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Goals:

* Understand the embryologic basis of normal and abnormal aortic arch
development

* Apply this knowledge to the understanding of normal and abnormal
fetal 3 vessel and 3 Vessel tracheal views

Format:
« Simplified overview of cardiac embryology using 3D animations

* Ultrasound images from fetal echocardiograms to highlight the
embryologic origins
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Disclaimers

* The Goal of this lecture is to provide a simple easy to understand
overview of Cardiac Embryology

* As such it may be an over simplification of some complex processes

* Developmental origins of some structures are hotly debated, and the
simplest explanation may be chosen here.
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Straight heart tube(23-28 days)
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Models of Aortic Arch Development
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Rathke’s Diagram Color Coded Edwards Double Arch Model
Sarv Priya et al Cureus 2020 Jul 30 m"ealthg i(_. 5




Overview

* Main Components :
* Aortic Sac and its 2 horns
* Paired Pharyngeal Arteries (Aortic Arch) 1, 2, 3-4 and
6

* Paired Dorsal Descending Aorta
* 7" intersegmental arteries
* Primitive Paired Aorta

* Ventral aorta and Dorsal Aorta connected by an
arched portion in first pharyngeal arch

* Aortic sac forms from fusion of paired ventral aorta

* Subsequent paired pharyngeal arteries develop
connecting Aortic sac ventrally to the Dorsal aorta

* Dorsal aorta fuse just past the 7t intersegmental
artery to form the descending aorta
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32 Day’s

Embryo

ROLE OF NEURAL CREST CELLS

Stage 14
55 tomte

Embryonic Circulation

Rortcarchartarion Antorior cardinal voin

Dorsatsorfay | | | Postesior cardinal vein

Placental
Circulation

intersegmenta
Artery

Dr Mark Hill UNSW Sydney

UNSW Embryology
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Over View

NOTE the close relationship of the
Significant remodeling occurs with Foregut and Developing Lungs in
lengthening as well as regression and between the Ventral and Dorsal
asymmetric development of arteries Descending Aorta

Coral Bravo MD: J Ultrasound Med 2016; 35:237-251
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1%t Pharyngeal (Aortic
Arch) Artery
2" Pharyngeal (Aortic
Arch) Artery
3 Pharyngeal (Aortic
Arch) Artery
4t pharyngeal ( Aortic
Arch) Artery
5th Pharyngeal ( Aortic
Arch) Artery
6 Pharyngeal (Aortic
Arch ) Artery

Derivatives of Aortic Arch

Embryonic Arch RIGHT LEFT

Regresses ( Small Part of Maxillary Artery)
Regresses (Small contribution to Stapedial Artery )

Rt Common Carotid and part of Lt Common Carotid and part
Internal Carotid A, of internal Carotid A

Part of Rt Subclavian Artery Transverse aortic arch
between the LCA and LSCA

? Does not form in Humans

Proximal: Proximal RPA Distal Proximal: Proximal LPA Distal
Regresses : Ductus Arteriosus
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NORMAL LEFT AORTIC ARCH
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Normal Left Arch

Edwards Model
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Normal Left Arch

Relationship of the Great Vessels to the Trachea and Esophagus
Head and Neck Vessel Anatomy
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Fetal 3 Vessel View and 3 Vessel Tracheal View

[oe— /Jl .
a— * 3VVand 3VT outlines the
Sealy mediastinal anatomy.
Outlines the course of the great
Aot st vessels
Prleoany s « relationship to each other
 relationship to airway and
esophagus.

E—— « Cranial continuation outlines the

Apuxofbaat head and neck vessel anatomy

Medasnum

.

Expe ol paters Excellent for Defining Variations and Abnormalities of
the Great Vessels
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+ Fetal 3VV/3VT views

3VV and 3VT view are obtained
by scanning cranial or cephalad
from outflow tract view

4 Chamber
LvoT

RVOT

3vv

3VT

Head and neck vessels.
AIUM 2013 Guidelines
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Fetal ductus arteriosus is
a large structure

L Allen: Textbook of Fetal Cardiology

Obseon=t
eng
ary, “"ding

ety

Rt SVC/AO/PV/LT
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Areas of Focus

« SITUS (Right/Left)
« # of Vessels
* Relative sizes

« Formation of the “V” at D.Ao
* Aortic Arch courses Center to Left
* D Arch Relatively Straight
* TIP of the “ V" watershed zone
* Direction of flow
* Relation to the Trachea and each
other
* No arterial structure crossing in front
of spine /behind the trachea
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VARIANT ARCH ANATOMY

LEFT Aortic ARCH

* Variations in origin of
head and neck vessels
Aberrant RSCA
Aberrant innominate
artery (IA)

Isolation of ARSCA/IA
Cervical aorta

RIGHT Aortic Arch
* Mirror image
branching
/Variations in head
and neck vessels
Aberrant LSCA
Aberrant IA
Isolation LSCA/IA
Cervical Ao
Variations in PDA
anatomy

* Left from IA

 Left Dao

* RtPDA

Double Aortic Arch
Circumflex Right Arch
Circumflex Left Arch
LPA SLING

Abnormalities in
Caliber
Hypoplasia
Interrupted Aortic
arch
Coarctation of Aorta

May be seen with any of
the other defects
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Right Aortic Arch

VARIATION IN head and neck vessels: Interruption at one level
r 1{ along the Left Arch System
2 """“' ) o Mirror Image
* Aberrant left Subclavian Artery
* Aberrant Innominate Artery

ISOLATION of a Vessel: Interruption at 2 levels in developing left
arch system

* Isolation of LSCA

* Isolation of Innominate Artery

Variations in Origin of Ductus Arteriosus
UWHealthKids
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Right Aortic Arch/ Left PDA from Innominate Artery
MIRROR IMAGE BRANCHING
.
:VD_lnlz
Or, one can have a right PDA (mirror image) with this anatomy
UWHealthKids
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Rt Aortic Arch/ Lt PDA/ ALSCA

VASCULAR RING

Regression Between LSA and 6™ Arch : have a left PDA to Desc Aorta
with Mirror Image branching a Vascular ring UWHealthKids
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RIGHT ARCH Variations

. RCAR T SiLcAq Distal LT

RSA. LSA | Arch Rt +

RAA + Mirror Image Branching
and RIGHT PDA to Ds AO. NOT a
VASCULAR RING
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Regression Between LSA and 6™ Arch : + left PDA to
Desc Aorta with Mirror Image branching (Vascular ring )
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RIGHT AORTIC ARCH: Variations in Ductus Arteriosus

Implications’
fetal diagnosi

Management of
cono-truncal

(0]

RN / “-‘&“\7 2R lesions
2 Vguscn
- %\ - Some have
\ Vascular ring
" substrate/

others do not

DM Sobh Clinical Radiology 74:2019: 732
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Fetal Diagnosis: Right Aortic Arch 3VV

. Right Arch
Left Arch Left DA Right Arch Left DA Right DA

* Relation of Aortic Arch and Ductal Arch to the Trachea
+ Orientation of the aorta
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Right Aortic Arch Left Ductus Arteriosus
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Abnormal 3vVV
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CT Right Arch Right PDA
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Situs Inversus (1I,D,D) Right Arch (CH)
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Right Aortic Arch Aberrant Innominate Artery

Regression of NEWBORN With
Left Horn
! Tetralogy of Fallot
Aortic Sac and CHARGE
SYNDROME
DAo
UWHealthK
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Left Arch Aberrant Right Subclavian Artery

e Y
[}

;g‘ - g,,

Regression of the right 4"
Pharyngeal arch artery

RCA cA LSA
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Fetal Echo : ASCA

1. Retro-esophageal course of a vessel

2. Vessel crossing behind the trachea
and in front of the spine.

3. May occur in a right or left arch

4. ALSCA: constitute part of a vascular
ring in setting of a left DA

5. ARSCA: Usually Benign; changes
Aneuploidy risk assessment if other
abnormalities are noted.
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Double arch

1. Right Dominant/
Co Dominant/ Left
Dominant

2. Look for Atretic
segments

3. Symmetric head
and neck vessels

4. More likely to have
symptoms
especially if fully
patent

5. Isolation or with
other cardiac
defects
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SUPERIO

VIEW

LEFT ARCH/
left PDA

RT ARCH: Mirror|
Image with Left

PDA/ RT PDA Double

Aortic Arch

VASCULAR RINGS UWHealthKids
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Double Arch Rt Arch ALSCA
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Circumflex Aortic Arch (RT or LT)

Development of circumflex aona

FADIOPEDIA UWHealthKids
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Interrupted Aortic Arch
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Coarctation of the Aorta
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Left PA Sling
S e — - "
= 3 3 LEFT PA BETWEEN TRACHEA and ESOPHAGOUS
NORMAL F% ANTERIOR INDENTATION On Barium Swallow
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Summary

* Many Variations in the Aortic Arch/ Head and Neck Vessel Anatomy

* Many are benign, some pathologic and highly symptomatic while
others less so

* Understanding the development enhances recognition of variations/
pathology

« Systematic approach to fetal echocardiograms especially the 3VV and
3VT allows for accurate diagnosis in fetal life of most important lesions
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