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Anomalous coronary arteries (ACA) represent a congenital disorder with an anomalous location of the coronary ostium

and/or vascular course. Although most individuals with ACA are asymptomatic and remain undiagnosed, some ACA

variants are clinically significant leading to symptoms and even adverse cardiac events. Currently, disease prevalence,

pathophysiological mechanisms, risks of sudden cardiac death, and the optimal assessment and treatment strategies

among subtypes of ACA remain largely unknown. Consequently, there is a lack of guidelines regarding imaging, sport

restriction, and treatment options in individuals with ACA at all ages. Cardiac imaging techniques may play a pivotal

role in the assessment of individuals with ACA and may offer guidance toward an optimal treatment strategy.

This state-of-the-art review highlights current challenges and future perspectives with a special focus on the

role of noninvasive multimodality imaging in patients with ACA. (J Am Coll Cardiol Img 2017;10:471–81)

© 2017 by the American College of Cardiology Foundation.
A nomalous coronary arteries (ACA) represent
a congenital disorder hallmarked by an
anomalous location of the coronary ostium

and/or vessel course. The prevalence of ACA in the
general population is estimated at 1% (1–4). Most
patients with ACA remain undiagnosed because of a
lack of symptoms, but a minority becomes symptom-
atic and experiences adverse cardiac events. Interar-
terial course (IAC), slit-like ostium, intramural
course, acute take-off angle with tangential vessel
course, and proximal narrowing of the anomalous
vessel are considered high-risk anatomic features
(Central Illustration) that have been associated with
an increased risk of myocardial ischemia, ventricular
arrhythmias, heart failure, and sudden cardiac death
(SCD) (5–9). Patients with these features are at a
higher risk for SCD when engaged in strenuous
exertion (5–9). Autopsy series showed that, after
hypertrophic cardiomyopathy, ACA is the second
most common cause of sports-related SCD in young
athletes during or shortly after strenuous exercise
and accounts for up to one-third of SCD in military
recruits in the United States (10,11). However, some
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reports had suggested that such risk of SCD was
overestimated because of reporting bias from those
presented with a fatal event (12,13). A more accurate
representation of the risk of SCD has been hampered
by a lack of mandatory reporting of SCD in most
countries, inconsistencies in conduction of autopsy,
and variable methods used to verify the cause
of death.

Besides young athletes with ACA, substantial
interest has emerged in older patients with this con-
dition. With increased use of noninvasive imaging
in evaluation of coronary artery disease (CAD) in
middle-aged and older individuals, an increase in
incidental ACA can be expected. Given a lack of
evidence-based guidelines in recommending optimal
diagnostic strategies, sports restriction, and treat-
ment options in patients with ACA, cardiologists,
cardiac imaging specialists, and cardiac surgeons are
often ill-equipped in counselling their patients. At
present, recommendations are limited and inconsis-
tent, ranging from an immediate surgical approach to
watchful waiting with sports restriction. Cardiac
imaging of ACA may offer additional information
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ABBR EV I A T I ON S

AND ACRONYMS

ACA = anomalous coronary

arteries

ACAOS = anomalous coronary

arteries of the opposite sinus of

Valsalva

CAD = coronary artery disease

CMR = cardiac magnetic

resonance imaging

CTA = computed tomography

angiography

IAC = interarterial course

MPI = myocardial perfusion

imaging

PET = positron emission

tomography

SCD = sudden cardiac death

SPECT = single-photon

emission computed

tomography

TTE = transthoracic

echocardiography
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needed for decision-making and guidance of
optimal treatments.

CHALLENGES IN CHARACTERIZING ACA

The coronary arteries were historically
considered to be embryological outgrowths
of the aortic root. However, more than 3 de-
cades of evidence had suggested that coro-
nary endothelial precursors self-organize in
the subepicardial space and form a vascular
plexus that only in later stages of embryo-
logical development connects to the aorta
(14). The underlying mechanism of ACA
evolvement remains largely unknown. Some
evidence exists that genes (e.g., Tbx1 gene),
coronary arteriovenous growth coordination,
aortic root and CXCL12/CXCR4 signaling axis,
vascular density around the aortic trunk,
modulated by hypoxic domains and local
vascular endothelial growth factor availabil-
ity are involved in the correct connection
between the distal coronary artery parts and
the proximal aortic root parts (4). One of the clinically
important ACA variants, namely ACA of the opposite
sinus of Valsalva (ACAOS), is divided into right-
ACAOS (anomalous right coronary vessel originating
from the left coronary sinus) and left-ACAOS (the
anomalous left coronary artery originates from the
right coronary sinus). Right-ACAOS are more preva-
lent than left-ACAOS (15), but it has been reported
that only left-ACAOS may lead to SCD, given the
much larger amount of myocardium it supplies (16).
However, SCD occurrence in patients with right-
ACAOS has been reported (4,17), specifically those
with an IAC between the aorta and the pulmonary
artery, which is considered a “malignant” variant
given the potential of extracoronary compression by
the adjacent great arteries. On the contrary, an
anomalous course between the right ventricular
outflow tract and the aorta (also known as sub-
pulmonic or intraseptal course) is not considered
malignant and is usually not associated with high-risk
anatomic features, such as a slit-like ostium (18).
A retroaortal (i.e., between the left atrium and behind
the aorta) or pre-pulmonal (i.e., ventral of the pul-
monary artery) course of the anomalous vessels and
those originating from the noncoronary sinus are
considered benign variants (19). Aside from IAC and
the slit-like ostium, other proposed high-risk
anatomic features include an acute take-off angle
(<45�) with a tangential course of the anomalous
vessel, an intramural course (of the anomalous
vessel within the tunica media of the aortic wall), an
elliptic luminal vessel shape (defined as height/width
ratio of >1.3), and proximal vessel narrowing (hypo-
plasia) of the anomalous vessels (>50% narrowing of
the cross-section vessel area compared to the distal
part) (20–22).

Besides great vessel compression of the ACA
based primarily on anecdotal evidence, other hy-
potheses regarding the underlying mechanism of
SCD in patients with ACA exist. Increased cardiac
output during exercise may cause valve-like
obstruction of the slit-like ostium because of vessel
expansion, and coronary flow is further impeded if
acute angulation of the arterial take-off coexists.
However, with increased pressure and volume dur-
ing systole, associated aortic dilation and torsion
may lead to asymmetrical lateral compression of the
proximal and narrowed intramural vessel segments
(4,5,23). Strenuous physical exercise, which results
in shortened diastolic filling time and tachycardia,
could lead to ischemia and arrhythmia. Whether
coronary spasm may play an additional aggravating
role is unclear. Others proposed that restriction of
flow through the relatively noncompliant commis-
sural area of the anomalous vessel originating from
the opposite coronary cusp may be a contributing
factor (24–26). Supported by limited clinical evi-
dence at present, another hypothesis includes re-
petitive myocardial ischemia leading to cumulative
patchy fibrosis, serving as a substrate for lethal ar-
rhythmias (4,6,27).

Several ACA morphologies are considered clinically
benign: these include high take-off of coronary ar-
teries from the aorta, duplication of coronary arteries,
absent left main stem with separate ostium for left
anterior descending coronary artery and left circum-
flex coronary artery (5), or intramyocardial course
(myocardial bridges) of the epicardial portion of the
coronary artery (3). A very rare but mostly lethal
coronary anomaly presenting primarily in early in-
fancy is the anomalous origin of the coronary artery
from the pulmonary artery (also called Bland-White-
Garland syndrome) (28). In this anomaly, extensive
collaterals develop between the right and left coro-
nary arterial systems and over time the flow reverses
causing myocardial ischemia and congestive heart
failure (28). Because ACA with anatomic high-risk
features is believed to confer a greater risk for
adverse cardiac events, exact anatomic depiction as
offered by multimodality noninvasive imaging may
be helpful for further risk stratification (10,29–32).
In the rest of this review, we focus on the more
common variants of ACAOS.



CENTRAL ILLUSTRATION Anatomic High-Risk Features and Physiologic High-Risk Consequences of ACA

Gräni, C. et al. J Am Coll Cardiol Img. 2017;10(4):471–81.

The different anatomic high-risk features, such as interarterial course, slit-like ostium, acute take-off angle, intramural course, elliptic vessel shape, and proximal vessel

narrowing of the anomalous vessels of patients with anomalous coronary arteries (ACA) are shown. Possible underlying mechanism in patients with anatomic high-risk

features may lead to physiologic high-risk consequences, such as myocardial perfusion defect and myocardial scar. Increased cardiac output during exercise may on one

hand cause valve-like obstruction of the slit-like ostium due to vessel expansion, and coronary flow is further impeded if acute angulation of the arterial take-off

co-exists. On the other hand, with increased pressure and volume during systole, associated aortic dilation and torsion may lead to asymmetrical lateral compression

of the proximal and narrowed intramural, elliptic vessel segments. Strenuous physical exercise, which results in shortened diastolic filling time and tachycardia could

lead to ischemia and arrhythmia. Coronary spasm may play an additional aggravating role. Restriction of flow through the relatively noncompliant commissural area of

the anomalous vessel originating from the opposite coronary cusp may be a contributing factor. Repetitive myocardial ischemia may lead to patchy fibrosis, serving as

a substrate for lethal arrhythmias. LAD ¼ left anterior descending artery; PA ¼ pulmonary artery; RCA ¼ right coronary artery.
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TABLE 1 Different Imaging Modalities in Evaluating Anomalous Coronary Arteries

TTE TEE
Coronary

CTA CMR

Invasive
Angiography
and IVUS SPECT PET

Spatial resolution þþ þþ þþþ þþ þþþþ þ þ
Temporal resolution þþ þþþ þþ þþ þþþ þ þ
Anatomy of coronary arteries

Proximal þþþ þþþ þþþþ þþþþ þþþ - -

Distal þ þ þþþþ þþ þþþ - -

Anatomic high-risk features in anomalous coronary arteries

Interarterial course þþ þþ þþþþ þþþþ þþ - -

Slit-like ostium þ þ þþþþ þþ þþþ - -

Take-off angle þþ þ þþþþ þþþþ þ - -

Intramural course þþ þþ þþþþ þþþ þþþþ - -

Proximal narrowing þþ þþ þþþ þþ þþþ - -

Elliptic shape þþ þþ þþþ þþ þþþ - -

Physiologic high-risk consequences in anomalous coronary arteries

Ischemia þþ - - þþþþ þþ þþþþ þþþþ
Scar þ þ þþ þþþþ - þþþ þþþ
Feasibility in children þþþþ þþ þþ þþ þþ þþ þþ
Ionizing radiation

exposure
- - þ - þþ þþþ þþþ

Costs (highly variable in
different institutions
and countries)

þ þþ þþ þþþ þþþ þþþ þþþþ

CMR ¼ cardiac magnetic resonance; CTA ¼ computed tomography angiography; IVUS ¼ intravascular ultrasound;
PET ¼ positron emission tomography; SPECT ¼ single-photon emission computed tomography;
TEE¼ transesophageal echocardiography; TTE ¼ transthoracic echocardiography.

Gräni et al. J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 1 0 , N O . 4 , 2 0 1 7

Imaging in ACA A P R I L 2 0 1 7 : 4 7 1 – 8 1

474
MULTIMODALITY IMAGING OF ACA

ECHOCARDIOGRAPHY. With transthoracic echocar-
diography (TTE) origin of ACA and proximal course can
be assessed noninvasively with high accuracy and
without any radiation exposure (33). One report
demonstrated that the coronary ostia can be visualized
in 90% and that the identification of anomalous ostia is
highly specific if TTE is performed by an experienced
sonographer and with good image quality (34,35). TTE
can also use color Doppler to demonstrate an intra-
mural course of ACA that might be missed by coronary
angiography (Table 1) (36,37). On one study of patients
with ACA being considered for surgical correction, TTE
identified the intramural or extramural course at an
accuracy of 92.5% (37). TTE may also assess the func-
tional significance of ACA by evaluating formyocardial
ischemia using dobutamine stress test (38). Most
children have excellent transthoracic acoustic win-
dow, thus TTE is often arguably the most valuable
diagnostic tool for ACA in children without the need
for additional imaging (2,35,39,40). In adults or those
with limited transthoracic acoustic window, TTE is
only of limited value (41) and transesophageal echo-
cardiography is more sensitive than TTE in identifying
ACA and the associated anatomic high-risk features.
Transesophageal echocardiography provides superior
sensitivity for assessing the vessel course than TTE
(33). However, reports of clinical application of echo-
cardiography in the diagnosis and management of
patients with ACA have reduced consistency because
of interobserver variability and institutional experi-
ences. In a multicenter study of 159 patients, agree-
ment between participating centers and the “expert”
echocardiographic imaging core laboratory was poor
(42). It seems obvious that for meaningful clinical
adaptation of echocardiography in ACA assessment,
standardized protocols must be used for imaging and
reporting of echocardiography studies.

CORONARY COMPUTED TOMOGRAPHY ANGIOGRAPHY.

Given its rapid speed and tomographic depiction of
cardiac anatomy in 3D, coronary computed tomogra-
phy angiography (CTA) has become the first-line im-
aging modality in most centers to visualize the origin
and full course of ACA in adult patients (3,43). Coro-
nary CTA has undergone substantial technical ad-
vancements over the last decade, particularly with
regard to spatial resolution and reduction of radiation
exposure to patients to an average range of 0.21 to 0.5
mSv in daily clinical routine (44,45). Virtual angio-
graphic view of coronary CTA helps to evaluate
anatomic high-risk feature, such as the slit-like
origin. Double-oblique multiplanar reformatted im-
ages can identify other anatomic high-risk features,
such as acute take-off angle, intramural and elliptic
luminal vessel shape, and proximal vessel narrowing
of the anomalous vessel (21,22).

CARDIAC MAGNETIC RESONANCE IMAGING. Similar
to coronary CTA, cardiac magnetic resonance (CMR)
offers tomographic 3D imaging at high spatial reso-
lution (slightly lower than coronary CTA) allowing
visualization of the origin and the full coronary
course of ACA, including the relationship of ACA with
respect to the great vessels. Furthermore, CMR offers
a wealth of additional relevant information including
valvular function, ventricular function, regional
contractility, and myocardial viability, all of which
could be important considerations during the pre-
operative evaluation or post-operative follow-up in
such patients (46–51). Surface-rendered angiographic
view of the ostia can be obtained by CMR for the
assessment of the anatomic high-risk feature of slit-
like origin (50,52). Although contrast administration
improves the quality of images, CMR coronary angi-
ography can be done without the use of contrast
agents and with its lack of need for ionizing radiation,
rendering this modality particularly helpful in pedi-
atric populations. For this reason, the current Amer-
ican Heart Association statement on noninvasive
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imaging of coronary arteries in the young recom-
mends CMR over coronary CTA in assessing ACA
(53,54). With technical improvement in suppressing
respiratory motion, CMR coronary angiography per-
formed at experienced centers can consistently assess
the origin, and proximal and mid courses of coronary
arteries. However, coronary CTA overall provides a
higher diagnostic consistency across imaging centers
and may be favored because of a more accurate
depiction of the entire anomalous vessel including
the distal coronary segments (48,55). In either patient
group, because of the specific technical requirements
of CMR, local imaging expertise and equipment
capability may be relevant factors. Because patchy
areas of myocardial fibrosis might occur in patients
with ACA, possibly serving as a substrate for lethal
arrhythmias (6), CMR can be used to identify
myocardial fibrosis, using late enhancement images
after gadolinium injection, therefore offering a means
for further risk stratification (56). In addition, analo-
gous to dobutamine TTE, dobutamine stress CMR
cine and myocardial perfusion imaging (MPI) can be
performed to assess the functional relevance of a
coronary anomaly during a state of induced increased
myocardial oxygen demand.

NUCLEAR CARDIAC IMAGING AND HYBRID IMAGING.

Nuclear cardiac imaging modalities play an important
role in assessing myocardial perfusion, thus allowing
for assessment of the functional relevance of any
ACA. Single-photon emission computed tomography
(SPECT) MPI and positron emission tomography (PET)
MPI may unmask ischemia in asymptomatic and
symptomatic patients with ACA. De Luca et al. (57)
detected ischemia in patients with ACA with
SPECT-MPI in 4 of 5 patients and Uebleis et al. (58) in
one-third of 17 patients. By contrast, using hybrid
coronary CTA/SPECT-MPI, we recently demonstrated
that in middle-aged or older patients, ischemia is
mostly caused by concomitant CAD rather than by
ACA itself (59). Furthermore, with the use of hybrid
coronary CTA/PET-MPI we demonstrated that even in
absence of localized perfusion defects, coronary flow
reserve was impaired in ACA-supplied territories (60).
Therefore, beside the anatomic description of high-
risk features, further risk stratification with nuclear
perfusion imaging tests and hybrid imaging is war-
ranted, especially in unclear cases (3,58,60).

INVASIVE CORONARY ANGIOGRAPHY. Invasive cor-
onary angiography used to be the first-line imaging
modality to asses ACA for decades. Because of its
invasiveness, radiation exposure, and inability to
characterize noncoronary cardiac anatomy that sur-
rounds ACA, invasive coronary angiography in ACA
should only be used to complement a noninvasive
imaging-first approach using coronary CTA or CMR.
Invasive coronary angiography in combination with
intravascular ultrasound and optical coherence to-
mography with its high spatial resolution of 10 mm
may be of value for the assessment of the luminal
geometry at the very proximal portion of the ectopic
vessels where the identification and assessment of the
severity of intramural compression are of importance
(15). Furthermore, under dobutamine stress condi-
tions invasive assessment of vessel measurements
can be performed. However, because the cross-
sectional diameters of the intravascular ultrasound
probes (approximately 1 mm) may be too large to
permit the assessment of the more severe intramural
parts under baseline and exercise conditions, optical
coherence tomography (with its smaller diameter
catheter) may be more feasible in providing accurate
results (15).

CHALLENGES OF FUNCTIONAL IMAGING IN ACA. Alth-
ough noninvasive (and in some cases invasive)
imaging has a high diagnostic and management
implications in ACA cases, several questions remain
to be elucidated: Which protocols should be used for
ischemia testing? Is pharmacological testing using
dobutamine or vasodilator an effective alternative to
physical stress? Are patients with negative stress test
results truly not at risk? How to overcome the issue
that the standard vessel territory distribution is not
applicable in patients with ACA?

There is no current consensus on the type of stress
testing protocol as the most appropriate for the
evaluation of myocardial perfusion in patients with
ACA. This is in part because of the nonstandardized
practice in the choices of selecting protocols used in
stress testing. Exercise stress protocols most closely
resemble the hemodynamic circumstances during
physical activities in everyday life and during sports.
However, there is evidence that physical stress tests
may yield false negative results because it has been
proposed that ischemia in patients with ACA might be
intermittent in nature. Brothers et al. (61) have
demonstrated a low incidence of ischemia detection
in a small number of symptomatic patients with ACA
who underwent pre-operative physical stress test.
Furthermore, doubts have been raised if the typical
exercise target toward an 85% of the predicted
maximum heart rate based on a patient’s age is
appropriate in this setting and patient cohort. It may
be reasonable to strive toward achieving substantially
higher physical workload beyond the level of stan-
dard exercise stress protocols so as to increase the
sensitivity of detecting ischemia induced by ACA in
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real life conditions. Regarding pharmacological stress
testing, it was demonstrated that inotropic stress
induced by dobutamine infusion can lead to an
anatomic compression of slit-like ostium and changes
in the vessel diameter of ACA that can be reliably
visualized using intravascular ultrasound imaging
(15,62). Thus, it seems that dobutamine stress testing
could be used as a valid alternative to physical stress
testing (57,62). Whether vasodilation using adenosine
might be an alternative for functional evaluation in
selected cases remains debatable: Angelini et al. (24)
showed normal invasive fractional flow reserve
values with adenosine stress in patients with ACA. By
contrast, Lim et al. (62) demonstrated that fractional
flow reserve in a malignant variant of ACA was simi-
larly reduced by both dobutamine and adenosine.

The risk of SCD (6,38) and the potential lethal ar-
rhythmias in patients with ACA remain inadequately
addressed at present. Our group and others showed
that ACA with IAC are more associated with anatomic
high-risk features compared with ACA without IAC
(22,59,63). ACA without IAC seem to be less associ-
ated with SCD because of the lack of potential dy-
namic obstruction (37), most likely caused by the
absence of other contributing anatomic high-risk
features. Another important issue is that the
vascular territory distribution based on the American
Heart Association segmental nomenclature often is
not applicable in patients with ACA and interpreta-
tion of noninvasive imaging needs to take this factor
into consideration. For example, a negative SPECT-
MPI, PET-MPI, or CMR stress perfusion imaging
finding in right-ACAOS with left coronary vessel
dominance might be falsely negative, because
ischemia of the right heart cannot be visualized in
this case. One could argue that in this case the
myocardium at risk might be relatively small, but
arrhythmias could still be provoked. Fused hybrid
imaging incorporating a functional and a morpho-
logical imaging modality might overcome this issue
by correctly allocating the affected vessel to the
correct vessel territory, such as through fusion of
coronary CTA and SPECT-MPI or PET-MPI (59,60).
Finally, it should be mentioned that there is a lack of
evidence on the diagnostic accuracies of any func-
tional tests for ischemia detection in ACA and that
further studies are needed to finally provide answers
to this question.

SPORTS RESTRICTION AND

SURGICAL CORRECTION IN ACA

YOUNG INDIVIDUALS (£35 YEARS OF AGE) WITH

ACA. In management of young individuals with ACA,
several issues including safety in engaging in sporting
activities, screening of athletes, and current indica-
tion for surgical correction remain unclear. It has
been recommended that athletes with any subtypes
of ACA should refrain from engaging in competitive
sports (64). Reuptake and participation in sports is
only allowed at least 3 months after successful sur-
gical correction of ACA and with myocardial ischemia,
ventricular arrhythmia, tachyarrhythmia, or left
ventricular dysfunction during maximal exercise
testing excluded during follow-up visits (65,66).
Gersony (67) had proposed that only left-ACAOS and
symptomatic right-ACAOS patients be candidates for
surgical correction of ACA. The American College of
Cardiology/American Heart Association guidelines for
the management of adults with congenital heart dis-
ease recommended that individuals younger than 35
years of age with left-ACAOS with coexisting high-risk
anatomic feature, such as intramural course, should
undergo surgical correction (68). Surgical correction
may consist of ectopic coronary reimplantation,
unroofing of the anomalous vessel along its intra-
mural segment, and creation of a neo-orifice at the
anatomically correct sinus or coronary bypass graft-
ing (26). However, the latter might be less effective
and the bypass graft is prone to closure because of
competing flow in the native vessel.

The recent American Heart Association/American
College of Cardiology Task Force 4 addressed the
issue of eligibility and disqualification in competitive
athletes with ACA, and made recommendation
adaptions regarding restrictions of sporting activities
and necessity of surgery among low-risk patients
(69). Although the supporting level of evidence is
limited given the rarity of ACA and its corresponding
medical literature, the following recommendations
were made: based on current recommendations,
participation in any competitive sport in athletes with
left-ACAOS and IAC before surgical correction is
considered Class III (Level of Evidence: B). In these
patients, current recommendations allow participa-
tion in low static or low dynamic class IA sports.
These recommendations apply to patients with ACA
diagnosed in either intentional or incidental condi-
tions. This recommendation extends also to patients
with right-ACAOS with either symptoms or a positive
exercise stress test. Regarding right-ACAOS, IAC is
not mentioned in the recommendations. In athletes
with uncorrected right-ACAOS who exhibit symp-
toms, arrhythmias, or signs of ischemia on exercise
stress test, participation in all competitive sports is
also considered Class III (Level of Evidence: C), with
the possible exception of Class IA sports, before a
surgical repair. For patients with right-ACAOS but



FIGURE 1 Evaluation of “Symptomatic” Individuals With Suspected or Incidental Finding of ACA

Symptomatic individual with suspected
or incidental finding of ACA

Noninvasive imaging preferably using
Coronary CTA or CMR (or TTE in the young)

ACA with high-risk
anatomic features

ACA without high-risk
anatomic features

Noninvasive ischemia testing using SPECT, 
PET, TTE or CMR aiming to achieve high 

physical exercise workload, or alternatively 
with intravenous inotropic stress

Evaluate other causes of
symptoms including CAD

Rule out other causes
including CAD≤ 35 years > 35 years

Consider repeat noninvasive 
ischemic testing vs. invasive 

coronary angiography

Can consider re-engagement
in sports and follow patient’s 

symptoms

Can consider re-engagement in sports
if symptom-free for 3 months and no 

ischemia on noninvasive imaging testing

Revascularization

Individualized consideration for 
revascularization or recommend 
only low-intensity recreational 

sporting activity after counseling

Temporary 
restriction in 
engaging in 
any sports

No ACA detected

(-)

(-)

(+)

(+)

Treatment flow chart for evaluation of “symptomatic” individuals with suspected or incidental finding of anomalous coronary arteries (ACA).

CAD ¼ coronary artery disease; CMR ¼ cardiac magnetic resonance; CTA ¼ computed tomography angiography; PET ¼ positron emission

tomography; SPECT ¼ single-photon emission computed tomography; TTE ¼ transthoracic echocardiography.
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with no symptoms or ischemia on an adequately
performed exercise stress test, participation in
competitive sports can be considered after adequate
counseling of the athlete or the athlete’s parents
(Class IIa; Level of Evidence: C) (69). However, other
high-risk anatomic features are not incorporated in
these recommendations.

MIDDLE-AGED OR OLDER INDIVIDUALS (>35 YEARS

OF AGE) WITH ACA. Management of middle-aged or
older athletes and nonathletes with symptomatic or
incidental ACA finding creates a greater dilemma
(61,70). Although similar recommendations compared
with younger patients exist (68), to differentiate
whether a middle-aged or older individual is symp-
tomatic or not can be even more challenging than in a
young patient. Dyspnea, for example, which is rep-
resented in a high proportion of symptomatic pa-
tients, may be due to a variety of causes ranging
from a deconditioned athlete, to underlying lung or
cardiac conditions. Similarly, atypical chest pain,
palpitations, and dizziness have a relatively high
prevalence in the general population but are mostly
due to benign underlying causes (71). Myocardial
perfusion defects attributed to the anomalous vessel
in ACA is exceedingly rare in older patients and
rather caused by CAD (59). Further, ACA seemed to
demonstrate in this age group no increased risk of
SCD at short-term follow-up (72). Why older in-
dividuals are less prone to ACA-related adverse car-
diac events remains to be elucidated (73). Possible
reasons include an age-related increase in aortic or
coronary artery wall stiffness conferring less dynamic
compression in older patients with ACA and a survi-
vors’ bias toward lower risk patients.

TO TREAT OR NOT TO TREAT: A DILEMMA. Several
considerations must be considered before recom-
mendations on exercise restriction or surgical therapy
are offered to patients with ACA. First, exercise



FIGURE 2 Evaluation of “Asymptomatic” Individuals With Suspected or Incidental Finding of ACA
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Treatment flow chart for evaluation of “asymptomatic” individuals with suspected or incidental finding of ACA. ACAOS ¼ anomalous coronary

arteries of the opposite sinus of Valsalva; IAC ¼ interarterial course; other abbreviations as in Figure 1.
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restriction would not necessarily prevent the possi-
bility of SCD occurring at rest or with minimal activ-
ity. In addition, physicians should consider the
psychological and emotional consequences of
restricting exercise and the known health conse-
quences of not exercising. Second, although post-
operative outcome is favorable (29,70) and most re-
ports of patients operated do not show abnormal
stress tests post-operatively, a series from the Chil-
dren’s Hospital of Philadelphia reported that 38%
surgical corrected patients had abnormal stress find-
ings after correction (61). Furthermore, cases of SCD
following successful surgical repair of ACA have been
reported (74). This suggests that the benefits of sur-
gery (or the value of the post-operative stress testing)
are unclear (61). Third, to identify symptomatic pa-
tients due to an underlying ACA is challenging and
ACA might be in most cases a coincidental finding.
Furthermore, it has to be mentioned that 50% of SCDs
associated with ACA were first events without prior
symptoms (6,75), which adds to the challenges posed
by this dilemma.

Fourth, pre-participation screening for ACA is
difficult. The resting electrocardiogram in athletes
with ACA is almost always normal. Furthermore,
exercise treadmill testing remains negative in most
patients with ACA, even in those who had symptoms
suggestive of cardiac ischemia (6,40,76), and whether
echocardiogram is a feasible and cost-effective
screening tool in athletes is still in debate (76–79).
Fifth, although ACA is one of the main underlying
causes of SCD in athletes, one has to be aware that the
absolute incidence remains very low, with 0.07 SCD
per 100,000 person-athlete years (30). Similarly, in
another large study, only 4 individuals died because
of ACA in a combined 34 million patient-years (80).

Although there exists the dilemma of a very low
absolute risk, it is widely accepted to surgically repair
and restrict individuals from sports until corrected in
left-ACAOS or any other form of ACAwith symptoms or



J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 1 0 , N O . 4 , 2 0 1 7 Gräni et al.
A P R I L 2 0 1 7 : 4 7 1 – 8 1 Imaging in ACA

479
signs of ischemia in athletes and nonathletes (29,70). If
ischemic work-up is negative, then benefits from sur-
gical recommendation and sports abstinence are
questionable (81). Incorporating the current knowl-
edge of the literature of ACA, we propose the following
evaluation imaging steps, treatment options, and
sport restriction recommendations. In symptomatic
patients with either suspected or incidental finding of
ACA, initial steps are coronary CTA for high-risk
anatomic feature evaluation, followed by noninvasive
ischemic testing. Depending on age and ischemic
testing results, sports restriction with consecutive
revascularization or further exclusion of CAD is rec-
ommended (Figure 1). In asymptomatic individuals
with coincidental ACA, similar steps are recom-
mended, and sports restriction and revascularization
are based on age, high-risk anatomic features including
discrimination between right-ACAOS and left-ACAOS,
and ischemic testing (Figure 2). Because endpoints
occur to few in athletes with ACA, prospective ran-
domized controlled trials are not feasible in this patient
group. Therefore, we strongly encourage the athletic
and academic community to establish multicenter
registries and to merge data from ongoing registries to
further improve recommendations.
CONCLUSIONS

The diagnosis of ACA should not automatically
mandate sports restriction and/or surgery. Any pre-
sumed prognostic benefits from surgical repair and
sports restriction should be carefully balanced against
possible impairments regarding quality of life in all
age groups. Thus, decisions toward patient manage-
ment should only be made after incorporating all
clinical information, symptoms, age, sports behavior,
and information of possible hemodynamical signifi-
cance and high-risk features depicted by noninvasive
imaging. Multimodality imaging plays a crucial role in
the evaluation of individuals with ACA and guides
patient management. However, more solid evidence
based on large multicenter registries and follow-up
studies is imperatively needed to modify current
recommendations.
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