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CARDIAC CYCLE : BLOOD VOLUMES & PRESSURE

e As we said in the previous lecture :
*Arteries ——> Pressure reservoir.
*Veins —> Blood reservoir.

, 4y pailiad alliay Y (iaall o 33a) pressure reservoir & Cml a4 ALl 3 jualaally LSa™
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Systole —» (period of contraction).
Diastole —s(period of relaxation) .
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Late diastole—both sets of
chambers are relaxed and
ventricles fill passively.

Isovolumic ventricular

relaxation—as ventricles
relax, pressure in ventricles
falls, blood flows back into
cusps of semilunar valves

and snaps them closed.

Atrial systole—atrial contraction
forces a small amount of
additional blood into ventricles.

Isovolumic ventricular
contraction—first phase of
ventricular contraction pushes AV
valves closed but does not create
enough pressure to open semilunar
valves.

Ventricular ejection—
as ventricular pressure
rises and exceeds pressure
in the arteries, the semilunar
valves open and blood is
ejected.

In this lecture we will talk about the blood pressure and the blood volume and the
factors that affecting them.
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+ End-diastolic volume & End-systolic volume.
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EDV : the volume of the ventricle at the end of diastole.

* blood pressure ... low l
* blood volume ... highT

ESV : the volume of the ventricle at the end of systole.

* blood pressure ... highT
* blood volume ... Iow‘L
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Cardiac output(CO) : is the volume pumped by the left ventricle each
time. Or how much blood is ejected per minute.

The cardiac output is influenced by two factors :

1. Stroke volume (SV). 2. Heart rate (HR).
*Note*
The different between EDV , ESV is stroke volume(SV).
SV = EDV - ESV

+ Stroke volume : is the amount of blood pumped by left ventricle each beat .

SV=135ml-=65ml =70 ml

+ Heart rate : ( beat per minute ) have range between (70 — 80 )

e To measure cardiac output & CO =HR * SV

CO=70ml*72 bpm = 5040 ml/min  =5.04 L/min

AL 53 ) ALY ol 08 p e il J) s ol

e & S w40 <Ll 5 physiological situation e aaixiy LY 435 i a ¥ sla 1IN -
some , stress , exercises Jis). heart rated 2 b 5 stroke volume d) 2 5i e Ladi
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** each cardiac cycle > 1 heart beat > stroke volume.
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. volume (SV)
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Cardiac output

The Relationship between EDV & stroke volume.

Optimal length
200
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Increase [B1Y
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Stroke volume (SV) (ml)
(related to muscle tension)

(Cardiac muscle does

not normally operate

~_ Within the descending
limb of the length—
“'-.,\tension curve.)

100 A B 200 300

Normal resting length Increase
in EDV

End-diastolic volume (EDV) (ml)
(related to cardiac-muscle fiber length)

400 500

The relationship between EDV and SV - liner up to certain limit.

s (certain point) 833 4kadil 433 )k 48e stroke volumed! s EDVJ) w483l -
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iFactors influence stroke volume:

1. PreLoad : how much blood is in the ventricle before contraction(at the end

of the diastole).

* or The amount of stretch within the contractile myocardial fibers,

represents the “load” placed on the muscle fibers before they contract.

* (AV valve is going to open -2 the blood is going to go from the atria to

ventricle = filling the ventricle >> and that's increase the stroke volume).
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-venous return :the amount of the back flow of the blood from the veins to the heart.
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. volume
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2. After load: is the pressure required to open the valves and get the blood out of the
ventricle.

Sle oz e BSOS (MNP, , aorta J\s left ventricle J o J plaall z8) lie Aol Ll g
el JSVadll Jaa gl g slasall mi8 liie 4t pS)daria g0 Ul s ) gortad) (8 2 sall pall (e planall

3. Contractility : the squeeze of the ventricle to push the blood out.
Aa A ) iy (e Gphal e dakall 40e iny-

— Stronger contraction = larger stroke volume

—Due to inotropic agents:

Epinephrine, Norepinephrine, Digitalis* are (+) inotropic agents (increase contractibility)
ACh is a (-) inotropic agent ( decrease contractibility).

- *digitalis — a cardiac glycoside drug that lowers Na+/K+ ATPase activity and therefore the

NCX transporter activity, resulting in elevated ICF Ca2+ which creates a stronger graded
contraction.

Laa Al JA1 o guallSI A4S 212 338 o gauld sl o g3 geall ddian Joe Qi85 e Jary el 50 0o 3 le ga Gl
Alaal) bl A 33 ) A gam
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venous return : the amount of the back flow of the blood from the veins to the heart.

Venous return driven by:.

» skeletal muscle pump :

when muscles contract they push the blood from the veins back to the heart >
increase the amount of venous return = increase EDV.

Remember ::

The veins contain valves, these valves help to push the blood in one direction back to the heart.

> Respiratory pump :
When the muscles contract they push the blood from veins = increase

venous return = increase EDV. (the same mechanism as the skeletal muscle

pump but with respiratory muscles.

> Atrial suction :
(artery (the highest pressure)> arteriole & capillary & venues = veins(the lowest pressure) )

cub | 120-80 ¢+ arterydh 0552 5 120-0 ¢+ G55 Veinsd) 2 Blood pressure J) 43) LiSa*
. J8 098¢ 45U blood vesselsd) s arterioledy

Jiall | 9 Ay elastic fibres(tissue) i & 43 ¢ jdall J3in L arterydy (il qub
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® FIGURE 9-22

Shift of the Frank-Starling curve to the left by sympathetic stimulation. 4 N T
For the same end-diastolic volume (point A), there is a larger stroke volume ezl e
(from point B to point C) on sympathetic stimulation as a result of increased
contractility of the heart. The Frank-5tarling curve shifts to the left by vari- o
able degrees, depending on the extent of sympathatic stimulation. E Ntorlr‘nal
= Slroxke
g volume
@ Falllng heart
= .
& | Decrease
Frank-Starling curve on n lﬁ’t"'“e
sympathetic stimulation volume
g i Stroke /
2| Increasein (C Normal Frank-Starling vqtl;:me
= | stroke volume curve wi ) I ) .
% at same end- uncomp_ensated Normal end-diastolic volume
= | diastolic volume heart failure ] )
0 End-diastolic volume
(a)
r
Normal heart
Falllng heart with
End-diastolic volume ] sympathetic
£ stimulation
g Falling heart
% Normal without
= SIrOKE g e e s s s s e sympathetic
o volume 1 stimulation
1 I
11 1
L |
Normal / Increase
end-diastolic in end-diastolic
volume volume
cardiac con- End-diastolic volume

frank’s law can be shifted to the right or to the left , when there is:

—>decrease in SV - shift to the right
-increase SV - shift to the left
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End-diastolic volume
175 ml

End-diastolic volume
135 mil

End-diastolic volume
135 mil

Stroke volume
70 ml

End-systolic volume
65 mi

Stroke volume
100 ml

)

Stroke volume
140 ml

Y

(a)

End-systolic volume
35 mi

End-systolic volume
35 mil

(b)

(c)

Effect of sympathetic stimulation on stroke volume.

(a) Normal stroke volume.

(b) Stroke volume during sympathetic stimulation

(c) Stroke volume with combination of sympathetic stimulation and
increased end diastolic volume.
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» Factors influencing Heart Rate
-Rate is set by pacemaker cells rate of depolarization
e Chronotropic effects may be excitatory

Sympathetic activity
e Orinhibitory
Parasympathetic activity

CARDIAC OUTPUT

is a function of

v

Heart rate

I
determined by

Rate of depolarization
in autorhythmic cells

!

l

l Decreases

I Increases ’

!

Due to
parasympathetic
innervation

v

Stroke volume

increases

® FIGURE 10-24

Factors that facilitate venous return.

Venous valves
(mechanically prevent
backflow of blood)

Cardiac suction effect

Sympathetic
innervation and
epinephrine

determined by

Force of contraction in
ventricular myocardium

is influenced by

I

|

Contractility

v

End-diastolic
volume

which varies with

\________,increases IVenous constriction ‘—»I Venous return |
l

| cardiac output ‘

T

| Stroke volume ‘

t

1 End-diastolic volume

f

1Venous return

aided by

'

1
!

pump

‘Skeletal musclel | Respiratory

pump

Passive bulk-flow
shift of fluid

from interstitial
fluid into plasma

retention

Salt and water

L

-~

1 Blood volume
( | venous pressure —
| pressure gradient)

J

Respiratory pump

( | pressure in heart —
1 pressure gradient)

1 pressure gradient)

( | pressure in chest veins —

( .

by cardiac contraction
( 1 venous pressure —
1 pressure gradient)

Pressure imparted to blood

| Sympathetic
vasoconstrictor activity
( | venous pressure —
1 pressure gradient;
| venous capacity)

\

Skeletal muscle pump
( | venous pressure —
| pressure gradient)
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Blood flow and blood pressure control

¢ Cardiac Output: how much blood is ejected per minute and is influence by both

intrinsic & extrinsic factors
.%;JB;%B‘JJAUMJM;:@#JJS&«.—M\ (o Gl pal) dpeS oa WS L g 3*

Extrinsic factors (besides ANS) include

blood vessels & blood pressure
blood volume & viscosity
capillary exchange & the lymphatic return
cardiovascular disease
:cardiac output 2 55 sall aa JAl) Jal g2l *

ol i 5 A el e Y1
A ) el aaan

el Bl 550 5 3 gl il il Chaay 3 Jalall-
il () -

rpSAil 44a e

normal pressure (of blood vessels) = 120/80 mmHg (systole/diastole )
Systole = contraction =2 120mmgh
Diastole > relaxation > 80mmgh

This amount of pressure is required in order to pump blood to all body organs.

* Blood Vessels Function to

— Provide route (arteries — away, veins — visit).
— Allow for exchange (capillaries).

— Control & regulate blood pressure.
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Aorta

Aortic valve

Left heart -

Lungs

Right heart-

Venae cavae

Elastic arteries

==

N\

T

_/i: NS
Mitral valve

Left ventricle

Arteriole with

Left atrium variable radius

m

Pulmonary veins

Exchange of
material with
cells

Capillaries

Pulmonary artery
Pulmonary valve

Right ventricle

Tricuspid valve
Right atrium

T —

Expandable veins

*Physically as the diameter of the tubule decrease , the pressure increases .

(e ABNE).,, A 3y ) b JB LIS Ad) L3y Sy

*Biologically (in the case of blood vessels ) as the diameter of the blood vessel
increases, the pressure will increase ,and if the diameter decrease , the pressure

will decrease .

(Aauk ADe). miaa Sl g Jaaall Ji sl J8 13 ¢ Calia; A8Dall 4 seall dpe 5Y1 Alla b

baall 4 3¥ WL 38 5 artery J) sk (e yaal arteriole ) sk 48l (o ae ) e el lie®*
,, single arteriole o Sai e bal ad) coandl g ely 50 L g ¢ S 5 6Ss (arteriole )4
e 4laadl S S grterioled) 22 5 total arteriole throughout the body ¢e (S~
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EX:

When blood flows from the arteries to Exarterioles (less in diameter ) ,blood
pressure will decrease ,why?

>> Because blood will be divided into so many arterioles and the cross sectional
area of all arterioles in the body is much larger than the cross sectional area of
artery and the pressure will drop down to less than 120/80 mmHg.

Skkkkkskkkskskskskskskskskskskskskskokskskskskskskskskskskskskskskskskskskskskskskskskskskkskskskskkskskskkkskkkkkkk
W Blood Vessel Structure enables specific functions:

%= Arteries:
serve as rapid-transit passageways to the organs and as a pressure

reservoir.

%= Aorta
absorb pulse pressure ( systolic pressure — diastolic pressure) and release
energy creating diastolic pulse.

% Large arteries:
conduct and distribute blood to regional areas.

% Arterioles :
Their main function is to control blood flow ,because they have smooth

muscles in their walls ,which can do vasoconstriction or vasodilation and
this feature can't be found in the other blood vessels .

Lok oSatl) 8 aelun 138 5 Ll jaa JAla clule EOlae elliad LY aw gl 5 (al@) e 5 )0l
@yﬂ\&.}:j}{\@h@hﬁ‘jm&\ b..l.é )eﬂ‘
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Note: If someone is doing exercises most blood should be supplied to skeletal
muscle so the arterioles will have vasodilation and blood flow will increase but
the arterioles that supply the kidney will have vasoconstriction.

G i 5 (s A 3 5 ) i, L DUnall el gl sl 385 55 e g s
e a

=» So arteries are responsible for blood resistance in all the parts of
circulation.

**Total blood resistance : is the blood resistance generated by the
blood vessels .

**Arterioles contribute for the total blood resistance the most (Arterioles
are the major resistance vessels).

5, e A oW1 (e Bal iall il glidll (10 Ao gaaa e B ke & tOtal blOOd resistance J*
e SV Ay agid (uaill 5 asil) e 30l iy i) 4 Ly

% Capillaries :
Allow the materials exchange (oxygen,CO2,nuitirants ,waste products ,...)
and that’s because it is composed of single layer of endothelial cells .

= \Venules :
Collect and direct blood to veins.

% \eins ( blood reservoir):
Return blood to heart , doesn’t have elastic tissue , have valves that help to
push the blood in one direction.
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iasie 101 Features of Blood Vessels

Feature Arteries Arterioles Capillaries Veins

Number Several hundred* Half a million 10 billion Several hundred*

Special features  Thick, highly elastic, walls;  Highly muscular, well- Veery thin walled; large total  Thin walled compared to
large radii* innervated walls; small radii  cross-sectional area arteries; highly distensible;

large radii*

Functions Passageway from the heart Primary resistance vessels, Site of exchange; deter- Passageway to the heart
to organs, pressure determine distribution of mine distribution of from organs; blood
reservoir cardiac output extracellular fluid between  reservoir

plasma and interstitial fluid

Structure

Relative thickness of layers in wall

Endothelium
Elastin fibers
Smooth muscle
Collagen fibers
Pulmonary Systemic
vessels arteries Systemic

9% 13% arterioles

Heart 2%
7% Systemic
capillaries
5%

Systemic
veins
64%

IFigure 10-24 Percentage of total blood volume in different parts of the
circulatory system.
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Distribution of cardiac output at rest

100%

s
|
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Blood Flow & Blood Pressure Controls

Blood vessels and blood pressure :

/ .
*%* systolic pressure:

Arterioles

e > Usually around 120 mm Hg

® ->The pressure is created by the ventricles contraction .

& . °
** Diastolic Pressure

« >Usually around 80 mm Hg

—>The pressure that is created by the recoil of the aorta AND the closure of the
aortic semilunar valve.
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. mmHg 120 o555 20Y s
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v’ Pulse pressure

Important note:

The difference between the systolic and the diastolic pressures are called pulse
pressure and happens only for arteries.

Pulse pressure is responsible for the feeling of pulse in the arteries near our skin in
large arteries, it represents the force that the heart generates each time it
contracts.

For example, if resting blood pressure is 120 mmHg then the pules pressure is 40
mmHg.

Pules pressure = 120mmHg — 80mmHg = 40 mmHg

Why do we care about systolic, diastolic and pulse pressures?

We can determine the average pressure within the arterial system = mean arterial
pressure (MAP).
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*MAP is proportionate to the cardiac output and the amount of peripheral
resistance.

Mean arterial pressure (MAP) =diastolic pressure +1/3 pulse pressure

=80mmHg + 1/3(120-80)mmHg

=93mmHg.

eDetermination the general health of cardiovascular system

** o|f cardiac output increases ,but resistance to the outflow does not change.
=>» Then more blood is flowing into the system than out and arterial

pressure must go up to allow inflows to equal outflows.

P & pa ga

bl e Jssadl 98 5 systolic, diastolic pressured) o baall 3,4 s» pules pressured)
sl el Gl

s (pules pressure)‘;é-eﬂ\ baall ld 120 /80 4al ) die al dara S JE) Juw e s
. 40

) AUl ae bty 5 ala g 3as) g Al B ) 93 JOIA (et &) Gl Ji 8 el b i 8 (MAP
. ddasall daglaall lasa g (cardiac output)

-agylall) dalall s Giob O Aaaaly (pu|e5 pressure) ‘;.4.\.\3\ bl e MAPJ) daix

MAP = diastolic pressure +1/3 pulse pressure

Arterial contribute the most for (MAP).

S i Al eS8 A5 Gl R glall 5 il g gy I adll A Cal 13 Las Capula®

, el Jaxa 50l 3y <y il o g el lie Wgie g )ad 7 ) aadll 40aS (e S) S5 5 5 3]
gie adlaiy I aal) A0S (g gy 3 3ea Y1 Jaaiy I aall 1S (5 o5 (liie
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The opposition to blood flow in the arterioles:

Resistance is directly proportional to the length (L) of the vessel, and the

viscosity(n) (thickness) of the blood and inversely proportional (to the 4th power)
of the vessel radius, so....

R oc L n/rs

However as the L and n should remain relatively constant, we can determine that
peripheral resistance is mainly a factor of the vessel diameter.

R oc 1/r*
b e Lo it 5 aall da g 31 5 4 seall Ao oY) Jsha e Loyl i aall (3835 A glia iny ¥
A 5

Mean arterial pressure

Cardiac output N f A Variable resistance
—) P A

o ( K =
I = =
> | [ )
2,
» A, v N - Arterioles

Left ventricle Elastic arteries

Mean arterial pressure « cardiac output X resistance

—_

*viscosity (depends on : red blood cells) [ resistance J ge 430k 483

*length of the blood vessels

—_—

*vessels radius resistance J g 4ausSe A8l
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Factors determining MAP :

*Cardiac output
*Total peripheral resistance
*Diameter (radius)

3k 3k 3k 3k 3k %k 3k sk 5k %k sk 5k 5k 3k sk 5k 3k 3k sk 5k 3k sk sk 5k 3k sk 5k 5k sk sk 5k 5k sk ok 5k sk 5k 5k 3k sk 5k 5k 3k %k %k 3k %k >k 5k %k %k ok %k sk k k %k

' |
| Systolic pressure
120 0 ™y M

Mean pressure

L

100 t
90 r
80

Diastolic
pressure

Pressure (mm Hg)

40 |
30
20 |
10

{} s L,

Left Large
ventricle arteries

|
|
|
|
|
|
|
|
|
|
60 I
|
|
|
|
|
|
|
|
|
|

Arterioles Capillaries Venules and veins

) sall Lo 3S) S g daga Bl sl

Blood pressure ranges from (120mmhg-systolic pressure ) and (80mmhg-diastolic
pressure ) in arteries , but in arterioles (smaller in diameter) the blood pressure
drops down and in capillaries the cross sectional area will increase which leads to
even more drop down in pressure , so the pressure will keep on decreasing until
we reach the heart and it will be zero ,so the pressure entering the heart is zero.

i3 ) i 5 i, Jom g i (il csns s LIl 31 SES) (0S5l Tk 43 06 (e i L 5 5
e g ldl) d&qﬁgﬂ\w\
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Blood moves from : pall ey CaS SIS aa i

Arteries > arterioles = capillaries = venules -> veins

3k 3k 3k 3k 3k 3k 3k 3k sk 3K 3k 5k sk 3k 3k 5k 3k 3k 3k 5k 3k Sk 3k 5k 3k Sk 5k 5k sk Sk 3k 5k sk Sk 5k sk 5k Sk 5k sk 5k 3k 5k sk 5k 3k 5k sk 5k 3k 5k %k 5k 3k 5k %k %k %k k
e S5l HsiSall 5 laBlall B e e LY (Sla
The controls of vessel diameter are both local and systemic
— Enables tissues to control their own blood flow
— Local controlling mechanisms include:
* Myogenic response by smooth muscle of arterioles

— Increased stretch due to increasing blood pressure causes vessel constriction
due to mechanically gated Ca?* channel activation

Paracrines — local substances which alter smooth muscle activity

3k 3k >k 3k 3k 3k 5k ok >k 3k 5k %k >k 3k 5k >k 5k Sk 5k >k 5k %k 5k >k 5k %k 5k %k 5k %k 5k >k 5k %k 5k >k >k %k 5k >k >k >k 5k >k >k 5k %k >k >k 5k %k 5k >k >k %k 5k %k >k %k 5k %k *k

What causes vasodilation and vasoconstriction ??

— Serotonin
vasoconstrictors » oecreted by activated platelets
— Endothelin
» secreted by vascular endothelium
NO secreted by vascular endothelium
Bradykinin — from various sources
Histamine — from mast cells in connective tissues
Adenosine secreted by cells in low O (hypoxic) conditions
L0, TCO,, TK*, TH*, Ttemp

vasodilators <

**specific substances that can act on the arterioles and they are 2 types :
-Vasoconstrictor substances.

-Vasodilator substances.
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Normal arteriolar tone

Vasoconstriction
(increased contraction
of circular smooth
muscle in the arteriolar
wall, which leads to
increased resistance
and decreased

flow through the vessel)

Vasodilation
(decreased contraction
of circular smooth
muscle in the arteriolar
wall, which leads to
decreased resistance
and increased flow
through the vessel)

()

Cross section

of arteriole

(b)

P
@

(" Caused by:

| Myogenic activity

1 Oxygen (O,)

| Carbon dioxide (CO,)
and other metabolites

| Endothelin

1 Sympathetic stimulation
Vasopressin; angiotensin Il

~ Cold

(" Caused by:
Myogenic activity

2
CO, and other metabolites
Nitric oxide
Sympathetic stimulation
Histamine release

3 e

Heat

vascular tone ::

a balance between the
vasoconstrictor and
vasodilators influence.
A sel A YL Aald Alla gla*
O Ak s Al ¢ S5 Ll Cangy
2 Y Sm) Bl 5 (mlasy)

I Aania ¥ 5 JWlS JSG Aaiia
(u=d ot (S JalS

*1haa EJ}-AM*

3k 3k 3k 3k 3k 3k 5k 3k >k sk 5k >k 3k 3k 5k >k 5k sk 5k 3k 5k %k 5k >k 5k %k 5k >k 5k %k 5k >k 5k >k 5k >k 3k >k 5k >k 3k %k 5k >k >k %k >k >k >k >k >k >k >k %k %k >k %k *k %k >k k

Neural Regulation of Blood Pressure

* CNS contains the Medullary Cardiovascular Control Center

— Receives inputs from carotid and aortic baroreceptors

— Creates outflow to sympathetic and parasympathetic pathways

* Sympathetic to SA & AV nodes and myocardium as well as to

arterioles and veins

* Parasympathetic to the SA Node

— Baroreceptors initiate the baroreceptor reflex

| academic team
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This pressure is controlled by baroreceptor reflex , cardiovascular control center
found in medulla oblongata in brain stem, this center controls blood pressure by

receiving signals from baroreceptor (pressure sensors).those baroreceptors are
found in cardiac arteries.

** How can this system control blood pressure ?

When blood pressure change by either increasing or decreasing, these
baroreceptors will sense this change and increase their firing ( stimulation) and
this stimulation will be sent sensor neurons in cardiovascular control center and
then the center will affect the sympathetic and parasympathetic nervous system
to adjust blood pressure by adjusting :

1) heart rate 2) force of contraction 3) blood vessels diameter/length
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Note:

When blood pressure increase (hypertension) , the sympathetic N.S will be inhabited
and the parasympathetic activity will be stimulated .

When blood pressure decrease (hypotension ) in response to( bleeding , diarrhea ,
stressful situations), sympathetic N.S activity will increase and parasympathetic will be
less .
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Review of Factors Influencing Blood Flow:
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The Baroreceptor Reflex Pathways:
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Mean arterial blood pressure
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Passive bulk-flow fluid shifts Salt and @ Vasopressin, renin-angictensin-
between vascular and waterbalance | aldosterone system
interstitial fluid compartments (Chapters 13 and 14)
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