DEVELOPMENT OF VESSELS
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22nd day

Saccus aorticus
(doesn‘t belong to heart tube)

Bulbus cordis

» Pericardium

Ventriculus
primitivus

Atrium

commune

Sinus venosus
(doesn‘t belong to heart tube)



Formation of the cardiac loop

Cephalic portion bends ventrally, caudally, to the right
Caudal portion (atrial) shifts dorsally, cranially, to the left

SLIDE Tél.THE RIGHT
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Abnormality
In looping
process

dextrocardia

NORMAL

Truncus arteriosus

Bulbus cordis

Ventricle

Atrium

Sinus venosus

DEXTROCARDIA

Truncus arteriosus

Bulbus cordis

Ventricle

Atrium

Sinus venosus



SEPTATION OF
ATRIA, VENTRICLES AND HEART OUTLET



Methods of formation of cardiac septa

growth of 2 opposite ridges growth of 1 ridge
Septum

Irregular expansion and merging
of neighboring portions
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Septum primum

Foramen primum

Dorsal endocardial cushions
A

Perforations representing developing
foramen secundum in septum primum

By



Foramen secundum

Foramen primum

Developing septum secundum

Foramen secundum

Septum primum

Foramen primum closed




Septum secundum (upper limb)

Foramen secundum

Foramen ovale

Valve of foramen ovale
(derived from septum primum)

5 Septum (lower limb secundum)
E (O | Eq

Septum secundum (upper limb)

Foramen ovale

Septum secundum (lower limb)
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Remnant of foramen secundum

Degenerating part of

septum primum

Foramen ovale closed
by valve of foramen ovale

¢ Gy

— Superior vena cava

Foramen ovale open

Valve of foramen ovale

Inferior vena cava

(carrying well-
oxygenated blood)




Ostium

Septum primum
primum.__

B : >—&- Interventricular
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i . : foramen

cushion Atrioventricular canal
. : Septum
eptum Ostium secundum = secundum

Septum # - Ostium
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Endocardial Interventricular .
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Lo , : &= secundum

Valve of
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: Atrial septa at various stages of development. A. 30 days (6 mm).
B. Same stage as A, viewed from the right. C. 33 days (9 mm). D. Same stage as
C, viewed from the right E. 37 days (14 mm). F. Newborn. G. The atrial septum from

the right; same stage as F.
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t .Comrtn_onl Superior endocardial Right atrioventricular
atrioventricular cushion canal

canal

A Lateral cushion endocardial cushion
Left atrioventricular canal




Ventricular septation

Truncus
arteriosus

Right
auricle

Right AV canals
ventricle

Compact ' Left
layer ¢ ventricle

Muscular
ventricular

Muscular

Anterior papilla
ventricular pepRRy

muscle

septum Hoders septum
oder:
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3rd month



Left conotruncal
ridge

Right conotruncal
ridge

Conotruncal

Right atrium

Left atrioventricular
orifice
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Atrial septal defect
Small defects - clinical symptoms may be delayed (age 30)

Forament ovale patens

Atrial Septum Defect (ASD)

Foramen secundum defect

Aorta
Pulmonary trnk
R. auncle

Superior vena cava

Crista terminalis

R, supenor pulmonary vein
Atral septal defect

K. inderior pulmonary vein
Rermnant of septum prirmam
Coronary snus

Valve of inferior vena cava

Inferior vena cava

Superior vena cava
Sinus venosus defect

Anomalous R upperiobe
pulrmonary veins

Fossa avalis

R.lowerlobe
pulmonary vein

Foramen secundum defect

Sinus venosus defect



Ventricular septal defect

left to right shunting of blood, excessive fatigue upon exertion

» pulmonary blood flow is increased resulting in pulmonary hypertension
elater pulmonary resistance causes right to left shunting of blood and
cyanosis (Eisenmenger syndrome)

Muscular interventricular septal defect

Membranous VSD



Ventricular septal defect

Decreased systemic flow

Pathophysiology

of ventricular
septal defect

Increased pulmonary flow
(pulmonary volume overload)

Left-to-right shunt through
ventricular septal defect

Ventricular septal defect
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o _*—-}— Left ventricular hypertrophy
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Right ventricular hypertrophy
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Clinical characteristics of too much pulmonary flow (pulmonary volume overload)

Perspiration and
tense, anxious facies

Infant with respiratory
distress (including
orthopnea and tachypnea)
caused by pulmonary
volume overload

Flared nostrils



Transposition of great arteries

Aorta (transposed)

Pulmonary artery
(transposed)

Right
ventricle



Persistent
truncus arteriosus

Persistent
truncus
arteriosus

External
appearance
of heart

Transposition
of great vessels

Transposition Aorta

of great vessels

Pulmonary



Tetralogy of Fallot

A — dextroposition of aorta
(overriding aorta)

B — pulmonary stenosis
(obstruction to right ventricle
outflow)

C — ventricular septal defect

D — right ventricular
hypertrophy




Aorta

Pulmonary trunk

Bicuspid pulmonary valve
Narrowed pulmonary outlet
Supraventricular crest .
Overriding aortic valve

Ventricular septal
defect (anterior
cusp of mitral
valve seen
through defect)

Septal band

Interventricular
septum

Tricuspid valve

Hypertrophied
R. ventricle

Tetralogy of Fallot

Pathophysiology of tetralogy of Fallot

Intense cyanosis
caused by high
proportion of
deoxygenated blood

Right
ventricular
outflow
obstruction

Right-to-left
shunt
through
ventral
septal
defect

Right
ventricular
hypertrophy

Note: Bold labels indicate the four primary defects

Decreased
pulmonary
flow

Small
pulmonary
trunk

Aorta
shifted
to right
and
overrides
defect

Ventricular
septal
defect



Clinical characteristics of too little pulmonary flow

Cyanosis Clubbing of fingers



DEVELOPMENT OF ARTERIES



Cardiogenic area

Neural
fold

Presumptive
left lateral
endocardial
tube

Presumptive
venous inflow

Presumptive
left dorsal
aorta

A 19 days
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Arteries assoclated with heart

 truncus arteriosus — saccus aorticus —
aa. arcuum pharyngeorum (aortic arches)

Dorsal aorta

Aortic sac

— Aortic arches

Cut edge of
pericardium

Right atrium Truncus arteriosus

Bulbus cordis Left atrium

Bulboventricular groove (sulcus) Viritriciis



Foregut . First aortic arch

Fusing endocardial
heart tubes

Pericardial cavity Dorsal

mesocardium

Septum Dorsal aorta
transversum

- _ Amniotic
Vitelline veins cavity

Hindgut

Umbilical arteries



. Common cardinal vein
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cardinal vein Dorsal aorta
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artery
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Aortic arches derivatives |

« 1st pair — arteria maxillaris

« 2nd pair — arteria stapedia

« 3rd palr — central — arteria carotis communis
— peripheral — arteria carotis interna




Aortic arches derivatives ||

* 4th pair
— left — part of the arcus aortae

— right — a. subclavia dx.

 peripheral part of a. subclavia dx. is derived from aorta dorsalis
dextra

— a. subclavia sin. is NOT derived from the 4th aortic arch
but from 7th intersegmental artery




Aortic arches derivatives ll|

« 5th—-O
« 6th pair
— left central left pulmonary artery
peripheral ductus arteriosus
(Botali)

—right  central right pulmonary artery
_JPerioheral @

.....

-
-
-

-
-
sssss
-



Branches of dorsal aortae

— aa. segmentales ventrales

* aa. omphalomesentericae
(vitellinae) — truncus coeliacus,
a. mesenterica superior et inferior .

e aa. umbilicales — trunci
umbilicales — aa. illiacae
— aa. segmentales laterales —
aa. renales, suprarenales,
testiculares, ovaricae .....

— aa. Intersegmentales —» aa.
vertebrales, subclaviae (whole
left, peripheral part of right),
Intercostales, hypogastricae,
epigastricae.......

— a. sacralis mediana

Gut tube

Vitelline arterial plexus

A 29 days



Arteriae omphalomesentericae
(vitellinae)

* number of paired arteries
» supply yolk sac

« develop in vascular supply of gut — truncus
coeliacus, arteria mesenterica superior et inferior

v. precardinalis v. cardinalis communis v. postcardinalis

I
§ \
saccus aortae  sinus venosus veins and arteries 4 \\ v?(.sa .
in yolk sac wall  \, &\ - umbilicalia
L) '}0 )

s,



Arteriae umbilicales

« paired branches
— central: truncus umbilicalis from aorta dorsalis
— peripheral: within mass of diverticulum allantoicum

 to placenta (originally to allantois) in embryonic
(connective) stalk or later in umbilical cord

* persist as arteriae iliacae internae and vesicales
superiores
— central: pars patens

— peripheral: ligamentum umbilicale mediale = pars
occlusa



Malformation of arteries

* Ductus arteriosus patens
» Coarctatio aortae

* Arcus aortae duplex

* Arcus aortae dexter

e Arteria lusoria

— abnormal origin of the right subclavian artery —
obliteration of right aortic arch — origin of 7%
segmental artery



Ductus arteriosus Botalll
Botall's duct

Aortic Arch

http://images.radiopaedia.org/images/25225/2f0aae3edc1fc18ff46cff5a40bb39_gallery.jpg http://posterng.netkey.at/esr/viewing/index.php?module=viewimage&task=&mediafile_id=366756&201101302145.gif



Ductus arteriosus patens

Ligamentum arteriosum

Abnormal widened
patent ductus
arteriosus

Normal narrowed
patent ductus
arteriosus

Left pulmonary

Aorta artery




Patent Ductus Arteriosus (PDA)

Vessel connecling Aorla
and Pulmonary Artery

Al ® Aarta
PA = Pulmanary Artery
B Ouygen-rich Blood LA = Left Atriom
| RA = Right Alrium
Crpgean-poor Blood LV = Laft Ventricle

B Moced Biood RV = Right Ventricie



Coarctatio aortae

Preductal coarctation Postductal coarctation

Coarctation
Coarctation

Ductus arteriosus
Ductus arteriosus




Double aortic arch

Esophagus

Trachea
Common
carotid
arteries Left
subclavian
; . artery
Right aortic
arch Left
aortic
arch
Persistent Ascending
portion of aorta Descending
aorta

right dorsal
aorta



Arteria lusoria

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

subclavian artery)

A



DEVELOPMENT OF VEINS




. Common cardinal vein
Anterior

cardinal vein Dorsal aorta
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Aortic arches
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Internal
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artery

Heart
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Velns associated with heart

 Venae omphalomesentericae (vv. vitellinae)
— poorly oxygenated blood from yolk sac

* Venae umbilicales
— well-oxygenated from chorionic villi of placenta

 Venae cardinales communes (ductus Cuvieri)
— poorly oxygenated blood from body of embryo



Left hepatocardiac
- channel

Sinus venosus Cardinal veins

Hepatic
sinusoids

Liver - |
b'L\l/dS Left vitelline vein
Duodenum -
Umbilical vein umbt!xcal
vein
A B Duodenum



Hepatic portion of
inferior vena cava

Right Hepatic vein Hepatic vein
hepatocardiac (right vitelline) (left vitelline)
channel

Ductus venosus

Portal vein
Duodenum
; y . Left
A iy — Left umbilical vein B umbilical
\ Superior =¥ vein
Vitelline veins mesenteric vein Spleni vein



Venae omphalomesentericae
(vitellinae)

- venae hepaticae

from remnants of right

omphalomesenteric
vein

-> venae portae

from an anastomotic
network around
duodenum

Anterior cardinal vein Anastomosis between anterior cardinal veins

Left horn of sinus venosus _- Anterior cardinal vein
i
L
Common cardinal vein
Right horn of
Sinus venosus
Degenerating right
Degenerating proximal left (Y — " umbilical vein
umbilical and vitelline veins =
\ —— Inferior vena cava
N
Ductus venosus —— _
, = ' ~ Liver
Sphincter in <
ductus venosus s |
e !
Persistent portion T v ———— Vitelline veins forming portal vein
of left umbilical vein Placenta ‘. . :
B .

Duodenum



EMBRYOLOGIC AND ANATOMIC BASIS OF DUODENAL SURGERY 177

v

\ ]
i
\

\
Vitelline v.

J. r~
Normal
\ \\“ \ \ Docigg}av.
G\
| (x—A |
=RV 4 -

Vena portae
preduodenalis |

Anomalous
preduodenal
" portal v.

rare

Figure 6. Embryonic origin of preduodenal portal vein. A, Embryonic extrahepatic communi-
cations between vitelline veins (V). B, Normal development; persistent superior communi-
cating vein forms a part of normal, postduodenal portal vein. C, Anomalous persistent
inferior communicating vein forms a part of an anomalous preduodenal portal vein.
(From Colborn GL, Gray SW, Pemberton LB, et al: The duodenum. Am Surg 55(part
3):469, 1989; with permission.)



Venae umbilicales

Anterior cardinal vein Anastomosis between anterior cardinal veins

* right and part of left
vein degenerate

Left horn of sinus venosus Anterior cardinal vein

Common cardinal vein
Right horn of
SinUS venosus

* persistent part of
Ieft Veln beCOmeS Dest);a]_nerlating p;z;urr:;allee;ts
vena umbilicalis

Degenerating right
umbilical vein

———— Inferior vena cava
Ductus venosus

Liver

* venous shunt S
. . uctus venosus
detouring liver —
Persistent portion
dUCtUS Venosus oileﬂumbﬁi(c):alvein

Vitelline veins forming portal vein

Placenta

Y L

Duodenum



SINUS venosus

Sinuatrial
junction

n

ACV Sinuatrial

junction
\’“ PCV

=2 - -

PCV PCV

Sinuatrial )/
CCV “
uv. vIT Vv fold Right vitelline
Oblique
vein of
left atrium

\

Coronary
sinus

fetus



Interseptovalvular Superior vena cava

Septum
Space orimum  Pulmonary | Sinus Septum  Septum
—5  secundum , Primum

veins venarum

Crista
terminalis

Septum spurium

Right venous

valve
Sinuatrial
orifice -
Left venous - Valve of
» inferior
e vena cava
A Inferior endocardial C

cushion Valve of coronary sinus

5th week fetus



Venae cardinales

Vena cardinalis communis —
ductus Cuvieri

Vena cardinalis anterior
(precardinalis)

— L. anterior
cardinal v.

_—L. vitelline v.

— L. umbilical v.

Vena cardinalis posterior
(postcardinalis) \ T

L. posterior cardinal v.

28 days



Vena cava superior

an obligue anastomosis shunt takes blood from left to
right — v. brachiocephalica sinistra

right precardinal vein and right common cardinal vein —
vena cava superior

Truncus arteriosus

Future right atrium Brachiocephalic veins

Future left atrium Superior vena cava

\ \

Oblique vein e
of left atrium ———_: !

i A 1 . Root of azygos vein
Coronary sinus BL________I yg
) ——

™ Inferior vena cava



Vena cava inferior

| — L. anterior
cardinal v.

L. vitelline v.

— L. umbilical v.

L. posterior cardinal v. L. subcardinal v.

L. posterior
cardinal v.

35 days
28 days



L. anterior cardinal v.

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

Sinus venosus

R. vitelline v:
R. supracardinal v.

Subcardinal
portion of IVC
L. posterior
cardinal v.

— lliac anastomosis
connecting the posterior cardinal
veins

L. internal iliac v.
L. external iliac v.

50 days Middle sacral v.



L. brachiocephalic v.

SvC
L. sinus horn
Subclavian v.
R. vitelline portion
of IVC
HEats Degenerating
Subcardinal posterior cardinal

portion of IVC V-

l. thoracic
supracardinal v.

Supracardinal
portion of IVC .
Internal iliac v.
Posterior cardinal

portion of IVC External iliac v.

56 days



R. brachiocephalic v.
SVC

R. subclavian v:

R. vitelline segment
of IVC

Subcardinal segment
of IVC

Supracardinal segment
of IVC

[/
W

N

Posterior cardinal segment
of IVC

Definitive system

Internal jugular v.
External jugular v.

L. brachiocephalic v.
L. subclavian v.
Superior intercostal v.

Coronary sinus

Intercostal v.

Azygos v.
Hemiazygos v.
Renal v.
Gonadal v.
Common iliac v.
Internal iliac v.
External iliac v.

Femoral v.

development of IVC
after Larsen



Anastomosis Left brachiocephalic vein
Anterior anterior cardinal P

cardinal veins

vein
Superior Left superior
Common " \
cardinal vena cava intercostal
vein Supracardinal / vein
P . vein ‘ / 5
osterior Azygos vein arenary
cardinal sinus
I Hepatic segment
inferior vena cava Hemiazygos
. vein
bcardinal ,
Si : Hepatic segment
vein
Left
renal vein
Renal segment | —
inferior vena cava || | Left sagmnt Left
: | gonadal vein sparmlié
Sacrocardinal vein
segment
Sacrocardinal | Left common
vein iliac vein

development of IVC after Sadler



Pulmonary veins

Septum primum ’
P P Dorsal mesocardium

Dorsal aorta \

Foregut

Ostium
Dorsal mesocardium primum
(central portion

breaking down)

1st aortic
arch

Right Left

Pericardial . .
cavity endocardial endocardial
Heart tube cushion cushion
Atrioventricular canal
Dorsal mesocardium O RN, W
— enchy Pulmonary
Septum primum l protrusion Septum veins
l primum

Pulmonary
vein

Dorsal mesenchymal
cap '



PRIMITIVE AND FETAL
BLOOD CIRCULATION
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Primitive blood circulation

intraembryonic

. Common cardinal vein
Anterior

cardinal vein Dorsal aorta

Posterior cardinal o
vein Chorionic

villus

Aortic arches
(Il and Il)

Internal
carotid
artery

/.

Chorion
Heart

Aortic sac Umbilical vein

A\, and artery

&

Vitelline

vein vitelline Vitelline

artery



Fetal

blood
circulation

/\ /\ Aortic arch
Superior vena cava

Ductus
arteriosus
Lung Pulmonary
. a.
- Pulmona
o
Oval foramen

Right atrium Left
V atrium
Inferior vena cava
) Ductus venosus
Righthepaicy. 7‘ % ) l > — Descending aorta
Left hepatic v. v = '
Wﬁ/’ 7 Sphincter
Sinus portae :
Portal v.
u o’
Intestines
Umbilical v.
Umbilical cord Urinary e
bladder Kidney
Superior vesical a.
Umbilical aa.

Internal iliac a.

Placenta Oxygen saturation of the blood:

High Medium




Pulmonary

Changes
at birth

Ligamentum arteriosum

Superior vena cava

Closed oval foramen

Pulmonary vein

Inferior vena cava

Descending aorta

Ligamentum teres hepatis

Superior vesical artery

Medial umbilical ligament



DEVELOPMENT OF
LYMPHATIC VESSELS, NODES AND SPLEEN



LYMPHATIC SACS AND VESSELS

Cardinal vein Budding of Formation of Sprouting of lymphatic
lymphatic EC lymph sacs vessels to periphery
Competency Specification Lymphatic differentiation

(Vegfr3*/Lyve1®) (Prox1%) (Podoplanin®/Nrp27)



Jugular lymph sac
2 g Jugular lymph

sac
SVC
SvC
Thoracic duct
Thoracic
duct

Retroperitoneal Retroperitoneal Cisterna chyli

Cisterna chyli lymph sac lymph sac

Posterior lymph
Posterior sac (jliac)
lymph sac

(iliac)

B 56days C 16 weeks
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