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SRDCE A CEVNIi SOUSTAVA SE VYViJi JAKO JEDNY Z PRVNICH

Prvni morfologické znamky vyvoje budouciho srdce

Carnegie Stages o/ .man Development

Dr Mark Hill, Cell Biology \ of Medical Sciences (Anatomy), UNSW
Stage 1 Zygote ,
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PIné funkcni srdce se ctyrmi oddily



SRDCE A CEVNIi SOUSTAVA SE VYViJi JAKO JEDNY Z PRVNICH

Carnegie Collection (Stage 5) *  prvni funkéni orgdnovy systém

* vyvoj ze splanchnického, paraxidlniho a lateralniho
mezodermu, a neuralni listy

* rychly rGst embrya ve 2. a 3. tydnu: limitovana difuze

* prvnivaskularizace se objevuje extraembryonalné: zZloutkovy
vak, chorion zdrodecny stvol

* bipotentni hemangioblasty: krevni ostrivky

* vaskulogeneze a angiogeneze, hematopoeze

Umbilical vesicle
with blood islands

Cut edge
of amnion

Embryonic disc

Connecting

stalk

No. 7700 Developing
blood
vessels

Wall of

chorionic sac



VASKULOGENEZE A ANGIOGENEZE

Vznik z nediferencovanych
mezodermalnich bipotentnich
prekurzora (hemangioblastti)

Vasculogenesis Angiogenesis

Extraembryonic Mesoderm

Yolk Sac Endothelial Primitive Sprouting Rust z existujicich cév

Precursor Cells  Erythrocytes

Tip Cell

: Hemangioblastic

Aggregate P
oi 0'¢'
Undifferentiate
Mesoderm ' f nd f
Endoderm Endothelial Proliferating and Migrating
Cell Endothelial Cells
Intussusception
Intraembryonic Mesoderm Capillary Tube
- QSRR —~
Specification of EPCs (Dividing and
Endothelial Precursor Differentiating into

Cells (EPCs) Endothelial Cells)



PRVNIi ZAKLADY KARDIOVASKULARNIHO SYSTEMU
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PRVNI ZAKLADY KARDIOVASKULARNIHO SYSTEMU

« vyvoj zakladul srdce a cév: konec tietiho tydne

* embryonalni vaskulogeneze cca 2 dny po zaloZeni extraembryonalni vaskularizace
* primordidlni krevni cévy, arterie a vény nejsou strukturalné odlisitelné

* primordium srdce a velkych cév v kardiogenni oblasti

* embryondlni hematopoeze z para-aortdlnich klastri v AGM

e angioblastické provazce — kanalizace — endokardové srdecni trubice

The Heart Wall

Heart primordium

Neural plate

Umbilical vesicle

with blood islands
I I Cut edge

of amnion

Primordial
blood vessel

Myocardium

Blood island

Pericardial cavity



PRVNIi ZAKLADY KARDIOVASKULARNIHO SYSTEMU

Vznik a fuze
kardiogennich poli

Vznik srdecni
trubice

Day 21
Linear heart tube

Day 15
Cardiac crescent

FHF truncus arteriosus

bulbus cordis

primitive ventricle

primitive atrium

Looping

Day 28
Looped heart tube

Aortic
arch v

arteries
\

Conotruncus

Atrioventricular
valve

Septace

Day 50
Mature heart




PRVNI ZAKLADY KARDIOVASKULARNIHO SYSTEMU

3. tyden

Epiblast

18 days, dorsal surface

UNSW Embryology



VZNIK KARDIOGENNICH POLIi JE SOUCASTI VYVOJE TELNICH DUTIN

: Primary
heart field

3. tyden

Primary heart field(PHF)

Neural plate

Cut edge of amnion

Primitive node

Primitive streak

3. tyden
(18. den)

Primarni kardiogenni pole: prava a leva sin, leva komora
Sekundarni kardiogenni pole: prava komora, vytokovy trakt — béhem loopingu srdce http://doctordphd.com/page/page-14/



VZNIK SRDECNIi TRUBICE 3. tyden

parové endokardové trubice (cor tubulare duplex) z embryonalni splanchnopleury v kardiogenni

oblasti (budouci endokard) — luminizace angioblastickych provazcl
flexe embrya — medidlni fuze: jednoduché trubicovité srdce (cor tubulare simplex)
visceralni mezoderm: myoepikardovy plast: myokard a epikard

srdecni rosol (cardiac jelly) - mezi endokardem a myokardem (produkt primitivniho myokardu)
epikard —z mezotelu sinus veosus

srdecni kontrakce 21-22. den (5.tyden podle LMP)

uzaviena cirkulace ~ 4.tyden (gestacni)

Heart primordium . x "
Endothelial : ; BF‘;___«rmnE
: ot tusion
heart tubes ‘ 37
Neural plate tubes
Umbilical vesicle
with blood islands Cut edge 4 Direction of blood flow

of amnion

Single
primitive

Primordial
heart tube

blood vessel

Bifurcated
¢’ caudal end
Blood island



HISTOGENEZE SRDECNICH TKANI

3. tyden
*  Embryonalni ECM
. dorsal +  Morfogeneze myokardu
pe‘:g;?éillm mesocardium *  Prevodni systém srdecni

endocardium

myocardium

cardiac
jelly
'{ - )M‘ < T,
o - Fo b8 TANwS,
epicardium e v e/
. . ; . — i. = AN = VA
pericardial _ S
sac visceral
pericardium

Layers of the Heart Tube




LOOPING

3.-4. tyden

Folding and Fusion of the Heart Tubes




LOOPING

‘ fuze endokardovych trubic a vznik jednoduchého trubicovitého srdce




VYVOJ PRIMITIVNIHO SRDCE

4. tyden

e jednoduché tubularni srdce: cor tubulare simplex a cor tubulare sigmoideum

* sinus venosus — atrium — ventriculus — bulbus cordis— truncus arteriosus

cor tubulare simplex

venozni konec arterialni konec

bulboventrikularni klicka

cor tubulare sigmoideum




VYVOJ PRIMITIVNIHO SRDCE

4. tyden

tubularni srdce neni jen teoreticka struktura

Cor tubulare simplex

Cor tubulare sigmoideum




VYVOJ PRIMITIVNIHO SRDCE

Neural groove 1st pharyngeal Future forebrain
Foregut arch artery 1st pharyngeal arch
1st pharyngeal Neural fold Primordial
arch artery pharynx

Epicardium Sites of fusion

. o — ) of endocardial
Amnion / Myocardium heart tubes

Endocardium > Pericardial s Ventricle
Heart : | cavity

Bulbus
cordis

Amnion

Myocardium
Pericardial

cavity / Endocardial

. heart t
Cardiac FrIL TS

jelly W S Wall of
umbilical

A Left vitelline vein B Cavity of umbilical vesicle VesiElS C  Primordial atrium
Neural groove 1st pharyngeal arch 2nd pharyngeal arch
Neural fold artery artery

Truncus
Truncus arteriosus
arteriosus

Bulbus
cordis

Future left
ventricle

Ventricle Future
right : i<
ventricle \ - Primordial
\ : atrium
Primordial
atrium

Sinus Common
venosus cardinal
vein

Umbilical vein E  Umbilical vein Vitelline vein



VYVOJ PRIMITIVNIHO SRDCE

4. tyden




SEPTACE A VZNIK SRDECNiICH oDDiLU

Rozdéleni spolecného atria (atrium communis)

septum primum z dorso-kraniadlni stény smérem k

endokardovym polstardm (endocardial cushions)
nelplné uzavieni — foramen (ostium) primum
apoptéza — foramen secundum

septum secundum — foramen ovale

valvula foraminis ovalis z septum primum

foramen ovale: kritickd embryonadlni spojka

foramen ovale patens

Pulmonary
vein

Ductus arteriosus
@ o

Superior vena cava

Pulmonary vein

Crista dividens

Oval foramen
Pulmonary artery

Inferior vena cava

Descending aorta

Ductus venosus

Sphincter in
ductus venosus

2.\

Inferior vena cava
Umbilical
vein

Umbilical arteries



SEPTACE PRIMITIVNIHO ATRIA

BEFORE BIRTH

RIGHT ATRIUM LEFT ATRIUM
HIGHER PRESSURE LOWER PRESSURE

Septum secundum ——~

Shunt

Foramen ovale

~€«—— Septum primum
4 (valve of foramen ovale)

AFTER BIRTH

RIGHT ATRIUM LEFT ATRIUM
‘LOWER PRESSURE HIGHER PRESSURE

Septum secundum ——

Oval fossa e

l ~€«—— Septum primum




MUNI
MED

Cytologicky a embryologicky atlas
Atlas of Cytology and Embryology

Vyvoj srdce — development of heart. (1) perikardova dutina — pericardial cavity, (2) bulbus cordis,
(3) ventriculus primitivus, (4) atrium commune, (5) cornu dx. sinus venosus, (8) cornu sin. sinus
venosus, (7) dorsal aortae, (8) truncus arteriosus, (9) conus cordis, (10) zaklad pravé komory —
developing right ventricle, (11) budouci 1. faryngova arterie (aortalni oblouk) — developing 1*
pharyngeal artery (aortic arch), (12) sulcus bulboventricularis, (13) zaklad levé komory — developing
left ventricle (14) atrium sin., (15) atrium dx., (16) septum primum, (17) foramen (ostium) primum,
(18) septum secundum, (19) foramen (ostium) secundum, (20) foramen ovale, (21) foramen
interventriculare, (22) septum interventriculare, (23) endokardové polstarky (navalky) — endocardial
cushions, (24) mediastinum, (25) vendzni chlopen — venous valve.



VYVOJ PRIMITIVNIHO SRDCE

Sinus venosus béhem atrialni septace:
- posun usti sinus venosus doprava — sténa pravého atria

- leva cast sinus venosus se oddéluje — sinus coronarius («<— venae cordis)

Right Innominate
a b . ¢ and SVC
LeftACV Right ACV (Right ACV)

Left
Innominate

Coronary Sinus
(Left Sinus Venosus)

Left
pPCV Left Left
uv v

Azygos
(Right PCV)

vc
(RightVV)

atrium



VYVOJ SRDCE

Vena pulmonalis béhem atrialni septace:

- primitivni v. pulmonalis vznika z primitivniho atria a

L atrium P atrium

soubézné s vyvojem vendzniho plexu plic

- spolecné se svymi vétvemi se stava soucasti levého atria

plicni zily prave a levé plicni zily

primordialni plicni zila

primordium levého atria

primordium levého atria

usti ¢tyr plicnich zil

¢ast levé siné vznikla
absorpci tkané plicni
vén )

y pars glabra levého atria

primordium levého atria vy —
levé ousko



VYVOJ SRDCE

Rozdéleni spolecné komory (ventriculus communis)

* primitivni interventrikuldarni septum — docasné

atrioventriculare

» pars membranacea (septi interventricularis)

Atrioventricular
canals

Septum primum

Atrium /—

Ventricle \(>\

Interventricular
septum

Dorsal endocardial
cushion

28 days

septum interventriculare na konci 4. tydne — kranidlné, sagitalné smérem k foramen

foramen interventricualre — uzavira se béhem tvorby aorto-pulmonalniho septa

pars muscularis (septi interventricularis) medialni strany obou komor

/\/—\/ Foramen ovale

Right Left atrium
atrium

Tricuspid Mitral valve
valve

Left ventricle
ventricle

8 weeks



VYVOJ SRDCE

Rozdéleni bulbus cordis a truncus arteriosus

5. tyden — bulbarni a trunkalni valy (listy)

vazivo plvodem z neurdlni listy

180° otoceni — spiralovité aorto-pulmonarni septum

plicni kmen a aorta se otaci kolem sebe

bulbus cordis je soucasti definitivnich komor:

prava komora: conus arterious (infundibulum) — plicni kmen

levd komora: vestibulum aortae

Truncal ridge

Bulbarridges

Left atrioventricular canal




VYVOJ SRDCE

Vyvoj srdecnich chlopni

e semilunarni chlopné (aortalni, pulmonalni) béhem septace truncus arteriosus
z endokardovych polstara aortopulmondrniho septa
[ ]

atrioventrikularni chlopné (trikuspidalni, mitralni) z endokardovych polstard a

myokardu ve foramen atrioventriculare commune

Superior Endocardial Cushion
Dorsal valve swelling

Common AV canal
Aona Left AV canal
Right bulbarr?/\§ Posterolateral cusps A B D
ridge 4
A\ A\ e A ¢ A0 pa e
D @S
[ / | \
[ \’_\ // = '\\**/ Postenor usp
\ )( < < \ An'mcusv (V Lateral cushion
\\ Inferior Endocardial Cushion Right AV canal
Left bulbar N 2 1)
ridge

Pulmonary Trunk

Anterolateral cusps

PRT N N &)
Q | i< Qjﬂ |

6\5 \?\? Myocardium K//, /JN\/
) )
< O u “ / Chordae tendmeae ,)

Papillary muscles \/

AV valves




VYVOJ SRDCE

Vyvoj prevodniho srde¢niho systému

Definitivni pfevodni systém = elektrické spojeni mezi sinémi a komorami

* Souvislost svalovych vrstev atrii a komor

*  Primitivni atrium — prvotni pacemaker

e SAuzlik v 5. tydnu z tkani sinus venosus

* Bunky interatridlniho a atrioventrikularniho septa se podili na vzniku
AV uzlu a fasciculus atrioventricualris - raménka - komorovy
myokard




VYVOJ SRDCE — SHRNUTI

Folding brings heart 1

tubes into the ventral 1 Aortic and puImonar;)I
midline : trunks divide:
i - 1
. A Heart looping! | [\ 4 Septation | )|, i DIA 'l
' W\ A :
Heart tube fusionj ﬁ/z \\ Tm——
1 Valves developedj

Heart tube begins to beat;

Human



ECHOKARDIOGRAFIE FETALNIHO SRDCE

20. tyden







PRIMITIVNI KREVNi OBEH

4. tyden

Anterior, common, and posterior cardinal veins

Sinus venosus Dorsal intersegmental arteries

Pharyngeal arch
arteries

Dorsal aorta

Umbilical artery

Amniotic cavity ¢ , ,
Tertiary villus

Amnion

Aortic sac
Primordial heart tube

Vitelline vein
Wall of
chorion
Vitelline artery Umbilical cord

Umbilical vesicle Umbilical vein

Vitellus

Air pocket

Embryo

Chorion

Amnion

Albumen

Allantois



PRIMITIVNI KREVNi OBEH

4. tyden

vitelinni obéh: dorsalni aorty — aa. omphalomesentericae — splyvaji v jednu a. omphalomesenterica
— wv. omphalomesentericae + vv. umbilicales — parovy truncus vitelloumbilicalis — sinus venosus

umbilikalni obéh: dorsalni aorty — aa. umbilicales — chorion — vv. umbilicales + vv.
omphalomesentericae — parovy truncus vitelloumbilicalis — sinus venosus

Anterior, common, and posterior cardinal veins

Sinus venosus Dorsal intersegmental arteries

Pharyngeal arch
arteries

Dorsal aorta

Umbilical artery
Amniotic cavity

Tertiary villus

Vitelline vein

Wall of
chorion
Vitelline artery Umbilical cord

Umbilical vesicle Umbilical vein



VYVOJ ARTERII

Embryonic Circulation

Anterior cardinal vein
Common cardinal vein
Posterior cardinal vein

Aortic arch arteries
Ventral aorta
Dorsal aorta

Placental
Circulation

Left umbilical vein
Umbilical artery

Vitelline Circulation

Vitelline vein
Vitelline artery



VYVOJ ARTERII

Dorzalni aorta

e plvodné parova

* odstupuje z aortdlnich oblouk

* parové aorty splyvaji v jednu dorzalni aortu — a. descendens

Ventralni aorta a aortalni vak

* plvodné parova

» po flexi embrya péarové aorty splyvaji v aortalni vak — odstup aortalnich oblouku

Embryonic Circulation

Anterior cardinal vein
Common cardinal vein
Posterior cardinal vein

Aortic arch arteries
Ventral aorta
Dorsal aorta

'/ Placental
Circulation

=2 Left umbilical vein
Umbilical artery

Vitelline vein
Vitelline artery



VYVOJ ARTERII

Aortalni oblou ky Embryonic Circulation

Aortic arch arteries Anterior cardinal vein
Ventral aorta Common cardinal vein
Dorsal aorta Posterior cardinal vein

./ Placental
~ Circulation

Left umbilical vein

" Umbilical artery
Vitelline/irculation

itelline vein
itelline artery

DA

o = ]

A\ N



AORTALNI OBLOUKY

Right dorsal aorta

Right 1st arch

Right 2" arch
Right 3@ arch

Right 4t arch
Right 5t arch

Right 6™ arch

Right 7t intersegmental artery

Fusion of dorsal aorta

Aortic sac
(ventral aorta) Left dorsal aorta

Left 1st arch

Left 2"d arch

Left 39 arch
Left 4th arch
Left 5t arch

Left 6t arch

Truncus arteriosus

Left 7t intersegmental artery



AORTALNI OBLOUKY

QUL (oharyre) External
Eotvical carltrotid Internal
e :
intersegmental b carotid artery
artery

Cervical
intersegmental
artery

Vertical
aortic root Vertebral

artery

3 : Thoracic
Aortic 7 s intersegmental
¢ artery

Seventh thoracic
intersegmental
artery

Gut
(pharynx)

Dorsal aorta - s
— ].[f -
External carotid artery
Recurrent laryngeal nerve

Vagus nerve

Right common
carotid artery

Left subclavian artery
Internal thoracic artery
Highest intercostal artery

Internal
carotid artery

Left common carotid artery

Vertebral

artery .
Left aortic arch IV

Right subclavian

artery Ductus arteriosus

Brachiocephalic
arrteryI e Left subclavian artery
Left pulmonary arte

Right pulmonary artery P v Y

Degenerating

eighth segment
ofrightdorsal " _JL_ ... Highest intercostal artery
aortic root

Pulmonary trunk

Dorsal aorta



AORTALNI OBLOUKY

A Dorsal
aorta

Aortic arches

I
"
v

VI

Right dorsal
aorta

External carotid
arteries

Internal carotid artery
Right vagus nerve =\

\‘l
\

Common
carotid artery
Right subclavian artery

Right recurrent nerve

7th intersegmental
artery

. . Left vagus
§ | nerve

' / Arch of aorta
Y

Ductus
arteriosus

Pulmonary
artery

4

6

Left recurrent

zanika, z ¢asti a. maxillaris (¢astecné aa. carotides
externae)

zanik3, z ¢asti a. stapedia a a. hyoidea

proximalni Useky aa. carotides communes, distalni
¢ast obloukd + dorzalni aorty - aa. carotides
internae

pravy dava vznik proximalni ¢asti a.

subclavia dextra (distdIni ¢ast pochazi z dorsalni
aorty a ze 7. intersegmentalni arterie);

z levého vznika ¢ast arcus aortae (aorta samotna
vznika z aortalniho vaku a levé dorzalni aorty)

- (bud’ se nezalozi nebo rychle degeneruje aniz z néj
vznikaji jakékoli cévy)

vpravo z proximalni ¢asti vznika a. pulmonalis
dextra, distalni ¢ast zanika;

vlevo z proximalni ¢asti vznikd a. pulmonalis
sinistra, z distalni ¢asti vznikd ductus arteriosus.



AORTALNI OBLOUKY

Internal
carotid artery

1%t aortic arch

2" aortic arch

1staortic arch

Ventral
Truncus aorta

arteriosus

2™ aortic arch 34 aortic arch

heart

4™ gortic arch

32 Days

Dorsal aorta
2™ aortic arch Dorsal aorta
remnant
1=taortic arch 3 aortic arch
remnant
Q / \‘ ’\ 4" aortic arch
4’ 6" aortic
‘ ' arch
N (ductus
arteriosus)
2% aortic arch \‘

Aorta g % Aorta
3

3 aortic arch

1staortic arch Pulmonary %:\&
trunk Pulmonary
External artery
carotid arte
L By 4" gortic arch
o
Trachea l

6" aortic arch

Esophagus

33 Days 38 Days



INTERSEGMENTALNI TEPNY

dorzalni, ventralni a lateralni vétve dorzalni aorty

* mezi somity (po dokoceni vyvoje obratli probihaji na urovni jejich tél)
* cévni zasobeni somitll a jejich derivatd

* intersegmentalni arterie

e krku — a. vertebralis

* hrudniku — aa. intercostales

* brisni — aa. lumbales

Antarior, common, and posterior cardinal weing

Sirus vanceus Dorsal intarsegmental arteries

e sakralni — aa. sacrales laterales

Dorsal acrta

Aoetic arches

e (ast 7. intersegmentalni arterie — a. subclavia dx. s cavy

Umbiical anery

* kaudalni konec dorzalni aorty — a. sacralis media

Primoedial heart

Viteline vein

Yok sac Umbilical ven

Vitelline antary Umbiical cord



INTERSEGMENTALNI TEPNY

Spinal branch

Pronephric ST (S,
tubule B Xy Dorsal
ES = intersegmental Dorsal aorta
artery
Lateral
segmental
artery

;\
”/II/IIIIIII
T

O
.~"°‘y

g
38 k)

Dorsal &~ ‘
aorta . D @‘

%
&

&
91554

Primitive gut ;
Ventral
segmental
artery Ventral
segmental
artery

Yolk sac

Dorsal branch of
dorsal intersegmental

artery

Intercostal

artery
Renal artery

Gonadal artery



VITELINNI TEPNY

= Zloutkové tepny

aa. vitellinae (aa. omphalomesentericae)

ventralni vétve dorsalnich aort

redukce béhem vyvoje na tfi hlavni tepny:

1. truncus coeliacus
2. a. mesenterica superior

3. a. mesenterica inferior

mescgastrinm

celiac
artery
Pancrens
superior
mesenteric
artery

Mesentery

inferior
mesenteric
artery

T Hindogut

Dorsal aorta
Primitive jugular

vern

Amunion
Cardinal vein

Dorsal aorta

Belly-stalk

Coeliac

_ Superior trunk

mesenteric artery

Abdominal

aorta
Inferior

mesenter

artery



UMBILIKALNI TEPNY

= pupecnikové tepny
* aa. umbilicales
» ventrdlni vétve dorsalnich aort, pozdéji napojeny na aa. iliacae communes a internae.

* po narozeni: proximalni ¢asti a. umbilicales tvofi aa. iliacae internae a aa. vesicales superiores.

Distalni ¢asti obliteruiji.

Aorta Ductus Arteriosus

Foramen Ovale Pulmonary Artery

Placenta

Umbilical
Cord Umbilical
Vein

Umbilical
Arteries



VYVO! VEN

Embryonic Circulation

Aortic arch arteries Anterior cardinal vein
Ventral aorta Common cardinal vein
Dorsal aorta Posterior cardinal vein

Placental
Circulation

Left umbilical vein
Umbilical artery

Vitelline Circulation

Vitelline vein
Vitelline artery



KARDINALNI VENY

* hlavni vendzni systém embrya
* vv. cardinales anteriores a posteriores,
spojujici se ve vv. cardinales communes

e parové vv. cardinales anteriores

* 8. tyden: anastomodza (z levé do pravé)
-z anastomozy: v. brachiocephalica

- kaudalni usek levé v. card. ant. zanika

- pravav. card. ant. + v. card. commun.: SVC

« parové vv. cardinales posteriores
- primarné cévy mezonefros: s jeho zanikem také
zanikaji

- pretrvavaji jako odstupy v. hemiazygos a v. azygos

- jsou nahrazeny subkardinalnimi a
suprakardinalnimi vénami

« pdrové vv. subcardinales

- anastomodzy navzajem i s v. cardinales posteriores

- levav. renalis, v. suprarenales, vény gonad, ¢ast
IVC

« parové vv. supracardinales
- nad ledvinami

A Anastomosis anterior
cardinal veins

Anterio_r
cardinal vein

Common

. : Supracardinal
cardinal vein

vein

Posterior

cardinal vein Hepatic segment

inferior vena cava

Subcardinal

vein / Left renal vein

/
Renal t/h\ -
infeﬁg?v?;garge?/a !‘f -\—{.eft gonadal vein
i
/L

/ ~. Sacrocardinal
r veln

— anastomodza — v. azygos a v. hemiazygos

- kaudalné leva v. supracardinalis zanika, z pravé vznika dolni ¢ast IVC (anastomdza s v. subcardinalis)



KARDINALNI VENY A VYVOIJ VENA CAVA INFERIOR ET SUPERIOR

4

Ctyri zakladni segmenty

hepaticky segment (proximalni ¢ast v.
omphalomesenterica = v. hepatica)

prerenadlni segment (prava v. subcardinalis)
rendlni segment (anastomdza mezi v. subcardinalis
a v. supracardinalis

postrendlni segment (prava v. supracardinalis)

vena cava inferior (IVC)

prerenalni segment
] IVC (subkardinalni zila)
Aol
i

i Vena cava superior:

o I S
\ prava v. cardinalis communis a
v. cardinalis anterior

renalni segment IVC
(subsuprakardinalni
anastomoza)

zadni segment IVC
(suprakardinalni zila)

v. iliaca externa

v. hypogastrica
P

a vitelinni vény

v. subclavia r
hepaticky segm>\ A

———

kardinalni, umbilikalni

v. cardinalis

£l

anterior \
i 3

| sinus venosus
\
£\ /

7T v. cardinalis communis

vv. vitellinae et umbilicales

i -~ )

\ v. cardinalis posterior
subkardinalni anastomoza
subkardinalni zila

anastomoza pres
mezonefros

J 1
iliakalni anastomoza

postkardinalnich zil

v. jugularis

v. cardinalis interna dx
communis v. jugularis
externa dx.

v. cardinalis
posterior

v. subcardinalis 55yg0s

subkardinalni Ve
anastomoéza

v. renalis
v. renalis dx.
kmen v.
spermatica
interna

V. spermatica
interna

iliakalni
anastomoza

postkardi-
nalnich zil

|- subkardinalni
vény

supenor

v. suprarenalis dx.

v. spermatica— &/
nebo ovarica dx.

6 /

v. iliaca communis sin.
V \/

v. iliaca externa

v. iliaca interna——-},»’

D suprakardinalni
vény

/w cardinalis anterior
L 1) |

\ v. cardinalis communis
fop q 5 3

3 )‘“q(/kaudalm extenze
hepatického segmentu
IvVC

~t— v. supracardinalis

v. subcardinalis

subkardinalni
anastomoza

subsuprakardinalni
anastomoéza

IN

- |

v. cardinalis posterior

L al »
gv'" 9 N @ :
B iliakalni anastomoza

postkardinalnich zil

v. brachiocephalica sin.

/ v. subclavia sin.
\
R;[‘\//V obliqua

v. hepatica

T . hemiazygos
v. suprarenalis sin.

v. renalis sin.

v. spermatica nebo
ovarica sin.

(a A\l

v. sacralis media

hepaticky
segment




ANPMALIE VELKYCH DUTYCH VEN

Dvojita SVC: leva predni kardinalni zila perzistuje — leva SVC

Leva SVC: prava v. cardinalis anterior a v. cardinalis communis degeneruji, zastavaji levostranné vény
Absence hepatického segmentu IVC: krev odchazi cestou v. azygos a hemiazygos do pravého atria.
Dvojita IVC: perzistence zakladl obou IVC v disledku absence anastomdz mezi kauddalnimi vénami

v. cardinalis
v. subclavia communis
hepaticky segment v. cardinalis
vena cava inferior (IVC) posterior

v. subcardinalis

prerenalni segment

IVC (subkardinalni zila) subkardinalni

anastomoéza
renalni segment IVC .
(subsuprakardinalni v. renalis
anastomoza) : kmen:v.
1 spermatica
zadni segment IVC | interna

(suprakardinalni zila) :
v. spermatica

. interna
v. iliaca externa

. '\ e » .
v. hypogastrica %\ iliakalni
anastomoza
postkardi-

Cc nalnich Zzil

Right superior intercos|

Right subcostal vein

Right ascending lumbar vein



VITELINNi VENY

e parové vv. omphalomesentericae, vedou krev ze Zloutkového vaku

* septum transversum

* Usti do sinus venosus (spolu s pupecnikovymi vénami jako trunci vitelloumbilicales)

* rUst jater — rozdéleni vv. omphalomesentericae na proximalni oddil (Zloutkovy vak-jatra)
a distalni ¢ast (jatra-srdce)

e proximalni Usek levé v. omphalomesenterica mizi

e proximalni Usek pravé v. omphalomesenterica posthepaticky segment IVC

« distalni useky vytvori dvé anastomdzy a nasledné v. portae

vena cardinalis anterior anastomodza mezi vv. cardinales anteriores

levy roh sinus venosus v. cardinalis anterior

v. cardinalis communis

pravy roh sinus venosus

degenerujici prava

nerujici proximalni
degenerujici proxima umbilikalni véna

leva umbilikalni a vitelinni véna

vena cava inferior
ductus venosus

| jitra

sfinkter
v ductus venosus

perzistujici cast g
levé umbilikalni vény placenta \

S

duodenum

vitelinni vény vytvarejici vena portae



PUPECNIKOVE VENY

* parové (na zacdtku) vv. umbilicales, vedou krev z choriovych klk(i do sinus venosus
* v dUsledku ristu jater zanikaji hepatické useky obou vén, pravd umbilikdIni véna vymizi celd

* leva umbilikdIni véna tvofi kanal v jaternim parenchymu ductus venosus
* po porodu d. venosus zanika a je nahrazeny ligamentum venosum

Sinus venosus

Umbilical vein

Right umbilical vein

Rightvitelline
vein
Vitelline duct ;
Vitelline duct
Left vitelline
Left umbilical vein vein
(a) (b)

Ductus
venosus

< Umbilical vein
Portal vein

(d)



KLICOVE ZNAKY EMBRYONALNIHO A FETALNIHO KARDIOVASKULARNIHO SYSTEMU

Aortic arch arteries Ante! cardinal vein
Ventral aort: Com cardinal vein
Dorsal aort; Post ardinal vein

\ | Placental
~  Circulation

Umbilical artery

Embryonalni
obéh

Left umbilical vein

Fetalni obéh

eriosus

Pulmonary
trunk
Foramen
ov Left
trium
Right
trium

Inferi
Right h i i
v . Left hepatic vein
Ductus veno: Sus
Aorta
Portal sinus
Portal vein
Umbilical vein
Umbilicus B High
. Medium
B ow

Umbilical
arteries AN ’

I,
AR\

Lower
extremities Internal
iliac artery




KLICOVE ZNAKY EMBRYONALNIHO A FETALNIHO KARDIOVASKULARNIHO SYSTEMU

Fetalni obéh

Ductus Arteriosus

Aorta
Placenta ‘ ‘ "

| Foramen Ovale~_ ff % ,(‘,,/ )
.‘\,_\: 3

Lun B | '\ \"‘/‘/ LN
' 9 l /\/ L')\ \\‘\

Pulmonary Artery — / \ \ N "\
‘ \\_— P ‘ \\. e
R Ductus Venosus
R Lung
” Liver ' |
'/ ‘ »
4 g =

Left Kidney

)\

Umbilical Cord
Umbilical Vein

B oxygenrichBioos  Umbilical Arteries

(| Oxygen-poor Blood
B Mixed Biood

Capillaries of
head, chest, and
arms

Superior
vena cava

Pulmonary
artery

Pulmonary
artery

Capillaries

Capillaries
of right lung

of left lung

Pulmonary

Pulmona
vein Yy

vein

Right atrium Left atrium

Left ventricle

Right ventricle

Inferior Aorta

vena cava
Capillaries of
abdominal region
and legs

Copyright © 2009 Pearson Education, Inc.

Postnatalni obéh



DERIVATY FETALNICH VASKULARNICH STRUKTUR

Fetal Circulation

Ductus Arteriosus

Aorta
Placenta

=
(.
\

'\ Ductus Venosus

¥

. Liver
7 \
Umbilical Corc\

Umbilical Vein

Foramen Qvale

Pulmonary Artery

L

Left Kidney

‘\

B oxygen-rich Biood Umbilical Arteries

&= Oxygen-poor Blood
M wmixed Biood

Umbilikalni véna — ligamentum teres

Od pupku k porta hepatis, Upon k levé vétvi v.
portae

Lumen |. teres mlze pretrvavat

Ductus venosus — ligamentum venosum
(prochazi jatry od levé vétve v. portae k IVC)

Umbilikalni arterie — ligamenta umbilicalia
medialia (vétsina intraabdominalniho
pribéhu), jejich proximalni ¢asti aa. vesicales
superiores

Foramen ovale — fossa ovalis

Adheze septum primum (valvula foraminis
ovalis) k septum secundum

Spodni ¢ast fossa ovalis — septum primum
Spodni okraj septum secundum — limbus
fossae ovalis (anulus ovalis)

Ductus arteriosus — ligamentum arteriosum
(od levé pulmondlni arterie k arcus aortae)



VROZENE VYVOJOVE VADY KVS

Teratologie
VVV se zkratem a bez zkratu

S levopravym zkratem — ACYANOTICKE
Atrialni septalni defekty

Ventrikularni septalni defekty
Atrioventrikularni septalni defekt

Ductus arteriosus apertus

Defekt komorového septa

S\, X7

XX - saturace krve kyslikem

*prutok krve [litr/min/m? povrchu téla]

Defekt sifnového septa

S Kt

70
1

XX | - saturace krve kyslikem

*prutok krve [litr/min/m? povrchu téla)]

Oteviena tepenna ducej (PDA)

NEY

- \ OteyFena tepenna ducej




VROZENE VYVOJOVE VADY KVS

S pravolevym zkratem — CYANOTICKE

Fallotova tetralogie (pentalogie)
Transpozice velkych cév
Hypoplastické levé srdce
Trikuspidalni atresie

Fallotova tetralogie

J VvV

XX - saturace krve kyslikem *pritok krve [litr/min/m2 povrchu téla]

(a) Peripheral cyanosis ((©iStockPhoto) (b) Central cyanosis (source:[9])

Peters, Peter & Delbressine, Frank & Feijs, Loe. (2014).
Designing preterm neonatal cyanosis simulation.

Transpozice velkych cév




VROZENE VYVOJOVE VADY KVS

Bez zkratu
* Stendza plicnice
e Aortdlni stendza

Normal heart Pulmonary valve stenosis

Pulmonary artery

(Narrow
Valve)

Aortic Stenosis



VROZENE VYVOJOVE VADY KVS

Bez zkratu
* Koarktace aorty
e Akardie

* Dextrokardie
* Ektopické srdce

Koarktace aorty

—
%\ koarktace

http://www.fetalultrasound.com/online/text/1-026.HTM

79216074 01/26/91 15:52:18
UL TRREOUNDS IMACTHG CONSUL TANT Pee 4N C358

8 Gt

. ass

Acardiac twin
Akardie /




VROZENE VYVOJOVE VADY KVS

https://www.youtube.com/watch?v=DrgUSGvL 4Q

https://www.youtube.com/watch?v=IBGUtiBp8k8

https://www.youtube.com/watch?v=HbUrfLgE2FE

https://www.youtube.com/watch?v=C0Gb-yScjSk



https://www.youtube.com/watch?v=C0Gb-yScjSk
https://www.youtube.com/watch?v=C0Gb-yScjSk
https://www.youtube.com/watch?v=C0Gb-yScjSk
https://www.youtube.com/watch?v=C0Gb-yScjSk

Déekuji za pozornost

JNO, PP
RIS b

g

/
— [ A

wNo, jd byck zaZal tou clobrow =pravou. Bude se o Vas
PS&L v \é,kq:s.k{gd‘\- sborrmicyeW.”
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