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Functions of the cardiovascular system

1. Transport:

1) Oxygen and carbon dioxide (respiratory
system)

2) Nutrients (digestive system)

3) Products of metabolism (uric acid)

4) Hormones (endocrine system)

5) Water and salts (water-salt exchange between
blood and tissue)

2. Defense:
1) Antibodies and leukocytes /
protect from toxins and

pathogenic microorganisms

2) Stabilize the temperature
and pH

3) Protects from water loss
(blood coagulation)

4) Maintain homeostasis



The essential
components of
the human
cardiovascular
system:

> Heart

> Blood

> Blood vessels
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The heart is the central organ of the
cardiovascular system

» It pumps the blood through the
vessels by means of the
rhythmic contraction

The heart is a hollow muscular
organ consisting of 4 chamber:
right and left atria
right and left ventricles

Superior
Vena Cava
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Pulmonary _\. W
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Tricuspid =
Valve
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Arteries

blood vessels that carry blood (most often arterial blood)
from heart ventricle to organs and tissues.

Placenta

umbilical

Pulmonary artery

ventricle

Exceptions:
1) Pulmonary arteries — conduct venous blood from right ventricle to lungs

2) Umbilical arteries — conduct venous blood from fetus to placenta




Veins

blood vessels that carry blood (most often venous blood)
from organs and tissues to heart atrium

Exceptions:

1) Pulmonary veins — conduct arterial blood from lungs to left atrium
2) Umbilical veins — conduct arterial blood from placenta to fetus
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The heart, cor (Latin), cardia (in Greek)

—
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* |t is a hollow muscular organ, which
receives blood from the veins and pumps
the blood into the arterial system.

Base of heart

e The heart is situated
asymmetrically in the
anterior mediastinum.

* |ts greater part (2/3) is to
the left of the midline and
lesser part (1/3) is to the
right of the midline.




* The base, basis cordis is the
superior expanded part of the heart.

It is directed backwards and up and
corresponds to both atria and to the
roots of the great vessels (aorta,
pulmonary trunk, superior and inferior
vena cavae, pulmonary veins).

Apex of

Ribs

Right
border

Inferior border ' SRR

* The apex of the heart, apex
cordis, is a narrow rounded part.

It is directed down, forwards and to
the left.




The longitudinal axis of the heart passes obliquely:
from above to down, from the right to the left and from back to front
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Coronary artery with
branch into myocardium

Pericardium
(sac around heart)

Heart muscle
(ventricular wall) *

Endocardium
(inner lining)
Myocardium
(heart muscle)

Epicardium
(outer surface)
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1. Endocardium is thin layer, which lines the cardiac
chambers from inside

¢ The cusps of the cardias valves and of the semilunar valves of
the vessels represent the reduplication of the endocardium.

2. Myocardium is the thickest layer, playing the most
important role

3. Epicardium covers the heart from outside. It is also
called the visceral layer of the serous pericardium.

The cardiac wall is

comprised of three layers

Aorta

Superior
vena cava

Left
Right atrium

atrium

Left

Right ventricle

ventricle



Pericardium

Serous pericardium layers:

- Parietal

- Visceral (=epicardium)

Position of transverse
pericardial sinus

Heart

Fibrous pericardium

Serous pericardium
Parietal layer

Pericardial cavity

Diaphragm

Visceral layer (epicardium)

PERICARDIUM:
Fib MYOCARDIUM
ibrous
pericardium (muscle layer)
Serous
pericardium

(parietal layer)
ENDOCARDIUM

(inner endothelial

Space lining covering
trabeculae)
Serous
pericardium
(visceral layer;
epicardium)

the outer pericardium (heart sac), muscle layer
(myocardium), and inner lining (endocardium).



Pericardial Sac - Heart Drawn Out
Left Lateral View

Left ventricle

Coronary sinus

Pulmonary trunk

TRANSVERSE
PERICARDIAL
SINUS

Left pulmonary veins

OBLIQUE
PERICARDIAL u

Right pulmonany vein

P
3

2. Oblique pericardial sinus

= the blind, inverted, U-shaped space
posterior to the heart

= bounded by reflection of serous
pericardium around the 4
pulmonary veins and the inferior
vena cava as they enter the heart.

Right pulmonary veins

1. Transverse pericardial sinus

= 3 space posterior to the ascending
aorta and pulmonary trunk and
anterior to the superior vena cava
and pulmonary veins

= jt separates the great arteries from

the great veins.

It is useful in cardiac surgery to allow

isolation of the aorta and pulmonary

trunk.

Superior vena cava

Ascending aorta

Pulmonary trunk

Visceral layer of
serous pericardium

svC

Left pulmonary veins
Visceral layer of

serous pericardium

Parietal layer of
serous pericardium

IvC

< Oblique sinus )



Heart chambers

Left common
carotid artery

Left subclavian
artery

Aorta

Brachiocephalic artery

Superior vena cava

Left pulmonary
Right pulmonary arteries arteries
Left pulmonary

Right pulmonary veins veins

Left atrium

Right atrium Semilunar valves

Atrioventricular

mitral) valve
Atrioventricular ( )
(tricuspid) valve Left ventricle

Chordae tendineae Septum

Right ventricle

Inferior vena cava

Pulmonary
circulation

Aorta

Pulmonary
trunk

Vena cava

Right atrium

Right
ventricle

Systemic
circulation

Lymph
node

Portal vein

Lymphatic
vessels

Pulmonary
vein

Left
atrium

Left

ventricle
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“Soft Skeleton” of the heart

Anterior semilunar cusp

4 annuli fibrosis

2 fibrous trigones
Membranous part of the
interventriculum septum

Conus arteriosus

Left fibrous trigone

S;Lrgonary Right semilunar cusp
Left semilunar cusp
Right (coronary)

semilunar cusp

Left (coronary)

Aortic A
semilunar cusp

valve
Posterior
(noncoronary)
semilunar cusp

Circumflex branch*

Anterior
cusp

Mitral Commissural
valve cusps
Posterior
cusp
Left fibrous ring

(of mitral valve)

Heart in diastole:
viewed from base with atria removed

Right coronary artery

Atrio-
ventricular
part of
membranous

Anterior
cusp

Septal Tricuspid

cusp valve
Posterior

cusp

Right fibrous ring

(of tricuspid valve)

Right fibrous trigone

Atrioventricular (AV)
nodal branch

Posterior interventricular branchT



Heart valves

Tricuspid valve Bicuspid (mitral)

Right Left
side of side of
heart heart

Aortic valve Pulmonary valve

Anterior

Atrioventricular valves:
- Between left atrium and left ventricle — bicuspid (mitral) valve

- Between right atrium and right ventricle — tricuspid valve
Semilunar valves:

- Between left ventricle and aorta — aortic valve

- Between right ventricle and pulmonary arteries — pulmonary valve




Interventricular

septum Aortic semilunar
valve

Tricuspid

AV valve Bicuspid AV valve

Valve leaflet (mitral valve)

Valve leaflet
Chordae tendineae
Papillary muscle

Chordae
tendineae

Papillary

muscle Trabeculae carneae

Septomarginal
trabecula
(moderator band)

Bicuspid valve (mitral) — between left atrium and left ventricle
Tricuspid valve — between right atrium and right ventricle



Pericardial reflection
Aorta

Transverse
pericardial sinus

Superior vena cava
Right auricle (atrial appendage)

Right atrium

ventricle

Posterior papillary muscle

Anterior papillary muscle

Trabeculae carneae

Pericardial Arch of aorta

reflection s
~—4

Transverse pericardial sinus

Ligamentum
arteriosum

Left pulmonary
artery

Bicuspid valve
(mitral) — between
left atrium and left

ventricle

Right pulmonary
artery

Left pulmonary veins

Left atrium

Right pulmonary
veins

Posterior papillary muscle Coronary
sinus
Inferior
vena cava

Flap opened in posterolateral
Pulmon: wall of left ventricle

Transverse pericardial sinus

Anterior semilunar cusp

Right semilunar cusp Pulmonary
valve

Left semilunar cusp

Conus arteriosus

Supraventricular
crest

Septal
papillary muscle

Interventricular septum
(muscular part)

Septomarginal trabecula
(moderator band)

W

Opened right ventricle: anterior view



Mitral valve

Aoria

MNormal Valve Mechanisms

Lan atriurn

i Closed
| mirral valve

MITRAL VALVE OPEN

Slack Taut_},}»’: ’

Papillary
Muscles

Relaxed Contracted =—

MITRAL VALVE CLOSED

-The cusps are connected to the
papillary muscles by means of the
chordae tendineae.

-The chordae tendinae run from one
muscle to two adjacent cusps, i.e.
each papillary muscle is connected to
two neighboring cusps.

-This provides the close contact of the
cusps during the systole of the
ventricle resulting in the complete
closure of the atrioventricular orifice.



(T) Blood returning to the
heart fills atria, putting
pressure against
atrioventricular valves:
atrioventricular valves are
forced open.

Direction of
blood flow

atrioventricular
valve (open)

As ventricles fill,
atrioventricular valve flaps
hang limply into ventricles. ( ,

. " N ' 2| _Chordae

Atria contract, forcing AF tendineae

additional blood into ventricles.

N f - Papillary
Ventricle ‘ muscle

Ventricles contract, forcing
ood against atrioventricular
valve cusps.

atrioventricular
valve (closed)

Atrioventricular valves
close. Blood in
ventricle

Papillary muscles
contract and chordae
tendineae tighten,
preventing valve flaps

from everting into atria.

(b) AV valves closed; atrial pressure less than ventricular pressure

Copyright®2010 Pearson Education, Inc. Figure 18.9



Semilunar cusps

Pulmonary artery

Pulmonary semilunar valve

Aortic semilunar valve

Opening of coronary
artery

Right ventricle

Tricuspid valve
Mitral valve

The valves of the heart viewed from above. The atria are removed
to show the mitral and tricuspid valves.

Aortic valve — between left ventricle and aorta
Pulmonary valve— between right ventricle and pulmonary trunk



Commissure of semilunar valve cusps
Opening of left coronary artery

Nodule of semilunar cusp
(Boay of Arantius)

Ascending aorta

Aortic sinuses (of Valsalva)

Opening of
right coronary artery

Lunula

Left

Interventricular semilunar cusp
Membranous part 1

/A L
septum Atrioventricular ¢ '

part

Posterior Aortic
semilunar cusp valve

Right
semilunar cusp
Muscular part of
interventricular septum Anterior papillary muscle
Anterior cusp

of mitral valve

Aortic Left coronary
sinus artery

Right coronary

During the diastole the blood fills
artery

the space between the cusps and
the pulmonary trunk's wall (i.e. fills
the lunules), the nodules get close
to each other and contribute to
more complete closure of the cusps.

Right
cusp



Function of the When semilunars close, you hear 2" heart
Semilunar Valves sound, with aortic slightly before pulmonary

Koria a Systole |
Pulmonary— Aortic.
trunk perspective

e

As ventricles contract
and intraventricular
pressure rises, blood
is pushed up against
semilunar valves,
forcing them open.

Y
W

As ventricles relax
and intraventricular
pressure falls, blood
flows back from
arteries, filling the
cusps of semilunar
valves and forcing
them to close.

(b) Semilunar valves closed



Cusp prosthetics

Medronic-Hall
tilting disk valve

Camentier-Edwards Hono;adt
valve valve

Restraining coge,

Occluder bail

Sutwre ring

Hufnagel polymetind
methacrylate
aortic ball valve




Coronary arteries

Superior Aorta
vena cava
Pulmonary Left coronary artery:
trunk _ :
Anastomosis Left Anterlor .
(junction of coronary interventricular
Left atrium | - Circumflex artery
Right Right coronary artery:
g?tgmary Circumflex | - Posterior
v artery interventricular
artery
Right Right - Marginal artery
atrium ventricle
Left
artery _ .
Posterior Anterior
interventricular interventricular
(a) artery artery

© BENJAMIN/CUMMINGS

Widow-maker artery




Widowmaker Heart Attack
Myocardial infarction

et o Anterior interventricular artery =
Left Anterior Descending artery (LAD artery)
“ = Widow maker artery

Plaque\

Blood clot P |

\\/

LAD artery \'l

How serious is a widowmaker
heart attack?

* A widowmaker heart attack is
immediately life-threatening.
This is because the LAD
provides about 50% of your
heart muscle’s blood supply.

Dying heart muscle Clinic.



The heart receives blood supply during diastole! @ Systole

Coronary Ostium

Semilunar
P T ] Valve Cusps
Right
Coronary
Artery

The way coronary arteries pass
between cardiomyocytes

Aorta




Anastomosis
(junction of
vessels)

Aorta
Left coronary

artery (behind
pulmonary trunk)

Superior
vena cava

Superior
vena cava
Left atrium

Right coronary
artery

Circumflex G di
artery reat cardiac

Right atrium

Left

Right ventricle ventricle

Anterior

Marginal artery interventricular

artery
Posterior Small cardi :
interventricular e v(e:iir e Coronary carkgliigl\e/ein
artery sinus
Venous drainage of the heart:
. . Opening of ri
 The great cardiac vein venacava o
e The middle cardiac vein
. . Fossa ovalis
e The small cardiac vein in interatrial septum
. . . RIGHT ATRIUM
* The posterior vein of the left ventricle Opening of coronary sinus
1 H 1 ing of inferi
* The oblique vein of the left atrium Opiening of fariox
e The smallest cardiac veins and anterior TRICUSPID VALVE
cardiac veins
Inferior vena cava




Narrowed
coronary

) >
Opened
artery



Coronary artery bypass grafting (CABG)

Left Internal
Mammiy Artery
Aorta
Vein
Right coronary artery Lelt circumilex coronsry
- 807% occlusion - anery- 75% occlusion
4 Synase fea Circumflex Coronary
Artery
Diagonal Branch of LAD
Left Anterior Descending
Right Coronary (LAD) Coronary Artery
Artery
Left antertor descend|
artery- No occlu (LAD) artery- 80% occlu




Conducting system of the heart

Atrioventricular node
(AV node)

Left atrium

Superior
vena cava

PR L
........

Sinoatrial node
(SA node)

Pulmonary
veins

His bundle

Left ventricle
Right atrium

Bundle

Right ventricle branches

Inferior
vena cava

Purkinje
fibers



Artificial pacemaker (pulse generator)

‘ ﬂ\
Pulse generator \
(battery inside) \ ‘
Leads i —
Left ventricle ____ y

lead

Right atrial
‘ lead

Right ventricle
lead




Development of the heart

-

The heart begins to develop at 3 weeks of
fetal development under the pharynx



Development of the heart

Hindgut

Endoderm
Amniotic cavity

Connecting
stalk

= & \ S
U\ Aol pericardial
‘ cavity

Ectoderm

Angiogenic
cell cluster

Buccopharyngeal
membrane : Cloacal
membran
A embrane B

3rd week

Vitelline duct

Allantois

Cloacal membrane

Buccopharyngeal Cloacal
membrane membrane

- from splanchnic mesoderm within the cardiogenic area of the cranial

end of the embryo

- the cardiogenic cells condense to form a pair of primordial heart tubes




Development of the heart

1 - epimyocardial plates (epicard and myocard)
2 — endocardial bulbs

3 — endocardial tubes

4 — tubular heart



Head

mesenchyme \

Somatopleure

Splanchnopleurey

: Surface ectoderm
Forming \
neural tube

\ Lateral plate

* mesoderm

Endoderm

(ddi‘ogenic Hotochord

ELE

End;j(drdial
tube primordia

Myocardium

Neural Tube

Foregut

Endocardial tube

N\

Endo(‘.a!dnum

Copyright © LifeMap Sciences, Inc. - Discovery.lifemapsc.com




These structures can be distinguished in
the tube heart

 Arterial cone
* Single Ventricle

* Single atrium

* VVenous sinus

Arterial end of heart

\ £d

-l— Bulbus cordis

e

Ventricle

A
L > ~ —“
. O 20 N
<A
¥ S
|
\

Venous end of heart Atrium Sinus venosus
Endothelial (endocardial) tubes Primitive heart tube




Development of the heart

* Venous sinus and atria moves up and back
* Ventricle goes front and to the left
* Arterial cone moves front and down

Truncus 9 Superior —— A\ M Aorta
arteriosus ' Yy venacava | |
Bulbus cordis — l , | ‘/’T_ Pulmonary trunk
——3 —_— 4 L -T Atrium
Ventricle
o @ = Atrium
¢ i = Sinus Ventricle
//\_ Venosus

Inferior . -
Heart tube bends vena cava HAme



Development of the heart

Blood flow

Cardiogenic Endocardial Fusion into

area tubes primitive
heart tube

Primitive 20 days ’ 21 days

blood

vessels

A Truncus

; arteriosus —_) Right
2 T Bulbus \( \ atrium
L ‘ \ cordis
© S\ Ventricle \ RIS
@] : Atrium
. () Atrium _
Tail — . Sinus
18 days o venosus YolosUs

23 days 24 days

Truncus
arteriosus

——— Bulbus
cordis

Primitive ventricle

=— Primitive
atrium

Aortic arch
arteries

Truncus
arteriosus

Left atrium

Ventricle

35 days

The heart tube undergoes dextral looping (bends to the right) and rotation.
The upper truncus arteriosus (ventricular) end of the tube grows more rapidly and folds

downward and ventrally and to the right.

The atria and sinus venosus lower part of the tube fold upward and dorsally and to the

left.

The 4t week — first contraction of the myocardium!




Development of the heart

Arterial end of heart

Venous end of heart
Endothelial (endocardial) tubes

Cells of the endocardial tube

Visceral mesoderm
surrounding the primitive
heart tube

| 1

Coronary artery with
branch into myocardium

Pericardium
(sac around heart)

Heart muscie
(ventricular wall) \\\

Endocardium
(inner lining)

Myocardium
(heart muscle)

Epicardium
| (outer surface)
® Mayo Foundation for Medical Education and Research. All ights reserved.

Endocardium

Myocardium




Development of the pericardium

SUprlOf Bronchus  gsophagus |
vena cava otiing

% Parietal
~ pleura
Lung —-
Visceral | Pleural
pleura cavity
Fibrous . —
pericardium ~ Phrenic
Pericardial — nerve
cavity
- B=———=— Epicardium (visceral
P_anelal Visceral g B oD pericardum)
pericardium pencardium Ty

Right atrium Right ventricle Anterior mediastinum Parietal pericardium
LN Baody cavees Ploosd aad pencandial

(c) Diagrammatic horizontal section, superior view

Intraembryonic body cavity (coelom) = Pericardial cavity

Somatic mesoderm ———) Parietal pericardium

Splanchnic mesoderm

= Visceral pericardium (epicardium)




Atrioventricular partition —
formation of the AV valves (5t week)

Primordial atrium
Ventral
Endocardial
cushions
Dorsal }
Primordial right ventricle

A Primordial ventricle B

Truncus anteriosus
Sinoatrial valve

Sinus venosus

Primordial atrium

Atrioventricular canal

Bulbus cordis

Superior Endocardial Cushion

Common AV canal
? Left AV canal
D

Inferior Endocardial Cushion Right AV canal



Partition of the heart -
formation of the left (arterial) and right
(venous) parts

N

. Deve
. Deve

. Deve

O

oment of atrial septum
oment of ventricular septum

oment of arterial truncus septum



Partition of the left and right atrium

Ostium
secundum

Septum primum

Septum primum

Ostium
primum

Atrium
dexter

Foramen ovale

D E F

Septum
primum

Ostium
primum

Septum
primum et

ostium

primum

Atrium
sinister



Foramen ovale

Degenerated part of
the primary septum

Oval foramen is
closed by its valve

Left atrium

Oval foramen is

Right
opened

atrium

Riah Left
tr"gl t ventricle
ventricle Valve of the

© MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED. ova' fora men



» S Leftatrium Remna nt Of
A B oval foramen —
\ 'Y fossa ovalis

Left

Right ;
vantids ventricle

© MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RI L
Opening of superior
vena cava

Fossa ovalis
in interatrial septum

RIG M
Opening of coronary sinus

Opening of inferior
vena cava

TRICUSPID VALVE

Inferior vena cava



Partition of the left and right ventricles

Septum
secundum -

% Valve of
A oval foramen

Septum
secundum _

Foramen
Septum ovale
primum -

Membranous

T = portion of the
fn erventricular interventricular
oramen septum

- Muscular
portion of the
interventricular
G system

Endocardial
cushion

D



Partition of truncus arteriosus

Longitudinal partition — partition of aorta and pulmonary arteries
Transverse partition — formation of semilunar valves



Prenatal circulation

Aorta

Pulmonary trunk Ductus arteriosus

Superior vena cava Left pulmonary artery

Right pulmonary artery Left pulmonary vein

é‘ BN /{,.§
7% \ A \'\\\~
4 0 —Q\{?

\‘ Inferior vena cava
' \\“ Aorta

Right pulmonary vein

Foramen ovale

Hepatic vein

Ductus venosus /

e o ' o
> "
) > J -
~ ¢ . o
2 AN R
g & S
: I N LS
. A

Liver Celiac trunk
chgglh\fein Superior mesenteric artery

Umbilical vein

Aedial umbilical ligaments
sccluded part of umbilical arteries)

Small circle of blood
circulation doesn’t function

Fossa ovalis
(obliterated
foramen ovale)

Ligamentum venosum
(obliterated ductus venosus)

Ligamentum teres
(round ligament) of liver
(obliterated umbilical vein)

Postnatal circulation

Ligamentum

arteriosum
(obliterated
ductus
arteriosus)

The foetus is supplied with oxygen and nutrients from the mother’s
blood through the placenta



Circulatory changes at birth

Antenatal circulation Postnatal circulation

) Elsewvier. Lissauer & Clayden: Diustrated Textbook of Paadiatngs 3 - www.studentconsult.com



Congenital Abnormalities
of Heart and Great Vessels



Patent foramen ovale (PFO)




Ventricular septum defect (VSD)

VSD Closure device




Patent ductus arteriosus

Art. Pulmonalis | |
(longslagader) Q Aorta

. Open
. Ductus
_Arteriosus

The aorta and pulmonary The open ends
trunk are separated are closed




Ductus arteriosus

Deflated lung
(before birth)

Foramen
ovale RIGHT e
= ATRIUM
( Ductus
arteriosus /  fatin coronary

Inferior Sulus

vena - RIGHT VENTRICLE _

cava | Ao rta'*"] e i

Ductus arteriosus | =) | Ligamentum arteriosum




The transposition of the vessels

Vessel connecting

\ R . , aorta and pulmonary
Transposed AO and PA \ _artery (PDA)

Opening
between atria
(atrial septal

Left coronar
defect - ASD) >

artery

Right coronary
artery



Fallot’s Tetralogy

Tetralogy of Fallot

Four abnormalities that results
in insufficiently oxygenated
blood pumped to the body

1. Narrowing of the
pulmonary valve, s

3. Displacment of aorta
over ventricular

septal defect

4. Ventricular septal
defect- opening
between the left
and right ventricles

2. Thickening of wall
of nght ventricle

#ADAM.



