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Cardiogenic area

Neural
fold

Presumptive
left lateral
endocardial
tube

Presumptive
venous inflow

Presumptive
left dorsal
aorta

A 19 days
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Tepny vystupujici ze srdce

e truncus arteriosus — saccus aorticus — aa. arcuum
pharyngeorum (aortalni oblouky)

Dorsal aorta

Aorti B
ortic sac B 7B 2nd

— Aortic arches

Cut edge of
pericardium

Right atrium Truncus arteriosus

Bulbus cordis Left atrium

Bulboventricular groove (sulcus) S



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
Anterior

cardinal vein Dorsal aorta

Posterior cardinal o
vein Chorionic

villus

Aortic arches
(Il and Il)
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carotid
artery

Heart

Aortic sac Umbilical vein

A\ and artery

Vitelline

. Vitelline
vein

artery



Derivaty tepen zabernich oblouku

« 1. par—arteria maxillaris ( 22.-24.den)
e 2. par — a.stapedia
. 3. par — centralné — arteria carotis communis
— periferné — arteria carotis interna (prox.cdst)

6 mo postnatal




Derivaty tepen zabernich oblouku

* 4. par
— vlevo — ¢ast arcus aortae
— vpravo — a. subclavia dx.

* periferni cast a. subclavia dXx. se tvori z aorta dorsalis dextra, prava
intersegmentdalni arterie

— a.subclavia sin. neni derivatem arcus aortae, nybrz z /.
arteria intersegmentalis

6 mo postnatal




Derivaty tepen zabernich oblouku
e S.par—-90
* 6. par
— vlevo centraln¢ arteria pulmonalis sinistra
perifern¢ ductus arteriosus (Botalli)
— vpravo centralné arteria pulmonalis dextra
periferné¢ &

.....
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External
Internal carotid arteries
carotid artery
Right
vagus nerve

Dorsal aorta

Aortic

arches Left

vagus
nerve

Common
carotid artery Arch of

aorta

Right
subclavian artery ~Left
recurrent
Right nerve
recurrent nerve Diitis
7th arteriosus
Right dorsal intersegmental
artery Pulmonary

aorta
A artery

Right external
carotid artery

Right vagus \\

Right
subclavian artery

Left internal carotid artery

Left common carotid artery

Left subclavian artery

Brachiocephalic

artery Ligamentum arteriosum

Ascending aorta

Pulmonary artery Descending aorta



Obliterated

aortic arch Ascending

aorta

\

Maxillary

artery I Septum between
aorta and
1l i pulmonary artery
Pulmonary
v IV Vi | trunk
Primitive
pulmonary Primitive
Right artery pulmonary artery
dorsal aorta
Left
dorsal aorta
A =] Left 7th

intersegmental artery
4-mm stage 10-mm stage



Vetve dorzalni aorty

— aa. segmentales ventrales

« aa. omphalomesentericae
(vitellinae) — truncus coeliacus, porti arches
a. mesenterica superior et inferior

* aa. umbilicales — trunci “
umbilicales — aa. illiacae N7
— 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

Vitelline arterial plexus

A 29 days



Pronephric

tubule Dorsal Spinal branch
Dorsal g\:tzr;egmental Dorsal aorta
aorta Lateral
segmental

T

artery

Primitive gut

segmental
artery Ventral
segmental
arte
Dorsal branch of v
dorsal intersegmental
artery
Intercostal
artery
Metanephros

Renal artery

Gonadal artery



Epimeric muscles

Intersegmental a.

Lateral splanchnic
branch

Hypomeric
muscles

Visceral splanchnic
branch

A 7 weeks



Arteriae omphalomesentericae
(vitellinae)

vice parovych tepen
zasobuji Zloutkovy vak

rozvoj béhem zasobeni stieva z aa. segmentales ventrales
—s truncus coeliacus, arteriae mesentericae

v. precardinalis v. cardinalis communis v. postcardinalis

saccus aortae  sinus venosus veins and arteries \ \
in yolk sac wall




Arteriae umbilicales
* parove vetve:
 vedou Kk placenté€ v zarode¢ném stvolu, pozdé;ji
v pupeCniku
 zustavaji jako aa. 1liacae internae a aa.
vesicales superiores
— centralné pars patens

— periferné ligamentum umbilicale laterale = pars
occlusa



Vyvojove vady tepen

 Ductus arteriosus patens
 Coarctatio aortae
 Arcus aortae duplex

« Arcus aortae dexter

e Arteria lusoria

— abnormalni odstup a. subclavia dextra — obliterace
pravého aortalniho oblouku — odstup 7. a.
segmentalis



Ductus arteriosus Botalli
Tepenna (Botallova) ducCe;j

U

Aortic Arch

Botall's duct -

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



Coarctation of the Aorta

Narrowed Aorta

AO = Aorta

PA = Pulmonary Artery
B oxygen-rich Blood LA = Left Atrium

RA = Right Atrium
= Oxygen-poor Blood LV = Left Ventricle

RV = Right Ventricle



Coarctatio aortae

Preductal coarctation Postductal coarctation

Coarctation
Coarctation

Ductus arteriosus
Ductus arteriosus




Vyvojové vady tepen

* zmeény v prubchu
 klinicky vyznamné:
— a. radialis

* a. brachioradialis (7 %)

— a. ulnaris

* a. brachioulnaris
superficialis (3 %) BA;-\ TThBRA  BA

BA— \+BRA  BA—|\ |-BRA




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
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cardinal vein Dorsal aorta
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Aortic arches
(Il and Il)

Internal
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artery

Heart

Aortic sac Umbilical vein

A\ and artery

Vitelline

. Vitelline
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Zily ustici do srdce
« venae omphalomesentericae (vv. vitellinae)
— odkysliCena krev ze zloutkoveého vacku

 venae umbilicales
— okysli¢ena krev z choriovych klku placenty

 venae cardinales communes (ductus Cuvieri)
— odkysli¢ena krev z téla zarodku



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



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

=>» zaklad jaternich

sinusoid

v. omphalomesenterica dx.
=>» venae hepaticae

=> hepatokardialni tsek v.
cava inferior

vena portae vznika z
anastomotické sité kolem

dvanactniku

Anterior cardinal vein

Left horn of sinus venosus

Common cardinal vein

Degenerating proximal left
umbilical and vitelline veins

Ductus venosus

Sphincter in
ductus venosus

Persistent portion
of left umbilical vein

Duodenum

(R .
O

LR’

Anastomosis between anterior cardinal veins

/

/ Anterior cardinal vein

Right horn of

/ sinus venosus

_Degenerating right
" umbilical vein

‘s

Placenta

—— |nferior vena cava

\\\‘

Liver

— Vitelline veins forming portal vein
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v

\ ]
i
\

\
Vitelline v.

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

Vena portae
preduodenalis

Anomalous
preduodenal
" portal v.

rare C

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

prava zanika
cast levé zanika
druha Cast levé se

udrzi jako plodova
vena umbilicalis

7ilni zkrat
obchazejici jatra —
ductus venosus

Anterior cardinal vein Anastomosis between anterior cardinal veins

Left horn of sinus venosus Anterior cardinal vein

Common cardinal vein

Right horn of
sinus venosus

Degenerating right

Degenerating proximal left umbilical vein

umbilical and vitelline veins

Inferior vena cava
Ductus venosus

Sphincter in Liver

ductus venosus

Persistent portion
of left umbilical vein

Vitelline veins forming portal vein
Placenta

Duodenum



SINUS venosus

Sinuatrial
junction

n

ACV Sinuatrial

junction
\’“ PCV

=2 - -

PCV PCV

Sinuatrial )/
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uv. vIT Vv fold Right vitelline
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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

V. precardinalis + v. postcardinalis —
v. cardinalis communis (ductus Cuviéri)

 Sikma anastomoza prevadi krev zleva doprava — V.
brachiocephalica sinistra

V. precardinalis dextra a v. cardinalis communis dextra — V.
cava superior

« V. cardinalis communis sinistra — sinus coronarius+v.obliqgua
atri sinistri Truncus arteriosus

Future right atrium

Brachiocephalic veins
”~

”
=y
)

Future left atrium _ Superior vena cava

Oblique vein 4
of left atrium —————__: |

— Root of azygos vein
Coronary sinus _— yg

C

T Inferior vena cava



28 days

|— L. anterior
cardinal v.

L. vitelline v.

— L. umbilical v.

L. posterior cardinal v.

L. posterior
cardinal v.

35 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.

liac 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

Hepatic:J /l L
Subcardinal
portion of IVC V

Supracardinal
portion of IVC

Degenerating
posterior cardinal
V.

. thoracic
supracardinal v.

Internal iliac v.

Posterior cardinal

portion of IVC External iliac v.

56 days



Internal jugular v.

External jugular v.

) ) L. brachiocephalic v.
R. brachiocephalic v.

SvVC 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.

7

A\

Posterior cardinal segment
of IVC

Gonadal v.
Common iliac v.
Internal iliac v.
External iliac v.

Femoral v.

vyvoj IVC podle Larsena

Definitive system



Anastomosis Left brachiocephalic vein
Anterior anterior cardinal P

cardinal veins

vein
Common Superior Left superior
cardinal vefia cava intercostal
vein Supracardinal P vein
. vein /
Posterior R f..;. Corpn ary
cardinal S
R Hepatic segment
inferior vena cava Hemiazygos
i vein
Subca.r dinal Hepatic segment
vein
Left
renal vein
Renal segment | Renal
inferior vena cava [ | | Left | sagmenn { o
: | gonadal vein spermatic
k Sacrocardinal vein
segment

Sacrocardinal | Left common /
vein iliac vein

A - &
vyvoj IVC podle Sadlera




Vyvojove zily
VV. somaticae
v. cardinalis communis = ductus Cuvierl
V. precardinalis (— v. jugularis int.+ ext.)

V. postcardinalis (— v. azygos + hemiazygos)

anastomosis subcardinalis
— VV. subcardinales

vV. Intersegmentales — v. marginalis membri + v. axialis

ry w7

m.s./m.1.(— vv. subclaviae + povrchové¢ a hluboké zily
koncetin)

VV. viscerales

« vv. omphalomesentericae (vitellinae)
 v. umbilicalis (piivodné 2, prava zanika)
* V. pulmonalis communis
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Primitivni krevni obeéh

intraembryonalni

. Common cardinal vein
Anterior

cardinal vein Dorsal aorta

Posterior cardinal o
vein Chorionic

villus

Aortic arches
(Il and III)

Internal
carotid
artery

Chorion

Aortic sac Umbilical vein

\ and artery

Vitelline

vein Zloutkovy Vitelline

artery



embryochoriovy obéh




Fetalni obéh

ductus venosus
(Arantil

foramen ovale

ductus arteriosus
(Botalli)

Superior
vena cava

Lug
[ S

Foramen ovale

Right atrium |

// Right ventricle

Inferior vena cava

Umbilical vein

Portal vein
I~

<
Umbilicus \
\
-/

bladde

Umbilical
arteries

® Figure 15-37. Schemati
arrows show the course of the blood from
shunts permit most of the blood to bypass t
The poorly oxygenated blood returns to the p!

y 9

i/~ Ductus venosus

\ o

E )

Urinary

Arch of aorta

Ductus arteriosus \\

\
Pulmonary trunk \
\v
\
Pulmonary veins \

Left atrium

Valve of
foramen ovale

Left hepatic vein

Descending aorta

Oxygen saturation of blood

‘ : Sphmcter

. High oxygen content
. Medium oxygen content

r
. Poor oxygen content

Internal iliac artery

ic illustration of the fetal circulation. The colors indicate the oxygen saturation of the blood, and the

the placenta to the heart. The organs are not drawn to scale. Observe that three

he liver and lungs: (1) ductus venosus, (2) foramen ovale, and (3) ductus arteriosus.

lacenta for oxygen and nutrients through the umbilical arteries.



Novorozenecky
obéh

rozvinuti plic

stahne se sveérac v ductus
Venosus

foramen ovale se uzavira
zvySenym tlakem krve v
levé sini

ductus venosus a aa.
umbilicales se stahnou

ductus arteriosus se
reflexné stahne

/// \\
/ Arch of aorta ™\
// Superior \
vena cava
Ligamentum \
arteriosum
Lung L
Foramen ovale E N Pulmonary trunk
closed by valve ’ 7 \
formed from \
Pulmonary veins

septum primum

|

Right atrium . \

|
o

i .
" Inferior
vena cava

Left hepatic vein

Right hepatic vein
9 P Ligamentum
venosum

Descending aorta

, Oxygen saturation of blood
r’ | \
/T i
/

Portal vein S v 4

. High oxygen content

T

Ligamentum teres —— ==~

= A Kidney
Urinary ‘
N bladder

Superior
vesical

€ I\

Medial umbilical ligament \ h 4
o NS
N \
\ R¥.

- Low oxygen content

Umbilicus

N

legs & ©
Internal iliac artery

5-38. Schematic illustration of the neonatal circulation. The adult derivatives of the fetal vessels and structures that

birth are also shown. The arrows indicate the course of the blood in the infant. The organs are not
on, and the pulmonary

u Figure 1

become nonfunctional at
drawn to scale. After birth the three shunts that short-circuited the blood during fetal life cease to functi

and systemic circulations become separated.
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LYMFATICKE VAKY A CEVY

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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