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Lec5 — Rec3

Factors that regulate cardiac pumping power. preload .. aftrload &
. contractility

Ventricular pressure — volume loop*

the solid lines represent normal single ventricular cycle while the dashed --

lines represent the effect of preload ..afterload &contractility changes on
.ventricular cycle

Factors Requlating the cardiac

pumping power
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increased preload (e 3 ke s cardiac cycle J & change | dM preload 434)

Mia jua blood volume 43343 3 venous return J lexsw preload (43343
transfusion of blood

The increase venous return .. increase the preload of the EDV _point 1--



. SO point 1 is shifted to the right
. Ex: the point 1 Is the normal EDV=130 ; now it become 140ml ' it increases

9999999¢ (S stroke volume 8834 J 3 preload J 33l 3l of Jaadls

The width of the loop is the stroke volume ; which is the difference*
. (between EDV(pointl) & ESV(point4

The width of the loop increasemsp the stroke volume increase & cardiac*
. output increase

as the preload increase ; because of venous return .. there will be an--
(increase in the EDV (point 1 is shifted to the right

As the ventricle proceeds through its cycle .. the effect of preload can be--
. appreciated

The loop is shifted to the right ; the width of the loop increase .. the SV--
. increase

. this increase in SV is caused by Frank-starling mechanism___

--— More venous return ~” more EDV ~ more SV ~ more cardiac output
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........ Increased afterload in the left ventricle

. left ventricle must eject the blood against a greater than normal pressure--

the normal pressure that ventricle must reach is at point 2 ; point 1 to--
. point 2 is the isovolumic contraction

the aortic pressure increase ; so the ventricular pressure must raise to a--
.greater than normal pressure to eject the same quantity of blood



To eject the blood .. the pressure must raise to this new value ; to a greater--
(level during the isovolumic contraction (point 1 to point2

As a consequence of this increase in the afterload ; the blood that is--

because most of the contractile energy is consumed in raising ventricular _-_
pressure to a greater than normal pressure during isovolumic contraction &
and the pressure remains for ejection is very low ; this lead to a reduction in
ejection .... Decrease SV

The loop is shifted .. the width of the loop decrease & SV decrease & more--
. blood remains in the ventricle at the end of systole ; more ESV

Point 4 is the ESV & it is shifted to the right ; the ESV increase BUT the--
. width of the loop decrease & SV also reduced

. the ventricular pressure increase--

afterload 43343 s3a . 100mmHg e 80 s sbwisovolumic 4iled 055 Le Jag**
ESV 8345 Jlls 5 SV (b ol Y <
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; Increase contractility--

When contractility increase .. the ventricle can generate greater tension &
pressure during systole and it can therefore eject a larger volume of blood
. than normal

NO effect of frank-starling mechanism--

Point 1 is the EDV ; there is an increased contractility due to a positive--
inotropic agent, leading to that ventricular muscle develops a higher tension
, higher velocity of shortening , therefore the ventricle can eject a larger

. volume of blood than normal



The curve is shifted , the width of the loop increase & the cardiac output--
. increase

However; more force of contraction .. more ejection of SV, lead to a*?
. reduction in the ESV

. Point4 C is the ESV is shifted to the left , because of increased SV--_

; The contractility also increased--

. Point 2 to 3 is the contractility or systole & is shifted upward
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Factors Affecting Stroke Volume

(2) THE VENOUS RETURN (VR)
is a basic determinant of the SV
and CO. It acts by affecting the RA Diaphragm
EDV through the Starling law, and :
its volume is affected by the

following hemodynamic factors: Thoracic : Abdominal

(a) Venous pressure (central venous VenaCava \VenaCava

ressure): the VR is directl
’ kaal %6 2 (Pv -PRra)
Pmpﬂﬂhﬂﬂﬂ to It. U H -

Rv

(b) The right atrial pressure (RAP)

: This is normally about 0-2 mmHg Hemodynamic factors determining venous return
and the VR is inversely proportional (WR) from peripheral veins to tha right atrium (RA)
to it Pv,venous pressure; Pra, right atrial pressure, Rv

venous resistance,

(c) The resistance to the VR (Rv):
Normally, this is about 1.4
mmHg/liter of blood flow, and the
VR is inversely proportional to it.

. The second factor affecting SV is venous return

Venous return : the volume of blood that returns to the heart from different
. parts of the body



Venous return depend on hemodynamic factors which are the physical--
:factors that regulate blood flow or venous return

The pressure & resistance
: We have 2 types of pressure

(venous or central venous pressure (PV --1

Venous return is directly proportioned to this pressure . as venous pressure
. increase , venous return increase

(Right atrial pressure (PRA—2

This pressure is normally 0 up to 2

Venous return is inversely proportionated to this pressure , as RAP increase,
. venous return decrease

Venous pressure is directly proportional to central venous pressure ,as
. venous pressure increased venous return increased too

The venous resistance or vessel resistance .. this resistance is 1.4 mmHg 1--
, per liter of blood flow

. Venous return is inversely proportional to resistance

s Mathematically

VR: venous return

PV: venous or central venous pressure

PRA: Right atrial pressure

RV: venous resistance

VR=(PV-PRA)\RV

Venous returrAdy P (i ylaiDle dllia of Laadls

Resistance J <\ ae el Venous return oS WK, A8l p culS LS
AMore RAP, less P & less Venous return at constant resistance

A . More PV,, more P, moreVR,, at constant resistance



More VR ,, more SV ,, more filling &more contraction (more SV & cardiac
(output

factors that increase resistance leads to reduction in venous return and Iss
.CO

A .J8 P Y Venous return (b ghaii Y (533 RAP i334) o (533 dale (4

SO; less venous return to right atrium ,,, less right ventricle filling ,,, less right
ventricle output ,,, less pulmonary venous return to left atrium ,,, less atrium
filling ,,, less ventricular filling ,,, less ventricular output ,,,less systemic

. return

PV e JAgisalall 4 Jdl sall sda wenous return e Jis ) Jol gall (ian

More blood volume increase venous return So; more EDV & more forceful
. contraction & more SV

)) ----- Negative intrathoracic pressure
(( venous return 4334 & O5Siz_inspiration JI
Changes in PV

L 01553 B venous pressure 4334 ) svenous return 334) 535 PV 83 ) 4l
sympathetic stimulation which affect veins by veno constriction ,, more
venous pressure also skeletal pump leads to increasing in venous pressure



Other factors that control the

venous return

End—diastulic volume

mnun return
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Sympathetic
nerve stimulation

:Skeletal muscle pump

More skeletal pump , more contraction , increase venous return , increase
.EDV & force of ventricular contraction & more cardiac output

Vein vessels are highly compliant & it has a large capacity , 65% of blood
. volume in your body at rest is inside the veins

Most of large veins are surrounded by skeletal muscle , muscle contraction--
ejects the blood from veins toward the heart , more filling & more cardiac
. output

. Large veins have valves , distal valves&proximal valve--

When muscle contracts , proximal valves open & distal valve close ; the--
. blood moves from veins to the heart

. more muscle contraction ,,,,, more blood flow,,,,more venous return**




In people who keep long studying during the day , there will reduction in--
venous return because of gravity, the blood is pooling in peripheral tissues
((veins

the pooling lead to increase in the venous pressure , this excessive venous--
pressure stretches veins especially the veins of the leg & increase the
diameter of the veins , venous valve become incompetent (leakage), as a

. result of that there will be reduction in venous return

: Torcous veins, bulbs veins--

Vircosed veins .. peripheral pooling of blood , increases venous pressure,
stretching of veins , accompanied by damage to venous valve so enlargement
.(of veins (varicose vein

Normally; during muscle contraction , the proximal valve opens ; distal valve

. closes , the blood move to the heart

During relaxation ,proximal valve closes; distal valve opens, the blood
. moves to the veins in skeletal region

3o sy o3l intrathoracic pressure s venous return (e 3_3sall o sall (et
. inspiration 4«alA breathing

:Respiratory pump--

Inspiration , contraction of diaphragm (the major res. Muscle) ,, increases the
intraabdominal pressure, this will increase the pressure inside the
. abdominal veins & increase in the venous return

.AS we know ; inspiration increase the negatively inside the thorax

This will increase the transmural the pressure & expand the lung &--
. thoracic cage



the negative pressure in the thoracic lead to a reduction in the--
. pressure of the right atrium & vena cava

thoracic pressure (8 4ca y Sz, cllupleural pressure 3 IS 1Y 43 Jd LiSax
. zero ehiia

NOW, right atrial pressure & vena cava have negative presdire, P will
increase & venous return increase (venous return dépends on P)
((venous pressure minus atrial pressure

Inspiration increases venous return

Factors that control the venous

return

Muscle Pump
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: Other factors

Ventricular filling usually occur passively 15% of ventricular filling at occurs

. by atrial contraction or atrial pump activity

. Atrial pump activity does not contribute significantly to SV

When there is increase in blood demand (ex:during exercise ) here atrial--
.systole contribute significantly to diastolic volume & SV & cardiac output

.The sympathetic stimulation increase atrial pump activity--

. Ventricular compliance also affect SV

Right figure

... Ventricular compliance of 3 situations

Other factors affect stroke volume

Atrial Pump Activity: ) _
The ventricular filling ~ Ventricular Compliance
occurs mostl
Eﬂssively. About 15 to 60

0% of ventricular e
filling at rest occurs
due fo atrial
contraction (the atrial
pump activity).
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_ = normal, if shifted to the left & upward, reduction in
. compliance the upper curve is decreased compliance curve

If the normal curve is shifted to the right & downward , there will be--
. increase in compliance ,, the lower curve is increased compliance curve

Compliance is the stretchability**

In . , compliance curve (normally) are platted as the change in volume--
over the change in pressure

A A (V\ P = inthe slope (mathematically
lung is more compliance O (sS~AR , (e A e V od8aly ) ellia oS LS+

In - , the compliance curve of ventricle, it is common to plat the change in
. pressure over the change in volume

A A .P\ V= theslopeis the reciprocal of compliance
) 3alall QA Jias \.SSAJ’ Llle compliance J \A\.'u.a’ Oz Jaia dic raa.“ J‘j\.dsi\.'&**
: ventricle J 4 OSly compliance curve

.. The compliance curve is the relcAionshi between P\ V

Jl lies e slope Jl OIS 1Y Sy compliance J) (1 sS2e 4 slope ) A (Six
. oSall y4midia compliance

: Normal curve

X axis is the volume

Y axis is the pressure

As the ventricle volume increase, the pressure within ventricular chambers
. Which is EDP : the end diastolic pressure ,,, passively increase

. If thereis increase EDV , the EDP passively increase----

BUT, the relationship is not linear particularly at higher volumes ,the
.compliance decrease , the wall become more stiff



L slope (4334 )9 pressure J & 4alle 334 ) Y 5355 volume I (8 ddsid 304 )
.compliance J i (fuai

Therefore; ventricular and diastolic pressure EDP is higher at any given EDV if
. compliance decreased

A (A Olali lia 13 32 55 EDP 4 Jaadli adaiiall puzad¥l hadll e gDV LT
compliance

QJSQN\.AW uASa.“ , Cald compliance _“J J\J_}‘ slope laliza J\J_}‘ EDP , EDP e
¢ EDP \EDV ¥ compliance ) 4334 )&llia ;La EDP I (i die EDP ) (& (Jlais
compliance is higher 4l s B o 5Sa7 ) slope ) 40l A

The ventricular compliance is determined by structural properties of cardiac
. muscle

Ex : muscle fibers , orientation of muscle fibers , connective tissue,
compliance of ventricles is also determined by the stat of ventricular
. contraction & relaxation

In ventricular hypertrophy, the compliance of ventricles decrease ,ventricle
wall become stiff not stretchable , thickness of ventricular wall increases &
compliance decreases , therefore ; ventricular end diastolic pressure is higher
. at any given diastolic volume

Ventricular muscle maybe compliant, but if there is some restriction to the--
distention of ventricles due to external pressure EX: pericardial effusion ..
tomponade, this leads to reduction in EDV compliance or stretch ability
.decrease

Dilated cardiomyopathy, the ventricles are very dilated , No appreciable--
thickening of the wall ,, the wall is not thickened , the compliance here
increase & EDV is high ,But EDP is not high because the contractility is very
. weak



pericardial effusion, : (& Ventricular compliance e %5 Al Jal sali**
ventricular hypertrophy, dilated cardiomyopathy

A Summary of the Factors

Affecting Cardiac Output

* Venous return
* Vessal diametar « Ventricular compliance
* Viscosity of blood = Atrial pump

' Peripheral resistance End-diastolic volume '
(Afterload) (Preload)

l |

Sympathetic
activity

Vagal
activity

I J
v i

Myocardial
contractility —® Stroke volume Heart rate |

* Ventricular muscle mass

« Sympathetic activity ‘

* Hormones like thyroxine etc Cardiac output I
* Drugs
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= pH, PO,, etc.



