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Heart wall structure

endocardium (corresponds to tunica intima)
— endothelium

— subendothelial layer (loose connective tissue with
muscle cells, elastic and collagen fibers)

— subendocardial layer (connective tissue, vessels,
conducting system)

myocardium (cardiomyocytes)

epicardium (mesothelium + thin connective tissue

layer)

— subepicardial layer with adipose tissue, vessels,
nerves and autonomic ganglia

pericardium (serous)

© David Kachlik 30.9.2015
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Atrial cardiomyocytes

mechanoreceptors

ANF production = granule of atrial natriuretic
factor

more GER and larger GA

Function: diuresis stimulation, antagonist of
ADH and angiotensin Il

prevention of water and Na resorption —
protects from hypervolemia
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Conducting system of heart

Complexus stimulans cordis
Systema conducens cordis; Excitorotor apparatus

* co-ordination of cardiac activity

* enables generation of heart automatic
Impulse

» formed with modified cardiomyocytes:
— less myofibrils placed in periphery
— no intercalar discs
— connections by desmosomes and nexuses
— different size
— glycogen gathered arouc-4ve nucleus



Conducting system of heart
individual parts

myocytes lesser than those of working myocardium
rich blood supply

nodus sinuatrialis /Keith-Flack/

— right atrium close to foramen v. cavae superioris
Interatrial connections (fasciculi atriales)

— fasciculus interatrialis (Bachmanni)

— toher fascicles dubious

 anterior (James), medius (Wenckebach), posterior
(Thorel )

nodus atrioventricularis (Aschoff-Tawara)
— Koch’s triangle in right atrium

© David Kachlik 30.9.2015



Conducting System of Heart
Right Side
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Conducting system of heart

« fasciculus atrioventricularis (His-Kent-Gaskell)
= atrioventricular bundle
— AV blockage of 1st-3rd grade
— truncus f.a.
— crus f.a. (Tawara) = Tawara’s bundle
« dextrum
e sinistrum
— limbus anterior
— limbus posterior

 rami subendocardiales /Purkynel

— larger than typical cardiomyocytes
— with lighter cytoplasma, T glycogene, positive in acetylcholinesterase
— quick impulse conduction towards heart apex

e accessory atrioventricular pathways
— preexcitation syndrorge \WRW, (Wolit;Parkinson-White)
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Extraembryonic blood vessel formation eeenGiohlat
* villi chorionici

e chorion VEGFR-2 J Vasculogenesis
 pedunculus connectans (connecting stalk) HaBTTatepoIeTo Brecursar
 wall of the yolk sac I 1

* presomite embryo Haematopoiesis

Angioblast

VEGF .
VEGFR-2‘ Vasculogenesis

Amniotic caviu{

Primary vascular plexus

VEGF ‘ Angiogenesis

VEGFR-1 A .
VEGFR-2 (sprouting, non-sprouting)

Enlarged embryonic vasculature

vessel

Endothelial
differentiation

G VEGF-C
. C / \VEGF-D
VEGFR-3

'Permeable’ '"Tight' Lymphatic
2Olg/es-sels vessel§ vessels
eg. kidney | |eg. brain

Blood /(&\.\

island -




Vasculogenesis

« angioblasts are determined before gastrulation
 angioblasts develop from the blood islands

Y "( h Presomite stage (1.5-mm embryo) at approximately 20 days
olk sac wit Pl R

- ~<— Plane of section
blood islands C

Yolk sad

Blood Istand
Blood slands

e Intraembryonic coelom
(of cardiogenic plate),

Heart prlmordlum foregut

Prechordal plate
Intraembryonic coelom,

v o g Neural plate
- L ; // ‘4 P Arminiob
...... = e - S Leve' of ’;," G . Cavity
| \ section B [ .
Window cut
Slte Of n endoderm o

oropharynge g.sinnings of
membl’ane dorsal aorias

Neural plate

Ventral dissection

Citeage Bloog Endothelial Primitive
of amnion Mesenchyme cells island cell

' - 4 P o blood cell
D
B ‘c\-

Site of cloacal ‘“l_ : ’
Figure 5-12. Successive stages of blood vessel formation. A, Undifferentiated me-.

membrane f:
e &S
@TE)'Q_WQ P@&l@hﬁk B0O®! 2045 (ormation. C, Primitive capillary. Note the differ-

enlt':atmn of mesenchymal cells into the primitive blood cells and the endothelial
cells.
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Vasculogenesis

2 Mesenchyme cells
. (splanchnopleuric
7“® mesoderm)

* blood islands
e mesoderm
e FGF2 + VEGF

iInduce differentiation
to hemangioblasts
(hematopoetic
stem cells) and
angioblasts
(endothelium)

v Blood island

== - Endothelium

—=— L umen of
A primitive vessel

Progressive stages in blood vessel formation

® " 718 Primitive blood cell

©
@)




Angiogenesis

* primary vascular bed Is established by
vasculogenesis

 existing vessels sprout up = angiogenesis
(mediated by VEGF)

» first blood islands appear within
extraembryonal mesoderm in the wall of
yolk sac (3" week) of development

* |ater In Intraembryonal mesoderm in other
regions
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Haernatopoesis

* first generation — blood islands of
extaembryonal mesoderm - transitory

* second generation of stem cells arises
from intraembryonic mesoderm — aorta-
gonad-mesonephros region. Stem cells
colonize liver and spleen: hepato-splenic
period

e |ater, stem cells colonize bone marrow —
definitive blood forming tissue
0.

© David Kachlik 30.9.2015



Heart development - Early stages

source layer: intraembryonal mesoderm
 angioblastic cords

— form lumen

« endocardial heart tubes

— fuse to form tubular heart

* heart begins to beat on 22nd or 23rd day

« cardiogenic area (lamina cardiogenica)

— In mesoderm Iin front of oropharyngeal membrane and
future brain

 folding of embryo

— pericardial cavity and heart move to cervical region

and later to thorax
© David Kachlik 30.9.2015



../A%20-%20prezentace/Přednášky/Embryologie%20srdce/IK%20video%20embryo%20injection_output.avi

B WNT inhibitors B NKX-25
(crescent)

B BvP 2.4

Heart induction. BMPs secreted in the posterior portion of the primitive
streak and periphery of the embryo, in combination with inhibition of WNT expression
by crescent in the anterior half of the embryo, induce expression of NKX2.5 in the
heart forming region of the laterg) platecaesesEsmpigplanchnic layer). NKX2.5 is then
responsible for heart induction.



Yolk sac with
blood islands

-«— Plane of section C

Heart primordium
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Folding of head region

heart and pericardial cavity come to lie:
ventral to the foregut

caudal to the oropharyngeal membrane

Connecting

Amnion stalk
|

Pericardial coelom

.';;:,‘ I
Oropharyngeal membrane

Septum m——m : ——— e &/ i
ransversum T : DU
transvers = T gP

C ; Neural plate ,
Allantois
: - Cloacal membrane
Angioblastic Crd 1 kachiik 30.9.2075



Obr. 8.126 Schéma wWvoje zdakladu srdce.

Pohled z ventrdlni strany na hlavovou
cdst embrya se 6 prvosegmenty, starého
ast 20 dnui.

I - neuroektodermoyé valy neurlni ryhy,
2 — faryngova membrana, 3-5 endotelové

v

Stérbiny splyvajici v endotelovou tribici

7T W Rersownuvwivva uuoice zanikem endotelu medidlng stén

Obr. 8.127 Schéma VWoje srdce. Sagitdlni fez télem embrya s 10 prvosegmenty, starého

asi 20 dnui.
1 - endotelovi trubice, 2 - yléé a él%ﬁ_] mezenchymu, 3 - myoepikard, 4 — zaklady dutiny
perikardo@,Davidiiachlik bd I oténky se zaklady mozkovych vackd, 6 - stievo,

7 - sténa Zloutkového vacku, 8 - allantois a zarodecny stvol.



Heart development

* pair of cardiac primordia fuse
— except for the most caudal reagion

* longitudinal growth
— heart tube bulges into the pericardial cavity

— It Is attached to the body wall by dorsal
mesocardium

« which disappears later forming transverse pericardial
sinus

 heart is fixed:

— caudally to septum transversum
— cranially to the pratpritieab@irches (aortal arches)






Cut edge of amnion Perncardial

Level of

Neural groove - section B

3rd somite

Primordial node

Primordial streak

Neural fold

coelom

(ventral to brain)

Neural groove

Neural fold

Mesenchyme
(embryonic
connective tissue)

Dorsal aorta

Notochord
Amnion

Pericardial coelom
(future pericardial

cavity) Wall of yolk sac

Endocardial
heart tube
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Neural groove

Dorsal mesocardium
Dorsal aorta

Foregut Pericardial cavity

Epicardium
(visceral

Fusing endocardial
pericardium)

heart tubes

Amnion Wall of

heart tube

Cardiac jelly

C Myocardium
Parietal pericardium

Day 20-22 Somite

Foregut

Fusion of
dorsal aortae

Truncus arteriosus

Remnant of dorsal mesocardium

Transverse
pericardial sinus

Endocardium

- Myocardium
Sinus venosus

Atrium
Heart wall

E e &bl Rachijs 30.9.2085

Level of section F

Epicardium



Left
Endocardial
Tube

Right
Endocardial
Tube

Communications |
Between
Left & Right

sLeft e

Right- oy
¢ Aortic Arch

Aortic Hrch-ﬁﬂ

3 ~Bulbus Cordis
Aortic Sac

Right & dmfidKachik30.9.2015
Sinus Yenosus



Primordial brain Notochord

Amnion

Endoderm
Oropharyngeal membrane

Pericardial cavity

Heart tube

A Septum transversum
Oropharyngeal membrane
Developing spinal cord
Developing forebrain

Foregut

Heart (cut ends)

Septum transversum

Pericardial cavity

Oropharyngeal membrane

Heart tube (cut ends)

Pericardial cavity

Septum transversum

Figure 15 - 7. Drawings of longitudinal sections through the
cranial half of human embryos during the fourth week of
development. The illustrations show the effect of the head fold
(arrow) on the position of the heart and other structures.

A and B, As the head fold develops, the heart tube and pericardial
cavity come to lie ventral to the foregut and caudal to the
oropharyngeal membrane. C, Note that the positions of the
pericardial cavity and septum transversum have reversed with
respect to each other. The septum transversum now lies posterior
to the pericardial cavity, where it will form the central tendon of
the diaphragm.
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Endocardial heart tubes fuse to form primitive
heart tube, which develops into endocardium

Future forebrain

Neural groove 1st aortic arch

Foregut 1st aortic arch

Neural fold

1st aortic arch Primordial pharynx

Sites of fusion of W/ cordis

7 Epicardium i
v i endocardial heart tubes

Amnion B £h

Amnion Myocardium

o \ Ventricle
Pericardial cavity , Sl

Myocardium
Pericardial

cavity Primordial

Endocardial _
atrium

Cardiac jelly heart tubes

Wall of
yolksac C

Left vitelline vein Cavity of yolk sac

Mesoderm surrounding heart tube develops into

.© David Kachlik 30.9.2015
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Obr. 8.128 Scheéma vyvoje srdecni trubi-
ce. Pohled z ventrdlni strany na srdecni
trubici embrya s 8 prvosegmenty, starého

asi 20 dni.
1 — truncus arteriosus, 2 — bulbus cordis,

F=s permar@oDa\leaﬁhMB&a@dﬁ 5 — ven-

triculus, 6 — atrium, 7 — sinus venosus.



SINUS venosus

primitive atrium

embryonic ventricle
bulbus cordis

truncus arteriosus

Heart development

atrium - sinus venarum cavarum

atrium (separated with crista
terminalis)

ventriculus (inflow part)

ventriculus (outflow part, separated
with crista supraventricularis)

aorta + truncus pulmonalis

© David Kachlik 30.9.2015



Heart tube primordia

Cardiac loop -
(A nsa corﬂ-’.s | ’ Pulmonary trunk
dextra)

truncus arteriosus
conus cordis
bulbus cordis

embryonic
ventricle

atrioventricular
canal

common atrium
SINUS venosus

Aortic vestibule
BU|b}15 of left ventricle
cordis .

Conus arteriosus

of right ventricle

Trabecular walls of left
and right ventricles

Ventricle

Auricles/pectinate
muscle walls of left
and right atria (smooth
wall of left atrium from
pulmonary veins)

Atrium

: Coronary sinus
Sinus

Venosus Smooth wall of

David Kachlik 30.9.2015 right atrium
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Development of heart tube

common atrium = atrium

bulbus cordis =
trabecular part of right
ventricle

conus cordis = outflow
tract of both ventricles

bulboventricular sulcus=
primary interventricular
foramen

LSRR

ventricle = left ventregkga kacnik 30.9.2015

Adult heart, anterior view



Development of cardiac loop

........................................................................

Blood outflow
(arterial)

Embrydnic Dilatation

Adult Structure

Truncus arteriosus (T)

Bulbus cordis (B)

Primitive ventricle (PV)

Primitive atrium (PA)

Sinus venosus (SV)

Aorta
Pulmonary trunk

Smooth part of right ventricle (conus arteriosus)
Smooth part of left ventricle (aortic vestibule)

Trabeculated part of right ventricle
Trabeculated part of left ventricle

Trabeculated part of right atrium
Trabeculated part of left atrium

Smooth part of right atrium (sinus venarum)*
Coronary sinus
Obligue vein of left atrium

Blood inflow
(venous)

*The smooth part of the left atrium is formed by incorporation of parts of the
pulmonary veins into the atrial wall. The junction of the trabeculated and

smoo&g Barts of the right atrium is called the crista terminalis.

avid Kachli

30.9.2015



Neural groove

Neural fold 1st aortic arch 2nd aortic arch

Truncus
arteriosus

Future left
ventricle

Truncus
arteriosus

Ventricle
Future

right
Primordia  ventricle
atrium

Primordial
atrium

Common

Sinus cardinal vein

venosus

Umbilical vein Umbilical vein Vitelline vein
© David Kachlik 30.9.2015



Truncus arteriosus

Remnant of dorsal mesocardium

Sinus venosus

' Atrium

Cut edge of

parietal pericardium
© David Kachlik 30.9.2015



Truncus arteriosus
Primordial atrium

Bulbus cordis
Left horn of sinus venosus

Right horn of sinus venosus

Opening of sinus

venosus into atrium Right anterior cardinal vein

Left common cardinal vein Right common cardinal vein

Left posterior cardinal vein
Right posterior cardinal vein

Left umbilical vein Ventricle Right umbilical vein

Left vitelline V&fthayid kachiik 30.9.2005 9Nt Vitelling vein



Partitioning of primordial heart

« starts around middle of the 4th week
« completed by the end of the 5th week

partitioning of:

e atrioventricular canal
 common atrium

* embryonic ventricle

© David Kachlik 30.9.2015



Partitioning of atrioventricular canal

endocardial cushions (tubera
endocardiaca atrioventricularia)

— dorsal and ventral walls

— right and left

— septum atrioventriculare membranosum
— canalis atrioventricularis

N\ Atrium
/ @ 1y | ___—Ventral
, sl E Endocardial
e O cushions
\ ——Dorsal |

© David Kachlik 30.9.2015\_ = Future right ventricle

B



Fused endocardial cushions

Arrow passing through

right atrioventricular canal

Septum primum

Sinoatrial valve guarding orifice of sinus venosus

Foramen primum;

Left atrioventricular canal

Fused endocardial cushions

k 30.9.2015
Developing interventricular septum



Partitioning of common atrium

e septum primum
— foramen (ostium) primum
— foramen secundum
— valvula foraminis ovalis

e septum secundum
— right to septum primum
— foramen ovale
— — fossa ovalis

© David Kachlik 30.9.2015



Septum primum

Foramen primum

Dorsal endocardial cushions
A

Perforations representing developing
foramen secundum in septum primum

Foramen primum

Fused endocardial cushions

B By
© David Kachlik 30.9.2015



Foramen secundum

Foramen primum

Developing septum secundum

Foramen secundum

Septum primum

Foramen primum closed

| Dy
© David Kachlik 30.9.2015



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)

F1
© David Kachlik 30.9.2015



Remnant of foramen secundum

Degenerating part of

septum primum

Foramen ovale closed
by valve of foramen ovale

& s G,

— Superior vena cava

Foramen ovale open

Valve of foramen ovale

Inferior vena cava

(carrying well-
oxygenated blood)

H4
© David Kachlik 30.9.2015



Formation of atrial (interatrial)
septum in a common atrium

Septum primum Septum primum Foramen secundum

primum

Right

atrium Left atrium

L —

Y©David Kachlik 30.9.20

@ ]éoramen‘ovale @




Ostium Septum primum

prmum Septum primum

> Ostium primum
B& Interventricular

A Endocardial

: , foramen
cushion Atrioventricular canal
Septum
Septum Ostium secundum secundum

secundum

Ostium

Septum
secundum

Septum .
primum

primum
Endocardial

Interventricular cushions fused

Endocardial

: foramen
cushion C D
Septum Pulmonary
Venous secundum . vein Superior

valves

Septum primum oS vena cava Septum
= ndum
N Valve of s
oval foramen
) | Oval
inferior
vena cava

Valve of
coronary sinus

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. Newbor© ® AVid KA ANk 3092015
B

the right; same stage as F.

RIGHT ATRIUM
HIGHER PRESSURE

LEFT ATRIUM
LOWER PRESSURE

Septum secundum — |
77N

/

Shunt

. /,
<
Oval foramen /

~€«— Septum primum
(valve of oval

A foramen)
AFTER BIRTH
RIGHT ATRIUM LEFT ATRIUM
LOWER PRESSURE HIGHER PRESSURE

Septum secundum ——3=

Oval fossa /

| ~«—— Septum primum



Partitioning of primordial ventricle

 Primordial interventricular septum
Foramen interventriculare (close by end of 7th week)

Septum secundum

Orifice of sinus venosus Septum primum

Fusion of septum
primum to endocardial
cushions

Foramen _—

secundum Fused endocardial

cushions

Left atrioventricular canal

Interventricular septum



Partitioning of outflow part

Pulmonary trunk

« proximal (conus) and distal aorta 40

(truncus) part g -
- ridges: bulbar and truncal

— crista endocardiaca septalis
(conus) — pars proximalis
(ventricles)

— pars distalis (aorta-truncus
pulmonalis)

* migration of neural crest cells
« 180-degree spiraling

© David Kachlik 30.9.2015
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Without the spiral septum With the spiral septum
No exit for blood in left ventricle Blood can exit both ventricles

Aorta
The three structures that

must fuse to complete
ventricular separation:

Pulmonary trunk
Truncus
arteriosus

[ Endocardial cushions
- Interventricular septum

B spiral septum

Bulbus
cordis

Spiral
septum
Right Left
atrioventricular Endocardial Interventricular atrioventricular
canal cushions (IV) septum canal
Spiral septum
| / Bulbus cordis
Bulbus
cordis /
\J\
RV. LV. Right IS
ventricle I ventricle
/ © David Kachlik 30.9.2015

Part of the right ventricle is incorporated into the left
IV septum



Arteries associated with heart

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

Dorsal aorta

Aortic sac

~—~t

— Aortic arches

Cut edge of
pericardium

Right atrium Truncus arteriosus

Bulbus cordis Left atrium

Bulboventricular groove (sulcusgpavid \ T



Ductus arteriosus Botalli
Botallo's duct

fetal shunt

— between the end of truncus pulmonalis (or the
beginning of a. pulmonalis sinistra)

— and isthmus aortae (mild narrowing of arcus aortae at
Its end after origins of arteries for head and upper limb)
originates from the 6th aortic arch

takes deoxygenated blood from truncus
pulmonalis into the beginning of aorta
descendens

closes after birth (retraction) and changes into the
ligamentum arterigsu

avid Kachlik 30.9.2015



Ductus arteriosus Botalli
Botallo's duct

Aortic Arch

http://images.radiopaedia.orglimages/25225/2f0aae3edc1fc1stiascisadonbzs_o@y avid Kachlik '8 ®e8m2@d /s esievingindex phpzmodule=viewimageatask=gmediafile_id=3667568201101302145.gif



Veins 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

© David Kachlik 30.9.2015



Anterior, common, and posterior cardinal veins

Dorsal intersegmental arteries

/ Dorsal aorta

Sinus venosus

Aortic arches

Umbilical artery
Amniotic cavity

Amnion

Aortic sac
Heart

Vitelline vein

Chorion
Yolk sac Umbilical vein

Vitelline artery Umbilical cord

u Figure 15-2. Sketch of the embryonic cardio ular em  (about 2 s) showing vessels on the left side only. The
umbilical vein carries well-oxygenated blood anﬁﬁﬁ&k@m%%gi bryonic part of placenta) to the embryo. The
umbilical arteries carry poorly oxygenated blood and waste products to the chorion.



Truncus arteriosus Bulbus cordis

Primordial atrium Opening of sinus venosus into primitive atrium

Left horn of sinus venosus Right horn of sinus venosus

Anterior cardinal vein Anterior cardinal vein

Common cardinal vein oy

Common cardinal vein

Posterior cardinal vein : : :
Posterior cardinal vein

Vitelline and umbilical veins

© David Kachlik 30.9.2015



Venae omphalomesentericae

= 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

Common cardinal vein

Right horn of

i~ sinus venosus
/

:,-'A: Degenerating right
& (44— umbilical vein

Degenerating proximal left
umbilical and vitelline veins

Ductus venosus ——__

Sphincterin ___
ductus venosus

Persistent portion .~

of left umbilical vein o ;:b
e

Placenta

© David Kachlik 30.9.2015 /
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Venae umbilicales

* right and part of
left vein
degenerate

* persistent part of
left vein becomes
vena umbilicalis

* venous shunt
detouring liver —
ductus venosus

Anterior cardinal vein Anastomosis between anterior cardinal veins

Left horn of sinus venosus _~ Anterior cardinal vein

Common cardinal vein
Right horn of
J_~ sinus venosus

e

‘ 7«/ Degenerating right
4t ymbilical vein

Degenerating proximal left
umbilical and vitelline veins

T Liver
Sphincterin o
ductus venosus
Persistent portion .~ @ P\, Vitelline veins forming portal vein
N . . =y
of left umbilical vein Placenta U )
D |
B Ly ol

© David Kachlik 30.9.201%cdenum



Venae cardinales

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

e 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
y 4

' J g
Future right atrium 3? / Brachiocephalic veins
\\ ! / o 3
&

+ S,
SNo -
‘\

Future left atnum ___ ] _ Superior vena cava

Oblique vein
of left atrium

7 - f azygos vein
Coronary sinus — | __— Root of azygos ve

© Davi
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- Inferior vena cava
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Sinuatrial

ACV., S
< junction

Sinuatrial
junction ACV

Sinus venosus

v’ ) PCV
\ Sinuatrial //
w wrv CoV e

* 4th — 5th week
* right and left horn

= smooth part of il
atrium
- venae pulmonales ..

- horn
sprout — their
Incorporation forms

vein

Left
sinus horn

E Inferior
lef ' Left umbiical ~ Right viell vena cava
ight vitelline
eft atrium | i ' .
e O Left ventricle Right ventricle
24 days 35 days

Dorsal view of two stages in the development of the sinus venosus at

approximately 24 days (A) and 35 days (B). Broken line, the entrance of the sinus
trabecular part of

venosus into the atrial cavity. Each drawing is accompanied by a scheme to show in
. _ . transyerse secti t%e eat veins and their relation to the atrial cavity. ACV, anterior
atrl u m - au rICIeS © Dac\éﬁixmm,'ff’é;?p s%)ig#cardinal vein; UV, umbilical vein; VIT V, vitelline vein; CCV,

common cardinal vein. (See also Fig. 11.41.)



Changes in sinus venosus

* right horn

— enlarges, receives all the blood from cranila
regions of body (VCS), from placenta and
caudal regions of body (VCI)

— becomes incorporated into wall of right atrium
* |eft horn

— decreses In size and importance

— becomes sinus coronarius
 valvulae sinuatriales

— dx: valvula VCI + valvula SC
— sin: part of interatrial septum
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Superior vena cava
Aorta P

WGEk 5 Pulmonary artery

Obligue Oblique vein
vein of of left atrium
left atrium

Pulmonary
veins

\

Coronary
sinus :
Inferior vena cava

Coronary sinus

Final stage in development of the sinus venosus and great veins.
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space

Superior vena cava
Septum

primum Pulmonary  Sinus Septum Se.ptum Atﬂum
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o Crista
Right venous 48 terminalis 4

valve
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Sinuatrial part (sinus venarum)
|

orifice _ £, TR [
Left venous gl yuy @ Valve Of trabeculated part
vena cava (auricle)
: : a 9.
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. Left horn of sinus venosus Right horn of sinus venosus

Primordial atrium

Left anterior cardinal vein Future superior vena cava

Right horn of sinus venosus

Aorta

Superior vena cava

Pulmonary artery
Sinus venarum of right atrium

Pulmonary veins Sulcus terminalis

Oblique vein of left atrium Right auricle

Coronary sinus; Inferior vena cava

B
Middle cardiac vein



Adult Derivatives of
Fetal Vascular Structures

* vena umbilicalis — ligamentum teres
hepatis

 ductus venosus — ligamentum venosum

* aa. umbilicales — ligg. umbilicalia medialia,
proximal parts persist as arteriae vesicales
superiores
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Heart In motion
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Heart malformations

0.6 - 0.8%
critical period - from 3th to 6th week
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Heart malformations

« abnormaities of heart partioning
— cor biloculare, triloculare

— atrial septal defect (second most
common)

— ventricular septal defect (most
common)

— transposition of great vessels
* tetralogy of Fallot (trilogy, pentalogy)
— persistent ductus arteriosus Botalll
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Heart malformations

 principal abnormalities
—acardia, diplocardia, ectopia cordis
« abnormalities of cardiac looping

—Ssitus Inversus, heterotaxia
(dextrocardia)

 valve anomalies
—stenosis, atresia, dysplasia

» dysplasia of tricuspid valve and right
ventricle (of Ebstein)
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NORMAL

Truncus arteriosus

Bulbus cordis

Ventricle

Abnormality (L
In looping Atrium
pI‘OCGSS A Sinus venosus

dextrocardia

DEXTROCARDIA

Truncus arteriosus

Bulbus cordis

Ventricle

........

Atrium

© David Kachlik 30.9.2015_
Sinus venosus



Atrial septal defect

Small defects - clinical symptoms may be delayed as age 30
Premature closure of foramen ovale results in hypertrophy of the
right side of the heart

Atrial Septum Defect (ASD)

Foramen secundum defect

Sinus venosus defedt

© David Kachlik 30
Foramen secundum defect



Ventricular septal defect

left to right shunting of blood, excessive fatigue upon exertion
 pulmonary blood flow is increased resulting in pulmonary hypertension
* intima and media proliferate — lumina of pulmonary arteries narrower
« later pulmonary resistance causes right to left shunting of blood and
cyanosis (Eisenmenger complex)

Muscular interventricular septal defect

© David Kachlik 30.9:2015

Membranous VSD



Ventricular septal defect

Decreased systemic flow

Pathophysiology

of ventricular
septal defect

Increased pulmonary flow
(pulmonary volume overload)

#

{ 1 | \
:"1’:/-» \X
Left-to-right shunt through =T Ventricular septal defect
ventricular septal defect e
L —}— Left ventricular hypertrophy
Right ventricular hypertrophy ‘ ) .
o' )
L/
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Clinical characteristics of too little pulmonary flow

Cyanosis Clubbing of fingers

© David Kachlik 30.9.2015



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

Sternal retraction

)
%
h}?.»



Transposition of great arteries

Aorta (transposed)

Pulmonary artery
(transposed)

Left
ventricle

Right
ventricle
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Coarctation of aorta

Coarctation
of the aorta
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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

© David Kachlik 30.9.2%



Tetralogy of Fallot
1 %o

Pathophysiology of tetralogy of Fallot

Aorta

Intense cyanosis
caused by high
proportion of
deoxygenated blood

Pulmonary trunk

Bicuspid pulmonary valve

Narrowed pulmonary outlet :
Right

ventricular

outflow
obstruction

Supraventricular crest
P Decreased

pulmonary
flow

Overriding aortic valve

Ventricular septal

defect (anterior Right-to-left Small
cusp of mitral shunt pulmonary
valve seen 'thUSlh trunk
through defect) ventra
, septal Aorta
Septal band defect ; :hlf'te:t
) - torig
lntetr::]ntncular s
k. Right _ overrides
Tricuspid valve ventricular defect
Hypertrophied hypertrophy 2 Ventricular
R. ventricle septal
defect

Note: Bold labels indicate the four primary defects
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Normal heart Tetralogy of Fallot

Overriding aorta

Pulmonic
stenosis

ventricular
septal defect

»

Right ventricular
hypertrophy
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Persistent
truncus arteriosus

Persistent
truncus
arteriosus

External
appearance
of heart

Transposition
of great vessels

Transposition Aorta

of great vessels

Pulmonary
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Patent Ductus Arteriosus (PDA)

B oxygen-rich Blood
= | Oxygen-poor Blood

© David KIehRB®9%9015

Vessel connecting Aorta
and Pulmonary Artery

AO = Acrta

PA = Pulmonary Artery
LA = Left Atrium

RA = Right Atrium

LV = Left Ventricle

RV = Right Ventricle



Causes of heart defects

 multifactorial

* teratogenes

— rubella, thalidomide, vitamine A, alcohol,
diabetes

* genetic

— 33% children with chromosomal
abnormalities have a heart defect,

— 100% with trisomy of chromosome 18
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Fetal

circulation
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Neonatal
circulation

aeration of lungs

sphincter in ductus
Venosus constricts

foramen ovale closes

ductus venosus and
umbilical arteries
constrict

ductus arteriosus
constricts

" Arch of aoeta
Superor | A
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" arferiosum

Faramen ovale Puimonary frunk
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