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Impact of Fetal Diagnosis of Congenital Heart Disease on Perinatal Management
of Newborns in Early Neonatal Period
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Background: Recent advances in fetal echocardiography have made the diagnosis of congenital heart disease (CHD) in utero
more accurate. The aim of this study was to clarify the impact of fetal diagnosis (FD) of CHD on the outcome and perinatal
management of those who required either surgery or catheter intervention immediately after birth.

Method: We investigated the clinical records of 212 patients with CHD who had been treated during the neonatal period at
Nagano Children’s Hospital between June 1993 and June 2009.

Results: In 53 patients with hypoplastic left heart syndrome, FD contributed to preventing unexpected ductal shock [FD (+)
1/18 (6%) vs. FD (-) 11/30 (37%)]. In 77 patients with coarctation of the aorta or an interrupted aortic arch, FD also contribut-
ed to preventing ductal shock [FD (+) 0/11 vs. FD (—) 11/66)]. Of 60 patients with transposition of great arteries, 26 patients
(43%) needed an emergency balloon atrioseptostomy (BAS), one of which was diagnosed in utero and could undergo elective
BAS. Of 14 patients with severe Ebstein anomaly or tricuspid valve dysplasia, neonatal transfer was avoided for the 5 patients
who had a FD, and FD contributed to a good pre-operative condition. The outcome of the Starnes operation was better in inborn
patients (inborn 5/5 vs. outborn 1/2). Of 8 patients with critical aortic stenosis, 5 patients were diagnosed in utero with afterload
mismatch status. They were delivered by elective caesarean section and balloon aortic valvoplasties were performed immediately
after caesarean section.

Conclusions: Fetal diagnosis of CHD contributed to prospective medical intervention soon after birth with appropriate timing
and at an appropriate institution.
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G ER % #ES2 C X 70 W« BEDIRPASH - FJE Ebstein
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) BRI ORIEER O 5 b 55 & 7~ 35« ARl
IR TS - KINEEN (TGA), HEAMAHE DD
b & A4 U B 5A - EEKRBIRAZE (CAS) & &
DET LN BY. SRR RS GBI B VT
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29 Lo HMABRM 2 O HEEMN AT ET B
BT, FDIIEI A 2 5HE GHE 2 T REIC L,
Fien) A7 olEEEY L7256 L, FHRYUET LR
Wb EEZLNL. Ko HIZHARERD L
CIZFHERINCFMRE AT —F ViBEY LB L
BHRMLEBRIZBWT, FDAREHOEREL L
FRICGZ 2B EZWHENITHILETH D,

Ak

KB 1993 4F 6 H~2009 4F 6 HIZH4BETH T — T
IIBHE F 72 3 TTAra e & A RS REAT L 72 e R
P 212 B1C, P OPERIZ HLHS 53 5, CoA/IAA
77 %, TGA 60 5, EJiE EA/TVD 14 5, FEJE cAS 8
Tholz. HHEFLYBRFENIZFD OF M, 4tk

BNIRHLOF I, B—WTF R oE BahT7r—7n
HEREOFE FHRIZOWTHE L7z SEHENT L X
WEERITV, HHEKIEILZS5%E L7z, fEHTIZ1E Dr. SPSS
II for Windows 11.0.1 J(SPSS Inc.) % i\ 72,

FD |3 &K T 55/212 1 (26%) T, HEEJTIEZN
Z U HLHS 19/53 51 (36%), CoA/TAA 11/77 151 (14% )
TGA 8/60 $51(13%), EA/TVD 12/14 f51(86%), cAS 5/8
51(63%) Td - 7.

1. HLHS

FD % 1 61, JEFD Bl 2 IS AR IZHEE L HL S
N, FDBI 18 B, JEFDBI32 B IS &F L Tl %
iTo72(Fig. 1). FDBIDH & 11 BIABEAA, 6 BlH
LR AT D L AXRHEDOE BB D 7z Dbt
THAEL, ABIE SIS PGE, 05 % Filh S LY B~
Pk R s 7z, o 1 IR IS T FD S A
PGE, ¥ 5 %G SN 7-th, U TOBRELHLE
FUH W5 3 1B B %, FR D O 1 BNE LSRR & A S
ENLholfzobeh AL, DS % 3E L 72512
Wa e L CYBEE SN, BERE LS
Lol 1Bl xRV fTDS xR T —J
JE FD Bl & B A Besh AT, AT S O FER % 5D 72
72O R EZITD L I35 b S B~ A4 e k%
Sz 32609 11 B1(34%) 1L DS & FSIE L 72 4 19k
I, JEFDBITHEIIDSDRBIEN S H - 72
(p<0.05). DS IZ & BFETIE A <, MEFHE LTTF
HiEHIC & 5 T Norwood+Blalock-Taussig shunt 4l
(N+BT), Norwood+RV-PA shunt F4if (N+RVPA), i
I it B DR ACHEAT (BPAB) 23T 4172 (Table 1). D9
+ F 4l 58 15 11 FD 1 6/18 %1 (33%),  3E FD 1 10/32
%1(31%) T, FD DA X % 0)E T4l o B sh =121
HEETBOL»ro72(p=0.88). &b, P/NIIHILA
6 BI(FD 1 4 51, JEFDFI2H)) 1AL THB Y, FD
Bl 160 7% B TEBIFAMIEE L7z,

2. CoA/IAA

FD %, BHAOEOHRE O 72D 1B THAE
L, A%EHIZ PGE, D5 % G S MY B~ 4 R
ks 16l B ClRRMA L, 26T DS %[
WTE 72 —75, JEED BlIEBIA B AT, EEIR
RO T2 DR BE BB B\ X BE DI Y AT A
L X7z, 2D B 11/66 B1(17%) 1Z DS % S8E
LChbYEAFAERBEINTEBY), JEFDHITH
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Fig. 1 Results of hypoplastic left heart syndrome.
HLHS: hypoplastic left heart syndrome, FD: fetal diagnosis,
DNR: do not resuscitate, N+BT: Norwood + Blalock-Taussig
shunt operation, N+RVPA: Norwood + right ventricle-
pulmonary artery shunt operation, bPAB: bilateral pulmonary
artery banding, OD: operative death, PFO: patent foramen
ovale

F |2 DS DIIENL D> 72 (p<0.05) (Fig. 2). DSIZ L5
137 <, WIMFAri, arch repair 61 %, Norwood
Fifi 261, bPAB 13, Yasui Fili 1 Bl TH o7z, F
MFFETE L 72D 1 bPAB iH. 412 Norwood FAiif & fitifT L 72
FD fil &, HpEAI AR S C arch repair % JifT L 72
FEFD HID 21 (3%) T - 7z,

3. TGA

FD #li%, FHADEHFEE D72 DMEEIC THIZEL
HEFRTE DI Y BEA~HT AR R % S A7z 1 B % B T4l
BENAE L7z, — 5 9E FD Bl & fifhheic Clid L,
FT7 7 — BEOIERE 70 TYBEAFrA Ak S 7
FD % 1/8 %1 (13%), 3k FD #l 25/52 1 (48 %) Dt 26/60
B (43% ) THE/NIRIFLO 7200 A E 212 BR AL B T IR
ZLEAMN (BAS) % JitiAT L 72A% (Fig. 3), FD #lClZHiAE
BOEEBAS X HIHHMICHEIT§ 2 2 LT E
BEMIAKRENLO 1% BAS %, #1047 H0 12 &
Yo TR o7z FIAIFAT IS Tatene F4l7 46 #1, Senning T
fitr 3451, Rastelli T4l 161, 2 9 I TFAMILTIF 2
B1(3%) TH -7z,

4. EiE EA/TVD

FD Bl 9 & 5 B3 = NAERIL T (IUFD) b L < id
TR P & 7 o 72 (Fig. 4). 4 L 72 7 1 (Table 2) 1%
BEP AR 5 6, BeAb A 2 BT, Bedb b o 1 6% B
SREBESITH > 72, EHIEREOHIE X #T edge to
edge DFEWPLROIEREEL, & D L {14 directional
positive airway pressure (DPAP) |2 & 4 M-I 23 % B2
7o F 7, MMLTEAERFO 7260 1 6% B T PGE, 3%

Table 1 Results of first operation for hypoplastic left heart syndrome

FD(+) FD(-) p DS+ DS(-) p

N+BT 2/6 9/19 0.88 4/10 7115  0.74
N+RVPA  3/4 77 0.17 0 10/11  NA
bPAB 8/8 6/6 NA 2/2 12/12  NA

Total 13/18  22/32 0.88 6/12 29/38 0.08

N+BT: Norwood + Blalock-Taussig shunt operation, N+RVPA: Norwood
+ right ventricle-pulmonary artery shunt operation, bPAB: bilateral
pulmonary artery banding, FD: fetal diagnosis, DS: ductal shock, NA:
not assessed

CoA/IAA 77
FD(-) 66
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I
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Fig. 2 Results of coarctation of aorta/interrupted aortic arch.
CoA: coarctation of aorta, IAA: interrupted aortic arch, FD:
fetal diagnosis, bPAB: bilateral pulmonary artery banding,
OD: operative death

G880, Hifs 5~10(FF 9Ll 6) |2 Starnes FAli 21T &
7z BENHAEGNI A E R X 0 #8020 - JEERE
PRSTTBET, 46 Starnes FATIZ Y L Glenn/Fontan
FHCHE L7z —F, BEAMBAO 2 6l 1 6%
7 |2 IRBEDSTEAL L Starnes FFFZIZIET, &0 o 141
1% Starnes FFICIZKIY L7z 25 EC L2, F729F
FD i 2 il & b FAIE T L 72,

5. cAS

FD # (Table 3) 13 &6 TR I HRAMAE A % 72
Witz BEEAFEEAROH, B 33~37 (hJfilE
35) B CEME AT EYIBIC T L, EHISREAK
BRI (BAV) % JiAT L 72 (Fig. 5). OB,
AR BB B O 1T A, FREREL, B JRRE R
EAE BRI BN, R LRSI 2L 2 F— 2%
B L, itk 52~67 (Il 57) 47T BAV % jifT T &
7. ZoHB2slizEnEN 2, 5HIOBAV HILL
FEBEATTLE L NYHA I ETHFE LTS, Mo 3 6k
BAV DS RAT 50 TFAE R EAT S N 72hs, g
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Fig. 3 Results of transposition of great arteries.
TGA: transposition of great arteries, FD: fetal diagnosis,
BAS: balloon atrioseptostomy, OD: operative death

Fig. 4 Results of Ebstein anomaly/tricuspid valve dysplasia.
EA: Ebstein anomaly, TVD: tricuspid valve dysplasia, FD:
fetal diagnosis, IUFD: intrauterine fetal death, TOP: termination

of pregnancy, OD: operative death, LD: late death

Table 2 Outcome of severe Ebstein anomaly/tricuspid valve dysplasia with fetal diagnosis

Sg}; (wGeék) I;/I;)”c:/zrc;f CTR (%) ::ST; PGE; Operation (day) Outcome
1 In 39 VD 100 Int + 13 Fontan
2 In 40 VD 100 Int + 5 Fontan
3 In 40 VD 100 DPAP + 6 Fontan
4 In 40 VD 100 DPAP + 5 Glenn
5 In 41 VD 100 Int + 6 Glenn
6 Out 41 VD 100 Int + 5 Late death
7 Out 37 Cs 100 Int - 10 Operative death

In: in-born, Out: out-born, GA: gestational age, VD: vaginal delivery, CS: caesarean section, CTR: cardiothoracic ratio, Resp
assist: respiratory assistance, Int: intubation, DPAP: directional positive airway pressure, PGE;: prostaglandin E,

Table 3 Outcome of critical aortic stenosis with fetal diagnosis

First FD Afterload GA Mode of Delivery-BAV ~ LVFAC BAV

(week) mismatch (week) delivery (minute) (%)  (number of times) Operation Outcome
1 32 + 34 CS 67 10 2 - Alive
2 34 + 37 Cs 57 5 - Alive
3 25 + 35 CS 52 1 ASD creation, bPAB  Operative death
4 26 + 35 CS 56 1 N+RVPA Operative death
5 32 + 33 CS 57 11 2 AVR Operative death

FD: fetal diagnosis, GA: gestational age, CS: caesarean section, LVFAC: left ventricle fractional area change, BAV: balloon aortic valvoplasty,
ASD: atrial septal defect, bPAB: bilateral pulmonary artery banding, N+RVPA: Norwood operation with right ventricle-pulmonary artery shunt,
AVR: aortic valve replacement
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Fig. 5 Results of critical aortic stenosis.

cAS: critical aortic stenosis, FD: fetal diagnosis, CS: caesarean sec-
tion, BAV: balloon aortic valvoplasty, AVR: aortic valve replacement,
N+RVPA: Norwood + right ventricle-pulmonary artery shunt operation,
bPAB: bilateral pulmonary artery banding, OD: operative death

L FMILC L2z, —H, JEFD BT Eeplos kst E
T, fEME 39~41 (R YLfif 41) B RIS 73 e THILE L 72
%, WAAREOMERZ D cAS LI ST HFEN
FrAE R A I N 2B TRANAEEG 2RO &
#%3~18(hJfli 8) H IZ BAV 25 HifT &, 2 B A4
F, 1B BEAT 5 0720 FiiiGE 2 iT S hzh°
T L7z, FD OF M X B EG T RICAEEIL
A 7% o 72 (p=0.05)..

£ =

LR OME O#EHTIE, HLHS B X U8 CoA/IAA |2
BWT, FDICX W AEHO DS A4 - BybiE
Wb b3S 52 e TE& /2, TGA T
EEFRICHAEERZROEZ BAS # B L7225 FDIZXD
Z ) L7-BRALE 2 3 T RIICAT ) T e TE 7
EA/TVD TIX FD (2 & O L Va2 [l L, AR ETIR
BEx BAFICIRO Z ESITREE 2 ), BN A B 4] C
Starnes AT IZE) L72. % LT cAS Tl FD #4623
JBATHRAMA#EAEGZZ2LCBY, FHHEAgTHEEYIB I
& 25148 67 5 LA BAV % {7 L, IUFD % ARk
W2 ENTE, INHDOREERND, FDIZER
MBI X Y RIS 2 ERERH L) A7
WARNICFRLCEMS 22 20aEL L, BEOH
EMER BB T LI EIEFICERTHLEE 2
sz,

L2L, 2H9L7FDOFEHEICE b5 T,
HLHS % cAS Tld FD |2 & 2 %) [a] A B R i i il 72
A TPHROWEIRO o7z, 2O LIZGEkDH

HETHI/WEIN TS, DF ) HLHS % TGA, CoA
I2B W T, FDIZ X AHTATIREE DT & FATHGE O M
s s N e SN AH—FT, HLHS, Norwood
FATEISEEHE, TGA, cASIZBWT, FDIZ X Dl
AUREED IS SN D b DDOFE 2 Tl ot
RO o750 L ENTWA.  Verheijen 5134
31 H DI TG = 2 L 72 K O 2 408 61 (FD
BI8L BN IZHB VT, FDIZ X » THEICABMET &
=Y ADFEZRMZ D EHNTE2H, Tl
BWEE G2 otz bR TW 31,
AIFZEIZBWTL, FDIZFHLHS IZBWTIE DS D
SIEE BB Z 7275, AEFR ORI IR EE S
Z 77> 7z, FDBI, JEFD BITE 12 125 DS % HIE
L7275, DSIZLBITIE% < 6/12 B1(50%) THIAIF
M L7z, SR E LTE, TR X vt
BHO AT 71 & TGRS DS R T o 72 2 L AVl o2
TwahElbis, FEELRETIEMEFAME LT,
2000 4F % T N+BT, 2000~ 2004 4E1Z N+RVPA, 2005
FELEIZ bPAB 2 HifT L CB Y, FAIET L7 6 Bl
WG N+BT DSHidT S M2 FEBI Tdh o 72, %) [E TAfr
& LC N+BT % JitifT L 72 B Tl $ % &, FAlredh
BlL DS % Z4E L 72607C 4/10 51 (40%), FHEL = H -
2B TINSE4T %) EEEEERBO Do T
(p=0.74). 2% 1) DS OF T T I ITHEE S
29, RIS LB T FH - IRERIEOZL OB D
AR EEZ 5N LDITTH S (Table 1).

%72, HLHS (28T 2 G R EOEREE b M ERGE
B L A TFRICKECEEL VL EEZONS.
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ZOHT L E MM E % 3 2 /NI LI AT
L7ZFHBRABRKRTEE 2 60, Pl ILz &6 L 72
HLHS TI3hliYy > 738 odiak & RO @RI 2 1
WHEBOFRIIEF AR THL P SHlobh
HIOIFERFIT b /NI FIFLA PR O 1) [l T B f 1 2 T
MFE LAY 56 B1(83%) EARTH 72, TD9H B FD
B 4/18 B1(22%), JEFD Bl 2/32 B (6%) & FD Bl T $k
NIRFPLO B BEDS L NENIZH Y, ZDT &b FD B
DR FAT AR B L 72 ReE D 5 .

—7J5, CoA/TIAA IZB\WTIE DS % F8IE L 72 6153 4)
B FATICEE L 72, 2 iE DS 1233 % 2 #i=° PGE,
DY TR EOBRZROXIS % & 72 NEHEE O
HERIZED, DSEAELTH Y a3 v 7 h 5 0RENNE
FT, DS #FHANICTHE L CTFHiT 5 2 &S FAER
HEarFRONEICEEE SO0 R oo b ThHbH L
Zz2zbhb, LhL, EmPRE,) Tidh S
BFPHOBENSEZDE, DSIZE W AEERMEER
BHREICKRA C L IXMTREL A E ) T RETH D LFE
Z 5%, Mahle 51X HLHS |23\ T FD f T & i #H
DOFERE SRS O MEERD A B e o 72 LR
Tw3”, F£72Verheijen 513, DS IZHABIET > F—
YAERGIERIL, R#ET7 Y F—vR12LDsFE
F R CIMBEED T | SR SNLERELND 5 L iF
BLTWwBY Zoginrs, DS ORI LE
BOEHIZBWUREREFHO—DOTH 5 L EbiLs.

CASIZBWVWT L FD IZ L 2 FHOUEITRD L h o
oo FOERE LTI, cASIZHT A BAVIZL AT
B A E DOEEPAT 5T, Ry TREOUFHENT
TR ENETFE NG, EEE, SRORERT
X BAV ORJRDA T2 CRArREE & B L 72 EBI 25 4/8
B(50%) £ % <, @BIFMILT L7z FD BT 3/5
#B1(60%) TFMBEHEEZZEL TBY, JEFDH1/3 6
(3B3% ) IZHAREWEIIZH - 72, S, & 0 E»
LIDVEEOBRAMABEEZET HEIER cAS 12 &
FDIZL o THAINR T, TOLHFDIZHE IV
72RTHE Y3112 £ 0 BAV 247> THEZELH O
FEART BT, HAEBED BAV I T 5 HESEH
BohhholzizobdbEzoNns. La2rL, L
FD SN TIUEFENET L CWERSEENT
W EEMEASH V), FDIZ & O %9 L7zl 2 iy T
EMEBEELTETCE LW E2ERLE, R
FD ORI 2 ERITRKEVWEEDLN L.

AR, BRI 09 BICEEILT 2 BRI CEBITR
LCIRIBHEIREIT) CEOFRMFME ENDL L)1
o7z 1990 FER LD cAS, FAUHEIIRFISE, PP
MHLZ M9 HLHS 7% &k LT Th b L) 12k o 72

JEIR A 7 — 7 IVIERYIE, R O TIRALE O Hiff
AR Eh 1% 74 9% T3 & MY, LB IZ B L 7238 T
10~20%, HEDERIEIZS%IZHEO B L S Tw
%. Tworetzky b1, HEAMABE I LD AL BIHEA
xR0 DG cAS DIRAE L 72 KEIRFT L0 L THERG
20~24 A2 BAV 2179 2 & T, EEOIUHEDH L
WHEDSSE AR L CHERIZ 2 LEBEITREIC 5
Blhsdr 5 L WE L TWBY. BRI LA
$HL7- HLHS 1, V) ¥/ VEILRAE 72 & O FHAE 72 Blifi 2
DHEATICE Y BAZRDOFRIZFEFICARTH L7290,
JERHNCOEB A NV — R AT N CHERT A2k
2L EFRLECHEROMENLENLT LG
ENTWE. bbAHA, INLOBBIHEBEIRED)
A7 ko THBY, RETHAELZEAIZIE, FEE
Db DI X D AAy - MR T RIS B a2
Z, NLUHTOFMRH 7 — 7 Wik L & ORET
BAIRE S NAMENS LY. ZoEkTiThbTw
% FD 23D JRIBHBE HARTIE T 2R IGIT 0 G#E
ETH DD, TOREN - WHEIE T IE BE
FD IZ X 2 FHOUED/REN TV R WERE DT
DIRTREBZDOLDODFEE WS 22 ENTES
WREMA S D EEZ HND.

SR BB 5 FD % ENE, HIZIE R
PR JE IS TR OTLEIC & AR - TR 72
FCIE vy, FD IS L 0 EHEIY - FRR09 12 R E T o L
BEETZ 720 FENORZWMEL RS L, F 72/
WOBRBELZRTEELT EICE o TAWLEBRE
BRE R B3R BT 5 2 LS REE e B, &5
IZFD & ) AR 25 BENERICEGET 240
DRFEMR LW b7 B ERA Y v 7 MOt
HRMAEL, FENF— o281 T XY s siGE
RATAHI LN, ZORELGMEEEZOND.

S HICHAR2 SRR LT, EADIRESHK
JE, BROTReME & Tk, WWROAHHE, Pk, ik
HOEBE, SBROR - P - B & &I
4 oS LB 2EO 2 LS TE L. CHIZEDR
AT Ay T =L Farky FAETREE %
D, LHEMT T EEDIER - RIEOBEF— L%
BT B ENTELILEDPRODEERTTHLEEZ
LMD, SHObRbNOME TIX, FD O Z Ol
2B BN DV TOME AT TE R b o 7245,
JRREM OEA A T Rk & ERE ORI & > THE
12T 572012, SHROMEDVBLETH L EEZ LN,

& B8

ARSI 12260 <RI 72 BRI 4 A, DS %
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