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CARDIAC EMBRYOLOGY
Introduction 00:00:19
' Overview
* Heoart: First functional orgon o develop in embrgo.
* Timeline:

- Starts : 2rd week of gestation.
- Completes : 8th week of gestation.

* Developement : Mesoderm (Cardiogenic plote).

| * Nudritional requirement ot 3rd week cannot be saisfied only with ditSusion.

Timeline :

‘ Day 15—l Cardiogenic celis migrake from primary heart feld
‘ Doy 18-19 endocardial tube form
“ Day 30-al Tube fuse to create the primitive chambers
| Doy 33 Heart (Primitive heart tube) begins to beak

Doy 33-38 Cardioe looping starts and completed by day a8

week 4-8 Atrial, ventricular separation and ocutSlow tract formodion tokes ploce

B Weeks Maojor cordiac development is complete

moruloa

* morula: I6 cell stage.
* Outer cell mass (Trophoblas® :
- C{j’comphoblast : Cuboidal cells, mononuclear cells.
- sﬂnca’cio’crophoblas’c : mMultinucleated cell lining,
* inner cell mass (Embryoblast) :
- Tall eolumnar epiblastic layer : Cavity is formed (Amnistic cavity and
cells surrounding are amnioblasb.
- Cuboidal hypoblast layer.
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2 - Basics of Paediatric Cardiology

Development of heart

Primitive Vifli

Trophoblastic tacunae

Connecting stalk
Amniotic cavity
Oropharyngeal
membrane

"7 Secondary yolk sac

streak

Notochord Primitive node
Oropharyngeal membrane

Primitive streak
Amniotic cavity

cells

preading of i yoni {gastrulation)
mesoderm
Cloacal

* Trophoblast loyer : undergoes vaculisodion.

* syneytiotrophoblast : Invades endometrium eroding capillary system of
maternal endometrium leading to blood islands (Helps in increasing in
difSusion of oxygen $rom makernal side 4o fetal side).

* extraembryonic mesoderm : Forms chorionic cavity.

Embryonic development of heart

Pericardial cavity
Cardiogenic field
Ectoderm

blood islands
l——— Connecting stalk

Allantois

Neural plate i
V o
Cut edge of Notochord
amnion
Myocardial cells

Primitive node

Primitive streak Splanchnic mesoderm

layer

Blood islands
Endoderm

Intraembryonic
cavity
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Cardiac Embryology - 3

Cells from epiblast layer enters space between h5poblask and epiblast
through primitive streak (Happens during Sas’crudation).
Gastrulation : Formodion of 3 germ layers (ectoderm, endoderm and

mesodery.
mesoderm divides into paraxial, loderol plate and intermediote mesoderm.

Loteral ploece mesoderm divides into splanchnopleur‘\c oand somoecopleur‘\c

mesoderm.

Establishment of cardiogenic field 00:08:46

Overview :

Cardiogenic progenitor cells lie in the epiblast.

gpiblast cells migrode ’chrough the primitive streals cmn'\od\ﬂ to lie in
splanchnopleuric layer of mesoderm.

Splanchnopleuric layer of loteral plote mesoderm is induced by the
underl}ﬁing phargngeod endoderm to form cardiac angiob\as’cs.

Blood islands appear in this mesoderm forming blood cells and vessels.
Form o horseshoe shaped primary heart field along the cranial end ot the
embrﬂon\c disc in front of buccophar\ljngeod membrane and neural folds.

Primary and secondarg heart feld :

a distinet populadions of mesodermal progeni‘cor cells.
Primary heart fields : mesodermal cells locoded in cardiogenic feld,
~ Ditferentiate early and contribute to primary heart tube, which later
loops and develops into ditSerent chambers.
~ Develops into adria, LV and part of Rv.
Secondary heart $ield : Appears by alst day in the splanchnopleuric
mesoderm ventral to phargnx. '
- Part of right ventricles and outSlow tracts of heart.

Vasculogenesis

Mesenchymal cells
.g
¢@~ Reorganization of cels in
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into angicblast cells % 5.
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4 - Basics of Paediatric Cardiology

Vasculogenesis
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* moleculor regularim’cion ot vascudogenesis : F&Fa and VeSF.
* Angiogenesis : VEGF, PDGF and T&F-beta.

VQsculosenesis ond angiogenesis :

* Ist blood cells : Formed by induction of mesodermal cells to hemangjioblasts
(Common precursor $or blood cells and vesseld.

* Laker : Definitive hemopoietic stem cells develop in bone maxrrow.

* lood vessels develop b3 a processes : vasculogenesis and angiogenesis.

* Vosculogenesis : Process of ditferentiotion of angioblasts into endothelial
cells and formadion of primitive vascular network.

e Ansiogenes'\s : Process ot sprowc‘\ng of new vessels from exis’cing ones.

Formodion o ex’cmembrgonic blood vosculayr system::

Development of heart
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Cardiac Embryology - 5

* Primitive heart tubes develops in the card'\ogenic aveo. Active space -----
* & longitudinal vessels (dorsol oortoe) develop on either side of notochord §
along the dorsal wall of Yolk sac.
* Other blood islands appear bilateraliy, paraliel 5 close to the midiine of the
embrﬁo.
- Cordinal vessels develop in the bodﬂ
wall of the embryo.
* early part of 2rd week :
-~ wall of Yol sac : vitelline vessels.
— Connecting stalik § chorion : umbilical

vessels.
* Cranially : Dorsal aortae invade the A\
cardiogenic area. and join the primitive heart g v
tubes ot cepholic end of embryonic disc. extraembryonic circulading system
* Coudal end : Dorsal aortae extends into connecting stalk as umbilical
arteries.

Foldins H

Development of heart
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6 - Basics of Paediatric Cardiology

Cephalocaudal ?—old‘mg of embrﬂo :
Splanchnop\eur'\c mesoderm ond. de\/eloping heart come to lie ventral 1o the
%regu’c.

Loderal folding of embryo
* Somadopleuric mesoderm : Forms the outer layer of (Parietad pericardium.
* Splanchnopleuric mesoderm : Forms the inner loyer of (VisceraD pericardium.
* Tube lies dorsal to the pericardial cavity § ventral to forequdt.
) in’cmembrﬁonic ccwi’cﬁ over CF develops into the pericardial cowi’cg.
* Splanchnopleuric mesoderm lining the dorsal side of the pericardiol cow'\&g
proliferates to give rise to mgocaro\'\um and vVisceral pericordium.
* Parietal layer of pericardium : Derived $rom somatopleuric mesoderm.

Formation of primitive heart tube 00:19:48

Formadion :
* Doy 30-al: Tube fuse to create the primitive heart tube with primitive
chambers.
* Doy a3 Heart (Primitive heart tube) begins o beot.

Blood flow

Truncus
arteriosus

Bulbus

Endocardial cordis

tubes

Fusion into
primitive

heart tube Primitive ventricle

Primitive
atrium

A

20 days } 21 days 22 days
Formadion of primitive heart tube

* Sinoadrial orifice : Orifice between sinus venosus and primitive orium.
*  ptrio-ventricular canal : Junction between Pﬁmih\/e o&rium ond pr‘\mi‘c'\ve
ventricle.
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Cardiac Embryology

Heart tubes at final stage of development

Distal 1/3:

Truncus arteriosus Fo:'rng ascetrndlr;g aorta &
BULBOUS N pulmonary truni
Eonnis C::nuse . Forms outfiow tracts of
. right and left ventricles
Proximal 1/3:

Forms primitive right ventricle

Bulbo-ventricular sulcus (trabeculated part)

Forms primitive left ventricle
(trabeculated part)

Atrio-ventricular canal

Primitive atrium is partitioned
to form right and left atria

Body of sinus venosus is
absorbed into right atrium

SINUS VENOSUS
and forms smooth part.

Right horn of sinus
venosus is absorbed
into right atrium

Left horn of sinus venosus
retrogresses. The remnant

forms part of coronary sinus.
Right common cardinal B 4

vein forms part of
superior vena cava.

Right umbilical vein disappears.  Right vitelline vein forms part
of inferior vena cava.

Subdivisions of fused heart tube

Dorsal Aorta
Foregut

st arch artery

Ventral aorta
Aartic sac

Trunicus arteriosus

Middle 1/3 conus

Proximal 1/3

Atrio icular canal

Sinoatiial orifice
Left horn retrogresses

Common cardinal
vein

Right vitelline vein
Right umbilical vein

P jor. cardinal vein
Anterlor cardinal vein
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8 - Basics of Paediatric Cardiology

_____ o A Looping of the heart tube 00:24:11
Feotures :
» Aortic arch
Truncus arteries

arteriosus

Bulbus

Right
atrium

Truncus
arteriosus

cordis .
: Ventricle Left atrium
Ventricle .
; Atrium Ventricle
Atrium
SiPus Sinus
venosus
venosus
23 days 24 days 35 days

Looping ot the heart tube

* Doy asz: Coxdioc \OOp'mg starts.
* Heart tube elongates and bends into an S-shape.
* Dextral looping (D-loopingy occurs, positioning the adria. postero-superiorly
ond ventricles an’cero—'\n?eriorlg.
* Cardiac looping is complete b}j do% as.
* errors in looping * Lead o congenital defects such as dextrocardio,
he%ero’mxg sgndrome.
* Cephalic portion : Bends \/en’crod\ﬂ, caudoJ\B and 1o the righ‘c.
* Cowdal portion : Shitts dorsocranially and to the left.
- DILV : Double inlet left ventricle.
- DORV : Double inlet right ventricle.

Spiralling of aorticopulmonary septum

primary ring primary ring
daviation to deviation o
the right the right

vs
vs
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For o. normal heart formadion :
®* v canal hos 4o expano\.
¢ outllow tract will migrotes leftward,

Anatomy of embryology of heart

Cardiac Embryology - 9

- Pulmionary charinel

Right superlor
truncus swefling
Left inferior
Aortic channel truncus swelling
Right dorsal
conus swelling cL:nRu:mI g
fiange Lisft lateral cushion

infarior endocardial
cushion

Right lateral cushion

Interventricular septum

Development of s5s’cemic ond pulmonarg veins ¢

crassion of the left horn

IS VeNnosius

Cormimon .
oardingl veln
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