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As we leafned before: B R L ST O e R [
Physiology 1s the science, which i1s related to studying mechanics,
characteristics, and features of the body that makes it function the right way.
Pathophysiology studies abnormal physiology.
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THE CARDIOVASCULAR SYSTEM:
THE HEART
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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.

The cardiovascular system consists of the blood, the heart, and blood
vessels. Sl Sy e T S s =

S
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Table 12—-1  The Cardiovascular System »

Component Function . . N . .
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Atria Chambers through which blood flows from veins to ventricles. Atrial contraction adds to ventricular filling but is not

essential for it.

Ventricles Chambers whose contractions produce the pressures that drive blood through the pulmonary and systemic vascular
systems and back to the heart.

Vascular system
Arteries " Low-resistance tubes conducting blood to the various organs with little loss in pressure. They also act as pressure [
reservoirs for maintaining blood ﬂowj‘lunng v(.ntru_ular rcl:natlon

Arterioles Major sites of resistance to flow; responsible for the pattern Of blood flow dlStl‘lblll‘l()n to the various organs;
darticipate in the regulation of arterial blood pressure. - . . A . . L
. £ & B MYbejledeb‘wlgaJlMI@bjj cobadad | Jolal Lud, @sy,
Capillaries Major sites of nutrient, metabolic end product, and fluid exchange bctwu,n blood qnd tlssucs
Venules Sites of nutrient, metabolic end product, and ﬂuld L\dmngc bgtwccn blo d and tnsuw
Veins Low-resistance conduits for blood flow back to thc heart. Their capacity for blood is ad]ustc.d to facilitate this flow.
Blood geall &l el @S ‘_SJ)l;.ll Sl S35 2 iS5 0hleh L g AT alsay coliyley codliady calisly (blie obidie ole §ging @il ‘;_dl oo JSledd | o L0E
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.

Cells Includes erythrocytes that function mainly in gas transport, leukocytes that function in immune defenses, and
platelets (cell fragments) for blood clotting.
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Atrial filling ,Atrial relaxation, Atrial repolarization
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contraction , atrial systole , atrial contraction Le ,ias valvedl sy 5 g il U
Ventricle diastole , ventricle filling

aorta , Lea oLi semilunar valve s, Lua
pulmonary valve
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Components of blood
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Red blood cells @ -

Plasma 0 B
Transports nutrients,
hormones, and proteins. Itis a
yellow liquid that makes up
about 55% of the body's blood
volume.
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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 cells ®) @' - 71 - il < -

Part of the body’s immune
system, detect and fight viruses

Platelets o
Form clots to stop bleeding.
1 Platelets make up less than

0O 1% of blood.

and bacteria. There are five major
types of white blood cells, and
they make up less than 1% of

blood. kR B
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Basal lamina -
Luian Erythrocyte Pericyte Lumen alve
" (red blood cell) .
Endothelium__ |
‘ Internal ' Endothelium
Smooth elastic lamina Basement
muscle - membrane Smooth
Basement Endothelium ~ muscle
External membrane i .
elastic lamina Capillaries Adventitia
Adventitia

Arterioles

cross-sectional area

arteriole
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Table 1. Five blood vessel types

Arteries
Okl

Arterioles SbL

Veins
SJ‘”‘Z”

Venules </l

Capillaries

Transport high-pressure blood from the heart to smaller
arteries and arterioles

Connect arteries and capillaries &l Slardll ool by 3

Act as reservoir of blood and transport low-pressure blood
from venules to heart LI 1) eyl oo kil GAdATe all JaSlg aall (355aS Jasd

Connect capillaries and veins Ss¥l Dsendl Slpatll by

Allow gas exchange, nutrient transfer and waste removal
between blood and tissue fluid  ~ul o cotadl A131 5 wlisdl Jiig o360 Jolds mas
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_ Bicuspid valve
Left atrium left ventracel 7 Mitral

Ieft a'[l’ium R ‘:J C.m &5\9 (o Va|ve
left ventracial J!

Left ventrical 5 Aorta SV plaa
O ad Tud (o8 Tanwy ) Aortic
left valve

osall Ll g Aorta JI

Syl Y ales
Tricuspid
valve

Right atrim , right ventrical
6‘“ atrium R ‘:J Cbaa &5\3 T
ventricle

Right ventricle , pulmonar
ventricle ;e as fud gdgass ) Pulmonary
.__bulmonary ! . valve




Key:

4 Pulmonary
\ veins
/ O / Aorta and
Venae J branches
cavae oy

= Oxygen rich,
CO2-poor blood

[l=Oxygen poor,

CO2-rich blood

Capillary beds
of lungs where
gas exchange

-4

Pulmonary Circuit )

\‘ Pulmonary arteries /

Left
atrium

Left
| ventricle

ventricle
Systemic Circuit

Capillary
beds of all
body tissues
where gas
exchange
occurs
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Heart Pumps Blood into Two
Circuits in Sequence :
Ol s oo gl 8551
* Pulmonary circuit: To and from
the lungs.

* Systemic circuit: To and from
the rest of the body.
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- ® Circulation =
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Two Sets of Pumping Chambers Sl o4 Tl ey cngiiinriae Biood
. Heart loses CO, and gains O,
in :

| 3 X ' Pulmonary trunk and s. | Pulmonary veins
Eaiga oVl | 9 sexsenasabicen.
o o t atrium: ; e
i g. W 3 L..SJLGA” "4” Ls‘AL‘;‘ Pulmonary valve l
- Receives systemic blood. !
:w;yl Q:\.Jc.’\.” 2. Right ventricle 6. Left atrium
E : : Sl o) aall fes
5 J nght Ventrl(:le: %—‘-‘_}j 6\]‘ F (‘5 x ; Triculspid valve Bicusploid valve
j. (&5

Pumps blood to lungs 1. Right atriom
{deoxygenated blood)
(pulmonary).

j K\‘ Aorticlvalve
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° Lef:t atrium: uj-\:u-” s “.\JJI SIS . . ,CI Ioli'l °I I','a';, \ .“
Receives blood from lungs. |

7. Left ventricle

i

. : e | pdanl
e Left ventricle: ; omitpld
= umps blood to organ systems (el

g 9. In systemic capillanes, blood

» : R (SyStemiC)- loses O. and gains CO.
; O (b) Diagram of blood fiow




https://my.clevelandclinic.org/health/diseases /13792-mediastinal-tumor

Location of the heart

* The heart is located in the thoracic
cayity, . 1t st located it the
mediastinum.

Tl cpas 6l apaall (gl) el oo Takeil
" Area from the sternum to the

vertebral column and between the
lungs.

* The ascending of the aorta 1s
located in the middle mediastinum.
The apex of the heart is located in
the inferior of the mediastinum.
The base is located in the superior
mediastinum.

https:/ /slidetodoc.com/12-the-cardiovascular-system-the-heart-hearts-place/
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Heart Location ‘= Pl

Sternum
wsce * Heart is located in
the mediastinum
~ Al oy
— area from the =S Sgaall ol

Heart

Left lung

Ri e
Af::ung Esophagus sternum to the sl
A vertebral column and :
. between the lungs :
Sloally (Jirdls a Ldl dgange - el ;
+ Apex - directed anteriorly, 2
inferiorly and to the leﬁ coleSUs Bl Zgaga - 3ac il
» Base- directed postenorly,
— (Y superiorly and (gt Xﬂgh Jici 308 - oale¥ ] ol
Yors com 7 — = Achofaota ¢ Anteriorsurface- to the )
) : - ’ Pulmonary trunk . ;
e stem}lmandnbs salall Claall ST T
werreoroen *  Inferior surface - rests on the
- diaphra
Aty == APEX OF HEAR' ) phragi )
INFERIOR * Rightborder- faces right lung
* Left border (pulmonaryborder) - siad | &)11 dalgy - e Fas
faces left lung el | M s - (55,01 aadl) ,..u;y ;
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Point of Maximal Intensity (PMI)

Midsternal line (PMI) 30 gund] dhais
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Diaphragm s e Point of maximal intensity (PMI)
: 7
E Where the apical pulse is palpated
; as strongest, often in the fifth
RoshReview 9

intercostal space of the thorax, just
medial to the left midclavicular line
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: Fibrous
= Pericardial Cavity: pericardium e
ri —Parietal
o v Surrounds the heart. | pericardium | o ous
o . ——Visceral pericardium
s v' Lined by the | pericardium :

pericardium.

——Pericardial sac filled
with pericardial fluid

V" Two layers:

* Visceral pericardium

(epicardium):

- Covers heart surface Pericardium

* Parietal pericardium:

~Lines pericardial sac that
surrounds the heart.
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Pericardial Layers of the Heart .

Fibrous pericardium

Parietal layer of
serous pericardium

Pericardium

Myocardium
Pericardial

cavity

Visceral layer |

of serous
Llea pericardium
(epicardium)
Myocardium
Endocardium _

- - -
(LTRSS U A S AW T

— Heart |
wall |
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The Heart Wall

(sl ypalill) Ll 3o

. . . . . .le
v Epicardium (visceral pericardium):
dem ] T O el iyal Ldalall B!,
o Outermost layer. :
ol s v" Endocardium. S e
o Serous membrane.

o Inner lining of pumping chambers.

e o Continuous with endothelium

olacesll Tkl

v" Myocardium:
o Middle layer.

o Thick muscle layer.

https:/ /slidetodoc.com/12-the-cardiovascular-system-the-heart-hearts-place /
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Cardiac Muscle Cells
v Shorter than skeletal muscle fibers. A [ RS IR WO

BSaaly 3l cbal v

v" Have a single nucleus. . .
8 (e e o
v" Have striations (sarcomiere organization). R R

v" Depend on aerobic metabolism. qplogll 3151 Sl ole aaing /

: : A

v" Connected by intercalated discs:
: Y sl Slagaugorpall Jasi «

* Desmosomes transmit tension.

Jaall SGISe] Ja5 Spmdll labelis

* Gap junctions transmit action potential.

iiiips:/ /slidetodoc.com/12-the-cardiovascular-system-the-heart-hearts-place /
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Electrical synapses
Mechanical synapses

neurotransmitters: ¢ ¢

Acetylcholine
Receptor:adrenergic,

Neurotransmitter < sympathetic:
Epinphrine , norepinephrine ,adrenaline,noradrenaline

Neurotransmitter < parasympathetic:
Acetylcholine
somatic ;LS

Receptor ¢ acetylcholine:cholinergic :

muscarinic, nicotinic

parasympathetic iU <I sympathetic ,3G

Ja diameter Ll e o sl LIS

Blood vessel ¢ ;85 Ll jins
L.V oo Gl e alls oy

Arteries Parasympathetic:

Arterioles blood pressure

Artery Capillaries dlsl s g oo

xenuls capillaries Vasoconstriction
enuis centrally

Vane

Sympathetic : Juls aull Las 13

vasodilation centrally Jea

vasoconstriction peripherally

dilation Jeel sas L8l e Lu 88 Juls blood volum , blood pressure joes W aslll
L Ll peripherally organ (! Juags U calls QISI1 (08 ggange an S e o lie
sympathetic J.au & general circulation ¢ gan sl u Bl deuiiog gu

wila vasoconstriction

L 5 W Le s adrenergic gy
peripheral Ll
centrally L.



Properties of Cardiac Muscle Fibers

- The ability to initiate a heart
beat continuously and regularly without external
stimulation |

- The ability to respond to a
stimulus of adequate strength and duration (i.e.
threshold or more) by generating a propagated
action potential

- The ability to conduct excitation
through the cardiac tissue

- The ability to contract in
response to stimulation

https:/ /slideplayer.com/slide /13426563 /
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Autorhythmic Fibers: The Conduction System
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v An inherent and rhythmical electrical activity is the reason for the heart’s

. oaanill Gl e Kb oo o3l Lzl 138 juias
lifelong beat. 113l 015 g (o . oy A sl STy

v’ The source of this electrical activity is a network of specialized cardiac
muscle fibers called autorhythmic fibers because they are self-excitable.

v' Autorhythmic fibers repeatedly generate action potentials that trigger
heart contractions. il Ll 1) i (o] Jaall SLIS] S Sty ¢ ) T515 LY s




Locations of autorhythmic cells

+ Sinoatrial node (SA node) Pagepaker of the Neart
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 Rt abiom

<+ Bundle of His (atrioventricular bundle)

Cells originate at AV node and

== Frontal plane

Lol stum

© sRoETRICUAR

enters interventricular septum AW} NODE 2
Divides to form right and left © smoveTRcuLR ) 2
bundle branches which travel Lot ve :

© AGHT AND LEFT

down septum, curve around tip BUNDLE BRANGHES
of ventricular chambers, travel Fagnt veniricte
back toward atria along outer © Pumons FBERs
walls

<+ Purkinje fibers

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

. throughout ventricular myocardium

Ty AP I ren
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A.V node

Skeletal muscle ,blood vessel

blood &liSe
Plasma, red blood cell (erythrocytes),wight blood cell

(leucocytes),platelets (thrombocytes )



7

5

©

Ventricles of the heart

aorta
superior
vena cava—___ / g;ltlenr'lyonary
. 2
nd pulmonary
pulmonary (vein
vein

right

atrium left

atrium

pulmonary
valve mitral

valve

tricuspid
lze aortic

valve
inferior

venacava—

right ventricle

left ventricle

)
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Atrioventricular Valves

Ol () i e 38

SRR A
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* A-V valves open and allow blood
to flow from atria into ventricles
when ventricular pressure is

lower than atrial pressure:

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

555 i il

oSl 3all pins Loo AV olaloa 3la5 ¢

*A-V valves close preventing backflow
of blood into atria :
—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. A
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Aorta (bedy)

Superior vena cava

(from upper body) Pulmonary

artery

Right pulmonary

) f Left puimonary
arteries (to right lungs)

arteries (to left lung)

Left pulmonary
veins (from left lung)

Left atrium

Mitral valve

Aortic valve

Right pulmonary
veins (from right lungs)

Right atrium
Tricuspid valve

Left ventricle

Inferior vena cava i

(from lower body) 5

, Pulmonary valve
et Direction of blood flow L

Right ventricle
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Sinoatrialnode_Hl o fHA "W, = F
- Pulmonary
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Crista terminalis o
Right L
Atrioventricular atrioventricular =
node valve

Chordae
tendinae

Opening of
coronary sinus

Papillary
muscle

Inferior
vena cava
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0 Normal heart e Heart with patent ductus arteriosus

Patent ductus

Pulmonary artery Ligamentum
(to lungs) - - _arteriosum

J Oxygenated
_ blood flow
r left heart

Right
atrium

'/
Deoxygenated
blood flow in

right heart Right and left ventricles




 © Left ventricle * ®

Eronial an Leftatrium

Aorta

Aortic
sinus

Mitral
valve
(closed)

Ll LNl LG ai dadasadsdadadndasam i saiacaue

Aortic :
semilunar Chordae

valve(open) tendineae

(tense)

Papillary

muscles
(tense)
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BICUSPID VALVE CUSPS

CHORDAE TENDINEAE

Slack Taut

PAPILLARY
MUSCLE

Relaxed Contracted

(a) Bicuspid valve open
20.06ab
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Voltage-gated Na* channels close @
\ Fast voltage-gated K* channels transiently open ‘

N

L-type Ca?* channels open
+30 Fast voltage-gated K* channels close
+20 4 * / Slow delayed rectifier K* channels open

1
+10 K /L-type Ca?* channels close

3

= -10 - .

= Fast delayed rectifier K* channels open

© °

g g Action |

© =30 — 0 . 2

5 Fast voltage-gated Na* channels open \ 3 Potential and ;

E Ki; channels close C X i
% / /K" channels re-open E
= Threshold potential

of Contractile

H B mm e e e e e e e L e e Eeers
704 . e
| Fibers =
ol Resting membrane potential_______ "\ :
-110 | | | | >
0 100 200 300 400

Time (ms)
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Action Potential and Contraction of Contractile Flbers

Membrane potential (mV)

+«20
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Plateau (maintained depolanzauon)dueto alladl o3 Eabd agedl (€I
© opening of voltage-gated slow Ca2* channels N Mfuﬂ,
and closing of some K* channels B R

asacalisdl

© Repolarization due to opening of

1 -
© Rapid depolarization due to g"o:gg"“gaé?éf d\ams and
opening of voltage-gated chan |
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Heart sounds
el

2 : : bl e lacs e QT Cen (o] & Laiad | - qanll
® Auscultation — listening to heart sound via stethoscope

RN [N PN

e Four heart sounds

— S;— “lubb” causl\tlaocrlm‘t?)lf the closing of the AV valves

—~ S, — “dupp” caused by thel\(lzci%nseilng of the semilunar
valves

— S; — a faint sound associated with blood flowing into
the ventrnicles

—- S, — another faint sound associated with atrial
contraction
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Normal heart rate: 70-90
tachycardia 131 100 ;o <1 5K 1S
bradycardia 70 ;s Js!
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Patent ducts arteriosus

Aorta ,pulmonary artary ¢
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more relaxation , hyper polarization,less contraction ¢ asuwlisll & lsl calylsl
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ELECTROCARDIOGRAM
QRS Complex
TWave
Afria § : \'entric.ula'r
Depolarizatio Ventricular Repolarization
® nD:epolarizaticm




The Electrocardiogram
e The major deflections and intervals in a normal

1.0

ECG include:

e P wave - atrial depolarization

Millivolts (mV)
v

e P-Q interval - time it takes for =R m

interval
-0.5 1

™

Q-T interval
1
0.4 0.6 0.8

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)



ELECTROCARDIOGRAM

Il 5l S8 o 1 ekl o Losal S Guld Ll Gl el (e
Analysis of an ECG also involves measuring the time spans between

waves, which are called intervals or segments.

Al 3,51 Ll o) d¥) 8,691 Ll oo Jragill o8y Jias 6] QRS tane o Lladl (oI P dagll Ll oo cdgll 58 P-Q cio3ll Jolill W
P-Q interval is the time from the beginning of the P wave to the fegmnmg

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.

15 o cpladl GALE] i 03K I gl S T Aonall Ll e oy S donshl LS (o Ty 611 (S-T o3l
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ELECTROCARDIOGRAM

The O-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. Ll 1) QRS gane Ll 0 Q-T gia3ll Jualdll iay
3 il ] Sl Syl Gl T Ll
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and Parasympathetic Nerves
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Table 12-3  Effects of Autonomic Nerves on the Heart

la, cndction In A.

Sympathetic Netves Parasympathetic Nerves
Area Affected (norepinephrine on [-adrenergic receptors) (ACh on muscarinic receptors)
Y| Lnall 3asall
SA node [ncreased heart rate L] sl o B Decreased heart rate
. Jrasi Jane 34033 ,
AV node [ncreased conduction rate Decreased conduction rate
oiadaall L, 3Y 1 adall

, o LY =

Atrial muscle . [ncreased contractility Decreased contractility
oYl dae , !
Ventricular muscle [ncreased contractility LN No significant effect L.V
| : Lualanl sl
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Blood volume , blood pressure J.ls
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Heart Function
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CO=HRX SV. Jull il gl
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e pll LusS ) 8,15 54 "(CO) ulill g BI1" T sl i yum
AR ) Bamg JS) s 3

CO = HR x SV, as follows.
The heart 1s the pump that moves the blood. Its activity can be

Wiy adll bas

expressed as “cardiac output (CO)” in reference to the amount of blood

moved per unit of time. g sana s call ghny Gl (ol il bl Laygis
oo Sl & (J) LAYl o daliwn¥ | Laa Al
bl | bogiually oaLadl

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

The autonomic system dynamically adjusts CO and MAP.
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