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ORIGINAL RESEARCH

Long- Term Survival and Freedom From 
Coronary Artery Reintervention After 
Arterial Switch Operation for Transposition 
of the Great Arteries: A Population- Based 
Nationwide Study
Karel Koubský , MD, PhD; Roman Gebauer, MD; Tomáš Tláskal , MD, PhD; Tomáš Matějka, MD;  
Rudolf Poruban , MD, PhD; Denisa Jičínská , MD; Bohumil Hučín, MD, PhD; Jan Janoušek , MD, PhD; 
Václav Chaloupecký , MD, PhD

BACKGROUND: The aim of this study was to evaluate long- term survival and freedom from coronary artery reintervention after 
the arterial switch operation (ASO).

METHODS AND RESULTS: This single- center nationwide retrospective study included consecutive children who underwent ASO 
between 1990 and 2016 (n=605). Long- term outcomes were obtained by cross- mapping individual data with the National 
Death Registry and the National Registry of Cardiovascular Interventions for adults. A control group was randomly retrieved at 
a 1:10 ratio from the National Birth and Death Registries. Early mortality was 3.3% and late mortality was 1.7% during a median 
follow- up of 10 (interquartile range, 5– 16) years. The probability of overall survival at 20 years after ASO was 94.9% compared 
with 99.5% in the background population (hazard ratio [HR] 15.6; 95% CI, 8.9– 27.5, P<0.001). Independent multivariable pre-
dictors of worse survival were an intramural coronary artery (HR, 5.2; 95% CI, 1.8– 15.2, P=0.002) and period of ASO 1990 to 
1999 (HR, 4.6; 95% CI, 1.5– 13.6, P<0.001). Fourteen patients (2.3%) required 16 coronary artery reoperations. Freedom from 
coronary artery reintervention at 20 years after ASO was 96%. The only independent multivariable predictor associated with 
a higher hazard for coronary artery reintervention was an intramural coronary artery (HR, 33.9; 95% CI, 11.8– 97.5, P<0.001).

CONCLUSIONS: Long- term survival after ASO is excellent. Coronary artery reinterventions are rare. An intramural coronary artery 
was an independent predictor associated with a higher risk for coronary artery reintervention and death, regardless of the 
surgical period.

Key Words: congenital heart disease ■ coronary artery anomaly ■ transposition of great vessels

Arterial switch operation (ASO)1 has become the 
standard surgical treatment for transposition of 
the great arteries (TGA). High- volume centers 

have reported excellent early and long- term results.2– 7

Transfer of the coronary arteries remains the most 
challenging part of ASO. It has been suggested that 
abnormal coronary artery patterns and coronary artery 
anomalies might increase mortality.3,4,8 Some studies 

have reported the presence of an intramural coronary 
artery as a risk factor for death,8– 11 whereas others have 
not.2,6,12,13 The reported rate of coronary artery reinter-
ventions after ASO was <3% in most studies.2– 4,6,7,9,14 
However, identification of risk factors for coronary ar-
tery reinterventions was rarely addressed.5,6

The first patients operated on by the arterial switch 
technique worldwide are in their middle age and their 
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survival is excellent. The differentiation between myo-
cardial ischemia because of the TGA coronary artery 
patterns and anomalies in relation to atherosclerosis- 
related coronary artery disease will be of utmost im-
portance in some patients with their increasing age.

The aim of this retrospective study was to analyze the 
risk factors for long- term survival and freedom from cor-
onary artery reinterventions after ASO with emphasis on 
coronary artery patterns and anomalies. We also sought 
to compare overall survival rate after ASO with the back-
ground population of sex and age- matched children.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Population and Design
This study included all consecutive children with 
TGA or Taussig- Bing anomaly (DORV- TGA) born in 
the Czech Republic who underwent ASO between 
1990 and 2016 at a single nationwide pediatric car-
diac center. Demographic and clinical data were 
obtained from the institutional database. Data on 
coronary artery pattern and anomalies were re-
trieved from detailed surgical reports. Patients were 
regularly followed at the study institution until the 
age of 18 years when they were referred to special-
ized cardiac centers for adults with congenital heart 
disease. Besides standard clinical follow- up, 12- lead 
resting ECG, and echocardiography, cardiopulmo-
nary function tests were performed in all patients 
as soon as they were able to exercise on a bicycle 
ergometer (8– 10 years of age). The test was usually 
repeated later before patients reached 18  years of 
age. In cases with suspected myocardial ischemia, 
coronary artery imaging (coronary angiography or 
computed tomography coronary angiography) and 
myocardial perfusion scintigraphy were performed 
as appropriate. Long- term outcomes were ob-
tained by cross- mapping the individual patient data 
with the National Death Registry and the National 
Registry of Cardiovascular Interventions for adults 
using a personal identification number to allow for 
long- term follow- ups during both the pediatric and 
adult ages. The study was approved by the Motol 
University Hospital Ethics Committee. Because of 
the retrospective character of the study and the ab-
sence of any impact on clinical patient management 
and anonymized data presentation, informed con-
sent was not required.

Classification of Coronary Artery Patterns 
and Anomalies
Patients were divided according to their coronary ar-
tery patterns using the Leiden convention15 into groups 
with a usual pattern (1LCx- 2R), circumflex artery from 
the right coronary artery (1L- 2CxR), inverted origin 
(1R- 2LCx), partially inverted origin (1RL- 2Cx), double 
origin from sinus 1 (1R,LCx); double origin from sinus 
2 (2LCx,R), and single origin from sinus 1 or sinus 2 
(1RLCx or 2LCxR). Additional coronary artery anom-
alies recorded separately were intramural coronary 
artery (IMCA), abnormal ostial origin (abnormally high 
above sinotubular junction and/or in the proximity of 
attachments of the valvar leaflets), and accessory 
coronary artery orifices. Cardiac catheterization and 
coronary angiography, respectively, were performed 
after ASO only in cases with global or regional left ven-
tricular dysfunction, ischemic changes on ECG or on 
24- hour ambulatory ECG, and/or on exercise tests in 
older children.

CLINICAL PERSPECTIVE

What Is New?
• Long- term survival after arterial switch opera-

tion is excellent but still inferior to survival of the 
general population.

• Coronary artery reinterventions after arterial 
switch operation are rare.

• An intramural coronary artery was a risk factor 
for survival and freedom from coronary artery 
reintervention in this study, regardless of the 
surgical era.

What Are the Clinical Implications?
• Identification of patients who are at increased 

risk of development of acquired coronary artery 
stenoses is crucial.

• More studies are needed to investigate the influ-
ence of coronary artery patterns and anomalies 
on the outcomes after arterial switch operation, 
because published data are inconsistent.

Nonstandard Abbreviations and Acronyms

ASO arterial switch operation
DORV- TGA Taussig- Bing anomaly
IMCA intramural coronary artery
TGA transposition of the great arteries
TGA- IVS transposition of the great arteries 

with intact ventricular septum
TGA- VSD transposition of the great arteries 

with a ventricular septal defect
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Surgical Technique
The operation was conducted with a cardiopulmonary 
bypass with mild hypothermia at 28°C. Myocardial pro-
tection was achieved using cold blood antegrade car-
dioplegia. The coronary artery neo- ostia were excised 
with a generous U- shaped aortic cuff and extensively 
mobilized and reimplanted in the corresponding pul-
monary sinus with either a trap- door or button tech-
nique, depending on coronary artery anatomy. The 
Lecompte maneuver was performed. In cases with 
IMCA, unroofing of the intramural portion was carried 
out cautiously and the coronary arteries were trans-
ferred as 2 separate buttons as described in Fricke 
and Konstantinov.16 Only in patients in whom the ostia 
were too close to each other, making this technique 
high- risk, the coronary ostia were transferred on a sin-
gle button.

Statistical Analysis
All tested continuous variables were found to be non-
normally distributed by a Shapiro– Wilk test and are 
reported as the median and interquartile range (IQR, 
25th– 75th percentile). The comparisons between 
groups were performed using a Kruskal– Wallis test. 
Categorical variables were evaluated by χ2 test or 
Fisher exact test as appropriate. Early mortality was 
defined as death within 30 days after ASO. To evalu-
ate the risk of early mortality over time, the study pe-
riod was divided into quartile groups as Period 1990 
to 1999, Period 2000 to 2005, Period 2006 to 2010, 
and Period 2011 to 2016. Survival and freedom from 
reintervention were assessed by the Kaplan– Meier 
method and the differences between groups by the 
log- rank test. To compare overall survival after ASO 
with the background population, a control group 
of 6050 sex- matched children who were alive and 
had the same age as children at ASO was randomly 
retrieved at a 1:10 ratio from a cohort of 3 269 337 
children born between years 1987 and 2016 using 
anonymous data from the National Birth and Death 
Registries. Survival time was calculated from the date 
of ASO to the date of death or to the end of study in 
December 2016 for patients who were not identified 
as deceased. The end points for overall survival anal-
yses were death and freedom from the first subse-
quent coronary artery reintervention. The risk factors 
for early mortality were assessed by binary logistic 
regression. Following this multivariable analysis, a re-
ceiver operating characteristic curve was plotted for 
the final model, along with computation of the area 
under the curve and its 95% CI. The Cox propor-
tional hazard analysis method was used to evaluate 
factors associated with the outcome interest. All fac-
tors from the univariable analyses were included in 
the multivariable backwards model (Wald) in which a 

P>0.1 was required for the factor to be removed from 
the model. Odds and hazard ratios (HRs) were stated 
with 95% CIs. Statistical analyses were carried out 
using IBM SPSS Statistic, version 26. A P value of 
<0.05 was considered statistically significant.

RESULTS
Baseline Characteristics
A total of 605 patients, 175 female (28.9%), under-
went ASO at median age of 7 days (IQR 5– 10 days) 
and median weight of 3.4 kg (IQR, 3.0– 3.7 kg). Arterial 
switch operation was performed in 428 (70.7%) pa-
tients with TGA and intact ventricular septum or with 
small muscular ventricular septal defects that were 
left open (TGA- IVS), in 129 (21.3%) patients with a 
large ventricular septal defect closure (TGA- VSD) 
and in 48 (7.9%) patients with DORV- TGA repair. 
Previous balloon atrial septostomy was performed 
in 457 (75.5%) cases. Seventeen patients had previ-
ous pulmonary artery banding: 16 for a large VSD 
and 1 patient with isolated TGA for left ventricular re-
training. Previous coarctation of the aorta repair was 
performed in 23 patients, and 26 additional patients 
underwent aortic arch repair at ASO (23 patients 
with coarctation of the aorta, 3 with interrupted aor-
tic arch). Basic characteristics and previous interven-
tions are summarized in Table 1.

Coronary Artery Patterns and Anomalies
Coronary artery patterns and anomalies for each TGA 
group are listed in Table 2. Overall unusual coronary 
artery patterns were more common in patients with 
DORV- TGA than in those with TGA- VSD or TGA- IVS 
(52.1% versus 34.9% versus 26.2%, respectively, 
P=0.001). The relationship between coronary artery 
patterns and the occurrence of additional coronary 
anomalies is shown in Table 3. IMCA was present in 21 
(3.5%) cases, abnormal ostial origin in 46 (7.6%), and 
accessory coronary artery orifices in 46 (7.6%) cases. 
Double coronary origin from sinus 2 (2LCx,R) was 
strongly associated with IMCA (15/19 cases, 78.9%, 
P<0.001 ) and with abnormal ostial origin (6/19 cases, 
31.6%, P=0.007). During ASO, the coronary arteries 
were transferred individually as 2 buttons in 18 of 21 
cases with IMCA and as a single button in the remain-
ing 3.

Early Mortality
There were 20/605 (3.3%) early deaths. Early mortality 
rate decreased significantly over periods of ASO, from 
8.8% (13/147) in Period 1990 to 1999, 1.3% (2/157) in 
Period 2000 to 2005, 2.0% (3/150) in Period 2006 to 
2010 to 1.3% (2/151) in Period 2011 to 2016 (P=0.001). 
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There was no difference in early mortality between the 
TGA- IVS, TGA- VSD, and DORV- TGA groups (Table 1). 
There was also no difference in early mortality be-
tween a subgroup of patients with primary aortic arch 
repair at ASO (3.8%; 1/26 patients) and other patients 
(3.3%, 19/579 patients); P=0.591. Using multivariable 

binary logistic regression, independent risk factors for 
early mortality were the early period of ASO in 1990 to 
1999 (odds ratio [OR], 7.8; 95% CI, 1.7– 35.9; P=0.008) 
and IMCA (OR, 7.8; 95% CI, 1.9– 32.7; P=0.005), (area 
under the curve=0.83; 95% CI, 0.74– 0.93). Neither 
TGA- VSD type of repair (OR, 1.3; 95% CI, 0.4– 3.9; 

Table 1. Baseline Characteristics

Patients All (n=605) TGA- IVS (n=428) TGA- VSD (n=129) DORV- TGA (n=48) P Value

Female, n (%) 175 (28.9) 111 (25.9) 46 (35.7) 18 (37.5) 0.030

Age, d 7 (5– 10) 6 (5– 8) 10 (7– 28) 41 (9– 166) <0.001

Weight, kg 3.4 (3.0– 3.7) 3.3 (3.0– 3.7) 3.4 (3.1– 3.8) 3.5 (3.1– 4.9) 0.005

Height, cm 50 (49– 52) 50 (49– 51) 51 (49– 53) 53 (50– 57) <0.001

Cardiopulmonary bypass 
time, min

186 (166– 210) 176 (160– 193) 207 (191– 230) 257 235– 291) <0.001

Cross- clamp time, min 97 (83– 117) 90 (80– 102) 118 (106– 134) 127 (108– 150) <0.001

Previous pulmonary artery 
banding, n (%)

17 (2.8) 1* (0.2) 1 (0.8) 15 (31.3) <0.001

Previous aortic arch repair, 
n (%)

23 (3.8) 3 (0.7) 11 (8.5) 9 (18.8) <0.001

Aortic arch repair at ASO, 
n (%)

26 (4.3) 2 (0.5) 10 (7.8) 14 (29.2) <0.001

Early mortality, n (%) 20 (3.3) 12 (2.8) 5 (3.9) 3 (6.3) 0.268

Late mortality, n (%) 10 (1.7) 6 (1.4) 2 (1.6) 2 (4.2) 0.325

Overall mortality, n (%) 30 (5.0) 18 (4.2) 7 (5.4) 5 (10.4) 0.453

Follow- up, y 10 (5– 16) 10 (5– 16) 11 (6– 17) 9 (3– 15) 0.141

Variables are presented as median and interquartile range (25th– 75th percentile); P, difference between TGA- IVS, TGA- VSD, and DORV- TGA groups. ASO 
indicates arterial switch operation; DORV- TGA, Taussig- Bing anomaly; IVS, intact ventricular septum; TGA, transposition of the great arteries; and VSD, 
ventricular septal defect.

*Left ventricle retraining.

Table 2. Coronary Artery Patterns and Additional Anomalies

Patients All (n=605) TGA- IVS (n=428) TGA- VSD (n=129) DORV- TGA (n=48) P Value

Coronary artery patterns

Usual (1LCx- 2R) 423 (69.9) 316 (73.8) 84 (65.1) 23 (47.9) 0.001

Circumflex from right coronary 
artery (1L- 2CxR)

101 (16.7) 72 (16.8) 23 (17.8) 6 (12.5) 0.722

Partially inverted origin (1RL- 2Cx) 35 (5.8) 15 (3.5) 11 (8.5) 9 (18.8) <0.001

Inverted origin (1R- 2LCx) 12 (2.0) 2 (0.5) 3 (2.3) 7 (14.6) <0.001

Double origin from sinus 2 
(2LCx,R)

19 (3.1) 13 (3.0) 5 (3.9) 1 (2.1) 0.856

Double origin from sinus 1 
(1R,LCx)

8 (1.3) 5 (1.2) 3 (2.3) 0 0.460

Single origin from sinus 1 or 2 
(1RLCx or 2LCxR)

7 (1.2) 5 (1.2) 0 2 (4.2) 0.079

Additional coronary artery anomalies

Intramural course (IMCA) 21 (3.5) 14 (3.3) 6 (4.7) 1 (2.1) 0.650

Abnormal ostial origin 46 (7.6) 36 (8.4) 8 (6.2) 2 (4.2) 0.523

Accessory coronary artery 
orifices

46 (7.6) 30 (7.0) 11 (8.5) 5 (10.4) 0.503

Coding of coronary arteries according to the Leiden convention: 1, sinus 1; 2, sinus 2; L, left anterior descending; Cx, left circumflex; R, right coronary artery. 
Data are presented as numbers and percentages (parentheses) in each group; P, difference between TGA- IVS, TGA- VSD, and DORV- TGA groups. DORV- TGA 
indicates Taussig- Bing anomaly; IMCA, intramural coronary artery; IVS, intact ventricular septum; TGA, transposition of the great arteries; and VSD, ventricular 
septal defect.
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P=0.633) nor DORV- TGA repair (OR, 2.7; 95% CI, 0.7– 
10.6; P=0.147), nor associated aortic arch repair (OR, 
1.3; 95% CI, 0.1– 15.4; P=0.843) had influence on early 
mortality. Early mortality also was not influenced by the 
coronary artery pattern.

Long- Term Survival
During a median follow- up of 10 years (IQR, 5– 16 years), 
late death occurred in 10 (1.7%) of 605 patients at a 
median interval from ASO of 5.7  months (IQR, 1.9– 
27.8 months). The probability of overall survival at 10, 
15, 20, and 25  years after ASO was 94.9%, 94.9%, 
94.9%, and 94.9% as compared with 99.7%, 99.7%, 
99.5%, and 99.5% survival in the background popula-
tion (HR, 15.6; 95% CI, 8.9– 27.5, P<0.001) (Figure 1).
The type of ASO (Figure 2A) or associated aortic arch 
repair (Figure 2B) had no significant influence on long- 
term survival.

Overall survival was influenced by mortality in the 
early period of ASO (Figure 2C). In a univariable anal-
ysis, compared with period 1990 to 1999, survival im-
proved significantly, with a HR ratio for death of 0.25 
(95% CI, 0.09– 0.66; P=0.005) in Period 2000 to 2005, 
0.16 (0.05– 0.53; P=0.003) in Period 2006 to 2010, and 
0.24 (0.08– 0.66; P=0.007) in Period 2011 to 2016.

Compared with the usual coronary artery pattern, 
the only univariable independent risk factor for death 
was double coronary origin from sinus 2 (2LCx,R) (HR, 
4.6; 95% CI, 1.3 to 15.7, P=0.016) (Figure 3A). Coronary 
artery pattern had no effect on overall survival when 
cases with IMCA were excluded from the analysis to 
eliminate association between the 2LCx,R pattern and 
IMCA (P=0.550).

The presence of IMCA was the only coronary artery 
anomaly that presented a univariable independent risk 
factor for death (HR, 4.7; 95% CI, 1.6– 13.4, P=0.004) 
(Figure 3B). Neither abnormal coronary ostial origin nor 
accessory coronary artery orifice affected long- term 
survival.

The only independent multivariable predictors of 
worse overall survival were IMCA (HR, 5.2; 95% CI, 
1.8– 15.2, P=0.002) and period of ASO 1990 to 1999 
(HR, 4.6; 95% CI, 1.5– 13.6, P<0.001). There was no in-
teraction between period of ASO and IMCA (P=0.385); 
in other words, the HR of survival in the presence of 
IMCA was not related to periods of ASO.

Coronary Artery Reinterventions
Fourteen patients (2.3%) required 16 coronary ar-
tery reoperations. The diagnosis of severe coro-
nary artery stenosis or occlusion was confirmed 
in all cases by selective coronary angiography. 
Coronary artery reimplantation was performed in 
6 cases, coronary artery ostial reconstruction in 2 
cases, and coronary artery bypass graft in 8 cases. Ta
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There were no catheter- based coronary artery re-
interventions. Seven patients underwent early cor-
onary artery reimplantation or reconstruction for 
an acute ischemic left ventricular failure between 
1 and 19  days after ASO. One patient died early 
and one 4 months after reoperation. Two patients 
from this subgroup required subsequent coronary 
artery bypass graft for residual coronary artery 
stenosis at 4 months and 15 years after ASO. Late 
surgical reinterventions were performed in 7 pa-
tients at a median interval from ASO of 11  years 
(range, 2– 17 years): 6 patients underwent coronary 
artery bypass graft using internal mammary artery 
graft and 1 patient using coronary artery recon-
struction. All of these patients survived and had 
normal left ventricular function at the end of the 
study period.

Freedom from coronary artery reintervention at 
10, 15, 20, and 25 years after ASO was 98%, 97%, 
96%, and 96%, respectively (Figure  4). Neither the 
type of ASO nor the period of ASO had an influence 
on freedom from coronary artery reintervention. In a 
univariable analysis, the hazard for coronary artery 
reintervention was higher in cases with double coro-
nary origin from sinus 2 compared with usual pattern 
(HR, 18.9; 95% CI, 5.3– 67.6, P<0.001), in cases with 
IMCA (HR, 33.9; 95% CI, 11.8– 97.5, P<0.001), and 
in those with an abnormal coronary artery ostial ori-
gin (HR, 9.9; 95% CI, 3.4– 28.5, P<0.001) (Figure 5A 
through 5C).

In a multivariable analysis, the only independent 
predictor associated with a higher hazard for coronary 

artery reintervention was IMCA (HR, 33.9; 95% CI, 
11.8– 97.5, P<0.001).

DISCUSSION
An overall survival rate of 94.5% at 25 years after 
ASO in our study was excellent, and it was not in-
fluenced by the type of ASO. Published data from 
other high- volume centers are in agreement with 
our results.2– 4,6,7 Survival after ASO compared with 
the background population was mentioned only in a 
few large population- based studies.17– 19 Compared 
with the background population of 6 050 children 
resident in the Czech Republic matched for sex 
and age, the HR for death in patients after ASO 
was 15.6- fold higher. Long- term survival was 
mainly determined by early mortality as in other 
high- volume cardiac centers. In our study, early 
mortality decreased from 8.8% in Period 1990 to 
1999 to <2% in recent decades. Patients with con-
comitant aortic arch repair at ASO did not have 
worse early mortality or long- term survival, con-
trary to poorer outcomes in this subgroup reported 
in the literature.20

We have decided to analyze the influence of cor-
onary artery pattern on the long- term outcome after 
ASO separately from associated coronary artery 
anomalies. The Leiden coronary artery classification 
was applied, because it is used in our institutional 
database and recommended by The International 
Society for Nomenclature of Paediatric and Congenital 
Heart Disease.21 We realized that it might be difficult to 
compare our results with other high- volume centers’ 
studies because of different nomenclature, such as 
Yacoub22 or Marie- Lannelongue.23

The occurrence of coronary artery patterns in our 
patients with TGA- IVS, TGA- VSD, and DORV- TGA 
was similar to previously published data.3,4,6 Cross- 
mapping of coronary artery patterns with other cor-
onary anomalies revealed that 78.9% of cases with 
the double origin from sinus 2 (2LCx,R) were asso-
ciated with IMCA and 31.6% with an abnormal ostial 
orifice. A similar association was described in other 
studies11,24 and mentioned in the Gittenberger- de 
Groot editorial.15 The reason for this phenomenon is 
not known, but it was confirmed that both coronary 
arteries have separate developmental processes and 
their ability to reach and penetrate the programmed 
sites on the aorta depends on the transcription of 
several genes.25– 27

Published data regarding the influence of coro-
nary artery patterns on outcomes after ASO are not 
consistent. The described independent risk factors 
for mortality were, for instance: single ostium pat-
terns,8 two ostia arising from one sinus4 and a single 

Figure 1. Overall survival after arterial switch operation 
compared with background population of children matched 
for sex and age.
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right coronary artery.3 In our study as in others, cor-
onary artery pattern per se was not associated with 
overall survival.2,5,13,28

The presence of IMCA was the most significant pre-
dictor of worse survival in this study. Increased HR for 
death in cases with double coronary origin from sinus 
2 (2LCx,R) was attributed to the strong association of 

this pattern with IMCA. A higher mortality in patients 
with IMCA was reported in previous studies.8,10,14,29 
Several reports did not identify IMCA as a risk factor for 
mortality, explaining this disparity by improving surgical 
technique over time.6,13,30 However, in this study, it was 
a risk factor that was independent from the surgical 
period.

Figure 2. Overall survival after arterial switch operation was not influenced by the type of surgery (P=0.162) (A) or 
concomitant aortic arch repair (P=0.801) (B), but it was significantly lower in children operated in period between 1990 and 
1999 (P=0.007) (C).
AOA indicates aortic arch; ASO, arterial switch operation; DORV- TGA, Taussig- Bing anomaly; IVS, intact interventricular septum; TGA, 
transposition of the great arteries; and VSD, ventricular septal defect. P value refers to Cox regression analysis.
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Only a small proportion of our patients (2.3%) re-
quired a surgical reintervention for residual coronary 
artery stenoses similar to reported rates of 0.5% to 
2.8% in other studies.3,4,6,7,9,14 Seven patients with an 
acute ischemic left ventricular dysfunction underwent 
early coronary artery reintervention within days after 
ASO with 2 subsequent early deaths, and 7 patients 

underwent late coronary artery revascularization for 
chronic ischemic changes and decreased myocardial 
reserve with good results.

Freedom from coronary artery reintervention was 
96% at 25  years after ASO and it was independent 
from the type of ASO and period of surgery. In a mul-
tivariable logistic regression analysis, the presence of 
IMCA was the only independent risk factor for coro-
nary artery reintervention.

Although coronary reinterventions late after ASO 
were rare in our study, the real prevalence of ac-
quired coronary artery abnormalities remains un-
certain. Most studies report 3% to 8% incidence 
of coronary stenoses in patients who undergo 
coronary angiography,5,9,28 but it has been pro-
posed that as many as 25% to 50% of patients 
may have coronary abnormalities despite being 
asymptomatic.31

Regular imaging of coronary arteries after ASO 
is not performed during follow- up in our center. 
Detailed investigation in cases with suspected myo-
cardial ischemia includes imaging (coronary angi-
ography or computed tomography angiography), 
cardiopulmonary functional tests, 24- hour ECG 
monitoring, and myocardial perfusion scintigraphy. 
Routine coronary artery imaging in patients after 
ASO was discussed in a meta- analysis and was not 
considered justified.32

Figure 3. Overall survival after arterial switch operation was lower in cases with double coronary origin from sinus 2 
(2LCx,R) compared with usual coronary artery pattern (P=0.016) (A) and in patients with IMCA (P=0.004) (B).
Coding according to the Leiden convention: 1LCx- 2R, usual pattern; 1L- 2CxR, circumflex artery from the right coronary artery; 1RL- 
2Cx, partially inverted origin; 1R- 2LCx, inverted origin; 2LCx,R, double origin from sinus 2; 1R,LCx, double origin from sinus 1; 1RLCx 
or 2LCxR, single origin from sinus 1 or sinus 2. P value refers to Cox regression analysis. IMCA indicates intramural coronary artery.

Figure 4. Freedom from coronary artery reintervention 
after arterial switch operation.
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Limitations
Small samples of rare coronary artery patterns as well 
as small number of coronary artery reinterventions 
might influence the statistical significance.

CONCLUSIONS
Long- term survival at 25  years after ASO is excel-
lent. Independent predictors associated with worse 

survival were an early surgical period and the pres-
ence of IMCA. Coronary artery reinterventions are 
rare at 25  years after ASO. IMCA was the only in-
dependent predictor associated with a higher risk of 
coronary artery reintervention regardless of the surgi-
cal period.

ARTICLE INFORMATION
Received February 11, 2021; accepted May 5, 2021.

Figure 5. Probability of coronary artery reintervention after arterial switch operation was significantly higher in patients 
with double coronary origin from sinus 2 (2LCx,R) compared with usual pattern (P<0.001) (A), in patients with IMCA (P<0.001) 
(B), and in patients with an abnormal coronary artery ostial origin (P<0.001) (C).
Coding according to the Leiden convention: 1LCx- 2R, usual pattern; 1L- 2CxR, circumflex artery from the right coronary artery; 1RL- 
2Cx, partially inverted origin; 1R- 2LCx, inverted origin; 2LCx,R, double origin from sinus 2; 1R,LCx, double origin from sinus 1; 1RLCx 
or 2LCxR, single origin from sinus 1 or sinus 2. P value refers to Cox regression analysis. IMCA indicates intramural coronary artery.
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