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As we learned before:
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Physiology 1s the science, which is related to studying mechanics,

characteristics, and features of the body that makes it function the right way.
D

Pathophysiology studies abnormal physiology.

ple &> glasiadll Blyedl @e uyay
L,Q_u.b”).gc. clacll iy g

o




the transportation system, circulatory system &30 claw!

THE CARDIOVASCULAR SYSTEM:
THE HEART

The heart contributes to homeostasis by pumping blood through blood

vessels to the tissues of the body to deliver oxygen and nutrients and

remove WaSteS. dcegdl s pull 2o duyb e ql.é-l_\.” oiledl e Blasdl (_79 WAL Y- Y
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The cardiovascular system consists of the blood, the heart, and blood
vessels. =
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Table 12—1  The Cardiovascular System

Component Function
Heart
Atria Chambers through which blood flows from veins to ventricles. Atrial contraction adds to ventricular filling but is not
essential for it. I Uyoyd ud 4y cppdadl sézal 5 (a8l oLl palun peidad] Ll 835531 e LS o pdl §oay ol Sy
Ventricles Chambers whose contractions produce the pressures that drive blood through the pulmonary and systemic vascular
systems and back to the heart. ol Il 595 @5 gileadls ooyl calegll ilemdl e pall g3 Al bgsall Lglobail gl Ol

Vascular system : : ) :
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Arteries Low-resistance tubes conducting blood to the various organs with little loss in pressure. They also act as pressure
reservoirs for maintaining blood flow during ventricular relaxation.

Arterioles Major sites of resistance to flow; responsible for the pattern of blood flow distribution to the various organs;

participate in the regulation of arterial blood pressure. Sl adll bad @i b Hlasg wlacll dlzse | asl 3555 sl baad e Pobus (383 dagli) dgusy 2l da

Capillaries Major sites of nutrient, metabolic end product, and fluid exchange between blood and tissues. 2
_— oYl g aall g Bilgudlg A lgdl (¥l aileig wOlddall Jaled duds nggA.
Venules Sites of nutrient, metabolic end product, and fluid exchange between blood and tissues.
_— — onai¥lg pl o Jilgudls (iled] Lasdl xilgig Wy isal JJL) wilga
Veins Low-resistance conduits for blood flow back to the heart. Their capacity for blood is adjusted to facilitate this flow.
88l 130 Jgacd p)l Dlrgal e (g8 s @iy o dall | sl 38ad dagliall Ladsie Olgid
Blood
Plasma Liquid portion of blood that contains dissolved nutrients, ions, wastes, gases, and other substances. Its composition
equilibrates with that of the interstitial fluid at the capillaries. «hiles ade Wlisls dlie Shite o goumy M pll oo Jilu 25
- Aygeddl Olymall 3 sl Bludl oSy ga 4y oilsm ool slgag
Cells Includes ervthrocytes that function mainly in gas transport, leukocytes that function in immune defenses, and
platelets (cell fragments) for blood clotting. g
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- Components of blood cridye g gt
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- o Red blood cells @ oo
Carry fresh oxygen through the
body and remove carbon
dioxide. Red blood cells make
up about 40 to 45% of blood.
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White blOOd CO“S Q 'r';_? leukocytes

Part of the body's immune
system, detect and fight viruses
and bacteria. There are five major
types of white blood cells, and
they make up less than 1% of
blood.

hormones, and proteins. Itis a
yellow liquid that makes up
about 55% of the body's blood
volume.
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Thrombocytes, cell fragments IS5 il syl Slals |

P'Btelets 2l e %1 e S8l dygaill pilaa
Form clots to stop bleeding.

ey Platelets make up less than
= O 9 lood.
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Basal lamina
Erythrocyte . Lumen
smen (red blood cell) Pericyte Valve

Endothelium

Internal Endothelium

Smooth elastic lamina Basement
muscle ) membrane Smooth
—— R Basement Endothelium ~ muscle
External e . membrane ; )
elastic lamina R = Capillaries Adventitia
Adventitia

arteriole




Dlood vesse|
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tunica interna(intima)(direct contact with the blood)  tunica Media .
1 ' \ (adventitia)
- basement membrane internal (displays the greatest . o
SRl elastic lamina variation ) (relatively L%”Lff”l;;;:'d“'c
thick layer) (comprising ¢ _
mainly smoothmuscle <o) PO AN
hysical support cells+ elastic fibers) : :
E; ;i, a role iF;F! ) (thin sheet of elastic Wltht‘l nE,WE|S and
guiding cell fibers with a variable 5"; 'lifE-‘JEE i} '
movements during number of windowlike ( he p? anchor the
tissue repair of openings that :Ersrieufadt?n
blood vessel walls.) facilitate diffusion) e g

+|{thin layer of flattened cells that lines the inner surface of the cardiovascular system )

— they have a group of functions:
1. physical influences on blood flow

2 secretion of locally acting chemical mediators(vasodilators and vasoconstrictors) that
influence the contractile state of the vessel's overlying smooth muscle .

3.facilitates efficient blood flow by reducing surface friction..

4 Reduces inflammation and reduces clotting




Table 1. Five blood vessel types

Vessel type

Arteries

Arterioles

Veins

Venules

Capillaries

Transport high-pressure blood from the heart to smaller
arteries and arterioles sredlByduall pailylly palsall I il oo batdll e ol i

Connect arteries and capillaries a9l Olysailly alsadl by,

Act as reservoir of blood and transport low-pressure blood
from venules to heart Al M Bll Syl o bR adsie pll Jiigg pall (isaS Jasy

Connect capillaries and veins 5335315 B 50l Olymzll bayy,

Allow gas exchange, nutrient transfer and waste removal
between blood and tissue fluid Al5ls SLiaall Jiis OB sl man
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Capillary beds
of lungs where
gas exchange

N

/ Pulmonary Circuit
g \ Pulmonary arteries i E
5 Pulmonary | 1
g . veins ‘ ¢
! "= Aorta and EIS '
| Venae N — / broanc::s ety dyils JIpall Cdall oy
: cavae :
= S mtrieadi Heart Pumps Blood into Two Eaens
. \ ) S B
| o Circuits in Sequence : et
1 11 ventricle : | A
i Saiird ),-‘ the arteries carry an unoxygenated blood 2
| B e . ) e vet =
] * Pulmonary circuit: To and from [
3 ventricle ;
7 1 Systemic Circuit the 1111'1 S £ i
2 S8 Bl g oo 1dagill dygadll 355401 ¢ 2
3| 5
S e Systemic circuit: To and from
z the rest of the body. s
2 s b
i =0 n rich, el elint 8L o e 1dnilgad] dygendl B9l s
: I c;;?;oor blood ez S o oo &5kl dageall 39 F
255 ; [ll= Oxygen poor, ; :
2 CO2-roh Biood the arteries carry an oxygenated blood
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Circulation |
oo olie gana | :
Two Sets of Pumping Chambers < &' =b=> BT ey it Thocd
:u,J-O“ loses CO., and gains O,

in Heart:

p— .
' 3 . Pulmonary trunk and s. | Pulmonary veins
- * Right atrium: l

3 Pulmonary valve

Receives systemic blood. l

2. Right ventricle 6. Left atrium
% . o 5 A Y I
| * Right ventricle: Tricuspid vaive -
'2 [
Pumps blood to lungs 3. AR . Lt vontrieie

{deoxygenated blocod)

j \\— Aorticl valve
W

(pulmonary).

* Left atrium:
Receives blood from lungs.

¢ Left ventricle:
- umps blood to organ systems

= 5 9. In systemic capillanies, blood
d o (SYStCmIC). loses O. and gains CO._

(b)) Diagram of blood filow




blood pathway :

Venous return = _
(deoxygenated blood) right atrium ——  tricuspid valve — P rightatrium —

(by Superior and inferior vena cava) (difference in
the pressure)

filing relaxation diastole Nhibition contraction  gyqiple excitation

pulmonary arteries «g—— fght ventricle <@— pulmonary valve <f—— right ventricle  «g—

* /bA filling ‘a\tnhibmnn

| itati relaxation diastole
lungs (gas exchange) CantERGLAN systole excitation

,

ulmonary veins
{puxygena?ed blood) —[eft atium —Pp» mitral (bicuspid) valve —= |eft atrium

relaxation systole excitation
filling diastole

stemic .
gmugaﬁm «— aortall—— |eftventricle b Aortic valve <@—— leftventricle g

(to all over
the body)

relaxation

contraction
systole excitation filling diastole

inhibition
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Location of the heart
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* The heart is located in the thoracic
cavl it is located in the
medmstinum.
" Area from the sternum to the
vertebral column and Btheen the
lungs. e g @il asasll I ol e o dabaial Anterior Middle
5 mediastinum mediastinum
* The ascending of the aorta is
located 1in the middle mediastinum. Posterior
The apex of the heart 1s located in mediastinum
the inferior of the mediastinum. cor:
The base 1s located in the superior
medIaStlnum' . uauall RY égl_vﬂ e 3=l Q_q PERVI L) o4 il 30 led! eyl u_q Jall dad 245 .J::J_u9;>1| oiall u_q aclall qu_g‘il QLU.._LJ! ody
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Heart Location ~ f=g<ticPtay

e —— Sternum
e wsce * Heart is located in _, o
S Heart the mediastinum EUORETUETEIRE -
s % Left lung ;_: bl e ‘

— area from the
Esophagus sternum to the
—— vertebral column and
vertebra between the lungs

e d Right lung i . B
- o o ool sgasll T

+ Apex - directed anteriorly, UauSlg plotl gz cdadll 20
inferiorly and to the left SEPRE P

- a + :.0 LQJI ’, -A ', .:.

* Base - directed posteriorly, S0 SUML o

. . S« ,-LC- 9 f; £ :‘

= supen'orly arr;d to tl:le right h el e B
vena cava > - . Bz
Se(m oo i achofaota o  Anterior surface - deep to the BNy el ataol :

Pulmonary trunk sternum and ribs
Left lung

cerreonoern ®  Inferior surface - rests on the

diaphragm
APEX OF HEAR' ‘ .
* Rightborder - faces right lung

HEART Y73

\Y

F
F

RIGHT -
BORDER %)

Rib (cut) ——

INFERIOR
SURFACE

RS
* Left border (pulmonaryborder) - ;_ )1 2:1:

faces left lung

T TSI N A NI

VAR P S0+ 00 L LS00 L AR A S TR ) S A AL
W ¢ 4\~ 44 797403 4 TALTH

e ~ hups://slideplayer.com/slide/9414611/



e

T
g 7
ol

saludly Lualsdl aldl] s Gl Dlsdl 3 (i)l gBga ol Byl &l las pga lia @
3 B3 3
Point of Maximal Intensity (PMI)
Midsternal line i
|
'
2nd rib e
o :“
b :421 Sternum
¥ i oy
Diaphragm AN
(e e Point of maximal intensity (PMI)
[ _
: Where the apical pulse is palpated
. ' as strongest, often in the fifth
RoshReview intercostal space of the thorax, just
medial to the left midclavicular line
)l 8 We o8l il Lle atll jadl jun @iy cos (PMI) i a8l dais -
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; Fibrous éf_-f-f =
£isis " Pericardial Cavity: | pericardium B
\/ ———Parietal E e
2 i ericardium psirs
= Surrounds the heart. | P I i
:_ } ) ‘ : —Visceral peficardium S gt At s
& Lli}ed . bY _the pericardium_|
- pericardium. | e
——Pericardial sac filed |

with pericardial fluid

v Two layers:

T G A
B L U vy Uy
HRESITFA AT

¢ Visceral pericardium
~ (epicardiumj:

Pericardium

~ Covers heart surface

e Parietal pericardium:

|
4
oA |
A
7
!

 Lines pericardial sac that

o4 g

~ surrounds the heart.

4
4

22
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|




Pericardial Layers of the Heart

Fibrous pericardium

Parietal layer of
serous pericardium

,,,,,

Pericardium

Myocardium

Pericardial k

cavity feieies
Visceral layer | e
of serous B
pericardfum L bgain

(epicardl.um) wall o
Myocardium B
Endocardium _| B

Heart chamber | =




The Heart Wall

Jall wlads

v Epicardium (visceral pericardium):

o Outermost layet.

v" Endocardium.

o Serous membrane.

o Inner lining of pumping chambers.

o Continuous with endothelium

v Myocardium:

o Middle layer.

| o Thick muscle layer. .,
&7 =3
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Structure of Cardiac Muscle Cell

| I~ ; 2
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° https: / /www.online-sciences.com/medecine/ h1stology-of-the heart-cardlomyocytes-types- ot e e
ultrastructure-features-of-cardiac-muscle-fibers/ - . O T o o e e s




Cardiac Muscle Cells
v" Shorter than skeletal muscle fibers. Sl onliall U o yobl
v' Have a single nucleus. =354

v' Have striations (sarcomete organization). —(sslul eks) olabss g

v Depend on aerobic metabolism. sl a8 e sa

v" Connected by intercalated discs: :zuw ol alaz

* Desmosomes transmit tension, e Slesesainl Ji

* Gap junctions transmit action potential.  -Jslser Domdll colosll Jas -
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cardiac muscle
compared to
skeletal muscle

1P cardiac muscle fibers are shorter in length (stair-step appearance)

—» cardiac muscle fibers connect by intercalated discs (contain desmosomes)

—>> gap unit (synchronization)(coordinated)(Autorhythmicity)(automaticity)

P electrical synapse unlike skeletal muscles chemical synapse

—P» involuntary controlled unlike skeletal muscles they are subconsciously controlled

—P» they have more calcium ions and they need more ATP (a little ATP is
produced by anaerobic cellular respiration unlike the skeletal muscle)

+—P» single Central nucleus , while the skeletal muscle fibers contain multiple

peripheral nuclei




Properties of Cardiac Muscle Fibers

- The ability to initiate a heart

beat continuously and regularly without external
stimulation

e =

8yl 18,z
- The ability to respond to a Bl e
stimulus of adequate strength and duration (i.e. ) ..
threshold or more) by generating a propagated . (sisiwal
action potential A 1455 Bk

- The ability to conduct excitation
through the cardiac tissue Al s yee B I8 e Byl s Jogal

- The ability to contract in
response to stimulation s o) Bzl L] e 8yal sl
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Autorhythmic Fibers: The Conduction System

oo gl allai g lasdl a3 BN

v' An inherent and rhythmical electrical activity is the reason for the heart’s

lifelong beat. Blodl gaa il (ad o s Lelindly Lolzall xSl bladl

v The source of this electrical activity is a network of specialized cardiac
muscle fibers called autorhythmic fibers because they are self-excitable.
LA Byleeal) dlls @Y ¢ gyl &513 BLIYI Land daasdl (Jall dlac B oo e g Syl bladl lie jaaa
v' Autorhythmic fibers repeatedly generate action potentials that trigger
heart contractions.
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Sinoatrial node (SA node)
Specialized region in right atrial wall
near opening of superior
vena cava.
Atrioventricular node (AV node)
Small bundle of specialized
cardiac cells located at base of
right atrium near septum
Bundle of His (atrioventricular bundle)
Cells originate at AV node and
enters interventricular septum
Divides to form right and left
bundle branches which travel
down septum, curve around tip
of ventricular chambers, travel
back toward atria along outer
walls
Purkinje fibers

Small, terminal fibers that extend from
bundle of His and spread

throughout ventricular myocardium

ATRIOVENTRICULAR
o (AW} NODOE

©) ATRIOVENTRICULAR (AV)
BUNDLE [BUNDLE OF HIS)

© =GHT AND LEFT
BUNDLE BRANCHES

Rght venincie

© ruani FBERS

Locatlons of autorhythmic cells

Le® vaning
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cardiac action potential pathway :

Sinoatrial node (SA node) g Atrioventricular node (AV node) .
(right atrial wall near superior (at base of right atrium near septum) Sundla af ks
; . (atrioventricular bundl

vena cava) _ (delay for ventricular filling) —> (AV bundle )
(peacemaker potential) (Gap junctions with a small diameter)
(gap junctions with medium
diameter)

Purkinje fibers right and left

( terminal fibers that extend from bundle of His and 4 bundle branches
spread throughout ventricular myocardium)
(large diameter)




Ventricles of the heart

aorta
superior
vena cava—___ / g::tlenr\;nary
& / »

- pulmonary
pulmonary (vein
VEIN il
right
atrium Letfrtium

pulmonary

valve mitral
valve

tricuspid

valve aortic
valve

inferior

vena cava—

right ventricle left ventricle

@/




Ll a8 Silalac!

Atrioventricular Valves
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* A-V valves open and allow blood *A-V valves close preventing backflow

to flow from atria into ventricles of blood into atria :

when ventricular pressure is

lower than atrial pressure:

— occurs when ventricles are
relaxed, chordae tendineae
are slack and papillary
muscles are relaxed.

(B yan sldadl 95 laase Siasy
o lanllg (e duyigll ligYlg

—OCcurs when the ventricles

contract, pushing valve cusps
closed, chordae tendinae are pulled
taut, and papillary muscles contract
to pull cords and prevent cusps

from everting. vy o e
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Aorta (body)

Superior vena cava
(from upper body)

Pulmonary
artery

Right pulmonary

: ' Left puimonary
arteries (to right lungs)

arteries (to left lung)

Left pulmonary
veins (from left lung)

Left atrium
Mitral valve

Aortic valve

g Right pulmonary
i veins (from right lungs)

Right atrium
Tricuspid valve

Left ventricle

Inferior vena cava
(from lower body)

Pulmonary valve

'! Direction of blood flow :
Right ventricle
@)
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lar valves
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Semilunar valves
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LTV Evoie sl
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ST
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------

Superior
— vena cava

Pulmonary
trunk f. e

i Sinoatrialnode. HEREEE B R B
= Pulmonary
valve

Fossaovalic MR T~ § [

Crista terminalis =
Right :

atrioventricular =
valve |

Chordae |
tendinae

Atrioventricular
node

Opening of
coronary sinus

Papillary

Inferior
muscle

vVeéna cava
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@) Normal heart
Pulmonary artery
‘; (to lungs) - -
| Aorta
| (to body)
Right
atrium
-
i Deoxygenated
: blood flow in
25t right heart

Ligamentum
arteriosum

J Oxygenated
. blood flow
w left heart

Right and left ventricles

e Heart with patent ductus arteriosus

)

i>gude d5lyya B
Patent ductus
arteriosus
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Left ventricle ®

Frontal section

Aorta

i Aortic
74 sinus

Aortic
semilunar

valve(open) | e B tendineae

-----

Papillary
muscles

(tense)

Leftventricle s
(contracted) |

e, A e .

.(' ......
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(a) Bicuspid valve open
20.06ab

Open Closed

BICUSPID VALVE CUSPS

CHORDAE TENDINEAE

Slack Taut

PAPILLARY
MUSCLE

Relaxed Contracted
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Voltage-gated Na* channels close , @
\ Fast voltage-gated K* channels transiently open

1 Y .. I |\ - | o8 ool b .

/
L-type Ca?* channels open
+30 Fast voltage-gated K* channels close :
+20 4 Y 1 /Slow delayed rectifier K* channels open 5
: 490 k 2 L-type Ca?* channels close
R / b oladl BLYI plaily Jeall ags |
3 > B i
| E ; .
-~ =10 — : b
i Fast delayed rectifier K* channels openf
o i .
E i : Action
[[3 30 0 : \
I Fast voltage-gated Na* channels open \ 3 5; Potential and
& K, channels close ; C S
| .0 o | .
1B =50 / /Kir channels re-open ONractIon £
|= Threshold potential i Of Contractlle s _

Fibers




Action Potential and Contraction of Contractile Fibers
Plateau (maintained depolarization) due t0 -5 (530l Llainadl Al5]) deagl

@ opening of voltage-gated slow Ca2* channels =uisJl ol zall po S Slgis gt
and closing of some K* channels s osaligdl Oilgid amy gMEls dudodll |

-
o 3
T )

-20f € Repolarization due to opening of
. i voltage-gated K* channels and
@ Rapid depolarization due to closair?g 3, Ca2+ channels
opening of voltage-gated
-6 fast Na* channels

O13 pgraligd] Olgi8 mud) doves ollaizad] le]

SilatB b dossd gyl Ollazzd] @15
poxud Sl Dlgad 3Mg dpdpall Siblgdl

da)gall Sllgdl Ol dayyull agysgall

Membrane potential (mV)
| )
& &

2 } 0.2 s6¢ = 300 Mmsec -

L s et e bt STV



notes about cardiac muscle:

resting membrane potential=-90 threshold=-65

depolarization= +20
(Naion channels opens)

Plateau: A period of maintaineddepolarization = +10

( ca ion channels open)(k+ outflow balances ca+2 inflow ) then repolarization until it reaches -90
(more k+ outflow)

—p» S1(lubb)(louder and longer) (AV valves= tricuspid+bicuspid) ~ main normal

louder sounds
— P S2(dupp)(shorter) (semilunar valves= aortic+pulmonary) /

heart sounds  —{—Jp» S3(rapid ventricular filling)
abnormal sounds and not
=P s4(atrial systole) loud enough to be heard

S4,83,81,S2 - IS oyl
09539 &olyy el by Wl J2e normal 958 oSee 83 Le 8

abnormal ¢s52 (Saes bradycardia e



Heart sounds
-]

® Auscultation — listeming to heart sound via stethoscope
® Four heart sounds

— 35, — “lubb” caused by the closing of the AV valves

— S, — “dupp” caused by the closing of the semilunar
valves

— S5 = a faint sound associated with blood flowing into
the ventrnicles

- S, — another faint sound associated with atrial
contraction




ELECTROCARDIOGRAM

QRS Complex

TWave

Ventricular

Ventricular Repolarization
nDepola rization
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of an atrium.
Loy i odem g 15 o8R0 aye u c I ¢
RS ompler

myocardial infarction
I wave elevated

+ TWave

hyperkalaemia (high

enlarged R wave
blood K lons level)

v

Atria _ ] N
Dﬂpﬂhrizltiunl:' Eﬂ'“'ﬁ'.ﬂ]-l.f Repolarization enlarged ventricles
epolarization

T wave is flatter than normal —J receiving insufficient oxygen{coronary artery disease)

segments or iIntervals of ECG

P-Q interval S-1 igrnent G-T Interval
beginning of the P wave to the end of the 5 wave and to the beginning of the QRS
beginning of the QRS complex. the beginning of the T wave complex to the end of the T wave.
ventricular contractile fibers are the beginning of ventricular

beginning of atrial excltation to the

i : depolarization to the end of
AT . o depolarized during the plateau
beginning of ventricular excitation. i 4 i

phase of the action potential ventricular repolarization




The Electrocardiogram
* The major deflections and intervals in a normal

1.0} B 1—

ECG include:

P wave - atrial depolarization

Millivolts {mV)

e P-Q interval - time it takes for

the atrial kick to fill the ventricles

QRS wave - ventricular depolarization

and atrial repolarization

e S-T segment - time it takes to empty the ventricles

before they repolarize (the T wave)
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ELECTROCARDIOGRAM
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Analysis of an ECG also involves measuring the time spans between
waves, which are called intervals or segments.

P—OQ interval is the time from the beginning of the I> wave to the beginning
of the QRS complex. It represents the conduction time from the beginning of
atrial excitation to the beginning of ventricular excitation.

The S-T segment, which begins at the end of the S wave and ends at the
beginning of the T wave, represents the time when the ventricular contractile
fibers are depolarized during the plateau phase of the action potential.
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ELECTROCARDIOGRAM

The Q-T interval extends from the start of the QRS complex to the end of
the T wave. It is the time from the beginning of ventricular depolarization
to the end of ventricular repolarization.
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Control of the Heart by the Sympathetic
and Parasympathetic Nerves




1. what is the type of a neurotransmitter for the following :

A . somatic nervous system and enteric nervous system ——3 Acetylcholine (ACh)

B. autonomic nervous system : —— - epinephrine and norepinephrine

The receptors
Acetylcholine (ACh) epinephrine and norepinephrine
cholinergic receptors ﬂdrEﬂEfgfi: receptors
+ peripherally+ *
_— alpha
muscarinic acceptors # Beta centrally

the postsynaptic cell) Ei;f; Egﬁfj polarization

nicotinic receptors rs
(causes depolarization ( can cause depolarization
and thus excitation of (excitation) and can
1 2 17 2 3

excitation  inhibition
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T Plasma epinephrine
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Table 12-3  Effects of Autonomic Nerves on the Heart

Sympathetic Netves Parasympathetic Netves _
Area Affected (norepinephrine on f-adrenergic receptors) (ACh on muscarinic receptors) |
SA node [ncreased heart rate Decreased heart rate
AV node [ncreased conduction rate Decreased conduction rate
Atrial muscle [ncreased contractility Decreased contractility

-~ Ventricular muscle [ncreased contractility No significant effect
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25— Maximum sympathetic
stimulation
20-1

3
E *
e Normal sympathetic
pord stimulation
3
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£ 104 Zero sympathetic
© . Stimulation
S _+" (Parasympathetic
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Right atrial pressure (mm Hg)
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Sympathetic postganglionic
neurons to skeletal muscle arterioles
Release norepinephrine
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Adrenal meaulla R
Secretiﬁfoebplgwogdph rine ol 8 sl

T Norepinephrine in extracellular fluid

T Plasma epinephrine

)

(Causes
vasoconstriction) o

(Causes
Bo vasodilation)

N\ /S

Smooth muscle in skeletal muscle arterioles
Altered arteriolar radius
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Effects of Potassium
and Calcium Ions on
Heart Function
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Extracellular fluid (ECF)

O

Plasma Interstitial fluid

(BL) (11 L)

é Abso'rption):
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Systemic
capillaries @ |
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CO = HR x SV, as follows.
The heart is the pump that moves the blood. Its activity can be
expressed as “cardiac output (CO)” in reference to the amount of blood

moved per unit of time.

Mean arterial pressure, which drives the blood, is the sum of the
diastolic pressure plus one-third of the difference between the systolic

: . ¢ 9020 50 pAll @y (VI Jlyadl badll bwgia
and diastolic pressures. S

b ludl baally

The autonomic system dynamically adjusts CO and MAP.
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