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As widely discussed in recent literature, coronary artery anomalies only occasionally lead to potentially 

serious myocardial ischemic events. The most important group of coronary anomalies has been called 

anomalous coronary artery origin from an abnormal sinus or a site in the ascending aorta (ACAOS). Only 

some cases of right- or left-sided intramural-course ACAOS (R-ACAOS-IM or L-ACAOS-IM) can potentially 

cause significant symptoms or sudden cardiac death, typically during exertion in athletes. After an ACAOS- 

IM case is qualitatively identified, it is necessary to establish the severity of associated stenosis (which 

is always present to some degree in ACAOS-IM). The 3 stages of a comprehensive diagnostic process are: 

1. initial screening of high-risk populations (young elite athletes, optimally by use of magnetic resonance 

imaging [MRI]) to identify the prevalence of similar cases in large populations (the denominator of any 

risk calculation); 2. evaluating symptoms (chest pain, syncope, or sudden death) and performing stress 

testing; 3. in patients found to carry ACAOS-IM, evaluating the severity of coronary obstruction by in- 

travascular ultrasonography, which is an objective, definitive, and quantifying imaging modality for this 

condition, essential in selected carriers of such anomalies. The possible treatment alternatives are dis- 

cussed and updated. 

© 2022 Published by Elsevier Inc. 
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ntroduction 

A recently completed magnetic resonance imaging (MRI)-based 

creening study of the prevalence of potentially high-risk coronary 

rtery anomalies (CAAs) in a large general population of adoles- 

ents indicates that more than one million Americans have anoma- 

ous origin of coronary arteries from opposite sinuses of Valsalva 

ith intramural course (ACAOS-IM, prevalence of 0.44%), which 

as the potential to cause significant coronary stenosis and related 

ymptoms or lethal events such as sudden cardiac death (SCD) [1] . 

ecause SCD is most frequently unheralded, generalized screening 

tudies are logical to pursue in young athletes or military recruits 

ut are not yet proven to be justifiable for preventing SCD. Only 

pecific prospective studies will be able to confirm this point. 

The singular association of ectopic coronary arteries’ intramural 

ourse with stenosis is the reason why these are the only types of 

AAs of potential clinical importance. Great individual variability 

n severity of stenosis is possible, and not all cases of IM anoma- 

ies indicate intervention. This variability, in addition to the in- 
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olved individuals’ symptoms and the specific risk of unheralded 

CD (mainly in athletes), implies the need for an in-depth under- 

tanding and evaluation of these anomalies’ individual presenta- 

ions to enable justifiable treatments. ACAOS is currently under- 

tood as complex and variable, and the potential clinical risk is 

nitially identified by anomalous origin and proximal course (IM 

ourse is the only one that has a consistent possibility of caus- 

ng coronary dysfunction from coronary stenosis [ 2 , 3 ]). Both the 

ocation of the coronary ostium and proximal course can be confi- 

ently identified by screening MRI but not usually by history and 

hysical exam or stress testing [1] . Ectopic origin alone is not an 

natomic marker of high risk, nor is it by itself the cause of coro- 

ary insufficiency. Severe functional stenosis is intrinsically related 

o intramural course (IM, inside the aortic wall) that results in 

ateral dynamic compression secondary to aortic phasic pulsatility 

nd exertion. 

The size of dependent myocardial territory affects greatly the 

linical consequences of ACAOS-IM: Right coronary artery (RCA) 

nomalies (R-ACAOS-IM) are more frequent (about 3:1 ratio) but 

sually have less functional importance (in terms of physical lim- 

tation and risk of SCD) than left coronary artery (LCA) anoma- 

ies (L-ACAOS-IM) [ 2 , 3 ]. The functional mechanism of ACAOS- 

M involves both fixed (baseline) and dynamic compression of 
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Fig. 1. Schematic showing artificial superimposition of the two essential forms of 

L-ACAOS, which are frequently confused with each other: L-ACAOS-IM (intramu- 

ral, aortic, in red) and L-ACAOS-IS (intraseptal or infundibular, in blue). These are 

shown together to illustrate the essential differences between them. 1. Both anoma- 

lies originate from the same site at the right sinus of Valsalva, separately or from 

a common single ostium and coronary main trunk. 2. The IM variety features in- 

tramural proximal segment of the initial section (inside the aortic media, at the 

level of and parallel to the sinotubular junction, adjacent to the aortic root) with 

dynamic, variable stenosis. Distal to the IM segment, the left coronary is epicar- 

dial and retropulmonary in location but is essentially normal. 3. The intraseptal (IS) 

variety has an initial short epicardial course, eventually tilted caudally, that is ex- 

tramural for its entire length and that does not cross the closest aorto-pulmonary 

junction or the aorto-pulmonary septum (suggesting the reason why this variety is 

also improperly called “interarterial course” [IAC]: that this segment is not stenotic 

in cross-section), and it quickly turns down toward the supraventricular crista (SC, 

where the intramyocardial tissue has right ventricular pressure, without a myocar- 

dial bridge effect) at the outflow tract of the right ventricle (green lines indicate 

its right ventricular intramyocardial course), while the next 2-3 cm run inside the 

left ventricular myocardium (LVM, with a mild myocardial bridge effect, at purple 

crosslines) and return epicardially at the mid-level of the epicardial left anterior 

descending artery, which it joins. (Hence, the proximal bifurcation goes cephalad to 

the circumflex, while the distal goes to the apex.) No fixed stenosis at baseline has 

ever been identified by IVUS in the IS variety, at any level. Note that the 2 anoma- 

lies take opposite initial courses around the pulmonary artery root. Abbreviations: 

LAD indicates left anterior descending; Cx, circumflex; 1st septal, first septal branch 

off the left main or LAD; STJ, sinotubular junction; Ao, aorta; PA, pulmonary artery; 

IM, intramural proximal course; IS, intraseptal course; SC, supraventricular crista. 

See also: Link to 3D-animation in Video S1 in the online supplemental information. 
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he entrapped IM coronary segment that causes variable lateral- 

ompression stenosis, which is worse in systole. Aortic expansive 

ulsation leads to phasically increased wall stretching that worsens 

ompression of the IM coronary lumen by increased radial stress, 

specially during exertion. Specifically, exercise 1. causes tachycar- 

ia, which leads to increased systolic time (percentage of systolic 

ime narrowing per minute) and decreased diastolic time (which 

lso reduces global blood flow); 2. results in increased cardiac 

utput and stroke volume (cardiac work); and 3. maximizes de- 

and/supply imbalance, potentially causing ischemia during stren- 

ous exertion (especially in young unaware athletes who are test- 

ng their own physical capacity for the first time while competing, 

eading to highest mortality at the age of 18-19 years [4] ). Docu- 

entation and quantification of ischemia are the most challenging 

ssues in ACAOS-IM evaluation [ 2 , 3 , 5-11 ]. 

omenclature of ACAOS 

To improve communication among involved professionals about 

ll different coronary anomalous patterns and their associated 

unctional repercussions, the terminology of CAAs must be clari- 

ed and, hopefully, shared. Along these lines, our group has elab- 

rated on and endorsed for many years a simple and synthetic 

ystem [1] that involves (1) identifying with an initial abbrevia- 

ion the anomalous, involved artery (R- or L-) [or, independently, 

he left anterior descending (LAD-) or circumflex (Cx-) artery]; (2) 

dentifying the basic defect (ACAOS); and especially (3) identify- 

ng and labelling the type of proximal course of the ectopic artery, 

hile crossing the heart from the ectopic origin toward the defin- 

ng myocardial destination, on the opposite side of the heart. To be 

seful, terminology should be able to synthetically indicate course- 

elated risk factors: Only the IM course can be intrinsically risky, 

hereas non-IM courses—namely the prepulmonic (PP), intrasep- 

al (IS), retroaortic (RA), and retrocardiac (RC) courses—have a be- 

ign prognosis ( Figs. 1-8 , Videos S1-S3). Notably, IM course is also 

bserved in cases with origin from the ascending aorta above the 

inuses of Valsalva, such as seen in high and commissural ori- 

in [ 2 , 3 ]. Alternative nomenclatures, mainly used by pediatric cen- 

ers, use terms like anomalous aortic origin of coronary arteries 

AAOCA: distinguished only as left [AAOLCA] or right [AAORCA]) 

 9 , 12-18 ] or anomalous left or right coronary arteries (ALCA and

RCA), which we believe are too broad and vague to be clinically 

seful, while erroneously defining multiple subtypes as single en- 

ities. 

iagnostic process 

As we anticipated, screening-MRI studies are useful for iden- 

ifying the size of the potentially associated issue (SCD in ath- 

etes with ACAOS), preventively certifying athletes, and clinically 

xplaining SCD in athletes [19] . Unfortunately, these studies have 

ot been able to clarify the extent of prevention by screening and 

ts cost-efficiency in different milieus (e.g., the US military vs the 

eneral population in a Central American country). 

The essential maturation of our knowledge of CAAs was crit- 

cally enhanced by in vivo, dynamic, and high-precision imag- 

ng that was uniquely achieved by the introduction of intravas- 

ular ultrasonography (IVUS) [ 5-8 , 20 ]. Early reports of pathologic 

natomy findings sporadically mention “intussusception” of the ec- 

opic coronary artery inside the aortic root media, but this ab- 

ormality’s individual severity was never precisely correlated with 

linical consequences in autoptic studies [21–23] before the popu- 

arization of IVUS. 

Eventually, our center and others came to understand that 

nly by functional imaging during the cardiac cycle can an ob- 

erver quantitatively identify the essential features of milder (end- 
2 

Téléchargé pour Anonymous User (n/a) à GHT 93-95 à partir de 
usage personnel seulement. Aucune autre utilisation n´est autoris
iastole) or worse narrowing severity (end-systole) and worsening 

ith exertion [ 2 , 3 ]. As mentioned above, in recent years, several

uthors [ 5-8 , 24 ] have reported mostly short series of ACAOS-IM 

ases studied by IVUS. Now, most experts agree that it is essential 

o quantitatively determine an individual patient’s prognostic risk 

y means of IVUS-quantifiable cross-sectional area (CSA) at the site 

f worst stenosis versus at the distal (extramural) reference artery 

 Figs. 6-8 , Videos S1-S3). This process of evaluation is essential to 

nderstanding the general pathophysiological mechanism and to 

electing interventional candidates jointly with symptoms, history 

f syncope or sudden cardiac arrest (SCA) or SCD, and stress test- 

ng. Very rarely, differently than in acquired coronary artery dis- 

ase (CAD), acute myocardial infarction or SCD occurs at rest. (Such 

xceptional events probably occur in critical-stenosis cases of L- 

CAOS-IM.) Generalized medical treatment (only periodic follow- 

p with the facultative prophylactic use of beta blockers) has not 

een proven effective by small, preliminary studies in either ath- 

etes or sedentary CAA carriers [ 2 , 3 ]. 

Unfortunately, current clinical decisions are still frequently 

ased on inadequate diagnostic methods that may describe qual- 

tatively but not quantitatively markers of risk, as shown even by 

dvanced transthoracic echocardiography or computerized tomog- 

aphy angiography (CTA) [ 16 , 18 , 25 ]. Unfortunately, many patients 

re still being advised to have surgery on the basis of nonspecific 
ClinicalKey.fr par Elsevier sur octobre 14, 2022. Pour un 
ée. Copyright ©2022. Elsevier Inc. Tous droits réservés.
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ymptoms but without proper quantification of their CAA’s sever- 

ty, and even without a correct diagnosis (see section below on L- 

CAOS-IS course). Also, in this regard, it is fair to underscore that 

TA images are typically read only during end-diastole (the por- 

ion of the cardiac cycle when arterial anatomy is most stable in 

he beating heart but has less severe stenosis), while also aortic 

istensibility (degree of enlargement in systole) may differ signifi- 

antly among patients. 

Another confusing practice originates from the fact that many 

linicians and investigators continue to describe CAA patients’ 

ymptoms and mortality risk as due to “unknown” mechanisms 

hile alluding to multiple non-quantitative, associated deformities 

s alternative factors—slit-like ostium, acute angulation, tangential 

ourse, valve-like ostium, interarterial course (IAC), IAC without IM 

ourse, hypoplasia. All these features can indeed be markers of 

tenosis, but only IVUS imaging can yield the quantitative global 

tenotic site CSA ( Figs. 4-8 , Videos S1-S3). 

In particular, we believe that the term IAC [ 6 , 8 , 9 , 12 , 14 , 26 , 27 ]

hould be generally avoided because it alludes to an incorrect no- 

ion tentatively suggested by some pathologists and clinicians who 

nitially thought the mechanism of coronary insufficiency in CAA 

as caused by compression (a scissor effect) of the ectopic artery 

ocated in the space between the aorta and the pulmonary artery 

 21-24 , 28 ]. Both the IAC concept and term should be avoided

ecause this condition is not the cause of ischemia, but espe- 

ially because only in cases with an IM course is the mechanism 

f external dynamic compression correctly understood and the 

tenosis quantifiable: the essential cause of coronary insufficiency 

 Figs. 3 , 7 , and 8 , Videos S1-S3). This misconception especially

efers to “IAC without IM course,” which has even misled many 

linicians to identify as surgically “operable” (needing an opera- 

ion) those cases perceived as having an interarterial course, when 

hey had essentially IS course (benign), passing from an initially 

ubepicardial and extramural location, into the crista supraventricu- 

aris (at the right ventricular outflow tract) and finally at the upper 

entricular septum, to join the epicardial left anterior descending 

oronary artery ( Fig. 1 and Video S1). The IS course is by itself a

onsistently benign variant anomaly not requiring any surgery (see 

urther discussion below). The distal portion of this variant, inside 

he interventricular septum, is always intramyocardial and shows 

ild systolic narrowing, as a myocardial bridge (generally benign). 

he relevance of persistent confusion in this regard is revealed in 

he frequent mention, in reports of surgical interventions in series 

nd registries of CAA surgery, that 5-19% of the patients sent to 

urgery for “unroofing” as IAC cases were shown at surgical explo- 

ation to have neither an IM segment nor stenosis to justify inter- 

ention [ 14 , 24 , 26 ]. The same surgical techniques designed for alle-

iating the scissor effect or IM course at the interarterial site were 

eveloped to cause pulmonary dislocation or to make intracardiac 

epairs (neither of which can affect IM course) [ 11 , 14 , 17 , 24 , 27 , 29 ]. 

Recently, the opinion was circulated in pediatric cardiovascular 

ircles [ 24 , 27 ] that fixed stenosis is frequently present in cases of

-ACAOS-IS that may cause myocardial infarction and require sur- 

ical treatment. This opinion remains highly questionable ( Figs. 1 

nd S1), and we should state clearly that only IM-related steno- 

is may require repair; spontaneous coronary spastic events can be 

bserved in L-ACAOS-IS but should be treated (if confirmed with 

cetylcholine testing) with vasodilators (see section titled Coro- 

ary Spasm and CCA). Most likely, the few cases recently presented 

 24 , 27 ] to support the theory that L-ACAOS-IS has fixed stenotic 

egments (although it is unclear at what level, or by what mecha- 

ism) that need interventional treatment should be strongly ques- 

ioned. These were probably cases of spontaneous coronary spasm, 

hich is reproducible by ACh testing or stiff coronary guidewire 

dvancement, by artifact onset. The absence of any cases of L- 

CAOS-IS (vs 21 cases of L-ACAOS-IM) in Eckart and colleagues’ 
3 
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tudy of SCD and its causes among 23 million military recruits 

s strong evidence of this anomaly’s benignity [4] . Incidentally, L- 

CAOS-IS is probably slightly more frequent in the general popula- 

ion than L-ACAOS-IM (definitive data are not yet available). 

In ACAOS-IM, the sometimes mentioned “hypoplasia of the IM 

egment” in the involved ectopic artery indeed occurs as a sep- 

rate, fixed, and mildly stenotic factor with respect to lateral 

ompression-related dynamic stenosis ( Fig. 7 ). Coronary hypopla- 

ia should be measured in a cross-section orthogonal to the coro- 

ary longitudinal direction, as circumferential shortening quanti- 

ed as the difference between the circumference (in mm) of the 

istal extramural segments minus the proximal IM circumference, 

ivided by the distal circumference ( Fig. 8 A). Intramural coronary 

ypoplasia is common and mild (contributing 0-38% to the steno- 

is), but it is included in IVUS measurements [ 2 , 3 ] and is automat-

cally treated by surgical unroofing, bypass grafting, or coronary 

tenting. 

There are 2 main reasons why IVUS is not more frequently used 

n clinical grounds. First, most physicians who initially provide pri- 

ary care for this pathology treat pediatric populations and are 

ot familiar with IVUS. For this reason, we believe that all spe- 

ialized centers for treating CAAs must include expert interven- 

ional cardiologists. Second, selective cannulation of R-ACAOS-IM 

r L-ACAOS-IM by standard guiding catheters is technically diffi- 

ult to accomplish because the artery’s ectopic location is associ- 

ted with a slit-like, tangential ostium (and in severe cases, the 

ross-sectional diameter is less than 1 mm—the crossing profile of 

n IVUS probe, whereas the guiding catheter is usually 2 mm in di- 

meter; see Fig. 7 and Videos S1 and S2). Special, dedicated guid- 

ng catheters have been developed that have a modified tip, tilt 

t 90 ° from the normal Amplatz curve ( Fig. 5 , Video S3) [30] . Se-

ective ostial access is also essential for enabling optical coherence 

omography ( Fig. 8 ), which requires selective contrast injections to 

isplace blood and permit imaging [2] . 

In terms of operational recommendations, the traditional offi- 

ial position is that IVUS (currently, the state of the art for de- 

cribing such asymmetric coronary stenosis) is too laborious and 

nproven to recommend. Although they may be correct in stat- 

ng that experience with IVUS (and stenting of CAAs) is still in- 

omplete, those authorities avoid discussing the need for steno- 

is quantification to justify any kind of repair and appropriate in- 

erventional planning [ 12 , 31-33 ]. Currently, closing this persistent 

nowledge gap is a priority ( Table 1 ). Our current operative pro- 

osals [2] for potentially serious ACAOS-IM focus on stenosis found 

n adolescent or adult patients who are physically active, symp- 

omatic, or have a positive-stress test: In them, IVUS imaging could 

e essential. In cases of R-ACAOS-IM, IVUS-proven CSA stenosis of 

ore than 55-60% at rest, in diastole, and 50-55% in L-ACAOS-IM 

 Figs. 4 and 6 ) are credible markers of potentially severe disease, 

apable of causing SCD or limiting symptoms in athletes (because 

tenosis becomes functionally 10-30% worse during exertion). We 

till recognize that this policy will have to be supported by larger, 

rospective, longitudinal studies demonstrating that successful in- 

erventions (with stents or with surgical revascularization) can in- 

eed reduce or prevent symptoms, improve stress testing findings, 

nd reduce mortality risk better than every other alternative [ 2 , 3 ].

ur initial experience (see Fig. 3 for details on R-ACAOS-IM, and 

eparately for L-ACAOS-IM) is extensive (the largest reported by a 

ingle center) but unfortunately still essentially single-institution- 

ased. In particular, it must be understood that stenosis is the 

asic cause of ischemia, and stent angioplasty is currently the 

referred treatment option for R-ACAOS-IM at our referral center 

because there is no coronary atherosclerotic disease; instead, R- 

CAOS-IM features smooth and easily passable stenosis, as shown 

y IVUS, that can be treated by a catheter procedure, with reliable 

arly and late results and same-day hospital discharge). Stent an- 
ClinicalKey.fr par Elsevier sur octobre 14, 2022. Pour un 
ée. Copyright ©2022. Elsevier Inc. Tous droits réservés.
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Table 1 

Approximate value scores of recommendations for diagnosis and treatment in R-ACAOS-IM. 

Medical (observational) Surgery IVUS/PCI 

Time in use (y) 40 15-25 20 

Efficacy, present results Poor-quality Moderate Small 

Accuracy of diagnosis + / ++++ ++ / ++++ ++++ / ++++ 

Reliability of treatment + / ++++ +++ / ++++ ++++ / ++++ 

Acceptability ++ / ++++ ++ / ++++ ++++ / ++++ 

Late results + / ++++ +++ / ++++ +++ / ++++ 

In this table, we tried to rate empirically the current state of our knowledge while recognizing the residual 

gaps that need to be eliminated by more extensive, prospective, controlled, and multi-site studies. De facto, 

medical treatment (essentially by clinical observation of symptoms) is the most frequently used mode of treat- 

ment in R-ACAOS-IM in cases that subjectively appear mild to clinical observers, followed by the surgical and 

finally by IVUS-based PCI (currently dedicated to rarer cases because of limited local experience). “Time in use”

refers to how long the treatment has been in clinical use. “Efficacy, present results” refers to the results of 

treatment by empirical protocols that are commonly considered standard-of-care despite the lack of justifiable 

recommendations, controlled studies, and adequate follow-up data. “Accuracy of diagnosis” refers to the ac- 

curacy of standard-of-care diagnostic preoperative work-up. “Reliability of treatment” refers to how often we 

believe the available treatments potentially function, and how much their effectiveness varies among practition- 

ers. “Acceptability” refers to how widely these treatments are accepted by patients and their families (although 

no objective comparisons are available). “Late results (evidence)” refers to the late-term comparative results of 

treatment (which are not yet available, even for late mortality risk). The scoring crosses evaluate empirically 

the different variables in comparable candidates. A similar evaluation in appropriately controlled cohorts needs 

to be available to justify final acceptable recommendations. Further studies are urgently needed. Statements by 

official organizations (eg, “classes”) are generically not yet justifiable. Abbreviations: IVUS, intravascular ultra- 

sonography; PCI, percutaneous coronary intervention. 
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ioplasty procedures also include immediate demonstration of suc- 

ess by IVUS at the end of the procedure, whereas surgery appar- 

ntly entails a 10% rate of early reoperation for residual/progressive 

tenosis because that evidence is not available during the interven- 

ion [ 14 , 15 , 17 ]. Our group had no in-hospital or 5-year mortality

n a continuous series of 42 R-ACAOS-IM cases in which stenting 

as used to treat IVUS-confirmed serious stenosis. Functional class 

as greatly and consistently improved in this serious R-ACAOS- 

M group, whereas a control cohort with milder symptoms treated 

edically was found to have less than 55% CSA stenosis at rest, 

nd stable symptomatic status at baseline and at 5-year follow-up 

 Fig. 3 ) [3] . 

Hemodynamic stenotic testing by fractional flow reserve (FFR or 

FR) [6] is also obtainable by noninvasive computerized computed 

omographic angiography/instant wave-free ratio (CTA/iFR). Using 

TA or iFR involves the interpretation of CTA images by sophisti- 

ated artificial-intelligence algorithms that determine flow by ex- 

rapolation. (Flow is not measured directly and precisely; rather, 

t is estimated from the imaging data obtained about stenosis). 

his method was originally approved to quantify the hemodynamic 

everity of stenosis (by pressure wire) and correlate it with short- 

erm prognosis (1-year) of mild or moderate atherosclerotic coro- 

ary artery disease evaluated by catheter angiography (in CAD). A 

TA/iFR less than 0.80 or 0.89 (obtained noninvasively and at rest) 

s claimed to correlate with a stenosis severity greater than 70% 

n patients with CAD and could possibly have a future role in the 

iagnosis of ACAOS-IM severity (not approved as yet). Approval of 

ts use in congenital, dynamic stenoses as in ACAOS-IM [ 31 , 33 ] is

till questionable. This approach’s implied limitation is that prog- 

osis in ACAOS-IM is essentially related to exertion, while measur- 

ng fractional pressure or FFR involves administering a vasodilator 

adenosine) to increase coronary blood flow but not cardiac work 

r stroke volume. Additionally, the 0.80 FFR value was selected for 

AD patients, in whom it would predict 1-year progression of dis- 

ase (causing major clinical events), which does not necessarily ap- 

ly to ACAOS-IM patients. Also, the presence of a straight and rigid 

uidewire in a curved artery (especially an intramyocardial one) 

an frequently lead to spastic stenosis artifact (which should be 

uled out by selective angiography or IVUS). 

Another potentially diagnostic noninvasive technique to evalu- 

te ACAOS-IM is virtual angioscopy [ 24 , 26 ]. This technique is based
4 
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n magnetic resonance angiography or CTA tridimensional volu- 

etric reconstruction of the inner aortic lumen of a suspected os- 

ial stenosis. Some authors have promoted using these images to 

easure the ostial size of ectopic arteries (and thus slit-like mor- 

hology and severity of stenosis). However, such imaging is liable 

o artifact caused by the angle of exploration, diastolic-only imag- 

ng, and lack of distal vessel CSA measurements to measure steno- 

is [26] . 

Medical treatment has not been prospectively studied by mod- 

rn methods (including correlation of their use with symptoms 

nd severity of stenosis). The experience of Malhotra et al [34] in 

 multi-year project at a soccer camp is illuminating in this 

egard: A typical player with unrecognized ACAOS-IM (despite 

chocardiography-based screening) continued participation until 

e had SCD on the field. (This is called an observational follow- 

p in an individual not diagnosed correctly and never considered 

or interventional treatment or disqualification.) 

In this initial general discussion of ACAOS-IM, we focused 

n updated general concepts. The following technical discussion 

“Treatment options”) focuses on technical issues in the treatment 

f ACAOS-IM. 

reatment options 

-ACAOS-IM cases 

Current practice in the interventional treatment of ACAOS 

 2 , 3 , 6-8 , 20 , 30 , 32 ] can be summarized in these terms: 

1 Significant R-ACAOS-IM treatment ( Figs. 6 and 7 , Videos S2-S4) 

generally depends on data from a selectively ordered IVUS eval- 

uation prompted by symptoms, lifestyle (sports, military train- 

ing), stress-testing and cardiac MRI (if available for special pop- 

ulations, like athletes) results, and consent. The factors that fi- 

nally support intervention, especially in young athletes [3] , are 

(a) chest pain, especially if it is disabling and induced by ex- 

ertion (and which can be typical or atypical, depending on its 

reproducibility with exertion [3] ); (b) dyspnea on exertion; (c) 

dizziness or syncopal spells with exertion; (d) lifestyle involv- 

ing athletic-level activities (as part of precertification); (e) his- 

tory of SCA or aborted SCD; and (f) positive nuclear myocar- 
ClinicalKey.fr par Elsevier sur octobre 14, 2022. Pour un 
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dial stress testing, preferentially by treadmill (to document is- 

chemia in the dependent myocardium and to establish a control 

for the eventual postoperative follow-up, if needed). Indications 

for intervention in patients of pediatric age (before age 15-16 

y) should be exceptional. 

2 Evidence of severe stenosis by IVUS quantification is generally 

essential for a conclusive diagnosis of stenotic severity. Alter- 

natively, we only consider a history of SCA or aborted SCD to 

be the only factor that by itself could justify intervention in 

patients with ACAOS-IM of any IVUS-proven anatomic severity. 

Consistently, stent angioplasty performed by expert operators 

can obtain full resolution of stenosis and functional success as 

well as appropriate surgical intervention can. The general abol- 

ishment of symptoms is reasonable confirmation of the effec- 

tiveness of revascularization intervention and the correctness 

of our pathophysiological theory (that severe stenosis causes 

symptoms that disappear after successful recanalization) [ 2 , 3 ], 

but eventually large series of cases in multicenter controlled 

studies should be organized according to well-planned proto- 

cols. 

3 At expert centers, regarding PCI as an alternative to surgi- 

cal treatment (which is an American Heart Association Class 

2 indication), the only PCI contraindication we know of is 

age of less than 30 years [ 2 , 3 , 5 ], because of commonly ac-

cepted but still unsubstantiated doubts about long-term (ie, 50- 

year) stent-angioplasty durability. In the R-ACAOS-IM indica- 

tion, stents did not show any tendency to undergo structural 

changes (crushing) with aging, and restenosis was rare, as il- 

lustrated in Fig. 3 (and, when it occurs, is always the result 

of fibro-cellular hyperplasia during the first postoperative year) 

was rare ( Fig. 3 ). 

4 More specifically, stent treatment and surgery are still exper- 

imental methods of preventing SCD. (There are no objective, 

randomized studies of surgery versus stenting for R-ACAOS-IM 

vs medical treatment or disqualification from sports activities 

and continued medical treatment.) The more than 50 IVUS- 

confirmed cases of R-ACAOS-IM PCI currently completed at our 

center in 20 years have been successful at mid-term (at least 

5 y), with no mortality ( Fig. 3 ) [2] . During up to 20 years of

follow-up, in our experience no patient has died or had an 

acute infarct, and only one patient required surgery to correct 

a recurrent restenosis case after PCI. (This failure occurred in a 

rare case treated with a drug-eluting stent, having joint orig- 

ination of the LCA and RCA off a single ostium at the left si- 

nus; the stent had to cover the ostial stenosis.) Generally, the 

in-stent restenosis rate seems to be less than 5% when drug- 

eluting stents are used, and balloon angioplasty is usually ad- 

equate treatment for restenosis [2] . Bare-stent PCI seems to 

have a much higher restenosis rate and was abandoned after 

the first 2 years of initial experience. Drawing definitive conclu- 
ig. 2. Histologic (hematoxylin & eosin; A, C) and gross anatomy images (B), all 

btained by autopsy in 2 cases of sudden cardiac death in young patients. A) A 

7-year-old male victim of sudden cardiac death (SCD) during a basketball game. 

he typical intramural course of the right coronary artery is shown (R-ACAOS-IM), 

ith apparent moderate lateral compression inside the aortic wall. (This image 

n autopsy corresponds to IVUS imaging in diastole.) (Panel A image reproduced 

rom Angelini P. Coronary artery anomalies–current clinical issues: definitions, clas- 

ification, incidence, clinical relevance, and treatment guidelines. Tex Heart Inst 

. 2002;29:271-8, with permission.) B and C) A 14-year-old female victim of SCA 

complicated by secondary decerebration), which occurred during leisure jogging. 

ritical stenosis in L-ACAOS-IM was located at the distal kinked exit off the intra- 

ural segment, on the adventitial side of the aorta. This mechanism of stenosis is 

are (as seen in approximately 10-20% of cases of L-ACAOS-IM). A similar clinical 

ase of L-ACAOS-IM with distal stenosis is shown in Fig. 4 . (Panel B and C images 

eproduced from Angelini P. Novel imaging of coronary artery anomalies to assess 

heir prevalence, the causes of clinical symptoms, and the risk of sudden cardiac 

eath. Circ Cardiovasc Imaging. 2014;7:747-54, with permission). 
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Fig. 3. The percentage of baseline cross-sectional area (CSA) of stenosis stratified by the severity of related symptoms in a continuous series of 67 patients: < 55% at baseline 

(in the 2 left-sided columns) versus > 55% CSA stenosis (right columns) treated medically (left) or with PCI (right), in a continuous series of adult patients studied by IVUS 

imaging because of suspicious symptoms, stress testing, or CTA, after being qualitatively diagnosed with R-ACAOS-IM. Both groups were followed up for a mean of 5 years 

(range: 2 to 12 years), and there was no mortality in either group. (Adapted from Angelini P, Uribe C, Monge J, Tobis JM, Elayda MA, Willerson JT. Origin of the right 

coronary artery from the opposite sinus of Valsalva in adults: characterization by intravascular ultrasonography at baseline and after stent angioplasty. Catheter Cardiovasc 

Interv 2015;86:199-208, modified for clarity and with permission). The 2 columns on the left represent the patients with baseline CSA stenosis < 55% at rest and in diastole, 

accompanied by their respective symptomatic state (scores on the right side as % of each category) and followed for 5 years. At 5-year follow-up, the medical-treatment 

group maintained mild and stable symptoms. In the stent group, symptomatic state was much more severe at baseline but improved substantially after successful PCI 

intervention. Functional status was classified by the Texas Heart Institute system [3] and varied from asymptomatic (score zero, A) to very severe, like syncope with fall 

during exertion with spontaneous recovery (score 10-12, E). Globally, the experience showed a definite correlation between severity of stenosis and symptom severity. Of 4 

patients in the initial series of PCI who had bare-metal stents (BMS), 2 had restenosis (50%). Of the 38 patients who had drug-eluting stents (DES), 2 had restenosis (5.2%), 

and one of these had limited-thoracotomy off-pump coronary mammary artery grafting for re-restenosis. 
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sions about outcomes will require larger, multicenter, prospec- 

tive studies with accurate long-term follow-up and cardiac mor- 

tality data. 

5 The most commonly used surgical alternative to PCI in the 

United States is unroofing [13–15] , which requires open-chest 

extracorporeal circulation and should be carried out by a pe- 

diatric cardiovascular surgeon of extensive experience (because 

this is an unusual and delicate procedure for general adult car- 

diovascular surgeons). At our center, neo-ostium creation at the 

end of the IM tract was also used successfully. In Europe, reim- 

planting the ectopic artery (the distal segment to the intramu- 

ral initial tract) into the “proper” sinus is more frequently done 

(and requires great experience, especially when performed in 

children) [29] . Mammary artery bypass has the substantial lim- 

itation of competitive flow with frequent early graft degenera- 

tion, unless the proximal native artery is ligated (potentially an 

excessive price to pay). In small children, the mammary artery 

is usually small, delicate, and generally recognized to be prone 

to perioperative coronary arterial spasm. Vein grafting is not 

an attractive alternative, especially in young patients, for whom 

graft degeneration and clotting are likely to occur within a few 

years because of competitive flow in non-critical stenosis at rest 
(most of R-ACAOS-IM cases). (
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etails of PCI technique 

Specific adaptations of general PCI techniques need to be 

earned by new operators with experienced proctors, IVUS data, 

nd dedicated guiding catheters, always allowing for stent deploy- 

ent without initial balloon angioplasty ( Fig. 6 ) [ 2 , 3 , 5 , 20 ]. Regard-

ng the length of the IM segment and the site of severest narrow- 

ng, the IVUS-proven length of the affected R-ACAOS-IM segment 

as evidenced by ovaloid lumen on IVUS, progressing in degree of 

ateral compression stenosis until the aortic ostium) is consistently 

bout 10 mm (range, 8-12 mm) [2] , and the maximal stenosis is 

ocalized to the ostial segment, less than 3 mm long, where the ar- 

erial lumen becomes flattened ( Fig. 7 , Videos S1 and S2); that site 

as maximal, significant systolic obstruction that is liable to fur- 

her worsening during maximal exercise. The current recommen- 

ation is generally to aim at using only one stent per case that 

an cover the full extent of the IM course [3] . The IM segment 

s made of aortic wall covered by coronary endothelium ( Fig. 2 C), 

nd no intimal cholesterol or medial calcium deposits are present, 

ven in the oldest patients, who may have only distal atheroscle- 

otic changes. The issue of potential stent crushing over the years 

ould easily be studied by simple fluoroscopy in proper projection 

aligned with the stent), usually without catheterization. Resteno- 
ClinicalKey.fr par Elsevier sur octobre 14, 2022. Pour un 
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Fig. 4. Coronary angiographic still image (4-1), IVUS imaging (4-2), and MRI (4-3) obtained from a 25-year-old man who had a syncopal spell with prolonged chest 

pain/troponin elevation while sitting down during an academic test at his university. He survived an emergency left main coronary unroofing operation. (Panels 4-1 and 4-2 

were reproduced from Angelini P, Uribe C. Anatomic spectrum of left coronary artery anomalies and associated mechanisms of coronary insufficiency. Catheter Cardiovasc 

Interv. 2018;92:313-321, with permission.) Note that the angiogram (4-1) shows anomalous origin of the LCA with the normally located RCA ( single short common trunk ), 

but not its stenosis, which was clearly revealed only by IVUS (4-2, see the severe diastolic and systolic lateral compression in B1 and B2) and, less well, by MRI (4-3, top 

and bottom ). Note that the proximal L-ACAOS-IM stenosis (seen in 4-1 C) corresponds to the cross-sectional images in B1 and B2 as well as in 4-3 ( bottom ), whereas the 

distal extramural LCA (“above”) arrowhead is at the same site of the angiographic point 4-1 C. The compressed IM site is positioned at the sinotubular junction (4-2 B and 

4-3 bottom ). The ratio between long and short diameters is 4:1 (indicating severe left main trunk stenosis at end-diastole). This case represents essentially the same type of 

L-ACAOS-IM shown in the histologic example in Fig. 2 B, C. This case was successfully treated with mammary artery grafting. 
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Fig. 5. A schematic representation of the new dedicated guiding catheter for R- 

ACAOS-IM cases. Note that the left Amplatz guiding catheter was modified to add 

a terminal 90-degree curve to create alignment with the ectopic, tangential anoma- 

lous artery to enhance selective access to the ostium and backup support. The 

intermittent-line proximal right coronary identifies the intramural course. 
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is is indicated by the appearance of exercise-related angina and/or 

yspnea, with a positive nuclear stress test. (Postoperatively, this 

ould be also pharmaceutical because systolic compression is not 

n issue.) A 15- to 16-mm stent will suffice in most cases as long 

s it covers the IM course segment from 1-2 mm proximal to the 

stium. 

-ACAOS-IM cases 

The types of interventions for L-ACAOS-IM are somewhat dif- 

erent from those of R-ACAOS-IM, especially because the LCA nor- 

ally provides 60-90% of the blood flow to the left ventricular my- 

cardium; thus, L-ACAOS-IM is more complex and riskier to treat 

han R-ACAOS-IM ( Figs. 2 and 4 ). Additionally, the clinical mani- 

estations of left main trunk ischemia are much more critical than 

hose of R-ACAOS-IM: angina, dyspnea, syncope, SCA, and SCD are 

ore frequent (even at rest and in older patients, in extreme cases) 

2] . The best evidence for L-ACAOS-IM being a more serious condi- 

ion than R-ACAOS-IM comes from the aforementioned study by 

ckart et al [4] , who reviewed an experience with military re- 

ruits (6.3 million over a 25-y period) and found that out of all 

ypes of ACAOS, only L-ACAOS-IM was associated with SCD dur- 

ng a 2-month period of strenuous exercises (and was the cause of 

3% of medical deaths). This population had not been screened for 

AAs specifically being initially studied only by history and phys- 

cal (grossly insufficient for the target lesion [19] ) in the absence 

f suspicious symptoms. Most of the CAA-related cases of SCD oc- 

urred during exertion (86%) and in patients with no history of 

xercise-related angina. The need for improved screening was re- 

ently discussed in depth [19] . 

A recent MRI-based screening study of a large general adoles- 

ent population established the prevalence of any ACAOS-IM, L- 

CAOS-IM, and R-ACAOS-IM as 0.45%, 0.12%, and 0.33%, respec- 

ively [1] . A baseline > 50% diastolic resting-state stenosis of the 

eft main trunk, as described by IVUS, is considered a credible 

ause of symptoms and a substantial risk factor for SCD during 

aximal exertion, as well as an accepted indication for interven- 

ion, which until the present time has been surgical in cases of 

AD [35] and of L-ACAOS-IM. Suspicious symptoms should con- 

titute the main indication for IVUS, especially in candidates for 
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trenuous exercise activities. We must acknowledge that an addi- 

ional, variable dynamic factor may exist that could be especially 

mportant in patients with increased elasticity of the aortic root 

ie, distensibility to pressure rise). In cases of borderline sever- 

ty, simulated exercise testing during IVUS measurements with the 

aline/atropine/dobutamine (SAD) test (by administering a 500-cc 

aline bolus, atropine 0.5 mg, and dobutamine 40 mcg/Kg/min) 

ould be done to include systolic imaging at a heart rate > 150/min 

 2 , 3 ]. In our initial pilot experience, the only contraindication to 

AD testing of L-ACAOS-IM was critical stenosis at baseline ( > 60% 

SA stenosis at rest) or a history of SCA/SCD (the main danger is 

entricular arrhythmias), but in patients with mild resting stenosis 

 < 50%) it is a safe test. 
ClinicalKey.fr par Elsevier sur octobre 14, 2022. Pour un 
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Fig. 6. Angina in a young athlete: IVUS imaging of R-ACAOS-IM in a moderate stenosis case during systole ( A ) and diastole ( B ). (Panels A and B reproduced from Angelini 

P. Novel imaging of coronary artery anomalies to assess their prevalence, the causes of clinical symptoms, and the risk of sudden cardiac death. Circ Cardiovasc Imaging. 

2014;7:747-54, with permission.) When compared to the distal reference cross-section ( C ), the result of stent angioplasty at the IM proximal segment ( D ) is apparent. 

(Panel C reproduced from Angelini P, Uribe C, Monge J, Tobis JM, Elayda MA, Willerson JT. Origin of the right coronary artery from the opposite sinus of Valsalva in adults: 

characterization by intravascular ultrasonography at baseline and after stent angioplasty. Catheter Cardiovasc Interv. 2015;86:199-208, with permission.) 
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Like R-ACAOS-IM, potentially L-ACAOS-IM could be treated ef- 

ectively with either surgery or stent angioplasty, but adequate ev- 

dence of operative safety and long-term effectiveness is still lack- 

ng, especially with stenting. Technically, extreme cases should be 

onsidered, such as the case of joint origin of RCA and LCA from 

he same common trunk and the one of ostial stenosis at exit from 

he IM segment. Currently, the established and uncontested first 

hoice is surgery, mainly by unroofing the IM section, by neo-ostial 

reation in the left sinus (distal to the stenosis), or by translocat- 

ng the poststenotic left main coronary into the left sinus of Val- 

alva [ 15 , 17 , 29 ]. Careful long-term postoperative follow-up is rarely 

vailable even after surgery, but it is essential for reassuring all 

embers of the team (patients, families, professionals) after this 

till-experimental treatment is applied [13–15] . Postoperative test- 

ng by IVUS imaging may be required in occasional cases. 

An initial small series of stent angioplasties in L-ACAOS-IM (by 

 cautious and selective approach but empirical techniques) pro- 

uced early favorable results in sporadic reports [2] , but only a few 

ases have been precisely reported so far. There are several diffi- 

ulties to be considered in PCI for L-ACAOS-IM, besides the lim- 

ted availability of results from current experience. The encourag- 

ng late results of R-ACAOS-IM stenting have recently increased in- 
8 
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erest in starting dedicated multicenter prospective studies at cen- 

ers of excellence in PCI treatment. The exact location and extent 

f narrowing must be identified precisely, and only IVUS can accu- 

ately describe the anatomy of the left main trunk in L-ACAOS-IM. 

s stated above, the worst stenosis is sometimes found, not at the 

stium (more frequently), but at the distal exit off the IM segment 

 Figs. 2 and 4 ). Importantly, even invasive coronary artery angiog- 

aphy may not provide an accurate description of the issues (ex- 

ct location and severity). The bifurcation of the left main trunk is 

ot usually involved in the IM course and should not be covered 

y the stent. In cases of a common coronary single trunk, the left 

ain usually becomes IM, not at the common coronary trunk at 

he aortic ostium or trunk bifurcation, but only after a short extra- 

ural left main segment [2] . When the left coronary originates di- 

ectly from the right sinus of Valsalva, the ostium is frequently slit- 

ike and tangential to the aortic wall. A dedicated guiding catheter 

ith a built-in distal tilt [30] could be uniquely helpful in improv- 

ng selective engagement, co-axiality, and backup support, as it is 

n cases of R-ACAOS-IM. (Such a catheter is being developed at our 

enter as a custom-made device.) Stenosis recurrence is probably 

are after L-ACAOS-IM stenting, but the risks it poses are more se- 

ious than those of R-ACAOS-IM restenosis, including the possibil- 
ClinicalKey.fr par Elsevier sur octobre 14, 2022. Pour un 
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Fig. 7. Still images (A, systole) and (B, distal reference), with video (Video S3) showing optical coherence tomography imaging of a case of severe R-ACAOS-IM. Note that 

the luminography is very sharp, while the wall thickness and the stereotactic relationships with neighboring structures are not (the pulmonary and aortic walls/lumens are 

not visible on OCT, but they are on IVUS). C) This is a diagrammatic rendition derived from the OCT images in panel A, and it represents a cross-sectional image of the 

proximal R-ACAOS-IM, to indicate the detailed anatomy of the initial intramural segment: In this case, the opening of the vessel into the aorta is not from the proximal 

end of the vessel but from a side defect (the incidence of which we do not yet know). The potential implication is that proximal stenosis in R-ACAOS-IM could be both by 

lateral compression and the size of the side opening. This detailed anatomic feature only implies that in cases treated with stenting, the stent should cover both the laterally 

compressed vessel and the very opening into the aorta. Imaging the ostium by OCT is always difficult because of the critical need to deliver selective contrast while also 

keeping the guiding catheter away from the ostium. If the guiding catheter enters the ostium, it sometimes creates potential for an artifact by enlarging the lumen. Note 

that the circumference of the proximal R-ACAOS-IM has hypoplasia, with respect to the distal reference circumference (38% smaller). See Video S4, from the same case. The 

luminal cross-sectional area (CSA) stenosis is 73% in systole at rest (CSA at ostium: 7.82 mm 

2 ; CSA at distal reference vessel: 30.19 mm 

2 ). 
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ty of SCD as the first clinical manifestation. Close, reliable follow- 

p will be required. 

The surgical technical options are similar to those for R-ACAOS- 

M, but in particular we must discuss a limitation of unroofing, the 

echnique most frequently used in the US. It is likely that progres- 

ive aortic insufficiency after unroofing is related to progressive en- 

argement of the aortic anulus because of a weakened aortic wall 

elated to unroofing (which eliminates the inner half of its preop- 

rative medial thickness, below the edge of the anterior commis- 

ure of the aortic valve). However, aortic aneurysm formation has 

ever been reported at this site. In the Congenital Heart Surgeons’ 

ociety study, 10% of patients needed early redo surgery for ostial 

tenotic recurrence [14] . Relocating the coronary ostium essentially 

mplies removing the proximal stenotic IM section, which may be 

roblematic in the distal stenosis L-ACAOS-IM cases ( Fig. 4 ). When 
c
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urgery is done in small children, one should keep in mind also 

he possibility that the neo-ostium may result too small before the 

ime the patient reaches adulthood. Coronary artery bypass graft- 

ng has the same limitations as in R-ACAOS-IM. Most probably, 

correcting IAC” in the absence of IM course is an erroneous pro- 

edure, as discussed above (referring to L-ACAOS-IS). IVUS imaging 

as clearly shown that this anomaly does not have either a scis- 

or effect (lateral compression between the aorta and pulmonary 

rtery) or intramural ostial origin from the aortic root, but this is 

requently not easy to confirm, even by CTA [ 3 , 4 , 17 , 20 , 25 , 30 ]. 

oronary spasm and CCA 

Some cases of non-IM ACAOS have been discovered to be asso- 

iated with an increased proneness to spontaneous coronary spasm 
ClinicalKey.fr par Elsevier sur octobre 14, 2022. Pour un 
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Fig. 8. A 56-year-old woman with recurrent spells of prolonged chest pain and progressive symptoms of congestive heart failure was referred to our center to determine 

whether her “high-risk L-ACAOS” was intramural (as the referring physician described it) and needed surgery on the basis of CTA findings. Her left ventricular ejection 

fraction was initially 35%. Coronary angiography clearly shows a case of L-ACAOS-IS featuring a single ostium at the right sinus of Valsalva, with typical anterior (not IM, 

pre-aortic) initial course and later infundibular course, without resting coronary stenosis. Administering intracoronary ACh revealed severe and diffuse coronary narrowing 

(left panel), which was quickly resolved by intracoronary administration of nitroglycerin (right panel). Note that all small branches, even atrial and septal branches, are 

severely narrowed by ACh administration. After long-term calcium antagonist and nitroglycerine therapy, angina almost completely disappeared and left ventricular function 

improved to 40-45%. We interpreted the case as one of sustained spontaneous spastic episodes, inducing myocardial stunning (no evidence of scar was noticed on late 

gadolinium enhancement MRI). Note the presence of the first septal branch off the undivided left main coronary artery, which indicates the start of the intraseptal course. 

(Reproduced from Angelini P, Uribe C. Anatomic spectrum of LCA anomalies and associated mechanisms of coronary insufficiency. Catheter Cardiovasc Interv. 2018;92:313-321, 

with permission.) 
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ith clinical resting angina ( Fig. 3 ) [2] . The optimal technique for

bjectively recognizing such spasm is generically by acetylcholine 

est of endothelial dysfunction. In our Center for Coronary Artery 

nomalies at the Texas Heart Institute, we have documented sev- 

ral similar cases. In some examples, sustained spontaneous spasm 

vents may lead to myocardial stunning or, in patients with re- 

urrent/prolonged episodes, subacute, transient, or permanent is- 

hemic scarring and cardiomyopathy [2] . Additionally, we have 

bserved cases of ACAOS associated with positive ACh testing in 

atients with the following types of ACAOS: IS (most frequently), 

A, PP, and rarely IM (only distal to the IM proximal section). 

ypically, spontaneous symptomatic episodes of angina occur at 

iddle-to-older age, in both male and female carriers. The pecu- 

iar feature of these cases is that increased spasticity is most fre- 

uently diffuse, and not localized at coronary proximal segments 

ike in Prinzmetal angina. The reason for the association between 

pasm and ACAOS is unclear, but it may relate to the abnormal car- 

iac innervation of these abnormal-course arteries. Nitroglycerine 

uickly resolves ACh-induced spasm, as well as clinical episodes. 

alcium antagonists are definitely effective in preventing spasm 

as we observed during ACh testing in 15 patients in our empir- 

cal experience), but the experience is small. Surgical intervention 

s not routinely required [24] . Progression to irreversible terminal 

ardiomyopathy is apparently rare but is frequently unrecognized. 

onclusions 

Coronary artery anomalies are a complex and evolving field in 

ardiology. At this stage of our learning process, we should real- 

ze that 3 different categories of anomalies exist: 1) ACAOS that 

epresents the body’s natural effort to adapt to embryologic de- 

elopmental anatomic but not functional defects, like in the PP, 

S, and RA variants. 2) Apparently, a longer-than-normal proximal 

oronary trunk does not necessarily imply by itself coronary dys- 

unction. 3) At the opposite end of the spectrum, some anoma- 

ous anatomic patterns (perhaps 10-20% of all types, eg, ACAOS- 

M) are potentially capable of causing serious clinical consequences 

ecause they feature severe degrees of fixed and dynamic stenosis, 
10 
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hich require careful quantification (frequently by IVUS imaging at 

est and with simulated exercise). Those can be potentially treated 

afely and successfully with stents or surgery at expert centers, if 

dentified in a timely fashion. 4) Many different anatomic patterns 

f ACAOS are occasionally accompanied by coronary spontaneous 

pasm in adults (manifesting as resting angina that is responsive 

o nitrates or calcium blockers, probably in 5-25% of cases). 

We need to be aware of this wide spectrum and of the per- 

istently unsettled questions about indications for advanced eval- 

ation of severity or interventions, and about optimal techniques, 

hile dedicated centers of excellence should urgently join collab- 

rative multicenter, coordinated, prospective studies [ 5 , 9 , 14 , 19 ]. If

ne considers that 0.45% of the population is born with some kind 

f ACAOS-IM, about 1,30 0,0 0 0 children and adults in the United 

tates probably have one, implying the need for a specific and 

etailed preventive screening plan for athletes. Documentation of 

ffective prevention will be necessary and only possible by large 

rospective studies with accurate screening in persons who are fol- 

owing an intense and consistent exercise program, while showing 

he cause of the eventual SCD with autopsy. This is probably pos- 

ible only in US military recruits [19] . 

Current recommendations established by official organizations 

o not take into consideration the findings of more recent pilot 

tudies of IVUS characterization and stent angioplasty. 
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