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SOURCES OF HEART DEVELPMENT

1.      Pericardial sac:
It forms from the cranial part of intraembryonic celom

Its visceral layer will form the epicardium

2.      Endocardial heart tube:
The angiogenetic cell forms clusters that develop at the area of cardiogenic

plates to form 2 tubes that will fuse in a cranio caudal direction except the

two ends

This will form the endocardium
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3.  Myoepicardial mantle:
It will form between the heart tube and pericardial sac forming a coat around the

heart tube

This will form the myocardium

Notes:

1. CVS is the first system to develop 

It starts to beat at the middle of the third week

2. All these sources are mesodermal in origin
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BEFORE FOLDING:

• The buccopharyngeal membrane ( the future mouth) was situated caudally

• The septum transvesum (the future diaphragm) was situated cranially

• The cardiogenic area was in between.

AFTER FOLDING:

• The buccopharyngeal membrane becomes cranial

• The septum transversum becomes caudal

• The cardiogenic area is in between but the pericardial sac becomes ventral to the heart

tube

• So, invagination occurs from the dorsal aspect of pericadium
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FOUR CHANGES OF THE HEART TUBE

1. INVAGINATION OF THE TUBE INTO PERICARDIAL SAC
The pericardial sac has two layers:

• The visceral layer: it lines the heart and it will form the epicardium

• The parietal layer: it lines the fibrous pericardium 

A region of the dorsal mesoderm is absorbed ,so the transverse sinus is formed

between the arterial and venous parts of the tube after bending
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2. APPEARANCE OF FIVE CHAMBERS

They are arranged in craniocaudal direction as :

1. The truncus arteriosus ( the arterial side)

2. The bulbus cordis

3. The primitive ventricle

4. The primitive atrium

5. The sinus venosus end(the venous side)

The blood enters from the venous end to the arterial end
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❑ The bulbus cordis and the ventricle are the first to appear

❑ Then  a constriction appears between the atrium and ventricle which will form

atrioventricular canal.

❑ The venous end has 2 horns 

❑ Each horn receives 3 veins:

1. Vitteline vein from the yolk sac

2. Umbilical vein from umbilical cord

3. Cardinal vein from the body wall
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The arterial end forms the aortic sac which has 2 horns

Note: 

Sinus venosus is the last to form
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3. ELONGATION AND BENDING

▪ This bending is to the left

▪ Bending occurs because of elongation while the two ends are fixed

▪ Elongation occurs in different rates

▪ Bulboventricular loop takes U shape

▪ The bulbus is now to the right of the ventricle
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• The atrium and sinus venosus are drawn inside

• The atrium becomes posterior to the bulboventricular structure ,so the tube takes

S shape

• The atrium expands to form right and left atrium
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4. CAUDAL MIGRATION

The heart and pericardium migrates caudally from the cranial region (third to fourth)

somite to the region of (17th to20 th)  somites
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• In the middle of the fourth week, the sinus venosus receives venous

blood from the right and left sinus horns . 

• Each horn receives blood from three important veins:

(1) the vitelline or the omphalomesenteric vein,

(2) the umbilical vein,

(3) the common cardinal vein
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• At first, communication between the sinus and the atrium is wide.

Soon, however, the entrance of the sinus shifts to the right

• This shift is caused primarily by left-to-right shunts of blood, which

occur in the venous system during the fourth and fifth weeks of

development
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• With obliteration of the left umbilical vein and the left vitelline

vein during the fifth week, the left sinus horn rapidly loses its

importance. 

• When the left common cardinal vein is obliterated at 10 weeks,

all that remains of the left sinus horn is the oblique vein of the left

atrium and the coronary sinus  



• As a result of left-to-right shunts of blood, the right sinus horn and

veins enlarge greatly. 

• The right horn, which now forms the only communication between

the original sinus venosus and the atrium, is incorporated into the

right atrium to form the smooth-walled part of the right atrium
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• Its entrance, the sinuatrial orifice, is flanked on each side by a

valvular fold, the right and left venous valves .

• Dorsocranially, the valves fuse, forming a ridge known as the 
septum spurium .

• Initially the valves are large, but when the right sinus horn is

incorporated into the wall of the atrium, the left venous valve and

the septum spurium fuse with the developing atrial septum. 

-I

&eptum secundum

inter-atrial septum



• The superior portion of the right venous valve forms the crista
terminalis. 

• The inferior portion develops into two parts:
(1) the valve of the inferior vena cava 
(2) the valve of the coronary sinus . 

• The crista terminalis forms the dividing line between the original
trabeculated part of the right atrium and the smooth-walled part
(sinus venarum), which originates from the right sinus horn. 
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SEPTUM FORMATION IN THE ATRIOVENTRICULAR CANAL

▪ At the end of the fourth week, two mesenchymal cushions,

the atrioventricular endocardial cushions, appear at the

anterior and posterior borders of the atrioventricular canal 
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• In addition to the anterior and posterior endocardial cushions, the two 
lateral atrioventricular cushions appear on the right and left borders of the 
canal . 

• The anterior and posterior cushions, in the meantime, project further into 
the lumen and fuse, resulting in a complete division of the canal into right 
and left atrioventricular orifices by the end of the fifth week

• Because of their key location, abnormalities in endocardial cushion 
formation may cause cardiac malformations, including atrial and ventricular 
septal defects (VSDs) .



SEPTUM FORMATION IN THE COMMON ATRIUM

• At the end of the fourth week, a sickle-shaped crest grows from the   

roof of the common atrium into the lumen.

• This crest is the first portion of the septum primum 

• The two limbs of this septum extend toward the endocardial

cushions in the atrioventricular canal.

• The opening between the lower rim of the septum primum and the    

endocardial cushions is the ostium primum
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• With further development, extensions of the superior and inferior
endocardial cushions grow along the edge of the septum primum,
closing the ostium primum.

• Before closure is complete, however, cell death produces perforations
in the upper portion of the septum primum.

• Coalescence of these perforations forms the ostium secundum, ensuring
free blood flow from the right to the left primitive atrium.



• When the lumen of the right atrium expands as a result of
incorporation of the sinus horn, a new crescent-shaped fold
appears. 

• This new fold, the septum secundum , never forms a complete
partition in the atrial cavity . 

• Its anterior limb extends downward to the septum in the
atrioventricular canal.
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• When the left venous valve and the septum spurium fuse
with the right side of the septum secundum, the free
concave edge of the septum secundum begins to overlap
the ostium secundum o
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• The opening left by the septum secundum is called the oval

foramen (foramen ovale).

• When the upper part of the septum primum gradually

disappears, the remaining part becomes the valve of the oval foramen. 

• The passage between the two atrial cavities consists of an obliquely

elongated cleft  through which blood from the right atrium flows to the

left side .
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• After birth, when lung circulation begins and pressure in the left atrium

increases, the valve of the oval foramen is pressed against the septum

secundum, obliterating the foramen and separating the right and left atria.

• In about 20% of cases, fusion of the septum primum and septum secundum is

incomplete, and a narrow oblique cleft remains between  the two atria. 

• This condition is called probe patency of the oval foramen; it does not

allow intracardiac shunting of blood 

=55

↓

stayningest
·

:



FURTHER DIFFERENTIATION OF THE ATRIA

• While the primitive right atrium enlarges by incorporation of the

right sinus horn, the primitive left atrium is likewise expanding.

• Initially, a single embryonic pulmonary vein develops as an

outgrowth of the posterior left atrial wall, just to the left of the

septum primum . 



• This vein gains connection with veins of the developing lung buds. 

• During further development, the pulmonary vein and its branches are
incorporated into the left atrium, forming the large smooth-walled part of
the adult atrium.

• Although initially one vein enters the left atrium, ultimately, four
pulmonary veins enter as the branches are incorporated into the expanding 
atrial wall.
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• In the fully developed heart, the original embryonic left atrium

becomes the trabeculated atrial appendage, while the smooth 

walled part originates from the pulmonary veins .

• On the right side, the original embryonic right atrium becomes the

trabeculated right atrial appendage containing the pectinate

muscles, and the smooth-walled sinus venarum originates from the

right horn of the sinus venosus
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SEPTUM FORMATION IN THE ATRIOVENTRICULAR CANAL

▪ At the end of the fourth week, two mesenchymal cushions, the atrioventricular

endocardial cushions, appear at the anterior and posterior borders of the

atrioventricular canal.

▪ Initially, the atrioventricular canal gives access only to the primitive left ventricle

and is separated from the bulbus cordis by the bulbo ventricular flange 

2 endocardial Cushion
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• Since the atrioventricular canal enlarges to the right, blood passing through the

atrioventricular orifice now has direct access to the primitive left as well as the

primitive right ventricle



• In addition to the anterior and posterior endocardial cushions, the two lateral

atrioventricular cushions appear on the right and left borders of the canal. 

• The anterior and posterior cushions, in the meantime, project further into the lumen

and fuse, resulting in a complete division of the canal into right and left

atrioventricular orifices by the end of the fifth week    
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ATRIOVENTRICULAR VALVES   

• After the atrioventricular endocardial cushions fuse, each atrioventricular orifice is

Surrounded by local proliferations of mesenchymal tissue .

• When the blood stream hollows out and thins tissue on the ventricular surface of

these proliferations, valves form and remain attached to the ventricular wall by

muscular cords
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• Finally, muscular tissue in the cords degenerates and is replaced by dense connective tissue.

• The valves then consist of connective tissue covered by endocardium. 

• They are  connected to thick trabeculae in the wall of the ventricle, the papillary

muscles, by means of chordae tendineae 

• In this manner, two valve leaflets, constituting the  mitral valve, form in the left

atrioventricular canal, and three, constituting the tricuspid valve, form on the right 



BUIBUS CORDIS
It has 2 parts:

1. The lower part: is incorporated with the primitive ventricle forming the rough part

with its trabiculations

2. The upper part has a proximal and distal parts

-The proximal part forms the vestibule of lt ventricle and infundibulum of Rt

ventricle which are separated by the proximal bulbar septum

- The distal part forms the pulmonary and aortic orifices
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VENTRICLES
• The rough inflowing part of each ventricle is formed be the primitive ventricle and

lower half of bulbus cordis. 

• The smooth outflowing of each ventricle is formed by the proximal part of upper

half of the bulbus cordis.

• The interventricular septum has a muscular and membranous parts

Muscular part : is formed by active cellular proliferation and by dilatation and

fusion of the ventricular wall

Membranous part : from endocardial cushion and the bulbar septum
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SEPTUM FORMATION IN THE TRUNCUS ARTERIOSUS AND 
CONUS CORDIS

▪ During the fifth week, pairs of opposing ridges appear in the truncus.

▪ These ridges, the truncus swellings, or cushions, lie on the right superior wall (right

superior truncus swelling) and on the left inferior wall (left inferior truncus swelling) 

▪ The right superior truncus swelling grows distally and to the left, and the left inferior

truncus swelling grows distally and to the right.
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• Hence, while growing toward the aortic sac, the swellings twist around each other,

foreshadowing the spiral course of the future septum. 

• After complete fusion, the ridges form the aorticopulmonary septum, dividing the

truncus into an aortic and a pulmonary channel. 

• When the truncus swellings appear, similar swellings (cushions) develop along the

right dorsal and left ventral walls of the conus cordis .
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• The conus swellings grow toward each other and distally to unite with the truncus

septum.

• When the two conus swellings have fused, the septum divides the conus into an

anterolateral portion (the outflow tract of the right ventricle)  and a posteromedial

portion (the outflow tract of the left ventricle)  
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SEMILUNAR VALVES
• 3 epithelial thickenings(tubercles) form at both the aortic and pulmonary orifices

• Gradually, the tubercles hollow out at their upper surface, forming the semilunar valves .

• After rotation of those vessels:

Aortic valve will have 1 anterior cusp and 2 posterior

The pulmonary valve will have 1 posterior and 2 anterior

>- value

Pulmonary, aorta

Artery

/



-

Endothelial Cells thickining
(1955)



Truncus arterious5 08 Bulbus Cordis

-

values /10016se rotation- aorta 95, pulmonary Trunkis spiral septum · E

52 5.
arteries [

orifice si)

artery's
4)5

Si artery

1
orifice

Co
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DEXTROCARDIA

• The apex of the heart is directed to the right

• This is due to reversal of bending of the heart tube

• If there is no other abnormality,it has no harm and is discovered accidentally

• It could be isolated ora part of situs inversus totalis in which all the organs have

reversed positions
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Ectopia Cordis

Protrusion of the heart through a gap in the chest wall due to incomplete sternal 
development.
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SEPTAL DEFECTS

Atrial septal defects:
1. Patent foramen ovale: it is usually benign

2. Endocardial cushion septal defect: situated at the lower part.

3. Sinus venosus defect: situated at the upper part of the septum 

the left venous valve of sinus venosus failed to close the ostium secondum

4. Single atrium : no septum is formed (trilocular heart)
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Ventricular Septal Defects

1.  Membranous VSD:  the defect in the endocardial cushion or in the proximal bulbar

septum.

2.  Muscular VSD: due to over cavitation and trabiculations that form an opening.

3.  Absence of the septum: this leads to a common ventricle (trilocular heart)
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TRUNCUS ARTERIOSUS DEFECTS

1. Failure of formation of the spiral septum:

Leads to persistent truncus arteriosus

2. The septum is not spiral:

Aorta will rise from right ventricle and the pulmonary artey will rise from the left

ventricle  (transposition of great arteries)

3. The spiral septum is deviated: leads to stenosis of either orifices like pulmonary

stenosis 
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Fallot tetralogy:

This is a group of abnormalities  that present together

1. Pulmonary stenosis: due to unequal truncus arteriosus division

2. Right ventricular hypertrophy

3. Overriding of aorta

4. Membranous VSD: due to bulbar septal fusion defect
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VESSELS IN THE EMBRYO ARE:
1.  Ventral Aortic Sac: 

- It is the dilated cranial part of truncus arteriosus

- It has 2 horns

2. RT and LT dorsal aortae:
Each dorsal aorta gives:

- lateral splancnic (visceral) arteries that supplies lateral organs

- 30 somatic intersegmental arteries that supply the body wall

- ventral splancnic(visceral) arteries that supplies ventral organs

RT and LT dorsal aortae unite caudally to form the single dorsal aorta

organs & bodywall
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3.  6 pairs of aortic arches
- These arches connect dorsal aortae to the horns of the ventral aortic sac

- Each arch runs in the corresponding pharyngeal arches that will form the face
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The following arteries disappear:

1. First, second and fifth arches except remnants of first and second arches

2. Distal part of Rt sixth aortic arch, but that on the left does not disappear

3. The parts of the dorsal aortae that connect third and fourth arches

4. The vessel connecting RT seventh intersegmental artery and right dorsal

aorta
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SO THE FATE WILL BE  

ARCH OF AORTA:  

- It if formed of 3 parts: 

• LT horn of aortic sac

• LT fourth aortic arch

• Dorsal aorta from the fourth arch to the seventh intersegmental artery

- Arch of aorta continues as the descending aorta



THE CAROTID SYSTEM

• LT common carotid is formed from third aortic arch

• LT internal carotid is formed  from the dorsal aorta

• LT external carotid arises as a sprout from common carotid

• RT common carotid is formed from third aortic arch

• RT internal carotid is formed from the distal aorta

• RT external carotid arises as a sprout from RT common carotid 



Note:

The right horn of aortic sac is the brachiocephalic artery

So, LT common carotid arises from arch of aorta directly but the RT common carotid arises

from brachiocephalic artery

SUBCLAVIAN ARTERIES:

Rt subclavian artery is formed of Rt fourth arch , part of dorsl aorta and Rt seventh

intersegmental artery

LT subclavian artery is the left seventh intercostal artery 



PULMONARY ARTERIES:

They are formed from the sixth aortic arches

Note:

The left sixth arch remains connected to arch of aorta (ductus arteriosus) , but the 
right one loses the connection

DESCENDING AORTA

Forms by union of the left dorsal aorta near the seventh intersegmental artery with 
the single dorsal aorta 



Notes:

1. remnants of first aortic arch give maxillary artery

2. remnants of second aortic arch gives hyoid artery

3. RT recurrent laryngeal nerve hooks below right subclavian artery, but left recurrent

laryngeal nerve hooks below ductus arteriosus 

ligamentum arteriosum

the arch of aorta

b
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THE INTERSEGMENTAL ARTERIES

AT CERVICAL REGION

The first six arteries form longitudinal anastomosis to form these arteries:

- Ascending cervical artery: from precostal anastomosis in front of transverse

processes of cervical vertebrae. 

- Deep cervical artery: from anastomosis behind transverse processes.

- Vertebral artery: it passes through the foramena of transverse processes

- Internal thoracic artery

Remember that the seventh segmental artery forms subclavian artery

⑳

1
anastomosis

cervical region
sound

left
right side

Side b
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AT THORACIC REGION:

They form intercostal arteries

AT LUMBAR REGION:

They form 5 lateral lumbar arteries

The fifth one is the common iliac artery

AT SACRAL REGION:

They form lateral sacral arteries

Note: 

The last part of the dorsal aorta becomes narrow and is called median sacral artery

-> descendinga ja

intercostal space

(Thoracics) (Posteriorintercola

(lateral)

(descending aorta -4)

Sacrum (21) rightTeft

sacral intersegmental artery
Lateral sacral -2

arties

middle line of 25.
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LATERAL SPLANCNIC ARTERIES:

They supply organs that were derived from intermediate mesoderm which are:

- the diaphragm

- kidneys

- suprarenal glands

- gonads



VENTRAL SPLANCNIC  ARTERIES

They form:

▪ Vitteline arteries which are:

1. Coeliac artery: supplies the foregut

2. Superior mesenteric artery: supplies the midgut 

3. Inferior mesenteric artery: supplies the hindgut

▪ Umbilical arteries: their proximal parts will form the internal iliac arteries

distanartprime an an
artery
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ANOMALIES OF THE ARTERIES

1. PATENT DUCTUS ARTERIOSUS:

It may occur alone or associated with coarctation of aorta

2. COARCTATION OF AORTA:

There is a narrow segment

It could be preductal or postductal

If it is preductal, the ductus remains patent
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3. RIGHT AORTIC ARCH:

It is due to disappearance of the left dorsal aorta from left seventh segmental

artery to the single dorsal aorta but that portion on the right side persisted

4. DOUBLE AORTIC ARCH:

The right portion from the seventh segmental artery to the singlr dorsal artery did 

not disappear.

It can lead to difficulty in swallowing and breathing

5. INTERRUPTED AORTIC ARCH:

Disappearance of both right and left fourth aortic arches

It is incompatable with life
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• Before birth, blood from the placenta 80% saturated with oxygen, returns to

the fetus by RT umbilical vein.

• In the liver, most of the blood flows through ductus venosus directly into the

inferior vena cava, 

• A smaller amount enters the liver sinusoids and mixes with blood from portal

circulation

• A sphincter mechanism in ductus venosus regulates flow of blood

2 arteries The source of highly oxygenated blood in fetus

umbilical tvein -> left umbilical dis is Left umbilical vein.
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• This sphincter closes when a uterine contraction renders the venous
return too high, preventing a sudden overloading of the heart. 

• After a short course in the inferior vena cava, where placental
blood mixes with deoxygenated blood returning from the lower
limbs, it enters the right atrium.

• Here, it is guided toward the oval foramen by the valve of the
inferior vena cava, and most of the blood passes directly into the

left atrium
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• A small amount is prevented from doing  so and remains in the
right atrium.

• Here it mixes with desaturated bood returning from the head and
arms by way of the superior vena cava.

• From the left atrium, where it mixes with a small amount of
desaturated blood returning from the lungs, blood enters the left
ventricle and ascending aorta. 
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• Since the coronary and carotid arteries are the first branches of

the ascending aorta, the heart musculature and the brain are

supplied with well-oxygenated blood.

• Desaturated blood from the superior vena cava flows by way of

the right ventricle into the pulmonary trunk.
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• During fetal life, resistance in the pulmonary vessels is high, such

that most of this blood passes directly through the ductus

arteriosus into the descending aorta where it mixes with blood

from the proximal aorta. 

• After coursing through the descending aorta, blood flows toward

the placenta by way of the two umbilical arteries.

• The oxygen saturation in the umbilical arteries is approximately 58%.
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During its course from the placenta to the organs of the fetus, blood in the umbilical vein

gradually loses its high oxygen content as it mixes with desaturated blood.

Theoretically, mixing may occur in the following places : 

1.  In the liver  by mixture with a small amount of blood returning from the portal  system;

2.  In the inferior vena cava , which carries deoxygenated blood returning from the lower

extremities, pelvis, and kidneys

3. In the right atrium by mixture with blood returning from the head and limbs.

4.  In the left atrium by mixture with blood returning from the lungs

5.  At the entrance of the ductus arteriosus into the descending aorta .
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CIRCULATORY CHANGES AT BIRTH

• Changes in the vascular system at birth are caused by cessation of

placental blood flow and the beginning of respiration.

• Since the ductus arteriosus closes by muscular contraction of its wall, the

amount of blood flowing through the lung vessels increases rapidly. 

• This, in turn, raises pressure in the left atrium.
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• Simultaneously, pressure in the right atrium decreases as a result

of interruption of placental blood flow.

• The septum primum is then apposed to the septum secundum, and

functionally, the oval foramen closes.
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To summarize, the following changes occur in the
vascular system after birth:

• Closure of the umbilical arteries, accomplished by
contraction of the smooth musculature in their walls.



• Functionally, the arteries close a few minutes after birth,
although the actual obliteration of the lumen by fibrous
proliferation may take 2 to 3 months.

• Distal parts of the umbilical arteries form the medial
umbilical ligaments, and the proximal portions remain
open as the superior vesical arteries 
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• Closure of the umbilical vein and ductus venosus occurs shortly after

that of the umbilical arteries.

• Hence, blood from the placenta enter the newborn for some time

after birth.
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• After obliteration, the umbilical vein forms the ligamentum teres

hepatis in the lower margin of the falciform ligament.

• The ductus venosus, which courses from the ligamentum teres to the

inferior vena cava, is also obliterated and forms the ligamentum venosum

-

-



• Closure of the ductus arteriosus by contraction of its muscular wall
occurs almost immediately after birth; it is mediated by
bradykinin, a substance released from the lungs during initial inflation.

• Complete anatomical obliteration by proliferation of the intima is
thought to take 1 to 3 months

• In the adult, the obliterated ductus arteriosus forms the ligamentum
arteriosum

ductus arterious15% + bradykinin lung issied

-



• Closure of the oval foramen is caused by an increased 

pressure in the left atrium, combined with a decrease in

pressure on the right side.

• The first breath presses the septum primum against the

septum secundum. 

During the first days of life, however, this closure is reversible. 
End



• Crying by the baby creates a shunt from right to left, which
accounts for cyanotic periods in the newborn.

• Constant apposition gradually leads to fusion of the two septa in
about 1 year.

• In 20% of individuals, however, perfect anatomical closure
may never be obtained (probe patent foramen ovale)
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