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Abstract
A 15-year-old boy with transposition of the great 
arteries (TGA) and neonatal arterial switch operation 
(ASO) presented with complete occlusion of the left 
main coronary artery (LMCA). Intra-operatively, an 
intramural left coronary artery was identified. There
fore, since age 7 years he had a series of screening 
exercise stress tests. At 13 years old, he had 3 to 4 
mm ST segment depression in the infero-lateral leads 
without symptoms. This progressed to 4.2 mm inferior 
ST segment depression at 15 years old with normal 
stress echocardiogram. Sestamibi myocardial perfusion 
scan and cardiac magnetic resonance imaging was 
inconclusive. Therefore, a coronary angiogram was 
obtained which showed complete occlusion of the LMCA 
with ample collateralization from the right coronary 
artery system. This was later confirmed on a computed 
tomogram (CT) angiogram, obtained in preparation of 
coronary artery bypass grafting. The case illustrates 
the difficulty of detecting coronary artery stenosis and 
occlusion in young patients with rich collateralization. 
Coronary CT angiogram and conventional angiography 
were the best imaging modalities to detect coronary 
anomalies in this adolescent with surgically corrected 
TGA. Screening CT angiography may be warranted 
for TGA patients, particularly for those with known 
coronary anomalies.
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Core tip: In complete transposition of the great 
arteries (TGA), neonatal arterial switch operation 
offers excellent long term survival. Yet there can be 
late coronary artery complications. In this case, an 
asymptomatic teenager had an abnormal screening 
exercise-stress test leading to the identification of 
complete left coronary occlusion. This case illustrates 
how rich coronary collateralization can obscure even 
complete coronary occlusion. As such, young patients 
pose a unique diagnostic challenge. Coronary computed 
tomogram (CT) angiogram and conventional angi
ography were the best imaging modalities to detect the 
problem. Screening CT angiography may be warranted 
for TGA patients, particularly for those with known 
coronary anomalies.
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INTRODUCTION
Complete transposition of the great arteries (TGA) is 
the most common cyanotic heart defect and lethal 
unless treated during infancy. Currently, most patients 
undergo an arterial switch operation (ASO) which 
involves transfer of the coronary arteries from the 
native to the neo-aorta. Successful coronary transfer 
during the ASO is crucial for long term morbidity 
and mortality of this operation[1]. There is increasing 
awareness of late coronary artery complications in long-
term survivors following the ASO[1-4]. Patients with these 
late coronary lesions may be asymptomatic. Therefore, 
adult guidelines have recommended routine screening 
coronary angiography but this approach is not widely 
accepted in Pediatrics[5]. This case illustrates the 
limitations of the different other diagnostic techniques 
available to detect myocardial ischemia in this scenario.

CASE REPORT
A 15-year-old boy presented with an abnormal screen
ing exercise stress test. He had undergone ASO for 
complete TGA as a newborn. Intra-operatively, he was 
found to have an intramural course of the left main 
coronary artery (LMCA) and also required revision of 
the operation for bleeding a day later. During serial 
follow up, he was asymptomatic. Physical examination 
was unremarkable except for obesity and a grade 2/6 
systolic ejection murmur at the left sternal border with 
radiation to the back. The murmur was consistent with 
mild branch pulmonary artery stenosis, documented 
on baseline echocardiogram. He underwent his first 
maximal exercise stress test (EST) using the Bruce 
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protocol at 7 years of age. Initially, he showed non-
specific infero-lateral ST segment depression of up 
to 2 mm. Repeat EST at age 13 showed 3 to 4 mm 
inferolateral ST segment depression. This was deemed 
incidental in the absence of clinical symptoms and 
with a normal stress echocardiogram. Serial screening 
Holter electrocardiograms were also reassuring with 
rare isolated unifocal premature contractions. At age 
15, follow up EST revealed up to 4.2 mm inferior and 
lateral ST segment depression, again with a normal 
stress echocardiogram. The patient was restricted from 
competitive sports and started on beta blocker therapy. 
He subsequently reported resolution of the palpitations 
that he had felt but never mentioned before. On follow 
up, sestamibi stress test after one months of atenolol, 
the ST segment changes were reproducible and 
unchanged. Myocardial perfusion didn’t show ischemia 
or wall motion abnormalities. However, there was a 
fixed anterior and antero-septal defect with no evidence 
of ischemia. Cardiac magnetic resonance imaging 
(MRI) with late gadolinium enhancement was negative. 
The coronary arteries were not seen well on MRI. A 
coronary angiogram then revealed complete ostial 
occlusion of the LMCA (Figure 1). There was with ample 
collateralization from the right coronary artery system 
retrograde supplying the LMCA (Figure 1). A computer 
tomography angiogram (obtained in preparation for 
the surgical revascularization procedure) also showed 
diffuse hypoplasia of the left coronary artery system 
(Figure 1B-D). The patient underwent coronary artery 
bypass grafting with the left internal mammary artery 
to the left anterior descending (LAD). He is now a year 
out from his bypass surgery and is doing well clinically. 
However, there is persistent mild inferolateral ST 
segment depression on maximal EST with normal stress 
echocardiogram.

DISCUSSION
Occult coronary artery obstruction has been increasingly 
recognized in long-term survivors following the ASO[1-4]. 
Therefore, lifelong follow-up is recommended after 
ASO, and a one-time evaluation of the patency of 
the coronary arteries has to be considered according 
to the current American Heart Association/European 
Society of Cardiology (AHA/ESC) guidelines for adults 
with congenital heart disease[5,6]. This case illustrates 
the difficulties encountered in diagnosing late coronary 
events years after the ASO in young patients without 
atherosclerosis. Many patients with late coronary lesions 
are asymptomatic or are not aware of the significance 
of symptoms (like this patient who didn’t report his 
palpitations). If coronary stenosis developed slowly 
in young patients, collaterals can develop. Myocardial 
ischemia then may manifest itself late, well into teenage 
years. Occult coronary problems may be unmasked by 
growth spurts and increased oxygen demand as the 
adolescents challenge themselves more in sports and 
other activities. Although retrograde perfusion from 
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collateral circulation may initially provide sufficient 

perfusion of the myocardium, coronary blood flow can 
become insufficient with growth and during periods of 
increased myocardial demand. This puts these patients 
at risk for sudden cardiac death as first sign of their 
coronary problem. 

Adult congenital heart disease guidelines now com
prise a recommendation for coronary angiography after 
ASO[2]. However, in Pediatric Cardiology, the practice of 
routine coronary angiography in ASO survivors has not 
been widely implemented as the risk benefit ratio for 
cardiac catheterization in asymptomatic ASO survivors 
is unclear[7]. Computed tomogram (CT) angiogram now 
offers a more acceptable screening method that is 
equally highly sensitive and specific. In children, non-
invasive methods to assess coronaries are preferable. 
This case shows that a CT angiogram provided optimal 
visualization of the coronary anatomy. Based on this 
experience, CT angiograms could potentially become 
the screening test of choice to assess coronary anatomy 
following the ASO for TGA. It also allows excellent 
interrogation of the branch pulmonary arteries following 
the Lecompte maneuver.

Treatment of coronary artery problems following ASO 
for TGA can be challenging. Surgical and percutaneous 
coronary revascularization has been employed in patients 
with evidence of myocardial ischemia with mixed 
results[8]. Based upon the experience with surgical 
intervention for anomalous origin of the coronary artery 
from opposite sinus in the absence of structural heart 
disease, we know that nearly half of the children still 
had abnormal stress testing electrocardiogram (ECG) 
findings with normal stress echocardiograms post-
operatively[9,10]. Therefore, further follow up of these 
patients is challenging.

This case calls attention to the potential of coronary 
CT angiogram in diagnosing late coronary obstruction in 
patients post arterial switch operation for transposition of 
the great arteries. Screening with exercise stress testing 
helped to raise suspicion of a problem but this standard 
method was ultimately non-diagnostic in this scenario. 
Therefore, CT angiogram or coronary angiogram should 
be considered in teenagers, as recommended by current 
guidelines for the management of adults with surgically 
corrected transposition of the great arteries.

COMMENTS
Case characteristics
The 15-year-old male patient was asymptomatic but had a severe coronary 
artery problem putting him at risk for sudden cardiac death following arterial 
switch operation for complete transposition of the great arteries as a newborn.

Clinical diagnosis
Complete occlusion of the left coronary artery.

Differential diagnosis
Nonspecific ST segment changes.

Imaging diagnosis
Complete occlusion of left coronary artery.
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Figure 1  Conventional and computer tomographic coronary angiogram in 
a 15-year-old patient with infero-lateral ST segment changes on exercise 
stress test following arterial switch operation for complete transposition 
of the great arteries. Aortic root injection at catheterization demonstrates 
retrograde filling of the completely occluded LMCA from ample collaterals 
vessels from the right (A). CT angiographic views of the antero-posterior (B), 
left anterior oblique (C) and coronary views (D) indicates ostial occlusion 
and hypoplasia of the LMCA with collateralization from at the enlarged right 
coronary artery. CT: Computed tomogram; LMCA: Left main coronary artery.
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Treatment
Coronary artery bypass operation.

Related reports
Late coronary artery complications are a recognized complication of the arterial 
switch operation for complete transposition of the great arteries. However, the 
optimal diagnostic work up is still unclear.

Term explanation
Computed tomogram computer tomography.

Experiences and lessons
Treatment of coronary artery problems following arterial switch operation for 
transposition of the great arteries (TGA) can be challenging due to their atypical 
presentation compared to adults with ischemic heart disease.

Peer-review
The authors present a case report of complete left main coronary artery 
occlusion after arterial switch operation in an asymptomatic15-year-old boy. 
They have concluded that coronary computed tomography angiogram or 
coronary angiogram (CAG) should be considered in patients with TGA. This 
manuscript is nicely structured and well written.
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