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ABSTRACT

Objective: Coronary artery anatomical variations and anomalies are an important topic due to their potential
clinical manifestations. This study aims to investigate the prevalence of coronary artery anatomical variations
and anomalies in symptomatic patients with coronary computed tomography angiography (CCTA). Methods:
This is a retrospective study that included all symptomatic patients who had CCTA in a tertiary care hospital
in Saudi Arabia during a period of seven years. Results: The total number of included patients was 507 (60%
males) with a mean age of 57.4 years. Approximately 41% had luminal stenoses, averaging 49.7%. The total num-
ber of patients with coronary anatomical variations (CAV) and coronary artery anomalies (CAA) was 217 (43%).
CAV prevalence was 26%, which included 14% non-right coronary dominance, 5% short left main coronary artery
(LMCA), and 7% division variations (trifurcation and quadrifurcarion) of the LMCA. The prevalence of CAA was
29%, which included 5% origin anomalies, 22% myocardial bridge, and 2% course anomalies. Conclusions: A
high prevalence of coronary artery anatomic variations and anomalies in symptomatic patients is reported in this
study. Systematic reviews, meta-analyses, reporting guidelines, and unified definitions and classifications of cor-
onary variations and anomalies are lacking in the literature, presenting potential opportunities for future research
and publications.
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1 Introduction

1.1 Background
Anatomical variations and anomalies of coronary arteries (AVACA) are uncommon but important

findings to recognize [1]. Imaging of coronary arteries by coronary computed tomography angiography
(CCTA) has emerged as a noninvasive alternative to the diagnostic coronary catheter angiogram [2]. It is
an accurate diagnostic modality with high spatial and temporal resolutions along with capabilities of
three-dimensional and extraluminal evaluation of the coronary arteries [3–5].

The definitions of normal morphology, anatomical variation, and anomaly vary from one reference
to another. Angelini and coworkers defined them based on the prevalence among an unselected
population [6]. They defined “normal” as any morphologic feature observed in >1% of an unselected
population, “normal variant” as a relatively unusual alternative morphological feature seen in >1% of that
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population, and “anomaly” as a morphological feature present in <1% of the same population. They reported
that the incidence of coronary anomalies was 5.6% in a continuous series of 1950 angiograms. In another
study that utilized CCTA, the prevalence was 18% [7]. Awareness of AVACA is crucial, given several
related possible consequences, including misdiagnosis, myocardial ischemia, increased risk of coronary
atherosclerotic disease and bacterial endocarditis, secondary aortic valve disease, ischemic
cardiomyopathy, volume overload, technical difficulties during coronary angioplasty, complications
during cardiac surgery, and sudden cardiac death [6].

1.2 Rationale and Aim of the Study
AVACA has been linked to increased symptoms and sequelae, such as chest pain, dyspnea, syncope,

ventricular fibrillation, myocardial infarction, cardiomyopathy, and sudden death [6]. Yet, the opposite
may not necessarily be accurate. Investigating symptomatic patients for the presence of AVACA may or
may not reveal a significant increase in its prevalence compared to an asymptomatic population. The
consequences of AVACA mentioned above increase the chance of developing symptoms, which may lead
to a higher discovery of anomalies among symptomatic patients. Therefore, it was hypothesized in this
study that symptomatic cardiac patients have a higher prevalence of AVACA. This study aimed to
investigate this hypothesis in a large number of symptomatic patients and compare the results to
published results of asymptomatic populations.

2 Methods

2.1 Study Design
The Institutional Research Ethics Committee approved this study and waived informed consent for

patients’ anonymous data. This retrospective study included all symptomatic patients with CCTA in a
tertiary care hospital in South Saudi Arabia (Assir Province) for seven years, from January 01, 2010, to
December 31, 2016. The patients’ symptoms included one or more of the following: chest pain, shortness
of breath, palpitation, and syncope. Patients with a coronary artery bypass graft (CABG) surgery or poor
scan quality were excluded, because in such cases native coronary artery anatomy may be altered or
inaccurately evaluated. To eliminate interobserver variations, all CCTAs were interpreted by one
radiologist with ten years of post-board experience.

2.2 CCTA Scanning Technique
All studies were performed on a 64-slice CT scanner (Lightspeed VCT, General Electric, Milwaukee,

WI, USA). The targeted heart rate in order to perform the scans was less than 65 beats per minute. Beta
blockers (or, if contraindicated, calcium channel blockers) were prescribed by cardiologists to achieve the
targeted heart rate as needed. In some cases, the target heart rate was not achieved, and they were
excluded from this study if the radiologist deemed the scan quality poor. The test bolus technique was
used for the timing of the scans. A dual-head power injector was used to inject 20 milliliters (ml) of
Iobitridol (350 milligrams of iodine/ml) intravenous (IV) contrast (Xenetix, Guerbet, Roissy, France) at a
rate of 5 ml/second, followed by 40 ml of normal saline at a rate of 5 ml/second for the bolus timing
phase. For the CCTA phase, 50–70 ml of the same type of IV contrast was injected, followed by 40 ml
of normal saline at the same rate. The scanning of CCTA was prospectively ECG-gated during breath-
holding with a target phase of data acquisition at 75% of the R-R interval. Other parameters included a
tube rotation time of 0.35 s, slice thickness of 0.625 mm, beam collimation of 40 mm at 120 kV, and
tube current of 300–700 mA depending on the patient’s body size.

2.3 Image and Data Analysis
The CCTA images of all patients were viewed, processed, and analyzed on the same workstation

(Advantage Window, General Electric, Milwaukie, WI, USA). An electronic data collection sheet was
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created with Google Sheets software (Google LLC, Mountain View, CA, USA), which was used to perform
the statistical calculations by creating different formulas for the needed results. For each patient; age, gender,
and percentage of the maximum stenosis of the coronary arteries were recorded.

The evaluated coronary anatomical variations (CAVs) included short left main coronary artery (LMCA)
of ≤5 mm, division pattern of LMCA with the presence of ramus intermedius (trifurcation and
quadrifurcation), and non-right coronary dominance (Fig. 1).

The right coronary dominance is the posterior descending artery (PDA) supplied by the right coronary
artery (RCA). Left-sided dominance is defined as PDA supplied by the left circumflex artery (LCX), while
bilateral dominance is when PDA is supplied by both RCA and LCX.

Coronary artery anomalies (CAAs) were classified into five groups. Group 1 included anomalies of the
origin of the coronary arteries, defined as an origin, not from the corresponding sinus of Valsalva or higher
than the junctional zone. Absent LMCA, with two separate origins of LAD and LCX, was classified in group
1 (Fig. 2).

Group 2 included a myocardial bridge (MB), defined as a major epicardial artery running into the
myocardium (Fig. 3).

Group 3 included the anomalous course of the coronary arteries (Fig. 4).

Excessive tortuosity of the coronary arteries was classified in group 3. Intrinsic anomalies, including
ectasia and aneurysm of coronary arteries, were classified in group 4. Ectasia and aneurysm were defined
as a dilatation of more than 1.5 times the normal diameter of the artery, diffusely (≥50% of the artery
length) or focally (<50% of the artery length), respectively. Group 5 included termination anomalies
(fistulas) of the coronary artery. If a CAA definition applied to more than one group, it would be
classified in all corresponding groups; for example, an RCA, originating from the left coronary cusp and
passing in the interarterial groove, was classified in groups 1 and 3.

Figure 1: Maximum intensity projection (MIP) of coronary CT angiography showing trifurcation of the left
main coronary artery (LMCA) into the left anterior descending artery (LAD), Ramus intermedius artery (RI),
and left circumflex artery (LCX)
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3 Results

3.1 Results of the Study Population
A total of 527 symptomatic patients had CCTA during a period of seven years, from January 01, 2010, to

December 31, 2016. After applying the two exclusion criteria (patients with CABG and poor scan quality),
20 patients were excluded, leaving 507 patients in this study. There were 306 (60.4%) males and 201 (39.6%)
females with a mean age of 57.4 years (SD 12.7) ranging from 23–95 years. A total of 297 (58.6%) patients

Figure 2: Three-dimensional surface rendering of coronary CT angiography showing two separate origins
of the left anterior descending artery (LAD) and left circumflex artery (LCX) from the left coronary cusp,
with an absent left main coronary artery. Stent (*) is present in the LAD

Figure 3: Three-dimensional surface rendering of coronary CT angiography showing myocardial bridges.
(A) Distal left anterior descending artery myocardial bridge (LAD MB). (B) The RCA passes within the
wall of the right atrium (RCA MB) rather than the usual course in the right atrioventricular groove
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had no stenosis of the coronary arteries in the CCTA, and 210 (41.4%) had stenosis caused by atherosclerosis,
with luminal stenosis averaging 49.7% and ranging from 15%–100%.

The total number of patients with CAVand CAAwas 217 (42.8%): this included 79 (36.4%) females and
138 (63.6%) males with 277 variations and anomalies.

3.2 Results of Anatomical Variations
Table 1 summarizes the results of CAV. Right coronary dominance was present in 437 patients (86.2%),

left side dominance was present in 54 patients (10.6%), and bilateral dominance, when RCA and LCX supply
the PDA, was present in 16 patients (3.2%).

Figure 4: Abnormal course (and origin) of coronary arteries. (A) Volume rendering (VR) of the coronary
artery tree showing the left circumflex artery (LCX) arising from the right coronary cusp and coursing
inferior to the posterior aortic cusp towards the left side (RCA; right coronary artery, LAD; left anterior
descending artery arising directly from the left cusp, D1; first diagonal branch). (B) Maximum intensity
projection (MIP) showing the right coronary artery (RCA) arising anterior to the left coronary cusp and
passing between the aorta (Ao) and the pulmonary artery (PA) in the interarterial groove (LMCA; left
main coronary artery)

Table 1: Results of coronary artery anatomical variations (CAV). LMCA; left main coronary artery

Type of CAV Number of
CAV in
males

Number of
CAV in
females

Number of
CAV in all
patients

Percentage
out of CAV

Prevalence in the
study population

Non-right side coronary
dominance

42 28 70 53.8% 13.8%

Short LMCA; ≤5 mm 15 8 23 17.7% 4.5%

Division of LMCA;
trifurcation,
quadrifurcation

27 10 37 28.5% 7.3%

Total 84 CAV in
77 males

46 CAV in
43 females

130 CAV in
120 patients

100% 25.6%
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The mean length of the left main coronary artery (LMCA) was 10 mm (SD 4.8), ranging from zero
(absent LMCA with two separate origins of the left anterior descending (LAD) artery and LCX) to
25 mm. If we exclude the cases of absent LMCA, the mean length would be 10.4 mm (range 3–25 mm).
The LMCA was absent in 9 (1.8%) patients. Short LMCA, defined as a length of 5 mm or less, was
present in 23 (4.5%) patients. The total number of patients with absent or short LMCA was 32 (6.3%). In
this study, absent LMCA was counted in group 1 of CAA, whereas short LMCA was counted as CAV.
Trifurcation and quadrifurcation of LMCA were present in 36 (7.1%) patients and one patient (0.2%),
respectively.

3.3 Results of Coronary Artery Anomalies
There were 137 (27%) patients with CAA [90 (65.7%) males, 47 (34.3%) females, mean age 55.4 years,

range 26–86 years], with a total of 147 CAAs (29%) because 10 (2%) patients had more than one type
of CAA. Of 137 patients with CAA, 54 (39.4%) had stenosis in CCTA (mean stenosis 45.7%, range
15%–95%).

The CAA was classified into five groups (Table 2).

The most common CAAwasMB (group 2), which was seen in 109 patients, representing 79.6% of CAA
and 21.5% of the total study population. It was present in 23.9% (73/306) of males and 17.9% (36/201) of
females. MB of LAD was the most common (in 104 patients, 95.4%), followed by ramus intermedius
bridging in three (2.8%) patients and RCA bridging in two (1.8%) (Fig. 2). If MB is excluded, the
prevalence of CAA in this study population would be 7.1% (36 anomalies). Coronary ectasia was present
in one (0.2%) patient, representing (0.7%) of all CAA patients. There were no cases of coronary artery
aneurysms or fistulas.

4 Discussion

The present study showed a higher prevalence of CAA (29%) than reported. Previous studies in different
parts of the world reported a prevalence ranging from 1% to 18% [6–12]. There are possible reasons for such
high prevalence in the current study. Symptomatic patients may have a higher prevalence because CAA
increases the chance of developing symptoms, which may lead to a higher discovery of the anomalies
among those patients. The variability in the definition of anomalies is another possible reason. For

Table 2: Results of coronary artery anomalies (CAA)

Type of CAA Number of
CAA in males

Number of
CAA in
females

Number of CAA
in all patients

Percentage
out of CAA

Prevalence in the
study population

Origin anomaly 17 9 26 17.7% 5.1%

Myocardial bridge 73 36 109 74.1% 21.5%

Course anomaly 6 5 11 7.5% 2.2%

Intrinsic anomalies;
ectasia, aneurysm

1 0 1 0.7% 0.2%

Termination
anomalies: Fistula

0 0 0 0 0

Total 97 CAA in
90 males

50 CAA in
47 females

147 CAA in
137 patients

100% 29%
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example, some studies considered MB as an anomaly while others did not [7,13–16]. The present study did
consider MB an anomaly, which was relatively common (21.5% of the study population). Without MB, the
prevalence of CAAwas 7% in this study. MB was considered an anomaly because of its potential to cause
remarkable compression with subsequent angina and myocardial infarction even when there is no evidence
of coronary atherosclerosis by angiography or autopsy, in addition to other potentially serious consequences,
such as left ventricular dysfunction, arrhythmias, and sudden cardiac death [17–19]. A recent study showed
that MB was the most common abnormality among young adults presenting with chest pain [20]. Another
possible cause of the high prevalence of CAA in this study could be geographic and higher ethnic prevalence
in Southern Saudi Arabia. The only study found in the literature of a large number of patients from Saudi
Arabia was from Qassim Province, which showed a prevalence of 1% of CAA (according to their
definitions) and 11% of all AVACA [21]. CCTA has a higher sensitivity to detect CAA compared to the
coronary catheter angiogram, particularly for MB detection, which is another possible explanation for the
higher prevalence in the present study [22,23].

There are several known anatomical variations of coronary arteries. In this study, three types are
reported; non-right-sided dominance, short LMCA, and division variations of LMCA. The prevalence of
coronary dominance (right, left, and balanced) in this study is close to that reported in the literature by
CCTA or catheter angiogram [7,9]. Short LMCA, present in 4.5% of patients in this study, may lead to
serious coronary consequences. Patients with short LMCA developed stenosis more frequently near the
ostium and were found to have a higher incidence of acute myocardial infarction in the left coronary
artery [24,25]. The branching pattern of LMCA is commonly a bifurcation into LAD and LCX, with a
prevalence of ramus intermedius between 21% and 33% [7,15,26]. However, it was reported in some
studies that trifurcation, with the presence of the ramus intermedius branch, was the most common
branching pattern in up to 69% [27,28]. In this study, the prevalence of ramus intermedius was 7%,
which is much lower than reported in the literature.

The prevalence of origin anomalies was 5% in the current study, which is higher than the 2% reported in
another study of more than 6,000 consecutive patients evaluated by invasive angiography [13]. However, a
prevalence of more than 7% was reported in a previous study using CCTA [7].

MB was the most common anomaly in this study, reaching about 21%. This is close to (but less than) the
prevalence in other studies with 64-slice CCTA, in which MB was found in 26%–37% of patients [13,22].
However, the prevalence of MB in this study is double that reported in other studies [10]. Several studies
showed that CCTA is more sensitive than conventional angiography in detecting MB [22,23]. The
published studies classified MB differently; as an intrinsic anomaly, a course anomaly, in a separate group
of anomalies, or as a variation rather than an anomaly [7,9,15,21]. The present study opted to report MB
in a separate group of anomalies to keep the data presentation more detailed.

Intrinsic (aneurysm and ectasia) and termination (fistulas) anomalies of coronary arteries are very rare,
and only one anomaly in those two groups was found in the current study.

The anomalies of the course were present in 2% of patients in this study. The prevalence of the course
anomalies is variable in the literature depending on their definition and classification, as some studies group
them with the origin anomalies. The reported origin and course anomalies are around 2%–8% [7,15].

A study comparing symptomatic and asymptomatic patients found no statistically significant difference
in the prevalence of MB (31% vs. 42%, p = 0.51) and CAA (7% vs. 3%, p = 0.26), although the prevalence of
CAA was slightly higher in the symptomatic patients [29]. Another study evaluated asymptomatic patients
with ST-segment anomalies during maximal exercise tests and found a prevalence of 15% of CAA, which is
similar or even higher than the reported prevalence in other studies of symptomatic patients [30]. Those two
studies may support the null hypothesis of the present study, i.e., rejecting the relation between the higher
prevalence of CCA and symptomatic patients. However, the larger sample size in this study will stand
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against rejecting its hypothesis based on two smaller studies. Large studies of CAA prevalence in
asymptomatic patients still are lacking in the literature. The higher prevalence of CAA in this study of
symptomatic patients may still be attributed to the other causes mentioned above, including the definition
of CAA cases and the ethnic background of the study population.

The main limitation of this study is its retrospective single-center design. Lack of correlation with
coronary catheter angiogram is another possible limitation, although CCTA is superior in some aspects of
coronary artery evaluation, as mentioned in the introduction and discussion.

5 Conclusion

A high prevalence of coronary artery anatomic variations and anomalies among symptomatic patients is
reported in this study. Systematic reviews and meta-analyses of this important topic are lacking in the
literature which presents an opportunity to conduct further larger studies. The lack of unified definitions
and classifications for coronary variations and anomalies makes it harder to compare results with
published studies. Therefore, greater collaboration between different scientific societies is recommended
to develop more unified definitions, classifications, and reporting guidelines for coronary anomalies and
variations.
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