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atresia/ aortic atresia (MA/ AA) Faflatiosansdng (left ventricle, LV)

g‘lJﬁ 2 ANUYAINYANEYBY hypoplastic left heart syndrome ...,

FAIUNYIDANINVBY mitral valve wag aortic valve

’i‘U‘VI 3 UEAINSIAIBUTDUAOALAT OXYSEN SALUILION. ....oorrs oo
i‘U‘VI 4 A WNSENTRENYBINIGN hypoplas’uc left heart syndrome (HLHS)......c.c..ccomuuenceces
’i‘lJ‘VI 5 ﬂwwmwﬂ,amaﬂaummmmnaa (echocardiography) TS ...ooveveee

hypoplastic left heart syndrome

U 6 mamsaeiiladendudesnudas (echocardiography) TSN v

hypoplastic left heart syndrome

UM 2 uwanansld canula Fidusiuaes main pulmonary artery
ey right atrial appendage

‘j‘lJVI 3 UARINITAAKEN PUIMONIC NOMOGIANT .....ovveseceeee s

i‘lJ‘VI 4 uanenslvi cardioplegia UM pulmonary artery cannulation

‘J‘UVI 5 uanin15v atrial septectomy KUV atrial appPeNdage. .........werrerecrsenen

a Y . a 08 v a .
'a"tJ'VI 6  LanINSHngIU ductal tissue M9yNlAAA coarctation Tuaunan ..

‘j‘lJVI 7 wamINSBUAILAUTDS aorta Way pulmonary artery WMEMU ..o
i‘lJ‘VI 8  uARIENYYYRY neoaorta Wevhnsiu pulmonic homograft patch..................

SYUSRELAN

unii 17 :

‘J‘UVI 1 asluaisuwvesdenlumsn citical PUlMONAry StENOSIS .......cvvucreeiererincriecieeenne
i‘lJ‘VI 2 adulwislavesnsn critical PULMONAIY STENOSIS ..o
‘J‘UVI 3 pdulnihilavesnsn critical PULMONArY STENOSIS ...ooneerverriicrieciiecieeeec e
'a"tJ'VI 4 meeSEnTennsnkInian 2 167U o

critical pulmonary stenosis

U5 mamsaniiladendudesniudas echocardiography) Tunsmdadt ... ...

critical pulmonary stenosis

gU“?i 6 N9 percutaneous balloon valvuloplasty (PBPV)..........ooovooooeeeecccccccrereeeereeeeeee

Tumsnidiu critical pulmonary stenosis
;j‘lJﬁ 7 ﬂ’]imaf\]ﬁﬂﬁ]ﬁaaﬂﬁuLﬁmmmﬁqﬂumiﬂ critical pulmonary stenosis
89N15¥ percutaneous balloon valvuloplasty (PBPV)
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unil 18 :
g‘dﬁ 1 M3lnadeured@onluniITn PUIMONANY AtIESIA, . ... woooeeeesceee oo 363
. intact ventricular septum (PA/ IVS)

g‘lJﬁ 2 adulwilavesnsn pulmonary atresia, intact ventricular septum ..o 365
(PA/ IVS)

gﬂ‘ﬁ 3 awineSednsiendUae pulmonary atresia, INtACt VENTCULEN ...v.veverererererererne 366
septum (PA/ IVS)

;J‘U‘ﬁ 4 ﬂwmiwﬁﬂa5’JaﬂﬁluLﬁmmmﬁqn (echocardiograpy).....oooocceeeeeeccceeeeeceeeeeeeeese e 367
vaamsnidu pulmonary atresia, intact ventricular septum (PA/IVS)

;J‘U“?i 5  nsiwinanis perforation and balloon VaWULOPLaStY.........occc.cceerrrrreeeceeeressssceseeessnne 371
of pulmonary valve (PV) Tunsn pulmonary atresia, intact ventricular septum

gﬂﬁ 6  Hemodynamic LUSHUTBUNBULAEREIIITADNTT oo 372

perforation ez balloon valvuloplasty 98¢ pulmonary valve

unil 19 :
g‘lJ‘ﬁl 1 dnwaewed pulmonary atresia with ventricular septal defect........cccccccceereeeee 381
(PA/ VSD)
E‘U‘ﬁ 2 3UAUaY major aorto-pulmonary collateral arteries (MAPCAS) ........ooooooooreeeeeeceeeeeeeeeeereeee 382
E‘U‘ﬁ 3 M3WadoudenraaUIelsn PUIMONANY AtESIa. .. s 383
. with ventricular septal defect (PA/ VSD)
suin 4 m‘wma%ﬂﬁmaaaﬂmaagﬂwﬁiﬁaﬁa PUIMONAIY ALTESIA ..o 385
. with ventricular septal defect (PA/ VSD)
U5 A miee3eEns99n e EtheTITa%H PUlMONary AtTESIa. ... 386
with ventricular septal defect (PA/ VSD)
Ul 6 mammailadondudesrugdduing pulmonary atresia. ... 386
with ventricular septal defect (PA/ VSD)
;§U17i 7 enusgneuiiuneiiilauasviaendon TWUIBMAND1Y 10 U e 388
SUN 8 msniaaulanasdnasiius @ U laMAEEOAED. ..o 388

(cardiac catheterization) Tuge pulmonary atresia with
ventricular septal defect (PA/ VSD) with major aorto-pulmonary
. collateral arteries (MAPCAs)
JUR 9 memsnmuilanardeasiuSadluilaas vaoaEn. ... 388
(cardiac catheterization) tiievihnssnungthewiinlsa pulmonary atresia
with ventricular septal defect (PA/ VSD) with major aorto-pulmonary
collateral arteries (MAPCAs)
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g‘lJ‘ﬁ 10  MInsaunlanazdnasiusad T lauasNaBALEOR ..o
(cardiac catheterization) Iuéjﬂw pulmonary atresia with
ventricular septal defect (PA/ VSD) with confluent PAs with

. hypoplastic right pulmonary artery (RPA)

U 11 msehdin right modified Blalock-Taussig ShUNt (RMBTS)....c.wevererereresereresesnsnsnsnsnsn

114&31]38 pulmonary atresia with ventricular septal defect,
. confluent pulmonary arteries
FUN 12 MISEGIR UNFOCAUZATION ottt
;J‘U‘ﬁ 13 M3Wen total repair Inen AU ventricular septal defect .......ovmrvereceeeeere
U 20 :

;J‘U‘ﬁ 1 WEAAIYUAYDY LHCUSPIA BLESIA.......eeeeeeeeeeeeeeseeeeeseeeeeeeeeee e

g‘d'ﬁ 2 WaARPAUIITNTAUBINITN HHCUSPIC ATESIA oo

;J‘U‘ﬁ 3 m‘wﬂ?i@i?ﬂﬂguLﬁaﬂﬂaﬂmﬁq&ﬁﬂﬁ]miﬂ trCUSPI @treSia. e
\@enanitalaviosuua (right atrium, RA)

;J‘U‘ﬁ 4 uanINISAYARIA (StENt) VEVWRADALEDA ...ooc..ooeoeeoeoeeeeoeeesoeeesseessseeesoees e
patent ductus arteriosus (PDA)

g‘lJ‘ﬁ 5 U@ right modified Blalock-Taussig shunt 99NANSAAEITAUTI ....oovoooooeeeeeeeeee

U 21 :

;J‘U‘ﬁ 1 WenRanmwes Ebstein anomaly ARAUTIIATHEUA .o
(tricuspid valve, TV)

g‘lJ‘ﬁ 2 AnwduwanlunIzuIun1g delamination 9049 tricuspid valve leaflet..........owvrrverrcce,
910 right ventricular myocardium Tu Ebstein anomaly w3guliisuiuauuni
(RA, right atrium; RV, right ventricle)

;J‘U‘ﬁ 3 LLlammﬂuaﬁaumauﬁamiumiﬂﬁlﬂu EDSLEIN @NOMALY correeeeeeeeeees e
% pulmonary vascular resistance fg]ﬂ?j"NLLiﬂ

g‘lJ‘ﬁ 4 NSUUIEALAYANIUTULTIVOS EDSEEIN ANOMALY .occcvrseerrseerrserseerssserssserssenssenssesesenssen
ANTZAUUDY apical displacement U84 tricuspid valve
7134 Carpentier classification

;J‘Uﬁ 5 awine$adnsiensdUag Ebstein anomaly (EA) TUHN 9 oo

UM 6 ﬂ1imiaaﬁﬁaﬁamﬁmﬁmmmﬁqa (echoCardiography)..........oooooocceeeeeeeeeeseeeeeeeeesesseeeeeees
¥ 4 chamber ¥4U38 Ebstein anomaly

U7 Buenslevilauasvinenioneslngfiiu Ebstein anomaly. ...
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uni 22
g‘lﬁi 1 Wand systemic to pulmonary shunt BUARN & c..ceeceeroececreereseseeeeeeeesssessenesssiseseress 433
JUN 2 uanIn1SIAAUA right VeNtriCULEr OUELOW traCE ..o 439
Tu pulmonary atresia with intact ventricular septum
;J‘U‘ﬁ 3 WAPINITNIAR CONE FECONSIIUCTION ...v.vovoeessvovveeeee s 442
E‘U‘ﬁl 4  uaPINIINIRA Starnes operation
uni 23
g‘lJ‘ﬁ 1 u&ms concordant atrioventricular CONNECIONS ...t 450
wag discordant ventriculo-arterial connections WUUS4 9|
E‘U‘ﬁl 2 @nwalzUns coronary artery WUUAN | et 452
#13 The modified Leiden Convention @14 surgeon’s view @9484970
§1J1'7i 3 PINEESTENTHONVOIIIINTE B-TGA sttt 455
‘J‘U‘VI 4 mamnwﬂamaﬂauLammwaan .................................................................................................... 457
i‘th/l 5 ﬂ’]imi'ﬁf\ﬁﬂ'ﬂﬂﬂ'JEJﬂaULﬁENﬂ'NlIﬂﬁ\TLLaﬂﬂﬂ’]W@]@‘U'ﬁ’N‘Uaﬂ‘ViaaﬂLaaﬂ A0MA. e 457
. ey pulmonary artery
E‘Uﬁ 6 ﬂ73@53%‘1/1{[5]@'3EJﬂaULﬁENﬂ'NNﬂaQLLﬁﬂ\ﬂWLWU ............................................................................... 458
right coronary artery 88NN sinus
;J‘U*ﬁ 7 mamnwﬂammaummmmaamam PUIMONANY AMLEIY ..o 458
E‘Uﬁ 8 ﬂ'ﬁmﬁ’m‘ﬁ”ﬂfﬂWJEJV"I@ULﬁSQﬂ’]"]ZJﬂﬂQLLﬂﬂ\TﬂWW@WU'ﬂQ‘U@QﬁaBWLaf‘]@l A0MQA. e 459
. ke pulmonary artery
g‘dﬁ 9 n19¥ balloon atrial septostomy 1379 balloon catheter.............ooooccceeeeeeoeecccceeeeeeee 461
H1UaA left atrium TUSs right atrium
uni 24
;J‘U‘ﬁ 1 uanansianziie control right pulmonary artery (RPA),........ccouvvrirmerireeeerneeeseneessseeesesnnnn. 469
right pulmonary vein (RPV) w&nin1s clamp RPA,
partial clamp @81 right atrium (RA), interatrial septum (IAS),
left atrium (LA) uag clamp RPV 1fiuaiuwes RA wag LA Winemeiu
i‘th/l 2 SENNING OPEIATION ..ooooovoveeeeeeeee oo eeesssssesssee s eeeessssses e eeeeessnsnennes 470
‘J‘U‘VI 3 Senning operation FURBURDI oot 471
i‘th/l 4  Senning operation ‘f?umauqmﬁw ..................................................................................................... 471
‘J‘U‘VI 5 MUSEAIA OPEIATION ...covvvvveoeeeereeeiieeeceeeeeeeeee s sssssssssss s 472
g‘dﬁ 6  Mustard operation FURBUTOIU e 472
g‘lJ‘ﬁ 7 anuileuvednisvin Mustard, Senning kag arterial switch operation ... 474
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g‘lﬁi 8  Arterial SWItCh OPEratiON. ...t

gﬂﬁ 9 Arterial switch operation Suneusioly

5‘lJ‘VI 10 Arterial switch operation %’umau?jmﬁ’m

i‘lJ‘VI 11 RASEEU OPEIALION .....oooeeeeeeeeeeeeeecec e eeeeeeeeeeeeseessessessssesssssssnnnnee

5‘lJ‘VI 12 Rastelli operation FURDURDIU. ottt

i‘lJ‘VI 13 Nikaidoh procedure %38 aortic root tranSlOCATION..........cccccevvvoooocccceeeeeseeeceoeeeee e 479

5‘lJ‘VI 14 Nikaidoh procedure FUABURBIU. .ottt 480

i‘lJ‘VI 15 Nikaidoh procedure ‘f?umauﬁia WARSAITINY QOTHC FOOL oo 480

5‘lJ‘VI 16 Nikaidoh procedure Fumeusely 14 PEACAIAIUM ..cooovveeeeeeeieeeeeeseseeeee e 481

i‘lJ‘VI 17 Nikaidoh procedure ﬁﬁzumauqmﬁm ................................................................................................... 481

5‘1J‘V| 18 Nikaidoh procedure WaAAIATNARTINEUBINITNIIA cvrcrrerrrerersrererssesersssssessesssesessnesne 482

i‘lJ‘VI 19 1a@naN15 pulmonary artery (PA) DANAING .........vvvvveeeoeeeeeeseoseeeeeeeeeeessss s 483
ez modified Blalock-Taussig shunt (MBTS)

;J‘U‘ﬁ 20 Medial trapdoor UNSIUA INCISION UL NEOGOMA .coscereeeeseeseeesseesseeesee e 484
Ju medially hinged trapdoors

‘J‘U‘VI 21 9ATA Bay WiNAOW 108 YAMEGISNi...o..ocooooooceeeeseeeeeee oo 485

i‘th/l 22 watla upside down lnalduaalald pericardial NOOd ... 485

‘J‘U‘VI 23 LEAAINITAD Q0THC CONTINUILY oo eeseesossossseseeeee e 486

i‘th/l 24 ns9uungUie d-transposition of great arteries (d-TGA) 80 F18 ..cvevrevrserrerserscrserseee 488

‘J‘U‘VI 25 LL?IWN‘U’JEJ d-transposition of great arteries With ... 489
intact ventricular septum (TGA IVS) SrunuEy 49 T

g‘lﬁi 26 LLﬁmN‘U’JEJﬂa?,J d-transposition of great arteries with ventricular ... 490
septal defect (TGA VSD) y19@u 22 3¢ Flgsunisiehngin ASO uaz VSD closure

U 25 :

gﬂﬁ 1 udnnsidouves splanchnic plexus U anterior cardinal..........ccccccccceeeeeeeeeeeereeeesssesceccce 500
ez umbilicovitelline system

;J‘U‘ﬁ 2 Total anomalous pulmonary venous return (TAPVR) .........cooviririenrieeneieneieesesesssssneens 502
W4 4 viln

g‘lJ‘ﬁ 3 m3lraivudenvss non-obstructive total anomalous PUIMONANY .....ooococceeceeeeee 503
venous return (TAPVR)

g‘lJ‘ﬁ 4 ECG 12 leads TUHUIHONE 1 WDU woooroerrerrererserersssessesssessessssssessssssesessssses s 506

gﬂﬁ 5  amSsansweniiiediade total anomalous pulmonary venous retum ... 507
(TAPVR)

;J‘U*ﬁ 6 ﬂﬁmaaﬁﬂaﬁaaﬂ?{mﬁmmmﬁqa (echoCardiograpy) ..o 510
Iwﬁﬂaamiﬂhﬂ total anomalous pulmonary venous return (TAPVR)

;J‘U‘ﬁ 7 M3k cardiovascular computerized tOmMOGraPNY .......occccrvooocoeeeeeeeoeeee oo 511
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UNi 26 :
gﬂﬁ 1 uamnsAauAly supracardiac TAPVR repair 10 left lateral approach.........oooe.... 522
gﬂﬁ 2 uaRIMISRIRALALY supracardiac TAPVR repair 1ag right lateral approach .............o........ 523
gﬂﬁ 3 uanNISAALALY supracardiac TAPVR repair g right atrial approach

gU“?i 4 uEnIMSRIRALALY supracardiac TAPVR repair 198 superior approach...............co...
gﬂﬁ 5 uansnsdauAlY infracardiac TAPVR repair Ing left lateral approach
gU“?i 6  uansnsEdawla infracardiac TAPVR repair 1ag right lateral approach ........coceeccc...... 526
gﬂﬁ 7 wansmsrhdiaudly TAPVR i coronary sinus 9g right atrial approach ................... 527
gU“?i 8 wansmsendaudly TAPVR i right atrium 10e right atrial approach ... 528
gﬂﬁ 9 uans sutureless repair 11 iNfracardiac TAPVR .....ooocoooooooceoeeceeeeeeeeseee oo 529
uni 27
E‘U‘ﬁ 1 uand invagination V83 primitive heart tUDe. ..., 537
gﬂﬁ 2 uEAINSasyYed truncal ridge T commMOon truNCUS WA .oooooooeeoococeeee oo 538
Wana intercalated cushion wuaidu 2 outflow tract
gU“?i 3 LR AOrSal LAE VENTIAl CONUS ...t sssse s st sse s
gﬂﬁ 4 uand single arterial trunk 9uAU ventricular septal defect
gU“?i 5  uans anatomical classification UD trUNCUS @rtErIOSUS ......cveuueveencrvererieeerireerieereseeseeceseeenes
gﬂﬁ 6 WARINITINALIEUTDG trUNCUS AIEEIHIOSUS -ooooeoreeeeeeeeeseoeeseoeee oo
gU“?i 7 ﬂ§u1Wﬂ1ﬁ31%%ﬂaa trUNCUS arteriosus 818 10 4B w.cerrererrerersrsersrsesersnesersnnsne
JUN 8 1 miee5sENTI90N VB truncuS arteriosus TUAM & ..o
gU“?i 9 ﬂWimaf\]ﬁ’ﬂﬁ]ﬁ’wﬂﬁluLﬁmmmaqn (echocardiography) ¥ parasternal long axis ............... 545
35U 10 ﬂ’1imwﬁﬂaﬁaaﬂﬁmﬁmmmﬁqa (echocardiography) %11 5 chamber.............ccccccoeeere. 545
g‘lJ‘ﬁ 11 wananabnuazdadeifinasionsiin pulmonary hypertensive Criss ..., 552
UNN 28 :
§U17i 1 nsdialen pulmonary artery 8an31A truncal artery Tu truncus arteriosus type 1......... 561
3‘1]‘17‘! 2 m3aalen pulmonary artery 800370 truncal artery Tu truncus arteriosus type 2........... 562
31]‘17! 3 m5Un ventricular septal defect (VSD) NMUNI ventricUlotomMY ..o 563
E‘Uﬁ 4 NIINIAR COMMISSUIAL PUCATION oooooooeeeeeeeeeeeeeeeeee oo 566
§U17i 5 Suture valvuloplasty tECANIGUE ...t 566
FUN 6 MBNFATOUUTN t1UNCALVALVE .ottt 567
§U17i 7  Prolapsed leaflet agjm&ﬁ"u coronary SiNUS Of ValsalVa ... 567
E‘Uﬁ 8  NWAA truncus arteriosus 713 interrupted aortic arch type B $3A08) ...oooooooceerecee.. 569
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U 29 :
FUN T 0 NEESIENTIONUAZYOWIB oottt 577
gUﬁ 2 UAANENBESTILANANAUAIN iNlet VB SINGLE VENTACIE w.ovvvvreeseeeeeeee e 578
JUN 3 enasdreniiumesiilauasviaenieniiudnuuzves
tracheobronchial tree maa;:iﬂas heterotaxy syndrome
U4 msmsardudenuianidla uans primum atrial septal defect . e 584
YuAlgENNIUMEouIRI AR IULLNBIB LAY (Common atrium)
JUN 5 M3590UD 15O LAUAEIAOATON .ottt 584
uNN 30 :
JUN 1 M19Edin modified BaloCk-TAUSSIE SHUNT ... 593
o e
:IJ‘IJE 2 MSAIAA PUIMONANY ArtETY DANG.......ocooeeeeeceeeeceeeesesese s 597
g‘lJ‘VI 3 NI5HI0A Damus-Kaye-Stansel PrOCEAUNE ......oovvoooooooeeeeeeeeeeeeeee e seeoeeeeeeeeeeeeseee s 600
;j‘lJﬁ 4  Superior cavopulmonary (bidirectional Glenn) anastoMOSIS .........cc..creverereeereeeesmerereonne 604
(MPA, main pulmonary artery; RPA, right pulmonary artery; SVC, superior vena cava)
JUN 5 Msad1emaiunaendenaIn superior vena cava (SVO) .. s 606
U6 msnevie (tube graft) UsvimiurIveiilares extracardiac Fontan operation....... 611
unil 31 :
U1 uanwmendenilaluauund
a
;j‘lJE 2 uaEng apomalous left cyoronary artery from pulmonary artery
g‘lJ‘VI 3 LLamﬂaulWWWﬁﬂ%aﬂgﬂw anomalous left coronary artery ...
JUN 4 wansmisdnsaenvesithe anomalous left coronary artery from pulmonary artery........623
JUN 5 uansnmadudenudadhudithe anomalous left coronary artery ... 624
from pulmonary artery
JUN 6 UanINIMNMITATITEIURTAUBIIUIE oot 625
Anomalous left coronary artery from pulmonary artery
gUVI 7 LLaijITI‘W gorozirywcomputerized tomographic angiography .........ccveeceereeeneeneeecereeeneeenenns 625
%a&@ﬂwmﬂimuﬁma anomalous left coronary artery from pulmonary artery
uni 32
gﬂﬁ 1 Surgical view U89 anomalous left Coronary artery ... 633
from pulmonary artery (ALCAPA)
g‘lJﬁ 2 ua@AIN1s mobilize button U89 anomalous left coronary artery ... 634

from pulmonary artery (ALCAPA)



d15Uey5U

UN 4 uansieemilivesnnsii tubular extension origin

sUN 3 uwanensld autologous pericardium patch........oocevervecinnciinecns

¥ anomalous left coronary artery from pulmonary artery (ALCAPA)

;J‘Uﬁ 5 Routine cannulation of vena cava Wag ascending aorta,.............

cross-clamping aorta, cardioplegic cardiac arrest

JUN 6 uansiuvs orifice Y99 anomalous left coronary artery...........

from pulmonary artery (ALCAPA) (Ao, aorta; PA, pulmonary artery)

4 o
EUE T N300 Main PUIMONANY @MYt eeseeiseeseeesseeeeesseeens
JUN 8 11 new left main coronary artery trunk ...

199U ascending aorta sLug‘ULLU“U side-to-side technique

= o o ) -
;J‘U‘VI 9 LEAMININURNRAAD tubular extension origin........coeeerveeievienennn

U84 anomalous left coronary artery from pulmonary artery (ALCAPA)

5U# 10 n3ie pulmonary artery ndufiudmiudu end-to-end anastomosis
3“2 11  Left lateral view 984 pulmonary artery (PA).....cooreeeeveveeceeeeee.
JUN 12 ua@mInIs transect ascending aorta @319 vertical aortic flap......
UM 13 uansgUnaadinsoaiaues tubular extension origin ...

U9 anomalous left coronary artery from pulmonary artery (ALCAPA)

= o -
§UVI 14 LarsanwEnINNI8INIAYaY anomalous left coronary artery ...

from pulmonary artery (ALCAPA)

;J‘Uﬁ 15  WAAINITASIE NEO Left MAIN TrUNK. ..o

1ngl% combined horizontal pulmonary artery and aortic flap

= d <
;J‘UVI 16 u@n19azREATBINISIEU pulmonary artery (PA) ...

way aortic flap WmesiulaziiluReiniu ascending aorta
] &
JUN 17 UaRINISIEU pUlMONary artery ...

undi 33 :

JUN 1 2 n3aEn5199nv095The tetralogy Of Fallot. e
with absent pulmonary valve
sUn2  ECG maqéﬂw tetralogy of Fallot with absent pulmonary valve

U3 msesaalasnenAudssnNLAgern ong axis ...
suaqsliﬂqa tetralogy of Fallot with absent pulmonary valve

U4 msmmailadondudosrnuiigem short axis....................
maa@ﬂw tetralogy of Fallot with absent pulmonary valve

;J‘Uﬁ 5 mMns9auiilavesiiig tetralogy of Fallot. ..
with absent pulmonary valve

gﬂﬁ 6 NUIIABUNAADITIINAENADATOAVDWUIL oo
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unil 34 :
FUN L M9V INfUNCIDULECEOMY WA 1ot
P 2 a
EUE 2 MSLEUTURN PUMONANY ArEENY (PA)......oooooooeeeeeeeeeeeeeeeeeeesesssesssssssssssssssssssssssssssss e
JUN 3 uanwnIs remove @3 dilated pulmonary artery (PA)
U4 wAlANSHIAR absent PULMONENY Valve UBS HIASKA.......weweererereresesesnsvsnsnsnsnsnsnn
gﬂﬁ 5  waAlANSHIAA absent pulmonary valve U84 Hraska Wang LeCompte procedure.......... 663
5UN 6 wATANSHIAR absent PULMONENY Valve UBS NOIKE .....wewerererercseresesesnsesnsnsnsnsnsnn 664
gﬂﬁ 7 MIFAlABNIT resect main pulmonary artery (PA)...........oeeeeoeooeeeeeeseeeesesoeeeesne 664
uNN 35 :
FUR 1 A309UBALAETITATIIN o 677
UNf 36 :
JUN 1 wanmeSassineuanimnen1ssnyvedsailafinITUAR TR .o 691
JUN 2 uanan1siBunyamnaassing laesaunenaan ssndnralafitanaa Il Q. 692
JUN 3  wansmeinmamevdnisiidasnwlse
hypoplastic left heart syndrome Tuszagmg 9
U4 uaninslaunanszanduentmaaiiin uagnISUAMNARUUTIATIY oo 727
E‘Uﬁ 5 AP IIDTUAZAVUUTZNDUUD oo eeeeeeeeseessssseesesseseeseeseeeseseseessessseeeeeseessesessesseseeneenes 730
venoarterial extracorporeal membrane oxygenation (VA ECMO)
g‘lJﬁ 6 LEARY CONral CaNNULBTION ...ttt 733
d113U venoarterial extracorporeal membrane oxygenation (VA ECMO)
;j‘lJﬁ T WA NECK CANNULATION ..o 733
d113U venoarterial extracorporeal membrane oxygenation (VA ECMO)
E‘Uﬁ 8  Lan transapical left ventricular VENTING. ... 735
dm3U venoarterial extracorporeal membrane oxygenation (VA ECMO)
U 38 :
gﬂﬁ 1 avwRaunddinulu tisomy 13 1éud unilateral cleft U cevvevveeeeeeseseeee e 774
and cleft palate, sparse hair, microphthalmia, scalp defect
L postaxial polydactyly
JUN 2 ArRAUNATINULY trisomy 18 TAUA MICTOBNALHIR ..o 775

prominent occiput, ear abnormality, short sternum, clenched hand,
rocker- bottom feet, dorsiflexed short hallux tag nail hypoplasia
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;J‘Uﬁ 7
U7 8

AYBRAUNRANUTLENE TUMET SYNATOME .o
oA redundant skin of neck, webbed neck,

low posterior hairline Wag swelling at dorsum of feet and hands
mmamﬂﬂaﬁwﬂu@ﬂw TUMET SYNAIOME ....ovooooeeeeooeeeeeessesssssssssssssssssssssssssssssss s
e broad-shield chest, widely spaced nipples, pectus excavatum

ez short 4™ and 5" metacarpal ey metatarsal bones

m’maiﬂﬂﬂaﬁwﬂuéﬂw 22q11.2 deletion Syndrome........ccccccccceeeeeeeerererrssssssssssseeeeeeeennee
wansaAnunAvestuyinuly §ihe 22q11.2 deletion syndrome..........o..ov..
wanseAnUnATinUly HUE WIlIAMS SYNATOME v
MARSAYMAAUNATNUIL FU OAVS .
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UNUI1sANILANNISUANILUA
YUAINEH

Introduction of Critical Congenital Heart Disease

. UNU
. LONE59719949

NN




UNUI

Tsalafinsusifniide (congenital heart disease, CHD) daidurmufinsusfiiiai
nuleuae ﬁqﬁamsm‘iﬂéjﬁmﬁ’uﬁﬂaﬂ Ao Useun 8-12 s1emaymsniandan 1,000 51¢” Tu
Suuiiimsnuandndndulseilafinmausitidaifmmuuusennauduamelide Tl
nnlulgsumssnyimeeuaznsensnvseauilaogsiuisiilaeanzluyiutusn Beni
Tsamalannisusniiautinings (critical congenital heart disease, CCHD) lneiisneqnu
gURN1sassaeay 25 vadlsevilaiinisusiniin vseuUstana 3 Sesieymsnianiian 1,000 98 Tu
afnnsmsmIniilsifonsvdsnaen udwuillsavilafinisussidiauileings (unrecognized

CCHD) nwuashisSogay 25-30" wazilsneanunisn 4.6-7 s1glu 100,000 s1evimainnsitade

(5

videtaduanin ssegrunanildunsitiaduedi 6 dUavivdnasa " mane1auseeinis
Jeawn wilane fewniduuasdn viedon fuae CCHD dnlifilgmlusswineglupssdinsm
uisfiAatiymlutimdinaen Taumaninswasuwlasmanesaisinewesssuulnaliou
denvawnsnluasssutsm (fetal circulation) Wussuulwaisuvesmsnusnifin (neonatal
circulation) Msnuissgenatiomsuansliinntinaeuwsniie vlililasunsaseidadeuay
$nw sinduandseimsingafie Weanniu videden uazazilomadedingann fuunis
Fedouarsnuadlulsatazinndoalificusvasd 1own ndfunsesooeayszuusg o vog
FTNMEMUNAINZTen AnuyIanIWRaLewaaR Uy aInsshen adadeTin

Sausit) .61, 2552 Huduan landieunseminhnsanessmermsnieundutudies
ag1fen enliifiesmeson1sifiad CCHD emnmsnenadslsivansornsinniin tmsed
diagnostic gap PNMUABULUAMNIESTIVENaN fetal circulation EJu neonatal circulation
vasmsnusazsglanaldvindu® Jdinmsiaiuinisannses CCHD Tumsnusniindaeg pulse
oximeter fii36n31 pulse oximetry screening 6‘5&a’m’lﬁaﬁzh81Uﬂ'15ﬁ@ﬂiaﬂiﬂ§LLazﬁiwiaB:J:ﬂ’JEJ
Fleasdtldosnaiuned uaransusnsmelumsnuazindnls nisAnwves Abouk R uazaaue
Tud w.a. 25607 $1BUTRTINITANBVDIVNTALATIANANTLUUTZIWMAENSELIEN19In CCHD
0l wa. 2550-2556 07l 2,734 glumsnifeddn 26 dusie Tnednsnsmelumsnuas
winudna1n® e, 2550 Fasneauld 8 selu 100,000 518 anaadh 6.4 el 100,000 518l
U n.e. 2556 din15anasves early infant deaths 290 CCHD fisSozay 33.4 wawdinisld pulse
oximetry screening luvihueadeiu Case AP wawany " alfuayuusvleviveansfnnsos

CCHD Tumsnusnifingie pulse oximetry 1A8N13318MUKAEUANSUDINIIAANTDIRINGILY



troduction of Critical Congenital Heart Disease 1

5 UASFUDIANTIVRININT Wuqﬁ’ﬁmiajﬁmm CCHD 208 51¢lumsninddn 160,000 518
1AURTIANUIN pulse oximetry screening ouay 67 @jﬂwmehﬁlé’%’mmhﬁm%’ﬂwﬂu
yAusnievas 85 uariidnmssentiniiony 1 Uievas 85

luefn Scientific Statement 910 the American Heart Association Wag American
Academy of Pediatrics U w.A. 2552 flgaUszasAdansaing pulse oximeter \ions
A9 CCHD ¢4 9 Inetamelsafisl hypoxemia liun dextro-transposition of great arteries
(d-TGA), tetralogy of Fallot, truncus arteriosus, total anomalous pulmonary venous
return, Ebstein anomaly, double outlet right ventricle, Iﬁﬂﬁﬁ right obstructive defects
WU tricuspid atresia, pulmonary atresia, T5afifl left obstructive defects i critical
aortic stenosis, coarctation of aorta, interrupted aortic arch, hypoplastic left heart
syndrome emevdatinmstmmmnedielmhamdlanetu Tnsanunsauis CCHD sanidu

TG

4 naulvie) mueINITHAENESaNNYRIlIA
1. Ductal dependent systemic circulation laun
1.1 Critical aortic stenosis
1.2 Critical coarctation of aorta
1.3 Interrupted aortic arch
1.4 Hypoplastic left heart syndrome
2. Ductal dependent pulmonary circulation lawn
2.1 Critical pulmonary stenosis
2.2 Pulmonary atresia with intact ventricular septum
2.3 Pulmonary atresia with ventricular septal defect
2.4 Tricuspid atresia, hypoplastic right heart syndrome
2.5 Ebstein anomaly
3. Ductal/ shunt dependent pulmonary uaz systemic circulation lauA d-TGA
a. sevlafimsusridesindudeuiinelminetnisides Wilane en vie cardiac
output shllusevsnydewdinidn Ton
4.1 Total anomalous pulmonary venous return Immawwﬁﬁmiq@ﬁuﬁum
pulmonary vein
4.2 Truncus arteriosus tnetamzdiil truncal valve 53
4.3 Univentricular heart %39 single ventricle ﬁﬁmmhjama%ﬂ systemic ey

pulmonary circulation



Tuuszimalnednissussaannses CCHD Tumsnusniinaay pulse oximeter Tu
Tssmegnunaiusema shlsielunisdanses uazanunsadsiagiieifieidedouazinuilsn
fdu agndlsfiony Yagtudindinmzssunnlsadegduszey wardtednsiodldiunis
fnwanidudesiuillsmeuatiludszsdmda violsmeunaguiuszsinianeaiu q
n1sAanses CCHD fmngauuasgniesdedianuddy Snaunmdinsufoailusis
nunsunvdastiarulunisitadouazusnlsn maddvimssnvidesiuagngniesiounis
dutailoUinuninswmdlsaiilanardasunndilauagvssenlunaniivanzan fesan
CCHD vdlsrasnsasidinudlliuasinswensallsafifuaziiulals

yifdowuidavhiu ielenudizes cCHD TumsnusniAnuasiindnuiunmsnmUfoR
yhlunminmsummng uimdlszithusesenaninsnumanslsaiila uwnduszdu
sevondasmanslanasnsen ussfumenunaiifedestumsquatitnewinlsalamand
Tngluunusn 9 enedinusidadoudenidioyiuguarndila fusnermansiugu
(basic science) laun nsindugIuvesila (cardiac morphogenesis), sesmental approach
Tulsailainswadude, @55InenislvadeudentamisniunssduazUsniile (fetal and
perinatal cardiovascular physiology), N133llagenaunaanvas CCHD, N1591579AnN89 CCHD
TumMsnUsNLAR, UNUIMNYBININTANENINLIAAATLNNTAWaMSN CCHD Waw MINTIanTmiiila
Tu CCHD Mntiuludausiosn uumiiifendesiu CCHD ustaslsn 1#ud critical aortic stenosis,
critical coarctation of aorta, interrupted aortic arch, hypoplastic left heart syndrome,
critical pulmonary stenosis, pulmonary atresia with intact ventricular septum, pulmonary
atresia with ventricular septal defect, tricuspid atresia, Ebstein anomaly, d-TGA, total
anomalous pulmonary venous, truncus arteriosus, univentricular heart Y150 single ventricle
fafinanlundineiu anedinusldifuduuniiieatuunssady 9 1Wu anomalous origin
of left coronary artery, tetralogy of Fallot with absent pulmonary valve %qwuﬁfgmmﬂ
vlaneuazdonlumsnuazdindnligudiu luuniRedesiulsaiilafinmsuiridauiaings
wiazlsa ATEUATEUARNANWALLIA ANIUYN NETAN TN NeBESTINGT 81115 NIrniiulse
Bssnwuazmsfinnuszezen taefimsuenunveamsindin SsiieazBenneaiumaie
mssda nmzunsndou amdauniiieatuiilen anduludugaieszusseieinisoua
sgrhamsida. Msguandsiniskdiauazmslfieiomeniila wdweidn CCHD sausians
ne1una TnsfiunaaineduuniifidomiFedsaiugnssuiinutsstafedestumsitded

[y

warilradenisguasnwidiislusseren Wemlunilsdoussiiaanvangumeinenmans

o &1 =

Tudagtu sutadszaunisalvesdinusiulsmerunadssy Adwidiunileinusala
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Cardiac Morphogenesis

. unin

. szezd 1 nsadhailadediseu

. izﬂz‘ﬁ 2 A158519 cardiac progenitor

. 5282 3 n158%19 primitive heart tube
. s2di 4 Cardiac looping

. sze@ 5 msadendaturiesiale

. szfl 6 MINAUIVEY outflow tract

NN

. 323 7 n1sadne aortic arch and arteries, systemic vein L8
pulmonary veins

. szezfi 8 M3ade epicardium wazviaaadanlalsun3 o)
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UNUI

fugumuiidomasiaesiiseulunsaiiaenssuunmsindugiuiila (cardiac
embryogenesis wag morphogenesis) vasiilaunainuddguazyilvdAnwuilalsaiile
finsusifuiln (congenital heart disease, CHD) aniju [Hosnanuiaundvidonisgavein
Tunszuaunsaseiiladuneulatuneunils aeilomaia CHD sunld Tuafinmsin
cardiac embryogenesis wag morphogenesis 3191NN1SVIAABILERIIN 9 WU uias Uan
waznu Tuszezusn o aufimsimnanuiamndnlesgrsnndlefmululiuazy Ssdam
aanemdsivlassadlunyed Tulagiuinsfinunluddnlutssduluanataslaseasng
V938U vibieuIasUIeANNRAUNFAA1e o Tu CHD saudlsailaninisudiniaviinings

1,4-6)

(critical congenital heart disease, CCHD) l#unntiunt 20 Trou** edfadufiugiuaug
Tumssnenflonafiiiuy Wy nsuaneneigeulareity (stem cell transplantation) lu
owan TuunifinusiZuEeaios cardiac morphogenesis inutvengAssikan s
fiorlosiu InedeulosdmuiiuBuiasiugnasulndany sufenufiaunffifet 1wy

CHD e Ta9iuTuUmauUNISAS 19 M ILARL 19U BIA 188U

52z 1 N158519%9ULIUaIERA DU
(formation of germ layers; gastrulation)

Tu 2 @aviusnudsnsufaudveseaiuaziwadly (cocyte) FeiailiuanEuduresns
a54lalng (zygote) waz embryogenesis adinisuussinvearaatulalng vilrlelnanane
Hundueaisadguhenandiien uaalada (blastocyst) FeaglUilsndindmagnususlutiag
sz Tufl 7 vdsufaus ssesusnadesiisounsiduveaiiobe 2 4u nduiadtulufiusn
Suazdl 2 Fuite leluuanas (hypoblast) way8uanas (epiblast) Lﬁ'a??uqmﬁﬂmﬁﬁ 2 9ui5u
Aaseadundy primitive streak Jafuafiounnuiiulai maaziudne-vnvesiiseuy 9
the epiblast 58U primitive streak azndouTidnlum primitive streak udnshuaslughuana
Aeduduiledeeulamiy (endoderm) Wyl hypoblast @uwad epiblast Jedanandend
dhluides 4 wavasafuduisenondt wiludd (mesoderm) uastuuuagaiidudnlnasu

(ectoderm) FennszUIUMITI Unangiatis (gastrulation) UShalRadudnlniAsuazinig
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#5719 amniotic cavity ag}ﬁéﬁuuu (dorsal) ¥eesnoau drumuleulamsNaziin1sa319 yolk sac
nuagishusios (ventral) vossseu seu 1 Mdeuariidesiwaua (fuid-flled chorionic
cavity) fi3enin extraembryonic coelom aousausndunils Inesheeuasiimadeusoriusn
138791 connecting stalk (gﬂﬁ 1) MsuUstedneg-vvesseuiiinlugig gastrulation lne
nawedeulumeiuieves nodal cilia fiusaedausives primitive streak a1nthusinsuts
%u%ﬂﬁa@a mesoderm LHu axial notochord, intermediate mesoderm uag lateral plate
mesoderm &84 intraembryonic coelom awuUs mesoderm sanilu 2 Fu e splanchnic

(1,3,5)

mesoderm %ﬂ@ﬁqj%ﬁu endoderm Way somatic mesoderm agﬁﬂﬁu ectoderm

sUN 1 maaiunlassahisigeulusyey gastrulation (AakUasnenatsesdwnetay 5 lneldsuauen)
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szaedl 2 N158319 cardiac progenitor; first heart field
Iae second heart field

Wlausznaumeaaduniiila (cardiac progenitor) waaw 3 vl 14un wad cardiac
neural crest 11970 neuroectoderm @@ cardiogenic mesoderm wazlaa proepicardium
Favaeawadvdaruilnunein mesoderm”

M3mLITes cardiogenic mesoderm FiwaudhudnUsnaundnues primitive heart
tube 3uftdn (cranial) ves embryonic disc Tuduwes splanchnic mesoderm U304 lateral
plate mesoderm axdin1sia3andu cardiogenic mesoderm Fududiufiaves cardiac
progenitors &ufiiendn heart field” udseanidh

First heart field (FHF) tAna1ngiuved epithelial sheath 484 splanchnic mesoderm
ﬁ?iﬂl,ﬁiymﬂmu cranio-lateral #18 primitive streak ﬁmﬂﬁﬂﬁﬁﬂﬂﬂquéﬁuuaﬂmm cranial neural fold

Secondary heart field (SHF) {ungu cardiogenic mesodermal cell Tusiuviis
medial wag caudal ¥ FHF

nsifehues heart field Sidnuarademszdunsides Sadentuneuiih cardiac crescent
Andulutud 15 wdaufaus (3UA 2) primitive heart aziFuiuiilafsousny 21 Ju
uazazunsgUandenUseanariuil 24 Wunafeafuifimsaing primitive streak Fsusznau
#e primitive groove, primitive pit k&g primitive node Tuswmiweswih iuwadSusumessyuy
Uszanmaunandlag primitive streak 22199 UuLNUTEIINS left-right Way medial-lateral wum
duTiuas primitive streak a3y primitive node finasie leftright laterality Tuafernzmely
tasonuazdasiaduszezdom (U7 1) Vaiiinisfinumudu uag transcription factor fifendas
U leftright laterality vianewiin léiwA ZIC3, CRYPTIC, NODAL, CFC1, ACVR2B, LEFTY2, CITEDZ,
GDF1 Fprufnunfivestiu uae transcription factor Srudiniusiu CHD fafuaand
gaansuleawaseteznely 1wy vasnau Uan du fhu fiSen heterotaxy 16"

Tudfuneumsadrs FHF way SHF sl transcription factor waneegna ' 1y

T-box transcription factor Eomesodermin #ntals splanchnic mesoderm &3
heart field

Primitive streak ¥nu1lwiin1slde1u Mesoderm posterior-1 (Mespl) $ufU
upregulation ¥84 cardiac transcription factors 1% Gatad, Nkx2-5 wag enhancer factor

Mef2c vil Mespl-induced specification of cardiogenic mesoderm®"”
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Sonic hedgehog (Shh), Wnt ligands, fibroblast growth factors (FGFs), transforming
growth factor (TGF)-superfamily Nodal, bone morphogenetic proteins (BMPs) finasio
cardiac specification LU

d1uwes FHF wag SHF agfinsuvsandu venous pole wag arterial pole sofu
‘ViaamLaaﬁwﬁLLazLL@QIUiszMﬁ@ﬁLﬁEg:JW’]ﬂ dorsal paraxial tag caudal lateral plate

mesodermal cells Faluignazluiousiariu connecting stalk

52829 3 N158519 primitive heart tube

%29 15-21 Yundamsufaus @i 3) HuthsfianesuanioBossuuisyameaunans
vausuulofinmsiivinegnann Fldinmslidshvessouluwunen lussesiasiinisadns
primitive heart tube figousaushy coelomic cavity (%qswwiamlﬂu pericardial cavity) il
MIvyY 180 aeAlulul transverse 1 heart tube 1naglusiuvia ventral uag caudal
MRELDY LAy myocardial sheet U84 splanchnic mesoderm Aazmdousdlufl coelomic
cavity suidieusiaiu Fdnvaziu heart tube 7ifl gelatinous substance iefiiSenin cardiac
jelly aginelu alanuluves heart tube Ao endocardium 1a38)1131n endothelial cell way
myocardium L33§)1197n myocardial cell duduuenie epicardium %amﬁcgmmmmwé’a
21NN migration YOAA proepicardial precursor F9LINVDY heart tube LIFIUINT
(linear heart tube) svazd q (Fufl 21) reufiesdnmsidendusiiiendt cardiac looping
(Fuit 28) Tne heart tube Sin1sa¥isausing q 4 @ MHun primitive atrium, primitive
ventricle, bulbus cordis Way truncus arteriosus lagaIUMeAe primitive atrium Azsoiy
systemic venous return (sinus venosus) vauzTidnu cranial 83 heart tube & truncus arteriosus
ey dorsal aorta Trsaidutiadieaiufl neural tube Ynuaziimsindowsludumihues
buccopharyngeal membrane yibiilansialudesen > asAnwlul w.e. 2555 Huduan®”
wut FHF 1a3eyughuves primitive heart tube reuaiioudulasssuayuiigaiduuisdi
yaailatiesansdny (left ventricle, LV) vausidnulngresiilansayunain SHF dxuadely

Tun158a6 (elongation) ¥e4 heart tube (‘gﬂﬁ 2)
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DAY 15 : Cardiac crescent DAY 21 : Linear heart tube DAY 28 : Looped heart tube

FHF truncus arteriosus
bulbus cordis

o . Conotruncus
primitive ventricle

Atrioventricular
valve

SHF primitive atrium
Head fold
Cardiac Arterial
crescent pole
Second
heart field Venous
pole
Early heart tube and derivatives Second heart field and derivatives

gﬂﬁ 2 WaRIIURDUYBY cardiac crescent, first heart field wag second heart field 1‘1«1’?14‘1’71' 15, linear heart

tube TuSuil 21 uag cardiac looping TuSuit 28 MAINFURAUT (LA, left atrium; LV, left ventricle; OFT,
outflow tract; RA, right atrium; RV, right ventricle) (AnuUasannianansensdavnaas 8 lnalasuaunyn)

s2e2d 4 Cardiac looping

Tui 23-28 naalfaus n1siadavee primitive endocardial tube viliAn cardiac

looping @uiwes heart tube aylAwoAalunul ventrocaudal Tumswn veusfdIums

azlAvsesialunul dorsocranial lunsde (UM 2 uag 3) @wwes outflow tract, LV (310

primitive ventricle) uag atrioventricular canal ¥IAIVTTIVNUBLATINANVRY cardiac

looping I38NNTEUIUANTEN convergence aw bulbus cordis @UsUag incorporate Jwinla

09819971 (right ventricle, RV) d@usionnvad bulbus cordis 136031 conus cordis 981330y

moluillu outflow tract (OFT) @au distal 84 heart tube #® truncus arteriosus ‘%ﬂ%ﬁf‘?‘mm

91nauUaneves bulbus cordis Lavaziaduse lUluaduauues aorta Lag pulmonary trunk

finsuUsntl (septation) ¥4 aorta kar pulmonary trunk 88NN WayaziNTVIYUM

MIUTUUITRNT (counterclockwise) ¥ildiuwae aortic valve Tu mature heart 11361

9g1d9uIMe pulmonary trunk 138NNT¥UIUNTTHIT wedging
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19 Cardiac Morphogenesis 2

Sumeunsasuulaen cardiac progenitor, heart field AU cardiac looping
audeadestunssuaumsan transcription factor Tu pharyngeal mesoderm, pharyngeal
epithelia, neural crest-derived cells wangwiia " 1u

Bone morphogenetic proteins, noncanonical Wnt signals, Pro-proliferation -
fibroblast growth factor signaling Wa¢ pro-differentiation-bone morphogenetic protein
signaling FanuinAedasiunmsiadayes SHE WWidmwes heart tube

Fibroblast growth factor signaling didaulutag septation v9s OFT

Islet1, Tbx1, fork head, homeobox, T-box, GATA, zinc finger, bHLH factors Tau

Tunsiannseves SHF lngnudn islet1-positive cells wulalufaunndiuvesilasniiu LV

D ¢

5U7 3 wamamsitwadnegnli (ballooning model) vewheauriteasisipniilanesn ventral (U1 3.1, 3.3)
Way richt lateral view (gﬂﬁ 3.2, 3.8) Anuans primary myocardium ﬁnwwé’m%aglﬂumusuaa right atrium
(RA), left atrium (LA), atrioventricular canal (AVC) wazeéuweas outflow tract (OFT) &fhuans secondary
myocardium 984 atrial chamber Fasans first heart field ﬁ@i@u%ﬁiyﬁu ventricular myocardium a1 left
ventricle (LV) wae trabeculated right ventricle (RV) gﬂ‘ﬁ 3.1 uaw 3.2 wansszey linear heart tube el
secondary myocardium E‘Uﬁ 3.3 uay 3.4 Wt cardiac looping uavnsadvesiila TanAsuanseinlfse
Y9 ventral vassagenlu ventricular looping (Radasnienansendaviineay 12 wae 15 lnelisuauam)
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528N 5 N15E519NUINURDA LAV DIUUKALTBDIANY
(atrial septation, atrioventricular canal)

5.1 Morphogenesis U84 atria LLa atrial septation
Tuszezusnvessaiaieeidla (cardiac chamber) d3uwed primitive atrium azseiilos

fu future LV 8numng atrioventricular canal M1ednevas midline Usvanauiudl 24 widsnis
Ufjaus Tusening cardiac looping ieuasaauysal aziinsasaiesiila Ingdwes primi-
tive atrium Benendsidansieriu venous sinus (sinus venosus) riinsidesiamegnld
(ballooning) dawﬁwma‘%ayﬂu atrial appendage v1Hazd1e dd1uves atrial myocardial
walls @519391n cardiomyocytes Fau1an SHF ﬁgﬂﬁwu transcription factor vanesiiiedos
flu differentiation 484 atrium™*"* " 1giLA

Irxd (@ member of the Iroquois family Transcription factor), Gata6, a canonical
Whnt signaling targeting transcription factor ﬁmu‘[,umig?qﬁu%waaé atrial progenitor Lo
proliferation ¥es SHF Tnemuin Tunyfivn wnt2 Shilmuiiaunilunisain atrial uag
atrioventricular septation sudinsideusoves pulmonary vein Wag sinus venosus iU
atrium™”

Suvaneuiiaiinarion1sswun cardiomyocyte 1w morphologic right atrium (RA)
way left atrium (LA) 7i3anin left-right asymmetry 1 Pitxac

Tudnfidssgndeusmudn wilsdu dorsal 983 common atrium 50U dorsal
mesocardium U%Lamgﬁiaﬁum common pulmonary vein fiwadd positive connexin 40
wiazlinuiwadiidl atrial natriuretic factor”

TudUnwiil 4-5 wdnsufaus Snsadenlsiuiesitilafesuy (atrial septation)

(5Uf 4) Tnei3uan primitive atrium fifidnuaizadte common atrium fimssenveiioie
AEeNsEUNSAE T nRITIUUL Ti3en primary atrial septum (septum primum) Busias
119Ua19M19 endocardial cushion UswﬂggﬁLﬁméﬁudaumﬁﬁamiaﬁuﬁum septum primum
fiu endocardial cushion 158171 ostium primum @ulany (leading edge) 89 septum
primum %Uﬂﬂqmﬁamﬁa@ja mesenchyme fiFent mesenchymal cap Feduilazunau
\Jeusiafl anterior wa posterior endocardial cushion Tuiafenfudafiuad mesenchyme
21 dorsal mesocardium as1atierderdnuly primitive atrium (58131 dorsal mesenchymal

protrusion Fanmevaailobeilaznauluiu septum primum et ostium primum AaUnRUA
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Tuveugh septum primum BusnUn ostium primum 1 WUIWTIAUUUTDS septum primum

923l apoptosis Lﬁugﬁﬁaﬂ’i’l secondary interatrial foramen %38 ostium secundum™***"***

Soogessfusvann 33 Juasinsahadedondionsyduns dendnsuanuds
AU (postero-superior infolding) SU3989119179 RA ASIUMLISEng superior caval vein
(S‘z‘il’qagjmﬂ RA) iU right pulmonary vein 483 LA 138191 secondary atrial septum 38 septum
secundum LA35Yaa€9 ostium secundum mﬁagﬂuwm%ma@m%q RA uag LA 999130
Tums3a (fetus) 5end1 foramen ovale laedl septum primum Wwegimuatsvietu flap

valve ¥84 foramen ovale” " (U1 4)

Common Developing pulmonary vein
Dorsal cardinal vein

mesocardium Dorsal Pulmonary

mesenchymal ridgas Septum
Primary protrusion primum

atrial septum
Ostium

rimum
Mesenchymal cap Primitive atrium AV junction P

Ostium primum

Major
atrioventricular
cushions Endccardial

cushion
@ @ @ Infolding (septum secundum)

Right venous valve Ostium secundum

Ostiumn secundum

Inward folding

of atrial roof Septum primurm

Dorsal
mesenchymal
protrusion

FUT 4 uananszuIun1siin atrial septation ludUawinl 4-5 vdsmsufaus (Faudasannienansensds
ey 5 uay 17 laeldsuaynyn)

AUARUNFLL atrial septation YliAR CHD 1@y atrial septal defect (ASD) Aiutissfinan
GT’]LLWJQGUENE% AMEAUNALL morphogenesis 183 secundum ASD An9InnIsTl septum primum
i1 reabsorption snnulUau ostium secundum ﬁsuu’mimglﬁuwjﬁﬁ septum secundum
a1 defect ndtaaen Faumnsneann foramen ovale WalU7 flap valve v84
forarnen ovale (septum secundum) sUnldlomidsnaen ieanlill defect vos true
septum’’’ TneNUIAMUFURUSAU cardiac signal WAz transcription factor #aN89EN LU

TBX2, BMP2, cytoplasmic 2/3/4 (NFATC2/3/4) proteins n11 endothelial-to-mes-
enchymal transformation-regulating molecules ¥l ALK2/3/5, VEGFR, NOTCH1 and

beta-catenin #8198n11 d@Wasan13@319 endocardial cushion, mesenchymal cap 71 sep-
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tum primum a¢ dorsal mesenchymal protrusion Fannd deletion ves BMP-receptor
(ALK3) Tu SHF azvililAa hypoplasia of dorsal mesenchymal protrusion dalvilin defect
A

«  TBX5, TBX20 (both T-box transcription factors), GATA4 (a zinc finger transcription
factor) wag NKX2.5 finame cardiac differentiation lng) GATA4 way TBX5 Gnilwiin cyclin-
dependent kinase 4, 2, 6 (CDK4/2/6) finasio cell cycle regulation tag dorsal mesenchymal
protrusion” U1 mutation e TBX5, TBX20, GATAA uag NKX2.5 finnudumiusiu ASD
wulungueIns Holt-Oram (“heart-hand” syndrome) fimu ASD l¢fiaevas 58 veaifihe
Twiuiinnuinmsiinguvesiieuazuun Ianuduiusiu T8X5 mutation™

A WU ASD %findu 9 wu dysmorphogenesis #kiléiAeatos atrial septation tnems
U primum type ASD LAanANRaUnAves atrioventricular canal (AVC) luduves en-
docardial cushion, sinus venosus type ASD Lina1n deficiency ¥94 common wall $$1I18
systemic vein (sinus venosus) k&g right upper pulmonary vein, coronary sinus type ASD Ju

defect 484 common wall 5231318 LA fiu coronary sinus 138131 unroof coronary sinus’

5.2 N158319 AVC, ventricular chamber wag ventricular septation

Tua9 cardiac looping finsidaesaes heart tube lUvwwnn wazildndineseen
(out-pouching/ ballooning) i ventral ifieadeiilasiesans (ventricular chamber)
Tnewanzludiu trabeculated ventricular chamber (§U7 3) vauzifinsasehlavesuy
(primitive atrium) 3#u dorsal uazideusaluagduuutiu daues primitive ventricle 4
wosoonazdinsadtawils interventricular septum fusTieTiRsENYN (primitive RV) wae
g8 (primitive LV) Tnedundntonnasenin primary interventricular foramen 15 aanmsdi
ANNISIMOINSLDS D ITAR L UAIUTDS ventricular free wall L5901 interventricular septum
Jefinsadarieawila (chamber) RV wag LV wui cardiomyocytes fia3eydudiuvas RV 11
971 SHF progenitor YUzl cardiomyocyte d%uﬁl,ﬁiylﬂu LV 11970 FHF progenitor "

d2uv99 smooth-walled primary myocardium %94 heart tube ﬁmﬁaagiw,%awiaﬁu
trabeculated cardiac chambers Ingahufisand AVC lusgearusn 9 U9 cardiac looping AVC
Humadonves primitive atrium wag primitive LV 18aa7n primitive atrium naniuluss
primitive LV #14 interventricular foramen stalug primitive RV uageenlud conus cordis
%ﬂﬂzﬁﬂ’ﬁLﬂﬁ@Uﬁ’JM@&jW}ﬁ medial tnntuides 9 wareenlUd truncus arteriosus Tlawia3ey
Hu OFT siolu™> (Ul 5)



Cardiac Morphogenesis 2

Dorsal aorta

Aortic
sac |
1
n
\%
Truncus Vi
arteriosus
C Primitive
onus Left atrium
cordis
Primitive o
right atrium Primitive
Left ventricle
Primitive
right ventricle
Atrioventricular
canal
Bulboventricular
flange Pri
Interventricular septum mMary
interventricular
foramenl

sUTl 5 msaaviesalatiosans TnennslAseuasiesinesnyes primitive ventricle 3 interventricular
septum f primitive ventricle 1Justesansuan (right ventricle, RV) wavanstne (left ventricle, LV)
Imamaaﬁdad’mﬁvﬁawia primitive RV Wag LV ) primary interventricular foramen uarilATeass
atrioventricular canal (AVC) L‘?ilamzmw primitive atrium (right atrium, RA; left atrium, LA) lag
primitive LV 1&aaagluaain primitive LV 1U RV 8anluds outflow tract (OFT) (AalUasainienansensds
e 12 way 15 tngldsuounyn)

nalnnsieiwn atrioventricular wag ventriculo-arterial connection arrangement ‘1'71|
gnéfes wuiiAgteatudulas transcription factor vianewlin " 15y

- Neural tissue antigen Gln2 fifithderienfiunsass interventricular septum wag AVC

+ BMP 2 signaling nalinn15vi1a1uwes T-box transcriptional factor; Thx2 wAileth
19 Tbx3 waz Msx2 dnanistesiulailin AVC musculature dinsuusdaiall Thx20 fuase
BMP/ Smad signaling am Tbx2 expression {un1sdnveunvensasslaseass AVC lng

(6,22)

yulluruazanwdnui Tox2 uar Tox3 dnasienisaiaiesiilauag conduction system



Transcription factors FiAeateaiu chamber expansion 84 RV laln Hand2, Mef2c
(target of Isl1), Gatad, Foxh1 wag Tbx20 Tu SHF progenitor™”

Transcription factors fiAedesiu chamber expansion ¥84 LV l¢in Hand1,
Nkx2-5, Gatad wag expression 909 Thx2 i AVC lagwu Thx2 fRnUnRo1admWalAR
LV hypoplasia“”

Connexins 40 Uag connexins 43 fimaniedasiunisasis trabeculae vidadmn

non-compaction 989 RV ag LV 531814 precursor cells T1n15@374 Purkinje network
ﬁﬁé’ﬂgmfjwmiﬁ connexins YNURAUARINARBATILUT compaction Wag non-compaction
zone 83 myocardium Tu non-compaction cardiomyopathy &

Faiil 5-6 vesegATIAMAIINTINTa$ primitive RV, LV Wag primary interven-
tricular foramen @wwes AVC avuuadlu superior, inferior, right lateral uag left lateral
endocardial cushion Fasdnmsuiauarusadnulu common AVC uay proximal ventricular
outflow WU3 common AVC eanidurnuazdne udafinsindousives AVC 1mne
(rightward medial shift) snnu ¥i-ls right AVC snfiuagszwring RA wag RV du left AVC fu
oej5yie LA ua LV snuandfu (5Ui 6) Tuvauzifeniudiunes conus cordis flaziinisutsdn
oonidu OFT 1 wazing Tnefimsvyusndnidntioaiiielst OFT @ aorta 99NN LV Wy
pulmonary trunk 88n31n RV ﬁ]’mﬁy'uﬁ’mﬁmaasum primary interventricular foramen ‘17{5'5‘14
seWi9 left ventricular outflow tract waw RV cavity axgniadheiiiodiaain 3 daw léud
endocardial cushion, ridge of conus cordis Wag muscular interventricular septum Falu
mature heart @ i@ membranous part ¥89 interventricular septum N15UAYD4
interventricular foramen (AalugisUaedaniil 7 vesengassd’ > (Ul 6)

nsUIUNSA3s endocardial cushion Tu AVC wag ridge lu OFT duhavilunasnn
epithelial-to-mesenchymal transformation (EMT) 51910 AVC myocardium &3 active
adheron-like protein complexes LU ES1, fibronectin, transferrin, ES130, hLAMP1 U
BMP signal ﬂisﬁu endothelial cells vim EMT muammsa%ﬁq endocardial cushion uaﬂmﬂﬁ

5,12,22)

fainang il transcription protein wianevlinievenag 7 laun

Thx2 Tbx3, Thx20, canonical Wnt, transformation growth factor B (TGF—B),
neurogenic locus notch homolog protein (Notch), suppression of Twistl & Msx2'"”

%ummm atrioventricular septation %auyaaﬁ dlefinsdeusoves atrial septal
mesenchymal cap iU endocardial cushion Tnenstusnasunves intracardially protruding

mediastinal mesenchyme #4133g11391 dorsal mesocardium Wag right sided pulmonary
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Cardiac Morphogenesis 2

ridge 136071 vestibular spine Faflaaneatesiu islet1-positive mesenchymal progenitor
U84 SHF, Thx5, Mef2c

AMURAUNAYBIN15123y38 endocardial cushion ililia CHD lunay
atrioventricular septal defect (AVSD) laun primum ASD, complete/ partial AVSD""**

usnaniigenuin cardiac neural crest-derived cells Sduluntsadia OFT dne
et conotruncal defect FiduusiumuRinuniivoasad neural crest Sihmu outlet type
ventricular septal defects $1AU malaligned muscular outlet ventricular septum 5%
&0 Fahezdunavesrnuinunilunis fusion seuiiawe mesenchyme 484 outflow tract

iU endocardial cushion""*

Common
atrioventricular tpomTpnl . Right
canal atrioventricular atrioventricular
canal canal
Inferior
Lateral cushion edocardial cushion

Left atrioventricular canal

gﬂﬁ 6 NMsWALIYES endocardial cushion LUs common atrioventricular canal fWuvuazdne Tunan
Wenfiu partition w83 ventricular outflow tract TuMWLAAINIARATIINAIN common atrioventricular
Maseyluilu right wae left atrioventricular valve (AanUasannenansdrsdamneiay 2 lnglasuayeym)

Tunsa¥s atrioventricular valve WaludUniii 7-9 wui septal leaflet U943 atrioven-
tricular valve 119NN TBusRR UV inferior (dorsal) wai superior (ventral) cushion ey
parietal (mural) leaflet 11an@3u84 lateral cushions WWaiiifinves septal leaflet 11
91Aaa endocardium W8 mesenchymal endocardial cushion wslwaaRLinves parietal
leaflet 1192L1N migration VBIAR epicardium Lavaniuazs proliferation vVeuadT
leaflet adafhuauiila tricuspid uag mitral fiewysal Fsusznaueiiode 3 tu léud du
atrialis Usznaume elastin, u spongiosa Us¥naume proteoglycan LA fibrosa 39Useneu
#e collagen TneludUn Wil 10 avwu chordae tendineae Futhlmswadremiiy atrioven-
tricular valve Tu mature heart {indu Taufuiinsaend (delamination) vea myocardium
ey septum el papillary muscle Lagu9aIuYes leaflet I@aiuﬁfjﬂ chordae ¥
\euse atrioventricular valve ffu papillary muscle Whgeiu’

Transcription factor wazBuiing 18U valve formation oA activation ves NFATCL,
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RANKL, ErbB2/ B3 complex wquedl activation ves ErbB1l/ B2 complex am proliferation,
FGF4 signaling \Agadaaiunisade chordae

AMUEAUNGALL delamination w83 superficial layer 909 RV vililin15a319 septal tag
posterior leaflet U84 tricuspid valve NaUNG finsniesves tricuspid valve lUn1e apex
\AnlsA Ebstein anomaly wu31 familial Ebstein anomaly duWusiyU mutation 989 MYH7

(25)

Fa.9u sarcomere gene encoding cardiac beta-myosin heavy chain

5282l 6 NITNAIUIVBY outflow tract

Tudunmit 7-8 waaUaus arterial pole %30 OFT 4¢dl septation iaSauysal
Tae 2 dunoundn i

1. @39 aorticopulmonary septum #i truncus arteriosus vUadu aorta waz
pulmonary trunk tAaanN158 truncal swelling lutkw right superior uag left inferior
uhiinsvsudauuy spiral rotation 484 truncus arteriosus Y9 aorta eeifmUMImAs
wazvsie pulmonary trunk ﬁ’qgﬂ‘ﬂl 7 mﬂﬁ?u%ﬁmsa%’mahusuaq semilunar valve fg
aortic valve WL pulmonary valve

2. M3as1e OFT wuazdne lusesusindn semilunar valve duneuiifieatestu
conuscordis wag ventricular septation namie duilenfomsissyuasdousiotiuves conal
cushion, muscular interventricular septum Wag endocardial cushion Uk outlet septum
waziin1sUnuas primary interventricular foramen luszey ventricular septation

mmfuﬁmi remodeling Y84 aortic sac warMsdeusefuveg oblique aortopul-
monary septum iU endocardial cushions Gnu1l# future extrapericardial ascending
aorta 133eylUn19W (cranial) wag pulmonary trunk wonidu bifurcation wagdouly

Anumad (dorsal)”
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nsnAaadg14vesnala Cardiac Morphogenesis 2

g’dﬁ 7 N385 ventriculo-arterial connection #3® outflow tract (OFT) WOIUULERS septation
Tuszév bulbar ridge #i conus cordis WU right and left OFT wag truncal ridge ¥il¥iAn aorticopulmonary
septum Tu truncus arteriosus WA2ENSUERT aorticopulmonary septum ag spiral rotation 94 distal
OFT vh¥t aorta (A) ag/lushumimdsuazyinse pulmonary trunk (PT) (AnkUadannienanseedamiangias 2

Tnglasuanuan)



MsAnwEng o Aenfuwaddusiilaues ventriculo-arterial connection 3o OFT
wuniRetedaenseiuiiode mesenchyme 2 4in Anan SHF Wwag cardiac neural crest
Inelwaa neural crest mesenchyme @319HUASEUIUNT EMT wag delamination ve9
neuroectoderm Wa¥ epidermal ectoderm ‘%!\‘1 Wnt signaling molecules, FGFs, BMPs, Tbx1,
FGF8 wav retinoic acid fiduddnlunsmioninisaisuasnnsvieuues neural crest
moun neural crest 9 migrate TUHudiuvesienzsg q WU cranial ganglia, s¥UUUsTam
d@uuane, adrenal glands, melanocytes Wag cardiac neural crest R migrate LUg4 pharyngeal
arches @jﬁl 3, 4 uay 6 ANaren15as1e aortic artery sslUSy OFT vl septation
wazdldnlun1sadie semilunar valves lnedl neural crest-specific transcription factor AP20(
ulunalnmsadne

AuRnUnAviionsueinlunisaiaues cardiac neural crest Wuiiwulungueinis
22011 deletion Jadoiimsviamenesdu TBX1 1A crestopathy Yisndslsasialalungs
conotruncal defects 1% common arterial trunk (truncus arteriosus), double outlet right
ventricle, tetralogy of Fallot, interrupted aortic arch widufitndanei transposition of
great arteries linwuusglu crestopathy ve4 22q11 deletion””

Lﬁaguqmﬁﬂmﬂﬁﬁ 6 axiin13ads arterial valves TagiBuain fusing cushions Tu distal
OFT %’!QQﬂLLﬂﬁI% neural crest-derived aortopulmonary septum @319 primordial facing
valvar leaflets Wag intercalated cushions G‘Z?QEJE‘J:ELWTWLLMW parietal U84 aortic and pulmonary
arterial channels waga319 primodial nonfacing leaflet Aeadeaiu ISL1-positive pharyngeal
mesenchyme”” agglsfiau wuin arterial valve anunsaiasqimunlawdlifl neural
crest-mediated septation ¥8¢ OFT wuiinululsa common arterial trunk %38 truncus
arteriosus”” YadevnaBuuag transcription factor Miendeafiunisae arterial valve "
Tonn

EGF signaling finasi® valve remodeling

Autosomal-dominant gain-of-function mutations v938u PTPN11 lu Noonan
syndrome &UWWSAUNISIAA pulmonary valve stenosis

Mutations ¥esBu PTPN11 Fniin RAS-Erk signaling vilWifinnsufiu proliferation wag
an apoptosis VAAA hyperplasia U84 valvar leaflets

Signaling via the calcineurin pathway 1%l nuclear translocation 984 NFATC

Notch signaling pathway laegnwuin heterozygous NOTCHI mutations §uiusu

ASNAAINURAUNRYDY aortic valve™
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= % . . q q
IYLN 7 N1961319 aortic arch and arteries, systemic vein
a2 pulmonary veins

7.1 M5&319 aortic arch wuag arteries
vaeadentilafiinain FHF Taeuszanaiudl 18 ndsufaus FHF azBuiiadegues

dorsal aorta FeLazIY symmetry 880310 aortic sac %aagjﬁauﬂmmaa truncus arte-
riosus 11 heart tube siaaniufi 22-28 fhgeuasiinisadlassad1sfiigoniy pharyngeal arch
Huadheuazvnseidendu dorsal aorta udiannluiu aortic arch uazvaeadenunsiily
Foviuazae SELduTes pulmonary arteries """ (gﬂﬁ 8) viiiowdoves pharyngeal
arch %guuaﬂmmﬂ epidermal ectoderm %uﬂa'mmmmﬁalﬁa cardiac neural crest-derived
mesenchyme waztilugnan pharyngeal endoderm TudaniZenlassasneii branchial
arch fitavun 15 4 wiludnidesgniouaialuasdnisiaun pharyngeal arch s 5 ¢ Ao
A7 1, 2, 3, 4 uaz 6 PGBl (cranio-caudal) Taglaiusngmsashauaesiamn
pharyngeal arch ﬁjﬁ 5 dduresnsadiuaraane pharyngeal arch wewmuiduvassidon
unsBaRntuludunid 4-7 vesongases ) sl

Pharyngeal arch ¢l 1 way 2 azsiannriou Tageonan aortic sac waziadaudily
¥4 cranial wiaangluifteusionun weifiosunsduiiaiydu maxillary arteries (1107 1),
hyoid uag stapedial arteries (mﬂ@j‘ﬁl 2)

Pharyngeal arch dfl 5 e1afinsasrsusiaansluognesinda fhlsiEimsiannse

&Unft 5 vausiRenfiufl truncus arteriosus Bufin1suusaanlag aorticopulmonary
septum panlu pulmonary trunk L8y aorta @Uvad pharyngeal arch @:‘ﬁ 3,4 U8y 6
wiimsvenevnauazianste luiitvesnfetaddunsasundas pharyngeal arch U84
I’gﬁﬁ left sided aortic arch (Huwndn (gﬂﬁ 8) laun

- Pharyngeal arch Vjﬁ 3 dunuaztasadu right common carotid artery (RCCA)
wae left common carotid artery (LCCA) d@utangazidu intemal carotid artery viuazdng
AUAIU

- Pharyngeal arch V;j‘ﬁ 4 %Lﬁﬁiyl,ﬁju aortic arch stadiawfiu dorsal aorta 414t
flaziaSaysioluilu descending aorta Uyl pharyngeal arch Al 4 Bnianisazaansluifio
s deusduainiiy subclavian artery $1etiu 9 wu nadivesdill aortic arch oeju

%18 (left sided aortic arch) pharyngeal arch @jﬁ 4 guge wag dorsal aorta %ﬂ&J%ﬂﬂ@ngLLﬁ%
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Wadetdu aortic arch sioriu descending aorta Vi pharyngeal arch E’j‘ﬁl 4 PUTI UaY
dorsal aorta ¥@anedluiouviun wiaeunsauasaliu right subclavian artery (RSCA) d@aunu
Fadouriu RCCA Induvas aortic sac 13eudu ascending aorta uag right innominate artery
(RIA) vefiSeni right brachiocephalic artery #iafiu RSCA tag RCCA Faguiinuly mature
heart 9101 distal RSCA A2LATYAONDIN right 7" intersegmental artery

- Left subclavian artery (LSCA) 31338431970 left intersegmental arteryﬁ 7 %3
g0n97n left dorsal aorta Inefidadunninszwing left pharyngeal arch 7 4 W3aduduves
aortic arch U left intersegmental artery 71 7 2zfissesineUszanas 1.5 uy. iounaennis
W lassasai] vy mature heart svezvhaszwing LCCA wag LSCA flasilsvezdsvana
1.5 1. Wi

- Pharyngeal arch @:‘17{ 6 dusurpIUIIardeaziasa U pulmonary artery
bifurcation, right pulmonary artery (RPA) @usu Waz left pulmonary artery (LPA) @y
AUSISTU Vsl left pharyneeal arch 71 6 dhutaneaeiasaydu left ductus arteriosus Lioxste
LPA ffu aortic arch (left 4" pharyngeal arch) au shunt Aisndugfesillu fetus uazndsnaen
aviinsUnveviaoniiion ductus arteriosus aulaifidenlnanudnselu nanetdiu ligamentum

arteriosum'"”*?
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Cardiac Morphogenesis 2

g‘d‘ﬁ 8 MsasarHmuINITVeIRYes pharyngeal arch fidewsio aortic sac fu dorsal aorta ¥3¥e
s?fa%l,ﬁayialﬂlﬂu left sided aortic arch uaznaenidonuniilUudehuazae sududuTes pulmonary
artery YaLEY (AAo, ascending aorta; DAo, descending aorta; ECA, external carotid artery; IA,
innominate artery; ICA, internal carotid artery; ISA, intersegmental artery; LCCA, left common carotid
artery; LSA, left subclavian artery; LPA, left pulmonary artery; pr, pericardial reflection 984 aortic sac;
PAA, pharyngeal arch arteries; PT, pulmonary trunk; RCCA, right common carotid artery; RPA, right
pulmonary artery; RSA, right subclavian artery) (finudasannenasssdemnetas 2 way 28 laglasu
DUA)
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NTasLazaaNsf luNMUINITVRY pharygeal arch dUadu11a1n migration vesLad
cardiac neural crest wazdl transcription factor FiRedomareniin pmuiaunfvesiannnis
849 pharygeal arch 1@ CHD afiasng 4 I

Tungue1n1sMiAinain 22q11 deletion @usinuia Tbx1 expression ¥lviAn
crestopathy N3l aortic arch malformation””
Double aortic arch 1ina1nN"5AIBEYIDS pharyngeal arch @jﬁl 4 ez
Aberrant RSCA dumusiiu pharygeal arch #i 3 finun@ ™"
Interrupted aortic arch &uusiu pharygeal arch 7 4 Anund’
PDA ua proximal pulmonary artery hypoplasia w§emsldifeusesiuves RPA uaz

LPA 1AR9nANRAUNALLNITARLINITUY pharygeal arch 91 67

7.2 M38519 systemic vein

Tudai 3 wdansufaudisinisada primitive heart tube 2l vitelline vein 471
wazdneniudenann yolk sac 114 heart tube sosiiiosseulrtunazdulfes wwiuvds
thidenithg heart tube isnfnfe fues umbilical vein dajidoniiduiunueendiaugs
(oxygenated blood) 3Mnsnu kazAYed cardinal vein L‘hLﬁamﬁmuﬁaumﬂﬁaéamm Taun
anterior cardinal vein Sudonvnaiuiiwasuay luvaigii posterior cardinal vein 1hides
970 spinal cord efnuazaN 74 anterior uag posterior cardinal vein 9311395 [IENEIY
fisaufiudn common cardinal vein 138 duct of Cuvier

iuﬁﬂm‘ﬁﬁ 4 @:GUGQ vitelline vein, umbilical vein e common cardinal vein Az
sufulnadilasiasaiisonda sinus venosus wazldng primitive atrium ¥4 heart tube 1ng

(1-4)

LN right hom wazdneden Left hom w84 sinus venosus ' Tuszazsenilia AVC
\ABusNYNIrABUNUNaNsde Left horn w84 sinus venosus AxLARBUSING primitive RA
ﬂﬂﬂﬁ'u left umbilical vein, left vitelline vein wag left common cardinal vein azaanesld
ﬁgd‘mm @101 left sinus horn Tiwmdeaznaneidu coronary sinus (CS) Tu mature heart vay
i right veins WmaaziaurelUy systemic veins T4 mature heart"” i

Right vitelline vein AgaegngvaLazas1atiu hepatic, splenic, superior mesenteric
e inferior mesenteric veins Tu hepatic portal system im‘ﬁﬁ post hepatic segment of
inferior vena cava (IVC) Tu mature heart

Tuszarinedi right vitelline vein we18vu7@ right umbilical vein Aoy 9 aATUA

LAYEAEA7 @2UVa4 left umbilical vein ETWRINIENUAUIENI ductus venosus @4 shunt
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19 Cardiac Morphogenesis 2

oxygenated blood 310 distal portion ¥89 left umbilical vein HuAulUSs sinus venosus
uaziing RA Bsluthavdsnaeniilesinanuaziie ductus venosus azeiey  deuazliadiesnan
Ju lisamentum venosum

TU&UAY 10 &1 left horn of sinus venosus wag proximal left common cardinal
vein Burloainatendu CS mddhumdiues RA wavdnved left anterior cardinal vein Holuii
ligament of Marshall #1u right horn of sinus venosus QVNBVIATURALTINAY RA Nane
Ju smooth wall 789 RA Tng right anterior cardinal vein i&¢ right common cardinal vein
aza3eyluu right superior vena cava (RSVO) fithidenanntiuazuuuandn RA Tu mature
heart lunaizdl anastomosis 484 right uag left anterior cardinal vein fifsnamdoogaziasey
\Uu left innominate vein (gﬂ‘ﬁ 9) ﬁﬁﬁ bilateral SVC dutiwgnuininainnisil persistent left
anterior cardinal vein 1Wuwslii LSVC dinsteriu CS %38 left sinus horn WAuthues

Tu RA duwed right valve ¥89 sinus venosus wua RA 181 2 Tau (smooth wall
Ay pectinate muscle) L%Sﬂﬁ?uﬁl’j’] crista terminalis Ve fiuN9aILueY sinus venosus wae
right valve ¥84 sinus venosus @5190u Eustachian valve FaTu valve fu IVC orifice waz

Thebesian valve nunsd CS orifice

O O

g‘d‘ﬁ 9 MINAWIBY sinus homns UBd sinus venosus Wag common cardinal veins lumsasadu
superior vena cava, innominate vein L coronary sinus (Fanasannonansensdauneiay 2 lagls
Fuaunw)
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Posterior cardinal vein %Lﬁaﬂﬂtﬂumu@ha 5 999 IVC lpetin15a579 anastomosis ot
Town @J"UEN subcardinal vein, supracardinal vein Lag subsupracardinal vein Mntuazding
aaeiufudiu 9 wuaniinaveidu VC Tu mature heart** (Ul 10) feil

- Hepatic segment 98¢ IVC 11271 subcardinal-hepatic anastomosis (@1uun1
hepatic 138A91 post hepatic segment IVC 1a3gyu1270 right vitelline vein)

- Renal segment 9843 IVC ILa¥ renal veins 11310 subsupracardinal anastomosis
e right subcardinal vein

- Infrarenal segment V84 IVC 11310 right supracardinal vein W subsupracar-
dinal vein anastomosis

- lliac veins 111310 posterior cardinal vein @wwa4 iliac anastomosis

Azygos vein drainage Wuduves suprarenal segment U89 right supracardinal vein

fifinnssiewdaniiu cephalic remnant ves right posterior cardinal vein Fadeuu right

common cardinal vein ‘ﬁLﬁQJJL‘flu RSVC 114&3{]’38‘171'31“{1@%1 IVC interruption 331 persistent
azygous vein drainage Litelidenlvaivuandruaavesiament RA 16 vausiffihedd
Ugym duplicated IVC é’uﬁwgmd%ﬁwﬁmﬁumiﬁ common iliac anastomosis AN
(interruption) L‘TJULwﬂﬁﬁ persistent left supracardinal vein 11U553UAY right IVC 7i renal

(1-3,30)

segment

gﬂﬁ 10 MIauazaaIuaILYed posterior cardinal vein (subcardinal, supracardinal, subsupracardinal
anastomosis) kaztaseyluiliuanusing ) veq inferior vena cava (IVC) ((Faulasanienansesamneay 2
Inglasuayyn)
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la Cardiac Morphogenesis 2

7.3 M3&319 pulmonary vein

UanedUnvid 4 naaNsUeus ie sinus venosus waz systemic venous system ¢1®
U RA Boudesudy foregut way splanchnic plexus FafinsEuimutludy primary lung
buds wagnasndenngluten 1ne lung buds (LB) ma'ﬁﬁmmﬂ mediastinal mesenchyme
lughuuanewes tracheobronchial tube aniuvasnLdonroesau 9 LB zdeusoruia
i intrapulmonary venous plexus szrineUasiansdng uasiinmsasslaseadeiigenda
mid-pharyngeal strand #9370 intrapulmonary plexus 89 strand tay canalized T
cormmon pulmonary vein (CPV) fiagluiieuiuniisvea primitive atrium aseszninandiiy
dorsal mesocardium %ﬂﬁﬁﬂwmmﬂuﬁuyu (ridge) ¥11%78 Swn right wag left pulmonary
ridge See¥aN right pulmonary ridge gzagnsvunuaziudiluly primitive atrium 138
1 dorsal mesenchymal protrusion TulAeniu septum primum il CPV siafiu
primitive LA(l 4,12,31,32)

Tur29usn pulmonary venous plexus Wae splanchnic venous plexus Sapadouseriu
TudUnAf 5-6 Madeuseves pulmonary venous plexus &g splanchnic venous plexus
avaanelU vdnniu CPV axnuansauluifu atrial wall vils pulmonary venous connection

Usngidhu 4 orifices”™ (U7 11)

gﬂﬁ 11 A15@579 pulmonary vein (PV) Tusgagusniinisadns lung buds wag intrapulmonary plexus a0
‘Su mid-pharyngeal strand 271 intrapulmonary plexus 3oL U common atrium ASI5EWIN right
ua left pulmonary ridge Wwaziin1s canalization U84 strand nanewdu common pulmonary vein (CPV)
foun CPV aznunsaulluiv atrial wall il pulmonary venous connection Us1ngstu 4 orifices (CPV,
common pulmonary vein; LA, left atrium; LCCV, left common cardinal vein; LLB, left lung buds; RA,
right atrium; RCCV, right common cardinal vein; RLB, right lung buds; UV, umbilical vein) (FauUasann
eNaNsedmaneia 1, 32 laelasuaymym)



auRnUniluiunaushe 9 vesnsaie pulmonary vein Aelsian CHD wiiashe 9 g
NSAUYBY common pulmonary vein Tussuzaulaeil pulmonary-to-systemic
venous connections ABlMAA partial anomalous pulmonary venous return (PAPVR) #39
total anomalous pulmonary venous return (TAPVR)
AufnUnGll absorption ¥ee common pulmonary vein 7idn LA dusiusiu
pulmonary vein stenosis %38 pulmonary vein J31UURAUNGA
NISAUVDY common pulmonary vein FUUSAY cortriatriatum sinister
U9lsAlaNYuLY9Y abnormal pulmonary venous drainage WANIZUIUNTT
absorption 494 common pulmonary vein Un@ 1 sinus venosus ASD %ﬂLﬂugﬁLﬁmﬂﬂ
deficiency 984 common wall 5% RSVC uag right upper pulmonary vein' "'
yenaNadmuBuLa transcription factor fientesiutuneunisads pulmonary vein 14
194 WU mesenchyme ﬁﬂsﬁ%’mgﬁmm common pulmonary vein Jiaa Nkx2-5 uay
islet1-positive Faagasunuadlidu connexin 40-positive cardiomyocytes Fudedeetu
absorption 984 common pulmonary vein 74 LA vt sinus venosus myocardium usfag

WU islet1-positive eagliiil Nkx2-5 Faiohilanuieadesiu Tox18-expressing precursor

a Y, . . & =
5289 8 N158519 epicardium wazvaaaldanlalsuns

8.1 N15&319 epicardium

38§13 epicardium WAntulugimdan cardiac looping waziinisadaesialoudn
Bunillaseadig pericardial villi viefiSeni proepicardium Li";Jumjmaé mesenchyme
Falldnuauradnemonnzvanusaidi Ui ventral 81 sinus venosus US4 pericardial cavity
yMantiann dorsal ¥ed AVC wag atrioventricular groove Pausauilaluaudiadmves OFT
#3970 splanchnic mesoderm U3k arterial pole’”

Proepicardium 55%13%’1?}’1?1@@@8 splanchnic mesoderm #i venous pole Tnanu
SHF progenitors WU molecular marker PAedadunsads proepicardium ﬁﬁ]mﬁﬁgtﬂu
epicardium LU Cre-loxP Wag transcription factor U Wt1, Tbx18, Tcf21 59T signaling
factor L#u Cfc, Raldh2, Sox Wag Sema3D ZennadiFaanszurunstniiliaing epicardium

Tuszauluanadwiosnismsfinuisel”
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8.2 nsadavaantaanlalsus

h) primitive epicardium Qﬂﬁ%ﬂﬂ%u 9zilwad epicardial epithelium U’Nﬂfjllﬁ'
1#5udvEnaves epithelial-to-mesenchymal transition (EMT) finsideuluiluwad
mesenchymal epicardial-derived lagianiznse atrioventricular junction Fadusuma
Asuatrvaondenlalsudtuiiaviasadu ventricle™ wdaendenlalsund fuves
Wwagd smooth muscle, interstitial myocardial fibroblasts Wag lateral endocardial
cushion mesenchyme @191191n1@ad epicardial-derived wauzdl endothelium vesmaenidon
Talsu3 Weiadeunanwad endocardium 71 migrate 910 ventricular myocardium
wdansEUIUNITas1IraandenlalsuiIasinisunnainn (branching) lagliifeades
funsilieusau central stem wu3dl molecular signal wanewdaieadasiunsadis
viaonidenlAlsuITiol growth factors VEGF way FGFs $1idteeninainiead myocardium
linsiutues vascular progenitor Tu subepicardial extracellular matrix LLazﬂizéju

Sonic hedgehog-signaling &g angiopoietin-2 toas1snanaaen

52829 9 158519 conduction system

Twduuile wladuinadufuiszinatud 21-22 wdsnsufaus dadumane
cardiomyocyte Tut24 cardiac looping waz chamber formation aansaduead pacemaker‘ﬁl
M 9NEMSPUYe heart tube Talussyzdi 9 ves cardiac looping d@uwe4 primitive heart
tube fin13venesiadiu chamber myocardium (538U outer curvature) Vel nonchamber
myocardium T inflow tract, horns of sinus venosus, AVC tay OFT ‘1'71I inner curvature
Taivenesn UszanadUaniifl 5 myocardium 83 sinus hormn 22a313 sinoatrial node (SAN)
YUzl AVC myocardium @314 atrioventricular node (AVN) Wag atrioventricular junction @3
YB3 primary ring YU ventricular septum crest 9zt conduction axis 34l atrioventricular
bundle aeﬂ]m&fl,u 1ne bundle of His lWSgyNAN fast-conducting ventricular myocardium ol

Transcription factor ‘ﬁLﬁIEJ’JSﬁ’eNﬁJU myocardium dau‘ﬁ'a%fw conduction system Taun
Tox3 Tneluduniloszeevds 4 wad Tox3 positive msnulu SAN uaz AN whifu Tugithe
atrial arrhythmia sinwuiwad Thx3 positive Tu atrial vestibule sougia CS Eeulunny

terminal crest™”” saufisusial internodal Tu atrial myocardium uag right atrial vestibule
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\03fie193 Thx3 positive Fauantiis node-like structure NMsAN¥IVEY Kent wazAniz™ WU
fl muscular connection 741y atrioventricular junctions waneuivhdulu node-like
structure ABlAAA ventricular preexcitation Twilaund wavillenavihsandiu anomalous AVN
T CHD i congenitally corrected transposition Waz double inlet left ventricle wonan
Tox 3 8481 molecular marker Bnvianesfiieatoatiu SAN uag AN gua

Bmp2 Tu embryonic precursors 983 AVC Tag Bmp2 aanq‘mému type-l BMP
receptors (Alk3) ﬂizé]:u Thx2, Thx3 ez Msx2

Thx5 and Nkx2-5 LAgadesiu septum formation WagnN15a@319 conduction system
Tusefifl mutations veseswiend Huawmvesilafinisuitidaueindanuinnfives
conduction system U atrioventricular block, atrial fibrillation

N131z3nYa9 BMP signaling Tu AVC #1uvne cGata6-Cre-mediated inactivation of
Bmpria/ Alk3, the type IA receptor viliiin myocardial AV connection expressing Cx43
Fudeinividetu preexcitation (Wolf-Parkinsons-White, WPW) waznswWasuulasues
AVN morphology

(1,4,35)

PRKAG2 mutation duWusiun1siia ventricular preexcitation Tu WPW

GRAl

9

anudidesianmsvesiilaluszesmsnluassdifuiiugrunnmdilalu CHD wiane «

15A cardiac progenitor L“fJUR;@L‘%MﬁUﬂﬁﬁ%N primitive heart tube MuE cardiac looping,
chamber formation, cardiac septation, OFT formation ANUARU Imammﬁaaqﬂmmaq
primitive heart tube 1a5ylUidudIusng § 209 mature heart il

Sinus venosus LQ‘%@L‘TJU smooth part ¥8¢ RA, CS

Primitive atrium Lﬁﬂgvﬂu trabeculated RA uag LA

Primitive ventricle 193a.du trabeculated LV

Bulbus cordis ta3eytfu

- Trabeculated RV (proximal part)

- Outflow tract (conus cordis part) (pulmonary infundibulum, aortic vestibule)

Truncus arteriosus LQ‘%@L‘TJU aorta, main pulmonary artery
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9 Cardiac Morphogenesis 2

Tusyminsiuazdnswa systemic vein Wag pulmonary vein \WouRDAU primitive

atrium Waz @379 aortic arch and arteries 910 pharyngeal arch siafiu OFT Tuilgn 8wy

Uaduvanlu cardiac differentiation oA TBX5, GATA4 uag NKx2.5 lae morphogenesis

usiazTuiiBunay transcription factor lwiziliNgvamatewtn ANNRAUNAIUNTYINUTDY

Pur1g 9 Lagn1TeivedlassassRssuTesiila e1aviliin CHD 19
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Segmental approach
Tulsanalannisuaniiin

Segmental Approach in Congenital Heart Disease

. uni

. AIINAAIY u,azmmﬁ‘vé\fugﬁuwmmﬂﬁmﬂwaaﬁ'ﬂa

. Jupeuvas segmental approach W3auR9819AMURAUNR
- Thoraco-abdominal situs
- AUWUIYe9Aala (cardiac position)
- Atrial situs

- Ventricular looping

NN

- AV connection & alignment

- Ventriculo-arterial connection wa¢ alignments

- Type of infundibulum (conus) (@)

- AUKRU9YDY semilunar valve

_ wssmanuRaunfsu q melukazueaniinla
. @3l
LONE1591999




UNUI

Tsavilafinsudiidafasmainvangluwesanin Safnananuinnilunisaia
Tnssaenladundushsouluasafnm anuiFedselafimsusitudalugausn 1
msusznadeinsandlagneSurmd dasumiilauazvasen pnsunvdlsaiile fedunmd
uazunmdanAnnine edmiuusaglsauaznisuiangueuiiaun@ (nomenclature and
classification) Fafinnuvannvane ernuilanssiuvesiiuummdiinum Jeinismnasly
maFendelsauaznaulsalagiFesdiunudusig q vedassawinlauagvaonden 7iFen
1 segmental approach %38 sequential segmental analysis Fasusmddaundszanas we.
2503 1Uudun 35108 Van Praagh wagezanlsmeuaueasiu Ussmaansgensni’
YauzTnaviuglsU Anderson waganranlssweuIausesisu Usswmasangs WlauensiFen
Folsruazngulsnlag segmental approach Loy’ ‘ﬁqaaqazwLﬁuﬁugmﬂ’mmﬁmmﬁﬂa
303 segmental approach wagldfinsiauniwildtuegnaunsrarelunsnsaidadelse
slafnsuifuinfmendudosnuiaeiile Bnesdeoufmes uazduesle”” luund
fimusavasudunauues segmental approach $1ufuUszegnALENINEINIAranTuaY

AnaAve s uelaunfiguiulse Weliheseanuauinlaveseu

F24
% 14

ANIINAAIN LAZAININUFIUNINIEANAVBNR LR

Segmental approach %3® sequential segmental analysis Ao N15ILATIZH
AYINIAFNANSVDITILAINAINT AL EIUVDII LA LALD19BINIUNIEINIAAIENT WL AAY

[

WeTSEAN udnUssnanariiensiladnnuiinund el cardiac segment Tu
Wlaunfill 3 @ Ao

1. viaealdenmInaiuiIlaiesull (veins and atria)

2. Wilaviesas (ventricles)

3, yaenidenivaiiieenainiila (sreat arteries)

Fal connecting segments 2 @ A9 1) Atrioventricular (AV) connection figeon
3 AV canal liud dulalunda warlnsdala (mitral valve and tricuspid valve) wag 2)

ventriculo-arterial connection 581 conus ¥158 infundibulum Tuslaun infundibulum a3l
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il Seemental Approach in Coneenital Heart Disease 3
S () >

subpulmonary myocardium LﬁﬁyﬂéjﬂEJiJﬁ’eJﬂﬂ/\lﬁljmzMiﬂﬂguﬁﬂﬁlﬁaIMUW'% (pulmonary valve,
PV) e tricuspid valve (TV) YuEdidu subaortic infundibulum a¥131197n conal septum
fifuszring ventricular outflow tract W uazde vilisumdses subaortic infundibulum
Ju free wall ung 9 fznanendu fibrous continuity $¥#314 non-coronary cusp Va4
awilaeensdn (aortic valve, AoV) U anterior leaflet w99 mitral valve (MV) 7i3an
mitral aortic continuity

Fumauves segmental approach Sunnmsutehwese izl (thoraco-abdominal
situs) wagAunUsUsiila (cardiac position) MIUAIE segment-by-segment analysis
UNEINIAANERS bAkN atrial situs, ventricular loop, atrioventricular alignments and
connections, ventriculo-arterial alignments, wiaua9 infundibulum (conus), ALRUIDY
semilunar valve 91¥isdas outflow tract wawanneRessImvnauAnUnAsy q nely

LY A v (1.4-6)
wazuanIlaniing ey

YUNDUVDI segmental approach WiauA28E19ANURAUNR

1. Thoraco-abdominal situs

fin Mseiveteitizmulutioteniazesvios LU abdominal organ, tracheobron-
chial tree, Yon"” Susiimsutsihaduirmndrevesetismelususdussouluassd
137 (3n lateralization uaeenifu 3 wuu (U 1) Téun

1.1 sUuuuUn@ (situs solitus) Adlshu fiugau Nsewre1s sigmoid colon 1 I8Y
sudhevesesiag gy 1R uwag cecum 9e11991 Yanteagd 2 lobes Uanvindl 3 lobes
vaenauAoA LU hyparterial bronchus Az Wag119@atulu horizontal A
Fnn wazdlé Left pulmonary artery (LPA) vassiiviaanaunasuaaiduuuu eparterial
bronchus #8 i right upper lobe bronchus Miiegwilesia right pulmonary artery (RPA)

1.2 sUMUUNSUMUYNEY (situs inversus) WUUBINTEANK (mirror image) vz
136N left-right reversal wudnnnae ciliary disorders LU Nguen13 Kartagener HAnuduiug
flU situs inversus totalis Laz/#3® mirror image dextrocardia

1.3 Situs ambiguous el MsMwiRaUNFvese Sz eluwuulinssthe vy
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ldutiuou W Fursasanansiiia 2 lobes (bilobe liver) e1aluifisy (asplenia) w3e
iy splenules Viawﬁmﬁwﬁlﬁiﬂamgiaﬁ (polysplenia) Vanoadl 2 nduiis 2 $hs vide
3 nAuT 2 1 aruRnunAuaiduiusiundueims heterotaxy dadufanaiwinin
e “heteros” wlaiuenmiloanuseRialuain (other than) wag “taxis” Wlainn1s1em
(arrangement) NgueIN13 heterotaxy WuananuRaUnFves leftright laterality fawin
Unfisauveseteznelutesen Yesipualioudndladnemia (somerism) waglsalafinisus

fudasuiulaues 9 Insuuseeniu right isomerism wag left isomerism“’” auans1en 1

5UN 1 dnuauevasnaune Yon @u 3y d1ld pulmonary artery lu thoraco-abdominal situs solitus,
situs inversus @ situs ambiguous (ARWUaANLENENT1BMINeaY 1 Inelasuann)



713199 1 dnwainuteglunguainsiiienuiaundves leftright laterality dusiusiu

situs ambiguous

Jan

Viaanaum

Autazyioum

3

mld

fumsnla

Superior vena cava (SVO)
Inferior vena cava (IVC)
Coronary sinus

Pulmonary veins

Atrium

Atrioventricular canal

Atrioventricular connec-
tion

Ventriculo-arterial con-
nection
Pulmonary outflow

Aortic outflow

Conduction system

Right isomerism
(asplenia syndrome)

3 lobes Mi3eeng
Eparterial bronchus 719&99914

(iU right bronchus Y9@09U1)

Midline liver

Asplenia

WU malrotation 161
Dextrocardia $oeag 40
Bilateral SVC Sovag 45
Interrupted IVC < Sovay 2
Absence of CS 3away 100

- Total anomalous pulmonary
venous return Segag 50

- Ipsilateral pulmonary venous
connection Sogag 45

Common atrium WULagnn

Atrioventricular canal defect
Sowar 90

Effective univentricular heart

Soway 70

Atrioventricular discordant
Sevay 96

Pulmonary atresia/ stenosis
Sowaz 80
Left sided obstruction

< Sow@y 5

Heart block/ sinus node
dysfunction wuileg
913NV 2 sinoatrial nodes

ToYaN1NLONENTONBWMINEIAY 4,7
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Left isomerism
(polysplenia syndrome)

2 lobes Tening

Hyparterial bronchus Vlfﬂaaa;iha
(widlou left bronchus Y156031U14)
Midline liver 813WU biliary atresia
oAz 10

Polysplenia

WU malrotation 16

Dextrocardia $ouay 35

Bilateral SVC Sowag 45
Interrupted IVC aeaz 80
Absence of CS 5auay 60

- Total anomalous pulmonary
venous return WUtaeun

- Ipsilateral pulmonary venous
connection Sovay 45

Common atrium 3aeay 80

Atrioventricular canal defect
Soway 50

Effective biventricular heart
Soway 75

Atrioventricular concordant
Seway 70

Pulmonary atresia/ stenosis
Sowaz 30

Left sided obstruction 398ag 30

Heart block/ sinus node
dysfunction Seeay 25-75
a3l sinoatrial nodes



Tuszuuns138neY0e Van Praagh SWaLLIN U131A visceroatrial situs #9 situs solitus
Weusiadn (S, , ) situs inversus WeWswadn (,_, ) wag situs ambiguous Weuswadn (A, , )

(2,6)

muddu” lumsunlsmeuafswlilaldsianisiientovas Van Praagh usldnissen

A 2 & )
PALAULUUNAN

2. AUNUIY9ILa (cardiac position)

[

° ' ) a & . & . = Y] <1

muvtsueailalienmunsives cardiac apex WUty levocardia Wile apex Walad
Tumsdhesnuun®, dextrocardia e apex Wilaglumewan uag mesocardia 1o apex 8¢
Tusundsnanswemsen Mlanslusmunuseremsnenund 15enn levoposition Uely
~ O o a = Y | & PN ) < Y] a o
funesnlatinsedeuilunsrnuesiotenis o A apex vewilatlunedeund Fen

dextroposition Fuinwuliledngsanwainueniala 1w left diaphragmatic hemia 3 right

(1,4-6)

lung hypoplasia/ agenesis " “'Tu situs inversus totalis with mirror image dextrocardia %113
WwNIIFuITEaIende SunessnSend primary dextrocardia U1sasalantanily
fumilsnanstasen mesoposition Iae apex anadlumslafle msfinwmut visceroatrial
situs Waw cardiac position fiauduiusivanuynvessilsmlaninisusininviliadudeu
Tagnwu situs solitus, levocardia wulsamlaninsuenLlaTNagULULeNINSoaY 1 WA
minilu situs solitus, dextrocardia (isolated dextrocardia) aznulsarlafiniswiniinvila
Fugaulataspeay 90 yupaReInu isolated levocardia (situs inversus, levocardia) agwu
Tsalafinsuisdeviadudoulddadosas 90-100 vquedl mirror image dextrocardia 4%
wulsamalaiinisuanlinudadudeulasesay 3-5° @m3u mesoposition/ mesocardia 813
frnuRaUnAres midline Tauseluaudsdl abdominal thoracic wall defect Walapanin

UONYTNBNIILTENI ectopia cordis tAnTulA
3. Atrial situs
MsUsziiu atrial situs INANWAIEN1IN1EANIA (Morphologic features) MUsdI Uy

vlasiesuua (right atrium, RA) wagihlaviesuudne (eft atrium, LA) aguldmumsnsit 2

pulmonary vein kag systemic vein a1alildlassadalunisuus atrial situs 919 1Weosane1a
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