
Abstract Early results of the arterial switch operation

(ASO) for transposition of the great arteries (TGA) are

good, but there are few mid- and long-term data on

postoperative arrhythmias, especially in Japan. In this

study, clinical data on 624 1-year survivors who had an

ASO between 1976 and 1995 were collected from

six institutes in Japan up to October 2002. Sixty (9.6%)

1-year survivors had significant arrhythmias. Brady-

cardia occurred in 22 patients, including complete

atrioventricular block (CAVB) in 12, sick sinus syn-

drome (SSS) in 6, and second-degree atrioventricular

block in 4. Syncope developed in 2 with CAVB and 2

with SSS. Ten patients with bradycardia underwent

permanent pacemaker implantation. Supraveutricular

tachycardia (SVT) was seen in 25 patients, including

paroxysmal supraventricular tachycardia in 16, atrial

flutter in 7, and atrial fibrillation in 2. Six patients with

SVT received antiarrhythmic medication. SVT was

transient in 20 and persistent in 5. Ventricular ar-

rhythmias occurred in 13 patients, including nonsu-

stained ventricular tachycardia in 5, paroxysmal

ventricular contractions with couplets in 5, ventricular

flutter in 2, and sustained ventricular tachycardia in 1.

Four patients with ventricular arrhythmias received

antiarrhythmic medication. Of the study patients, 8 died

1 year or more after ASO. Death was directly related to

arrhythmia in 1 patient and was due to nonsustained

ventricular tachycardia with severe congestive heart

failure. The presence of a ventricular septal defect

(VSD) was a risk factor for postoperative arrhythmia.

Patients with TGA and VSD had more arrhythmias

than those with TGA and an intact ventricular septum

(13.7 vs 8.7%, p < 0.05), and this was especially true for

CAVB (3.9% vs 1.0%, p < 0.05). In 36 patients clearly

documented time onset of postoperative arrhythmia

arrhythmia developed in 18 (50%) after less than 1 year

and in 15 (42%) after more than 5 years. In summary

serious arrhythmias after ASO were uncommon, but

postoperative arrhythmias, such as unpaced CAVB,

SSS, and VT, were related to morbidity and mortality.

VSD was a risk factor for postoperative arrhythmia,

especially CAVB. Approximately half of the arrhyth-

mias developed late. Lifelong monitoring with respect

to arrhythmia is needed for patients after ASO.
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Mustard or Senning procedures for transposition of the

great arteries (TGA) are associated with a high inci-

dence of cardiac rhythm abnormalities [3, 10]. The

arterial switch operation (ASO), first reported by

Jatene in 1975, has become the procedure of choice for

patients with TGA and Taussig–Bing anomaly [7], and

it has a low incidence of arrhythmias, at least in the

short-term.

However, there are few reports that focus on post-

operative arrhythmias during mid- and long-term

follow-up. As follow-up lengthens, any advantage of

anatomic correction with respect to arrhythmias should

be confirmed.

To investigate the prevalence and risk factors of

postoperative arrhythmias in mid- and long-term sur-

vivors after ASO, we organized a multicenter study

group and collected data on patients who had survived

at least 1 year after ASO from the following six cen-

ters in Japan: The Heart Institute of Japan, Tokyo

Women’s Medical University; Fukuoka Children’s

Hospital; National Cardiovascular Center; Shizuoka

Children’s Hospital; Osaka University Hospital; and

Chiba Cardiovascular Center.

Materials and Methods

Our study group included the six institutes listed pre-

viously, which were recruited to study the mid- and

long-term impact of ASO on arrhythmias. A national

funding organization provided financial support. We

collected data on patients who underwent the opera-

tion before December 1995 and survived more than

1 year, as of October 2002. We constructed a data file

on an electronic disk and distributed it to participating

investigators for completion. Any arrhythmias were

registered according to their first occurrence on either

a standard electrocardiogram or a Holter recording. In

cases with two or more arrhythmias, the most serious

arrhythmia was registered as the final diagnosis.

We recorded the preoperative and postoperative

characteristics, which were possibly related to the

arrhythmias, Preoperative data included TGA type,

coronary artery pattern, age at operation, previous

balloon atrial septostomy, and pulmonary artery

banding. Postoperative data included the presence of a

high right ventricular pressure and aortic valve regur-

gitation, which were estimated by Doppler echocardi-

ography.

JMP 5.01 software (SAS Institute, Cary NC, USA)

was used for data analysis. Univariate analyses of

continuous variables were performed with the Student

t-test. Univariate comparisons for categorical variables

were performed with the two-tailed chi-square test.

Every univariate parameter that reached signifi-

cance (p < 0.05) was tested in a multivariate logistic

regression model.

Results

Population

A total of 721 patients with TGA or TGA-like defects,

such as Taussig–Bing anomaly, underwent an ASO

before December 1995, with a 1-year actuarial survival

of 88% (Fig. 1). A total of 624 patients fulfilled

the criteria for our study. Preoperative characteristics

of 1-year survivors are shown in Table 1. Age at

operation was 0.7 ± 1.5 years (range, 0 days to 17.3

years; median, 2 months). Follow-up period was

9.9 ± 3.8 years (range, 1.1–24.8; median, 9.8). TGA

with an intact ventricular septum (IVS) was present in

391 patients (62.7%), and the other 233 (37.3%) had a

coexisting ventricular septal defect (VSD), including

Taussig–Bing and other variants.

Late Deaths

Eight patients died 1 year or more after surgical repair.

Causes of death are shown in Table 2. The age at death

averaged 6.7 years (range, 1.2–8.3) and the follow-up

duration averaged 4.5 years (range, 1.0–12.1). Cause of

sudden death in 2 patients was unclear but was possibly

due to arrhythmia or myocardial infarction. Only one

Fig. 1 Actuarial survival after arterial switch operation. Actu-
arial survival curve declines in the early postoperative period but
flattens 1 year after the operation

690 Pediatr Cardiol (2006) 27:689–694

123



death, in a patient with nonsustained ventricular

tachycardia (VT) with severe congestive heart, was

directly due to a postoperative arrhythmia. At cathe-

terization, this patient had a left ventricular end dia-

stolic volume that was 286% of normal and an ejection

fraction of 30%. The patient had been treated with

mexiletine, digoxin, angiotensin converting enzyme

inhibitor, and diuretics but died 12 years after ASO.

Prevalence of Arrhythmias

Sixty patients (9.6%) had clinically significant postop-

erative arrhythmias. Their types of arrhythmias and

clinical courses are shown in Fig. 2. Twenty-two

patients had bradycardias, including sick sinus syn-

drome (SSS), second-degree atrioventricular block

(2AVB), and complete atrioventricular block (CAVB).

Two patients with SSS had syncope and underwent a

permanent pacemaker implantation (PMI). Of the

CAVB patients, 2 had syncope and 8 underwent PMI.

Twenty-seven patients had supraventricular tachy-

cardias, including paroxysmal supraventricular tachy-

cardia (PSVT), atrial flutter, and atrial fibrillation.

PSVT was present in 16, making it the most frequent

postoperative arrhythmia. Six patients were receiving

medication, such as digoxin, verapamil, mexiletine,

rismodan, and propranolol. Supraventricular tachy-

cardia was transient in 20 and persistent in 5 patients.

Thirteen patients had ventricular arrhythmias,

including ventricular tachycardia (VT), ventricular

fibrillation, and paroxysmal ventricular contractions in

couplets. Two, with persistent nonsustained VT, were

treated with mexiletine. Sustained VT occurred persis-

tently in 1 patient and was treated with verapamil.

Ventricular fibrillation was present in 2 patients one

received mexiletine and both had good control. None of

the patients with paroxysmal ventricular contractions

with couplets received antiarrhythmic medication.

Time of Onset of Postoperative Arrhythmias

Time of onset of postoperative arrhythmias is shown in

Table 3. Eighteen patients (50%) developed arrhyth-

mias within 1 year of ASO, and in 15 patients (42%)

arrhythmias developed after more than 5 years. All

CAVB and atrial flutter occurred within 1 year of the

operation. Most of accelerated arrhythmias, such as

PSVT, were late developments. The deceased patient

with nonsustained VT was included in this group.

Risk Factors for Arrhythmias

Risk factors for postoperative arrhythmias of the

1-year survivors are shown in Table 4. By univariate

analysis, arrhythmias were more frequent in patients

with a coexisting VSD (TGA/VSD) than in those with

no VSD (TGA/IVS) (p < 0.05), and the patients with

arrhythmias had ASO at an older age (p < 0.00l).

Multivariate analysis confirmed a significant influence

of an older operation age (p < 0.05). There was no

relation between the arrhythmias and other charac-

teristics, such as coronary artery pattern, previous

balloon atrial septostomy, pulmonary artery banding,

Table 2 Late deaths

Patient No. Cause of death Age at death (years) Post operative age (years) TGA type Preoperative characters

1 CHF 1.2 1.1 II —
2 CHF 4.1 3.6 II Arch anomaly, PAB
3 Sudden death 5.5 3.3 II —
4 Sudden death 11.9 10.8 I PAB
5 Arrhythmia 15.8 12.1 I PAB
6 CVA 10.5 2.2 I PAB
7 Pneumoniae 2.8 1.1 I PAB
8 Trachial stenosis 1.8 1.6 II Arch anomaly

CHF, congestive heart failure; CVA, cerebral vascular attack; PAB, pulumonary artery banding

Table 1 Preoperative characteristics

Total 624
Male 424
Female 200
Age at operation (years) 0.7 ± 1.5
Follow-up period (years) 9.9 ± 3.8
TGA type
TGA/IVS 391
TGA/VSD 233
Taussig–Bing 41
Others 17

BAS 301
PAB 109
One-stage ASO 621
Two-stage ASO 3

ASO, arterial switch operation; BAS, balloon atrial septostomy;
IVS, intact ventricular septum; PAB, pulmonary artery banding;
TGA, transposition of the great arteries; VSD, ventricular septal
defect
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postoperative pulmonary artery stenosis, and aortic

valve regurgitation.

Discussion

We determined the prevalence of clinically important

arrhythmias in 1-year survivors mid- and long term after

ASO in Japan. The majority of patients had preserved

sinus node function, whereas arrhythmias were present

in 60 (9.6%). Our results agree with those reported by

Vetter and Tanner [14], and the prognosis was almost as

good [6, 9]. However, the prevalence of postoperative

arrhythmia mid- and long-term was greater than at

short-term. Approximately half of the arrhythmias in

the SSS group and some types of supraventricular and

ventricular arrhythmias developed more than 5 years

after ASO. Not all these arrhythmias were symptom-

atic, but some could potentially cause catastrophic

complications, such as syncope, stroke, or sudden death.

In adults after ASD repair, for example, stroke is an

important cause of morbidity and late death [8]. The

evaluation of patients after ASO may be more com-

plicated, and we should carefully investigate long-term

survivors with respect to arrhythmias.

In our study, arrhythmia-based symptoms were

recognized in five patients—syncope in four and death

in one. All episodes of syncope were caused by

CAVB or SSS, and many occurred early and per-

sisted. Once CAVB and SSS, are confirmed not to be

transient, they should be treated urgently by perma-

nent pacemaker implantation according to the ACC/

AHA guidelines [5]. In one patient, the cause of

death was thought to be nonsustained VT with severe

congestive heart failure. VT is considered one of the

most likely causes of sudden death in patients with

repaired CHD [13]. In several clinical trials of

implantable cardioverter defibrillators (ICDs),

Fig. 2 Arrhythmia types and follow-up. Paroxysmal supraven-
tricular tachycardia (PSVT) was the most common but complete
Atrioventricular Block CAVB) was the most persistent and
serious. SSS sick sinus syndrome 2AVB, second-degree atrio-
ventricular block; AFL, atrial flutter AF, atrial fibrillation PVCc,
paroxysmal ventricular contraction with couplets; nsVT, nonrsu-
stained ventricular tachycardia sVT, sustained ventricular tachy-
cardia VF ventricular fibrillation

Table 3 Time of onset of postoperative arrhythmia

n

Time of onset (years)a

0–1 1–5 >5

SSS 5 3 0 2
2AVB 2 1 0 1
CAVB 9 8 1 0
AFL 2 2 0 0
AF 2 0 0 2
PSVT 8 3 1 4
PVCc 5 0 1 4
nsVT 1 0 0 1
sVT 1 1 0 0
VF 1 0 0 1

Total 36 18 3 15

a Time of onset of arrhythmia is the interval from operation.
SSS, sick sinus syndrome; 2AVB, second-degree atrioventricular
block; CAVB, complete atrioventricular block; AFL, atrial flut-
ter; AF, atrial fibrillation; PSVT, paroxysmal supraventricular
tachycardia; PVCc, paroxysmal ventricular contraction with
couplets; nsVT, non-sustained ventricular tachycardia; SVT,
sustained ventricular tachycardia; VF, ventricular fibrillation

Table 5 TGA/IVS and TGA/VSD

TGA/IVS
(n = 391)

TGA/VSD
(n = 233) p

Univariate analysis
Age at operation (years) 0.4 ± 0.8 1.1 ± 2.0 < 0.001
Prior BAS (%) 55.2 36.5 < 0.001
Arch anomaly (%) 1.3 18.4 < 0.001
Post PS (%) 26.9 33.5 < 0.05
Arrhythmia (%) 8.4 13.7 < 0.05
CAVB (%) 1.0 3.9 < 0.05

BAS, balloon atrial septostomy; CAVB, complete atrioventric-
ular block; IVS, intact ventricular septum; PS, pulmonary artery
stenosis; TGA, transposition of the great arteries; VSD, ven-
tricular septal defect

Table 4 Risk factors for arrhythmia

Arrhythmia n (–) 569 (+) 65 p

Univariate analysis
Age at operation (years) 0.6 ± 1.3 1.2 ± 1.9 < 0.001
With VSD (%) 35.4 48.9 < 0.05

Multivariate analysis (OR)
Operation age (years) 15.2 < 0.05

OR, odds ratio; VSD, ventricular septal defect
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patients with ejection fractions of 35% or less had a

significant reduction in mortality with an ICD [l, 2,

11]. Any patient with documented VT and severe

congestive heart failure should be considered to be at

risk of sudden death and, if possible, treated not only

by medicines but also by ICD implantation.

We also determined the risk factors for postopera-

tive arrhythmias, which included a significantly older

age at operation and the presence of a VSD. For TGA/

VSD, the operation age was older and the arrhythmias,

especially CAVB, were more frequent (Table 5). This

is probably because the VSD plays a role in keeping

the left ventricular pressure level [4], whereas the VSD

and coexisting complexities, such as aortic arch

anomalies, make the ASO more difficult [6, 9].

Rhodes et al. [12] compared the electrocardiographic

rhythm in patients with TGA/IVS and TGA/VSD after

ASO; no patients with TGA/IVS had either second

atrioventricular block or CAVB during follow-up. In

contrast, we observed CAVB in four patients with

TGA/IVS; two had temporary CAVB and the other two

had persistent CAVB accompanied by SSS. Probably,

this is because not only atrioventricular conduction but

also sinus node function was impaired through damage

to the coronary blood supply, although we did not find

any particular coronary pattern that was related to

the arrhythmia. In the future, we should collect more

detailed data on such patients, for example, by scintig-

raphy, contrast computed tomography, electrophysio-

logic studies, or coronary angiography.

The multicenter nature of this follow-up study is its

main limitation, and there was some variation in data

collection among the participating centers. Quantifica-

tion of aortic valve incompetence and pulmonary artery

stenosis, for example, is extremely observer dependent.

Furthermore, the study is retrospective and therefore

analysis of the results was rather simple. We could not

collect complete data on the time of onset of postoper-

ative arrhythmias. More detailed characteristics, such as

catheterization and electrophysiologic studies, are not

included, and timing of the Holter monitoring was var-

iable.Nevertheless, this study includes a large number of

patients and we believe it represents the overall preva-

lence and clinical significance of arrhythmias in patients

mid-and long term after ASO.

Conclusion

The prevalence of serious arrhythmias after ASO was

low, but un-controlled CAVB, SSS and VT carried a

risk of morbidity and mortality. About half of the

arrhythmias first occurred at mid and long-term and

lifelong monitoring with respect to arrhythmias is

essential for all patients after ASO.
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