AR . BRI
(Introduction to biomedical engineering )

IRARZED 4 P el

FReopd = @ @k ? v

Baad . 10282 R 2
Ak Bk o 2202 FARER O B E- 3,
4



- [MEMAMKINEE

R HL BB B

CXis

. DB HEL

B 22 T A

5



The double pump :
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B Deoxygenated blood
Pulmonary circulation

. Ofygenated bloog eliminates carbon dioxide via the

lungs and oxygenates the blood.

Systemic circulation delivers
oxygen to all body cells and
carries away wastes.

Oxygenated Deoxygenated
~|blood pumped blood pumped
' |to all body to lungs via
tissues via pulmonary
arteries

A

Oxygenated blood returns

Deoxygenated blood returns to heart via pulmonary veins

to heart via venae cavae Left atrium

Right atrium Left ventricle

Right ventricle
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Pericardial
cavity
Parietal
pericardium

~—— Fibrous

pericardium
Endocardium
. Coronary
Myocardium blood vessel

Epicardium
(visceral pericardium)
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Superior vena cava

Aorta

Left pulmonary
artery
Pulmonary trunk
Left pulmonary
veins

Left atrium

Aortic valve

Right pulmonary
artery

Branches of
right pulmonary
veins

Right atrium

Bicuspid valve

Chordae tendineae

Left ventricle

Opening of
Papillary muscle

coronary sinus

Tricuspid valve Interventricular
Right ventricle septum

Inferior vena cava

B TR



f Graw- anies P f f i
pulmonary Copynight © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

valve closed

Aortic

Tricuspid :

and bicuspid

valves open

A Aortic
Pulmonary valve open
valve open

Atrial diastole

Ventricular
systole

Tricuspid
and bicuspid
valves closed
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Pulmonary
valve closed

Aortic
valve closed

Tricuspid :

and bicuspid

valves open

A Aortic
Pulmonary valve open
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Atrial diastole

Ventricular
systole
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systole diastole systole diastole
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Pressure changes
0 03 06 0.9 seconds
120 1] I I 1 | | I I I 1 | 1
Aortlc Aortic semilunar
somilunar 4% valve closes
100 |— valve
—_ opans —
-
T go [
E Aortic pressure
B 50
-4 e Vantricular pressure
g w0
B 20 A-V valve opens
f Atrial pressure
0
et
160 -
3 /
E
E 120 —
3 Ventricular volume
w b—
Electrocardiogram (ECG)
R R
+1 =
= P p— P
o
ﬁ 0 T ™\ T ;—
=
Q Q
1 BESSons =
=1 ————0Ome candisc oyole————————1
Heart sounds
Lubb: Dupp:
A-V valves ¢! Semllunar valves close

B ARG



Copynghl ® The McGraw-Hill Companies, Inc. Permission requared for reproduction or display.

Interatrial septum

Left bundle
branch

Interventricular
septum

fibers
A-V bundle

Purkinje fibers [ .
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baro-
receptors
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vagus nerve
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Blood volume Heart rate Stroke volume
increases increases increases

Blood pressure increases

Blood viscosity Peripheral resistance
increases increases
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Cardiac output increases
Blood pressure rises

Baroreceptors in aortic arch and
carotid sinuses are stimulated

Sensory impulses‘to cardiac center
Parasympathetic i'mpulses to heart
S-A node inhibited
Heart rate decreases

Blood pressure returns
toward normal
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Tissue fluid

Endothelial cell
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Inward force | Lymp hatlc | Inward force of

of @esmotic [Caplilssy= " Tissue pf:::::::e
! pressure cells P
28 mm Hg ‘ : - 28' mm Hg Netliws
: Net outwa

Net force at arteriolar end Net force at venular end

Outward force, including hydrostatic pressure =41.3mmHg  Outward force, including hydrostatic pressure =21.3 mm Hg
Inward force of osmotic pressure =28 mmHg Inward force of osmotic pressure =28 mmHg
Net outward pressure =133 mmHg Net inward pressure = 6.7mmHg
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Superficial temporal v.

Anterior facial v. TR
Internal jugular v: 3

Right brachiocephalic v:

External jugular v.

Subclavian v.

Axillary v: Superior vena cava
Cephalic v: : 4

Brachial v. - AZygos V.
Basilic v: \ EHepatic v

Median cubital v: : Inferior vena cava
Radial v: LR Ascending lumbar v.
Renal v: ' Gonadal v.
Ulnar v: . \\-,Internal iliac v.
Common iliac v: ]\
External iliac v: | \ / '
Femoral v— \‘ l‘

Great saphenous v.

Posterior tibial v.
Small saphenous v:
Anterior tibial v:

|
|
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Superficial temporal a— 4
External carotid a: -
Internal carotid a: _
Common carotid a: '

—Vertebral a.

Subclavian a.

Brachiocephalic a: r7 —— 1 Aorta
Axillary a— S Coronary a.
Intercostal a— : ~—Celiac a.
Suprarenal a: AN Superior mesenteric a.
Deep brachial a. Lumbar a.
Brachial a"g_ 4ial a: -\ Inferior mesenteric a.
Renal a: Y f

D
Y|\ ~Gonadal a.
Common iliac a. d

Ulnar a: : Internal iliac a.
External iliac a. | Femoral a.
Deep femoral a! f

Popliteal a: gt
Anterior tibialyw,\[r ’] osterior tibial a.
Peroneal a '\ k

Dorsalis pedis a./ﬁ!ffl 3
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Distribution of Blood Flow
(Cardiac Output) During
Rest and Heavy EXxercise

Heavy
exercise
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Cardiac output
5 L/min =5 L/min
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Compartment Model
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Windkessel model
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Windkessel model
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Simple circuit model

AWV

Vv
Left ventricl¢
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Slmple circuit model
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Mathematical model

® Crzineje in Volurnes

e KIrennoiis eurrant 2
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