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VYVOJ KARDIOVASKULARNIHO SYSTEMU

Prvni morfologické znamky vyvoje budouciho srdce

%9

Carnegie Stages o/ .man Development

Dr Mark Hill, Cell Biology \ of Medical Sciences (Anatomy), UNSW

Stage 1 Zygote '
6\ (1 day, not to scale) .

Prvni srdecni akt|V|ta .

3 (517 daym) (17-19 days)

1 I dfy" (4 days) ’ 16 (42-44 days) (44-48 days)
v : 3 54 (37-42 days)
v * 11 1 13  (31-35days) R

(26-30 | @632 duy . . : .
9 10 (2326 days) Cor tubulare simplex & sigmoideium

(19-21 days) (21-23 days)

J/I.

e
-l 20 21
(51-53 days) (52-54 days) (54-58 days) 23
«dy ments (56-60 days)
«al thanks to Dr S. J, DiMarzo and Prof. Kohel Shiota for allowing reproduction of thelr h
49os and material from the Kyoto Collection and Ms 8. Hill for lmot proparation,
©MA Hill, 2004

PIné funkcni srdce se ctyrmi oddily



VYVOJ KARDIOVASKUL

‘ 2.-3. tyden

Amniova
dutina

Epiblast
Hypoblast
Cytotrofoblast

Extraembryonalni
Zloutkovy mezoderm

vacek

Amnion

Primitivni

Zloutkovy
prouzek

vacek

Hypoblast Epiblast




VYVOJ KARDIOVASKULA

Carnegie Collection (Stage 5)

2.-3. tyden

* rychly rlist embrya

e difuze limitovana

* prvni vaskularizace extra-embryonalné —
Zloutkovy vak, chorion zarodecny stvol

* bipotentni (hem)angioblasty

* krevni ostrlivky

* vasculogeneze a angiogeneze, hematopoeze

Umbilical vesicle

Cut edge :
S O with blood islands

of amnion
Embryonic disc

Connecting
stalk
Developing
blood
vessels
Wall of
chorionic sac



EMBRYONALNI

* extraembryonalni mezoblasticka perioda (16-20. den — 8. tyden)
- Zloutkovy vacek

- klasicky model — hemangioblasty (bipotentni buriky)

- velké jaderné erytroidni bunky

* aorta-gonad-mesonephros (28. den — 4. tyden)
- para-aortické clustery v mezodermu splanchnopleury
- zdroj embryonalnich krvetvornych kmenovych bunék

krvetvorba

pred narozenim po narozeni
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EMBRYONALNI KRVE

extraembryonalni mezoblasticka perioda (16-20. den - 8. tyden)

Zloutkovy vacek
klasicky model — hemangioblasty (bipotentni buriky)
velké jaderné erytroidni bunky

aorta-gonad-mesonephros (28. den — 4. tyden)
para-aortické clustery v mezodermu splanchnopleury
zdroj embryonalnich krvetvornych kmenovych bunék

hepatolienalni perioda (1. mésic — kratce po porodu)
kolonizace fetalnich jater a sleziny

medularni perioda (4-6. mésic — cely Zivot)
kostni drfen

pred narozenim po narozeni
......... -
Zloutkovy kostni !
vacek dren
jatra obratel
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EMBRYONALNI KRVETV

Embryonalni
Zloutkovy vacek

) '.AtGM . Placenta Umbilical
- jatra a slezina Allantols 7 v vein
- kostni dren

Umbilical

A / \

\
\ Vitelline Vitelline
‘ artery vein
Yolk sac

7.5 10.5 12.5 15.5 Birth

Adultni
- kostni dren
- Cervend/zluta
- extrameduldrni hematopoéza vyjimecné (patologicky)
http://dev.biologists.org/content/133/19/3733



VYVOJ KARDIOVASKUL

Konec tretiho tydne

* embryonadlni vaskulogeneze cca 2 dny po zalozeni

extraembryonalni vaskularizace
e primordialni krevni cévy
e srdecni primordium v kardiogenni oblasti

* embryondlni hematopoeze z para-aortdlnich klastrd v AGM

Heart primordium

Neural plate
Umbilical vesicle
with blood islands
Cut edge
of amnion
Primordial
blood vessel

Blood island



VYVOJ KARDI

3. tyden

Epiblast

18 days, dorsal surface




VYVOJ KARDIOVASKU

4. tyden

Anterior, common, and posterior cardinal veins
Dorsal intersegmental arteries Tri zakladni okruhy
Dorsal aorta embryonalni cirkulace —
Umbilical artery maji svlj evolucni
vyznam. Clovék jako
placentdlni savec
nevyuziva zZloutkovy
vacek ani alantois k
plvodnimu ucelu.

Sinus venosus

Pharyngeal arch
arteries

Amniotic cavity ;& : Teriamvills

Amnion

Aortic sac
Primordial heart tube

Vitelline vein

Ukibilical vasici o ; Wall of
mbilical vesicle Umbilical vein chiofor
Vitelline artery Umbilical cord

5mm

_—
UNSW Emeryology




VYVOJ KARDIOVASKULA

4. tyden

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

Anterior, common, and posterior cardinal veins
|

Sinus venosus Dorsal intersegmental arteries

Pharyngeal arch
arteries

Dorsal aorta
Umbilical artery

o o ; ) /
Amniotic E:avnty £ / Tertiary villus
\ |

Vitekne vein\/\,%
o/ » / - .| Wallof
Umbilical vesicle / Umbilical vein | ~on

Vitelline artery Umbilical cord



VYVOJ KARDIO

v. cardinalis

anterior \

sinus venosus

Anterior, common, and posterior cardinal veins
Dorsal intersegmental arteries
Dorsal aorta

Sinus venosus
Pharyngeal arch
arteries

Amniotic cavity o G 5
v. cardinalis communis

Amnion
N

wv. vitellinae et umbilicales

v. cardinalis posterior

subkardinalni anastomoza

Viteline veiry*\,, subkardinalni zila

” e/ e | wallof
Umbilical vesicle / Umbilical vein | oo
Vitelline artery Umbilical cord

anastomoza pfes
mezonefros

4. tyden

iliakalni anastomo6za
postkardinalnich zil

Vyvoj vén dobre ilustruje
zménu symetrického
embryonalniho systému na
defintivni (fetalni, postnatalni-
adultni) - srovnejte anatomii.
Detaily tohto slidu neni nutné
memorovat.

kardinalni, umbilikalni [.subkardinélni D suprakardinalni hepaticky V. — véna
a vitelinni vény vény vény segment W. — vény




VYVOJ KARDIOVASKUL

Vyvoj primitivniho srdce 3. tyden

* parové endotelidlni trubice (cor tubulare duplex) z embryondlni splanchnopleury v kardiogenni oblasti
* flexe > medialné fuzuji: jednoduché trubicovité srdce (cor tubulare simplex)

* visceralni mezoderm: myoepikardovy plast: myokard a epikard

* srdecni rosol (cardiac jelly) — subendokardové vazivo

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

* uzavrena cirkulace ~ 4.tyden (gestacni)

ghads o = BN g, i €
Heart primordium ﬁ Krevni bunky e"f&\_ L L P /'/ »&'.7 ."
NP QW e
NN Neural plate L%@/":/&: ?: EndOkard}&‘/f% ,;
Y TR e j/._ AP B b5 o
' ?&\'\: v -_.g‘?*_ - “"; ,.:

Umbilical vesicle
with blood islands

Cut edge

of amnion 4 6 ﬁ. “Jf p o g e s .}f
/ ,f “-*-‘\' »%:;w 35&'5 LA :

Primordial ‘ Myokard

blood vessel b -

T L TR _~_"_ y é(
Blood island o) ." b " g et £ ; c) U
g 25 AL oy 24
- e 3 G A

>

)' :y/r"’q,f-‘,'l”/"
: ™ |

VNS
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VYVOJ KARDIOVAS

3-4. tyden

Folding and Fusion of the Heart Tubes

Srdce se vyviji z
jednoduché trubice,
ktera se sklada, formuje
a vytvari zaklad srdce se
4 oddily.




VYVOJ KARDIOVASK

4. tyden

» jednoduché tubularni srdce (cor tubulare simplex a cor tubulare sigmoideum)

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

A

Bulbus cordis

Ventricle

Dilleité :-)

Atrium,

Sinus venosus

Vitelline veins



VYVOJ KARDIOVAS

Cor tubulare
simplex/sigmoideum
neni teoretickd
struktura.

Cor tubulare simplex




VYVOJ KARDIOV.

Neural groove 1st pharyngeal Future forebrain
arch artery

Foregut

1st pharyngeal
arch artery

1st pharyngeal arch
Neural fold Primordial
pharynx
Epi ’
picardium Sites of fusion

! Amnion i Bulbus
. ¥ of endocardial :
Amnion .. Myocardium heart tubes cordis
Endocardium Pericardial Ventricle

cavity

Myocardium

Pericardial
cavity Endocardial

heart tubes

Cardiac SlozZité jen na prvni

Wall of
umbilical pOhled'

vesicle

C  Primordialatrium
Cor tubulare

simplex
=/

' o B Cavity of umbilical vesicle
2 endotelilni y
ttub|ce Flize

Truncus
Truncus arteriosus
arteriosus

Bulbus
cordis

Future left
ventricle

Ventricle Future
right
ventricle — . Primordial

’ = \ atrium

Primordial
atrium

S N Common

venosus calrdinal
—— Cor tubulare b
Skladani cor tubulare

simplex

sigmoideum



VYVOJ KARDIOVAS

4. tyden




VYVOJ KARDIOVASKU

Rozdéleni spole€ného atria (atrium communis)

* septum primum z dorso-kranialni stény smérem k
endokardovym polstardm (endocardial cushions)

* neuplné uzavreni — foramen (ostium) primum

* apoptdza — foramen secundum

* septum secundum — foramen ovale

* valvula foraminis ovalis z septum primum

» foramen ovale: kritickd embryonalni spojka

* foramen ovale patens

Primitivni srdecni trubice se

rozdéli na prislusné oddily

Pulmonary
vein

A

Ductus arteriosus

Superior vena cava /

Pulmonary vein

4

/
\

Crista dividens

Pulmonary artery

Inferior vena cava

Descending aorta

Ductus venosus

Sphincter in
ductus venosus

L.
X
Portal
/ vein
Inferior vena cava
Umbilical
vein

Umbilical arteries



VYVOJ KARDIOVASK

Sinus venosus

* sinus venosus béhem atrialni septace:

- posun Usti sinus venosus doprava — pravé atrium Primitive jugular

- leva cast sinus venosus se oddéluje — sinus coronarius Subclavian

Duct of Cuvier

Vitelline
Umbilical
Cardinal
-
\—( |
| Subcardinal
Renal
—
RN
External iliac
A

Hypogastric




VYVOJ KARDIOVA

BEFORE BIRTH

RIGHT ATRIUM LEFT ATRIUM
HIGHER PRESSURE LOWER PRESSURE

Septum secundum ——~

Shunt

Foramen ovale

. ~&—— Septum primum
i (valve of foramen ovale)

A O \
70
r o
(X
V5%
AFTER BIRTH
RIGHT ATRIUM LEFT ATRIUM
*LOWER PRESSURE HIGHER PRESSURE ‘

Septum secundum ——~

Oval fossa /

Velmi dulezité — septae atria a
vznik foramen ovale. Zivotné

~«—— Septum primum dllezity fetdIni zkrat.




VYVOJ KARDIOVAS

Rozdéleni spole€né komory (ventriculus communis)

* septum interventriculorum primitivum — docasné

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

» foramen interventricualre — uzavira se béhem tvorby aorto-pulmonalniho septa

* pars membranacea septi interventricularis

Méjte prehled o vyvojovém Case

Foramen ovale

Septum primum Atrioventricular

canals Right :
: Left atrium
Atrium M
Ventricle Tricuspid Mitral valve
valve

Interventricular Left ventricle

Dorsal endocardial Right
septum

@ushion ventricle

Chybna septace atrii i komor 8 weeks

mUze byt podkladem zavaznych
VVV KVS




VYVOJ KARDIOVASK

* Rozdéleni bulbus cordis a truncus arteriosus

5. tyden — bulbarni a trunkalni valy
* vazivo plvodem z neuralni 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

leva komora: vestibulum aortae

Truncal ridge

@
Bulbarridges
Kriticka vyvojova udalost, ktera

musi probéhnout spravné. Viz

Fallotova tetraIOgle' Left atrioventricular canal



VYVOJ KARDIOVASKULARNIHO SY

e \/yvoj srdecnich chlopni

* semilunarni chlopné béhem septace truncus arteriosus z endokardovych pol$taru atriopulmonarniho

septa

7 Vv o

« atrioventrikularni chlopné z endokardovych polstari a myokardu ve foramen atrioventriculare

commune

Superior Endocardial Cushion

Dorsal valve swelling Aorth CommonAV cana

|

) Left AV canal
Right bulbar Posterolateral cusps A B o
ridge

A

@ Q Lateral cushion
Inferior Endocardial Cushion Right AV canal
Left bulbar

ridge

AV valves




VYVOJ KARDIOVA

Folding brings heart ;‘
tubes into the ventral f'
midline i

/) | Heart looping/

Heart tube fusion!

o
- —

Heart tube begins to beat;

Human

Tento obrazek je vhodné umét
slovné popsat.

Septation

Aortic and pulmonary!
trunks divide!

A
I
A\

[
J
i
/X
1
1

Valves developed




VYVOJ KARDIOVASKULAR

20. tyden




VYVOJ KARDIOVA

Embryonic Circulation

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

Vyvoj KVS lidskych emrbyi
pripomina v urcité etapé vyvoj

KVS nizSich obratlovct

Placental
Circulation

Left umbilical vein
Umbilical artery

Vitelline Circulatio

Vitelline vein
Vitelline artery.

DA

y “&.J;-

. *'

s !




VYVOJ KARDIOVASKULA

Aortalni oblouky

Aortic sac

Right dorsal aorta (ventral aorta) Left dorsal aorta

Right 1st arch Left 1st arch

Right 2" arch Left 2"d arch

Right 3@ arch Left 3" arch

Right 4t arch Left 4t arch

Right 5t arch Left 5t arch

Right 6" arch Left 6" arch

Truncus arteriosus

Right 7t intersegmental artery Left 7t intersegmental artery

Fusion of dorsal aorta



VYVOJ KARDIOVASKULAR

Aortalni oblouky

A Dorsal
aorta

Aortic arches

I
1l
v

VI

Right dorsal
aorta

P W N R

zanika, z ¢asti a. maxillaris
zanika, z ¢asti a. stapedia a a. hyoidea

proximalni useky aa. carotides communes, distalni aa. carotides internae

7 v 7

pravy dava vznik proximalni ¢asti a. subclavia dextra (distalni ¢ast pochazi z
dorsalni aorty a ze 7. intersegmentalni arterie);

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

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

st zanika;

vpravo z proximalni ¢asti vznika a. pulmonalis dextra, distalni ¢a
i Casti vznika

vlevo z proximalni ¢asti vznika a. pulmonalis sinistra, z distaln
ductus arteriosus.

External carotid
arteries

Internal carotid artery
Right vagus nerve S & B

. . Left vagus
-4 | nerve
i

U
)

J
Arch of aorta
</

carotid artery
Right subclavian artery
Right recurrent nerve

Left recurrent
nerve

Ductus
7th intersegmental arteriosus

artery

Pulmonary
artery



VYVOJ KARDIOVASKUL

Zloutkové tepny

* aa.vitellinae (aa. omphalomesentericae)
* ventrdlni vétve dorsalnich aort
* redukce béhem vyvoje na tfi hlavni cévy:
1 truncus coeliacus
2 a. mesenterica superior

3 a. mesenterica inferior

e sopastrium

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



VYVOJ KARDIOVASK

Pupecnikové tepny

* aa.umbilicales
* ventralni vétve dorsalnich aort, pozdéji napojeny na aa. iliacae communes.
* po narozeni: proximalni ¢asti a. umbilicales tvofi aa. iliacae internae a aa. vesicales superiores.

distalni ¢asti obliteruji.

Aorta Ductus Arteriosus

Foramen Ovale

Pulmonary Artery

Placenta

Umbilical
Cord Umbilical
Vein

Umbilical
Arteries



VYVOJ KARDIOVASKUL

Kardinalni vény a vyvoj vena cava inferior

* Ctyri zakladni segmenty

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

2 prerenalni segment (prava v. subcardinalis)

3 rendlni segment (anastomdza mezi v. subcardinalis

a v. supracardinalis

4 postrendlni segment (prava v. supracardinalis)

i

s\?_ P

Vena cava superior: prava
v. cardinalis communics a
v. cardinalis anterior

v. cardinalis

/ anterior \
i . {

; sinus venosus §
\\J_._—/'I'/

7 /T v. cardinalis communis i/ ‘
i

v. cardinalis anterior

v. cardinalis communis

kaudalni extenze
hepatického segmentu
IvVC

v. supracardinalis

v. subcardinalis

<
i :
O
=
=]
S
D
)
°
o
a
@
=
o
=

subkardinalni

subkardinalni anastomoza anastomoza
s :':, i subsuprakardinalni
subkardinalni zila L y anastoméza
7 !
\ anastomoéza pres ‘\ ¥ v. cardinalis posterior
mezonefros 5‘ Y
™ TR
+ g9
iliakalni anastomoéza B = il iliakalni anastomoza
postkardinalnich Zil postkardinalnich zil
v. jugularis V. brachiocephalica sin.
A interna dx.
) v. cardinalis v. subclavia sin.
v. subclavia communis v. jugularis / h—
4 externa dx. v obliqua
hepaticky segment : v. cardinalis
vena cava inferior (IVC) posterior v cava /M
superior \

2\

v. subcardinalis 55yg0s v. hepatica

prerenalni segment [

IVC (subkardinalni zila)

subkardinalni Ve T . hemiazygos

anastomoéza

v. suprarenalis dx. v. suprarenalis sin.

renalni segment IVC
(subsuprakardinalni
anastomoza)

v. renalis —
v. renalis dx. v. renalis sin.

kmen v.

spermatica

interna v. spermatica — &'

nebo ovarica dx.

VG /

v. spermatica nebo

zadni segment IVC\ : :
(suprakardinalni zila) 2 ovarica sin.
v. spermatica

interna

v. iliaca externa v iliaca communis sin.

v hypogasirica - iliakalni v. iliaca externa
anastomoza
postkardi- v. iliaca interna
(o4 nalnich zil v. sacralis media

kardinalni, umbilikalni
a vitelinni vény

hepaticky
segment

l. subkardinalni D suprakardinalni
veny vény

V. — vena
w. — veény



VYVOJ KARDIOVASK

Anomalie velkych dutych zil

* Dvaojita SVC: leva predni kardinalni zila perzistuje — leva SVC

* Leva SVC: prava v. cardinalis anterior a v. cardinalis communis degeneruiji, zlstavaji levostranné vény
* Absence hepatického segmentu IVC: krev odchazi cestou v. azygos a hemiazygos do pravého atria.

* Dvojitd IVC: perzistence zakladl obou IVC v disledku absence anastomdz mezi kauddalnimi vénami

v. cardinalis

v. subclavia communis

hepaticky segment
vena cava inferior (IVC)

v. cardinalis
posterior

v. subcardinalis

prerenalni segment { -
IVC (subkardinalni zila) subkardinalni

anastomoéza

renalni segment IVC
(subsuprakardinalni
anastomoéza)

v. renalis

kmen v.
spermatica
zadni segment IVC interna
(suprakardinalni zila) .
v. spermatica

- interna
v. iliaca externa

‘&
v. hypogastrica %\ iliakalni
\ anastomoza
postkardi-

Cc nalnich Zil

Right ascending lumbar vein

DL

Right superior intercos|

i

—— T T -
i)
|

)\

Accessory hemiazygos
vein

Posterior intercostal vein

Right subcostal vein

Ascending lumbar vein

a cava



VYVOJ KARDIOVASKUL

Zloutkové vény

e parové vv. omphalomesentericae, vedou krev ze Zloutkového vaku

* septum transversum

e 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 anastomodzy a nasledné v. portae

vena cardinalis anterior anastomoza mezi vv. cardinales anteriores

levy roh sinus venosus v. cardinalis anterior

v. cardinalis communis

pravy roh sinus venosus

. R degenerujici prava
degenerujici proximalni ek ol
g JICh: P umbilikalni véna

leva umbilikalni a vitelinni véna

vena cava inferior
ductus venosus

: T jatra

sfinkter
v ductus venosus

perzistujici cast
levé umbilikaini vény placenta

"

duodenum

vitelinni vény vytvarejici vena portae




VYVOJ KARDIOVAS

Pupecnikové vény

* parové (na zacatku) vv. umbilicales, vedou krev z choriovych klk{
* v dUsledku ristu jater zanikaji proximalni Useky obou vén

* distalni ¢ast pravé umbilikalni vény mizi

* distalni ¢ast levé umbilikalni vény tvori ductus wenosus

‘ Sinus venosus

Umbilical vein

Dulezité pro Right umbilical vein
pochopenivzniku
ductus venosus

Rightvitelline
- vein
Vitelline duct .
Vitelline duct

Left vitelline

Left umbilical vein vein

(a) ®)

Ductus
venosus

Umbilical vein

(d)




VYVOJ KARDIOVASKULARNIH

Defekt sifiového septa Defekt komorového septa

NRY

Teratologie

NRY

* Acardia

* Ectopia cordis

* Dextrokardie

e Atridlni septalni defekty

* Ventrikularni septalni defekty

* Stendza truncus pulmonalis

* Fallotova tetralogie (pentalogie)
* Koarktace aorty

* Ductus arteriosus apertus

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

Fallotova tetralogie Oteviena tepenna ducej (PDA)

NAY

Koarktace aorty

. y oteyfend tepenna ducej

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



Anterior cardinal vein
Common cardinal vein
Posterior cardinal vein

Aortic arch arteries
Ventral aorta

\ / Placental
~ Circulation

Left umbilical vein
Umbilical artery

Vitelline vein
Vitelline artery.

Embryonalni
obéh

Fetalni obéh

Pulmonary
trunk

Foramen |
ovale

Right |
atrium

Left
atrium

Inferior vena cava

Right h tic vein —
v . / . Left hepatic vein

Ductus venosus

Portal sinus
Portal vein
Umbilical vein
™
Umbilicus B High
. Medium
B ow

Umbilical
arteries

extremities Internal
iliac artery
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Fetalni obéh

Ductus Arteriosus

Aorta

Placenta
Foramen Ovale~_ |

Fin,
Lung ——
E

]

Pulmonary Artery

Ductus Venosus

Liver
\

Umbilical Cord

Left Kidney

)\

Umbilical Vein
B oxygen-rich Biood Umbilical Arteries

(| Oxygen-poor Blood
B Mixed Biood

Superior Capillaries of
vena cava head, chest, and
arms
Pulmonary Pulmonary
artery artery

Capillaries

Capillaries
of right lung

of left lung

Pulnonary Pulmonary
vein vein

Right atrium Left atrium
Right ventricle Left ventricle
Inferior Aorta
vena cava

Capillaries of
abdominal region
and legs

Copyright © 2009 Pearson Education, Inc

Postnatalni obéh



Dékuji za pozornost
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wNo, jd byck zaal tou clobrow 2pravow. Bude Se o Vas
P%c'tt. v \éka:sk"gd‘\- sborrmicyeW.”



