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The Preload (EDV)
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If heart rate remains stable and more blood returns to the
heart (i.e. more venous return) the EDV will increase. This
results in a greater force of contraction, and consequently,
a greater stroke volume and a greater CO (Frank-

Starling law of the heart). This fact is applied to both
sides of heart. «lilissig b llidias i

Venous return increases if the gradient between the heart
and the peripheral veins increases. This happens in
response to;

Increased blood volume (1 mean systemic filling pressure).
Venoconstriction (i.e. 1 sympathetic tone).

Dilation of arterioles.

Skeletal muscle pump.

Respiratory pump.

Gravitational effect.

Reduced right atrial pressure (i.e. 1 contractility)
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1. Increased blood volume (1 mean systemic filling pressure).
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2. Venoconstriction (i.e. 1 sympathetic tone).
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3. Dilation of arterioles,
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4. Skeletal muscle pump.
5. Respiratory pump.
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6. Gravitational effect.
7. Reduced right atrial pressure (i.e. 1 contractility)
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Intrinsic Regulation of Heart Pumping - The
Frank-Starling Law and Mechanism

The amount of blood pumped by the heart each minute is
determined almost entireI% by the venous return.

L. Copistheresponsibility ofthe vascular systemnotthe heartitself

This intrinsic ability of the heart to adapt to increasing volumes of
inflowing blood is called the Frank-Starling mechanism of the
hear L. the heartpumps whatitreceives ixeé Je Maie! bain)l J2 04559 00| il el asS 20 il o il i

(def.) The energy of contraction is proportional to the initial length
of the cardiac muscle fiber (i.e. the preload) which is proportionate
to the EDV.  anbisushaistds dobbh dioleds

This means that (within physiological limits, the heart pumps all
the blood that returns to it by way of the velns‘.zn In other words the
heart pumps what it receives. e

Mechanism: stretching of ventricles brings actin and myosin
filaments to a more optimal degree of interdigitation for force
generation. This law describes the length-tension relationship of
the myocardial fiber. Y

In addition, Stretch of the right atrial wall directly increases the
heart rate by 10 to 20 percent, which also helps increase the
amount of blood pumped each minute.



Frank-Starling Law

Increases in end-diastolic ventricular volume produce increases
In stroke volume (Compare to ascending limb of length-tension
plot). The force of heart muscle varies with wall fibre tension,

which is a function of length.
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Ventricular Function Curve

osh Rightatriumal @ hasol! >\ i3 ol Wef eg2s

The two curves of this e Jilvg ventricle 01 baio) sy ol
flgure represent fu nCt|On \mmh‘magin\»igfiberd\dg)s>\>;g9yentricle
of the two ventricles of - 1s- cardiacoutpulilanhiles
= Right ventricl
the human heart. Asthe 5§ | =/
right and left atrial 3 10- /Lot venticie
pressures increase, each 3
ventricular volume and 3 °T
strength of cardiac 5
" 0 T T T T 1
muscle contraction % & ar 48 d=z 4
Increase, causing the ‘RRGES (mm Ha)
heart to pump increased et
preaswns

guantities of blood into
the arteries per minute. i cardiacoutput e dsi b



Effect of autonomic nervous system on
cardiac pumping 959 J | 399 oiG oy sympathetic )l 4l
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contrast, the output can be decreased = stenulation
to as zero by vagal (parasympathetic)
stimulation. 20 -
Sympathetic stimulation can increase g
cardiac pumping by (1) increasing the 3 15- Normal sympathetic
heart rate from a mean of 70 to 180- 3 —
200 beats/min. Also, sympathetic 3  Zero sympathetic
stimulation (2) increases myocardial g 197 stimulation
contractility, therefore increasing the S (Parasympathetic
pumping rate and the ejection ) 5 - Swaddtion]
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Conversely, inhibition of the 0l . .
sympathetic nerves to the heart —4 0 +4 +8

eliminates the sympathetic tone. This
inhibition can decrease cardiac
pumping to a moderate extent (about
30% below normal).

Figure Effect on the cardiac output curve of different degrees

Right atrial pressure (mm Hg)

of sympathetic or parasympathetic stimulation.



Effect of autonomic nervous system on
cardiac pumping (cont.)

m Parasympathetic (vagal) | |
stimulation, if continuous, can 25 - MeimymtEympattst

stop heartbeat for few seconds,

then heart “escapes” and start -

beating at 20-40 beats/min. This _

will reduce the pumping rate £ -
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the myocardial contractility. o

Nevertheless, the great
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with a slight decrease in heart = + =

. Right atrial pressure (mm Hg)
ContraCtlon Strength can Figure Effect on the cardiac output curve of different degrees

decrease ventricular pumplng by of sympathetic or parasympathetic stimulation.
50 percent or more.
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The Myocardial Contractility

s Sympathetic stimulation and epinephrine enhances the
contractility and squeezing out a greater percentage of
the blood out of the ventricle leading to more complete
ejection (i.e. less ESV).  wiusinmuiiimstokevolumeds,

s Heart failure can affect one or both ventricles. It is the
inability of the cardiac output to keep pace with body’s
demands for supplies and removal of wastes. It is due
to reduced cardiac contractile power despite the
sympathetic compensatory reflex. The most two
common reasons are;

1. Damaged myocardium due to impaired coronary

CIircu I atl ON  Atheroscelerosisdecreasetheblood supply andleadstoischemia

2. Prolonged pumping against chronic elevated
resistance (i.e. elevated after load) dimecmi

wayoqleft ventricle d\ aortic valve stenosis 8Yin
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Stroke volume

Force—frequency
relation
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The after load

The total peripheral resistance the heart is facing is mainly
due tO, Causesareunknown

oy hypertension ) ¢y
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3. Blood volume within the arterial tree at the moment of
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Note: The higher the after load the higher the ESV, the
lower is the SV and the CO. However, the CO will be
re-adjusted by the increase in the preload (Frank-
Starling law of the heart). Therefore, hypertensive
patients have relatively normal CO.

99 SVl 2y JW oSeoin 23\ Jad oY Jally clsabl i Z) omg\abl M)o
§ bl 46 oo osh a3 i 2465 o - cprny COP §616 gispg il oThl A J\ 95t bl 3 cisiss- 2\ ¢\ aw\e complianced o

w3y Stretching dos ) eyl bain om\ead a9 iy LI pead awhyl C e s 2 ST Sl : e\
i o i) g cand i) o oy VS Ay o5, by ool p o buuliing i ol biin 5\Ba ks compliance i citgaty
normal CO



Ve



