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Highlights

U The cardiovascular system is the first major system to function
in the embryo.

1 The primordial heart and vascular system start to develop in the
middle of the third week of development.
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] The heart begins to beat about day 22 or 23. The adult fom the
heart is obtained by the 8™ week.
Why dose the cardiovascular system get to development early ?
 This early development is necess%because the rapidly growing
embryo can no longer satisfy its nutritional and oxygen
requirements by diffusion alone.




Development of the Heart

d Mesodermal cells derived from the primitive streak form a
crescent-shaped region in the splanchnic layer of the lateral
mesoderm. This 1s called the primary heart field.

) Later in the third week, cells from the pharyngeal mesoderm and
some cells from the neural crest will form the secondary heart

field just medial to the primary.
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Fig.1: Cross-section through
embryo showing site of heart
formation.
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(J Which part of the heart these cells will form is already determined at
this early stage. In the embryo, this is controlled by retinoic acid.
The right-left sidedness (laterality) is controlled by a complex
pathway that involves serotonin.
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Fig.2: Heart fields and the parts of the heart they form.
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The Heart Tube

1 By vasculogenesis, the heart field will be converted into two
endothelial-lined tubes 1n the splanchnic layer of the lateral
mesoderm, one on each side. These heart tubes will form the
endocardium of the heart.

1 Nearby mesodermal cells will form the primordial myocardium
around the endothelial heart tubes. This myocardium will release a
gelatinous-matrix connective tissue, the cardiac jelly, that separates it
from the endothelial tube.

1 Mesothelial cells covering the inflow and outflow tracts of the tubes
move over the heart tubes to form the epicardium.

O Thus the heart wall i1s formed of three layers: endocardium,

-I myocardium, and epicardium all derived from mesoderm. I
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( The heart tube is initially located cranial to the neural tube and the
oropharyngeal membrane. As the brain grows and the embryo folds,
the heart tube will assume its position ventral to the foregut, caudal
to the oropharyngeal membrane (Fig.3).

] Lateral folding of the embryo will bring the two heart tubes together
ultimately resulting in their fusion (except the cranial ends). Thus a
single heart tube 1s formed (Fig.4).

( The heart tube bulges more and more into the nearby intraembryonic
cavity, the pericardial cavity. However, it remains attached
posteriorly by a dorsal mesocardium (Figs.4d and 5a). Later on, this
mesocardium disappears forming the transverse pericardial sinus
(F1g.5). Thus the heart tube becomes suspended in the pericardial
cavity by the vessels at its cranial and caudal ends.
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Fig.3: Longitudinal sections through
the cranial part of the embryo during
the fourth week, showing the effect of
the head fold (arrows) on the position
of the heart and other structures.
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Fig.4: A, dorsal view of embryo showing level of the sections. B-D, cross-sections through
the embryo showing the effect of lateral folding on the development of heart tubes.
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Fig.5: A and B, cranial part of the embryo
showing the dorsal mesocardium and the
transverse pericardial sinus. C, cross
section through the embryo; note how the
two halves of the pericardial cavity
communicate through the transverse sinus.




 The straight heart tube will elongate and develop a series of
dilation and constrictions (Fig.6).

 These dilations are (cranial ->
caudal): Between the dilation we have constrictions
1. Bulbus cordis (3 parts)
a. Truncus arteriosus
b. Conus cordus

_ Bulbus
cordis

@ Bulboventricular _~
sulcus
Ventricle

c. Part of right ventricle (D) Aioventricular __— |
i junction Atrium
2. Ventricle Sinus venosus
Atrium
4. Sinus venosus Themost caudal ig.6: i
. Fig.6: The heart tube and its parts.

 The truncus arteriosus is attached to the aortic sac which gives rise
to the pharyngeal arteries. The sinus venosus receives the common
cardinal, vitelline, and umbilical veins.




Table 1: Derivatives of the various parts of the heart tube.

Dilation Derivative

&y || A Trabeculated part of the right atrium
) (RA) and left atrium (LA)




Development Of the heart champgm
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-Rough part of left atoum (It. Auncle)
Common ventricle -Rough part of nght ventricle
-Rough part of left ventncle
Bulbus cordis -Smooth part of right ventricle (infundibulum)
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Looping of the Heart Tube
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 The cranial (arterial) end of the heart is fixed to the pharyngeal 11 arteries 1 arches o) Jsia; head and neck J
arches and the caudal (venous) end is fixed to the septum  heanttube oe gsbl] Sall e el

. . caudal end receives veins these veins pass through J!

transversum. The bulbus and the ventricle grow more rapidly the diaphragm
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than the other parts of the tube. Because of these reasons, the A f

tube will bend on itself forming the U-shaped bulboventricular
loop (Figs.7 and 8).
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Fig.7: The bulboventricular loop.
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O With further growth, the cranial part of the tube moves
ventrocaudally and to the right; whereas the caudal part moves
dorsocrainally (F1g.9). sy iall oliudl 5alls tradly Jinds ol sois sl 5ol s

 The atrium is initially outside the pericardial cavity. With looping, it
becomes inside. The sinus venosus develops two extensions, the
sinus horns.
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Fig.8: The looping of the heart tube.




When the heart was a simple straight tube it’s started to beat

 Looping of the heart starts on day 23 and ends by day 28.

] Between the bulbus and the ventricle, there’s a groove on the
outside called the bulboventricular sulcus corresponding to a
narrow primary interventricular foramen. The ventricular and
atrial dilations are connected to each other by the narrow
atrioventricular (AV) canal.

O After looping of the tube, trabeculae start to appear around the
bublboventricular sulcus. The trabeculated ventricular dilation is
now called the primitive left ventricle. Similarly, the trabeculated
proximal third of the bulbus i1s now called the primitive right
ventricle (Fig.9).
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Fig.9: Above, the heart after
became posterior. Right, the same | right ventricle Sans
as above but sectioned to show
the trabeculae in the ventricles.
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In dextrocardia, the heart is
positioned on the right side of the
chest instead of its normal position
on the left side. Dextrocardia on its
own does not usually cause
problems, but it tends to occur with
other conditions that can have
serious effects on the heart

Situs inversus is a rare genetic
condition in which the organs
in your chest and abdomen are
positioned in a mirror image of
normal human anatomy



Partitioning of the Atrioventricular Canal

 During the fourth week, atrioventricular endocardial cushions

appear on the dorsal and ventral walls of the atrioventricular
canal (Fi1g.10)

 These cushions meet and fuse with each other forming the
septum intermedium dividing the atrioventricular canal into
right and left halves.

 These cushions are made of extracellular matrix released by the
myocardium (cardiac jelly) and neural crest and mesenchymal
cells.
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Fig.10: A-C, sagittal sections through the heart showing the partitioning of the
atrioventricular canal. D, Coronal section through the heart showing the two atrioventricular
orifices. The animated diagram to the right shows this process.
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Formation of the Interatrial Septum

( The primordial atrium is divided into right and left atria by the
formation, and subsequent modification and fusion, of two septa:
the septum primum and septum secundum (Figs.11 and 12).

1 The thin, crescent-shaped septum primum grows toward the fusing
AV endocardial cushions from the roof of the primordial atrium.

1 As the septum primum grows, a large opening, the ostium
primum, 1s located between its free edge and the endocardial
cushions. This foramen shunts oxygenated blood from the right to
the left atrtum. The foramen becomes progressively smaller and
disappears as the septum primum fuses with the fused AV
endocardial cushions.




] Before the ostium primum disappears, perforations appear in the
central part of the septum primum. As the septum fuses with the
endocardial cushions, these perforations fuse to form another
opening in the septum primum, the ostium secundum, which
ensures continued shunting of oxygenated blood from the right to
the left atrium.

U The thick septum secundum grows from the the right atrium,
immediately adjacent to the septum primum. As this septum grows,
it gradually overlaps the ostium secundum in the septum primum.
The septum secundum forms an incomplete partition between the
atria leaving a foramen called the foramen ovale.

 The cranial part of the septum primum gradually disappears. The
remaining part of this septum, attached to the fused endocardial
cushions, acts as a valve for the foramen ovale.




Fig.11: stages of interatrial septum formation.
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1 Before birth, the foramen ovale shunts
oxygenated blood from the right to the
left atrium. The valve of the foramen
(septum  primum) prevents the
returning of blood in the opposite
direction.

U After birth, the pressure in the left
atrium becomes higher pressing the
septum primum against the septum
secundum leading to their subsequent
fusion and closure of the foramen
ovale. The site of the foramen ovale 1s
indicated in the heart by a depression
called the fossa ovalis.

Fig.12: Animation showing
interatrial septum formation.




Changes in the Sinus Venosus and Right Atrium

The most caudal

 The si@ venosus has two extension, the right and left sinus
horns. On each side, they receive venous blood through the:

1. Common cardinal vein Koo, 'SOTimon cardinal vein
. cardinal vein Dorsal aorta
(formed by union of
anterior and  posterior

Chorionic

Aortic arches _« )
villus

(Il and 111)
Internal

cardinal veins) from the &iey.
body of the embryo. (&~
2. Vitelline vein from the | NN chorion
umbilical vesicle. e
3. Umbilical vein from the i Vitelline
artery
placenta.  its oygenated bioos Fig.13: Veins draining into the heart

of a 4-week old embryo.




d At first, communication between the sinus and the atrium is
wide. Soon, however, this entrance shifts to the right. This 1s
caused by left-to-right shift which occur in the venous system
during development.

(d As a result of this shift, the left sinus horn and its tributaries
will lose their importance. Eventually, all that remains of the left
sinus horn 1s the oblique vein of the left atrium and the
coronary sinus (Fig.14).

U The right sinus horn, on the other hand, will enlarge and
becomes incorporated into the right atrium forming its smooth-
walled part, the sinus venarum, which 1s separated from the
trabeculated part by a ridge called the crista terminalis.
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Fig.14: Dorsal view of various stages in the development of the sinus venosus. ACV,
anterior cardinal vein; PCV, posterior cardinal vein; CCV, common cardinal vein; VIT V,

vitelline vein; UV, umbilical vein.
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 The opening of the right sinus horn into the atria, the sinuatrial
orifice, is guarded by the right and left venous valves.
Dorsocranially, the valves fuse forming a ridge known as the
septum spurium (Fig.15a).

[ 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.

 The superior portion of the right venous valve disappears
entirely. The inferior portion develops into two parts: (Vthe valve
of the inferior vena cava and “the valve of the coronary sinus
(F1g.15b).




Changes in the Left Atrium

A single pulmonary vein arises from the dorsal wall of the atrium
just to the left of the septum primum. As the atrium expands, the
primordial pulmonary vein and its main branches are incorporated
into the wall of the left atrium. As a result, four pulmonary veins
and the smooth part of the left atrial wall are formed (Fig.16).
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Fig.15: Coronal sections through the heart showing the development of
the smooth-walled portions of the right and left atria.
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It is vertical slit like opening.

Its right and left edges are called (sino-atrial valves).

They fuse superiorly forming (septum spurium).

Upper part of the right valve = crista terminalis.

Lower part of right valve = valve of both IVC and coronary sinus.
Left valve = part of inter-atrial septum.



Pericardial Sinuses
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Fig.16: Formation of the pericardial sinuses.
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