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Background. The combination of transposition of the
reat arteries and coarctation of the aorta (TGA/CoA)
resents a surgical challenge. We have adopted a concur-
ent aortic arch repair and arterial switch operation with
xcellent results. These patients tend to have a small
ortic (ie, neopulmonary) annulus. This study evaluates
he significance of right-sided obstruction after single-
tage repair of TGA/CoA.

Methods. Between May 1991 and May 2006, 53 patients
ith TGA/CoA or Taussig-Bing/CoA (n � 20; 38%) un-
erwent a complete single-stage repair. Surgical tech-
ique involved the arterial switch operation and ventric-
lar septal defect closure when present in 51 patients

96%). The aortic arch was enlarged in 36 patients (75%)
ith patch augmentation. Two patients (4%) underwent

he augmentation of the right ventricular outflow tract
RVOT) at the first operation.
Results. There was one hospital death (operative mor-
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ality, 1.9%) and one late death. The difference between
he preoperative aortic and pulmonary annulus was sig-
ificant (6.7 vs 10.4 mm, p < 0.001). The peak pressure
radient across the proximal RVOT at discharge was 16 �
6 mm Hg (range, 0 to 62 mm Hg). There have been six
eoperations (11%) and four catheter interventions (7.5%)
or right-sided obstruction. Freedom from reinterven-
ion/reoperation for right-sided obstruction at 1, 5, and 10
ears is 95%, 87%, and 80%, respectively.
Conclusions. Neonatal single-stage repair for TGA/

oA achieves excellent survival without transannular
atch repair at the first operation. Although some of the
atients have pressure gradient across the RVOT, these

esions were amenable to reintervention with minimal
orbidity.

(Ann Thorac Surg 2008;86:1293– 8)

© 2008 by The Society of Thoracic Surgeons
he surgical treatment of transposition of the great
arteries (TGA) has made great advances in the past

0 years. Although TGA can be repaired using the
rterial switch operation with a low operative risk, the
ombination of TGA and coarctation of the aorta (TGA/
oA) or double -outlet right ventricle with subpulmo-
ary ventricular septal defect CoA (Taussig-Bing/CoA)
resents a surgical challenge [1–4].
We have adopted a concurrent aortic arch repair and

rterial switch operation during the past 15 years, with

ccepted for publication March 25, 2008.

resented at the Forty-fourth Annual Meeting of The Society of Thoracic
urgeons, Fort Lauderdale, FL, Jan 28–30, 2008.

ddress correspondence to Dr Hirata, The Division of Cardiothoracic
urgery, Columbia University College of Physicians and Surgeons,
xcellent results. These patients tend to have a small
ortic (ie, neopulmonary) annulus, and its significance on
eintervention and reoperation is considerable. Some
ave suggested enlarging the right ventricular outflow at

he time of the arterial switch operation [5–7]. However,
he necessity of this intervention in the newborn period
emains unclear. This study was undertaken to delineate
he significance of right-sided obstruction after the sin-
le-stage repair of TGA/CoA and Taussig-Bing/CoA.

aterial and Methods

his study received approval by the Institutional Review
oard of Columbia University. We retrospectively re-
iewed the cardiac surgery database and catheter inter-
ention database at the Morgan Stanley Children’s Hos-
ital of New York (MS-CHONY) for those patients with
he diagnosis of TGA/CoA or Taussig-Bing/CoA who
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nderwent single-stage aortic arch reconstruction with
rterial switch operation between May 1991 and May
006. The cardiac diagnosis was based primarily on
wo-dimensional and Doppler echocardiography.

The hospital records of all patients were reviewed for
etails of preoperative assessment, operative manage-
ent, and hospital course. The preoperative echocardio-

raphic recordings at presentation were reviewed to
etermine the location and morphology of the ventricu-

ar septal defect (VSD), and diameter of the aortic and
ulmonary annuli.
The observed left- and right-sided lesions were retro-

pectively analyzed to validate the hypothesis that in this
nomaly, the great artery anatomy is mainly associated
ith a size discrepancy between the pulmonary annulus

nd the aortic annulus, with the latter (ie, neopulmonary
nnulus) being much smaller than the neoaortic root.

atients
etween May 1991 and May 2006, 53 patients with the
iagnosis of TGA/CoA or Taussig-Bing/CoA underwent
ingle-stage aortic arch repair and arterial switch at

S-CHONY. Mean birth weight was 3.2 � 0.7 kg, and
ean age at the operation was 8.7 � 9.4 days. All patients
ere taken to the operating room with the intent to
erform a single-stage complete repair. Most patients
ad an associated VSD, often with concurrent conal
eptal malalignment. Only 2 patients had intact ventric-
lar septum. Relative hypoplasia of the ascending aorta
as often present when compared with the pulmonary

runk. The relationship between the great vessels varied
idely: 15 patients (28%) had side-by-side great arteries,

nd 21 (40%) had Taussig-Bing/CoA. Demographic and
reoperative characteristics are listed in Table 1.

urgical Technique
ll patients underwent median sternotomy alone. Car-
iopulmonary bypass was instituted, patients were
ooled to 18°C, and the aortic arch was reconstructed
nder deep hypothermic circulatory arrest. After resec-

ion of the coarctation shelf and ductal tissue, arch
econstruction was performed by either end-to-end anas-
omosis in 13 patients (25%) or patch augmentation in 40
75%) patients, of whom 31 had homograft patch and 9
ad a glutaraldehyde-treated autologous pericardial
atch.
After completion of the aortic arch repair, systemic

rterial perfusion was resumed, and the arterial switch
peration was performed. The closure of the VSD was
chieved through the original pulmonary artery (PA) in
5 patients (66%) and through the right atrium in 12
23%). Right ventriculotomy was used for only 1 patient.
ither fresh or glutaraldehyde-treated pericardium was
sed to reconstruct the defect in the neopulmonary root
fter detachment of the coronary ostia. One pantaloon
haped patch or two small patches for each ostium was
sed at the surgeon’s discretion.
Five patients did not undergo the LeCompte maneuver

o prevent compression of the left coronary artery button.

he subaortic area was always inspected at the time of m
peration, and subaortic muscle resection was performed
or 8 patients (16%). The aortic valve (ie, neopulmonic
alve) was preserved as much as possible. Eventually, 1
atient underwent transannular patch repair, and 1 pa-

ient had a right ventricle-pulmonary artery conduit at
he time of initial operation. Intraoperative and periop-
rative patient data are summarized in Table 2.

ollow-Up
eviews of clinical records and contacts with the referring
ardiologists served for collection of hospital and follow-up
ata. Echocardiographic reports were available for all pa-

ients. Four patients were lost to follow-up (follow-up rate,
2%), and the mean follow-up was 94 � 64 months.

tatistical Analysis
ontinuous variables were expressed as the mean � stan-
ard deviation. The univariate association between risk

actors and postoperative outcome was assessed by using
ither the �2 test for dichotomous risk factors or a t test for
ontinuous risk factors. Multivariate analysis was per-
ormed by logistic regression model. The Kaplan-Meier

able 1. Preoperative Characteristics of the 55 Patients

haracteristic Value

ex, No.
Male 31
Female 22
perative data, mean � SD

(range)
Age, days 8.8 � 9.3 (2–46)
Weight, kg 3.21 � 0.68 (1.3–4.7)
Aortic annulus, mm 6.7 � 1.3
Pulmonary annulus, mm 10.4 � 1.4 mm

oronary anatomy
1 LCx 2 R 33 (62%)
1 L 2 RCx 5 (9%)
1 LR 2 Cx 2 (4%)
1 R 2 LCx 2 (4%)
Single coronary ostium 4 (8%)
Other 7 (13%)

SD, No. (%)
Subpulmonary 32 (60)
Perimembranous 6 (11)
Muscular 13 (25)
o VSD, No. (%) 2 (4)
rch obstruction, No. (%)
Arch hypoplasia 38 (72)
Discrete coarctation 15 (28)
reat vessel relationships, No. (%)
Anteroposterior 38 (72)
Side-by-side 15 (28)
Taussig-Bing anomaly 21 (40)

� left anterior descending artery; R � right coronary artery;
x � circumflex artery; RCx � right circumflex; SD � standard
eviation; VSD � ventricular septal defect.
ethod was used to estimate the probability of survival and
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reedom from adverse outcome event. Analyses were car-
ied out with JMP software (SAS Institute, Cary, NC).

esults

urvival
ne hospital death (operative mortality, 1.9%) due to

udden AV block occurred in a 1.3-kg girl with Taussig-
ing/CoA with severe intrauterine growth restriction.
he had multiple dysmorphic features including ompha-

ocele, ear tags, and vertebral abnormalities. She was
oing well postoperatively, but sudden AV block devel-
ped on postoperative day 2. Although the chest was
pened and a pacing wire was placed, she did not
espond to pacing. One late death occurred in a patient
ho underwent full repair for Taussig-Bing/CoA and
as discharged 1 month later. He had been doing well,
ut came in 5 months postoperatively with respiratory
yncytial virus infection. His respiratory condition dete-
iorated, and he died 1 month later.

eintervention
here were eight reoperations and six catheter interven-

ions for 11 patients (20%) during this period. Actuarial
reedom from overall reintervention was 92% (95% con-
dence interval [CI], 82% to 97%) at 1 year, 81% (95% CI,
9% to 90%) at 5 years, and 74% (95% CI, 59% to 85%) at
0 years (Fig 1). There was no death from reoperation or

able 2. Surgical Data of the Patients

haracteristic

Value

No. (%) or Mean � SD

ortic arch repair
Patch enlargement 40 (75)
Autologous pericardium 9 (17)
Pulmonary homograft 15 (28)
Aortic homograft 1 (2)
Cryopreserved pericardium 15 (28)
End-to-end anastomosis 13 (25)

SD repair
Through pulmonary valve 38 (72)
Through right atrium 12 (23)
Through right ventricle 1 (2)
eo-PA sinus reconstruction
2 patches 44 (83)
1 patch 9 (17)

VOT procedure
Transannular patch repair 1 (2)
RV-PA conduit 1 (2)
Subaortic muscle resection 8 (16)

PB, total time min 211 � 39
ortic cross-clamp time, min 130 � 31
HCA time, min 40 � 17

PB � cardiopulmonary bypass; DHCA � deep hypothermic cir-
ulatory arrest; PA � pulmonary artery; RV � right ventricle;
VOT � right ventricular outflow tract; SD � standard deviation.
atheter-based interventions. D
ight-Sided Obstruction
he difference between the preoperative aortic and pul-
onary annuli was significant (6.7 vs 10. 4 mm, p � 0.001).

he postoperative peak pressure gradient across the
ight ventricular outflow tract (RVOT) at discharge was
6 � 16 mm Hg (range, 0 to 62 mm Hg). There were six
eoperations and four catheter interventions for right-
ided obstruction. Actuarial freedom from reoperation or
eintervention for the right-sided obstruction was 95%
95% CI, 87% to 98%) at 1 year, 87% (95% CI 76% to 94%)
t 5 years, and 80% (95% CI 66% to 90%) at 10 years
Fig 2).

Four patients underwent operation for recurrent RVOT
bstruction. Three patients underwent a transannular
atch and 1 patient underwent infundibular muscle re-
ection without a transannular patch. Actuarial freedom
rom reoperation for RVOT obstruction was 97% (95% CI,

ig 1. Freedom from all reintervention. Dashed lines represent 95%
onfidence limits.

ig 2. Freedom from reintervention for right-sided obstruction.

ashed lines represent 95% confidence limits.
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9% to 99%) at 1 year, 93% (95% CI, 83% to 98%) at 5
ears, and 90% (95% CI, 77% to 96%) at 10 years (Fig 3).
Univariate analysis revealed aortic valve z score,

-patch PA reconstruction technique and Taussig-Bing
nomaly as risk factors for the RVOT obstruction. On
ultivariate analysis, the preoperative aortic valve z

core was shown to be a risk factor for RVOT obstruction.
n our study, no specific risk factor was found to signifi-
antly predict the intervention for distal PA obstruction
Table 3).

mall Aortic Valve z Score
he z scores were less than �2 in 13 patients (25%). Two
atients underwent RVOT repair at the time of the first
peration (transannular patch repair and RV-PA conduit
lacement). Of those patients who did not undergo
VOT repair at the time of the operation, 2 patients (z
cores, �3.17, �2.23) eventually underwent RVOT repair

months and 12 months later. Eight patients with a z

ig 3. Freedom from reintervention for the proximal right-sided ob-
truction. Dashed lines represent 95% confidence limits.

able 3. Analyses of the Risk Factor for Proximal and Distal

A) Univariate Analyses

ariables RVOT No.

verall right-sided operation/intervention 6 (11.3
Aortic z score
Weight
LCA from sinus 2 1/14 (7.1)
1-patch PA reconstruction 4/13 (30.8
Taussig-Bing 5/21 (23.8

B) Multivariate Analyses

ariable �2

ortic valve z score 4.20

Signifies a statistically significant value (p � 0.05).
CA � left coronary artery; PA � pulmonary artery; OR � odds ratio;
core of less than �2 were free from RVOT reoperation
Table 4).

eft-Sided Lesion
here were two reoperations and two catheter interven-

ions for left sided obstruction. Actuarial freedom from
eoperation or reintervention was 94% (95% CI, 84% to
8%) at 1 year, 88% (95% CI, 74% to 95%) at 5 years, and
3% (95% CI, 65% to 93%) at 10 years. There was no
ignificant difference for the rate of reintervention for the
rch obstruction based on the various methods of
econstruction.

There was no reoperation for neoaortic insufficiency or
eoaortic stenosis during the study period.

omment

espite the improvements in surgical techniques and
erioperative intensive care management, the operation

or TGA/CoA or Taussig-Bing/CoA remains a surgical
hallenge [1, 2, 8]. It has been postulated that the mal-
lignment of the RVOT can cause aortic arch anomalies
y diverting flow from the aorta to the PA [9], resulting in
ore complex anatomy in these patients and an in-

reased operative mortality [10–12]. Planché and col-
eagues [11] reported that RVOT obstruction occurs at a
ower rate in single-stage repair than in two-stage repair,
ossibly because the previous PA banding can cause

nfundibular hypertrophy and significant postoperative
VOT obstruction.
Tchervenkov and colleagues [6] reported 13 consecutive

ases of single-stage repair for TGA/CoA in which 3 pa-
ients (23%) underwent a transannular patch repair of the
VOT and 1 patient (7%) underwent a modified Damus-
aye-Stansel operation with aortic arch augmentation. Pig-
tt and colleagues [7] described five cases of single-stage
epair for TGA/CoA, with all patients undergoing transan-
ular patch or RV-PA conduit. In a series from Wetter and
olleagues [12], RVOT obstruction was reported to often

t-Sided Obstruction

p
Value Distal PA No. (%) p Value

6 (11.3)
0.0404a 0.235
0.867 0.424
0.663 1/14 (7.1) 1.000
0.0331a 3/13 (23.1) 0.293
0.0201a 3/21 (14.3) 0.671

OR p Value

18.150 0.0404a
Righ

(%)

)

)
)

RVOT � right ventricular outflow tract.
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omplicate the postoperative course of Taussig-Bing hearts
nd to be the main indication for reintervention. These
uthors have stressed the importance of subaortic stenosis
y the conal malalignment and have been more aggressive

han us in this respect. However, unlike tetralogy of Fallot,
n which RV hypertrophy complicates the morphology of
nfundibulum, patients with TGA/CoA tend to have a less
ypertrophied RV, especially when single-stage repair is
pplied, and more conservative management remains a
ossibility. Moreover, recent reports demonstrated good

ong-term survival after the hospital discharge [3, 4]. Thus,
t may safely be said that the key for the good long-term
urvival is to keep the mortality as low as possible at the
ime of the single-stage operation.

We adopted single-stage repair with excellent survival
ith minimal use of transannular patch or RV-PA conduit

t the time of the first operation whenever possible.
ransannular patch repair or placement of the RV-PA
onduit was done only once each at the time of the opera-
ion in our series. Although 4 patients underwent reopera-
ion, freedom from reintervention was comparable to those
atients with simple TGA and TGA with VSD [5]. Our

imited application of concurrent procedures on the RVOT
educes cardiopulmonary bypass and cross-clamp time of
he already complex operation. Moreover, we can avoid an
nnecessary transannular patch with free pulmonary insuf-
ciency by this limited approach.
In conclusion, our results are notable for three salient

ndings: First, outcomes after a single-stage repair for
GA/CoA or Taussig-Bing/CoA are excellent, with a low

able 4. First Operation and Reoperation for Patients Whose

Patient
No.

Weight
(kg)

Aortic
Annulus

(mm) z Score RVOTR at ASO

1 3.0 4.5 �3.24 Transannular patch
2 3.8 6 �2.37 RV-PA conduit
3 4.0 5 �3.17 No

4 3.1 5.5 �2.52 (Subaortic stenosis
resection)

5 2.6 5 �2.51 (Subaortic stenosis
resection)

6 3.6 6 �2.24 No
7 4.0 6 �2.24 (Subaortic stenosis

resection)
8 3.0 5.5 �2.23 (Subaortic stenosis

resection)
9 3.0 5.4 �2.17 No
0 3.0 5.8 �2.13 No
1 3.3 6 �2.1 (Subaortic stenosis

resection)
2 3.2 6 �2.1 No
3 3.4 6 �2.1 No

SO � arterial switch operation; RVOTR � right ventricular outflow
respiratory syncytial virus.
ate of reoperation or reintervention.
Second, our univariate analysis revealed Taussig-Bing
nomaly, PA reconstruction with one patch, and smaller
ortic valve z score are risk factors for RVOT obstruction.
owever, only a smaller aortic valve z score was demon-

trated to be predictive in the multivariate domain,
uggesting that the need for one pantaloon patch for
econstruction and the diagnosis of Taussig-Bing were
urrogates of the small aortic annulus. Although a small
ortic valve z score is a significant risk factor for the
VOT obstruction, when and at what threshold we
hould address RVOT is still unclear.

Finally, our strategy of one-stage repair with limited
pplication of concurrent procedures on the RVOT tract
ffers excellent outcomes and has a low risk of reinter-
ention for right-sided obstruction.
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ISCUSSION
R RODOLFO NEIROTTI (Geneva, Switzerland): I wonder if in
hose patients that have an associated coarctation, you inspect
he right ventricular outflow tract at the time of the arterial
witch operation through the aortic valve after removing the
oronary arteries. And then, if there is some excess muscle, do
ou do something about it? We and others have found that the
ight ventricular outflow tract is can be abnormal in this partic-
lar group. It is not the neopulmonic valve.

R HIRATA: Yes, we routinely inspect the right ventricular
utflow tract in these patients. After division of the great vessels
nd removal of the coronary arteries, the surgeon is afforded a
ery good view of the subaortic region. This area is visually
nspected and often measured with a Hagar dilator. Any signif-
cant fibromuscular tissue is resected.

R FRANÇOIS G. LACOUR-GAYET (Denver, CO): I would like
o ask you three questions:

One, I assume that 72% of the VSD were close to the
ulmonary valve. In our experience, this has been a concern,
ecause in fixing the VSD through the pulmonary valve, it can

hen tear on the pulmonary leaflets and further create aortic
egurgitation. That is my first question.

Two, do you have any interrupted aortic arches in your series?
ecause those are really the ones who show a great provider of

ate RVOT obstruction.
VOT obstruction seen late after the repair. In fact, as you know,
ery often there is what we call ourselves a double loop with a
ight coronary running in front of the pulmonary annulus. And
t’s very difficult to do a transannular patch and the only solution
eft is to do a RV to PA conduit.

R HIRATA: Thank you Dr Lacour-Gayet. We have read with
reat interest your manuscripts concerning patients with TGA,
SD, and aortic coarctation. In this series, the vast majority of

he VSDs were closed through the pulmonary valve. The patch
s carefully trimmed to avoid over-sizing and is sewn to the

uscle immediately subjacent to the valve leaflets. The function
f the neoaortic valve was evaluated over time. Currently, 4
atients have mild and 1 patient moderate aortic insufficiency.
ecently, 1 patient required aortic valve replacement 15 years

ollowing his initial surgery. This operation was performed last
onth and is not included in our data analysis. Interestingly, we

eel closure of the VSD through the pulmonary valve may lead
o less neopulmonary obstruction due to the absence of the
atch in the right ventricular outflow tract following the
rocedure.
There were 2 patients with interrupted aortic arch. Both had

ignificant tricuspid stenosis and were excluded from this study.
We did not encounter a patient who needed a transannular

atch in whom a coronary anomaly would preclude its place-
ent. However, this is an important consideration. Thank you
or your comments.
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