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Arterial Switch Operation: The Technical Modification of Coronary
Reimplantation and Risk Factors for Operative Death

Si Chan Sung, M.D.*, Hyung Doo Lee, M.D.**, Siho Kim, M.D.***, Gwang-Jo Cho, M.D.***
Jong Soo Woo, M.D.***, Young Seok Lee, M.D.****

Background: Anatomic correction of the transposition of the great arteries (TGA) or Taussig-Bing anomaly by
means of the arterial switch operation is now accepted as the therapeutic method of choice. This retrospective
study was conducted to evaluate the risk factors for operative deaths and the efficacy of technical modification of
the coronary transfer. Material and Method: 85 arterial switch operations for TGA or Taussig-Bing anomaly which
were performed by one surgeon from 1994 to July 2002 at Dong-A university hospital were included in this
retrospective study. Multivariate analysis of perioperative variables for operative mortality including technical
modification of the coronary transfer was performed. Result: Overall postoperative hospital mortality was 20.0%
(17/85). The mortality before 1998 was 31.0% (13/42), but reduced to 9.3% (4/43) from 1998. The mortality in the
patients with arch anomaly was 61.5% (8/13), but 12.5% (9/72) in those without arch anomaly. In patients who
underwent an open coronary reimplantation technique, the operative mortality was 28.1% (18/64), but 4.8% (1/21) in
patients undergoing a technique of reimplantation coronary buttons after neoarotic reconstruction. Risk factors for
operative death from multivariated analysis were cardiopulmonary bypass time (=250 minutes), aortic cross-clamping
time (=150 minutes), aortic arch anomaly, preoperative event, and open coronary reimplantation technique.
Conclusion: Operative mortality has been reduced with time. Aortic arch anomaly and preoperative events were
important risk factors for postoperative mortality. However atypical coronary artery patterns did not work as risk
factors. We think that the technical modification of coronary artery transfer played an important role in reducing the
postoperative mortality of arterial switch operation.

(Korean J Thorac Cardiovasc Surg 2004;37:235-244)
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Table 1. Patient profile

1994. 1~2002. 7 85 patients

M : F=65 : 20

Median Age; 12 days (3~143 days)

Mean body weight; 3.55+0.65 kg (2.08~6.3 kg)

M=Male; F=Female.

Table 2. Diagnosis and operative mortality

Diagnosis Mortality

TGA/IVS
TGA/VSD or TB anomaly
TGA or TB anomaly/Arch anomaly

5/45 (11.1%)
427 (14.8%)
8/13 (61.5%)

Total 17/85 (20.0%)

TGA=Transposition of the great artery; IVS=Intact ventricular
septum; VSD=Ventricualr septal defect; TB anomaly=Taussig-
bing anomaly.

AFAAHE; 29)R I Fhobo] AlF2 2.08 kgoll A 6.3 kg
(F 3.55+0.65 kg)o] A r](Table 1).

Ahdg s A% AAFA S 23 e SAEH
A Y Z=(TGA/IVS)o] 4541](53.0%)) 3L, Taussig-Bing 71%-&
Eiste] AAFAAESS st 397t 274131.8%),
sWF71de Fust 297 136(15.3%)% ek o5
718 L s iE2Fo] 94|, s gRictFo] 4ogict
(Tabl 2).

A 24072 61d|(72%)N A HMZFo] F4:931, 24
04](28%)01] Ae ARA] F F4oldvh B 120(14.1%)
oA & A AZd(event)o] ATt o] F doflollA] FHA
& A 2 48 slgded, 2dlE dEW Fe g 3
He il B¢t (extended end-to-end anastomosis)S -
AgE A 309, 8Yoll Z+7F Al ar, v A] 2040l 4]
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Table 3. Preoperative events

HNE Q|
Arterial Switch Operation

Table 4. Coronary artery patterns and operative mortality

Event Number Patterns Number Mortality
Preoperative palliative surgery 4 1LCx-2R 56 11 (19.6%)
CPR before operation 3 1Cx-2RL 1
DIC 1 retropulmonary left CA
Hypovolemic shock 1 1L-2CxR 9 2 (22.2%)
NO inhalation 1 IR-2LCx 5 1 (16.7%)
ARF due to congenital CAVB 1 1RL-2Cx 3 2 (66.7%)
Use of surfactant 1 lconal-2LCxR 1
single sinus CA
Total 12 2LCxR (intramural) 5 1 (20.0%)
CPR=Cardiopulmonary resuscitation, DIC=Disseminated intravas- 2RLCx 2
cular coagulopathy; ARF=Acute renal failure; CAVB=Complete ILCxR 1
atrioventricular block. Total 85 17 (20.0%)

E AR FHAEE sle] sl Hacken § A
A9k 3elle £ A 5L A
Haggoe] Hestglod, WA e

1A oll(desseminated intravascular coagulopathy), & A #}F
SR A Al A Fske E4or A AYHA &3
A, & A AsE A9 &YNO gas inhalation), AA
AR chol] ofgt FAARA, A A A (surfactant)
o Ago] 77zt 1ol JUgvh(Table 3). 6141(71.8%)0 A=
% Aol PGE;E A-83}9] o, 336)(38,8%)ol| = Q2%
Fol awlgli, 454(52.9%)NA = & el AFH F
AAMES AWslgict. 3tote] 4™ FelE BH of
GRANZT AYHA Feld 1LCx-2Ro] 56¢)1(65.9%) 2
7 @9kl 1L-2CxRo] 9¢1(10.6%), 1R-2LCx7} 641(7.1%),
2LCxRe] ¥ &3 AFE wl(intramural left coronary artery)o]
504)(5.9%), 1IRL-2Cx7} 34}, 2RLCx7} 29|42, 1Cx-2RL,
lconal-2LCxR, 1LCxR, 1RLCx7} 77+ 1el|4] kx| o))
(Table 4). oFtjE o] 294 & & gi(side-by-side position)Ql
7497} 134(15.3%) 9 c}.

2 Uy

AF T A% s fobel A AEH(neopul-
monary artery)$) A& Aol W|E mooz BT #
PEYUsl hEUG A5 4RBAE B

5ol
A% 5 BLEUE 57 RAT FASY Belo) A
HYAZ ol & FANT AU} AT HelZ A

skelch #HEme Lecompte ZZH(maneuver)S &l %=
Azl EA 57t veld w7t 53] whelsadct. of

CA=Coronary artery.

ol uja} Ztole] HHdto] A HA T = arte-
rial cannula)z} A =2 (venous cannula)g Ahsla 4lH|
71% 7HEd vhe dHlE e ik S EaE 51
Eu_q .j-j.]g] /ﬂ—ﬁgc}]iuﬂoﬂ /l‘:]— —3‘, 7610_14
AAES S SibslA g2 Afe 4
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o ATE F NS AUERT $YIE F
Wi} s34 Wl Atttk AHE7] 7HE 2 Foll
Suge Belsin AAFAAEEE AAAA
= FHAo|(left atrial appendage)i E3 Ao
(vent) =S Atdbslgoh 1:1 Y& AAX 10_1_% ok 30
Ao AgkHog sl A2s B

=3 F HA LR I AL 21°ColA 23°Ci A8}
Q3 FEFL HE 150 mL/kg/minoll A 200 mL/kg/min
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Fig. 1. Modified coronary artery transfer technique; reimplantaton of coronary artery buttons after neoaortic reconstruction.

coronary reimplantation technique). HAHE o]4] X Y9
B OEUE HAEUEA FFoR JHHES ¥ Fle
compe 27 AZE TAY EUD A HE
polypropylene 8-0 S3AZ Fitslo] MR dsHE
At e 20009 9RRE FYE ol 4] S
H7dskich. AFHE o)4sly] A wA Lecompte =%}
& 93 AENE 2497 ¢ F WEUARE Fol
AdEHE GA BEelz F4E™ D(coronary artery
buton)& Al Zehilol AeY AXE shetsiol
BRAZ BAS I (ay stitch) thA] hEWE WA
4 ohe, o) ool L £& C el AL AANRE B
£3 oj7lol BAEY DEE ol dekalhAkE B4
% B4F W o)A, reimplantation of coronary buttons after
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| ANTHE 2487 Aol FAFHE FEellA]
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S A MpEe AT Al A5
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N
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#HT4E9 Sd|ol| A= 3el]3= aortocoronary flap tech-

g AL loE HBLE) A2 Tel 5
S AfolHH(free graft) o2 o] &3lo] $-3|ES Ayl
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Table 5. Year of operation and operative mortality

HAE 2
Arterial Switch Operation

Table 6. Aortic arch anomaly and operative mortality

Year Mortality Mortality
1994 ~ 1997 13/42 (31.0%) Arch anomaly (+) 8/13 (61.5%)
1997~02.7 4/43 (9.3%) Arch anomaly (—) 9/72 (12.5%)
p<0.05 p<0.05
FAAES ANt o]F Aio] uhgsl= Aol oAistr] el 243 & F 2442k A AR (full
PR ol AAEAALE SATA AFAE om0 i ool RAAAIE DARE T
#HEmo| #-9-%H ¥ el(side-by-side position)el Z-$¢= 7} He8el Azt Holm =7 HalE Mo Aadaslgich
A = 2= (neo-
561 Lecompte Z2HS sl3l &hol] A% "—HJ}VJE (neo 3) HI 2
pulmonary artery reconstruction)A] $-#HETwWZo g A&

sto] o] AR AFw TN L dsUTE 7]
e T A5 136l F 20l FUARE 47 89, 30
d Aol FF MNFge=E FHS wd
s & e PEY dides Adsta a2
@%‘%‘“‘e"f—iﬂii THAgES AWtk U A 109
T AZEFETANERE deiy AAETd A 4
Agsidet. AALE 16~ 18% 004 A 3
A ZI AV F o] 3.5 mm =¥ A% (Gore-Te
graft)—é- Azste] HERhe AGsHA sideHe
Yoe T2 AR ool AR Tadete] dE
% TYAZRES Aot FuAgE
2o] 36°C7} = A E3hE Febeldd
| = S ) Xl]7{6]—7] A W¥ ulA o] 7 (modified ultrafilt-
ration)g Algsle] TRAAE st 2t HIdle
AM7F& A uv] Ao 7 2 W (conventional ultrafiltration)2 A] 34
i ek FEFE FoHA uldle Sp0¢d sHolut
sk} shtol o FEE 2A ¥ 1 mm »‘,:—7/1]9] =
w2 o Bz =) F (Gore-Tex soft tissue patch)S o] &3]
& EL ¥ 9o AH AARFo 7:‘:'5"—5]‘3‘_7
S e AR £ 3 39A Bk &
= TERNA FEE
A

_VL

Aol A
$ % BoE 2T Holold 5 pgkgmin A9 Eoba
jslglen Stolel A1Ak Al whz} dobu-
59 S
ALt i Xl A E 98l nitroprusside E-2 T Qo]
Wzl Agaisieh AAWLE -8 mmHgez $Alsh7]
sl el o A==ekA|(volume expander)E Foislgdrt &

3 #Hzw 8l vEAFE(pulmonary hypertensive crisis)S-

(dopamine)-g- F

tamine, isoproterenol, epinephrine, amrinone

Robe] Lhol, AF, 4% 17084 o], o] %), hE
AGAZ, AA7NE A7 & A AFEFAR & A A
A A%, EAFIYS FURT, HPEH FeigA
o1, AR A BA, AAFAREY §F, BLE

o o) M §F B¢ chud AALAT
AR BAE FYAAE SheRisich FERE T
e 2E AR B71EERAE TAGLL WS

HX vliE JholAlF 71 ¥ (chi-square test) ¥t Fish-
er exact test 12} 3L Student-t testS W ol ulg) AL
etk §24FS 005 o3k W) EAHH 992 AA
slaa EAX s SPSS AXEo] 7] A (SPSS Inc.
Release 9.0.0. Chicago, )& o] £3}3dct.

% bl AT 8 FAL 83 Uk W)
il BAol Qold MAEE Uehie gy ws
(continous variable)5-2 Tl iXL_,, 37 B A (Sim-
ple linear regression method)S, o€} W& W <4(nominal
variable) 52 2AF 45 o] &3 FtolAlE ZAAH(Chi-
square test)S &8sl cl. izl A4S AJ8) & p valvue
7} 005 ols1% Holx WSl k)4 thz 24 A
B3 ZAzE 37 24 THPE 2gige]=
(Foward stepwise) 7]¥-& o] £3}-9ic}.

| o}

% & Az YA (hospital mortality)-> 178 0.2 20%
Qi o] & Aoz o] B 1998y o Aol 424
Z 136]1(31.0%), 1998\ o] Z ol 43c]] Z 41|(9.3%)2 A

Fgol wol sl S-S RolFIcthTable 5). A=
t oA AAFAS 23 b BANFBAIZICA
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Table 7. Operative mortality in the patents with usual and
unusual coronary artery patterns

Patterns Number Motality
Usual (LCx-2R) 56 11 (19.6%)
Unusual 29 6 (20.7%)

p>00

Table 8. Preoperative event and operative mortality

Mortality

9/12 (75.0%)
8/73 (11/0%)

Preoperative event (+)
Preoperative event (—)

p<0.05

IVS) 454 = 59 (11.1%)e] Asl% 3L Taussig-Bing 714

<= I ALFARESE U AF 27¢l F 44l
(14.8%)7F Aabsto] 2 2ol glgl o) themE 78-S
BuH A9 130 F 86ll(61.5%) Aslo] & AdEE

=
=
ook AA A 174 F 8ol A dsig 71HE s
% Z9qe dEuT 9 Bt e A9k
o] & 944](12.5%) Arubslgd tH(Table 2, 6).
HYHY BAEUILCRRT AR BAEUE
Zk5 g AF-ollA Abkgel 47 19.6%8F 207% % Zol
o.m(Table 7), IRL-2CxS! 7<% 38 2 27(66.7%)
of Atste] 7Hg H& AMES B #4EH e
o EASHS o)t gigich 2L0Re] W HRE
(intramural left coronary artery) 5% & 19o] Albslo] &
> ArEY HolA ¢t} zEl ey e Ay
A+Z-wl(retropulmonary left coronary artery)¥ v}
o] #AAZ A 7|Alete BAE WS Hl(single sinus coro-

O

=3 =

1L1% (98] $EA%E Hol AgHel BaTael o
o] ALE 19.6% (11/56)2}F Zkol7t A cHp>0.05).

goz SUANE A 2AA 24 £ A X2 s
717t A AdaAe, B4 003 2ol (dessemin-
ated intravascular coagulopathy), & A ] ZFslz™ &40
2 Q8 ARBA w2 A6, & A AL FYNO
gas inhalation), A4 SkAAx o] o3 FAARA,
Al 24 Alsurfactant) o] AHE- 5 & A A7de] A A
T 75% (9/12)9) FEAYE ol ¢ A A7l glgx &

Table 9. CPB time, ACC time and operative mortality

Time Mortality

CPB <250 minutes
CPB =250 minutes
p<0.05
ACC <150 minutes
ACC2=150 minutes
p<0.05

4/57 (7.0%)
13/28 (46.4%)

9/65 (13.8%)
8/20 (40.0%)

CPB=Cardiopulmonary bypass; ACC=Aortic cross-clamping.

Table 10. Technical modification of coronary artery transfer
and operative mortality

Mortality

Modification (+)
Modification (—)

16/64 (25.0%)
1/21 (4.8%)

p<0.05

obE<] 11.0% (8/73)ol] vlslH ¢ £ FEATE B3
o & A gotel A7t e EI Blo] Jge Kol

Z£9)tHTable 8).

H Aelesk A e xpekA| 7k 2H7t 239+63
F(HS, 123~48432)7) 129+4352(CH%; 57~2208)0] %
ok A3l Algko] 2502 w|RkQl AS- 7% (/57)9 +E
AEe B Wb 2508 o3 ¥ 46.6% (13/28)¢]
S8 ARES RS UE ARAZ 44 1503 Sk
ol 7% 13.8% (9/65), |42l 73 40.0% (82002 B> %}
& X} (Table 9).
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Table 11. Univariate and muitivariate analysis Table 12. Causes of operative deaths
-value -value Causes Number
Factors p(U A) p(M A)
Bypass weaning failure 3

Age >28 days 0.750 Low cardiac output syndrome 7
Body weight <3 kg 0.738 Right heart failure 3
Year of operation before 98 0.013 0.009 Acute renal failure (hyperkalemia) 1
Aortic cross-clamping time >150 min 0.022 0.011 Pulmonary hypertensive crisis 1
Cardiopulmonary bypass time =250 min 0.000 0.011 Sepsis 1
Preoperative mechanical ventilation 0.014 Intracranial hemorrhage 1
Preoperative event 0.000 0.000
Aortic arch anomaly 0.000 0.004 Total 17
Unusual coronary artery pattern 0.909
Side-by-side relationship of great arteries 0.718
Ventricular septal defect 0.720
Technical modification of CA transfer 0.058 0.009 1od]ol) A 5]—;:]] Wy 2o 7 Apgo] Heslglon, 54

ol

o
{Are

A HEy A olal Z A FAldo) A WE P}

UA=Univariate analysis; MA=Multivariate analysis; CA=Coro- oA =S 22 Qg T4 HHgel ARH R ©

nary artery. iy 390+3007HE—]_ Wl 1.7~1003/MY)e) 277 =

2D A2 8joll o8t FHzAA 1] Pel et o

2aedl AR ol vl o5t 261Q2.4%)el A

glshet AR, o] F Il FEES AFE Ho|x glon}
Fobe] Lol (A% 28 ol4), AEA kg ol3h), FEA  NYHA dlass [Z & AU ek 2 30 mmHg 0] 4]
£(19981 o)), ThEMW ARHAIZHISOE o4, AlLest  wEW RS Holk A%} T6E2%R R o] F 24llE

AIZH250E o). € d VEEHE, = A Adleveny), g A7} 50 mmHg o] o] et
W 7199 S uAd g e, AR EPe e &
1 3

g, AAFAAE, N B Sg g S

W ek A9 AE Table 110l EASAL. et

718 A0 19984 oA, 108 ool thEM X EuWARES olu dAUNRANZE I DAl

BAZ 2508 o)4he] AEH A7 & A A, oEW Bk Y 3-Hconotruncal) A BTGl i F3)

F 7199 Bk A BLAEY o]4ge] FEAT 9 FEUReR APHUt ok AUSToNAY AeEol

QUAZ VekskekTable 1) F. A7 FAZANA FAAHRA, APRAN A,
£ 5 WAL QAL £ F FALTRA] 10012 SAARA, AR 3L QAR 5o Pz Kol
714 skl o] % 3ol A7) oldo] Bohsiel A4 1AMl AEdE Werelvlel Beh 44 AAolet

& A4 s

wetdch. $ARHo] 3o 2 9] Agheder FA4
ARA, FA dAeiagdst ¥z, g2, HEHo

47 oEBAdsd U SudHEs ALEY o4
140l glehTable 12). 49Y Aol 5o, & ¥ 30 olFgom, 4P FL J4H £4¢71d WY 59
I} Tell, & F 4LolA 02 ol7k 26, & F 302 Amoh Jglovt B AslE AFHT 19759 Jaene 5
ol 3ol Akt 797} 3ellgie. o] AAFAAEEE FUG HIBA oA Ago

£ ¥ WIARE B wGont 2l $% ¥ 2 48H0z Agsiel Busgd 12y FUdgs
27 MY, 4G ¢ 5 gl Ao Adugen, & FE57le ojEgoR dd B BIRSHA 2o
1ol % F A% Y AEAZ) NG ok FRol Sge) Aol ARl ol wet 1 A} F
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