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Wide spectrum of anomalous connections

Anomalous connections of coronary arteries



Prevalence with cardiovascular imaging

 Echocardiography

 Selective angiography

 CT scan angiography
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Wide spectrum of anomalous connections

anomalous connection of the RCA with interarterial course



 n=472 patients
 n=496 abnormalities
 recruitment : 01/2010-01/2013
 71 French investigators 

Coordination

Grant

ANOCOR cohort



 Not rare congenital anomaly

 Interarterial course in most of cases 

 Very low risk of sudden death in youngs 

 Possible ischemia/symptoms in adults

 Management remains debated

 Screening policy in athletes

anomalous connection of the RCA with interarterial course
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PREVALENCE IN SELECTED POPULATION



Koutsoukis A. Congenit Heart Dis 2017 

Registry
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PREVALENCE IN YOUNG POPULATION



MRI-based study

n = 5.255

middle school children (mean age 13 years)

2010-2017 

L-ACAOS = 2

R-ACAOS = 17

Total ACAOS = 19  

Prevalence L-ACAOS = 0.04%

Prevalence R-ACAOS = 0.32%  3/1000

Total prevalence ACAOS = 0.35%  4/1000

Angelini P. ACC sessions 2017 
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CONGENITAL HEART DISEASE PREVALENCE

cases per 100 000

Anomalous connections of coronary arteries 350 (0.35%)

Hypertrophic cardiomyopathy 200 (0.20%)

Wolf-Parkinson-White syndrome 150 (0.15%)

Long QT syndrome 50 (0.05%)

Idiopatic dilated cardiomyopathy 40 (0.04%)

Arrhythmogenic right ventricular cardiomyopathy 40 (0.04%)

Brugada syndrome 20 (0.02%)

Catecholaminergic polymorphic ventricular tachycardia 10 (0.01%)

CHD with risk of sudden cardiac death (estimation)



anomalous connection of the right coronary artery

anomalous connection of the RCA with interarterial course



CONGENITAL HEART DISEASE PREVALENCE

cases per 100 000 

Anomalous connection of right coronary artery 300 (0.30%)

Hypertrophic cardiomyopathy 200 (0.20%)

Wolf-Parkinson-White syndrome 150 (0.15%)

Long QT syndrome 50 (0.05%)

Anomalous connection of left coronary artery 40 (0.04%)

Idiopatic dilated cardiomyopathy 40 (0.04%)

Arrhythmogenic right ventricular cardiomyopathy 40 (0.04%)

Brugada syndrome 20 (0.02%)

Catecholaminergic polymorphic ventricular tachycardia 10 (0.01%)

CHD with risk of sudden cardiac death (estimation)
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RISK OF SUDDEN CARDIAC DEATH



aborted cardiac arrest

anomalous connection of the RCA with interarterial course

Risk of sudden cardiac death

sudden cardiac death

LM RCA

Carrado D. Br Heart J 1992

Shimizu T. Intern Med 2014



Anatomic features with risk of SCD

anomalous connection from the opposite sinus

with interarterial course

RCA

RCA
LM



Aubry P. Eur Heart J 2015 

Registry

Anomalous connection of RCA 165

Interarterial course 148 (90%)  

Other courses 17 (10%)



 12-35 years athletic population 

 follow-up period of 26 years

 2.938.270 person-years of observation

 55 deaths

 91% during sports activity

 1.9 deaths/100.000 person-years

 0.48 deaths/100.000 person-years (cardiomyopathy)

 0.24 deaths/100.000 person-years (coronary anomaly)

Corrado D. JAMA 2006 

Risk of sudden cardiac death in athletes



Sudden cardiac death and ACAOS 

annual risk of sudden cardiac death (estimation*) 

L-ACAOS

R-ACAOS 

total annual incidence = 0.2% 

0.1%

0.005% 

* general population



CONGENITAL HEART DISEASE SCD cases

per 100 000 / year

Catecholaminergic polymorphic ventricular tachycardia 1500

Hypertrophic cardiomyopathy 1000-2000

Brugada syndrome 1000

Long QT syndrome 500-1000

Idiopatic dilated cardiomyopathy 500-1000

Arrhythmogenic right ventricular cardiomyopathy 500-1000

Wolf-Parkinson-White syndrome 100

Anomalous connection of left coronary artery 100

Anomalous connection of right coronary artery 5

CHD with risk of sudden cardiac death (estimation)



Sudden cardiac death and ACAOS 

annual risk of sudden cardiac death (estimation*) 

L-ACAOS

R-ACAOS 

0.3%

0.01% 

* population with ages 12-35 years 

Brothers J. J Thorac Cardiovasc Sur 2010



12 aborted SCD (2.5%)

2 ACAOS-related SCD (0.4%)

number age artery connection course significant CAD

1 50 Cx contralateral  artery retroaortic present

2 75 Cx contralateral  artery retroaortic present

3 72 Cx contralateral  artery retroaortic present

4 16 LM pulmonary artery normal absent

5 53 Cx contralateral  artery retroaortic present

6 48 Cx contralateral  artery retroaortic absent

7 57 CX contralateral  artery retroaortic present

8 60 RCA ascending aorta preaortic present

9 31 RCA contralateral sinus preaortic absent

10 60 RCA contralateral sinus preaortic present

11 30 RCA contralateral sinus preaortic absent

12 44 CX contralateral sinus retroaortic absent

Registry

Aubry P. Arch Cardiovasc Dis 2016 



mechanism(s) of ventricular fibrillation

anomalous connection of the RCA with interarterial course

The exact mechanism of sudden cardiac death 

associated with 

anomalous connection of coronary artery is not known



mechanism(s) of ventricular fibrillation

?

24/07/2012 

12.28 AM
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mechanism(s) of the ventricular fibrillation

• myocardial ischemia

• limitation of coronary reserve

• myocardial fibrosis area

• abnormal arrhythmic response to ischemia

• hypotension post exercise

• combination of mechanisms

• fortuitous association

• … 



Raisky O, Vouhé P. EMC 2007

Exertional dynamic compression

Never demonstrated

anomalous connection of the RCA with interarterial course



Anomalous connections of coronary arteries : not mentioned

Priori SG. Eur Heart J 2015 
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ISCHEMIA/SYMPTOMS

possible in patients >35 year-old
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extramural juxtamural intramural ostium

IVUS evaluation of R-ACAOS

anomalous connection of the RCA with interarterial course



juxtamural intramural

IVUS evaluation of R-ACAOS

anomalous connection of the RCA with interarterial course

R-ACAOS with intramural course

Hata Y et al. Cardiovasc Pathol 2014



mechanism(s) of myocardial ischemia

CAD R-ACAOS



intramural

juxtamural

extramural

minimal lumen area: 4.8 mm2

lumen area reduction: 75%

IVUS evaluation of R-ACAOS

anomalous connection of the RCA with interarterial course



Fractional Flow Reserve (FFR)

anomalous connection of the RCA with interarterial course



before dobutamine infusion

during dobutamine infusion



n=3

n=34



R-ACAOS



LM

RCA

anomalous connection of the RCA

Hata Y Cardiovasc Pathol 2014



 accurate diagnosis of the anomalous connection

 identification of abnormalities requiring correction

 place of PCI? 

PCI in anomalous connections of the coronary arteries (ANOCOR)

PCI in anomalous connections without CAD 



PCI in anomalous connections of the coronary arteries (ANOCOR)

right anomalous connection without CAD
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CURRENT MANAGEMENT





Unroofing with creation of neo-ostium

Feins EN et al. Ann Thorac Surg 2016

LM

RCA

anomalous connection of the RCA with interarterial course



Weaknesses of surgical repair

 Guidelines focused on young people

 Very few patients with history of sudden death

 No randomized controlled studies

 Lack of long-term data after correction

 Possible failure (stenosis/aneurysm/thrombosis)

anomalous connection of the RCA with interarterial course





 retrospective study with 42 ectopic RCA

 mean age 48±12 years (12-73)

 PCI with IVUS guidance (BMS/Cypher/Taxus/Promus stents)

 indications for angioplasty:

symptoms/ischemia 

or intensive sport practice 

or IVUS surface reduction >50%

 angiographic success (100%)

 no in-hospital MACE

 angiographic restenosis (4/42)



selected population

 right anomalous connection

 age >35 year-old

 no history of aborten sudden death

 angina and/or documented ischemia

 pre aortic course with/without intramural pathway

 no significant CAD associated

PCI in anomalous connections of the coronary arteries (ANOCOR)

ANOCOR stenting registry (2015)
multidisciplinary team



stenting of ectopic right coronary artery 

PCI in anomalous connections of the coronary arteries (ANOCOR)



PCI in anomalous connections of the coronary arteries (ANOCOR)

stenting of ectopic right coronary artery



OCT evaluation of R-ACAOS stenting

PCI in anomalous connections of the coronary arteries (ANOCOR)



CT scan at 6 months 

PCI in anomalous connections of the coronary arteries (ANOCOR)





 Age <35 or ≥35 year-old

 History of aborted cardiac arrest

 Symptoms / relation with exertion

 Non invasive documented myocardial ischemia

 Anatomic features (CT/angio/IVUS)

 FFR (invasive / non-invasive)

 Competitive activities

How to manage?

anomalous connection of the RCA with interarterial course

Surgery/PCI/observation/exercise restriction



Harmon KG. Circulation 2015



Mons L. Eur J Prev Cardiol 2017



PRE-PARTICIPATION CARDIOVASCULAR EVALUATION

• History

• Physical examination

• History

• Physical examination

• ECG



R-ACAOS (transthoracic echocardiography)

anomalous connection of the RCA with interarterial course

Frommelt PC. J Am Coll Cardiol 2003



Mons L. Eur J Prev Cardiol 2017

PRE-PARTICIPATION CARDIOVASCULAR EVALUATION

Cost-efficacy of pre-participation evaluation
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Van Hare GF. J Am Coll Cardiol 2015



R-ACAOS

• Prevalence in general population: 0.3%

• Presence of interarterial course: 90%

• Association with sudden cardiac death: yes

• Risk of sudden cardiac death: 0.005%/year

• Vulnerability periods: <35 year-old and sport

• Mechanism of sudden cardiac death: ventricular fibrillation

• Mechanism(s) of ventricular fibrillation: ?

• Primary prevention of sudden cardiac death: ?

• Place of screening in athletes: ? 

• Ischemia/symptoms in patients >35 year-old: possible

• Management of patients >35 year-old: ?

• Place of PCI: ?
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