


Arteries vs. Veins

* Vessels-pipes, carries blood through out
the body

 Arteries carry blood away from the
ventricles of the heart

» Arteries carry O, rich blood except the
pulmonary arteries



* Vein carry blood to the atria of the heart

e Veins carry deoxygenated blood except
the pulmonary veins






Circuits of the Vascular System

Pulmonary Circuit- oxygenation of blood

From the Pulmonary semilunar
valve-> Through the lungs—->to the
entrance of the left atrium

Systemic Circuit- oxygenation of tissue

From the aortic semilunar valve->through
the body->to the entrance of the right
atrium




Tunics (Layers) of vessel Walls

Tunica interna

Deepest layer (contacts blood)
Endothelial lining + basement membrane
Arteries have elastic layer

Tunica media

Middle layer

Layers of smooth muscle
Arteries have elastic fibers

Tunica Externa (adventitia)

Superfical layer

Connect tissue layers-attaches to each other and other organs
Both have elastic and collagen fibers



Arteries have a

thicker tunica

media
membrane

External elastic

.-I o i‘l ;
A r N
Venous wall



Elastic Arteries

conducting arteries (move larger amount of blood)

large diameter (2.5cm)

walls proportionally not as thick (relative to diameter)
Tunica media-

few smooth muscle fibers

high density of elastic fibers (for elastic recoil)

undergo large pressure changes (ventricular
systole/diastole)

pulmonary artery, aorta, and major branches are
examples



Muscular Arteries

distribution arteries

relatively small diameter (0.4cm)

thicker tunica media (relative to diameter) than elastic artery
Tunica media- thicker (compared to elastic arteries)

high density of smooth muscle fibers

less elastic fibers

« UNDER GO DIAMETER CHANGES due to ANS (autonomic
nervous system) input for blood flow regulation to organs.

« Arteries in neck, and appendages are examples



arterioles

small diameter (30pum)
poorly defined tunica externa

iIncomplete tunica media (scattered
smooth muscle)

Control blood from between arteries ad
capillaries

1 arteriole leads to dozens of
cappillaries



Veins: Mechanisms to move blood

Blood pressure too low in veins to move blood efficiently

Three Mechanisms:

1. Valves

-found in limbs

-semilunar-type valves (similar to heart)
-one-way (no backflow in healthy veins)
-moves bolus of blood up section-by-section
-folding of tunica interna



2. Skeletal Muscle Pump

-veins located between muscles

-pressure on vessel walls from contracted muscles
-“pushes” blood through

-Not found in larger vessels of anterior cavity

3. Thoracoabdominal Pump
-Breathing changes pressure within thoracic and abdominal cavities

-As one cavity pressure increases, the other cavity pressure
decreases

-“Push-pull” blood through
-Only found in larger vessels of anterior cavity



Venous valves
Skeletal muscle




* Venules collect blood from capillaries (20um)
 Medium sized veins (2-9um)
e Large veins (>9mm)



Features

Arteries vs Velns

Arteries

General appearance usually round, no valves

Tunica Interna

rippled

Internal elastic membrane. Present

Tunica Media

Thick, has SM & elastic membrane

External elastic membrane. Present

Tunica Externa

Elastic, Collagen fibers

Veins
usually flattered,valves

smooth
Absent
Thin has SM & collagen fiber
absent

Elastic collagen fibers + Muscle fibers.



Internal elastic .
. Tunica

intima

: Tunica intima
Endothelium

VENULE

Smooth muscle cells
(tunica media)

Tunica ¢
externa— gm

Endothelium

22.2

Endothelial cells




The Circulatory system is a "closed
circulation”

Veins Capillaries Arteries

Systemic
Circuit
/
Pulmonary| s condig
. . _< Superior vena cava Binin
Circuit
Right atrium
Abdominal
Inferior vena cava acrta
Systemic
= Circuit
Renal veins Renal arteries
e —
Descending
Valve i arteries

_/

Pelvis and legs



Capillaries

Exchange surface between the cardiovascular
system and tissues

Plasma diffuses out of the capillaries into the
tissues carrying gases, nutrients hormones etc
small diameter (8um), rbc diameter
=/./um

Most capillaries are arranged into capillary beds

Thinness allows for exchange of material
between the blood and tissues



Arteriole Thoroughfare

Arteriovenous
anastomosis

(a) Capillary bed



Left pulmonary veins

Alveolus

Capillary

Fig
22.9



3 Types of Capillary Beds

/ e {a) Continuous capillaries o
(:) \ o have leaky junctions. - / Siloyts
Ir-..\_. g - AP .

Il "'.\'__,_f

Endathelial cells
beneath basement
mermbrane

Endothelial cell

1. Continuous Capillary Bed

- most common type in the body.

- have tight junctions & desmosomes

- ‘leaky’ capillaries



Endolhelial ol 2. Fenestrated Capillary Bed

- have ‘pores’ called fenestrations.

Filration pores - more ‘leaky’ than continuous.

Basal lamina

e
_ 7--—-—‘ <
Intercellular cleft i \
il o

Fenestrations i :

or poras

Fenestrated
poras

Basement
membrane (cut)

a]
Endaothelial cell h"i— i

3 i TN
junction Basement -
membrans

- specific locations in body:

- '{,‘
kidney, capillaries of endocrine organs, 0:8
synovial joints. Q ®

L]
Transcytosis brings proteins Some vasicles may
and macromolecules across fuse to create
endothelium. temporary channels.




Sinusoid

Macrophage

Endothelial
cells

Liver cell
(hepatocyte)

Erythrocytes
in sinusoid

3. Sinusoidal Capillary Bed

- Largest pores of capillaries.

- ‘leakiest’ capillary bed.

- high degree of exchange.
- highly convoluted (twisting).

- least common in body:
e.g., liver and spleen.



Capillaries

Venule

Arteriole







Movement across a capillary

 Diffusion (based on concentration gradient)
— Capillary endothelial cells
— Gaps between cells
— Thru pores

 Endo/exocytosis across the endothelial
cells



Heart-> Arteries(Elastic Arteries)->Muscular
Arteries)-> Arterioles-> Capallaries—=>Venules
->Veins->back to heart.



&

Systemic
Venous
system

64%

Pulmonary
circuit
Large veins

Large venous
networks (liver,
bone marrow, skin)
21%

Venules and
Ei medium-sized veins
19 25%
22.7
Systemic
arterial

system
13%




Endothelial cells

{a) The normal arterial wall consists of smooth
muscle and connective tissue with an endothelial
cell lining.

Elastic connective
tissue

Smooth
muscle cells

Arteriosclerosis
D anaana = hardening of vessel wall.

connective tissue. There, it is oxidized and
phagocytosed. The macrophages produce
paracrines that attract smooth muscle cells.
At this stage, the lesion is called a fatty streak.

Atherosclerosis
= deposits of lipids in
s e snoune e emser - D100 vessel wall,

muscle cells divide, thickening the arterial
wall and narrowing the lumen of the artery.

This stage is known as a fibrous plague. form i ng a p I aq ue .
Results in a hardening

elnerabl plaque and narrowing of vessel.
=S

k (d) In the advanced stages of atherosclerosis,
) calcified scar tissue will form. If the endothelium
= is damaged and collagen is exposed, platelets

stick to the damaged area and a blood clot
(thrombus) forms. If blood flow in the coronary
blood vessel is stopped, a heart attack is
the result.

LDL cholesterol

Macrophage

Muscle cells

Fibrous scar
tissue

Thickening of
smooth muscle

Calcifications




BIE N

- Complicated plaque \f—;ﬂ«.ne'ry wall

Cross section of
a normal, healthy
coronary artery.

Cross section of
a coronary artery
with advanced
atherosclerosis.



Coronary Angiogram:

Showing 60% obstruction
(arrow) of the anterior
Interventricular artery.



Aortic
Aneurysm

Aneurysm:

a weak point
In the heart

or an artery
wall; results
In bulging due
to pressure in
vessel.

Poses threat of
hemorrhage.
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VENTRAL WIEW
Trumcus

arteriosus
Ledt atrial
Future mord
pericardial pri i
cavity b4
LATERAL VIEW The lateral plate mesoderm in this region : " WeER 2
During the second developmental has already split into parietal and visceral By the third week, the heart is pumping, and circulating blood,
week, the heart consists of a pair layers, creating a space that will eventually The cardiac tubes have fused, producing a heart with a single central
of thin-walled, muscular tubes form the pericardial cavity. chamber. Two large veins bring blood to the heart, and a single large
teneath the Aoor of the pharym. artery, the truncus arteriosus, carries blood 1o the general crculation.
Right atriurm Left atrium
Future Interatrial
Opening of
sinus venosaus i el

In week 5, the interatrial

and interventricular septa

begin to subdivide the

Futurs interior of the heart.
interventricular The heart elongates as the embrvo grows larger.
SRt It curves back upon itsell, forming an S-curve that

gradually becomes more pronounced. The atrial

PR and ventricular regicns already differ in thickness.

sapla

Two interatrial septa develop, one overlapping
the other, A gap between the two, called the
foramen ovale, permits blood flow from the
right atrivm to the left atrium, Back flow from
left to right is prevented by a flap that acts as a
one-way valve. Until birth, this atrial short Right
circuit diverts blood from the pulmonary circnit,. yentricla

At hirth, the foramen ovale closes, separating the
pulmonary and systemic circuits in the heart, A
shallow depression, the fossa ovalis, rermains through
adulthood ar the site of the foramen ovale, {Other
circulatory changes ar birth are detailed in Chapter 22.)

Left wventricla
AGE 1Y¥EAR



Foramen ovale 7,

Aorta

B Diicti diteriont Ductus arteriosus Lt

{open) ) atrium
N Pulmonary
trunk
Pulmonary
trunk
Foramen ovale
iclosed)
Right
atrium
Inferior
vena cava Infariar
vena cava
Umbilical
artaries i
Right Left
Umnbilical ventricle ventricle
S (b) After delivery

(a) Full-term fetus
{before birth)



Ductus
VENOSUS

A shunt that permits most
blood to bypass the fetal
liver so as to directly enter

the inferior vena cava and

then the right atrium

An opening in Interatrial

i

vein

Umbilical

Transpons oxygenated,
nustrient-rich blood from
placenta to fetal liver

/

PLACENTA

Lo

Umbilical
arteries

-

Foramen| septum that permits some
Aflt'lFtEiHI-'l —— > | ovale | blood to flow directly
into the left atrium
INFERIOR FETAL
E.Eﬁ.r‘:r'li HEART A#IEIErM
RIGHT LEF]
Lungs VENTRICLE VENTRICLE
Minimal
blood flow
A vessel that shunts blood
Dugtus | from the pulmanary trunk, —
arteriosus | away from the pulmonary AR
circuit, into the acrtic arch General
systemic
circulation
Internal
iliac
arteries

)

{¢) Fetal circulatory pattern




Interactive cd & Histology cd



Midventral line

Cat dissection
Opening the ventral cavit

Lay cat on its dorsal
surface

Make Incisions, cutting
through the muscle, as
seen In the figure below

Fold back the flaps of
tissue to expose the
ventral cavity

Figure 3-1 Incisions to expose internal organ systems.



Lingual artery

Larynx

Superior thyroid artery

Vertebral artery

Transverse .

l'].'
scapular artery
Collateral radial artery

Subscapular artery

Deep brachial artery

Axillary artery

Costocervical trunk

Internal mammary artery

Right subclavian artery /

Brachiocephalic
artery

Aortic arch

Hepatic artery

Inferior phrenic artery

Edge of diaphragm

External maxillary artery

External carotid artery
Internal carotid artery

Common carotid arteries
Caudal (inferior) thyroid artery

1 " Radial artery

J |
'.I'. Vertebral artery
F Ulnar artery
il

Thyrocervical trunk

Brachial artery
Ventral thoracic artery

/ Long thoracic artery

Thoracodorsal artery

Left subclavian artery

Descending thoracic aorta

Left gastric artery
(branch of celiac)

4@

Superior mesenteric ariery

Lumbar artery

Inferior mesenteric artery

lliolumbar artery

Right external iliac artery

Circumflex femaoral artery

Femoral artery
Proximal
caudofemoral artery

Saphenous artery
Sural artery

Popliteal artery ;
Posterior tibial artery

Anterior tibial artery

i

Splenic artery (branch of celiac)

Celiac trunk
Adrenal gland
Adrenolumbar artery

Descending abdominal aorta
Renal artery

Genital artery
(testicular-ovarian)

Internal iliac artery

Left internal iliac artery

External
pudendal artery

\ Deep femoral artery
3

Caudal artery



Transverse facial vein

Transverse scapular vein

Right vertebral vein

Axillary vein
Cephalic vein
Subseapular vein

Caudal circumflex

Anterior facial vein
Posterior facial vein
External jugular vein
Internal jugular vein
Inferior thyroid vein

Radial vein

Ulnar vein

humeral vein

Cephalic vein
Left vertebral vein

Median cubital vein

Brachial vein
Long thoracic vein

Internal thoracic vein
(mammary vein)

Azygos vein

Phrenic veins

Hepatic veins

Kidney

Renal veins

Genital vein (ovarian-testicular)

lliolumbar vein
Middle sacral vein

Lateral circumflex

Subelavian vein

Brachiocephalic veins

Thoracodorsal vein

Costocervical-vertebral trunk

Superior vena cava
(precava)

Inferior vena cava
(postcava)

Diaphragm

Adrenal gland
Adrenclumbar vein

Genital vein
(ovarian-testicular)

Lumbar veins

femoral vein

Proximal caudal
femoral vein

Popliteal vein
Great saphenous vein

4 . I
Sural (caudal A A ' : f/f;’,’?/jf / ‘\\\\\ ol
femoral) vein = Lr“ I.'I/ | Y \x v \\ |

P 1 i b

N S 1 : {h
Anterior tibial vein I|‘: B ;.1‘;/-'/ / ‘\.: \\&\%‘I
Posterior tibial vein < / { ! é I ///Il 3

Common iliac vein

External iliac vein
Internal iliac vein

Deep femoral vein

Femoral vein



External jugular vein
Internal jugular vein
Subclavian vein

Axillary vein
Brachial vein

Superior vena cava
(precava)

Heart

Adrenal vein

Inferior vena cava
(postcava)

Common iliac vein
Internal iliac vein
External iliac vein and artery

Femoral artery and vein

Greater saphenous vein

Left and right
common carotid
arteries

Transverse
scapular artery

Left subclavian artery

Brachiocephalic artery

Thoracic aorta

Celiac trunk

Superior
mesenteric artery

Renal artery and vein

Kidney

Abdominal aorta

lliolumbar artery
and vein

External iliac artery

Internal iliac arteries



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



. | Aortic arch
Trachea ; l\ Ascending acrta

Superior vena cava

Right lung

Right pulmaonary artaries

Right pulmaonary veins

e —

Fig ©

22 . 9 ;f Inferior vena cava Descending aorta

{a) The pulmonary circult

f,Pulmmarg.r trunk

Laft lung

T

N

- CO

| Left pulmonary arferies

- Left pulmonary vaing

Alveolus

Capillany



Aortic arch

Subclavian
Brachiocephalic é- ‘ Eubc::’lavian
trunk . 1 i
Ascending aoma — L LR fary
Pulmaonary trunk ' Descending thoracic
Gellac trunk Al
ah%gninal aora h.“ Renal
' ‘t’l'."'. Superior mesanteric
Brachial ! f '“Il" T —
'I '|
7 Inferior mesenteric

Radial / fof]

Uinar —_

Fig
22.10

Postarior tibial
Anterior tibial

Fibular ;’II
“RE Dorsalis padis
W AR
Plartar arch. |f § k““
:{L Ny

figl !




Left common carotid artery Left subclavian artery

Ligamentum arteriosum
Pulmonary trunk

Right T - ' y Pulmonary semilunar

Pectinate £ AN U R aSIBN R Cuspof left AV
muscles P ol , o, N | (mitral) valve

arteriosus || RN AN 4 N | tendineae

musclkes



Superficial tamporal

Carebral arterial circle

y

"
Posterior : k
carabral K
\\ e e
Basilar r’f)c.
NePrt e e
i A
Cooipital e
Internal carotid s
Verabral
Imferior thyroid
Thyrocervical
trunk
Transverse .
carvical
__.ll"
. -
Flg Suprascapular
22.13 Subclavian — >
Axillary — by
Internal thoracic
First rib

Secand rib

Middle cerstbral

Artarior cerebral

Ophthalmic

‘!#! A
= ' - Maxillary

Facial

Lingueal

- External carotid

Carotid sinus

“‘H - Common canotid

™ Brachiocephalic
trunk

Clavicle

(a) Arteries of neck and head, an oblique lateral view from the right side
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e

™ Liinar

[map
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Right Left

common common
. Spinal cord, cervical vartebrae carotid carotid
Ri fright sical; fuses with left vertebral, .-:’J\_h. L eft
vertebral | forming basilar artery after entering
cranium via foramen magnum vertebral
i Mmba.fakln.k i T T Left
3 tissues of neck, thyrai
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Vertebral
Thyrocervical
tharacic

Esophageals

Pericardials

THORACIC
ACRTA ™

Superior
phrenic

Inferior
phrenic

Digphragm -

Common

hepatic

Suprarenal

Fig
22.16
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Fig
22.17
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Internal jugular

Brachiocephalics

Wertebral p
Supenior vena cava

Subclavian 2
Axillary —ed SRt |
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Small saphenous
Fibular

Dorsal venous arch

Plantar venous arch



Left common carotid artery Left subclavian artery

; Aortic arch
A Ligamentum arteriosum
Pulmonary trunk

Pubmonary semilunar
valve

..*. Left pulmonary
m"‘"—i arteries

Pectinate £ 4 N N AR LSRN . Cuspof left AV
musclas P ao- il ¥ , o, VLA T (mitral) valve

[ ___'l
= Chordae
/ tendineae

g & iy R . A

WENTRICLE

Moderator
band

_—

Descanding (thoracic)
aorta

(a) Frontal section, anterior view ’
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SUPERIOR VENA CAVA

Mediastinals
Esophageals

Azygos
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- Aorta

Inferior vena cava ol .S
——— Esophagus Fig
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Hepatic veins -
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Cystic vein __
N Left gastric vein
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Right gastric vein—+ Spleen
Right gastroepiploic vein
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