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Summary

The cardiac performance was evaluated in patients who had received arterial switch operation
(AS-op) for transposition of the great arteries (T'GA) in their infancy with special attention to post-
operative supravalvular pulmonary stenosis (SVPS).

AS-op was performed in 36 infants; 13 with simple TGA and 23 with TGA accompanied with
ventricular septal defect. Nine patients had undergone pulmonary arterial banding with systemico-
pulmonary shunt. The mean age at surgery was 7 months. Postoperative catheterization was performed
on average of 15 months after surgery. The end-diastolic volume (EDV) and ejection fraction (EF) of
the left and right ventricles (LV, RV) were calculated from biplane cineangiograms. LVEDV and
RVEDV were normalized and expressed as %, of normals. SVPS was defined as peak systolic pressure
gradient of 50 mmHg or higher between the RV and the pulmonary artery (PA).

The mean LVEDV, RVEDV, LVEF and RVEF values were all within the normal range. Inverse
correlation was observed between the peak systolic RV-PA pressure gradient and RVEF (n=29, r=
—0.84, p<0.001). SVPS after AS-op was observed in 8 patients (229%,). Stenosis was observed at the
site of anastomosis of the artery. In these cases, the diameter of the PA at the stenotic site decreased
to 52%, of the preoperative values. Branch stenosis of the PA was observed in 3 patients who had
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undergone surgery during the neonatal period.

Generally, the results after AS-op were satisfactory in terms of cardiac performance. Postopera-
tive SVPS was observed in 8 patients (229,) with decreased RVEF. Careful observations of the growth

of PA after AS-op are mandatory.
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Kiugispi (TGA) w4+ 5Ffie LT, 3k
D ENMRERNTCH 5 Mustard F4f, B X
U0 Senning FEHAFTbHIT Wi, EEXKME
T T H 5 Jatene F4FV (Lecompte #E23) 23
fToh, FHEEImLEL, 1EEFERN Y i
ELTW3Y. Zolkw Jatene #i% 0 FNi 2 175
ZLEREELEZLNDS. AWZE T Jatene fif
IR OLEF) (7 + —= v X)) IXo T ERGE
UM HRET L, Mustard fiige & sl L7z, %7z,
& LIz Jatene 7% TRHLICA L B MBIRS L
oze L KRG AR 2> W, Mustard #4% T
IR BT 5 BOBOLEBIC O WTRETL
Iz

R EFHE

SR 1981 Ep i, 1988 FEx Tlc Y+ v 4 —T
Jatene FfixFah= TGA 134, TGA -
DEPREXIE (VSD) 23 flnd 366 Tthbs. =
hizix Jatene R IBINRAEIEH & fE1T & hie
IFIAEENRT WS, Jatene BETIXIFHTIOLH T
—F NV RER LOCLIEER (07 7 ) 1354 %
6 » AicfTbh, FHIEHESLT » A (EH6
A2 48 5 B) ciifTaniz. zodicix, HE
R —HWFHRE BITSh 4 FREEh T
5. fitEo h7x, WBEH 1S v B (BAERE
(SD) 7 » B) ichifT&hiz. Mustard iz, F
WS 1978 4Eh i 1984 gE . CichifT s hi TGA
154, TGA - VSD 441, #H 19%ThH5. Il
DOLHITFIEHEER 4 » BifTbh, FiFEY

%S » BT hiz. o0 7 3R E
¥17 » B (SD 10 » B) wwiift L7=. 7 7flic
% 2E A 0L 7 & iR 5.4 4 (SD 1.5 4),
¥ 5.9 s iEfT L7z (Tables 1, 2).

Table 1. Number of subjects

Jatene Mustard
TGA 13(5) [1] 15
TGA-VSD 23(3) {1} 4
Total 36(8) [1] {1} 19

( ): pulmonary artery banding (PAB)+
(BT), [ 1: BT, { }: PAB.
BT =Blalock-Taussig shunt.

Table 2. Mean age at procedures (months)

Jatene Mustard

Catheterization (pre-op) 6* 4
Surgery 7* 5
Catheterization (post-op) 22 23

* includes 4 neonates.

DHNEFATFHRE~) A—4%—, 72k SF 7
vwL 6F Berman # 72X W RIE L. ERFDL
ERME 1L, Hewlett - Packard # 5600M Angio-
analyzer system %#fFERL, ERZ=FML 327 v
U4 » 5 Graham 50Xz AV, FEHERCTHE
MUY, ERLpEEE Rackley b0 bETE
PL®. EALERHE, EROMHEEI, Bx
DIEFEMHEICH T2 % L LTHRb L.
bz Student’s t-test, Scheffe’s S-test,
x?test AV, 3% LT EREEZ b -THE
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1. FaROLRE

Jatene Bt L Mustard BOMHIZROELRLER
# (LVEDV,RVEDV) L EZH{=® (LVEF, RVEF)
% Figs. 1, 2 (c5R L. AELERZIZLEL
fRHEARE L EZERRT. e wWT A3
L, Jatene ®f, Mustard L {, RVEDV 1%
mL, RVEF 3 F LT w7 Jatene o
LVEDV % 165+65% (mean+SD) ¢, Mustard
B 127+54% ich~, FREICKTH -7 (p<
0.05).
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Fig. 1. Postoperative changes in end-diastolic
volume (EDV) and ejection fraction (EF) (Jatene
operation).
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Fig. 2. Postoperative changes in EDV and EF
(Mustard operation).

Jatene #f7i% D ffiBIARF R -k 5e

Jatene BicoWTHiTHiIROEILE H5 L, LV
EDV 3 165+65% (% of normal) 55 136+
35% WHEIIKF LR (p<0.05. RVEDV 4
170+£50% 25 107+24% ic BECH/N LIz (p<
0.001). LVEF, RVEF iz BFEL2Tizro
7o (Fig. 1). E2ROHERT 84£41% 26 79+
25% LFEAERT 1T

Mustard #ic> v T il o ElLE # 2 &,
LVEDV 3 127+54% 75 99+30% L HEIC
WL (p<0.05) RVEDV ¢, 178+50% #>5, 134
+37% LABBEZE/NSLE (p<0.001). LVEF iz
i3 i dr - 7225, RVEF i3 50+7% 726 43+
5% LHECET L (p<0.001) (Fig. 2).

Jatene Bt L Mustard B 0iFEE FO= L il
izoWT ik L7z (Figs. 3, 4. A®En EF
1%, Jatene BETIE 63+7% <, Mustard oD
43+5% I _REEICE D o7 (p<0.0001). fitils
=» EF (1, Jatene g 541+:10% »% Mustard
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Fig. 3. Postoperative EDV.
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Fig. 4. Postoperative EF.
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D 60+£9% IZH_FEIC/ITH - 72 (p<0.001).
EDV iconT b, MibEe bAEERER
HohRh ol

Mustard iz T HEERIC 07 7 255
fT&hi- 7o RVEDV, RVEF o7fk# Fig.
5 lz;rL7=. RVEDV @fffg l £l BuhLi
B, HigSETCEIHOEAR T sHmE R L .
RVEF @it LELL i SETHEICIET T3
%R Lz, EEicowTit, LVEDV 3

n=7
250 - 100 W
~ 200 - 80 -
e
E £=0.003
~, L ~ p=0.001
g 150 - o 3 60 1
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Fig. 5. Postoperative changes in right ventri-
cular end-diastolic volume (RVEDV) (left) and
ejection fraction (EF) (right) of the systemic ven-
tricle (Mustard operation).

B 124+69%, #i4e 14 85+349%, #if% 5 4 109
+24% &L, HBR1FELLIHBRSFETREA
Eiz#inL iz (p<0.05). LVEF 34730 62+6%,
itk 142 64£5%, #itk S4F 66+7% L HEEARE
fLixied oz,

2. Jatene i DMMENRIF LEETE (SVPS)

FEMBAK (RV-PA) E#zE» 50mmHg L4
FAEC 0 36 il 8 4] (22%) TH o7 (Bl
HFBRITCE Ao SHlicLTiX, L= =
—X, BEE Ry 75—t OTIL O 2=

= y=63.0 - 0.3x R=-0.84
70 g ] $<0.001
%
~. n=29
~ 60 1 ‘\,‘
% - u "‘*!
W= S50 4 -
40 » L \\"\\\_
- ~-. A
30 A )N
20 T T T : T <
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RY-PA Pressure Gradient (mmHg)

Fig. 6. Correlation between RV-PA pressure
gradient due to supravalvular pulmonary steno-
sis and ejection fraction of the right ventricle
(RVEF).

Table 3. Operative changes of the pulmonary artery in the cases with supravalvular
pulmonary stenosis (pressure gradient >50 mmHg)

RV-PA Pre aortic valv. Post pulm. valv. Post stenosis aor?it(?n\?:lixsr{ p::tio
Patch  4p (mm) (mm) (mm) (%)
(mmHg)
AP Lat AP Lat AP Lat AP Lat
1 C 50 7.4 8.1 11.3 9.8 6.3 6.9 59 85
2 C* 51 10.9 9.6 14.3 15.7 6.3 7.7 58 80
3 C 51 9.6 10.0 10.3 11.2 5.8 5.7 60 57
4 C* 58 8.2 8.4 12.4 14.3 6.4 5.0 78 60
5 B 58 14.2 15.3 10.5 13.0 5.9 6.5 42 42
6 A 64 15.4 14.8 12.1 10.9 6.8 6.5 44 44
7 C* 106 7.5 7.6 10.0 11.7 3.0 4.1 40 54
8 A 111 9.2 9.2 7.4 8.5 3.0 3.9 33 42

A, B, C: method of operation (ref. Fig. 9); AP=anteroposterior view; Lat=lateral view.

RV =right ventri-

cle; PA=pulmonary artery; valv.=angiographically-determined diameter of the valve ring.

* neonate.
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vz kY, SVPS vz L RRER L D). Bk
W o File < 4 il 361 (75%) & v
s Ll RV-PA E#gz L RVEF jci3giEn
FA O (r=-0.84, n=29, y=63.0-0.3x, p<
0.001) 237 & h7- (Fig. 6). RV-PA JEfgsE 2
100mmHg Pilo 2, RVEDV 3 151%,
149% LKL T Wi,

JERFE X AP ERBIRANCA T, & OFALE N
WRF LPeZe TIBERIch % L& Z B h o (Fig.
7). E##E S0mmHg PLEORAERICO VT 25
&y RIS O FMEIIRFriR A 6k + 5 HlE

AP |

Lat

Fig. 7. Angiocardiograms of 2 cases with postoperative supravalvular pulmonary stenosis.

Jatene i % ORFBINRS 15z

i, Eiffgc 49+10%, G 49+12% <bH
o> 7o fiTHl O KRBIIRFPEREE 2> © i o B O
WAy OED T, ERGRT 4.6+2.8 mm,
fEgT 49+2.7mm fE/NL, w0 KBRS
BRI 5 R AR OFIA T, ElifRT 52+
15%, filEfg< 58+17% Tb -7 (Table 3). %
TREEFMEIRIE T T L, EEIRGIRE 2 S v
F (Rygg’s patch) THiE LziBmic b Hbhic
M H - 1z (Fig. 7 ).

F 7o AE I, BRI B v T
branch stenosis 73 3 ffilic &5 hv7- (Fig. 8).

Left: 5-year-old, RV-PA pressure gradient=58 mmHg; Right: 1-year-old, RV-PA pressure

gradient=106 mmHg.
AP =anteroposterior view; Lat=lateral view.
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Fig. 8. Angiocardiograms of 2 cases illustrating postoperative pulmonary artery stenosis

at the bifurcation (AP views).

Left=AP view; Right=left anterior oblique 15°, cranial 25°.

Both are one year old.

Fig. 9. Methods of reconstructing a new pul-
monary artery.
Hatched areas=Rygg’s pericardial patch.

BRI C > W, EENREIRE O <y F
wimihk (A, B, C) o#ic k5 SVPS o348
i, HERER R -k (Fig. 9) (Fig. 7 21
B, fiix C ok, C o5 ThifT L = FiiliBhik
IR ES 2L, A 024, B ol
1) CRRAERE 8 vl 3 491)) <, IR SRl 8 23 9l
i O RBINRFEREE 1< Ho~FE/ LT 7z (Table 3).
Z o3z SVPS o fgiliz fifT L. #ihir
R, EHBIREIRE & % v F THINE L 72 FBIR
TR 2 Mo FpR MBI D b 073 1, B
D2DFRBA Yy FIEBE LT Wb o 1
Kbl

SVPS ofgiaz 2Tl L4 2 —Y v 7k
V@R L7z (Fig. 10). RV-PA [Fig3 20 mmHg
Ao Tix RV/ILV (FEH) 3% 1.5 » Ao
0.47+0.1 225 4k% 1 0 0.384+0.09 LG EICHE
TL7 (p<0.05) 735, 50mmHg Pl Fojezepic
(% 0.55+0.15 706, 0.99+0.16 L iz R L=
(p<0.01).

A WWIFEN I s v T, BFE Ky S T—
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n=S
1.2 - — p<0.014
1.0 ,
I'/‘

0.8 -
> n=15 1 / ©0.99%0.16
I | ~ p<0.05 4
> 06 —l Y
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0.47%0.1 0.55%0.15
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P/0  1.5m 1y 1.5m 1y

RY-PA<20mmHg RY-PA>SOmmHg

Fig. 10. Postoperative changes in the right ven-
tricle and the left ventricle ratio (RV/LV) esti-
mated by T1-201 myocardial imaging in 2 groups
(RV-PA pressure gradient less than 20 mmHg and
greater than 50 mmHg).
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Fig. 11. Postoperative follow-up of the RV-PA
pressure gradient in 3 neonatal cases by Doppler
echocardiography.
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Fig. 12. Incidence of aortic regurgitation (AR)
after surgery.
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Fig. 13. Relationship between the grade of
aortic regurgitation and left ventricular end-
diastolic volume (LVEDV).

i X v EBINRER T o MEED» b #E L
RV-PA E#ZoBERE Fig. 11 RL7.
FESEGHE 2 » ATAEL, ReICERLE.

SVPS oAU 2 flict LAL—vic X B8R
FIMBIRIZ AR i % #E1T L 7. 14lix RV-PA E#
ZH» S8mmHg » 5 27mmHg & TF L, £k
225y MIEMEER T 34%, MIEE < 21% K L.
fho 1o RV-PA [EigkzE 106 mmHg o fEf] %
EBRHL NI D 5T,

3. Jatene ffiROKENREAHARSE (AR)

AR 254 (14%), 1 £ 16 f5] (44%), AR o
b B 154 (42%) T -7 (Fig. 12)

FhEho@o LVEDV 3, AR 2 Eomc
173+49% <5 v, AR1ED#ED 136+25%, AR
DHEVEED 124+29% 1l =, HEiHEALT
Wiz (p<0.05) (Fig.13). LVEF |z oW T3 &8
BleBEBEEZEIA LN 5Tz,

FBIARBEHT & ME1T L 7= —HIRFERRE< X, 9
i 84ilic AR %3Bw, Z05b54Fcixl »
AL AR @B bhic. —HIMFHRETI
—HIEMTEEIC N, AR 04U 3HEREEIC
B otz (p<0.05).

% g

Jatene FHAIMBHIFEHBEENTTH Y, L= L
LTEZ2FERT 5D, zhETIBEIL
TW3 X HiE, WEOLEBI—RIZBETH
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59,10).

EZEDEBNC 5w T, LVEDV g0k L
Twieh’, LVEF @ffichTtwiz. AR 2ol
iz LVEDV o#kambhies, LVEF g
fehTwic., BED Lz 5, BB ik
Honicw, WBICELE AR BEE0ZEBICK
BB L wIREIALR V. L
L, 4% AR o#472 LVEDV ok, LVEF
DIETERLFREE DS 2D, SHICEHL
BBOBHSLETHE LELXONDS. Fi,
# AR D HBIRBHEMTH 0 TR 0B A
EUZEENERICEVZ L, BET &z L
Thp!.

BEEOEBIZoOWTIE, i RVEDV 33
EH¥ETH S, RVEF g2 TFLi. Zh
i3 RVEF 0{ETF L7z SVPS @ngEhizicn
LEz65h%. RV-PA E#fsE 20 mmHg ki
jEF iz EDV, EF @& bic ERGBEIciRh
TRY, FEEBHIRFL V25,

SVPS 13 F iz FBIR B T &I 3T
BWRIGESRZ Y, ZOMICERENELSE LD
LEZDNS. it 2 » AE» S AL 14
THRAICETT BH8Z VY. L= a—KT Jifigh
IRFELEHOBPAELIRL, BEEFy 7’7 —Hick
v ERBIIRENL T o MEHEE WEL T, SVPS 0
EITE 225 0ER DB,

SVPS # 4 U 3 FEIZH S hTHRWHAY, s
k% KBIIRORIT BB & & 5720, EHEIRRE
THZLRENHREND. EBRABEFTOH
LWHSRHICH B Z LR ELBEET D TIRA
WhtBbh . HREAREES»SEHT S
T kY, HEEOERE TMBINR O E#ZEH
BoNTBIDRH BN, FEAEOHTIYEEBIC
TREROER A S h T, HHgkzDO OO
BRIELEELONS.

SVPS oHImEFH< Z £1i3, Jatene FifoE
ERBETHS. SVPS o FR»EERGIBRE O
BRrebTl Ay FRRYTHH Lizks L L
<, BoOEEHWT SVPS #[5XE2L4+3%

BERDHBY. £, EBIRYERED punched
out INLEHMT/NERZKOBEIO Ay F 2 b
THZLicfERbBLL, 1HOKREAEDL
ErHTH0RIVETEHELH Y. HER
2 DR T, EBIIRGIBREMC K & R—t D
v FEHTHEHFEEZHNT W3S, ZDHETHE,
SVPS BHED L ZAH LTV AW, R ik
LLT, A=z X5 MBIRERIF L, SVPS
RARBRIFHNC R A B EY 5 L E 2 5.
Mustard #f#%ix, = (RV) o EF of&F
BHHh 51519 FEMICITIEL ALY OFlic=R
FHFHEH 5, EDV Bl iz. ZRHEHR
DPLE L 72 o EER b B b iz, BIERMAEEN
OB FEOREE L > T 5. ZDHER
B O T, BEKMEEMIC3 LT double
switch operation (Mustard+ Jatene) % {7 >\
5.

= B

Jatene #itgm.0&Bhx, Mustard #iEiIc b~
—{RICBIFTdb o 7-. Jatene #ig o 22% iz FHED
Wk EsezE (RV-PA E#7%>50mmHg) # &7-
L, RVEF [3{&TF L7-. Jatene #if1g 14% ic AR
2fERHZBH, LVEDV 3k Lz

= )

KifnE =i (TGA) icxt+ % Jatene F4ff
(Lecompte #) icBAL, FiRpigoL%EEERE
Sk Mustard Fifigligozh L Lz, iz,
Wik oORMER L LT, B8RS ks (SVPS) &
KBRS 2 (AR) izcownwT iz,

%41, TGA 13 i) TGA - VSD 23 451, 236
Bl< b 5 FhBIIRBAEHIE 9 Flx 2L0). HRETOL
BT EFEER 6 v BT, FNIEHERT » A
2, TR0 B 7 EHHE 1S » BiciEfTL .
Floz oI EERBIc—8NEREBITL 2
4l Et. ER=FRY 7 o P4 b b HENE
i k) EALERH, B (LVEDV,RVEDV,
LVEF, RVEF) #sk# /. LVEDV ¢ RVEDV
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B4 OEFEECHTS % fE: LTKbLT.

Jatene i otk =ZE o EF 3 63+£7% T,
Mustard #i§g o 43+£5% k=, FEICEN» -
7= (p<0.0001). ftilszE» EF (1, Jatene #ffi4ix
54+10% <, Mustard #f8> 60+9% iz,
FEZETLTW (p<0.001). EDV ffi=
Bl L b iz, Jatene #fi4% & Mustard #ffRICH
BEhERHORED Tk

Jatene #fitg, HZEMBAR (RV-PA) E#gzEs
50mmHg PL L oezestss 36 fldh 8 4 (22%) »
9, RV-PA E#3zL+ RVEF icixFELRAOH
B (r=—0.84, n=29, y=63.0—0.3x, p<0.001) A%
Hohic. EBZEIL2FEMBIRATEL, YE
Wb s LEx bRz, BRI MHET O KB
FERE D 52+£15% (M), 58+17% (M) i<
INLTRY, BEEELEX LN, LT a—[X,
WUTL DA A =P v N ic X 5 B8ETE, i
%22 BEIOERENRALNEI LD, Z0O%E
2IZHERL T

AR 3 2R S5 (14%), 1 B 16 {7 (44%),
AR o wnb o815 (42%) T -7-. AR 2
Eogto LVEDV i3, 1ERS L0 AR oinit
TN, HEIERLT W, BREIEH*
ITL iR, —HIFME I L AR
DET ZHENE D o T
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