is about 5-6 L/min at rest. As blood
volume is about 5-6 L, hence the whole blood
volume circulates in one minute.

m During exercise the CO can increase to 20-25
L/min and even to as high as 40 L/min in well-
trained athletes.

= The CO is equal to aortic blood flow, venous
return, or pulmonary blood flow. “ s

|} CO —_ SV X HR—> 5 i Qs aaioi %) 03l i
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amount of blood pumped by the heart.

c.o.poftherightventricle =c.o0.pofthe leftventricle

s The CO is about 5-6 L/min at rest. As blood
volume is about 5-6 L, hence the whole blood
volume circulates in one minute. -

s During exercise the CO can increase to 20-25
L/min and even to as high as 40 L/min in well-
trained athletes.
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s The Stroke Volume (SV): the a nt of blood
pumped out of each ventricle per beat. It is about 70
ml in a resting man in supine p03|t|on

SV = EDV-ESV
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s The Cardiac Reserve: the difference between the
cardiac output at rest and the maximal volume of
blood the heart is capable of pumping per minute
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= The Cardiac Index (Cl): It is the output per minute
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= The Ejection Fraction % (EF %): the percent of the

end diastolic volume that is ejected with each stroke
wroe EF = SVIEDV %), it is about 65%. EF is an index for
the resting myocardial contractility. — ewsdbidisaio
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Factors controlling Cardiac Output
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The two determinants of CO are the Heart rate (HR)
and the Stroke Volume (SV). However, no rise or fall in
CO can take place unless it is preceded by an increase
or a decrease in venous return respectively

HR (requlated by autonomic innervation, i.e. chronotropic action
of the autonomic nervous system)

cO Venous return (Preload)
EDV &4——Ventricular compliance-

sV
ESV 4—— Myocardial contractility (requlated by the

\ inotropic action of sympathetic stimulation)
After load
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Definitions

1. The Preload - is the degree to which the
myocardium is stretched before it contracts

L’ Theinitial length ofthe myocardium musclefiber

2. The after load — is the resistance against
which blood is expelled from the ventricle

3. The myocardial contractility — is the strength
(or power) of contraction at any given end
diastolic volume

N
=

N\
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& Heartrate > 110 = Tachycardia arifcialvios
s Heart rate < 50 = Bradycardia
The rate is determined primarily by autonomlc influences on the
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The normal range is60-90 beats/min. The effective range in

changing CO is between (40) - (180-200) beats/min.
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SA node.

The parasympathetic and sympathetic effects on heart rate are
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s [he inherent rate of the SA node’s spontaneous disch

arge is

about 110 beats/min, however, because of vagal tone the

average rate is close to 70 beats/min.

The heart rate can be regulated by other factors such as body

temperature, circulating hormones (such as adrenaline and
noradrenaline, thyroxin, glucagon, etc.), and stretching of the

right atrium (Bainbridge reflex).

If heart rate increases without an increase in venous return, SV

will decrease in a paradoxical fashion so that the CO remains

constant.
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