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Cardiac output

**Factors that control the preload
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2334 My ventricular filling 4334) 0o saiz ydecreased HR _ba 1311-
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Why?
. Diastole Jsh 8835 Ll y HR & luaiill *

----the reduction in HR, leads to an increase in the length of diastole ,the
time of diastole increase SO, increase in ventricular Filling.
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**.The second factor of cardiac pumping power which is the_after load

afterload is the resistance against which the ventricles eject their blood **
. or the atrial pressure against which the ventricle must contract

The cardiac afterload for the left ventricle is the aortic pressure & the **
. cardiac afterload for right ventricle is the pulmonary atrial pressure

afterload on the LV 4334) (52513 aortic pressure (83345 jlua 1y el *skk
& LV i Muscle tissue 3 o)W (g sl dlia (e ool raia 425 gaia jpeay Ml

RV ¢« LV & wall is thicker 5 S muscle J e (597 HRV & muscle tissue
s pulmonary artery 4l e pall ey RV ) Laiyy AORTA e pall oy LV I Y
muscle tissue in LV 3 055 ¢l (s pulmonary artery ) (s el 4 el a0rta
more than that of RV .. to allow the heart to eject same stroke volume like
RV but through a high pressuer vessels ...(The aortic pressure is higher than
(that of pulmonary pressure

IF atrial pressure is increased more than normal .. more of the contractile--

energy is consumed in rising ventricular blood pressure during the isovolumic
.phase

? What is the isovolumic phase

The volume-pressure loop .. Represent the relationship between volume &-
(pressure (It has many points 1 -2 -3-4-5

the isovolumic phase on this phase represented as from point 2 to point 3--

.. volumic (& Jwis (33 OS1y Gaadll Jaia 330 ) L &aasy 5> << Isovolumic phase
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If the atrial pressure increase more than normal valve ..more of the<<
contractile energy is consumed JUST rais the ventricular blood pressure in
. the isovolumic phase until it exceeds the new valve of atrial pressure

4 s33-2 G isovolumic phase s b phase 3 13 334 ) Ue juay ) Ul g**
semilunar g juay (Saealadic g 90 dniay (Saa (Sl9 mmHg 804 dvay 7 ) e
(ventricular pressure to this point (95 J a8 i i I g feia yuayg valve

Most of contractile energy by contractile cell will be consumed in raising--
the ventricular blood pressure to this new atrial pressure value >> Ejection

Because of that >> less pressure remains for ejection SO their will be
. reduction in SV & reduction of cardiac output
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J5 RV & aorta or pulmonary artery (s ¢l s« vessels | 4 bl s overload -
ot Lo Al yidia 4 aaall vessel (e 3 ke 345 Pulmonary artery 3 e geiay RV
EOliaall dlia (liia 120 Lyl e 48 hiuall y qorta e gy LV Wiy RV <Dlae
(el sy iy 120 4 (oh (e dain g JalaTi JS) Do 5> papihall g gl S, S

D i e ! Luiay (Y e
semilunar valve Jl zii Ja Aall sles 120 (e S aorta ) b Lisale) jla o (SH
.. isovolumic phase lasts for longer time

SO most of contractile energy will be consumed JUST in raising the*
ventricular blood pressure in isovolumic phase until it reach this new atrial

.pressure valve (not 80) . it will be 95 mmHg

Therefore less pressure remains for ejection .. SV is less & cardiac output**

. Will be less

ANadiameter of vessel sa Jdl sall 038 (e (Sl afterload (e i3 88 Jdl se<<
afterload 4324)9 more resistance (Mlby ol )&l Buaiy atherosclerosis Jba

.... OTHER factors : viscosity of the blood>>



. paliBa g sall RBCs - 4353 ABe L) viscosity ......

Polycythemia : more RBCs in blood .. SO more friction & the blood become

.more viscose & more resist==ce

reduction in[iV & cardiac output

Cardiac afterload

The afterload of the ventricle is the arterial pressure
against which the ventricle must contract
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Afterload (the peripheral resistance)
depends primarily on two factors: vessel
diameter and viscosity of blood
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: Cardiac afterload*®

Cardiac afterload

Effects of cardiac afterload
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The effects of cardiac afterload on the velocity of shortening of cardiac
.output

: A5 Y G255 EDV hssky

Tension developed in ventricular muscle & velocity of shortening

NOW<< what is the effect of cardiac afterload on the velocity of shortening
2722272222

Y axis ..... is the velocity of shortening

X axis ..... is the afterload

The velocity of shortening in muscle fibers is inversely proportionated to**
.the magnitude of afterload

AS afterload increase .. the velocity of shortening to skeletal muscle fibers**
decrease

At zero afterload .. maximum ===i:ity achieved ---



: Normal heart .. grean line --

IF the afterload is 0 we got maximum Velocity = 20mm\s--

--V . max_ normally = 20mm\s

while at certain afterload the velocity become 0 & the muscle contract--
. isometrically

afterload ) J=ii (Sia velocity of shortening (& u=ils I 525 afterload (4343
velocity = 0 (sShsdic (jea

& contraction e A (Sly velocity =0 <lia muai afterlad = 10g Ljslad o ey
Isometric contraction st ilasll

.change in muscle length &l (Sly pressure &5 Tension s

the velocity of shortening is also affected by the preload &contractility--

An increase in the preload .. increase the initial velocity of shortening of any
given afterload

Example

At afterload =5

preload 433048 b red & o) velocity ) 4 Jaadly green&red J ox ¢yl
velocity upward& left Jushifting le juaiz ) preload ) <l jlalS il Sal) Sina

Take alook to maximum velocity at aftrload =0 .. there no difference
between control & increase preload

increase preload affect the initial velocity of shortening But without affect--
on the Vmax

Increase inotropy : increased in heart contractility (Due to + inotropic™*****
agent like epinephrine) shift the curve upward & to the left away from the
control

Example

Afterload =5



Velocity of shortening (8334 ) 44 43 1 blue line 33 normal 3 ¢ o8

At maximum velocity .. the + inotropic agents (increase contractility ) also
increase the velocity of shortening

Motly in velocity of 33lel jua) EDV 44334 )5 preload 2330 sla |y (Sh
shortening in initial NOT Vmax
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Cardiac contractility is the third factor affected the cardiac pumping power

Contractility = inotropic state

The SV is effected by 2 factors which are the cardiac pumping power (which-
is by 3 factors ..preload& aftrload & contractility) & the second factor is
venous return

Contractility is the increase in contractile strength independent of EDV ..-
. independent of stretching

SV 43830 Ml ventricular muscle contraction 433431

stretching & (155 L (334, length of muscle fiber (& Jwid &lla ¢ &S ol ¢ 90 (SSST
preload & EDV (8534 4

CARDIAC CONTRACTILITY

2 CONTRACTILITY is the increase in contractile strength, independent of stretch
( EDV).

a2 Factors that increase myocardial contractility are said to be positively inotropic,
and factors that decrease myocardial contractility are said to be negatively
inotropic. Myocardial contractility depends mainly on the
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shift in _weiz ) contractility 8334 <l YIS 43 JaadU A Mia (pae EDV 2ie*
normal control curve upward &to left
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Stimulation of heart by (+) inotropisdagent  more=)action more SV
more cardiac output

RIGHT FIGURE

:: Myocardial contractility depend on many factors
ventricular muscle mass-1

state of autonomic activity-2

contraction various hormonal agents&chemical agents-3
HK-4

Drugs & medication-5

factors that - myocardial contractility shift the curve to -6

upwared&left .. while - factors shift the curve to the
downwored&right

: contractility e 5 Al S ga yell Go--

Catecholamines : (+) inotropic agents which is increase contractility



Catecholamines bined to receptors on the ventricles .. B adrenergic
receptors which increase the cAMP formation within the muscle cell . cAMP

Increase intracellular Ca,, concentration .. more Ca,, means more binding to
troponin C.. more sliding & more overlapping between actin &myosin ..
.more cross bridge between thim

:How cAMP increase intracellular Ca*> concentration ??? Q

Acetyl choline is neurotransmitter which decrease the intracellular Ca*? by--
decrease the formation of cAMP

Acetyl choline binds to its receptors ... the muscuranic receptors M2--
..reduction in cAMP .. decrease myocardial contractility in atrium . Acetyl
choline is a parasympathetic neurotransmitter which affect SA&AV nodes

.. ( atrium region (not ventricular region

ventricles e Lilild L
Digitalis increase myocardial contractility--

334 U'“ ($% Y agent RV “.‘c QSJ:A% medication o_,]na,g HF sdic aal g8

Digitalis inhibit Na*-K* pump .. SO reduction in Na*-Ca*? antiporter which--
means less Ca*> removal or more Ca* accumulation within myocardial cells
=) SO more sliding =) more cross bridge = more contraction

HR increase force of contraction

33l ) Y 3% HR J3aL) oY contractility _\\",ém\.}jé\m 05N, el HR ) cals LS

dala I ca? dl Jaan DA i number of platue 8334 ) &iaction potential e 4
| lil Al ) LY

More action poteijjal more number of pfue  more Ca** entrance

>» More force of contraction
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Duration of action potential decrees BUT the number of platues increase




