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Cardiac Output

Slide 2

Cardiac output § : the amount of blood ejected or pumping by each ventricle per minute.
mathematically: #: cardiac output =heart rate*stroke volume

What is the stroke volume )?

Stroke Volume: the volume of blood ejected by each ventricle with each beat.( s a3 (2
(338l duaily & siaal)

and it’s equal in adults =70

J) e aai qub—> cardiac output
Normal Heart rate=70 and Stroke volume in adults =70
So the cardiac output =70*70=4900ml =5L/min

And this is the normal value of cardiac output in adults &3 (5L- 6L /min)

eac¥) iy ladll aa i qub
End diastolic volume: The volume of blood in each ventricle at the end of diastole .=130
End systolic volume: The volume of blood remains in each ventricle at the End of systole and
the value =50ml in adult.
(70-80 ¢ AV e 4pudl) 02 (,924)130-50=80 and it’s the Stroke Volume J) Al

fEDV and ESV J) & L @A
(Stroke Volume )é&

The percentage of end diastolic volume ejected with each beat( the ratio of stroke volume to
EDV) it is what we called : Ejection Fractions

e Ml dipay Leliad s

Ejection Fraction = (stroke Volume/EDV) *100%

(percentage of EDV that ejected with each beat). J! Ay dalaal) &

Heart )si( contractility in the heart )Juproblems Us (158 (change) ¢l Wb Jwaa 13)(percentage) J) (A9

(failure$p
(eSS (a0 e Alanl) i i)

Slide 3:

Factors that effect the cardiac output: 2368 (e 2

>
>

Stroke Volume
Heart failure

-These two factors are the main determinant of cardiac output .

-These variables are interdependent(uax) aglars Ao s3ainn), they usually Changes together and in
opposite direction .

As heart rate goes up and stroke volume goes down and vice versa.



g Jua ol qub
e Reduction in Heart Rate to below 70 beat /min what will happen for cardiac output?
As heart rate decrease below 70 beat/min Cardiac output almost remains constant
Why?
Because heart rate decrease but stroke volume will increase , as we mention before
they are interdependent (change together in opposite direction)

fincrease in stroke volume Us xa: 7 decrease in heart rate Us Jla 13) (il Sl qub
Because when heart rate decrease the ventricle will have enough time for maximum filling so
we will have good filing and good ejection so stroke volume will increase and cardiac output will
be constant .

e What will happen if heart rate decreases below 50 beat/min?
We will have increase in stroke volume but the increased can’t compensate the high
slow heart rate, therefore the Cardiac output is decreased.

e [f the heart rate increases up to 200 beat/min in this case the stroke volume is
decreased, why?
o Because we don’t have enough time for filling so;
o & NogoodejectionGd No good diastolic volume EJthis will effect the
cardiac output.
o In this case cardiac output remain constant , or may be increase slightly because
we have increase in heart rateJ from increasing in heart acceleration

e But if we have increase in heart rate more than 200 (Jdiastolic period shorten too
much and stroke volume is markedly decrease the cardiac output will also be
decreased [Jbecause the decreased stroke volume not compensated by Heart

acceleration.
o oaay Jdadladl e Sy 1

Slide 4 (Regulation of heart rate)

e Mechanism that regulate the heart rate can be divided into 2
categories: -

» Neural mechanism
» Humoral mechanism

e And the Neural mechanism have 3 Types :
1. Autonomic regulation
2. Reflex regulation
3. Regulation by higher centers ¢




Slide 5 (Autonomic control)
(Autonomic means sympathetic and parasympathetic control)
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Both sympathetic and parasympathetic divisions of autonomic nervous system have an
effect on heart rate.
3 4 ) dual innervation Wais 2 aually sliac¥) aline gl G el Uad laghg
(Sympathetic and parasympathetic)
33l uw sympathetic and parasympathetic ¢ (% innervation Jdweals aual) sliasi ay
Ue Jorgan J) cwa o A ¢ S) sl o6

So heart have dual innervation but it’s normally, at rest : parasympathetic control is
the dominant mechanism, therefore the parasympathetic control of SA
node(responsible of heart rate)is the dominant mechanism not sympathetic
therefore the basal heart rate is less than the intrinsic heart rate.

What do we mean in intrinsic heart rate?
Intrinsic heart rate is the rate of discharge of SA node when the heart is completely de-
innervated.

e ol (g



release of the heart from the body we will don’t have innervation and the intrinsic
heart rate will be very high and higher than basal because the basal heart rate =(70-
80) but the intrinsic =(100-110) and this in the de-innervation .

& 0 sSia sdheart J innervation s (S ol quh
If we have innervation of the heart it will be Parasympathetic and it will inhibit the
intrinsic heart rate that’s will be (70-80) not (100-110) therefore the heart rate will
be less.

The parasympathetic of the heart:

Originate from EJnucleus tracts solitaries
Originate from EJddorsal motor nucleus of vagus
Originate from Ednucleus ambiguous

e And the vagus nerve from these places |, mainly supply the atria ,(SA node)
and AV node very little supply to ventricle
Lol cand ) guad), LY ) g)daarl g1 39 b g Gl ventricle J) Ao Jig ¥ 40 (Sa) ik
(b ALY e 990 Qi)

What is the important of no parasympathetic innervation for ventricle?!!¢) ¢ (mmald aﬁi L

( Gesiuilé)asé acl) ga 5 ) guad) dlgy 988 Jladd

We have two branches for vagus nerve:
» Right vagus nerve
» Left vagus nerve

Right vagus nerve predominantly supplies SA node while the left vagus nerve predominantly
supplies AV node

Parasympathetic vagus stimulation decreases the heart rate

Mechanisms involved in the changes in
Frequency of Pacemaker Firing (i.e heart

C POSITIVE SHIFT IN THRESHOLD

o 200 400 600 800 1000 1200

J 4 curve J W o Badi: sl curve J) awol) o adlil A aay
parasympathetic vagus stimulation decreases the heart rate by decreasing the slope
of the prepotential phase.



e Pre potential phase to reach threshold needs longer time J less firing(Jless heart
rate
o (Pre potential is the phase 4)

So vagus stimulation effect the SA node:
o Decreases the slope of prepotential decreases the slope of phase 4 and the
rhythmicity of the pacemaker cells (SA node) is reduced resulting in the bradycardia.

e Parasympathetic hasCinegative cronotropic effect any agent the modulate heart rate
is an agent that has either positive or negative cronotropic so in this case the
parasympathetic stimulation or the vagus nerve or the acetylcholine(because the
acetylcholine is the neural transmitter release from parasympathetic)so the acetyl
COA or the vagus they are negative cronotropic agents because the have a negative
effect on the heart rate they reduce the heart rate.

e As we say the stimulation of vagus nerve result in reduction in the heart rate and this
happened because of longer time for the prepotential to reach the threshold and this
happened result of secretion of acetylcholine from the vagul nerve endings and the
acetyl COA Effect on SA node remains for a short time as acetyl CoA is rapidly
destroyed by a specific enzymes known as acetylcholinesterase.

Now lets talk about sympathetic effect & 3

e Sympathetic effect too but in stress and exercise.

o Sympathetic supplies all parts of the heart (SA node , AV node, atrial regions and
ventricular regions and all parts of the conduction system )

e Sympathetic has positive cronotropic effect ( increase the heart rate)

o Atthe same time sympathetic has positive ionotropic effect ( ionotropic have
relationship with contractility of the heart)

e Sympathetic innervation increases the heart rate therefore :

(positive cronotropic ) also increases the contractility of the heart (positive
ionotropic)

Why sympathetic effect the contractility?

S Yparasympathetic J 41}l ventricle J) O 253 54 Wgabins Y —myocardium (JJ) & Sk oY
J Wi contractility J) & Jis ¥ Ay myocardial partsd s Jis ¥ Al ventricles J) e

s o ¢4 parasympathetic J 4ilhs positive ionotropic exis digl agle 5L sympathetic

atria not essential for filling J) uakdil (Sly contractility in atrial regions J) & 3

The sympathetic innervation to the heart is plentiful happened result from releasing
of norepinephrine and sometimes result of releasing of epinephrine from adrenal
medulla and both are effect beta 1 adrenergic receptors on the heart therefore we



will have increasing in calcium and sodium permeability inside the cardiac cells that
will lead to increasing in the heart rate and contractility.

) mechanisms J) (& 3,4 4 YO Glac ) & o) Badliy |58 B2 g gall cilan ) o ki gy ol
autonomic innervation J) 4xheart rate J) 834 ) 535

Figure A [J it's mechanism of ( decreased rate of depolarization)

3J) 59 08 Uska L Jia

parasympathetic make increase in slope of prepotential sofJ it take longer time for
this phase to reach the threshold (ahiial) hilf)

Blue line represent parasympathetic effect ¢

heart J) (lali §i 3305 e autonomic divisions J) 23 Jaai WA 0e AN s AY¥Ymechanism )
negative shift in maximum diastolic potential Ju o L (& 5,4 A rate
It's (Figure B)

J' = hyper-polarization J) s W e Jerns parasympathetic J) 43 Bad
Phase 4 start from more negative value then we will have hyperpolarization{})
negative shiftld Us Jsa:

Green line represent parasympathetic effect ¢

e (-50) e Y2(-70 Yo I Ad) dani il Badly
Which means longer time is needed for diastolic potential to reach threshold £JandFiring
the action potential ¢ therefore by this mechanism the parasympathetic innervation
decrease the heart rate ( J! 4xily suSall ssympathetic)

3rd mechanismgj (positive shiftin threshold )

solina 138 9-30 sl ) Min -45 ¢ 3 ke <ils L Ju threshold J) iz
- less negative and more positive and this mechanism use by parasympathetic to decrease
the heart rate ( Je: iy Cpositive shift in threshold therefore Longer time is needed to
reach threshold to fire an action potential .

(sympathetic Jb Lalai usall)
(Figure C)

Purple line represent parasympathetic effect ¢



Slide 6 (Reflex control)

The Reflex control include:

Baroreceptor reflex
Chemoreceptor reflex
Bainbridge Reflex
Cushing’s Reflex

YV VY
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I. Baroreceptor reflex:

what'’s the component of Reflex ?
Receptors

Afferent neuron

integrating Center

Efferent neuron

Target tissue

YVVVYVYYVY

In the Baroreceptor we have a mechanical receptors
e called Baroreceptors
e Located in the carotid sinus and aortic arch
and these receptors are stimulation by high blood pressure, once they are
stimulation they become active after activation they stimulate send impulses through
afferent neurons to nucleus tracts solitaries .and this impulses that are generated in
these baroreceptors after their stimulation by high blood pressure are transmitted
to the nucleus tracts solitaries by afferent neurons
> Afferent neuronsi]( Jv <« ninth and tenth cranial nerve )
> Nucleus tracts solitaries J( Jv %<« medulla oblongata)

When nucleus tracts solitaries stimulate these area send inhibitory impulses to vasomotor
center (VMC) [(J Inhibition for VMC £ reduction in sympathetic activity Lidincreasing in
parasympathetic activity Libradycardia CJheart rate reduction

Heart Rate increases occur in condition in which Baroreceptor are less stimulated such as
hypotension.

II. Chemoreceptor reflex :-
> In chemoreceptor we have chemical receptors in the carotid sinus called carotid
bodies.
» Chemoreceptor stimulated by change in chemical composition of the blood as occurs
in hypoxia, hypercapnia, and acidosis.



» Activation of chemoreceptor primarily produces Bradycardia , but heart rate may
unchanged or even slightly increased by secondary effect.

» Mild hypoxia causes tachycardia, but moderate to severe hypoxia decreases the
cardiac output by suppressing myocardial contractility by stimulation of
chemoreceptors J so reduction in cardiac output and suppression for myocardial

activity.

» Carbon dioxide changes :-
it's effect may be direct or indirect in the myocardium

o The direct effect for carbon dioxide leads to depression in myocardium if I
have hypercapnia

o The indirect effect leads to stimulation for peripheral chemoreceptor and this
will effect the heart rate.

» Acidosis make depresses in myocardium (less contraction) why?) e
Because if | have reduction for intercellular ph will leads to decrease the endoplasmic
reticulum calcium leads to decrease the contractility and reduction in intracellular
ph lead to decrease sensitivity of mayofilament to calcium
( Troponin sensitivity to calcium becomes less
&J Solesssliding L3 less contraction

III. Bainbridge reflex :-
o It's cardioaccelators reflex
o Leads to increase the heart rate
o Increase in heart rate when venous return increase
Right atrial (JBainbridge reflex Ju 4w (Sas diglright atrium Ji Gaagreflex J) 1@
reflex

IV.  Cushing’s Reflex :-

o This reflex become active when hypotension occur that decrease blood flow to the VMC
solJdirect stimulation of VMCLJactivation of sympathetic, which cause tachycardia and
vasoconstriction .

o Butthe consequent increase in pressure due to Cushing reflex stimulates the
baroreceptors that finally result in bradycardia.



Slide 7 ( control by higher centers)

J o=l
(emotional states like stress and anxiety)
Jexii()
(stimulation for higher center in the brain cortex)
J e S Loy s
(cardiovascular center)
du 2 5ai)
(Medulla)
Clsais e £ Al
(firing for more sympathetic or parasympathetic)
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(Change in Heart rate )
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Slide 8 ( Humoral control mechanism)

We have many hormones that effect the heart rate like:thyroxine, catecholamines these
hormones increase heart rate.

Slide9 ( physiological variation)
We have many physiological variation that effect the heart rate.
(O A B35 asa ) g (alllae a9 48 jrall da slaalla)

Slide 10 ( Factors effecting stroke volume)

1. Cardiac pumping power: this is effected by the cardiac inotropic state
» Factors that effect cardiac pumping power

o Preload
o Afterload
o Contractility

Slide 11 (cardiac preload )
1Y) Sl gadly
Preload: is the end diastolic volume.

We have relationship between the preload and force of tension
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o X-axis represent preload or EDV
e Y-axis represent force of tension developed within muscle fibers

e Increasein EDV J increase in force of contraction(J increase in stroke volume
VA1 (e stroke Volume J) 834 Y gasix-axis J) (B HR A J (REDV Judab)ls B jla Wl
(Frank-starling curve) (s 8,k s \&y-axis *B1

Frank-Starling low: within limits the force of cardiac pumping power contractility is
directly proportional to the initial length ( preload or EDV) of the cardiac muscle
fibers.

EDV = preload =length of muscle fibers of the heart (&Y (sdi o sla aglS Jg day

(length-tensio curve s 13 tension Js initial length (EDV) J) o L 48le ¢e 3 ke o) gall 02a)
Frank-starling loop &
J) Gk o8 2y limit. Us 2 g8l (198 a0 oSy dhgd within limits 59 elbsay 38 ) Ciy ailly S
cardiac muscle J!length

So we have optimum length that has the highest contraction of the muscle

e & Maximum contraction J) g 2 muscle fiber J12.2 J Jsh ais Badl; digl
maximum force tension

After this peaks length LJ we reach limit CJ after this limit J ventricular
contraction decrease at either shorter or longer muscle fiber length

2,2 is the optimum sarcomere length that have the peak (limit) the maximum force of
contraction and maximum tension that has the maximum stroke volume

J ) B398 o Aaully
At 2.2 we have optimum length and optimum overlapping between actin and myosin
so we will have:
» More shortening LJ more velocity of shortening LJ more tensionlJ more stroke
volume

» The importance of this mechanism is that it helps the heart to eject whatever volume
of blood it receives within limit.
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actin J' &= more overlapping <% more length = ventricle Jv more stretching s
.more stroke volume s more contraction J&smyosin J\s

(extra volume of blood § ) oalddl) o a8 Qldl) Jaay tdag

GOy b Us las Lud 43y k1) (& 8
The 2M mechanism is :
The Increase in stretching lead to make the troponin more sensitive for calcium solJ more
sliding LJ more shortening

The 379 mechanism is :
Every increase in myocyte ( sarcomere ) lead to decreases the muscle fiber diameter which
would bring actin and myocin molecule closer to each other J which facilitate there

interaction to each other {J more sliding LJ more contractionfJ more stroke volume.

adlas g el gy llad 1 pudalaal) gd J) 2 Sl Uald (S dlpa
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Slide 12 ( The Frank -starling curves )

Significance of Starling law

inc. contractility

normal

heart failure

stroke volume

LV EDV

This curve in the picture is:
Length - tension curve OR Frank - starling curves
X-axis represent EDV
Y-axis represent stroke volume
and we have 3 curves:
e Normal heartlJ greenin color ¥
e Curve that represent the Frank-starling curve for heart failure LJ red color@
¢ Normal heart which is stimulated from outside (increase contractility) £J blue color

L 4
Gsi! adhalgx y93e e volume i 33 A at a given end diastolic volume i) a3 gl

e Atagiven end diastolic volume in the heart failure the normal ( EDV- stroke volume
curve) shifted downward and to the left and this is due to reduction in pumping
power of the heart.

e Butif we stimulate the normal heart by external mechanism such as ( norepinephrine

stimulation, sympathetic stimulation)frank - starling curve shifted upward and to the
left.

In this case we have increased in stroke volume, why?
Because we have two factors or two mechanism that effect the contractility of normal heart:
1) Frank - starling mechanism:-
£3iaY) 3 454l contraction (& Al G length B AUl g £ B i)
2) External stimulation by some factors called positive inotropic that’s lead to
increase the contractility . E.g:( epinephrine)

What is the significance of frank-starling mechanism?

This mechanism helps the heart to pump whatever volume of blood it receives, but
within limit (up to a certain limit)

So any volume of blood reach the ventricle controlled by frank mechanism

Once the heart receive more blood the ventricle stretch more and the force of
contraction is increased which insure ejection of this extra-volume of blood .



e Whatis the importance of frank starling mechanism in the filling heart ?

Before we answer the question let’s talk about normal heart
¢ Frank starling mechanism in the normal heart allows changes in the right
ventricular output to match changes in the systemic venous return, how?
o Ifthe systemic venous return increase the right ventricular end diastolic
volume and output also increase.

Increase venous return [Jincrease EDV[Jincrease stretching LJmove toward
optimal length CJincrease tensionJincrease stroke volume [Jincrease cardiac
output

e Increasing in the venous return causes an increasing in right ventricular
output CJincreasing in the pulmonary venous return LJincreasing in the left
ventricular EDV and output which balances the right ventricular output

¢ Frank starling mechanism maintains equal outputs from both ventricles

e The important of frank starling mechanism in the heart failure:
In heart failure ventricular pumping power decreases so auto regulation of
myocardial contractility through frank starling mechanism.

¢ Reduction in pumping power leads to increase the remaining blood volume in
the ventricle(this volume we called it END systolic volume)

e Contractility weakness LJpumping weakness LJmore blood stay in the heart

ESV ¢ais Jla il Ju &Y A filling ¢ sy (pimg atria J) A Qs peripheral J) (< pdll 2 g2 Lasis
¥... A EDV s S il ¢osia 4ol digd diastolic J) s atria J) ¢ 334 p2 W) Gt Jally s
ok dliSay M s il

J) U filing e A contraction Ju cird Ue 3 il o 5IS 3 g 5 S Sal ARINESV J))

( RASEDV (S g Aasall lisadiastolic

e This lead to a powerful ventricular contraction according to frank-
starling mechanism therefore accumulated blood in the ventricle will be

pumped inspite the heart failure .

(normal J' sib)upward | Alcurve Jb shift 4 juas ¢Saal e digd

Jary 3y 7 Le ol JUIL pumping H resistant sdis 058 £ 404lL hypertension sdis 3alg ol
335 M 5358 £ UESV J) 8303 quaen g CAJIESV J) A0 Adde i 5 138 (Sl 3aliaal) blood J) 4«Slpumping
diastolic J' sU atria J ¢» ¢ (U w3l volume JESV J) Gl ¢ s3iaY) diles L) AYEDV

Increase of EDVJincrease in force of contraction LJthe heart pumped the usual amount of
blood LJshif toward the normal curve

T OSaa AN A A S) el sais jla 13) contractility Jhweakness s mas o sadal 13 SN A oS
heart failure iy contractility of myocardium cells J) & Se J$&s Sisé hypertrophy 4
@.Treatment aJ¥ 055 gl



