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Blood islands — extraembryonal mesenchyme
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Blood islands — intarembryonal mesenchyme
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Prof. MUDr. Mgr. Zbynék Tonar, Ph.D.; https://youtu.be/obnnucmgw1g?si=CCM8cl4xkyRtB8HV
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Vasculogenesis - angiogenesis
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Hemangioma




Primitive bilateral embryonic circulation
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Primitive bilateral embryonic circulation

Aortic arches

Sinus venosus

Aortic sac 3
Anterior, common,
and posterior

Heart cardinal veins
Dorsal
intersegmental
arteries
Yolk sac

Dorsal aorta

Vitelline artery

Left umbilical artery
(right not shown)

Umbilical vein

Umbilical cord

Chorion

Vascular systems

: Intraembryonic
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Unified circulation
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Branches of Dorsal Aorta

aa. segmentales ventrales
aa. vitellinae (omphalomesentericae)
e truncus coeliacus
* a. mesenterica superior
* a. mesenterica inferior
aa. umbilicales
e aa.iliacae int., aa. vesicales sup.
 After birth - ligg. umbilicalia medialia
aa. segmentales laterales
aa. renales, aa. suprarenales,
aa. testiculares, aa. ovaricae
VESSELS VARIABILITY!
aa. intersegmentales (dorsal branches)
aa. vertebrales
aa. subclaviae (left)
aa. intercostales...
(a. sacralis mediana)

Pronephric ST
& _
tubule V4 T Dorsal Spinal branch
g i ntal
Dorsal R Ie?rttzrr?egme ta Dorsal aorta
aorta ".‘ Lateral
Ry segmental
s s artery
Primitive gut

Yolk sac Ventral

segmental

artery Ventral

segmental

arte
Dorsal branch of Y

dorsal intersegmental
artery

Intercostal
artery

Metanephros el 2ieny

Gonadal artery



Ventral Branches of Dorsal Aorta

v. precardinalis

v. cardinalis communis

saccus aortae sinus venosus

v. postcardinalis

veins and arteries
in yolk sac wall

umbilicalia

_ Lesser
Bare area of liver omentum

- Dorsal mesogastrium
Diaphragm ¥ e

€

I Celiac artery
Falciform ligament '

At Dorsal mesoduodenum
Vitelline duct 3
—7 Superior mesenteric artery

; Mesentery proper
Allantois

Inferior mesenteric artery

Cloaca Dorsal mesocolon

Umbilical artery



Aortic arches remodeling

External

Dorsal aorta Internal carotid arteries

carotid artery
Aortic Right
Arch Left Right arches vagHls Nerve
4
a. maxillaris
i i Common
1 a. maxillaris Wl Arch of
aorta
Right
) subclavian artery- R\
. a. stapedia recurrent
2 a. stapedia Right nerve
recurrent nerve ‘ / Ductus
) ) ) ) 4 7th : N\ arteriosus
a. carotis communis a. carotis communis Right dorsal {4 interSf?tgmental !
. . 4 artery N Pul
aorta j uimonary
3 prox. part of a. carotis prox. part of a. carotis A B artary
Interna Interna
Right external _ )
carotid artery Left internal carotid artery
4 arcus aortae a. subclavia dextra
Right vagus .
Left common carotid artery
... Right
6 a. pulmonalis sinistra a. pulmonalis dextra subclavian artery Left subclavian artery
ductus arteriosus Botalli . _
Brachiocephalic
artery Ligamentum arteriosum
* a. subclavia sinistra is derived from 7t a. intersegmentalis Ascending aorta —

(dorsal branch of dorsal aorta)
Descending aorta



Aortic arches remodeling

Arch Left Right
— a. maxillaris
1 a. maxillaris
i a. stapedia
2 a. stapedia P
a. carotis communis a. carotis communis
3 prox. part of a. carotis prox. part of a. carotis
interna interna
4 arcus aortae a. subclavia dextra
a. pulmonalis sinistra :
6 P ; . a. pulmonalis dextra
ductus arteriosus Botalli

* a. subclavia sinistra is derived from 7t a. intersegmentalis
(dorsal branch of dorsal aorta)

Obliterated

aortic arch | Ascending

Maxillary

J Septum between
artery J

aorta and
pulmonary artery

Pulmonary
v trunk
Primitive
pulmonary I Primitive
Right artery M pulmonary artery
dorsal aorta
Left
dorsal aorta )
A B Left 7th
intersegmental artery

4-mm stage

right @ 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins

10-mm stage

End of week 4 Beginning of week 6



Aortic arches remodeling

Arch Left Right

o a. maxillaris
1 a. maxillaris

2 a. stapedia a. stapedia

a. carotis communis
prox. part of a. carotis
interna

a. carotis communis
3 prox. part of a. carotis
interna

* a. subclavia sinistra is derived from 7t a. intersegmentalis
(dorsal branch of dorsal aorta)

R. aortic
arch|

R. aortic

arch Il L. dorsal
aorta
Aortic sac 1}
i Y
R. (:orsal [ i > / ) R. primitive
aora y ¢\ pulmonary

R. primitive L. primitive  artery

pulmonary
I

R. dorsal
aorta

artery

Internal carotid
arteries

External carotid

External ~
carotid
arteries

VI (ductus
arteriosus)
L. intersegmental
artery VII

(L. subclavian artery)

Common
carotid arteries

R. subclavian

; Pulmonary trunk
arteriosus)

14 mm (right

lateral view)

R. pulmonary artery
L. pulmonary artery

Cochard: Netter's Atlas of Human Embryology
Copyright © 2012 by Saunders, an imprint of Elsevier Inc.

Common

aorta \\
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L. pulmonary artery R. subclavian
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cephalic
1]} %\ _ trunk
Ascending aorta ¥, L. subclavian
v artery R. pulmonary
VI (ductus artery

Arch of aorta

Pulmonary trunk

carotid

Al term

L. primitive
pulmonary
artery

L. intersegmental
artery VI

Internal
carotid
arteries

L. vertebral
artery

L. subclavian
artery

Ductus
arteriosus

L. pulmonary
artery

Descending
aorta
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Arterial developmental defects
Ductus arteriosus patens

Ligamentum arteriosum

Aortic Arch

Normal narrowed Abnormal widened

patent ductus patent ductus
arteriosus arteriosus
Left pulmonary
“i.,’; Aorta artery

. ¢

fPulmonary trunk
RRTD 7%,




Arterial developmental defects
Coarctation of the aorta

Common carotid
arteries

Patent ductus
arteriosus

Ligamentum
arteriosum

Pulmonary
artery

Copyright ® 2013

Wolters Kluwer Health | Lippincott Williams & Wilkins
Preductal type Postductal type



Arterial developmental defects
Abnormal origin of the right a. subclavia

Trachea Esophagus
Common Left
carotid subclavian
arteries artery
Abnormal
obliteration < ,----. Right
s subclavian
| 7th artery
intersegmental « Ascending (dysphagia
artery aorta lusoria)
Right dorsal aorta _
(abnormal right Descending
aorta

subclavian artery)



Arterial developmental defects
Double aortic arch

Trachea Esophagus

Common
carotid
arteries Left
subclavian
: : artery
Right aortic
arch Left
aortic
arch
Persistent Ascending
portion of aorta Descending
right dorsal aorta
aorta



Venous system

) Common cardinal vein
Anterior

cardinal vein Dorsal aorta

Posterior cardinal
Aortic arches ’.
) — b

1 and 1) g
(Il'and 111 Q > — m

Internal Z
carotid
artery

Chorion

Umbilical vein
and artery

_ Heart ‘
Aortic sac

Vitelline

vein Vitelline

artery

Sinus venosus

Sinuatrial

ACV : .
junction

s = N

PCV PCV

uv VIT V ccv



Venous system

v. umbilicalis (sinistra)
ductus venosus — lig. venosum
lig. teres hepatis
vv. vitellinae
hepatic sinusoids
vv. hepaticae
Intrahepatal parts of IVC
vena portae — plexus near duodenum
v. cardinalis anterior
SVC (from v. cardinalis communis dextra)
v. brachiocephalica sinistra
v. jugularis interna
v. cardinalis posterior obliterates

Left hepatocardiac
_ channel

Cardinal veins

Sinus venosus

Hepatic
| sinusoids

Liver

buds Left vitelline vein
Duodenum
: Left
Umbilical vein umbilical
‘ vein
A B *Duodenum

Hepatic portion of
inferior vena cava
Hepatic vein
(left vitelline)

Right
hepatocardiac

Hepatic vein
(right vitelline)

Ductus venosus

Portal vein

Left
umbilical
vein

Left umbilical vein B

Superior

Vitelline veins mesenteric vein Splenic vein



Venous system

vv. subcardinales (renal region)
proximal parts of VCI
vv. renales, vv. suprarenales
vv. testiculares/ovaricae
lig. teres hepatis
vv. supracardinales
V. azygos (right)
v. hemiazygos (left)
part of VCI between kidneys and liver

Anastomosis
anterior
cardinal veins

Anterior
cardinal
vein

Common
cardinal
vein

Posterior
cardinal —
vein

Subcardinal

e

Renal segment
inferior vena cava

Right internal
jugular vein

Superior
vena cava

Supracardinal
vein
Azygos vein

=N Hepatic segment
?Q inferior vena cava

Left brachiocephalic vein

jugular vein

Left superior
intercostal
vein

Coronary
sinus

5 —Hemiazygos
h vein

Hepatic
: Left segment
( renal vein
Left _ Renal
gonadal vein segment Left spermatic
vein
Sacrocardial
segment
\ Sacrocardinal
veln Left common
iliac vein

Left internal



L. anterior
cardinal v.

L. vitelline v.
L. umbilical v.

L. posterior cardinal v.

L. posterior
cardinal v.

35 days
28 days
L. brachiocephalic v.
svC
L. sinus horn
Subclavian v.
R. vitelline portion
of IVC
Hepatiolv: Degenerating
i inal
Subcardinal eostenor cardinal
portion of IVC :
I thoracic

Supracardinal supracardinal v.

portion of IVC "
Internal iliac v.
Posterior cardinal

portion of IVC External iliac v.

56 days

L. anterior cardinal v.

Thyroid and thymic veins growing
toward each other to form
a median anastomosis

o inus venosus
R. vitelline v: Siny

R. supracardinal v.

Subcardinal
portion of IVC
L. posterior
cardinal v.

lliac anastomosis
connecting the posterior cardinal
veins

L. internal iliac v.

50 days Middle sacral v.

Internal jugular v.
External jugular v.

R. brachiocephalic v. L. brachiocephalic v.

svC L. subclavian v.

R. subclavian v: Superior intercostal v.

R. vitelline segment Coronary sinus
of IVC
Intercostal v.
Subcardinal segment

of IVC Azygos v.

Supracardinal segment Hemiazygos v.

of IVC
Renal v.

Gonadal v.

Posterior cardinal segment Common iliac v.

of IVC
Intemnal iliac v.

External iliac v.

Femoral v.

Definitive system



Vascular Heart

development development

Blood islands * Heart tube and
Primitive embryonic cardiac looping
circulation and its unification |* Atrial septation
Arterial system and aortic * Ventricular septation
arches  Heart developmental
Arterial developmental defects

defects * Fetal circulation

Venous system




1. primordia (cor tubulare duplex) Hea re

day18-22
2. heart tube (cor tubulare simplex) dEVEIOpment
day 21-24  Heart tube and
3. heart loop (cor sigmoideum) cardiac looping
day _23'28 » Atrial septation
4. embryonic heart
day 27-56 * Ventricular septation
septation day 27-37  Heart developmental
5. fetal heart defects
day 57- birth

e Fetal circulation

cardiac contractions — day 22-30 — uncoordinated contractions (shuttle flow) day 30-32
beginning of embryochorionic circulation, frequency 140-160/min




Heart development
Primary and secondary heart field

Pharyngeal arches

Secondary heart field

Primary heart field

Neural tube

Outflow
tract

Intraembryonic
cavity U Splanchnic
mesoderm layer

Cranial
neural B
folds Endoderm
o Pericardial cavi
Primitive node v Connecting stalk
Ectoderm
: Allantois
Primitive streak ; ’
Prlmal'y heart I ' A Spp—— .....‘..;._""....."'..:: ;;;;
A field

C Notochord

Copyright 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins



Heart development — regulation mechanisms

Oropharyngeal
membrane

Notochord

Lefty 1 (SHH)

Primitive node
Primitive (FGF8)
streak

BMP 2,4 WNT inhibitors
(crescent)

Cloacal membrane

pyright 2013 Wolters Kluwer Health | Lippincott Williams 2 Wilkins Copyright @ 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins



Heart tube derivatives

22nd day Cephalic portion bends ventrally, caudally, to the righty | / \
Caudal portion (atrial) shifts dorsally, cranially, to the left

]

Heart tube primordia

Saccus aorticus

(doesn‘t belong to heart tube) \ o [ Ascending aorta
7 arteriosus Pulmonary trunk
{

Aortic vestibule
Bulbus | of left ventricle
cordis

Conus arteriosus

of right ventricle

Ventricle Trabecular walls of left

and right ventricles Adult heart, anterior view
|
’l
4 Auricles/pectinate
N muscle walls of leit
- Atrium — and night atria (smooth

wall of left atrium from
pulmonary veins)

Ventriculus
primitivus

. Coronary sinus
Sinus ary
venosus Smooth wall of

right atrium

Atrium
commune

Sinus venosus
(doesn't belong to heart tube) Completed by day 28 /a4

Adult heart, posterior view

Cochard: Netter's Atlas of Human Embryology
Copyright © 2012 by Saunders, an imprint of Elsevier Inc.



281 day

Aortic roots o Primitive left
Primitive Truncus :
: . atrium
left atrium arteriosus
Pericardial o Primitive
cavity >"\ right atrium
Bubus

cordis

| Conus cordis
] (arteriosus)
Pericardium —

Trabeculated part

' of right ventricle )\</
* “(ventricular part of bulbusy >=—
A

i
Pl

Left ventricle B

Interventricular sulcus




NORMAL

Abnormality in looping process

dextrocardia

Truncus arteriosus

Bulbus cordis

Ventricle

Atrium

Sinus venosus

DEXTROCARDIA

Truncus arteriosus

Bulbus cordis

Ventricle

Atrium

Sinus venosus



SEPTATION OF ATRIA, VENTRICLES AND HEART OUTFLOW




Septum primum

Foramen primum

Dorsal endocardial cushions
A

Foramen secundum

Foramen primum

Septum secundum (upper limb)

Foramen secundum

Foramen ovale

Valve of foramen ovale
(derived from septum primum)

Septum (lower limb secundum)
Eq

Perforations representing developing
foramen secundum in septum primum

Developing septum secundum

Foramen secundum

Septum primum

Foramen primum closed

Septum secundum (upper limb)

Foramen ovale

Septum secundum (lower limb)

Fy



Atrial septation

Remnant of foramen secundum

Degenerating part of

septum primum

Foramen ovale closed
by valve of foramen ovale

c B G,

— Superior vena cava

Foramen ovale open

Valve of foramen ovale

Inferior vena cava

(carrying well-
oxygenated blood)




Atrioventricular
septation

Common Superior endocardial Right atrioventricular
atrioventricular cushion canal
canal

Lateral cushion - IntoHaT — v e
A endocardial cushion Left atrioventricular canal

Region of cell death

Septum primum Septum primum

Ostium primum \ , Ostium primum
P X LA Left endocardial P
cushion Posterior Anterior

endocardial endocardial

Right endocardial cushion cushion
cushion
Atrioventricular canal Interventricular
A B foramen

Septum secundum

Ostium secundum

Septum secundum\q%y Ostium secundum

Septum N 1 LA
primum

Anterior and
posterior endocardial
cushions fused

Endocardial Interventricular .
otishlon G Interventricular

foramen

C D

Septum secundum

e Septum primum Valve of oval foramen

Foramen

ovale
Membranous

portion of the
interventricular
septum

Muscular portion of the

Interventricular septum interventricular system

(muscular portion)

Superior
vena cava

Septum secundum

Valve of the
foramen ovale

Valve of inferior
vena cava

G Valve of coronary sinus




Ventricular septation

4 to 5 mm (approximately 27 days)

Truncus arteriosus

Bulbus cordis

Without the spiral septum

Bulboventricular

flange No exit for blood in left ventricle
Truncus
arteriosus
AV canal ——
Primitive ——3%
R. ventricle Bulbus
Interventricular cordis
septum Primitive L. ventricle
6 to 7 mm (approximately 29 days)
Left inferior truncus swelling
Truncus arteriosus n
Right superior L donic
truncus swelling v l‘l‘(ht i
Right dorsal
bulbus swelling
Bulboventricular :
flange Right
Sabit ) atrioventricular Endocardial
zeantlablonss canal cushions

Inferior endo-
cardial cushion

Interventricular

septum Superior

endocardial
cushion

AV canal

With the spiral septum
Blood can exit both ventricles

Aorta
The three structures that

must fuse to complete
ventricular separation: }

Pulmonary trunk

[ Endocardial cushions
[ interventricular septum

[ spiral septum

Spiral
septum

Left
atrioventricular

Interventricular
(IV) septum canal



Clinical characteristics of too little pulmonary flow

Heart Defects

Occurring roughly in 1 of each 100 births —the a (&
most common birth defects

Long development, extensive remodelling,
postnatal Changes in Circulation Clinical characteristics of too much pulmonary flow (pulmonary volume overload)
/ Perspiration and
Leading cause of neonatal and infant death in RN A |
preterm births pocin ol W\

orthopnea and tachypnea)

ulmonary &

caused by pt
volume overload

Multifactorial origin S—
e Genetics—trisomies (21, 13, 18), point
mutations

e Environmental factors—maternal
infection(rubeolla), alcohol, drugs (Li),
maternal dla betes mellltus Etc° Cochard: Netter's Atlas of Human Embryoclogy

Copyright © 2012 by Saunders, an imprint of Elsevier Inc.
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Clinical characteristics of too little pulmonary flow

Heart Defects

Too little pulmonary flow (e.g., pulmonary stenosis, o (o
right ventricular outflow obstruction)

e Cyanosis and respiratory distress

* Clubbing of fingers

Clinical characteristics of too much pulmonary flow (pulmonary volume overload)

Perspiration and

Too much pulmonary flow (pulmonary volume . \\
. . (I;:’\.[]r':'[\.:l=I:r:(r|l!.‘|:;|)rl1r:“”\ ""' \\.‘ ' : Flared nostrils
overload, abnormal communication between the v 1'. \.\5’;.’; ., ‘
,"ll.])l\\‘[.l;;(zl!]l:;lhl-'\

ventricles or great arteries)
* Respiratory distress with tachypnea

e Sternal retraction, tense, anxiety, intercostal
retractions

* Thickening of the pulmonary arteries, pulmonary
hype rtenS|On, reve rted rlght'tO'Ieft ShLl nt Cochard: Netter's Atlas of Human Embryology

Copyright © 2012 by Saunders, an imprint of Elsevier Inc.
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Heart Defects
Atrial septal defects

Septum Septum primum Septum secundum
secundum Pulmonary Septum secundum
: Pulmonary
Ty veins
Large
oval

foramen

Normal septum formation Excessive resorption of

septum primum :
Short septum primum

Atrial septal defect
Septum primum

F

Absence of septum primum

_ and septum secundum
Septum primum



Heart Defects By
Ventricular septal defects

Ventricular septal defect

. Decreased systemic flow
Pathophysiology Y

of ventricular

septal defect

Increased pulmonary flow
(pulmonary volume overload)

Ventricular

se pta' defect Left-to-right shunt through

ventricular septal defect

Ventricular septal defect

Copyright @ 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins

Left ventricular hypertrophy

Right ventricular hypertrophy

Cochard: Netter's Atlas of Human Embryology
Copyright © 2012 by Saunders, an imprint of Elsevier Inc.



Persistent Aorta

e
truncus ‘?—’ ‘
(-

Heart Defects
Tetralogy of Fallot

Transposition
of great vessels

Pulmonary
trunk

External
appearance
of heart

Ventricular septal defect

Pulmonary stenosis (narrow RV

outflow region) S

Aorta

Overriding aorta arising directly

Bicuspid pulmonary valve

Intense cyanosis
caused by high
proportion of

i deoxygenated blood

Narrowed pulmonary outlet

above the septal defect

Ventricular septal
defect (anterior

Hypertrophy of the RV

through defect)
Septal band

Right
ventricular Decreased

(;\;lﬂow ' ‘ pulmonary
obstruction ~S E flow

Right-to-left
shunt
through
ventral
septal
defect

Small
pulmonary
trunk

Interventricular
septum

Right

Tricuspid valve ventricular 2 v fedact
Hypertrophied ey hypertrophy . SO Ventricular
R. ventricle —— e "' septal
I Note: Bold labels indicate the four primary defects ] 4 N—/’?g defect
SCNACRAG 0

Cochard: Netter's Atlas of Human Embryology
Copyright © 2012 by Saunders, an imprint of Elsevier Inc.



Circulation before and after birth

Pulmonary
vein

Ductus arteriosus

Superior vena cava

Pulmonary vein
Crista dividens

Oval foramen

Inferior vena cava

> —
S
Ductus venosus
Sphincter in - 3

ductus venosus

Inferior vena cava

Umbilical
vein

(>

Umbilical arteries

Pulmonary artery

Descending aorta

Pulmonary

Ligamentum arteriosum artery

Superior vena cava \‘//A /
IS \ V’

Closed oval foramen

Pulmonary vein

Inferior vena cava

Descending aorta
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