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Abstract 

Anomalous coronary artery from the opposite sinus (ACAOS) is a rare congenital abnormality that may be encountered during 

routine coronary angiography. Clinical manifestations vary depending on the subtype and anatomical course of the anomaly; 

however, certain potentially malignant trajectories may result in myocardial ischemia, infarction, or sudden cardiac death, 

particularly in young individuals and athletes. Multiple imaging modalities including coronary angiography, CT angiography, 

and cardiac MRI are useful in the evaluation of coronary artery anomalies. Accurate delineation of the origin and course of the 

anomalous vessel is essential for risk stratification and therapeutic planning. Performing percutaneous coronary intervention 

(PCI) in patients with ACAOS can be technically challenging and often requires modifications in guide catheter selection and 

procedural technique. In this review, we present a series of patients with anomalous coronary arteries originating from the 

opposite sinus of Valsalva (ACAOS). We discuss the anatomical variations and courses of these anomalous vessels as defined 

by angiographic and advanced imaging findings. Particular emphasis is placed on guide catheter selection, technical challenges 

encountered during selective cannulation, and the strategies employed to achieve successful engagement and intervention. 
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1. Introduction 

Anomalous coronary artery from the opposite sinus 

(ACAOS) is uncommon, and the separate origin of all three 

coronary arteries from the right sinus of Valsalva is exception-

ally rare. The estimated incidence of coronary artery anoma-

lies (CAAs) is 1% to 2% in the general population [1]. The 

clinical manifestations are highly variable, ranging from no 

symptoms at all to exertional chest discomfort, breathlessness, 

arrhythmias, or even sudden cardiac death, depending on the 

anatomical path and characteristics of the anomalous vessel. 

The presence of ACAOS not only prolongs the procedural 

time but also increases the volume of contrast use and delays 

the revascularisation procedure. In this review, we begin by 

presenting a case series of patients with ACAOS, followed by 

a detailed discussion on the angiographic identification of 

anomalous coronary courses, recognition of malignant path-

ways, underlying mechanisms of ischemia, and the technical 

challenges associated with percutaneous coronary interven-

tion (PCI). 
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CASE 1 

A 70-year-old man, diabetic, smoker, hypertensive pre-

sented to our outpatient department with a history of effort an-

gina NYHA class II for 1 year that has increased in intensity, 

frequency and duration for the last one month. The patient re-

mained symptomatic despite optimal medical therapy. The 

physical examination of the cardiovascular system was unre-

markable. Jugular venous pressure was normal. The patient 

was planned for an invasive coronary angiography with an in-

tent to revascularize. 12-lead electrocardiogram revealed nor-

mal sinus rhythm with no significant ST-T changes. The trans-

thoracic echocardiogram (TTE) revealed no regional wall mo-

tion abnormalities and a preserved ejection fraction. Inci-

dentally, retroaortic anomalous coronary (RAC) sign was ob-

served, obviating the clue for a coronary anomaly (Figure 1). 

 
Figure 1. Transthoracic echocardiogram demonstrating the retro-

aortic anomalous coronary (RAC) sign in the apical four-chamber 

view (red arrow). 

On day 2 of admission, coronary angiography and possible 

revascularisation was planned through right radial access. We 

initially encountered difficulty cannulating the left coronary 

artery in the left aortic sinus with a Tiger catheter (Terumo 

Radial TIG 5 Fr), and it was subsequently revealed that all 

three coronaries were arising separately from right coronary 

cusp. The left anterior descending (LAD) artery originated 

from a separate ostium located superior to the right coronary 

artery (RCA) origin, while the left circumflex (LCX) artery 

arose from an ostium positioned close to and inferior to the 

RCA origin. This entity is rare. The culprit lesion was identi-

fied in RCA had a discrete, critical mid-segment disease while 

LAD had a proximal 70% disease (Figures 2, 3). 

Based on invasive coronary angiography, the LAD ap-

peared to follow an anterior course over the right ventricle, 

while the LCX had a retroaortic course (Figure 2, 3). However, 

to confirm these findings, we proceeded with computed coro-

nary tomography angiography (CCTA). CCTA confirmed the 

anomalous separate origin of LAD and LCX from right coro-

nary sinus and delineated the course of LAD traversing 

through the right AV groove crossing anterior to RVOT to 

reach upto anterior interventricular septum and apex, thus sug-

gesting a benign course. LCX shared an ostium with the RCA 

and coursed retroaortic (Figure 4). The heart chambers, aortic 

root and pulmonary circulation appeared morphologically 

normal. 

 
Figure 2. Coronary angiography. LAO view showing mid-discrete 

critical disease in RCA while LAD (originating from right aortic si-

nus) had a proximal 70% disease. LCX was also originating from 

right sinus. LAD, left anterior descending; LCX, left circumflex; RCA, 

right coronary artery, LAO, left anterior oblique. 

 
Figure 3. Coronary angiography. Injection in RAO 30 view showing 

a cranial anterior loop of LAD (anterior course) and LCX appearing 

as a dot (arrow) behind the aorta (retroaortic course). 
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Figure 4. Reconstructed CT coronary angiography showing all three coronary arteries originating separately from the right aortic sinus of 

Valsalva. LAD, left anterior descending; LCX, left circumflex; RCA, right coronary artery. 

Subsequently, percutaneous coronary intervention (PCI) to 

RCA and LAD was done successfully with a single drug elut-

ing stent in both vessels with good angiographic result and 

Thrombolysis in Myocardial Infarction (TIMI) III flow (Fig-

ure 5). Initially, RCA was cannulated with 6F JR 3.5 but due 

to poor back up support, 6F AR 1 was taken to complete the 

procedure. Post-procedure, he was prescribed dual antiplatelet 

therapy with ticagrelor for 1 year and aspirin for life, as well 

as other secondary prevention medications, including high 

dose statin, metoprolol and ramipril. He was advised smoking 

cessation. The patient was discharged without any complica-

tion and was asymptomatic at one month follow up. A timeline 

of the diagnostic process is provided in Figure 6. 

 
Figure 5. Percutaneous coronary intervention to left anterior descending artery and right coronary artery was done demonstrating good 

angiographic result with Thrombolysis in Myocardial Infarction 3 flow. 
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Figure 6. A timeline of the diagnostic process. 

CASE 2 

A 48-year-old normotensive, non-diabetic man presented 

with atypical chest discomfort. ECG showed nonspecific ST-

T changes; echocardiography was normal. Coronary angi-

ography revealed a normal left system and difficulty engaging 

the right coronary system. Subsequent manipulation revealed 

an anomalous RCA originating from the left coronary sinus, 

just above the level of the left coronary artery (LCA) (Type A) 

(Figure 7). All vessels had good caliber and TIMI 3 flow. 

CCTA confirmed a benign anatomical course of RCA. The pa-

tient was managed conservatively with medical management. 

 
Figure 7. Coronary angiography. RCA originating from left sinus 

above the level of LCA. 

CASE 3 

A 56-year-old normotensive, non-diabetic man presented 

with a four-month history of exertional chest discomfort. ECG 

showed nonspecific ST-T changes, echocardiography re-

vealed normal LV function. Coronary angiography with a 

Tiger catheter showed a normal left main and LAD but absent 

LCX. Cannulation of the right coronary sinus revealed LCX 

arising from the right sinus, sharing a common ostium with 

RCA. All vessels had normal caliber and TIMI 3 flow (Figure 

8, 9, 10). LCX coursed retroaortic. The patient was managed 

conservatively with medical therapy. 

 
Figure 8. Coronary angiography. LAD originating from left sinus, 

LCX is not visualised. 

 
Figure 9. Coronary angiography. LCX originating from right sinus 

sharing same ostia with RCA. 
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Figure 10. Coronary angiography. In the RAO 30 view, LCX cours-

ing caudal and posterior (retroaortic course). 

CASE 4 

A 38-year-old normotensive man with diabetes and a family 

history of coronary artery disease, presented with exertional 

chest pain of 12 months duration. The pain was central, radi-

ating to the left arm, and relieved by rest. On examination, the 

vitals were stable, and systemic examination was unremarka-

ble. ECG showed nonspecific ST-T changes, and echocardi-

ography revealed normal LV systolic function with no re-

gional wall motion abnormalities. During coronary angi-

ography, the left system could not be engaged. A Tiger catheter 

was subsequently used to engage the right coronary sinus, re-

vealing that both the RCA and LCA originated from a com-

mon ostium in the right sinus. The LCA followed a caudal and 

anterior (septal) course, indicating a benign anatomical pattern. 

The left main coronary artery then emerged on the left side of 

the aortic root and bifurcated into the LAD and LCX, both 

demonstrating a normal course (Figure 11, 12). 

 
Figure 11. Coronary angiography. RCA and LCA originated from a 

common ostium in the right aortic sinus. 

 
Figure 12. In the RAO 30 view, the LCA followed a caudal and an-

terior course, indicating a benign anatomical pattern. As per the dot 

and eye algorithm, the superior border of the eye is formed by LCX 

and inferior border by LCA, suggestive of a septal course. The left 

main coronary artery then emerged on the left side of the aortic root 

and bifurcated into the LAD and LCX, both demonstrating a normal 

course. 

CASE 5 

A 46-year-old man presented with acute extensive anterior 

wall myocardial infarction. Coronary angiography demon-

strated a heavy thrombus burden in the proximal left anterior 

descending (LAD) artery, extending distally along the vessel. 

The left circumflex artery (LCX) was initially not visualized, 

raising suspicion of an anomalous origin. The right coronary 

artery (RCA) originated normally from the right coronary si-

nus and exhibited normal flow (TIMI 3). Upon further angio-

graphic evaluation, the LCX was found to arise anomalously 

from the non-coronary sinus and coursed retroaortically be-

fore reaching the atrioventricular groove. The vessel had a 

normal calibre and maintained TIMI 3 flow, consistent with a 

benign retroaortic variant of anomalous LCX origin (Figure 

13, 14). 

 
Figure 13. Coronary angiography. LAD originating from left sinus, 

LCX is not visualised. 
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Figure 14. LCX arising from non-coronary sinus and coursed retro 

aortic. 

2. Discussion 

Coronary artery anomalies are rare with an incidence vary-

ing from 0.3% in autopsy series to 1.3% in angiographic series 

[2, 3]. These anomalies arise from disruptions in the embryo-

logical development of the heart tube. The most commonly 

observed variant is an anomalous left circumflex artery (LCX) 

originating from either the right coronary sinus or the proxi-

mal right coronary artery (RCA) [2]. Anomalous origin of the 

RCA from the left coronary sinus (R-ACAOS) is particularly 

rare, seen in about 0.05% to 0.1% of individuals [4]. One of 

the rarest CAAs is the entire LMCA arising from the right si-

nus of Valsalva (L-ACAOS), with a reported incidence of 

0.017% to 0.15%; this entity has been described as exceed-

ingly rare, with only isolated case reports available in the lit-

erature [3, 5]. 

In a report of coronary anomalies from the Coronary Artery 

Surgery Study, Click et al. performed a detailed review of 

24,959 patients and reported only three cases of all three cor-

onary arteries arising from separate ostia in the right sinus of 

Valsalva [2]. 

2.1. Understanding the Anomaly 

Before identifying a coronary anomaly, it is important to 

understand the essential features that define a coronary artery. 

Each coronary artery has its own definitions. LAD is a epicar-

dial artery situated at the anterior interventricular sulcus and 

provides septal penetrating branches; LCX is a epicardial ar-

tery situated at the left atrioventricular sulcus and provides at 

least one obtuse marginal branch; RCA is a epicardial artery 

situated at the right atrioventricular sulcus and provides at 

least the acute marginal branch. This definition is essential be-

cause the coronary arteries are defined not by the origin or 

proximal course but by their intermediate and distal segments 

or their dependent microvascular bed. For example, the artery 

that runs in the left interventricular groove and provides septal 

branches is the LAD, irrespective of it is arising from the left 

or right aortic sinus. In addition, it is not essential that the 

LAD provide diagonal branches, which in turn could originate 

from the ramus or the obtuse marginals. When a coronary ar-

tery arises from the opposite sinus, its name, structure, and 

function remain unchanged—only its origin and initial course 

are anomalous [6]. 

By definition, a coronary artery anomaly (CAA) is a mor-

phological abnormality present in less than 1% of the popula-

tion. This criterion has been proposed as the threshold distin-

guishing (1) normality-including more common variations 

considered normal variants from (2) abnormality, which en-

compasses relatively infrequent and atypical anatomical vari-

ations [7]. 

Angelini proposed one of the most widely accepted classi-

fication systems for coronary artery anomalies (CAAs), cate-

gorizing them into four primary groups: (1) anomalies of 

origin and course, (2) intrinsic coronary artery abnormalities, 

(3) termination anomalies, and (4) anomalous collateral circu-

lation [8]. 

We have provided a simplified table (Table 1) to aid in the 

identification of coronary artery anomalies involving individ-

ual vessels. 

After arising from the opposite sinus, an anomalous coro-

nary artery can take five courses. 

1) Septal, through the proximal interventricular septum. 

2) Interarterial, between the aorta and the pulmonary artery. 

3) Retroaortic, posterior to the aortic root. 

4) Pre pulmonic/anterior free wall, anterior to the right ven-

tricular outflow tract. 

5) Retrocardiac, behind the mitral and tricuspid valves. 

Identifying the initial course of a coronary artery anomaly 

(CAA) using conventional angiography is often challenging 

because this technique offers only a two-dimensional view of 

the complex three-dimensional coronary anatomy. The coro-

nary anomaly most commonly associated with increased clin-

ical risk involves an ectopic coronary artery arising from the 

opposite (inappropriate) sinus of Valsalva such as the right 

coronary artery (RCA) originating from the left sinus, or the 

left main coronary artery (LMCA) from the right sinus and 

coursing between the aorta and pulmonary trunk [9]. 

Coronary arteries that pass anterior to the pulmonary trunk 

and posterior to the aorta are usually considered benign vari-

ants. The transseptal course is considered to be ‘relatively be-

nign’ because there are reports of it being potentially fatal [10]. 

Most coronary artery anomalies do not result in signs, 

symptoms, or complications and usually are discovered as in-

cidental findings at the time of catheterization. 

Page et al proposed two clues that should raise suspicion of 

a coronary anomaly [11]. 

The ‘unperfused myocardium’ sign: a myocardial region 

not supplied by any visualized vessel. For example, an avas-

cular region in the posterolateral wall of the left ventricle 

should suggest an anomalous origin of the LCX. 

The ‘aortic root’ or Page sign: observed during ventriculog-

raphy in the right anterior oblique (RAO) projection, where a 
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vessel is seen crossing behind the aorta and pulmonary artery 

at the level of the aortic root. 

Ishikawa and Brandt et al. (1985), followed by Serota et al. 

(1990), proposed a set of coronary arteriographic criteria to 

characterize the spatial relationship between the anomalous 

coronary artery and the aorta and pulmonary artery along its 

initial course [12, 13]. They introduced two methods to iden-

tify the course of anomalous coronaries: 1) Based on the ori-

entation of the “loop” formed by the proximal portion of 

anomalous coronaries with the rest of the coronary tree and 2) 

the "dot and eye method" 

The direction and configuration of the vessel loop—

whether curving anteriorly, posteriorly, superior or inferi-

orly—can suggest its path relative to the great vessels (Figure 

15). A simplified method for rapid identification of anomalous 

LMCA courses is illustrated in Figure 16. In summary, a cra-

nial posterior loop indicates an interarterial course, as the ves-

sel ascends and passes behind the aorta toward the pulmonary 

artery—a configuration often associated with a malignant tra-

jectory. A cranial anterior loop suggests an anterior free-wall 

course, where the artery travels forward over the right ventric-

ular outflow tract, a typically benign variant. A caudal anterior 

loop points to a septal course, with the vessel dipping inferi-

orly and running within or along the interventricular septum. 

Finally, a caudal posterior loop signifies a retro-aortic course, 

where the artery moves downward and behind the aorta before 

reaching its destination. These loop directions provide im-

portant visual clues during angiography and allow rapid iden-

tification of the anomalous pathway. 

The "dot and eye algorithm": A dye injection in the right 

anterior oblique (RAO) view effectively separates the aorta 

and pulmonary artery when they are in their normal anatomi-

cal positions. This separation provides a clear view of the 

anomalous coronary artery's origin and its path in relation to 

the great vessels. In this method, the term "eye" describes the 

elliptical shape formed by the left main coronary artery 

(LMCA) and the early segment of the left circumflex artery 

(LCx), while the "dot" represents a circular radiopaque area 

(created by the contrast-filled coronary artery viewed directly 

from the end), indicating whether it lies in front of or behind 

the aorta. 

Septal: During RAO coronary angiography, the LMCA and 

circumflex artery together create an elliptical configuration, 

with the LMCA forming the inferior limb of the ellipse and 

the circumflex artery forming the superior limb. The presence 

of septal perforators arising from the LMCA further aids in 

recognizing this anomaly. 

Anterior/pre-pulmonic course: The anterior LMCA courses 

across the anterior free wall of the right ventricle, passing over 

the pulmonary artery, before bifurcating at the mid-septum 

into the LAD and circumflex arteries. On RAO coronary an-

giography, the LMCA forms the superior portion of the “eye,” 

while the circumflex artery outlines the inferior portion. 

Retroaortic: The retroaortic LMCA travels posterior to the 

aortic root before emerging on the anterior surface of the heart, 

where it divides into the LAD and circumflex arteries with a 

normal course and length. On RAO coronary angiography, the 

retroaortic LMCA appears “on end” behind the aorta, visual-

ized as a characteristic “dot,” similar to the appearance of the 

circumflex artery. 

Interarterial: The interarterial LMCA passes between the 

aorta and pulmonary artery to reach its usual position on the 

anterior surface of the heart, where it divides into the LAD and 

circumflex arteries with a normal course and length. On RAO 

coronary angiography, the interarterial LMCA is visualized 

“on end,” appearing as a distinct “dot” located anterior to the 

aortic root. 

 
Figure 15. Diagrammatic representation of the four possible pathways for the anomalous left main coronary artery (LMCA) arising from the 

right coronary cusp or the right coronary artery (RCA): 1, retroaortic course; 2, interarterial course; 3, septal course; 4, anterior free wall 

course. A, aortic valve; P, pulmonary valve; ant = anterior; It = left; post = posterior; rt = right. 
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Figure 16. A simplified technique to identify the anomalous LMCA courses at a quick glance. A cranial, anterior loop indicates a prepulmonic 

course, forming an “eye” with the LMCA as the superior border and the LCx as the inferior border. A caudal, anterior loop suggests a septal 

course, forming an “eye” with the LMCA as the inferior border and the LCx as the superior border. A cranial, posterior loop corresponds to 

an interarterial course, visualized as a dot anterior to the aorta. A caudal, posterior loop indicates a retroaortic course, visualized as a dot 

posterior to the aorta. Abbreviations: M, left main coronary artery; L, left anterior descending artery; C, left circumflex artery. 

The eye is therefore used to differentiate between septal and anterior course, whereas the ‘dot’ helps delineate between retro-

aortic and interarterial courses (Figure 17). 

 
Figure 17. Diagrammatic angiographic illustration of the four possible left main coronary artery courses arising from the right coronary cusp. 

Illustration of the coronary angiographic images in right anterior oblique projection (redrawn from Ishikawa) showing the four possible 

courses of an aberrant left main coronary artery (LMCA) arising from the right coronary cusp or the right coronary artery. (LAD, left anterior 

descending; LCx, left circumflex). 
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According to Sarkar et al., the origin of the anomalous right 

coronary artery (ARCA) in relation to the left coronary artery 

(LCA) ostium and the sinotubular junction is classified into 

four types [14]: 

1) Type A: Origin from the aorta above the sinotubular 

plane 

2) Type B: Origin just below the ostium of the LCA 

3) Type C: Origin below the sinotubular plane, between the 

midline and the origin of the LCA 

4) Type D: Origin along the midline of the ascending aorta 

2.2. Diagnosis 

Various imaging modalities—including echocardiography, 

invasive coronary angiography, computed tomography angi-

ography (CCTA), and magnetic resonance angiography 

(MRA)—are employed to diagnose the origin and course of 

anomalous coronary arteries. Each technique offers unique ad-

vantages: modern CT scanners provide superior spatial reso-

lution, while MRI avoids radiation exposure and the use of 

iodinated contrast agents. Together, these tools enable com-

prehensive evaluation of ACAOS. 

Electrocardiography (ECG): ECG findings in symptomatic 

patients are often nonspecific and may range from ST-eleva-

tion myocardial infarction (STEMI)–like changes suggestive 

of ischemia to arrhythmias such as ventricular tachycardia or 

atrial fibrillation. 

Echocardiography: Although echocardiography has limita-

tions, signs like the retroaortic anomalous coronary (RAC) or 

"crossed aorta" sign and the BLEB sign may suggest the pres-

ence of an anomalous origin. RAC sign described as a binary 

structure above the mitral valve plane directed toward the 

right coronary sinus in a modified four-chamber apical view; 

BLEB sign seen on transesophageal echocardiography, as a 

round structure in mitroaortic angle in the long-axis aortic 

view. Frommelt et al. demonstrated that transthoracic echocar-

diography can reliably identify intramural courses in AOCA, 

enabling accurate diagnosis and guiding successful surgical 

management [15]. Thus, the authors recommended using col-

our Doppler to assess flow direction, aiding in the identifica-

tion and exclusion of coronary artery anomalies when sus-

pected. The hallmark echocardiographic findings in Anoma-

lous Left Coronary Artery from the Pulmonary Artery (AL-

CAPA) include the direct visualization of the left coronary ar-

tery (LCA) arising from the pulmonary artery (PA) and retro-

grade flow from the LCA into the PA, often with a dilated right 

coronary artery (RCA). 

Coronary computed tomography angiography (CCTA): 

CCTA has emerged as the diagnostic modality of choice for 

identifying coronary anomalies, owing to its rapid acquisition 

time and superior spatial resolution, which enable precise de-

lineation of both the origin and course of the coronary arteries. 

A study by Ghadri et al, comparing CCTA and invasive coro-

nary angiography (ICA) found that CCTA detects a signifi-

cantly higher prevalence of congenital coronary anomalies 

(7.9%) compared to ICA (2.1%) [16]. CCTA’s superior ability 

to visualize coronary anatomy allows more precise identifica-

tion of anomalies, including potentially serious ones like in-

terarterial courses. The findings suggest that the true preva-

lence of coronary artery anomalies in the general population 

may be underestimated when relying on ICA alone. CCTA is 

a pivotal tool in multimodality imaging, playing a central role 

in the evaluation of patients with anomalous aortic origin of a 

coronary artery (AAOCA) and guiding clinical management 

decisions. The diagnosis of an intramural aortic course typi-

cally relies on the presence of key anatomical features, includ-

ing an eccentricity index ≥ 2.0, a luminal diameter reduction 

of ≥ 50%, and an acute take-off angle of less than 45°. A 3-

dimensional volume rendered CT image is a valuable tool to 

identify anomalous origin, ectopic courses and their relation-

ships with the great vessels [17-19]. Computational fluid dy-

namics simulations now enable physiological assessment 

through fractional flow reserve derived from CT (FFRCT). 

Invasive coronary angiography (ICA): Despite the superi-

ority of CCTA, the role of ICA remains crucial, particularly in 

patients with suspected atherosclerotic disease, as it allows as-

sessment of stenoses and calcifications involving anomalous 

vessels. While ICA provides detailed visualization of the cor-

onary lumen and allows for functional assessment, its limita-

tions include difficulty in precisely delineating the three-di-

mensional course of anomalous vessels. In challenging cases 

where the coronary ostium cannot be engaged, an aortic root 

injection (cuspogram) can facilitate visualization. Using the 

dot and eye and the looping method as discussed above, we 

can precisely delineate the course of anomalous vessels. 

Magnetic Resonance Angiography (MRA): MRA is in-

creasingly recognized for its utility in evaluating coronary ar-

tery anomalies (CAAs), particularly in pediatric and young 

adult populations. Notably, it is a non-invasive modality that 

avoids ionizing radiation and does not require iodinated con-

trast agents, making it especially valuable for repeated assess-

ments and in patients with contraindications to contrast use. 

While it may have limitations in spatial resolution, its non-

invasive nature and advanced imaging capabilities make it a 

compelling choice for the assessment of coronary artery 

anomalies, offering a balance between diagnostic accuracy 

and patient safety. 

Table 1. Anatomic classification of coronary artery origin anomalies. 

LMCA 
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A. Arising from right sinus of Valsalva 

(1) Interarterial 

(2) Retro aortic 

(3) Septal 

(4) Anterior/pre-pulmonic 

(5) Posterior atrioventricular groove or retrocardiac 

(6) Posteroanterior interventricular groove (wraparound) 

B. Absent left main trunk 

C. Aberrant location in the left sinus of Valsalva (anterior or posterior) 

D. Arising from the pulmonary artery 

LAD 

Arising from right sinus of Valsalva 

Interarterial 

Septal 

Anterior/prepulmonic 

Posteroanterior interventricular groove (wraparound) 

B. Separate ostium of left anterior descending from left sinus of Valsalva 

C. Arising from the pulmonary artery 

LCX 

A. Arising from right sinus of Valsalva 

(1) Posterior atrioventricular groove 

(2) Retro aortic 

B. Separate ostium of left circumflex from left sinus of Valsalva 

C. Rudimentary or absent left circumflex (super-dominant right coronary) 

D. Arising from the pulmonary artery 

RCA 

A. Arising from the left sinus of Valsalva 

(1) Posterior atrioventricular groove or retrocardiac 

(2) Retro aortic 

(3) Interarterial 

(4) Septal 

(5) Anterior/prepulmonic 

(6) Posteroanterior interventricular groove (wraparound) 

B. Posterior location in the right sinus of Valsalva 

C. Absent right coronary artery (super-dominant left circumflex) 

D. Arising from the pulmonary artery 
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2.3. Mechanism of Ischemia 

The presenting symptoms of coronary artery anomalies 

(CAAs) can vary widely; while most cases are benign and dis-

covered incidentally, some patients may present with ischemia 

or arrhythmias. The causes of ischemia can be due to 1) Ath-

erosclerosis or ostial narrowing, 2) abnormal aortic exit or 3) 

coursing intramural or compression between the aortic root 

and pulmonary trunk. Hutchins et al. (30) proposed that the 

abnormal take-off angle and increased tortuosity of the proxi-

mal segment of an anomalous coronary artery may predispose 

it to accelerated atherosclerosis [20]. 

Additionally, other researchers have suggested that the tran-

sition zone between the intramural (bound) segment and the 

extramural (free) segment of the anomalous artery particularly 

as it courses around the aorta is especially vulnerable to lipid 

accumulation [21]. Some authors propose that ischemia in cor-

onary artery anomalies (CAAs) may result from vasospasm 

induced by endothelial injury along the anomalous course of 

the artery [22]. Others suggest that intussusception of the 

proximal segment of the anomalous artery into the aortic wall 

may contribute to compromised blood flow [23]. 

The most common course of the proximal anomalous LAD 

is anterior to pulmonary trunk and anomalous LCX posterior 

to aorta. Both retroaortic and anterior course are considered as 

benign CAA. An interarterial course however, is associated 

with 30% risk of sudden cardiac death. Approximately half of 

the patients with this anomaly experience fatal events before 

20 years of age [24]. The exact reason is still debated. One 

hypothesis suggests that exercise causes expansion of the aor-

tic root and pulmonary trunk, which may increase the angula-

tion of the anomalous coronary artery, thereby narrowing its 

lumen. Another theory proposes that the vessel follows an ab-

errant course within the aortic wall, is often hypoplastic, and 

subjected to lateral compression along its entire proximal in-

tramural segment [25]. 

An analysis from the CASS study demonstrated that, with 

the exception of the anomalous circumflex coronary artery, 

anomalous coronary arteries do not carry an increased risk of 

atherosclerosis compared to non-anomalous arteries in age- 

and gender-matched control patients [2]. The elevated athero-

sclerotic risk in anomalous LCx may be attributed to increased 

mechanical stress exerted on the arterial wall by the expanding 

aorta. Although typically hemodynamically insignificant, an 

anomalous left circumflex artery (LCx) with a retroaortic 

course can present significant challenges during aortic valve 

replacement. In surgical aortic valve replacement (SAVR), 

there is a risk of iatrogenic occlusion due to inadvertent suture 

placement [26]. With the advent of transcatheter aortic valve 

implantation (TAVI), concerns have emerged regarding poten-

tial extrinsic compression of the anomalous LCx by the pros-

thetic valve, particularly in cases where the anomalous vessel 

has a close anatomical relationship with the aortic annulus. To 

mitigate this risk, balloon aortic valvuloplasty with simultane-

ous coronary angiography can be performed pre-procedurally 

to assess the likelihood of coronary compression [27]. During 

TAVI, placement of a coronary guidewire and a prophylactic 

unexpanded stent in the anomalous vessel is advised when 

there is a high risk of compression. Despite these considera-

tions, TAVI can typically proceed as per standard practice in 

patients with AAOCA, provided appropriate precautions are 

taken. 

Coronary artery anomalies can be broadly classified into 

relatively benign and potentially serious forms (Table 2). Be-

nign variants are usually incidental findings with minimal he-

modynamic consequence, whereas potentially serious anoma-

lies—particularly those with an interarterial course or arising 

from the pulmonary artery—may be associated with myocar-

dial ischemia, arrhythmias, or sudden cardiac death. This clas-

sification is supported by the large angiographic study by Ya-

manaka and Hobbs, which analyzed over 120,000 patients and 

highlighted the clinical relevance of specific anomalies [3]. 

Table 2. Classification of Coronary Artery Anomalies Based on Clinical Significance. 

Relatively benign anomalies Potentially serious anomalies 

1) Separate origin of left anterior descending and left circumflex from the 

left sinus of Valsalva 
1) Ectopic coronary origin from the pulmonary artery 

2) Ectopic origin of the circumflex from the right sinus of Valsalva 2) Ectopic coronary origin from the opposite aortic sinus 

3) Ectopic coronary origin from the posterior sinus of Valsalva 3) Single coronary artery 

4) Ectopic coronary origin from the ascending aorta 4) Large coronary artery fistulae 

5) Absent circumflex 5) Interarterial course 

6) Intercoronary communication  

7) Small size coronary artery fistulae  

Adapted from Yamanaka [3] 
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2.4. Role of Imaging 

Intravascular ultrasound (IVUS) plays a crucial role in the 

evaluation and management of anomalous coronary arteries, 

particularly those originating from the opposite sinus of 

Valsalva (ACAOS). IVUS can detect slit-like orifice, acute 

take-off angles, intramural course, and proximal narrowing, 

which are associated with adverse events. 

A case series by Angelini et al. highlights that symptomatic 

anomalous left coronary artery origination from the opposite 

sinus typically involves intussusception, which is accompa-

nied by coronary segmental hypoplasia and lateral luminal 

compression (resulting in an ovaloid cross-section) as the 

pathophysiologic mechanism of ischemia [23]. 

Formato et al. used intravascular ultrasound to study anom-

alous aortic origin of coronary arteries (AAOCA) with intra-

mural segments and found that these segments exhibit dy-

namic compression during systole, with narrowing, increased 

ellipticity, and resistance, unlike non-intramural sections. 

These findings highlight a potential mechanism for ischemia 

and support IVUS as a tool to assess severity [28]. 

Additional signs suggestive of an intramural course include 

the absence of perivascular tissue density, owing to the lack of 

adventitia, and segmental loss of the normal three-layered ar-

chitecture of the vessel wall. Advanced IVUS systems en-

hance visualization of the spatial relationship between the ec-

topic coronary artery and the great vessels. This is crucial in 

interarterial variants, where the anomalous artery navigates a 

constrained anatomical corridor between the aorta and pulmo-

nary artery—typically narrower than the physiological coro-

nary caliber. As the vessel traverses posterior to the pulmonary 

structures, the luminal morphology evolves: it initially as-

sumes an oval shape (eccentricity index < 2.0), progressing to 

an elliptical deformation (eccentricity index ≥ 2.0) in cases of 

intramural aortic passage. The coronary ostium may also ap-

pear slit-like, a key morphological indicator for anomalous 

coronaries [29]. 

2.5. Role of Physiologic Testing 

Ischemia in ACAOS arises from two distinct but interre-

lated mechanisms: 

1) Fixed Component: This involves static anatomical ab-

normalities such as slit-like ostia or proximal luminal 

narrowing—features common to atherosclerotic steno-

ses. These lesions tend to reduce coronary flow irrespec-

tive of hemodynamic changes. 

2) Dynamic Component: This stems from the intramural 

segment of the anomalous artery, which is compressed 

between the aortic and pulmonary walls during exercise 

or stress. Increasing heart rate, stroke volume, and aortic 

wall tension exacerbate systolic compression, resulting 

in variable luminal narrowing not present at rest. 

Adenosine-induced hyperemia, typically administered in-

travenously, causes microvascular dilation and is used to eval-

uate the fixed stenotic component of a lesion. In cases where 

stenosis exceeds 50%, fractional flow reserve (FFR) values 

generally range between 0.80 and 0.90, but rarely fall below 

the ischemic threshold of <0.80. 

Dobutamine stress testing—often enhanced with atropine 

and saline infusion—more effectively uncovers dynamic com-

pression of intramural segments by mimicking exercise-like 

conditions. This approach can reveal ischemia that may not be 

detected with adenosine alone. 

Intravascular ultrasound (IVUS) provides direct visualiza-

tion of dynamic compression both at rest and during stress, 

serving as a useful complement to pressure-based assessments. 

Quantitative Flow Ratio (QFR), a non-invasive technique 

derived from angiographic imaging and computational flow 

modeling, has shown promise. Recent studies suggest that in 

patients with interarterial ACAOS, non-significant QFR val-

ues are associated with favorable five-year outcomes. 

Emerging techniques like fluid-structure interaction (FSI) 

simulations, which integrate CT and catheterization data, are 

being increasingly used in pediatric populations. These simu-

lations aim to non-invasively predict stress-induced FFR and 

have shown good concordance with invasive FFR measure-

ments [29]. 

3. Management 

Most coronary artery anomalies (CAAs) are discovered in-

cidentally during coronary angiography performed in patients 

with ischemic heart disease or in those undergoing preopera-

tive evaluation before valve replacement surgery. Current 

guidelines lack specific strategies for rare cases, making each 

reported instance clinically valuable. 

The management of patients with coronary artery anoma-

lies (CAAs) remains complex and highly individualized due 

to the lack of uniform guidelines and the wide anatomical var-

iability of these anomalies. Initial assessment typically in-

volves coronary angiography and coronary CT angiography 

(CCTA), with CCTA often preferred as it provides a detailed 

three-dimensional view of the anomalous artery’s course in 

relation to the aorta and pulmonary artery. High-risk anatom-

ical features—such as an interarterial course, slit-like ostium, 

or long intramural segments—are associated with sudden car-

diac death (SCD), especially during exertion. Therefore, re-

striction from competitive sports is often the first recommen-

dation for patients with CAAs, particularly those arising from 

the opposite sinus. Symptomatic patients or those with high-

risk features typically undergo surgical repair, including un-

roofing, reimplantation, or coronary artery bypass grafting 

(CABG), depending on the anatomy and presence of athero-

sclerosis. CABG is often favoured in older patients or those 

with coexisting coronary disease, while unroofing is suitable 

for long intramural courses. 

Percutaneous coronary intervention (PCI) plays a limited 
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but evolving role in select adult patients, especially those with 

proximal stenosis or short intramural courses. However, PCI 

is technically challenging due to the abnormal take-off angles, 

varying ostial locations, and need for careful catheter selection. 

Appropriate selection of the guide catheter is crucial for suc-

cessful PCI in anomalous coronary arteries. Achieving selec-

tive engagement in these locations might prove challenging, 

often necessitating the use of non-standard diagnostic cathe-

ters. A short summary of the preferred guide catheters in 

anomalous coronaries is illustrated in Table 3. The catheter 

must be tailored to the lesion’s morphology to provide ade-

quate support, which facilitates guidewire and balloon cross-

ing and significantly reduces procedure time. Management 

strategies vary across institutions and are influenced by patient 

age, anatomical risk factors, clinical symptoms, and stress test 

results. International guidelines such as those from the ESC, 

AHA/ACC, and AATS provide frameworks but leave room 

for clinical judgment. The decision should be tailored for the 

individual based on the type of the anomaly. 

Table 3. Preferred guide catheters in CAA [30]. 

Artery origin Preferred guide catheters 

RCA  

A) RCA ostium adjacent to left main coronary artery ostium Leya catheter, left coronary, Amplatz 45, 90 R-ACAOS 

Launcher, Ikari 

B) RCA ostium inferior to left main coronary artery ostium AL, AR 

C) RCA ostium toward the commissure of the right and left cusps AL, AR 

D) Ostium above the sinotubular plane JR, MP, Hockey stick 

E) Ostium from right cusp superior and toward the left cusp AL, AR, Sherpa NX balanced, 3DRC 

F) Usual origin JR 

G) Shephard crook AL 

LMCA/LAD  

A) Posterior origin of the left main from the left cusp or non-coronary cusp EBU, CLS 

B) Anomalous left main coronary artery from the right cusp JR4, Hockey stick 

LCX  

LCX arising from right sinus AL, AR, JR 4, Hockey stick 

 

4. Conclusion 

Anomalous coronary arteries from the opposite sinus of 

Valsalva are rare and encompass a wide spectrum of clinical 

risk. While many variants are benign and incidentally detected, 

interarterial or intramural courses may predispose to ischemia 

and sudden cardiac death. 

Accurate diagnosis relies on careful angiographic assess-

ment supported by multimodality imaging. Management 

should be individualized based on symptoms, anatomical risk 

features, and physiologic assessment. In selected patients, per-

cutaneous coronary intervention is feasible but requires tai-

lored catheter selection and technical expertise. 

 

Abbreviations 

RAC Retroaortic Anomalous Coronary 

RCA Right Coronary Artery 

LCX Left Circumflex (Artery) 

LAO Left Anterior Oblique 

RAO Right Anterior Oblique 

CCTA Coronary Computed Tomography 

Angiography 

RVOT Right Ventricular Outflow Tract 

AV Atrioventricular 

TIMI Thrombolysis in Myocardial Infarction 

LCA/LMCA Left Coronary Artery/Left Main Coronary 

Artery 

LV Left Ventricle 

R-ACAOS Right Anomalous Coronary Artery from 

the Opposite Sinus 
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L-ACAOS Left Anomalous Coronary Artery from the 

Opposite Sinus 

MRA Magnetic Resonance Angiography 

ALCAPA Anomalous Left Coronary Artery from the 

Pulmonary Artery 

AAOCA Anomalous Aortic Origin of a Coronary 

Artery 

ICA Invasive Coronary Angiography 

FFRCT Fractional Flow Reserve Derived from 

Computed Tomography 

IVUS Intravascular Ultrasound 

FFR Fractional Flow Reserve 

QFR Quantitative Flow Ratio 

FSI Fluid-Structure Interaction 

SCD Sudden Cardiac Death 

CABG Coronary Artery Bypass Grafting 

ESC European Society of Cardiology 

AHA American Heart Association 

ACC American College of Cardiology 

AATS American Association for Thoracic 

Surgery 
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