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Basic and Comprehensive Outlines of
Cardiovascular Embryology and Morphogenesis
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Congenital heart disease is a multifactorial inheritance disorder that is induced by genetic and environmen-
tal factors during morphogenesis of the cardiovascular system in the embryos. Cardiac embryology plays an
important role in reaching a definitive diagnosis, understanding the pathophysiology of disease, selecting the
most appropriate medical/surgical treatment, and predicting complications and prognosis. Therefore, a thor-
ough understanding of the processes involved in cardiac embryology is essential for pediatric cardiologists and
cardiac surgeons. In this review, cardiac embryology and cardiovascular morphogenesis are discussed to assist
physicians in understanding the etiological mechanisms of congenital heart disease. The molecular and cellular
mechanisms of congenital heart disease using genetically engineered mice are available in any expertized text-
books and journals. Thus, in this review, basic and comprehensive outlines of cardiac embryology and morpho-
genesis are presented using illustrations.
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Day 27
Day 20 Day 22 y
First
(ﬁ heart field V)
Second ’ >
heart field
TN
Left-right axis Heart tube
determination formation
Heterotaxia Cardiac loopin Single e )
Situs inversus dlscordance Determmatgn%f ventricle | Right shift of AV canal g;cr\fgldHaLt,E‘eSS'a
RV and LV Common | Left shift of cornus cordis F’T//-\ DbRV TAPVD
AV canal | Formation of common PV ’ ’

Day 50
Completion of the
4 chambered heart

AVSD

TOF, TGA, ccTGA
Formation of atrioventricular valves DORV

Spiral formation of aorticopulmonary septum Arch anomaly
Alignment of atrial and ventricular septum
Remodeling of aortic arch

Formation of atrial and
ventricular septum

Fig. 1 DREAERRDT7 I >4 (E FORBRERR) EZDREICLVRIET BLEZASNBAEXEOKR
C=—R0OEAEHERO0EH [ ="ROEBEHBEROOEH. EAOEHISHEEICHET 5.

| Determination of Left-right axis | (Heterotaxia, situs inversus)

First heart field
I Cardiac progenitor cells (cardiac specific transcription factors) I
v
| Primitive heart tube (myofibril assembly, heart beating) |
v

| Looping to the right side ‘ (Dextrocardia, criss-cross heart)

| Development of RV and LV | (SA, SV, hypoplastic RV, HLHS)

Second heart field Development of inflow tract
| (formation of AV valve and AV septum with cushion tissue)

Development of outflow tract
(spiral formation of aorticopulmonary septum)

Rightward shift of AV canal
‘ (communication between RA and RV) ‘ (TA, PA/IVS, HLHS)

(PTA, DORV)

Leftward shift of conal ostium
(communication between LV and Aorta)

| Development of common PV I(TAPVD, PAPVD, Cor triatriatum)

Neural crest cells

‘ Formation of epicardium | Proepicardial organ
(PTA, TOF, DORV, TGA)l Development of outflow tract |

| Formation of coronary arteries ‘

(Double Ao Arch, RAA, IAA) | Remodeling of Aortic arch |

l Development of conduction tissues ] (AV block, WPW syndrome)

(As, PS) | Completion of semilunar valve |

‘ Completion of AV valves ‘ (Dysplastic TV, dysplastic MV)

| Completion of atrial and ventricular septum | (AVSD, ASD, VSD)

| Completion of the 4 chambered heart |

Fig. 2 DEDRZEERZ MR 2 MATEEIR
—ROEEHOCHMEE (EE), ZROEBREOOHME (kS), HHERMER e), O/ G &Y MY 0.

b7 #7355 RIS RO RIS B L CLOifiAe SREIRRICING L, ORI BRI Z it d 5 & &
(cardlac myocytes) &7& D, IEHT 1 ADJFEIR.OE Eic, MOGFNEIL—Y > (cardiac looping)
i (primitive heart tube) ZEHT 5. JFUHOIHKE X LU COEDIVEZIEK S 5. JEhaOEE T, Ml
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Normal Abnormal distribution of left determinants

Cardiogenic region
Right lateral Jo ¢ Left lateral plate °
plate mesoderm «2* .. mesoderm .

>
Primitive node
(Nodal flow)

Primitive node
(Abnormal Nodal flow)

.
.

Primitive node
(Reverse Nodal flow)

v
‘eR %JL?E g é%

nght isomerism (Asplenia)

Left isomerism (Polysplenia)

‘

Situs olitus

Heterotaxia Right isomerism

Cardiovascular Dextrocardia, Mesocardia
malformations
Common AV canal, Single RV

Double outlet right ventricle

Bilateral SVC, Right aortic arch
Bilateral SA node

Heterotaxia (complex CHDs)

Common atrium with bilateral RA appendage  Bilateral LA appendage
Total anomalous pulmonary venous drainage  Interrupted hepatic portion of the IVC, PLSVC

Paired AV node with sling formation

r

Situs inversus

Left isomerism

Levocardia

Complete/Incomplete AV septal defect
Unbalanced ventricles

PAPVD
Hypoplastic SA node (SA node dysfunction)
Congenital AV block

Extracardiac
malformations Asplenia, Symmetrical liver
Right-sided stomach
Malrotation of the intestine

Bronchial cilia dysfunction

Bilateral right sided lungs and bronchi

Bilateral left sided lungs and bronchi
Polysplenia, Midline liver

Extrahepatic portal vein obstruction
Extrahepatic biliary atresia/hypoplasia

Fig. 3 LE:ERMREDAHN_ALEZDEE. EFEED.

PRISERER & ARAEEDOERD nodal flow &Z&RIR

ERFORMAZRY. ARG T @ NESECHEREORKAE.

Xk 6 & W5 A

MHEEMICTEN > T, #RE (sinus venosus), A
OE (atrium), FR45.0% (ventricle), 0OEK (bulbus
cordis), BARES (truncus arteriosus) DIJEHIC £ 3>
A= FT AV MRICREEI NS, TNSOH]
BAMOY T X ME, DIV—TOERICHES T, R
WV Tl A DNERRICEHLT 5. [[IRFTIO
i DRI > TLED FFICENI DD, DEO
EO L RN ANED S, —7, FEIOEE DN
TlE, BEBEBIICEBOVTETELAD 4 DDLANE
IX (endocardial cushion) WFEL, 2 DDEZEFTE
DELBEPRO—INMERENS. FHEETIE,
2D (WHIE 4D) OM#EEIIRFRFE#E (conotruncal
swelling) MWF&E L, Mi#hfik & KEkz 5 ARIC T
HT 5., SHICLETRBECOERREINFREETRK
L, BEIICE b TR 50 HEEIZ 2.0E 2 .0%FED
DIEAER T % 1 (Fig. 1.

CTOX S HDHEREIERKICIE, TISHELRE & OER
D—E8Z T % — OIS (first heart field) O
DA, 0= & DEHO—EZ S % 00N

BRNRBRSBFEME $£34E ¥35

71K (second heart field) D.CVFHIAE, KEIR & FiE)
k757819 2 Bk HERE (aorticopulmonary septum)
OB ML X CREARAGBIARD I 7S %0
N rFEEEAINE (cardiac neural crest cell), OM#ED R
THFE & DBEFUCH SR L, DIMVRZTERK L TOlEZ o
ATZDOBDOMIENICHA L, FRHELFHITY, MmNk,
AR 73S B O IR ETERAHAR  (proepicardial
organ) NHHEKENS ¥ (Fig. 2).

FRMOREDZ X, BEOBEETFRESRBX
URMADBRBIHND K & 72> T, ThHDLOEIERE
R OBEN—EREILT 20, & L IEbd Mt
LTEASIRTHE L .

EGHDRE & ZDERIGE !
RO FEEEAL (ERRE, ZRRRE), MRIRERE(L,
Kartagener fE{ZEf7x &

ZJE MR O I ALE S 2 R AS T (primitive
node) D #EHIMIE (node pit cells) & —A D HE
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D-loop (AV concordant)

Right Left

L-loop (AV discordant)

? i ' Right Left
Right Left Right Left

Fig. 4 DIV—THHEZDERE

A-loop
( crisscross)

Right Left

LB EEEDTO D-loop, FE : ER#MICES5N 3 L-loop. Al : LTdd LLIERRENFEREE S A-loop.

(cilia) 25, KEFHFHAMICEEAREIL TV 5.
MEGEACHENT WS 728, EETRERZDE
Hif (nodal flow) HAWVEU%. TNz FEIAKSHIH
ADHINE (node crown cells) MWEHIL, AL DL
A% 2D EFZ/ LT Nodal, Lefty2, Pitx2 7z & DL
BRI G R F D /MR IRSE (left lateral plate
mesoderm) ICENTICHBIL, AT MO0
(FE DA, cardiogenic region) IfZEIN5.
C DX D BAAMZIRE S 2 T HARIEY B D R Ak
THRCEEETNEY, & L L<IEEME D nodal flow
ICHEND 2 &, DIz & TR O A E RO L
BB LLIET A LMEL, WIEESHL (heterotaxy :
AN (right isomerism : ), ZEMIFIE (left
isomerism @ i) HFIET S © (Fig. 3).

DERIREDIRTE & 53k

J& D BN AL 9 2 T 0 e i 8 (precardiac
mesoderm, cardiogenic region) DHIEEEHAZIC B
T, Nkx2.5*% GAT A4 7% £ O 0 i FF 52 1 5 5K
(cardiac specific transcription factors) MFEEIE % X
TR D, REAEH BRI O ATERMAL (cardiac
progenitor cells) NEREB LTS S, LFHTEE
MRICIE, —JOOMEEEK (05, £%) & RO

B (FOFE, H0E) IC&LMET 2B TR
EMNTFENTVS. DETERHITIE P T LA DO
B2RM L, SR2HPRANEBEL TEA UREOIKE
(primitive heart tube) ZJEMKT %. [RIRHT/OAIHITEE
FRC 1 AR (myofibrils) AVFE3E U TR
(cardiac myocytes) &b L, JDIEE OHBIHZZRIY
AN R

RO EDTTR EDIV— TR | BEFR—H,
EEXRMEEN, G0, ETO, +F0GE

Ui 72 Bta U T2 J5a Ol &, R LA SHTTA
JRHV—792% L b, EHLEDOFIRE
L, DIEONBINTEZHNS (Fig. 4). R DIKE
WIV— TR 28D, OFEOE RS K O RME O
DEMNTIKT 5 &, 1 RODIEED S 7% 2 EYIEER D
5, WhGER & ARPEERDN ) BEMNT U 7o S8 AFERN E AT
% (Fig. 4). KJTENSIIV— TR ES &, Al
DEORA ELBDEANA—RERD, FRIEELE
5%, RIEATESHTHICV—TBERMEES L,
DE & LEBRIEAEA L EFORQUNOBIRICED |
TLE RIS (superior inferior ventricle) I, & 5IC
Z DIREN SOBDONEBFEN A LNS &, FEFL
L (+F0, crisscross heart) DK ENS .
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Leftward shift of

» conal ostium

of AV canal

Before rightward shift
of AV canal

Single ventricle,
Single atrium,
Common AV canal

AV canal

Tricuspid atresia
(Atresia of right

Rightward shift

Rightward shift of

sided AV connection)

Development of
AV cushion

Complete AV
septal defect

Fusion of superior
and inferior cushions

Normal heart

Fig. 5 BEEDEABHLZOREICKYRET SRR KR
BUFHOBEOERN L EOEFRELOBICE LLEZER, REICEHIBBHL, AR LTEEOORBREGHREL, BEER
HFRICERT 5. GABBNEGTT 2L, FlicARRBORE L GHOELOMIZSEEES. PHTETOORBFEMIES L
1 DOREENSZRALERAVHREING. COBRLBELZ 2L, MHICEELE, POEABBHHEE > BETIEHES
KA, DEFRECATRILERLBBEERRAR, GEHNRETBLEISND.

BEEDHABE | ZRAEIERME,
—REZAMAHEHICLBHEOLRGE

DIV—TIERDETT B & MO I ICEIEE L,
PRI PR O FRBRDME R E N LN EFEET 5.
HOZEOFEEIC K D LEHPBRIE IS IS )
L, ZOiER, BEE (atrioventricular canal : Hjf
BRI S OEHRZEA THO=ER & it 2 fr
DEDICED (FELDHITHE) © rightward shift of
atrioventricular canal). HRRIIC E RONIRERIHARD
e ciRG U E =R 02 A 2 DO
O, R DRE EADE & OIS 753858 7%
EO =R F L%, s e 0ELERTEEDS
MR, HIEFAEFEET S Y (Fig. 5).

DRERFRBRBDFRE L BER DM
HBEEEAN, T2EEEFRIE, Tl
BEPRRXRIE, RABOEFRIIELGLE

DEE DIV—TIERDHETS 5 &, FRELLTH
HEES ORI, SOOI BN S 7 )L AVsE
Big 3 Ledic, Mlo.LHEER-RBIC D> T, ERZ-

BRNRBRSBFEME $£34E ¥35

R S i 46 (epithelial—mesenchymal transition; EMT)
RS T TNV PRI ENS. ZORE, £0
HRIC B E R RE L, DNBERIHR, k)
IREpEENMERE NS (Fig. 6). TRARICIE B FAES
DAL (endocardial cushion tissue) Ml
L, YETY VY, FHIRAE (undermining) ODiEfE
ZREOIRUT, HIEF, =277, OEHE T, O
FEHRHAOERICEE 5. —77, MHKicE
WX, 2D (W& 4 D) OISR & BiREREEE
(conotruncal swelling) MWFEEL, ITAEBORER & i
REBOREE N ZEMINIC A U N MEEGR TRAT 572
B, ERE KBRS S AR HEIENS 29,

MONES%E (MAMEAZRRLR &
M BIARERRFRD S ARZEK | MENRENETL,
mAMEAZERLS, TEAMEREI,

7 7 O—mO#iE, KEAR-FEIIRES &

BRONEHANEHIT 20 ERHHERTE LT,
WS B K TR IS ARSI T 2 (MDA
F&8) : leftward shift of conal ostium). JfZE 28 HUE,
JE AR O O BRI FEEBN IR DIE R E NS . £ D
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Formation of inflow and
outflow cushion tissues

Conotruncal swelling

Endocardial cushion

-----

Epithelial-mesenchymal
transition

Growth factors secreted

AV junctional from cardiomyocytes

cardiomyocytes

Signals

L]
L]
ry °
fo» % 51‘7 w:? “EMT
Extracellular <~
matrix Transformed

Endocardial cells mesenchymal cells

Formation of AV valve

Epithelial-mesenchymal transition

Delamination, Undermining

bl 4

Maturation

Formation of semilunar valve

Epithelial-mesenchymal transition

Maturation

Excavation

Fig. 6 LEE%: ER-RIZEsie (epithelial-mesenchymal transition; EMT) |2 & 20 RBERRIRSE; & FIESIIRSSIERDF
E TR EEARLFEAROEREE. ThZThIVETUVY
RICEZEROEEICEVTILER (undermining) DiBRE%ERT, BEARSSLUFXARDEMRETNS. AV junctional: atrioventricular

junctional

NI IE— 0 O FSEBIRE R FEGE L, RN
ERERICBONTEA L, M#kE KERZ 58 A0 E
5. FOE, FHEEOMMEARE & e E R
T5EEBIC, BRBTIEICE D SEAIRICHEE N
TR & KBIIRD 5 B, %7 KIME T S KBIRIE
BB EASET 5 K51k 5. MR
D FHRIC B 72 2 TR B I RIS DN E b & 55
L, M@k & KRG TN ZNA0E & LIRS
5. TOXS GHEBERLEO.OHEOEEICIE, ik
PR 53 UMb S % 0D REE O Ol
(Tbx1, Isll B ARELBEbL-OTWS. iz, )
IR HBRD 58 A ENE, SEERIED SEET %0
N R b2/ (Pax3, Wntl Fatk) DOBIGIC & D KL
Ens Y (Fig. 7).

DESSTDERROA
BEHRREXE, OEPRREIE, OERRERIE

a4 30 HENCDE B R T AICHM T % & &
£, ZOERH S LE—XPRMEKRENS. OFE
—XHBRE R ICMHE LR RIBALZRT (—X
L) B, BITOPERHERIC X DB E NS, DE—
RAbRD LT ICIFER O RIBILBTER SN, ZNHN
EbEoT X{LEKx 3. RE35~37HICKkD L,
DE—RHBROA M EA X 0 DERHPBRA R
N5, ZXHEE—XHRRE [FRC, HRD SRR
M TRIESLZRT ORI, RIS T &E foidon—
RABRIE ARG & 22 0, iR S A RIS L7z
W AL & SIFIFLO R 238 D k0 TREAN—5
KM D K915 5. EBFFRDIEE 2 & RKEDH
FRIDY EDENERR S 5728, —XHRIEEEND
JEEHEN, RAARICEHET % (Fig. 8). OB HRRRIE

© 2018 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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Spiral formation of

Migration of second heart filed cells and
aorticopulmonary (AP) septum

cardiac neural crest cells

"

Cardiac neural crest cells

Second heart field cells
%cardlomy'%ﬂ/tes of outflow

Interstitial cells (AP septum)

PTA

Leftward shift of conal ostium
Spiral formation of conal and
AP septum

TGA

Straight formation of
conal and AP septum

Deficiency of conal and
AP septum

DORV
(Non-committed VSD)

Incomplete leftward
shift of conotruncus

ract and
TOF
AL
’@®

Anterior deviation of
conal and AP septum

DORV
(Subaortic VSD)

Incomplete spiral formation
of AP septum

Fig. 7 LEBRE : KBIR-FERTFRDOS EARR (BAKMETHERERAERAINET HEELSEIRT DL
%), EBRA  ZROEFE (DM &OReEEmiE (MERMR) OBEICLSEERERE SUKXE
A-ARENARFFRORAZAL. TER : M#ODESBEE K URRBIRBETROS EARRDREICK W RET HEXN

R

FssiRE PR A ERZ AL CIAFEBIAREME, FMIHBIRENIRA IS ICRAIT % & Fallot M#, MHBIREHIRDSEARELIRUNT S L5
LRRMEEN, AHODESBEDORES L IZA#BRBTROSLALBHRRY 5 LMANEAZTERDZNETNRIET 5LF

A5Nh%.

W&, SPFILBATE, —RALRAE, “XRALRIE (B
AR, LER, MERABRYD, #iRiE AR (ERE
AR, TREIRRD) DFEIES 5. slRi B,
BRI RD ERKE IR X O FREIR & ZN TN
AT BRI, MEMESLTERT 2 EEZ5NTY
2 2-5).
DEPRRIEFRAEZWERK D, 1L RASHE D
B RE DN IRHHRRER), 2. mitEE
b OOEIRFESEEER), 3. W=ribE, 4. Bkgh
b, ULED 4Dy K=Y bSO IID. T
SNOEKICEEND S &, LEFRRIBNRIET %
(Fig. 9).

DEARRRIBOZEE LT,

BRNRBRSBFEME $£34E ¥35

1. JBEREESE! (perimembranous defect)

FAESHEEE (inlet extension)

kR (muscular extension)

mHEEEE  (outlet extension)
2. A (muscular defect)

WAL (inlet muscular)

DARERE! (apical muscular)

A (outlet muscular)
3. KRI%E F% (subarterial defect)
NHo, HEELTE, 1,2,30FEIR—%2
MEIZ DB Th 2B RIENREZ L, WF
Bz s,

RPFLOZEICE, L OAVR—=22 vH+5



95

Ostium

secondum
Septum Foramen
Ostium secundum secundum . ovale
Ostium
Ostium primum Septum prmﬁecundum

LAY,

Normal heart Patent foramen ovale Incomplete AVSD  Ostium secundum defect
(central type)

JBINBICHIO,

Ostium secundum defect Ostium secundum defect Sinus venosus defect  Sinus venosus type
(superior type) (superior type) (SVC type) (IVC type)

Fig. 8 DOEFROEMER (L&) LOBFRIIEDSE (TR

>

(>

Membranous

Membranous
septum

septum

Outlet
septum

1
Inlet /' Trabecu
septum " septum
;
.
y

,,,,,

Perimembranous defect
1. inlet extension
2. muscular extension
3. outlet extension

Simple defect Malaligned VSD Malaligned VSD
(anterior deviation) (posterior deviation)

1. inle
2. apical
3. outlet

Fig. 9 OZEHEEER TSIV K-V (LB LOZHRRIEOSE (TR
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Ring Theory

SAring

Central
conduction/ & \
tissue 7

ﬁVA ring A
Primary ring VAring jc&’

AV ring
SAring P

Primary ring
Peripheral
conduction
tissue
Early Specification Theory
E8.5 E9.5-10.5 E10.5-12.5 Prenatal

bx2/3(+)
X ‘ Atrium
‘ sv

Fig. 10 U RAOMZEICE DWW OBRIBCERDD L %HHT % 2 DD{REE (Ring theory : EE&, Early specifica-

tion theory: FE&, E8.5 IV ADIA4ER% 8.5 A%TRY)
HHAGHAREDFENFNGERD SIATNARRTH 2D, LBITFIFELVRIBGEEROFERBERZRRL TV S.

27-29days 32-33days 38-40days At birth

TAPVD (la) TAPVD (Ib) TAPVD (I) TAPVD (Ill) PAPVD Cor Triatriatum

Fig. 11 ERMEROREBSE (LR LZOREICLYRET ZRXEIEER (TR)
HBIEIRE DOE L OZENER TN, WA (a), GLABK (b), ELARIR (), MEBIK (1) 5EOHBIRREPE
EBTHAET B LRMBIRERERED, EEDLESESHOMBRMNEN S 2 LB MBIRERRES, LEMBRNEET L0
BHRIET 5. MMRIIREBRICS 2 MAEMBMETYT. X5 &Y RESIA.

BRNRBRSBFEME $£34E ¥35
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6 weeks

Aortic sac

Truncus arteriosus Right 8th

Dorsal aorta segment

Pharyngeal
arch arteries

7t Intersegmental
arteries

IAA type A

Fig. 12

7 weeks

>;§

Normal Heart

At birth

IAA type C

KBRS Y ETY V7 I BERERBIRS ORI AER (L) SXEMRBEIOREA D=L (TR

L8 MERTT type A, L4 DERRT type B, AEHERESIREDIERTT type C DAENAREEET (IAA) HDRIETZEEZSZ 5. FiRIEHE
EBRRICHIT MBI ERY. kb K VRESIA.

ICHGER T B LR W /e DICHNET 2 B! (simple
defect), “DOHEMZERMICT N TR S N/
DICHIET % Wi H K (malalignment) B & 738
Ens Y.

DIRRIACERDOREE

DlERIURERIE, R4 & RIC B R 2 R e
TREZ IR, R DZERIIC RIS N B2 T
BB XCHBE L, SIS Purikinje #RHEX TO
—HOMBEDIERENS. HI NS, JFHOIE O
‘iAMDY T XY M- T, #HRED SiRBIRER
K CTORBIFERRR LS RICHE T B iR ORMREADS
FEL, TNHEMIV—TTRMOMET & & B IHHEC
RNTHRNORBIRERZIER T 2 LEASNTE
7z (Ring theory) 7. FRICI&, LR DL
IRERTIC B 5 LU Notch, Bmp 7 & DFEZRE AL IA 1
* T-box MG R FAFRH L, JFROIEE O K& D
AL ARZNVZ DI RO E b T 2 T &%

IS B CHIE L, BT S His K To/V
MR 5 % % HREHIORIBULESRAHRR Z TE T % &
Z 5N T3 (Early specification theory) ®. —75,
AAH D Purkinje #5HEE, i PR oD B R ) EURHAR
M5y 7 F V7232 T (recruitment), AN
RELTV) a7 VTEATRIROIN & bR
%. AT His SR T HRAR I O fMIZ SR MR &
Hiid % (Fig. 10).

FERIRDAZA - FEMEIERER,
BoMERERRE, = O0B0, FERIREHG E

JEREDRTT & O HIF U 72 iR D Ji PRI 1 i i =%
WFEEL, FEAUHNIRFIIR T H 2 ek & 52
HBLTWD. I8 28 HEIC DR REE X O Hod i
RAME IS > T L, ffigfiRes A5 92 K5
IZ7%%. BiEHRDEOE A8 2 K51k 5 &, 1k
HHIRC & % J5ilaaices & OZGmIEHAT 5. T NLLT
Il iR-/2 OB B OSSR S NS &, iigkiki

© 2018 Japanese Society of Pediatric Cardiology and Cardiac Surgery



98

T 25200, RTEBRTEHEORGEIRTH S
R (CERFIRPRERIRIED 7288 THOEICE
U, & (B U <IEED) kR i 52 b DS FESE
%2 (Fig. 11). 7z, JFEARIZHGE TSR, %
U, bk & DMIE T IC NGB Z B LR
B, SDELOPFIET S, LT, DR ARD
i e OSSR e & i i 75 ek D U3 M U 72 iAo
JfiTEXAIAD o cardiopulmonary mesoderm precursors;
CPPs ) 1CHIkS % T EMHASNICAED, ik
SR ORI & OBHEAVRIZE N TS .

RERSDYET) VT | KEIARSHLST,
HETHIMERER, NEHREE

FEAEHHIC Dl SR & Nz ik, fBBiRsS, K
FREE, 6 MOMTESIR, BROHMKERZE TS
A E NS, b TR REIR-ITEIIR R Z TS
BDIXE 3,4, 6 WEHSHINROATH D, ZOMIIY E
TV VT OMBRERTHET 5. FOIEREKEIR
5TIE, AEHNENROZENEBIC Y25 8 27 AV b
EEHOHIRENHEIET S E TR ENS. Edward
51k, EEKFIRS (double aortic arch) 7 FLARIAE
& UT, IERKEIRS OFEE & KBRS S5 OB RE
BB TE AR ZEE L 2 (Fig. 12). At
RENC KD, KBRS OFERE IXISIE R THIHNAT
HETHS.

DLED & 5 7xiafe 248 TR E O DRI e 3 % .
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CHD, congenital heart disease; RA, right atrium; RV, right
ventricle; LA, left atrium; LV, left ventricle; TV, tricuspid valve;
MYV, mitral valve; AV canal, atrioventricular canal; TA, truncus
arteriosus; SV, sinus venosus; IFT, inflow tract; OFT, outflow

tract; RSA, right subclavian artery; RCCA, right common carotid
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artery; LCCA, left common carotid artery; LSA, left subclavian
artery; DA, ductus arteriosus; aAo, ascending aorta; dAo,
descending aorta; PA, pulmonary artery; LPA, left pulmonary
artery; RPA, right pulmonary artery; SA ring, sinoatrial ring; AV
ring, atrioventricular ring; VA ring, ventriculoarterial ring; AVC,
atrioventricular canal; ASD, atrial septal defect; VSD, ventricular
septal defect; AVSD, atrioventricular septal defect; SA, single
atrium; SV, single ventricle; AV concordant, atrioventricular
concordant; TA, tricuspid atresia; PA/IVS, pulmonary atresia
with intact ventricular septum; HLHS, Hypoplastic left
heart syndrome; TOF, tetralogy of Fallot; PTA, persistent
truncus arteriosus; DORYV, double outlet right ventricle; TGA,
transposition of the great arteries; ccTGA, congenitally corrected
transposition of the great arteries; PAPVD, partial anomalous
pulmonary venous drainage; TAPVD, total anomalous
pulmonary venous drainage; IAA, interrupted aortic arch; RAA,
right aortic arch; AS, Aortic stenosis; PS, pulmonary stenosis;
WPW, Wolf-Parkinson-White
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