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The Circulatory system is a "closed
circulation”
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Arteries = vessels that carry blood away from the heart.

Veins = vessels that return blood to the heart.
Caplillaries = smallest vessels, found between smallest arteries

and veins. These are the exchange vessels.

 Veins—>Heart—>arteries—-> Arterioles—>capillaries>venules>
Veins= CLOSED SYSTEM
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Heart valves

 Heart valves allow blood to flow only In
one direction thru the heart

o Atrioventricular valves (AV)-between an
atrium and ventricle

. . atrium>Rt. AV (tricuspid) valvesrt. ventricle
e It atrium>Lt. AV (bicuspid/mitral) valvesit, ventricle



Semilunar valves-between the ventricle &
an artery

it. ventricle>AOrtIC semilunar valvesaorta
t. ventricie>PUlmonary semilunar valvespuimonary

artery



TRANSVERSE SECTION, SUPERIOR VIEW
(atria and great vessels removed)

Right AV Fibrous skeleton Left AV (mitral)

(tricuspid) valve valve (closed)
(closed)

LEFT
VENTRICLE

Aortic
semilunar valve

RIGHT (open)

VENTRICLE

Pulmonary
semilunar valve

(open)

TRANSVERSE SECTION

(b) Ventricular systole (contraction)



BICUSPID VALVE CUSPS
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(a) Bicuspid valve open (b) Bicuspid valve closed
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Heart valves

e heart valves demo



http://www.visibleheart.com/index.html

Heart sounds

The two heart sounds are
“Lubb”-AV valves closing
“Dupp”-semilunar valves closing

Aortic-2nd intercostals space (Right side)
Pulmonary- 2nd ICS (Left side)

Right AV valve- 5th ICS (Right of sternum)
_eft AV valve- 5th ICS (inferior to left nipple)

Heart sounds demo



http://www.sci.sdsu.edu/multimedia/heartsounds/

Heart Valves and Heart Sounds

 Closure of the AV
st
ValveS Create the 1 Pulmonary semilunar
heart sound (‘lubb’). Aortic semilunar valve sounds

valve sounds

 Closure of the
semilunar valves
create the 2" heart
sound (‘dupp’).

 Placement of a
stethoscope varies
depending on which .
heart sounds and Right AV valve sounds
valves are of valus; sounsss
Interest.




The cardiac cycle

A chamber of the heart can be in one of
two phases:

Systole-contraction of the muscle, ejecting
blood out of the chamber

Diastole-relaxation of the muscle, the
chamber fills with blood

he heart pumps by using cycles of
systole and diastole



{a) Atrial systole begins:

Atrial contraction forces

a small amount of additional
7 blood into relaxed ventricles.

START

(f) Ventricular diastole- late: 1 ‘
All chambers are relaxed. o ) " 4a

Ventricles fill passively.

(b) Atrial systole ends,
__ atrial diastole begins

{c) Ventricular systole—
first phase: Ventricular
conftraction pushes AV

. valves closed but does

Flg not create enough pressure

to open semilunar valves.

21.11 P

4. _ 375msec

P=k/V

(d) Ventricular systole—

second phase: As ventricular
pressura rises and exceeds
pressure in the arteries, the
semilunar valves open and
blood is ejected.

(e) Ventricular diastole-
early: As ventricles relax,
pressura in ventricles drops,
blood flows back against cusps
of semilunar valves and forces
them closed. Blood flows into the
relaxed atria.



Normal Functional Heart Anatomy
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MNormal heart. Arrows indicate

the path of blood flow through
the heart. Red = oxygen-rich blood;
blue = oxygen-poor blood.



Congenital Heart Defects

FYI
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Transposition of the great vessels.
Aorta comes from right ventricle, pul-
monary trunk from left. Results when

the bulbus cordis does not divide properly.

Unoxygenated blood passes repeatedly
around systemic circuit, while oxygen-
ated blood recycles around the
pulmonary circuit.

= .~Te N
( ﬂ;f"‘& .| Occurs in

E | about 1 in
) [ | every 500
L \.ﬂ i ?'"'»,--"J JI.' births

Ventricular septal defect.
The superior part of the inter-
ventricular septum fails to form;
thus, blood mixes between

the two ventricles.



Congenital Heart Defects

FYI

R
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Narrowed "~ _;’r
aorta L’
(d) Coarctation of the aorta. (f) Pulmonary stenosis. The
A part of the aorta is narrowed, pulmonary semilunar valve is
increasing the work load on narrowed, lessening the flow of

the left ventricle. blood to the lungs.



Congenital Heart Defects

1| Occurs in
| about1 in every
/| 2000 births

{e) Tetralogy of Fallot. Multiple defects
(tetra=four): Pulmonary trunk too narrow
and pulmonary valve stenosed; ventricular
septal defect; aorta opens from both
ventricles; wall of right ventricle thickened

from overwork.



Intrinsic conduction system

 Pacemaker cells and conducting fibers
coordinate contraction of the heart
chambers

e Nodal cells establish the rate of cardiac
contraction

* Conducting fibers distribute electrical
stimulus throughout the myocardium



Nodal cells

* Nodal cells spontaneously depolarize
causing an action potential

e Two groups of nodal cells:

— Sinoatrial (SA) node-makes 80-100 AP/min
* Primary pacemaker
e Posterior wall of the rt. atrium
— Atrioventricular AV node-slower than SA node

e Secondary pacemeker
* Inferior region of the rt. atrium wall




 The SA node sends action potential to the
conducting fibers

e Conducting fibers>rt. & It. atrium cardiac
muscle (gap junctions & intercalated discs)

 Internodal pathway (conducting fibers)
send AP from the SA node to the AV node



Electrical Conduction System
1. Sino Atrial (SA) Node

T 3. Atrial Ventricular (AV) Node

nternodal «#7F

4. AV Bundle (Bundle of His)

pathways x}f '.
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M Membrane potential

of autorhythmic cell

m Membrane potential
of contractile cell

Contractile cells

....

Cells of
SA node

Intercalated disk
with gap junctions

Depolarizations of autorhythmic cells rapidly spread
to adjacent contractile cells through gap junctions.



Mo ] Furkinje fibars ©

{a) Nodes and conducting fibers
The electrical signal stimulates
contraction of the chambers

STEP 2:
Stmulus reaches
the AV node,

Elapasd time = 50 mses

ETERP 2

Thers is a 100-msac deday
af the AV nods. Atrial
contracton begine.

Elspead time = 150 meac

STEP 4:

AV bundle and the bundle

right wenitricle.
Elapsad time = 175 msac

The Impulss trevels along the
Intersentricular sepium via the

branches to the Purkings fibers
s, wia the moderstor band,
to the peplilsry muscles of the

STEFR 5

The impulss s diatributed Dy
Purkinje fibers and relayed
threughaut the ventricular
myocardium. Alral contraction
is completad, Yantricular
contraction begins.

Elapsed tims = 225 msec

(b} Staps 0 the distribution of stirmulus



EKG-electrocardiogram

e Surface electrodes can monitor the
depolarization of the nodal and conducting
fibers

 EKG graph gives electrical and

mechanlcal C|agnost|c iInformation
i e s G R
3aicd: i R IR R R e R ;-Tt-:-m ESiE S A A
iiisiEiaa T

ECG rhythm strip
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Fig
21.13
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ECG

Heart sounds

1

Position of AV valves
Position of aortic and
pulmonary valves

- Phase of cardiac cycle







The Autonomic Innervation of the Heart

. Modified by

The stimulus for FY]
contraction is o enter s
generated by Cardioacesieratory [ SSCN)
pacemaker cells e
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Autonomic Control of Heart Rate

* Basic rate established by pacemaker cells
Inside the heart (myocardium)

 Modified by ANS
— Para: ACh decreases rate and contraction force.

— Sym: NE increases heart rate and force of
contraction.




Cardiac Centers in CNS -,

Cardioaccelatory center
— Medulla oblongata (Activates sympathetic neurons)

Cardioinhibitory center

— Medulla oblongata (Parasympathetic neurons)

Centers receive input from

Higher centers (cerebrum)
Receptors monitoring blood pressure
Receptors monitoring dissolved gases
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Coronary sulcus
containing fat

- Auricle of
left atrium

LEFT
VENTRICLE

Anterior interventricular
sulcus containing fat

{a) Anterior (sternocostal) surface



Left pulmonary arte\ry Arch of acrta

,Right pulmonary
artery

Left pulmonary veins
(superior and inferior)

_ Superior
vena cava
; Right pulmonary
Fatin » veins (superior
coronary and inferior)
sulcus

N Inferior vena cava

7
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Fat in posterior
interventricular sulcus

(b) Posterior (diaphragmatic) surface
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Superior/Inferior Vena Cava
Rt. Atrium

Rt. Atrioventricular valve
Rt. Ventricle

Pulmonary Semilunar valve
Pulmonary Arteries

Lungs

Pulmonary Veins
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Lt. Atrioventricular valve

Lt. Ventricle

Aortic Semilunar valve
Ascending Aorta

Laft commaon carctid artery Left subclavian artery

Aortic arch
Ligamentum arteroswm

Pulmonary trunk
Pulmonary semilunar

Right
pulmonany
arteries
Left pulmonary
S aneries
i
vana cava
Fos=a Left
_ pubmonary
ovalis Vains
RIGHT _ i
ATRIUM Aportic SEIE'I!IllLH'I-EI
walve
Cpaning of
COFonAry Interatrial
Sinus sepium
Pectinate £ / \ o A Cusp of loft AV
iy ! N ol ML MO imitral) valve

Descending (thoracic)
aorta

{a) Frontal saction, antarior view



Interactive physiology CD
Histology CD





http://images.google.com/imgres?imgurl=http://www.geocities.co.jp/Beautycare-Venus/3423/neutrophil.jpg&imgrefurl=http://www.geocities.co.jp/Beautycare-Venus/3423/Blood.html&h=256&w=250&sz=21&tbnid=ja8gVsVJlaMJ:&tbnh=106&tbnw=104&start=6&prev=/images%3Fq%3DNeutrophil%26hl%3Den%26lr%3D%26sa%3DG
http://images.google.com/imgres?imgurl=http://altmed.creighton.edu/pelvic2/images/lymphocyte.jpg&imgrefurl=http://altmed.creighton.edu/pelvic2/tlymphocytes.htm&h=259&w=395&sz=25&tbnid=brZPaytVW7gJ:&tbnh=78&tbnw=118&start=6&prev=/images%3Fq%3DLymphocyte%26hl%3Den%26lr%3D




Vein and Artery TS

A - layer of elastic fibres (tunica adventitia)
B - layer of smooth muscles and elastic fibres (tunica media)
C - endothelium and elastin (tunica intima)

D - blood {c)2001 Education Department, Hong Kong
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