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CARDIAC EMBRYOLOGY 1 | D Sowsan
THE HEART TUBE | o o 4,
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SOURCES OF HEART DEVELPMENT | 6wconten
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Epicardium Pexi Cordium

3 layers  weple embryo

1. Pericardial sac: d
ecto derm

It forms from the cranial part of intraembryonic celom

Its visceral layer will form the epicardium / o
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* “*"The angiogenetic cell forms clusters that develop at the area of cardiogenic
heart tubes apl> ~ /S";-'

plates to form 2 tubes that will fuse in a cranio caudal direction except the
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3. Myoepicardial mantle: Culish pu2re oo

NamBi" YE W <>
It will form between the heart tube and pericardial sac forming a coat around the
CV\D‘GCanI'qM —_—
tube - —

heart tube _
mesedermal Cells ~- 320

This will form the(myocardium)—> & vikesd lager ¥

tubes  &ls  inbaembryonic Coelom

~—— Myoepicardial
| mantle

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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waoca(e‘ ;‘IIV“ ‘

2404



L 4

b G VRV
Q.C'l‘oJeXm Py e,yLo[oolel(w\

BEFORE FOLDING: / meSoderin 102 %>
g lgw
° The buccQOphqryngeq embrane ( the future mouth) was situated caudally

st
* The septum transvesum (the future diaphragm) was situated cranially

ka)wé,'/The cardiogenic area was in between.

= o TR Pesicoviof sac —>  dersal

pae AFTER FOLDING:
QDN z/*e)z/

* The buccophqp;ngeol membrane becomes cranial

\y/,\)\z
* The septum tfansversum becomes caudal

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

tube fericardium  ~2 _no 7) heort Lo J

* So, ina/qgi)na’rion occurs from the dorsal aspect of pericadium
hesr +



Sources of the heart development

e T
i Y M R d_ |
. . ” Oo-epicaraia
Pericardial sac Endocardial heart tube PRy
mantle
Niant® f, TR N
It is the transverse - Angiogeniccell clusters - This layer is situated
(cranial) part of the develop at the area of between heart tube
intraembryonic cardiogenic plate to form and pericardial sac.
coelom. right and left endocardial - After invagination of
heart tubes. the sac by the heart
- Both tubes fuse together tube, the mantle will
Blood flow forming a single tube. form a coat around
the heart tube.
Endocardial Fusion into
tubes primitive
heart tube
CVS is the first systemto develop. It startsat _ /
the middle of the 3" week when the heart =

S~

’ starts to beat. S
20 days 21 days



1st pharyngeal Future forebrain

Neural fold
N.B: - The 3 sources are

mesodermal.

- Endocardial tube will form
the endocardium.

- Myo-epicardial mantle
will form the myocardium.
- Visceral layer of the
pericardial sac will form the
epicardium. (T —armi]  Cardiac jelly

A Left viteline vein B Cavity of umbilieal vasicla




Let’s rememberresults of the head

folding: s > mls
-  Notice the arrangement of the -

° . Pericardial Connecting
septum transversum, pericardial Cardlopenic cavity Neural plate ek
cavity, and the oral membrane: area v, buctpe )

- Beforefolding: septum A ey
= E Amniotic Cloacal membrane
transversum is cranial, the oral cavity 4\

Foregut

membrane is caudal, and the
pericardial cavity lies between
them.

After the cranial fold: the oral mumm)
membrane becomes cranial, the
septum transversum becomes B1
caudal, and the pericardial cavity

lies between them (caudal to oral
membrane, and cranial to septum
transversum).

Al B

Heart

)

Perncardial
cavity

Heart tube

&:ccootwynooal Dorsal
mesocardium
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FOUR CHANGES OF THE HEART TUBE .. oo v

gy o £ les

1. INVAGINATION OF THE TUBE INTO PERICARDIAL SAC

The pericardial sac has two layers:
" o The visceral layer: it lines the heart and it will form the epicardium
| ° _The parietal layer: it lines the fibrous pericardium
A oV X
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



Heart tube

\O Mesocardium
A Heart tube B
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Pericardial
sac
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2. APPEARANCE OF FIVE CHAMBERS

They are arranged in craniocaudal direction as : \cg;ﬁj\l_b S ’

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



) The bulbus cordis and the ventricle are the first to appear

) Then %@Lch’:jn/\appears between the atrium and ventricle which will form
e\w\. ate @ dvr\

c:’rrloven’rrlcula r canal: <)

U

The venous end has 2 horns

o

Each horn receives 3 veins:
wS\Q

1. Vitteline vemolk sac
/—_—‘-‘

2. Umbilical vemilical cord
e——

3. Cardinal vein from the body wall

/N

Sugeris fetior
w iR
(OO Cgro\\'aA Jein

r



vitelline, umbilical and embryonic circulation. <-



The arterial end forms the aortic sac which has 2 horns
Note:

Sinus venosus is the last to form
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The 4 changes of the heart tube

1) invasion of the pericardial
sac:

It occurs from the dorsal
aspect of the pericardial sac.
Dorsal mesocardium is a
double layer fold attached
to the dorsum of the tube.
Dorsal mesocardium will be
absorbed forming the
transverse sinus of the
pericardium between the
arterial and venous ends of
the tube.

o S

endocardial tube

7

\\

rsal mesocardium

of dorsal mesocardium

—
)

venous end

serous ‘

pericardiu

pulmonary trunk

visceral
ayers of serous
pericardium g oo

pericardium

- —

pericardial cavit

inferior vena cava

\
fibrous pericardiu "c\bln que sinus

an

transverse sinus



The 4 changes of the heart tube (cont.)

i

2) appearance of five chambers:
They are 5 dilatations separated by
constrictions.

They are arranged in cranio-caudal direction

as: truncus arteriosus (arterial end), bulbus
cordis, ventricle, atrium, and sinus venosus
(venous end).

N.B:

Blbus cordis and ventricle are the firstto appear,
while sinus venosus is the last.

Constriction between atrium and ventricle is
elongated (atrioventricular canal).

The venous end has 2 horns, each horn receives
3 veins (vitelline, umbilical, and common
cardinal).

The arterial end forms the aortic sac with 2
horns (see later).

A >

Truncus arteriosus@ hevas)

Bulbus cordis

— Ventricle
Atrium
o
> Sinus venosus
Day 23

Truncus arteriosus [ PE

Right ventricle [

Left ventricle

)

AVR
SAR|

Primitive atria

I Sinus venosus

‘ -
Vitelline veiny >

\
Umbilical veins
Anterior and posterior cardinal veins
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3. ELONGATION AND BENDING

. Lo - —_n .2 - ’ o i« A
bk (o ) P Y T A A o ooyl berding + e right e

dexto cardia o ~ma© ¥
(APex of haart o the vight side )

= This bending is to the left — Apex o7 heart 1o eft side
- Bending occurs because of elongation while the two ends are fixed

- Elongation occurs in different rates—saftium = /% /b verificle 3o
i v frst bondig e b
- Bulboventricular loop takes(U shape) w2 .= ™

D bulbs ordis & entivick
o The bulbus is now to the right of the ventricle



dow § v
* The atrium and sinus venosus are drawn inside

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

S shape

——

D <

* The atrium expands to form right and left atrium

¢

ool
QcS)fd"o 4
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The 4 changes of the heart tube (cont.)

st

3) elongation + bending:

The heart tube will have to bend because:
A) It elongates while its ends are fixed.

B) Its growth is more and faster than the
growth of pericardial sac.

C) Growth of its parts is disproportionate.

- Notice the following:

- U-shaped bulbo-ventricular
loop.

- Then S-shaped heart tube.

- Bulbus cordis will shift to the
right of ventricle.

- Atrium will expand transversely.

Aortic arch
Truncus arteries
arteriosus — )
Right Truncus
Bulbus ‘\ atrium arteriosus
‘\ cordis .
. Ventricle Left atrium
Ventricle .

. Atrium Ventricle
Atrium ;
Sinus Sinus ‘ 2

e venosus \
venosus

23 days 24 days

35 days



4. CAUDAL MIGRATION

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

somite to the region of (17" t020 th) somites
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The 4 changes of the heart tube (cont.)

N

- 4) caudal migration:
- The heart and pericardium migrates caudally from 39-4*h somites to

17h-20*h somites.

Cardiogenic
area

1St aortic

Primitive Bulbus cordis
blood

vessels
Bulboventricular

Sinus venosus
1. Umbilical veins
2. Vitelline veins
3. Common cardinal veins

Untused
cardiac tubes

Tail A
18 days
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CARDIAC EMBRYOLOGY 2 | Dr. Sawmcan
SINUS VENOSUS | S, Sruni
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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



> il

The sinus venosus

o SIS
Left thymic Anterior
and thyroid vein cardinal veins
1) At first: sinus venosus
- Truncus
opensin .th.e.centel: of back srtailontis
of the primitive atrium, and
has 2 horns, each horn Orifice of initial
E = pulmonary vein
receives 3 veins:
Common cardinal (from the Presumptive
bod I left ventricle Presumptive
ody wall). right ventricle
Umbilical (from the Left horn of
SINUS venosus i
placenta). Right horn
Vitelline (from the yolk sac). Left posterior Ok Soe

’ = venosus
cardinal vein

Left umbilical vei

Vitelline veins



At first, communication between the sinus and the atrium is wide.

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

s

-8, - |
, - ) ) I ,:.u_‘\J\d,'/l:./Jl ~e /)(:; .y (/J
Mﬁ\\é}pl, J\‘ sinoatyjal Q‘)cy\(g\,j P c’j(;‘}"e_m AL J‘;Z/'j‘-“) naedl e

i €SB b
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



2) Left-to-right shunt of Left pulmonary artery
venous blood occurs: ’
The right horn enlarges,
while the bod.xband left horn
of the sinus diminish in size.
Its opening will shift to the
right side of the primitive
atrium which will be the
right atrium.
3) both L!eft umbilicai and

(left vitelline veinsYJose thei 52l
connection with the sinus, |~
and fight umbilical vein)

disappears.




Right  affium

T
Swesotth 4 o\:;]l,l
R
RBM- hetia P!.'mih'\le‘ afrium
ke 7o fight («ein )
atfium

4) So the fate will be:
The right horn = posterior smooth
part of right atrium.

The right common cardinal vein =
lower part of SVC.

The right vitelline vein = opening of
the IVC. 1,2°

The diminished body and left horn =
coronary sinus.

The left common cardinal vein =
oblique vein of left atrium.

Jugular veins

Right
Left subclavian

brachiocephalic}

| brachiocephalic
vein
Superior
vena cava

|/{ on the left
= Natrium

: 17> Coronary
PN sinus

i @Or vena cava D 1VC

SuC




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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- 4) what about the opening of the sinus into the right atrium:
- Itis vertical slit like opening.

- Itsright 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.
- ).eﬂ valveL}= part of inter-atrial septum.
J&25 sl _
LZ)F s sephum ~SeCundum —/ci’ |
Sinoodt: oA Interseptovalvular space Saciun Superior vena cava

Sinus

primum  Pulmonary o Septum primum
NelWe PRI 1. § i s venarum secundum PUSN &
N i, . i
- 1‘ Crista ‘ A I
c\ /,/f

\
terminali X
”" | 1

o ob
‘Z.\’/" -2, Right venous valve
; pn
Lezc ¢4 K'j W Sinuatrial orifice
SN0 a.ffidl

Left venous Valve ol = . /
Va\ves .29 > inferior : /
; ~ =S 4
ena cave : }
| AR |
A Inferior s ot :
endocardial cushion e O Colonary s
LANGMAN's Medical Embryology - 11th Edition

T. W. Sadler
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Its entrance, the sinuatrial orifice, is flanked on each side by o
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.

Sq){um sec wno‘\l M
infer— atrial §e?1u.m



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
P(;,x\\'\ue

altium

(sinus venarum), which originates from the right sinus horn.
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CARDIAC EMBRYOLOGY 3 | D= Sawsar
ATRIA AND INTERATRIAL SEPTUM | 5 Stu s



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



The atrioventricular canal
N

It is the elongated constriction between primitive atrium and ventricle:
2 endocardial cushions (ventral and dorsal) appear, and fuse together

forming septum intermedium.
Septum intermedium divides the canal into right and left parts.

Truncus arteriosus Plane of section D

Sinoatnal valve

Sinus venosus

Primordial atnum

Atnoventrncular canal

Arow pastnig mrough -
c nght atnoventncular canal A
Primordal ventncle
Common Supenor endocardial Right atrioventricular
canal

atrioventncular cushion

Lateral cushion Inferior rmr
- rdiel cushio Left atricventricular canal

TS




AR ' ‘ w2 ¢ S 9, alfium oL Side
&y;) s7 inter afrial sefum R0 S0 s, um ols! ) ' '
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V“U“L’ﬂmws7 ity Vertricwe” 720 « J)/'—"-’l Ventricle a9) € 252610 Septum l‘—/g\y . | em\o(_w()ml C on s
&3)s” >Prum NG J6
muscaloy’ QO:J’P) Petvium Ventvicle

L
Ventricular side of each part proliferates forming cuspWA-V valves.
The atrial side of each part shares in formation of the corresponding atrium.
The septum intermedium shares in forming the membranous part of IV (T \lcn’“(g\a\ar)

septum. Se Phum

endocardial
( an"'u’l'o” g P“M"(Y“Sh ous

1,2
_Septum primum - P
- )pfl "Jl

: ledt cushivns
_.——— Sinoatnal valve guarding onfice (WS P N
of sinus venosus mit@l + Tricuspid Valve
/ Qd—k) (”‘j“'\')
Q —— Foramen primum (cps o A~V valies)
- L4

~ N
9 Left armoventnicular canal

by

™~ Fused endocardial cushions

. . — 4
~ Develonina interventri D ‘

2404



* 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.
A
* This crest is the first portion of the septum primum
Sickle d,«»&Serfyj/
* The two limbs of this septum extend toward the endocardial
_S@P|’(4W\ IPV\”]‘C/W\ZO‘[‘LLW‘

_ cushions in the atrioventricular canal.

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

endocardial cushions is the ostium primum
L,i \\



-  Foramen primum
progressively becomes
smaller, and finally closed.

- Just before its complete
closure, septum primum
ruptures in its center
forming another foramen
(foramen secundum).




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

S
sWV' " atrioventricular canal.

STy
oval shafe v o

W

o L—a (;mme//\ ovale

—



B) Septum secundum:

It is also crescentic
membrane. It develops just
to the right side of septum
primum.

The opening below it is the
foramen ovale.

It reaches the ventral
endocardial cushion only,
and is completed by the
left venous valve (see sinus
venosus).

Valles &57 caste e— Y‘jh'{'

Septum secomdumnsSS Leb— < le

(derived Irom septum primum)

Septum (lower imb secundum)

G

#+

/

E,

Fq

Soatrial \olue

v/

2
S
\




* 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 ovgrlap

the ostium secundum G

= - . - ~ P 2 N W\
Lo < ostium Secundum ~ESY Yo Lgs, Lle J;’.,Z/w Jes Ef Jer o f%ﬁ < Se,p'f\hm P\f( v\

. Scplum Pﬁmum

s s 0 (sl Secandusm) v\ Ly &y veon
ostium secundum* ==

Q:;”é'Z/

‘ﬂ(amem OVa)e. -

. ol

o’ ' ,\JHM C\MN\SEN‘ )Z,

Sgp}'um P(I'mum s ' ’m J_}\ (;;:)) UAP(QJS GS‘h\AM Secu V { ~
L_J;\_J()"‘. z

gnfam(!l ovale N alve é‘}”')



The opening left by the septum secundum is called the oval

foramen (foramen ovale).

When the upper part of theGeptum 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 .



o= Nalve sz g (A EH77 -
Notice the direction of blood flow: ‘/
It passes through tortuous course (S-shaped) from right to left atrfium
through foramen ovale, then foramen secundum.
Notice the valvular action of the remaining lower part of septum primum.
— S

\blv e O;){) ﬁlfw\(’ﬁ’l
ovVale

Superior vena cava

-

Foramen ovale open S
(__g SeH-qm secuvgu
Valve of foramen ovale

Inferior vena cava
. (carrying well-
oxygenated blood)




BEFORE BIRTH AFTER BIRTH

RIGHT ATRIUM LEFT ATRIUM RIGHT ATRIUM LEFT ATRIUM
HIGHER PRESSURE LOWER PRESSURE LOWER PRESSURE HIGHER PRESSURL

Septum secundum ——p—
Septum secundum ——p-

. 4 ‘
o5

Shunt
/ Fossa ovalis /

Foramen ovale

-€—— Septum primum
a/ —— Septum primum
A
A ~ AL S
o ) ’j R
. (/‘V“’P‘
d:



After birth, when lung circulation begins and pressure in the left atrium
RS
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
)

) PRI o

allow intracardiac shunting of blood T
~ \Q‘S J%JP() ¥\



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 .



9 Nedwn
I T A
* 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.



incorporabion el e~ qimitive attiam  (eB)
ofputmaonay  spastn Py

\ledns \ /\Kfa\ﬂcw\“kd
In the fully developed heart, the original embryonid 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

5% [ac/},\ a7l/1'um has Smooth Pav+ and Trabecutoted part ‘J



What about the posterior wall of left atrium?

Left atrium receives blood from lungs through common pulmonary vein
(formed by union of 4 pulmonary veins).

Proximal part of these veins is absorbed into the wall of the developing left
atrium. That’s why the 4 pulmonary veins open directly into the left atrium.

Part of left atrium formed from
absordbed primordial pulmonary ven

Primordial left atnum

Summarize the
8 sources of
development of
both atria?

Primordial left atrnum




Interseptovalvular space Superior vena cava
e Sinus

primum Pulmonary
y venarum

Septum spurium Septum primum

Right venous valve

Sinuatrial orifice

Left venous Valve of §

inferior
vena cava

A Inferior B

endocardial cushion

Valve of coronary sinus

LANGMAN"s Medical Embryology - 11th Edition
T. W. Sadler
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CARDIAC EMBRYOLOGY 4 | Dr. Sawsae
BULBUS CORDIS, VENTRICLES,TA | 8. Sturté



TA — Truncus Avieriosus
CC — Cownus/Bulbus (ordic ( 539}9':")

[ TULS

Pv— Primitive vemtricle

Ph — P’t’*l"]\'\le. Atrium
s a0

=l
K:‘yH
vemtricle

=24
[5('{’ ventricle

‘IS"S’-O/MQJU}:P;
P(/ Z"’é.pl-&.'ﬂ(? Rulbus Cavdis
Poxirmal 4 — RbM wentricle




SEPTUM FORMATION IN THE ATRIOVENTRICULAR CANAL

2 endocavdioh Cushivw
L AL LY LS

LWL,
i
- -'l
= At the end of the fourth week, two mesenchymal cushions, the atrioventricular e treudar
Canal
endocardial cushions, appear at the'anterior and posterior borders of the P
Yiqnt ef#
atrioventricular canal.
-V, Gnod : i :
= |Initially, the atrioventricular canal gives access only to the primitive left ventricle ,
.SC.PQf&t'IOV\ .:;JE

and is separated from the bulbus cordis by @ioulbo ventricular flcm@’_> &°§e‘i‘?;“2°'"‘A_“:’/‘f@mL

’v\_’\_ﬁ/\
P e . , : 0
A-vaamol 220 AT Jiof bulbus C«stfs(é\JH""L %ele,  eXfansion 0'3 Attium § Jenticle L

. both Vlfjk/—Z}e#/— Venfr.'clzdsldsoj q:
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diskal & od Rulbus cerdis 5 The 2 ventrichs (ﬁjhv‘g /capy

Pulmonary channel

Aortic sac

Right superior truncus swelling Hl

Aortic channel

Right dorsal conus swelling

Right lateral cushion

interventricular septum

Aortic arches

Conus
Primitive
cordls @ left atrium

Primitiv
right . : Primitive
aﬂum 8 AR left ventricle

Atrio-

y
Bulboventricular interventricular

flange foramen
Interventricular septum

Left inferior truncus swelling

Left ventral conus swelling

Left lateral cushion

v/
Anterior endocardial cushion < &



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



v Valle JSEA B LY
f:jjhf atfium Lventicle
* lett afrium £ ventrick

i trad & Tricas .;J)
In addition to the anterior and posterior endocardial cushions, the two Iq’reral/ ( p

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



ATRIOVENTRICULAR VALVES (ol & Tiaspidh ralees)

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

Surrounded by local proliferations of mesenchymal tissue .

Loty (M ks Vo5 (6 bim, JE9N fier o
'nl:vw\i
“ °

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

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

muscular cords



* 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

vans>a

mesqnchymal Lumen of ventricle Antrioventricular
Rasun Muscular




BUIBUS CORDIS

It has 2 ts: Primitive o
as [P;qﬂl:jhfvw'fnckt}sz/ i;wvtn C‘é

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

with its trabiculations

2. Th t h | and distal part
e upper part has a proxima Og‘%m'sqf 8@05:(2\35\ A\Gal Pu\MbM\f %‘6)2’2’ A PISY

-The proximal part forms the Vvestibule of It ventricle and mfund]bulum of Rt
ventricle which are separated by the proximal bulbar septum

- The distal part forms the pulmonary and aortic orifices

R'l'j[/l’f’ Side \cg+ S]'olﬂ-



(pulmonary artery
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5 inclused (elation o Ventricles
s

The bulbus cordi

A) Lower pa? B) The remaining

) LY -. upper part
Is incorporated ; 7.+ S w - Theproximal(near)
with primitive - ‘ ' part forms —>\icere.s

: " infundibulum of right
v,g_r_\_t’r_!;_l__e_(bulbo ventricle and vestibule - %"
ventricular canal). le

This part forms part is divided by

?he rOl.Jgh - - : proximal bulbar

inflowing P.art of - Ventricle septum, which shares in

both ventricles. T — membranous part of IV
) septum.

- The distal (far) part
forms the aortic and
pulmonary orifices. This
partis divided by distal
bulbar septum. 2

) -
S
Y

of left ventricle. This .tk

Trabecula¥ion 2~
Truncal ridge

SQo\\jem’(lon 2 I
. 4;“5_):’) ' Bumar ridges
Jes' s

Trabecylae Carnénc of
Venttidle  with pa pillasy rusce ...,

Left atrioveatricular canal



VENTRICLES

* The rough inflowing part of each ventricle is formed be the primitive ventricle and
lower half of bulbus cordis.

SN
* 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 endocqrzdidl cushion and the bulbar septum

d’l/'p\sf d?))"f\/ K






Septum

secundum

Right venous
valve

Oval Septum prinr

foramen
Right atrium Left atriur

Conus septum
0 Outflow ¢

of left ve

Outflow channel
of right ventricle

Left ventricle

Muscular interventricular septum
7th week

Intgrveniricular septum
(muscular portion)




O e

The interventricular septum(z)

T

Rememberthe bulbo-ventricuarcanal: it

——
A) Membranous

part

is divided by interventricular septum.

proximal
of Lul

septum intermedium
(of atrioventricularéé?
canal) + proximal

., _bulbar septum (of

port

bus

bulbus cordis) (see
before).

Q); INTEOEN TEICL AL
EOLArEN
&Y
o INTERVENTEI LA AL
Sarrum

PacT

S

CO/J"S

" &d;b“’“m f"‘g‘:’
(G

vestibule
Q LA e)

> e

B) Muscular part

Nt

formedby 2
mechanisms: active
cellular proliferation,
and dilatation of both
ventricles with fusion of
the opposing walls.

,//\ ~e HpicKening o

(‘j”)r |’::_.:J‘; C"}’é‘

3
—— ~ dickening /2 1

8 —
Active proliferation
/ A B c o p bl o Les &7

2 mechonisms

Gl both ventricle 2

\9 Dllgtation + fusion of foone

opposing sides
(Uaus)

septum

Formation of septum Dy growth of opposite Ndges

L

Septum

wen 3V 272

’ (Fusion )

Summarize the sources

of development of both

ventricles?
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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)

IM . — N ~ . N EJ
s ‘ -t.(' 2 S L)_cu . g
@,_)\ o ‘(o%'ahlﬂ’\ f"}{f‘f’ lo_ s go ‘;2 ols, - Z‘) 2\(%6:5/,.’_@ I/Wj ae ntinuss dth byl bay
Jcpﬂ’uwx

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

truncus swelling grows distally and to the right.

s



Right conotru ncal Left conotruncal

ridge

Conotruncal

septum
Right atrium 5

orifice

Proliferation
of anterior
atrioventricular

Right cushion

atrioventricular
orifice
Muscular part of the
A interventricular septum

Pulmonary

Aortic
channel

channel

Membranous

part of the
interventricular septum

Muscular part of the
interventricular septum
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raS< S0 Cusfy - valves

- Its upper part dilates forming aortlc sac.
- Its lower part is divided by (spiral septun

pulmonary trunk. o St
- All septa develop in 4*" week except aortico-pulmonary septum which

develops in 5" week. e LS Quentnicle (V) @ ¢
,',.ﬁmob')oulqm -, vesh’bule s Lopw O\-(']Lf/()b\/roy ﬁayf =+

(2\5@\,\,__!!_[ g—:—‘ rw', bp(g\.a,‘g&) oSS RBulbav S‘gP}um.‘F

icopulmonary septum

Rignt
atnoventricular
canal

=

Aorticopuimonary septum

ol > —
into ascending aorta and /——g\—\
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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 .



The conus swellings grow toward each other and distally to unite with the truncus

sepfum.

When the two conus swellings have fused, the septum divides the conus into an
Pu)m,DV\m’ /’?anw-
anterolateral portion (the outflow tract of the right ventricle) and a posteromedial

portion (the outflow tract of the left ventricle)

ﬁo“{'q
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SEMILUNAR VALVES ™ puteornry - aurko

Aréofj
3 epithelial ’rhickening_s(’rubercles) form at both the aortic and pulmonary orifices
Gradually, the ’rubeféféf hg\lTow 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

VIV P MW Ull\dll"ls Hulld M%enchyme 0'
semilunar valve

Right
truncus
swelling

Ndsansa: addan



- Aortic and pulmonary orifices show 3 valve swellings for each orifice.
- Each valve swelling becomes hollowed superiorly to form a semilunar cusp.

£v\c,°’ff4¢ liosd Cells  thickmi in)

Semilunar valve (LAer 525)
EMT S Remodellng : ot e Elongation
e : )
Key m Myocardium Endocardium e Mesenchymal cells Cardiac jelly

/,l\\
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Valve s Q—/‘/)\s\ ‘)/‘:::‘;g/ {M(&ﬂ‘;@{y}' QOY'/]'Q & d)')ﬁ Pulr«-wg WMV}K({&’} 5?)'/63/ SC//UM \.DL‘GD "’*‘S}: J

b P
arteries T
0 { ice "'j)
ar" ‘hfj 7;"’")9
e

S

abgy ofu'é)‘ce.
(o‘a.»

Before rotation of aorta and pulmonary trunk: Aortic valve has (2 anterior +

1 posterior cusps), while pulmonary valve has (2 posterior + 1 anterior

cusps).
After rotation of aorta and pulmonary trunk: Aortic valve has é1 Anterior + 2

posterior cusps), while Pulmonary valve has (1 Posterior + 2 anterior cusps).

Dorsal valve swelling Aorta

Right bulbar
ridge

Left bulbar
ridge

20 a8



1/;«.,_ y,,“j\/\ inflwﬁvg part o each venticle —>  primitive veniricle + the lower porf 0{2 bulbus  Covdis balbus coxrdis ~ QUI 5.%‘
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ln{ulﬂ&lbulqm pa— “"-N‘EL‘J O(«BC: o# N'MW"‘) J-Z‘;Z/

vestibule of e vemfcl, —Ji—k

B Transversesectionthroughanembryoatweek5 C Coronalsection throughanembryoat week5 enk & orta”

1

Truncal ridge
2

Bulbar ridges
3

Left atrioventricular canal
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DEXT’R9/CARDIA

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@inversus ’ro@in which all the organs have
d

Yosr S 0Yqans Js ¢
(('\3\\’( o sob o lefp @ lver /3)

reversed positions



Ectopia Cordis 3 et g

Protrusion of the heart through a gap in the chest wall due to incomplete sternal
development. , ) oSvak Auly

P —
Congenital anomalies of the heart
\__/
= —
Abnormal position T
e

- Dextrocardia: right sided
heart, due to reverse
bending of the heart tube.

- Ectopia cordis: protrusion of
the heart through a gap in
the chest wall, due to
incomplete sternal
development.
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1. Patent foramen ovale: it is usually benign e b frimem  Tuo

2. Endocardial cushion septal defect: situated at the lower part. of infer atriad  Seffum  fyaren frime Ja 6=

J

3. Sinus venosus defect: situated at the upper part of the septum(ireratrial sepfon) —> Lefi weness Ualie

£ sinag Vemosls &S 7

the left venous valve of sinus venosus failed to close the ostium secondum back o the vight atrim
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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.— a1 %2
Sefrum L)J/T/
3. Absence of the septum: this leads to a’ common ventricle (trilocular heart) TIRT
" N Y S
oty THiloculer /‘*"Jj"<“ £=1 (_/-j-:
Z heaw'}

S~ Vembricle &;Ywuj) ASD

Non O)ﬂjeuaéta’ /V,_S/Z) Sl 2450
blood <
b Ofgaus 3! Js \
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Congenital anomalies of the heart

St

Abnormal position
~——

IR

Septal defects
~—

e,

Atrial

Nt

Patent foramen ovale:
a hole in the middle of
the septum (site of
foramen ovale).

- Endocardial caushion
ASD: a hole in the

?;pz.’&;l‘ ¢ « lower part of the
endocacdial  septum.
coushi®l ginus venosus ASD: a

hole in the upper part
of the septum.

- Common atrium (tri-
locular heart).

, Septum secundum
A Pulmonary
)/ >y voins

M I sept Setect (ASD)
Siyus Venosus

dedect

/;\ Patent

8 A fofavnw

Excessive resorption of ovale
septum primum
Septum
secundum Septum primum
E‘yolo(ﬁfa!\'od
Caushion

Absence of septum primum
and septum secundum

Patent ostium primum
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Congenital anomalies of the heart

o
P - ™
Abnormal position Septa| defects
St
T~ /'.\
Atrial Ventricular
\—/ v

- Membranous VSD: the
defect is presentin the
membranous part.

- Muscular VSD: the
defect is presentin the
muscular part.

- Common ventricle: (tri-
locular heart).

o ey

Ventricular
septal defect

Common ventricle

e branous <

VSD

A3%
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1. Failure of formation of the spiral septum: ... 0| v sehets 1
!9L e - & Lulb;/ Septwm W Thanst afatis Jereeh .
Leads to persistent truncusaferioius one of the Gyarotic
heart disease-
2. The septum is not spiral:
P TERT D PR
Aorta Will rise from right ventricle and the pulmonary artey will rise from the left
(Teh) deoxygenated Lo, 41 g~

ventricle (transposition of great arteries)|—  Liood —saorfa ~oprc

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

ovilee d_JLlll E’
el sl

QNM' :ﬁ,ual cli\ll's\‘on> * -

stenosis —
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This is a group of abnormalities that present together Sl g > sepfur
. . - s

1. Pulmonary stenosis: due to unequal truncus arteriosus division—> Pl = <

7,5 Poanist high Pressure ) je e Pu\mﬁmfj Shenesis JE =
?ﬂéf@ 2. Right ven’rnculﬁqr hypertrophy

e
S

sob Mo v
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-3
Ventricles . '—Ei,\sn/'\)*@ oY
4. Membranous VSD: due to bulbar septal fusion defect— Prion betuicen

Spiread sePlum L bulbor
seprumt

3. Overriding of aorta—
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Congenital anomalies of the heart

St
i~ * X
Abnormal position Septal defects Truncus arteriosus
N Ss— prOblems
N g

W7/

,w,,_.,o\b

- Persistenttruncus
arteriosus: no aortico-
pulmonary septum.

et -  Transposition of great

artenosus vessels: there is septum
but not spiral.

Tf'anspos."l—fcm o£ jff_&'{' Jessels - Steno?ls of. an orifice:

Persistent druncus there is spiral septum,

atent ductus
arteriosus

artenosus

Patent
oval
foramen

Pulmonary
anery

\

Pul Interventricular
e— septal defect

valves

5{—%65’55 G:P o QY Terivsus but the divisionis
O\ fCe unequal.
Pulmonary
stenosis
¢—Fallot’s tetralogy: pulmonary stenosis + right
| » ventricular hypertrophy + over-riding aorta
ey oy (wide aortic orifice) + membranous VSD
Hypertrophy
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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

OV3anlea ual
2. RT and LTJdorsql aortae: (Main o vheries)

Each dorsal aorta gives:

.
rd

- 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



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

The aortic vessels

Le,fJ- 6 of ai(’r\'ga(chs
vl L g ol | oo
e (/_L,_, ) > L . Lefr horn of aordic
Ventral aortic sac 2 ao sal aortae 6 pairs of aortic sac
arChes lefr  Jorcal ‘é
it i g aorig

- Itis the dilated -
cranial part of the
truncus arteriosus.

/,9 dis 5957 ({/

Each dorsal aorta gives: ‘(1
intersegmental arteries (sorznatlc
= 30 pairs), lateral splanchnic

They connect the
dorsal aorta with
the ventral aortic

R{jH 6 Of aortic. arches

4
Loy

S \ A . :
Riaht hotn of prrrp——— \/D\‘f;’j’r Sarteries (visceral), and ventral sac._ Right ot of asrc
. e \tlkle - Sa
aotkic s« MLM,L\ splanchnic (visceral) ..l didyir Each arch runs in ngM:!omx .
- Both dorsal aortae unite caudally the corresponding corta

Lt. dorsal
aorta

forming single dorsal aorta.

Rt. dorsal

aorta o1 tic sac

Ventral
aortic sac

aorta

Le$4 hovn of

- Atsal

},\/(5?"(':"

W)

haryngeal archele— ;. o L g5 o
see head and neck w4, b«

embryology).
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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



The following disappears:
- 1°t, 2"d (almost completely), and

5t pairs of aortic arches (on both
sides).

- Distal part of right 6 aortic arch.:

- Parts of dorsal aortae: connection
between 3™ and 4™ arches (on both
sides) + connection between 7
intersegmental and dorsal aorta on
right side.

Right

Left

’I|\x



External
carotid

So the fate will be: o
- Arch of aorta = left horn of aortic
sac + left 4* arch + left dorsal aorta
between 4* arch and 7t"
intersegmental artery.

Internal
“carotid

) ] Brachio_-_
- Carotid system: common carotid = cephalic

proximal part of 3" aortic arch.
Internal carotid = distal part of
dorsal aorta. External carotid = bud
from common carotid. U?yom 3" oty arch)

- Brachiocephalic artery = right
horn of aortic sac.
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So the fate will be:

- Subclavian arteries: Aort oo
- Right = right 4* arch + part of
right dorsal aorta + right 7"

intersegmental artery.
- Left = left 7*" intersegmental

artery. /
- Pulmonary arteries = 6" aortic Rt. >
subclavia

1 . arches. The left is connected to

the arch of the aorta by ductus

: peectibn befueen et puirnonary
arteriosus.— ﬁwj % aldn oP aorfa

artery

Lt.
7

- Descending aorta = left dorsal
aorta distal to 7" intersegmental

aorta

artery.

clavian

700N



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
e adn of avrka

J
f\o N NJ':':U Z/)

ligamentum arteriosum



Name remnants of 1t
and 2" arches?

Explain hooking of
recurrent laryngeal
nerve?

Right subclavian
artery

Fxternal carotid.

Ventral aorta

- I nternal carotid

-Common carotid

Aortic arch

Ductus arteriosus
Vertebral artery

B
.

N\ Subclavian arlery

Left pulmonary artery

/,l\\



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.

. \/-\PID qmqgflbmoS:'g
- Vertebral artery: it passes through the foramena of transverse processes

—_—mm—

- Internal thoracic artery

O
cex oA ‘f@‘”" A

Remember that the seventh segmental artery forms subclavian artery
evenih segmenta
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Dorcal asrta fdfs u'w\rfseﬂmmvw. avteries

30 pairs of intersegmental
arteries: b
- 1-6 cervical: longitudinal
Jy G —anastomosis (explain?).
oil— - 7' cervical: subclavian
r ALb artery.

anashrmSis
; ol viastomasis
Deep = ,/ g \, v ;~.' (Pbs"’ Cg\n a 3
cervicalf - = y (- Ascending
(Transvexsa Process o> e anastomosis ) = g, Y2 cervical
iR
@(aﬂd'\z/f o/e
10 ~ b Subclavian
Leff subclavian —> 6?:{‘40 S m’f‘eg.
) ) b
RBH subdlavign — Kight asdhic sae ~¥ Internal

R\'H‘ th =4 o
Ykt Yth arch thoracic
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AT THORACIC REGION:

They form intercostal arteries 30 pairs of intersegmental
arteries (cont.): | docodin i
ofacic aorta —, T
- Thoracic: intercostal and inorCostal Sface lntércostal
subcostal, (e ~p oD @’kﬁfm;‘ww arteries
AT LUMBAR REGION:

- 1-4 lumbar: lumbar arteries(,La‘*cfw()

5t lumbar: common iliac
artery| descendig aotta =42 )

They form 5 lateral lumbar arteries

The fifth one is the common iliac artery
- All sacral: lateral sacral
arteries. facvum  Lusg/)

rt P
AT SACRAL REGION: ~ Notice the median sacral wreres LY Median
artery. 3 ~ sacrala
They form lateral sacral arteries \
Sacyal im'}r//se:jm'ﬁx( ar tery /
/
Note: lateral Sacred Lo
af flies

The last part of the dorsal aorta becomes narrow and is called median sacral qr’rer< _

middle  line 04 s o= J
ﬁ,,& SacVum



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
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ANOMALIES OF THE ARTERIES  ~oo/ s plus for Lo ole  fefal cinfind g 2je o) omechon Lo
j::: r/'a’ ductus ovkertosus o0 5)1,)\{4,) ((#(_%'SJ ~c asrfa A Z;j,
Li 3ummi' uw  ayteriosum d.(\-l)

leTENT DUCTUS ARTERIOSUS: € po DB s (M aredseus )t UL Lo B
(}3’)\”"”3—@ 2t may occur alone or associated with(coarctation of aort¢
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2. COARCTATION OF AORTA: B ST s

There is a narrow segment SN Ly Lo WD
It could be preductal or postductal

If it is preductal, the ductus remains patent
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> e
Anomalies of arteries

St
Patent Du =
atent Ductus .
3 Coarctation of aorta
arteriosus
b S——
-  May be aloneor - Itisnarrowingofa
due to coarctation segment of aorta.
of aorta. - Pre-ductal: with PDA.
- Post-ductal: without PDA.

Patent Ductus Arteriosus (PDA)

Vessel connecting Aorta "
and Pulmonary Artery Common .caroud
arteries

Zils aeh Sfj”‘””t

/ ductug a(-lm’osu.s@

Patent ductus
arteriosus

Pulmonary
artery

¥

pre - ductak
AO = Aorta Cwa rc\{.v\«h'o;’\ Pog'l' AQC‘TO\\ 3

a (parctetion
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3. RIGHT AORTIC ARCH: scddt g b dost e uzfa S, @8&65;
1 seqmental  arler 2 Jdorcal ather — -,
It is due to disappearance of the left dorsal ‘aorta from left seven%h segmental el Bl

artery to the single dorsal aorta but that portion on the right side persisted = - &t & &l

Trackea ¥

S N
Sl

TIPS o
4. DOUBLE AORTIC ARCH: Vascular Ying = 72

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

d()U\bL( aottic arch (_)\ﬁ;_

5. INTERRUPTED AORTIC ARCH:—> <% (8 awrkic arel

Disappearance of both right and left fourth aortic arches

It is incompatable with life
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Anomalies of arteries

i %

Patent Ductus arteriosus

Left
subclavian

S i
g P
) Aortic arch
Coarctation of aorta
problems
. R o
- Double aortic arch
(cause?).
- Right aorticarch
(cause?).

Interrupted aortic arch
(cause?).
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* Before birth, blood from the placenta 80% saturated with oxygen, returns to

the fetus by (LT umbilical veiny

\iver' )K’Q;)Lgazofaom da J
* In the liver, most of the blood flows through ductus venosus directly into the

inferior vena cavaq,
* A smaller amount enters the liver sinusoids and mixes with blood from portal
circulation

* A sphincter mechanism in ductus venosus regulates flow of blood

. g —— g ——— ——

inferior vena cava
Hepatic vein
(left vitelline)

Hepatc vein
(right vitelline) .
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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 o oy T )

blood mixes with deoxygenated blood returning from the lower ”(’:jii‘jf“““

: . . : . . o e tr
limbs, it enters the right atrium. Ve~ uebliclwind, i glo o) e5 9,5 Nower limbs

, : - ucfus Venosus
(O;).Z/ w SX, 7\~J) lower limbs N‘g\.o:’.“\ (J‘)\ C&—S Z/ IVC & A

* Here, it is guided toward the oval foramen by the valve of the
[0 () g /P10 80 522 1 ailue
inferior vena cava, and most of the blood passes directly into the

left atrium to the Paw fomm ovale
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A small amount is prevented from doing so and remains in the
right atriumayey s s 7
/Jf/\ g -

R(J 1 o\’)L((umw
Here it mixes with desaturated bood returning from the head and
arms by way of the superior vena cava.

L@\% e
Pul monay G\"in(d JW?"””J"J?)

From the left atrium, where it mlxes with a small amount of
desaturated blood returning from the lungs, blood enters the left

. . Ao s &
ventricle and ascending aorta.— ‘);f
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Pulmonary
58%, &\ VY] Ductus arteriosus

Superior vena cava
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Pulmonary vein
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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.

Nom OXDBMLJ ‘H.aﬁo\ dp\O
* Desaturated blood from the superior vena cava flows by way of

the right ventricle into the pulmonary trunk.

J

‘/]\;und«bg an}“\-OSMSJ‘\iZ\/) oA~ a"’ ) /\Nﬁ)\(;e)f
Lo aoka  ~SL s aoy ta  Jt
C.OVDwO!Vj 2 Cowolid

heacd & brain N $oLo ¢ QoL

o X(jjoy\



* 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
=S¥ ;;_))

¢

Z/ Forta >
RS
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—

from the proximal aorta—

* After coursing through the descending aorta, blood flows toward

el
the placenta by way of the two umbilical arteriés. vo- O’i?jwfw/ Llood
to He v afhar”
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webilicad Vel s e
* 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
BTE Y g

gradually loses its high oxygen content as it mixes with desaturated blood. ¢ &5 a= oo s SHI

. .« . . . 5% digesgh Ve otgge-oted
Theoretically, mixing may occur in the following places : e
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
SVC ~ s\

3. In the right atrium by mixture with bl£d returning from the head and limbs.
4. In the left atrium by mixture with blood returning from the lungs( >~ wjjw’m)y

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

o4 i placental blood flow and the beginning of respiration.
TP— Cy Jot SRR
I e
e e =8 Spg e
- 2. 9w © Since the ductus arteriosus closes by muscular contraction of its wall, the
2o 77

(#:+== | amount of blood flowing through the lung vessels increases rapidly.
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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.

VB T
The septum primum is then apposed to the septum secundum, and

functionally, the oval foramen closes.

[adutr bt & E222) fossa ovalis L Spo3s0 G Lo
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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.

< oo o . = LBQW\.')—S
pqr’rs of the umbilical arteries form the medial e 5T
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umbilical ligaments, and the proximall 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.



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.
olu(_ﬁlS atdesiosus W 4_& ()Z':é’u‘ S\D> bYaJYk\'w"’\ HL—J \w'tj Q_JJJ;% ' (—J
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



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.



* Crying by the baby creates a shunt from right to left, which

accounts for cyanotic periods in the newborn.
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st o Constant apposition gradually leads to fusion of the two septa in
about 1 year—ssi~3tens

s
Complete Closure

° In 20% of individuals, however, perfect anatomical closure
14 !

may never be obtained (probe patent foramen ovale)



