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SPECIAL SECTION ON CORONARY ANOMALIES

Introduction to anomalous aortic origin of a coronary artery
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Abstract
Anomalous aortic origin of a coronary artery (AAOCA) occurs when both coronary arteries arise
from the same aortic sinus from a single ostium or two separate ostia. While most coronary
anomalies are benign, the two most common subtypes that predispose to sudden cardiac death in
the young are interarterial anomalous right coronary artery and interarterial anomalous left coronary artery. Practitioners face many challenges with AAOCA. Diagnosing patients may be difficult
because children and adolescents are often asymptomatic and first presentation may be sudden
death or sudden cardiac arrest. Risk stratification is also challenging as determining which unique
characteristics place the child at highest risk of sudden death has not been adequately delineated
and ischemic testing may give false negative results. Last, there is significant variability in decision
making regarding management of youth with AAOCA. Future research is needed to help determine the best way to identify at-risk children and which treatment is the safest and most
efficacious.
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Anomalous aortic origin of a coronary artery (AAOCA) occurs when

the aorta with the anomalous vessel ostium located juxtacommissu-

both coronary arteries arise from the same aortic sinus from a single

ral or just above the commissure.

ostium or two separate ostia. On occasion, the aberrant vessel may

Because of the potential for SCD, there has been considerable

arise above the inappropriate sinus or the commissure instead of

interest in trying to determine the mechanism of ischemia. Different

from the sinus itself. When the left main coronary artery (LCA)

theories have been set forth; ischemia is believed to be the result of a

arises from the right sinus of Valsalva, we refer to this as ALCA-R

combination of several factors that lead to coronary occlusion or com-

and when the right coronary artery (RCA) arises from the left aortic

pression over time which ultimately leads to myocardial ischemia and

sinus, we refer to this as ARCA-L. The anomalous coronary can sub-

ventricular tachycardia or fibrillation. One idea as to the cause of ische-

sequently course in different ways. The ALCA-R or ARCA-L can

mia is the acute angle takeoff and intramural segment of the proximal

track anterior to the right ventricular outflow tract (RVOT) (prepul-

anomalous coronary artery that may flatten as the aorta dilates with

monic) or posterior to the aorta (posterior or retroaortic); these are

exercise.2–4 In a recent review of all SCD over an 18-year-period in the

generally benign lesions although rare cases of ischemia have been

United Kingdom, there were 17 cases of AAOCA (0.7%), with 10

reported with posterior ALCA-R.1 A third subtype, intraseptal (intra-

ARCA-L and 7 ALCA-R. All subjects had an interarterial course, 8 of

conal/intramyocardial) ALCA-R, occurs when the anomalous left cor-

which were intramural and 7 had an elliptical orifice.5 As well, the

onary artery courses caudad to the pulmonary valve, through the

majority of cases of sudden death in a large autopsy series of AAOCA

conal septum. The anomalous vessel may arise as a common trunk

had an acute angle takeoff from the aorta, with the exception of those

of the RCA or separately from the right sinus of Valsalva in close

with a single ostium.3 As the anomalous interarterial coronary artery

proximity to the RCA ostium. This variant is generally benign as

often arises in the pericommisural area, there is also the potential for

well. The final subtype, interarterial, is most commonly associated

flow limitation through this relatively noncompliant region. In adults,

with myocardial ischemia and sudden cardiac death (SCD).2 The

intravascular ultrasound (IVUS) has offered some insight into the patho-

interarterial vessel is commonly intramural, traveling in the wall of

physiology, demonstrating hypoplasia and lateral luminal compression
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of the proximal, intramural course of the coronary artery by the aorta.
6

The compression is worse in systole and greatest during exercise.
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two CPETs, one of which was positive for ischemia and the other was
negative.8 The CPET may be more useful if coupled with an imaging

Indeed, one of the reasons there is much interest in AAOCA is

study, such as a myocardial perfusion scan or stress echocardiogram.

that it is one of the leading causes of SCD but practitioners face many

As well, an “off protocol” exercise test that mimics the type of exercise

challenges when dealing with these patients. The first challenge is with

in which the patient usually participates may be more likely to repro-

actually diagnosing patients with this coronary anomaly as the physical

duce symptomatology and help to demonstrate myocardial ischemia, if

examination and ECG are almost always normal. Patients frequently

present.

are diagnosed in the absence of symptoms but are found serendipi-

Another challenge occurs with determining the ideal management

tously when an echocardiogram is performed for other reasons, such

of a patient with AAOCA, especially the asymptomatic patient with

as a heart murmur or abnormal ECG. When symptoms are present,

ARCA-L. There is significant variability in the treatment and manage-

they are frequently chest pain, palpitations, dizziness, and/or syncope

ment of patients with AAOCA.8 Prior to the recent guidelines, patients

at rest or during or with exercise. Unfortunately, for some, the first pre-

with both ARCA-L and ALCA-R were either exercise-restricted from

sentation is SCD or sudden cardiac arrest. Once the diagnosis is sus-

competitive sports or were offered surgical repair if the patient wanted

pected, many young patients subsequently undergo a cardiac MRI or

to return to athletic participation. However, the recent American Heart

computed tomography angiography to better visualize the origin and

Association/American College of Cardiology Scientific Statement9 dis-

proximal course of the coronary arteries. The modality chosen is largely

tinguishes between the lower risk interarterial ARCA-L and the higher

provider- and institution-dependent, usually based on access to each

risk interarterial ALCA-R. These guidelines now allow a young patient

imaging modality.

with ARCA-L who is asymptomatic to be given the option of participat-

Once the diagnosis is made, we are currently unable to adequately
risk stratify patients, especially those found serendipitously. Ideally,

ing in competitive athletics, after a discussion with the patient and the
family about the risks involved with this decision.

when a young person is diagnosed with AAOCA, we would be able cat-

In the majority of patients with interarterial, intramural ALCA-R,

egorize the patient to a high- or low-risk group. The high-risk group

and symptomatic ARCA-L, the modified unroofing procedure is recom-

would be referred for surgery and/or exercise restriction and the low-

mended. While this procedure has a very low mortality rate, generally

risk group could potentially be cleared for competitive athletics. What

associated with preoperative ischemia and aborted SCD,10 there have

do we need to do this? To a certain extent, we currently stratify

been several reports of postoperative morbidity.11,12 In adults, one

patients by coronary artery course, in that most physicians do not rec-

study found no difference in mortality over a 10-year-period when

ommend surgery or even exercise restriction in any coronary anomaly

comparing exercise restriction versus surgery.13 The long-term morbid-

that does not course between the two great vessels. In those with an

ity and mortality rate with children and young adults is still unknown.

interarterial course, we would ideally be able to use features that we

Indeed, to conclude the postoperative risk of SCD is at or below that

believe may place the patient at higher ischemic risk, such as a slit-like

of the general young athletic population, we would need at minimum

orifice, length of intramural course, vessel spasm, and intussusception.

5000 patient years for ALCA-R and 10 000 patient years for ARCA-L.

However, finding a unifying characteristic in sudden death cases has

As well, for all these years, patients would need to be between the

been challenging.7 Angelini has used IVUS in adults to show that cer-

ages of 12–22 years and all participating in competitive sports.

tain factors correlated with clinical severity: amount of hypoplasia of

In summary, most coronary anomalies are benign and do not

the intramural segment, amount of lateral compression of the intussus-

require surgery or exercise restriction. In the higher risk anomalies,

cepted segment, and lateral compression during exercise.6 Unfortu-

such as interarterial AAOCA, the decision about exercise restriction

nately, the use of IVUS in children is not practical due to its invasive

versus surgical repair is less clear. More data are needed on larger num-

nature, lack of small enough catheter size, and lack of experience with

bers of patients, such as through the multicenter AAOCA registry of

this procedure in the pediatric population. A noninvasive way to evalu-

the Congenital Heart Surgeons’ Society,14 before we are able to assess

ate for risk is needed in the pediatric population.

treatment efficacy.

Another test commonly used for risk stratification is a maximal cardiopulmonary exercise test (CPET). The CPET is part of the evaluation
after patients have been diagnosed with AAOCA and also for evaluation after surgery prior to clearing the patient for competitive athletics.
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