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Abstract 
 
Anomalous origin of the coronary arteries is rare in clinical practice. Different anomalies have 

different clinical or symptomatic manifestations depending on the patient’s age. However, the 

majority of coronary artery origin anomalies are silent and are only discovered incidentally 

during left heart catheterization (LHC). Acute myocardial infarction (MI) or even sudden death 

may occur in patients with an anomalous origin of the left main (LM) coronary artery from the 

right coronary cusp with a subsequent course between the aorta and the pulmonary artery. 

Therefore, recognition of anomalous origin of the coronary arteries is essential for clinical 

practice to further classify and properly manage patients with increased risk of acute coronary 

syndrome (ACS). Furthermore, patients found to have an anomaly may be eligible for surgical 

correction.  
 

Keywords 
 
Coronary artery, Anomalous origin, Left Main coronary artery (LM), Left Circumflex (LCX) 

artery, Right Coronary Artery (RCA), Right Coronary Cusp, Left Coronary Cusp, Acute 

Coronary Syndrome (ACS) 
 

Introduction 
 
The reported incidence of the anomalous origin of the coronary arteries is 0.28% to 1.3% of the 

population.1,2 Within this minority, the left circumflex artery originating from the right sinus of 

Valsava is the most common anomaly, with incidence of 0.4 %.3 The right coronary artery 

arising from the left sinus of Valsalva or the left main coronary artery arising from the right sinus 

of Valsalva is less common with a prevalence in the population between 0.1% and 0.3 %.4 The 

prevalence of the RCA arising from the left sinus of Valsalva is greater than the left coronary 

artery from the right sinus of Valsalva. The prevalence of left main coronary artery originating 

from the right sinus of Valsalva is very rare and has been reported to be only 0.047%.5  

 

The clinical presentation of the anomalous origin of the coronary arteries varies greatly based on 

different types of anomalies. Most patients are asymptomatic, but some may present with anginal 

chest pain or syncope with exertion. While anomalous origin of the left main coronary artery is 

the rarest, its clinical implications are the most serious, especially when the artery runs between 

the aorta and the pulmonary artery potentially leading to compression of the coronary artery and 

a subsequent acute myocardial infarction (MI) or sudden death. In a previous study by Maron BJ, 

et al,6 it was reported that coronary artery origin anomalies are second in frequency to 

hypertrophic cardiomyopathy as a cause of sudden death in young athletes. The incidence of 

sudden death in patients with anomalous origin of the left coronary artery is higher than in 

patients with anomalous origin of the right coronary artery especially in the absence of preceding 

symptoms.7 Due to the increased risk of cardiac ischemia, acute coronary syndrome (ACS), and 

sudden death in these patients, more aggressive modification of the modifiable risk factor of 

coronary artery diseases (CAD) and surgical correction of the coronary artery anomalies to 

prevent possible complications may be necessary.  
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Case presentation  
 

An 89 year old Caucasian female, with medical 

history significant for hypertension and no 

previous reported history of coronary artery 

disease (CAD), presented with dyspnea on 

exertion and worsening bilateral lower extremity 

edema. Social history was negative for any 

smoking or alcohol intake. Vital signs were 

stable. Cardiac examination showed regular 

rhythm and controlled rate without murmurs, 

gallops, or rubs. Chest X ray showed no evidence 

of pulmonary edema. EKG showed new T wave 

inversion in inferior and lateral chest leads. 

Troponin was mildly elevated. Echocardiogram 

showed normal Ejection Fraction (EF) with no 

wall motion abnormalities, dilated right ventricle 

with volume and pressure overload. Pulmonary 

embolism was excluded with CT chest.  

LHC was performed, and we found anomalous 

origin of the Left Main (LM) coronary artery. The 

LM coronary artery originated from the right coronary cusp and bifurcated into left anterior 

descending (LAD) artery and left circumflex (LCX) artery as shown in Figure 1. It was 

determined that she had had non-obstructive CAD, and optimal medical management was 

recommended.  

 
Variations of the anomalous origin of the coronary arteries 
  
Coronary artery origin anomalies develop in 

different variants.  It was postulated by Burck 

HC, et al that high origin of the ostia may 

reduce diastolic blood flow to the coronary 

arteries;8 however, this has been disproved, and 

in fact, most variations have no clinical 

significance. Clinically, the most important 

coronary artery anomaly is the left main 

coronary artery originating from the right sinus 

of Valsalva or from the right coronary artery 

(RCA). This specific anomaly is called 

anomalous aortic origin of coronary artery 

(AAOCA). The importance lies in the course of 

the artery. The left main coronary artery in this 

situation may take one of four pathways to the left 

ventricle as illustrated in Figure 2, septal 

anomalous origins of the left main coronary artery 

(ALMCA), anterior ALMCA, retroaortic ALMCA, 

and interarterial ALMCA.3  

Figure 1. Left heart catheterization showing 

anomalous origin of left main from the right 

cusp. 

Figure 2. Diagram showing the 4 subtypes of 

left main coronary artery origin anomalies. 

Reproduced with permission from Walters 

Kluwer Health, Inc. 

RCA 

LAD 
LM LCX 
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These four different pathways can be identified during coronary angiography using the “dot and 

eye method”.3 In the septal ALMCA, the left main coronary artery takes inter muscular course 

through the septum and then divides in the mid septum into LAD artery and left circumflex 

artery forming an ellipse or an eye form shape with the left main coronary artery forming the 

inferior portion of the eye shape and the circumflex artery forming the superior portion. In the 

anterior ALMCA pathway, the left main coronary artery runs on the anterior free wall of the 

right ventricle and then divides at the mid-septum into the LAD and circumflex arteries forming 

an eye shape with the left main coronary artery forming the superior portion of the eye and the 

LCX forming the inferior portion. In the retroaortic ALMCA, the left main coronary artery runs 

posteriorly around the aortic root to the anterior surface of the heart and then divides into LAD 

and circumflex arteries; during coronary angiography, the retroaortic ALMCA is seen as a dot 

behind the aorta “posterior dot”. In the interarterial ALMCA, the left main coronary artery runs 

between the aorta and pulmonary artery to the anterior surface of the heart and then divides into 

the LAD and circumflex arteries; during coronary angiography, the interarterial ALMCA is seen 

as a dot anterior to the aorta ‘’anterior dot’’. 

 

The interarterial ALMCA has the most clinical significant in clinical practice because it may 

result in direct compression on the coronary artery with subsequent acute myocardial infarction 

(MI) or even sudden death. Alternatively, the left main coronary artery may run intramurally 

with an acute angle of takeoff which may predispose to blood flow obstruction and subsequent 

ischemia.9 Exercise leads to expansion of the aortic root and the pulmonary arteries which might 

increase the pressure on the coronary artery. Exercise could also increase the pre-existing 

angulation of the coronary artery takeoff which explains the increased incidence of sudden death 

among these patients.  

 

Origin of the RCA from the left sinus of Valsalva or LAD can potentially lead to myocardial 

ischemia and sudden death though not as commonly as left main coronary.10 Anomalous origin 

of left circumflex (LCX) artery from the RCA has not been reported to have any clinical 

significance, likely due to posterior course to the left ventricle, but vascular compression can still 

occur.  Coronary arteries may also originate from the pulmonary artery; in this situation, the 

coronary artery will carry blood with a low oxygen saturation, which reflects the pulmonary 

artery source. The LAD, LCX artery, and RCA can all originate from the pulmonary artery. RCA 

originating from the pulmonary artery has less clinical significance when compared to LAD and 

LCX, but clinical sequela still occurs.11 Bland-White-Garland syndrome is an anomalous origin 

syndrome of LCA from the pulmonary artery. It is the most common type of coronary artery 

anomaly from the pulmonary artery.12  
 

Clinical Presentation of the anomalous origin of the coronary arteries 
 
The clinical presentation varies greatly based on different types of origin anomalies. Patients are 

generally asymptomatic, but they may present with chest pain, syncopal episodes, or sometimes 

with sudden death especially in young patients.6,13 The incidence of sudden death from AAOCA 

of the left coronary artery is higher than the right coronary artery, but the overall incidence is still 

low.7 The clinical presentation of coronary artery anomalies originating from the pulmonary 

artery depends on the coronary artery involved, myocardial distribution of the coronary artery, 

the number of the collateral vessels, and the pulmonary vascular resistance. In patients without 

collateral blood supply, myocardial ischemia with subsequent heart failure occurs early in 
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infancy. Patients with sufficient collateral blood supply generally have delayed ischemia and 

heart failure symptoms until adulthood. 

 

Physical examination is generally unremarkable, but in adult patient with symptoms of heart 

failure could be remarkable for gallop or holosystolic murmur due to papillary muscle 

dysfunction secondary to the ischemia. A continuous murmur may be heard due to the flow of 

blood from the aorta to the pulmonary circulation.  

 
Diagnosis of the anomalous origin of the coronary arteries  
 
Coronary angiography remains the gold standard in diagnosis of coronary artery anomalies.  

However, noninvasive techniques such as echocardiogram may be able to establish the 

diagnosis.14 In case of coronary artery anomalous origin from the pulmonary artery, chest X ray 

may show cardiomegaly. EKG findings in patients with left coronary artery originating from the 

pulmonary artery might show evidence of ischemia, ST segment changes in the anterolateral 

leads, or Q waves in leads I, AVL, V5, and V6.14 Echocardiogram typically will show a dilated 

heart with global myocardial dysfunction in patients with coronary arteries anomalies from 

pulmonary arteries complicated by heart failure. Coronary magnetic resonance angiography 

(CMRA) is increasingly used to define anomalous coronary anatomy. Coronary computed 

tomography angiography (CCTA) can also be used to diagnose coronary artery anomalies. The 

diagnostic accuracy of CMRA and CCTA is almost equal as was demonstrated in a clinical 

study.15 Stress myocardial perfusion imaging (MPI) and stress echocardiogram may also help 

with the diagnosis of anomalous origin of the coronary arteries. Ultimately, coronary 

angiography is still the gold standard, and is recommended when other non-invasive studies are 

not diagnostic and the suspicion of coronary artery anomalies is high.16 

 

Association between anomalous origin of the coronary arteries and other 
congenital heart diseases 
 
Anomalous origin of the coronary arteries can be associated with some congenital heart diseases. 

It has been reported that coronary artery anomalies occur in about 9% of patients with tetralogy 

of fallot, usually with the LAD arising from the RCA or from the right sinus of Valsalva.17,18 

Coronary artery anomalies occur in higher frequency in transposition of the great arteries. In 60 

% of patients with transposition of great arteries, the RCA originates from the posterior aspect of 

the right-facing sinus of Valsalva and left main coronary artery originates from the posterior 

aspect of the left-facing sinus.19,20 In 20% of patients with transposition of great arteries, the 

LCX artery arises from the RCA. In patients with truncus arteriosus, a single coronary artery, or 

displacement of the coronary ostia, has been reported.21  
 

Management of anomalous origin of the coronary arteries 
 
Treatment depends on different types of coronary artery anomalies. If the coronary artery arises 

from the aorta and is asymptomatic with no evidence of ischemia, surgical intervention is not 

indicated in most of the cases. Patients with AAOCA, especially with left coronary artery origin 

from the right coronary cusp, might develop significant myocardial ischemia and surgical 

intervention is needed in this situation. Coronary artery bypass grafting (CABG) or unroofing 

(marsupialization) of the coronary artery is a surgical technique used to prevent coronary artery 
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compression and subsequent ischemia.22 Patients who are not candidates for CABG might 

benefit from stent placement to prevent vessel compression.23 Surgical intervention with 

reimplantation of the coronary artery to the aorta or tunneling of the coronary artery to the aorta 

(Takeuchi procedure) is necessary for all patient with coronary artery anomalous origin from the 

pulmonary artery.  
 

Conclusion  
 

Anomalous origin of the coronary arteries is a rare finding in clinical practice. Patients are 

usually asymptomatic but can present with ominous signs based on the specific anomaly they 

have. Symptomatic patients with AAOCA with left main coronary artery from the right cusp 

need surgical correction of the anomaly to prevent the catastrophic complication such as MI or 

sudden death. Coronary artery anomalous origin from the pulmonary artery needs surgical 

correction of the anomaly to prevent development of heart failure. Stent placement to prevent 

coronary artery compression is also an interventional option for patients who cannot undergo 

surgical intervention. It is important that physicians be aware of the different types of anomalous 

origin of the coronary arteries in order to deliver the best possible care to their patients. 
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