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Uktad sercowo naczyniowy rozwija sie jako pierwszy sposrod

duzych uktadow juz okoto potowy trzeciego tygodnia rozwoju.

Samo serce funkcjonuje od poczatku czwartego tygodnia.




Jakie sg powody tak wczesnego rozwoju

uktadu sercowo-naczyniowego?




Rozwijajgcy sie zarodek nie jest w stanie pozyskiwac

materiatow odzywczych na drodze prostej dyfuzji.

W konsekwencji wzrasta zapotrzebowanie na efektywniejsze
sposoby uzyskiwania tlenu i materiatow odzywczych z krwi
matki, a takze wydalanie dwutlenku wegla | produktow

przemiany materii.




Uktad sercowo-naczyniowy rozwija sie z:

1. mezodermy trzewnej (tworzacej zawigzek serca)
2. przyosiowej i boczne] mezodermy

3. komorek grzebieni nerwowych




Yolk sac endoderm

Haemocytoblast

\ __Developing
endothelium

Normoblast,
early stage

Part of the section trough the wall of the yolk sac of an early human embryo,
to show an early stage in the differentiation of angioblastic tissue.



Yolk sac endoderm

Endothelium

Blood_ island,
containing
normoblasts

Part of the section trough the wall of the yolk sac of an early human embryo,
to show a developing blood vessel including a blood island.



Yolk sac with

<— Plane of section C Myoblasts and
blood islands
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Heart primordium cell clusters

Level of
section B
Site of Neural

oropharyngeal plate
membrane

Cut edge

Neural plate .
of amnion

Cut edge
of amnion

Primitive
Site of cloacal node
membrane
Primitive
Connecting stalk streak

Dorsal view of a late presomite embryo (approximately 18 days) after
removal of the amnion.




Waskulogeneza — proces powstawania naczyn krwionosnych

z prekursorow (np. wysepek krwiotworczych);

Angiogeneza — powstawanie sieci haczyn z juz istniejgcych

naczyn prekursorowych.




Pericardial coelom

\ Angioblastic cord

Embryonic endoderm

Intraembryonic

Endoderm

Embryonic ectoderm

Splanchnic mesoderm

Splanchnic
», mesoderm
2, layer

Transverse section through
a similar-staged embryo
to show the position of the
angiogenic cell clusters in the

splanchnic mesoderm layer.



Connecting
. Amnion stalk
Pericardial coelom 1

Oropharyngeal membrane
Septum R T O P e
transversum

Neural plate

_ ) Allantois
Angioblastic cord Cloacal membrane

Connecting

Pericardial cavity
1 Ectoderm
Cardiogenic § S5
field QS

Notochord

Cephalocaudal section through a similar-staged embryo to showing the position
of the pericardial cavity and cardiogenic field.
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Scanning electron micrograph of a mouse embryo equivalent to 19 days in the human,
showing coalescence of the angiogenic cells into a horseshoe shaped heart tube (arrows)
lying in the primitive pericardial cavity under the cranial neural folds (asterisks).




Trzy pary zyt uchodzg do zawigzka serca:

® zyly zottkowe
® zyty pepkowe

® zyty zasadnicze wspolne




Anterior, common, and posterior cardinal veins
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Vitelline vein

Yolk sac “ Umbilical vein

Vitelline artery Umbilical cord

Sketch of the embryonic cardiovascular system (about 26 days) shoving vessels on the left side only.




Po raz pierwszy zawigzek serca pojawia sie

ok. 18. dnia rozwoju.




Neural groove

Foregut

1st aortic arch

Left vitelline vein




1st aortic arch
Neural fold

Amnion |

Cavity of yolk sac

Future forebrain

Primordial pharynx

Sites of fusion of
endocardial heart tubes

Pericardial cavity

Myocardium

Endocardial
heart tubes

Wall of

1st aortic arch

|1 Primordial




Neural groove

: 2nd i
Neural fold 1st aortic arch aortic arch

N : Truncus
Bulbus \/ Y ; arteriosus
cordis e

{ Future left
arteriosus ventricle

Ventricle
Future
right
Primordial ventricle

Primordial
atrium

Common
cardinal

venosus vein

Umbilical vein Umbilical vein Vitelline vein

As the heart elongates, it bends upon itself, forming an S-shaped heart.



Mesenchyme
(embryonic
connective tissue)

Amnion

Pericardial coelom
(future pericardial
cavity)

Endocardial
heart tube

Neural groove Neiivai foid

Dorsal aorta

Notochord

Lateral
fold
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Wall of yolk sac




Foregut

Neural groove

Dorsal aorta

Pericardial cavity

Fusing endocardial
heart tubes

Wall of
heart tube

Cardiac jelly

Myocardium

Dorsal mesocardium

Parietal pericardium

Epicardium
(visceral
pericardium)




Cewa sercowa sktada sie poczatkowo z pieciu poszerzen:

zatoki zylnej
wspolnego przedsionka
wspolnej komory
opuszki serca

wspolnego pnia tetniczego




Aortic roots 23 days
| 22 days ,
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Atrium

Sinus venosus

Formation of the cardiac loop.



Podziat

kanatu przedsionkowo-komorowego




Dorsal aorta

Aortic sac

Truncus arteriosus

Bulbus cordis

Cardiac jelly

1st aortic arch
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Ventricle

Primordial atrium

Sinoatrial valve

Common cardinal vein

Sinus venosus

Atrioventricular canal

Dorsal and ventral
endocardial cushions




Truncus arteriosus

Sinoatrial valve

Sinus venosus

— Primordial atrium

Atrioventricular canal

Bulbus cordis

Primordial ventricle




Atrium

Ventral i

 Endocardial
cushions

Dorsal i

Future right ventricle




Plane of section D

Fused endocardial cushions

Arrow passing through
right atrioventricular canal




Sinoatrial valve guarding orifice of sinus venosus

Foramen primum

Left atrioventricular canal

Fused endocardial cushions

Developing interventricular septum




Losy rozwojowe zatoki zylnej

| wspolnego pnia tetniczego




Truncus arteriosus
Primordial atrium

Bulbus cordis
Left horn of sinus venosus

Right horn of sinus venosus

Opening of sinus

venoe!is i almam 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 vein Right vitelline vein




Aortic sac

Cut edge of
pericardium

Right atrium

Bulbus cordis

Bulboventricular groove (sulcus)

Dorsal aorta

— Aortic arches

Truncus arteriosus

Left atrium

Ventricle




Truncus arteriosus

Primordial atrium

Left horn of sinus venosus

Anterior cardinal vein

Common cardinal vein

Posterior cardinal vein

Bulbus cordis

Opening of sinus venosus into primordial atrium

Right horn of sinus venosus

Anterior cardinal vein

Common cardinal vein

Posterior cardinal vein

Vitelline and umbilical veins




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

Anastomosis between anterior cardinal veins

Anterior cardinal vein

Right horn of
sinus venosus

Degenerating right
umbilical vein

Inferior vena cava

Vitelline veins forming portal vein




Truncus arteriosus

Future right atrium / Brachiocephalic veins

Future left atrium .y " f, Superior vena cava

Oblique vein
of left atrium

Coronary sinus Root of azygos vein

Inferior vena cava




Sinuatrial ‘
junction Sinuatrial

L__ junction

~
——

PCV
Sinuatrial //
fold

Left
sinus horn
Common
cardinal
vein

Inferior
vena cava

Left umbilical Right vitelline
vein vein Right ventricle

Left ventricle
24 days

Development of the sinus venosus at approximately 24 days (A) and 35 days (B).



Superior vena cava

Oblique
vein of
left atrium

\

Coronary
sinus
Inferior vena cava

Coronary sinus

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



Primordial atrium

Left anterior cardinal vein Future superior vena cava

Right horn of sinus venosus
Left common cardinal vein

Site of opening of sinus venosus
into right atrium

Left horn of sinus venosus Inferior vena cava

. Left horn of sinus venosus D Right horn of sinus venosus




Pulmonary artery

Pulmonary veins

Oblique vein
of left atrium

Coronary sinus

. Left horn of sinus venosus

Superior vena cava

Sinus venarum
of right atrium

Sulcus terminalis

Right auricle

Inferior vena cava

Middle cardiac vein

Right horn of sinus venosus




Crista terminalis

Sinus venarum
(smooth part
of wall)

Rough part
of wall

Right auricle

C

. Left horn of sinus venosus

Superior vena cava

Septum secundum

Foramen ovale

Septum primum

Valve of coronary sinus

Valve of inferior vena cava

Right horn of sinus venosus




Podziat wspolnego przedsionka




RA, right atrium LA, left atrium

RV, right ventricle LV, left ventricle

Septum primum

Foramen primum

Dorsal endocardial cushions
Aq

Perforations representing developing
foramen secundum in septum primum

Foramen primum

Fused endocardial cushions

B

Red arrows—well oxygenated blood Blue arrows—poorly oxygenated blood




Foramen secundum

Foramen primum

C4

Developing septum secundum

Foramen secundum

Septum primum

Foramen primum closed

D4

Red arrows—well oxygenated blood  Blue arrows—poorly oxygenated blood




Septum secundum (upper limb)

Foramen secundum

Foramen ovale

Valve of foramen ovale

(derived from septum primum)

Septum (lower limb secundum)

E4

Septumsecundum (upper limb)

Foramen ovale

Septum secundum (lower limb)

F4




Remnant of foramen secundum

Degenerating part of
septum primum

Foramen ovale closed
by valve of foramen ovale

Superior vena cava

Foramen ovale open

Valve of foramen ovale

Inferior vena cava
(carrying well-
oxygenated blood)




BEFORE BIRTH

RIGHT ATRIUM LEFT ATRIUM
HIGHER PRESSURE LOWER PRESSURE

Septum secundum ——p |

Shunt

;
Foramen ovale /

| ~¢—— Septum primum

AFTER BIRTH

RIGHT ATRIUM LEFT ATRIUM
LOWER PRESSURE HIGHER PRESSURE

Septum secundum —

Fossa ovalis /

l -¢—— Septum primum



Septum secundum

Septum Septum primum

secundum
Pulmonary

veins

Large
oval
foramen

Short
septum

Normal septum formation Excessive resorption of ~ Primum

septum primum

Atrial septal defect

Septum primum

primum F

Absence of Absence of septum primum
septum secundum and septum secundum

A - Normal atrial septum formation. B and C - Ostium secundum defect caused by excessive resorption
of the septum primum. D and E — Similar defect caused by failure of development of the septum secundum.
F — Common atrium, or cor triloculare biventriculare, resulting from complete failure of the septum primum
and septum secundum to form.



Atrial septal defect

Valve
leaflet

Ventricular Ventricular

septum septal
defect

A

Persistent atrioventricular
canal

Septum

seaundum Septum primum

e

Patent ostium primum

Anterior leaflet mitral valve

Septal leaflet tricuspid valve

Persistent atrioventricular canal

A — Persistent common atrioventricular
canal. This abnormality is always
accompanied by septum defect
in the atrial as well as in the
ventricular portion of the cardiac
partitions.

B — Valves in the atrioventricular
orifices under normal conditions.

C — Split valves in a persistent
atrioventricular canal.

D and E — Ostium primum defect
caused by incomplete fusion of the
atrioventricular endocardial
cushions.



Podziat wspolnej komory




Aortic arches

Truncus
arteriosus

Bulbus
cordis

Right ventricle

Atrium
Sinus venosus

Conus
arteriosus

Atrioventricular canal

Left ventricle

Early interventricular septum

Pulmonary trunk

Bulbar ridge

Aortic vestibule

Interventricular foramen

/ Interventricular septum

Interventricular groove



Arch of aorta Pulmonary trunk

Right
bulbar | \
ridge X .
} Left bulbar ridge

Interventricular

foramen
Free edge of muscular

part of interventricular

Fused endocardial cushions septum

i Left bulbar ridge
. Right bulbar ridge

i Endocardial cushion

Right ventricle

Membranous part of —
interventricular septum

Left atrioventricular canal

Right atrioventricular canal

Aorticopulmonary septum

Muscular part of
interventricular septum




Ventricular
septal defect

A - Normal heart. B — Isolated defect in the membranous portion of the interventricular
septum. Blood from the left ventricle flows to the right through the interventricular
foramen.



Podziat opuszki

| wspolnego pnia tetniczego




3rd
Aortic arches— 4th

Truncus arteriosus

Bulbus cordis

Ventricle

Bulbar ridge

Left atrioventricular canal




Aorta (Ao.)

Pulmonary
trunk (P.T.)

Right
atrioventricular
canal

Interventricular septum




Pulmonary trunk

Aorta

Aorticopulmonary septum

Ascending aorta

Left pulmonary
artery

Pulmonary trunk

Aorticopulmonary septum




Superior Large aortic stem

vena cava B
<2

— '. i 7
) S Patent ductus
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Interventricular
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arteriosus

Persistent truncus arteriosus

Pulmonary
artery

Truncus
arteriosus

Interventricular
septal defect



C — The right and left pulmonary arteries arise close together from the truncus arteriosus.
D — The pulmonary arteries arise independently from the sides of the truncus arteriosus.
E — No pulmonary arteries are present; the lungs are supplied by the bronchial arteries.



Patent ductus
arteriosus

Pulmonary ¢ g A Patent
L artery A oval
g foramen

Pulmonary
valves

Transposition of the great vessels



