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T he small dimensions and rapid movement of coronary arteries 
have made their evaluation with computed tomography (CT) 
challenging. However, because of the dramatic development of 

multislice CT (MSCT) technology in the last decade, coronary CT angi-
ography (CTA) has become an increasingly important noninvasive mo-
dality in the diagnosis of coronary artery diseases. High temporal and 
spatial resolution capabilities of MSCT scanners enable detailed 3D visu-
alization of complex coronary artery anatomy without motion artifact.

To be able to interpret the coronary CTA correctly, radiologists should 
be familiar with normal anatomy, anatomic variants, and anomalies of 
the coronary arteries and their cross-sectional appearances. In this study, 
we aimed to identify the 64-slice CTA appearance of the anatomic vari-
ations and anomalies of the coronary arteries and determine their inci-
dence in a population of 700 patients.

Materials and methods
CT data of 700 patients (405 males, 295 females; age range, 17–85 

years) who underwent 64-slice coronary CTA in our institution were ret-
rospectively reviewed to identify the coronary anatomy and determine 
anatomic variants and anomalies. Patients were referred for coronary 
CTA because of known or suspected coronary artery disease (CAD). The 
institutional review board approved the study.

CT scan
All CT examinations were performed by a 64-slice CT scanner (Aquillon 

64, Toshiba Medical Systems, Tochigi, Japan) with retrospective ECG gat-
ing (scan protocol is given in Table 1). Patients with a heart rate greater 
than 75 beats/min were premedicated with an oral dose of 40 mg propro-
nalol one hour before the scan. Sublingual nitroglycerine was delivered 
to the patient just before the scan. For venous access, an upper extremity 
vein (antecubital vein of the right arm) and a 20-gauge IV cannula was 
used. A total of 80–85 mL of contrast media with high iodine concentra-
tion (≥350 mg/mL) was injected with a flow rate of 5 mL/s, followed by 
a 20 mL saline chaser. The scan timing was determined with automated 
bolus tracking technique by placing the region of interest over the proxi-
mal descending aorta and setting the trigger threshold to 180 HU. 

Raw spiral CT data were reconstructed in various phases of the cardiac 
cycle to obtain images with the highest quality (without motion arti-
fact). Reconstruction performed at 75% of R-R interval was found to be 
optimal for image analysis in most patients. 

Image analysis
Images reconstructed at the optimal phase were transferred to another 

workstation (Vitrea 2 workstation, Vital Images Inc., Plymouth, Minne-
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PURPOSE
To retrospectively review the 64-slice computed tomography 
(CT) appearance of coronary artery anatomic variants and 
anomalies and determine their incidence in 700 patients.

MATERIALS AND METHODS
CT data of 700 patients who underwent 64-slice CT angiog-
raphy (CTA) because of known or suspected coronary artery 
disease were retrospectively reviewed by two radiologists 
experienced in cardiovascular radiology. In each study, ana-
tomic variants and anomalies were investigated.

RESULTS
The coronary artery system was right dominant in 76%, left 
dominant in 9.1% and co-dominant in 14.8% of the cases. 
Ramus intermedius was present in 31%. Conus artery with 
a separate ostium in the right sinus Valsalva was observed in 
22%, and in 0.2% two conus arteries originating with sepa-
rate ostia were visualized. The sinus node artery (SNA) origi-
nated from the right coronary artery (RCA) in 79%, from the 
circumflex artery (Cx) in 20%, and from the left main coro-
nary artery (LMCA) in 0.4%. In 0.4% of the cases SNA origi-
nating from the right sinus Valsalva with a separate ostium 
was seen. LMCA was absent in 0.4%. Cx was absent in 0.1%, 
and diagonals were absent in 0.1%. High takeoff of LMCA and 
RCA were observed in 0.7% and 0.1%, respectively. Myocar-
dial bridging was observed in 37%. Anomalous origin of the 
coronary artery from the opposite sinus was observed in 1% 
of the cases.

CONCLUSION
Complex anatomy of the coronary artery system can accu-
rately be depicted by 64-slice CTA. This modality is useful in 
detecting coronary artery variants and anomalies and is a valid 
alternative to conventional coronary angiography in their di-
agnosis.
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reformat (CPR), thin-slab maximum 
intensity projection (thin MIP), and 
volume-rendering technique (VRT) 
with transparent background display. 
All CT examinations were reviewed by 
two radiologists experienced in cardio-
vascular radiology.

After determining the dominance of 
the coronary artery system, the origin, 
course, and caliber of the major coro-
nary arteries and their branches were 
evaluated. Dominance of the coronary 
artery system was determined accord-
ing to the origin of the posterior de-
scending artery (PDA). Coronary artery 
systems with PDA originating from 
the right coronary artery (RCA) were 
defined as right dominant, and those 
with PDA originating from the left 
main coronary artery (LMCA) were de-
fined as left dominant. Coronary artery 
systems where PDA was supplied by 

the RCA and significant portion of the 
posterior wall of the left ventricle was 
supplied by posterolateral branches 
(PLB) from the circumflex artery (Cx) 
were termed as co-dominant (1). 

Coronary artery anomalies were 
classified according to the classifica-
tion system developed by Angelini et 
al. (2) as anomalies of origination and 
course, anomalies of intrinsic coro-
nary artery anatomy, and anomalies 
of termination. 

Results
Prevalence of normal variants and 

anomalies of coronary arteries ob-
served in this study population is out-
lined in Tables 2 and 3. In 532 cases 
(76%), the RCA was dominant; in 64 
cases (9.1%), the LMCA was domi-
nant; and in 104 cases (14.8%) co-
dominance was observed (Fig. 1). In 

sota, USA), where image analysis was 
performed. All images were reviewed 
first in axial projection, then with post 
processing tools such as multiplanar 
reconstructions (MPR), curved planar 

Figure 1. a–c. 3D volume-rendered CT angiography images of different patients. Posterior view of the heart (a) shows a right dominant 
system with the posterior descending artery (PDA) (arrow) and posterolateral branch (PLB) (open arrow) originating from the right coronary 
artery (RCA) (curved arrow). Second image (b) shows a left dominant system with the PDA (arrow) and PLB (open arrow) originating from the 
circumflex artery (Cx) (double arrow). Third image (c) shows a co-dominant system where RCA (curved arrow) supplies the PDA (arrow), and left 
ventricle posterolateral wall is supplied (posterolateral branch, open arrow) by branches of the Cx (double arrow).

ba c

Table 1. Scan protocol of 64-slice 
coronary CT angiography

Scan protocol (Toshiba Aquillon 64)

Tube current
Tube voltage
Tube rotation time
Section thickness
Increment
Field of view
ECG gating

400 mAs
120 kV
400 ms
0.5
0.3
200–270 mm
Retrospective

Table 2. Prevalence of anatomic variants 
of the coronary arteries, n (%)

Dominance

 Right
 Left
 Co-dominance

532 (76%)
64 (9.1%)

104 (14.8%)

Conus artery

 From RCA
 With a separate ostium
 Two with separate ostia

544 (78%)
154 (22%)

2 (0.2%)

Sinus node artery

 From RCA
 From Cx
 From LMCA
 With a separate ostium

554 (79%)
140 (20%)

3 (0.4%)
3 (0.4%)

Ramus intermedius 221 (31%)

RCA, right coronary artery; Cx, circumflex artery; 
LMCA, left main coronary artery.

Table 3. Prevalence of anomalies of the coronary arteries, n (%)

Anomalies of origination and course
 Absent LMCA
 Absent Cx
 High takeoff
  of RCA
  of LMCA
Anomalous origin from the opposite sinus
 RCA originating from the left coronary sinus
 LMCA originating from the right coronary sinus
 Cx originating from the right coronary sinus

3 (0.4%)
1 (0.1%)
6 (0.8%)
1 (0.1%)
5 (0.7%)

7 (1%)
4 (0.5%)
2 (0.2%)
1 (0.1%)

Anomalies of intrinsic coronary arterial anatomy
 Myocardial bridging 259 (37%)

LMCA, left main coronary artery; Cx, circumflex artery; RCA, right coronary artery.
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221 cases (31%), the LMCA trifurcat-
ed to include a third vessel between 
the left anterior descending artery 
(LAD) and Cx, termed ramus interme-
dius (Fig. 2). The LMCA was absent in 
3 cases (0.4%) in which the LAD and 
Cx originated from the left sinus of 
Valsalva with separate ostia (Fig. 3a, 
b). Diagonal arteries were absent in 
one case (0.1%), in which a well-de-
veloped ramus intermedius that sup-
plied the anterolateral wall of the left 
ventricle was seen (Fig. 3c).

The conus artery was the first branch 
of the RCA in 544 cases (78%); it origi-
nated from the right sinus of Valsalva 
with a separate ostium in 154 cases 
(22%); while in two cases (0.2%), two 
conus arteries originating with sepa-
rate ostia from the right sinus of Val-
salva were observed (Fig. 4a–c).

The sinus node artery originated 
from the RCA as its second branch in 
554 cases (79%), from the Cx in 140 
cases (20%), and from the LMCA in 3 
cases (0.4%). In three cases (0.4%), the 
sinus node artery originated from the 
right sinus of Valsalva with a separate 
ostium (Fig. 4d, e). High takeoff of the 
RCA and LMCA were observed in one 
(0.1%) and five cases (0.7%), respec-
tively (Fig. 5).

The RCA split into two arteries just 
after originating from its ostium in the 
right sinus of Valsalva (termed dupli-
cation of RCA) in one case (0.1%). In 
one case, the Cx was absent and the 
RCA flowed in the posterior aspect of 

Figure 2. a–c. 3D volume-rendered CT angiography images of 3 different patients (a–c) show the left main coronary artery (curved arrow) that 
bifurcates to the left anterior descending artery (LAD) (open arrow) and circumflex artery (Cx) (double arrow) (a) and trifurcates where ramus 
intermedius (straight arrow) is seen in between the LAD (open arrow) and Cx (double arrow) (b). Ramus intermedius (straight arrow) may be 
variable in size, changing from a well-developed branching artery to a small one (c) (LAD, open arrow; Cx, double arrow).

ba c

Figure 3. a–c. Anatomic variations 
and minor anomalies of the left main 
coronary artery (LMCA) and left anterior 
descending artery (LAD) are depicted 
in two different patients. Volume-
rendered (a) and MIP (b) CT images of 
the same patient show that the LMCA is 
absent and the LAD (curved arrow) and 
circumflex artery (arrow) originate from 
the left coronary sinus with separate 
ostia. Volume-rendered CT image (c) of 
another patient where diagonal branches 
of the LAD (curved arrow) are absent 
and a well-developed, branching ramus 
intermedius (arrowhead) is seen. 

ba

c
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the left A-V groove through the track 
of the Cx (Fig. 6). 

Myocardial bridging was observed 
in 259 cases (37%) (Fig. 7). In four 
cases (0.5%), the RCA originated from 
the left sinus of Valsalva: all had an 
interarterial course (Fig. 8a). In two 
cases (0.2%), the LMCA originated 
from the right sinus of Valsalva: one 
had an interarterial course, and the 
other had a pre-pulmonic course (Fig. 
8b, c). In one case (0.1%), Cx origi-
nated from the right sinus of Val-

salva, which had a retroaortic course 
(Fig. 8d, e) (Table 4).  

Discussion
Conventional coronary angiography 

(CCA) has been the technique of choice 
for visualization of the coronary artery 
system for several decades. Despite its 
common use, alternative methods of 
visualizing the coronary arterial system 
are desired; in addition to being inva-
sive, CCA has disadvantages in detect-
ing coronary artery anomalies because 

of the limited number of 2D projection 
images obtained during catheterization 
and because of the absence of soft tis-
sue information.

Figure 4. a–e. MIP CT angiography images 
display variable origins of the conus artery 
and sinoatrial node artery (SNA). The conus 
artery (arrow) is seen branching from the 
right coronary artery (RCA) (curved arrow) 
(a). Second image (b) shows the conus artery 
(arrow) originating from the right coronary 
sinus with a separate ostium. Third image (c) 
shows two conus arteries (arrows) originating 
with separate ostia from the right coronary 
sinus. On the fourth image (d) the SNA (open 
arrow) is seen as a branch of the RCA (curved 
arrow). Fifth image (e) depicts the SNA (open 
arrow) originating from the circumflex artery 
(black arrowhead) where a well-developed 
ramus intermedius (double arrow) is also 
observed. 

ba
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Figure 5. Volume-rendered CT image of the 
heart displays the left main coronary artery 
(LMCA) (open arrow) with an ostium above the 
sinotubular ridge, named “high takeoff”. The 
LMCA (>2 cm) is also longer than normal. 
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Over the last decade, substantial ad-
vances have been made in noninvasive 
cardiac imaging. New technological 
modalities include coronary MR an-
giography, electron beam CT (EBCT), 
and coronary CTA. Coronary CTA had 
an increasingly important role in the 
diagnosis of coronary artery disease. 
Cardiac CT applications were limited 

to the myocardium, cardiac cham-
bers, and gross coronary calcifications 
with conventional CT scanners (3). 
More detailed assessment of the car-
diac structures was made possible with 
the introduction of single-slice helical 
CT systems in 1996. However, with 
this technique, temporal and spatial 
resolution are insufficient to delineate 

the anatomic features and pathology 
of coronary arteries without motion 
artifact. Since that time, successive 
generations of CT scanners have been 
developed; the introduction of MSCT 
technology provided a significant im-
provement in spatial and temporal 
resolution. Section thickness that was 
in the range of 3–5 mm with single-
slice helical technology has improved 
to 0.5 mm–0.6 mm with 64-slice CT 
systems. Data acquisition time of 50 s 
with single-slice CT has decreased to 
5 s with 64-slice CT (4). These tech-
nological improvements provided CT 
acquisition of near-isotropic volume 
data within a single breath hold, which 
enabled visualization of smaller and 
smaller coronary branches and deline-
ation of coronary artery anatomy in 
3D devoid of motion artifact with the 
help of various post-processing tools 
such as VR, MIP, CPR, and MPR. De-
piction of origin and course of anom-
alous vessels along with the complex 
anatomic relations with the adjacent 
structures is excellent with MSCT. 
Kacmaz et al. (5) reported a sensitivity 
of 100% for 16-slice CTA in detecting 
coronary artery anomalies. Shi et al. 
(6) detected anomalous origin and ab-
normal course of the coronary arteries 
with 16-slice CTA in 100% of the cases 
in their series, while CCA detected the 
abnormality in only 53% of the cases. 
MSCT angiography is considered a 
first-line imaging modality in detect-
ing coronary artery anomalies (5–8).

Correct interpretation of coronary 
CTA examinations requires familiar-
ity with the anatomy, normal variants, 
and anomalies of the coronary arter-

ba Figure 6. a, b. Volume-
rendered CT angiography 
image (a) shows that the 
circumflex artery (Cx) is 
absent and the left anterior 
descending artery (open 
arrow) originates from the 
left coronary sinus. Posterior 
view volume-rendered 
CT angiography image 
(b) of the same patient 
demonstrates the right 
coronary artery (curved 
arrow) coursing within the 
atrioventricular groove on 
the track of the Cx.

ba

Figure 7. a, b. MIP (a) and volume rendering 
(b) CT angiography images display myocardial 
bridging in the middle segment of the left 
anterior descending artery (open arrow). 

Table 4. Anomalies of origination and course of the coronary arteries, n (%)

LMCA originating from the right coronary sinus    
 Interarterial course
 Pre-pulmonic course

2 (0.2%)
1/2 (50%)
1/2 (50%)

RCA originating from the left coronary sinus        
 Interarterial course

4 (0.5%)
4/4 (100%)

Cx originating from the right coronary sinus
 Retroaortic course

1 (0.1%)
1/1 (100%)

LMCA, left main coronary artery; RCA, right coronary artery; Cx, circumflex artery.
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ies. There is an extreme variability in 
coronary artery anatomy in normal 
subjects. Definition of normality and 
establishing boundaries between nor-
mal and abnormal with characteriza-
tion of anomalies are mandatory (2, 9). 
However, no consensus has yet been 
reached on the boundary between nor-
mal variant and anomaly. A number of 
classification systems of the coronary 
artery anomalies have been suggested 

(2, 5, 10–12). According to these sys-
tems, anomalies of the coronary arter-
ies are generally divided into anoma-
lies of origin and course, anomalies of 
intrinsic coronary arterial anatomy, 
and anomalies of termination. Addi-
tional studies examining the coronary 
artery anomalies in large populations 
are needed to resolve this classifica-
tion problem, as well as to determine 
the precise features indicating nor-

mal anatomy, anatomic variants, and 
anomalies (2). In our opinion, with 
high spatial resolution and depiction 
of anatomic details in 3D, MSCT may 
assist in answering the above-men-
tioned questions.

Analysis of coronary CTA images 
should be initiated by the determina-
tion of dominance of the coronary ar-
tery system. Every report of coronary 
CTA examination should include a 

Figure 8. a–e. Origin and course anomaly of the coronary arteries are depicted in three 
different patients. Axial MIP (a) CT angiography image of a patient displays the right 
coronary artery (double arrows) that originates from the left coronary sinus and follows an 
interarterial course between the aorta and pulmonary artery. Axial MIP CT angiography 
images are better in depicting the interarterial course of the vessel. Volume-rendered 
(b) CT angiography image of another patient shows the left main coronary artery (open 
arrow) originating from the right coronary sinus and following a prepulmonic course. The 
sinoatrial node artery (asterisk) originates from the anomalous left main coronary artery. 
The right coronary artery (double arrows) with normal origination and course is also seen. 
MIP image (c) of the same patient shows the prepulmonic course of left main coronary 
artery (open arrow) which originates from the right coronary sinus. MIP (d) and volume-
rendered (e) images of the third case show the circumflex artery (curved arrow) that is 
originating from the right coronary sinus and following a retroaortic course. A, ascending 
aorta; P, pulmonary conus.

ba

c

e

d
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comment on this issue (13). The inci-
dence of right and left coronary domi-
nance has been reported to be 80% 
to 85%, and 7% to 9%, respectively 
(7, 14, 15). In the present study, the 
RCA was dominant in 76% of cases, 
and the LMCA was dominant in 9.1% 
of cases. The incidence of co-domi-
nance was 14.8% in the present study, 
which is slightly higher than the re-
ported ranges of 5–8% (7, 14, 15). The 
lack of consensus on the definition of 
the co-dominant coronary artery sys-
tem in the literature may explain this 
discrepancy. Co-dominance is usu-
ally defined as origination of the PDA 
from the RCA and the PLB from the 
Cx (14). Other authors define it with 
respect to the artery supplying the 
inferolateral portion of the posterior 
septum. They state that if both arter-
ies supply this portion of the septum 
the system is referred to as co-domi-
nant (11, 15). We named the coronary 
artery system co-dominant when the 
PDA originated from the RCA and the 
branches of Cx supplied a significant 
portion of the posterior wall of the left 
ventricle (1).   

The evaluation of coronary CTA ex-
amination should continue by the as-
sessment of coronary artery anatomy. 
During this process, the focus should 
be given to the location, distribution, 
length, and caliber of major coronary 
arteries and their branches (1). 

The LMCA originates from the left 
sinus of Valsalva. A range of 0.5–2 cm 
has been reported as its normal length 
by some authors, while others gave 10 
mm as the upper limit of normal (11, 
14, 15). The LMCA bifurcates to the 
LAD and Cx. Occasionally the LMCA 
trifurcates and an artery named ramus 
intermedius is present between the 
LAD and Cx. Presence of ramus inter-
medius is the most common anatomic 
variation observed in the left coronary 
system and its prevalence is 33% (16). 
The size of ramus intermedius var-
ies greatly from a very small vessel to 
a very large branching vessel, which 
may supplant the need for significant 
LAD diagonals or Cx marginals (1, 17). 
In the present study population, the 
presence of ramus intermedius was ob-
served in 31% of the cases.  

Origination of the LMCA outside the 
coronary sinus, above the junctional 
zone is referred to as a high takeoff 
(11, 18, 19). Montaudon et al. (18) 
stated that the LMCA originating from 

the proximal 1-cm segment of the as-
cending aorta might be considered as 
a normal variant, while a takeoff dis-
tal to the first 1-cm segment of the as-
cending aorta should be considered as 
an anomaly. The prevalence of a high 
takeoff is reported as 6% (11, 18, 19). 
We referred to the origination within 
the proximal 1-cm segment of the aor-
ta above the junctional zone as a high 
takeoff and included this pathology in 
the group of anomalies of origination. 
It was observed in 0.7% of the present 
study population.

Occasionally the LMCA is absent and 
the LAD and Cx originate separately 
from the left sinus of Valsalva. The in-
cidence of this abnormality is 0.41% 
to 0.52% (18–20). It was observed in 
3.3% of the study population in one 
study performed by Cademartiri et al. 
(7). In the present study its incidence 
was 0.4%.

Short or absent LMCA and trifurca-
tion of the LMCA have no adverse he-
modynamic effects and therefore have 
no clinical significance. On the other 
hand, they cause technical difficul-
ties in coronary artery catheterization 
and may be a source of complication 
or misdiagnosis. For instance, short 
or absent LMCA may result in non-
opacification of a totally normal LAD 
or Cx in CCA and may lead to a false 
interpretation of occlusion of the LAD 
or Cx. Such a mistake is not possible 
with MSCT coronary angiography (20). 
Therefore, recognition of these types of 
anomalies before interventional proce-
dures on the left coronary arterial sys-
tem is important (1, 18, 19).  

The LAD has two groups of branches, 
referred to as septal perforators and di-
agonals. Diagonal arteries are variable 
in number and size. In one case of the 
present study diagonal branches were 
absent where a well-developed ramus 
intermedius supplying the territory of 
the diagonal arteries was present. The 
Cx is a smaller vessel than the LAD. 
Obtuse marginals, which are vari-
able in size and number, are the ma-
jor braches of Cx. In one case of the 
present study the Cx was absent and 
the RCA ran from the posterior of the 
left A-V groove to the region of Cx. 
Ortale et al. (17) reported that obtuse 
marginal arteries, diagonal arteries 
and ramus artery have a complemen-
tary role to each other, and when one 
is absent or small in caliber the others 
supply its territory. A similar relation 

was observed between ramus interme-
dius and diagonal arteries by Cade-
martiri et al. (7).

The RCA originates from the right si-
nus of Valsalva. The conus artery is the 
first branch and the sinus node artery 
is the second branch of RCA. It gives 
rise to acute marginal arteries, which 
supply the right ventricle before turn-
ing posteriorly to flow in the posterior 
right A-V groove. Its terminal branches 
are the PDA and PLB in the right domi-
nant system. As in the LMCA, a high 
takeoff and multiple ostia may also be 
observed in the RCA. In multiple ostia 
typically the conus artery originates 
from the right coronary sinus with a 
separate ostium, adjacent to the os-
tium of RCA. Incidence of this type of 
origination is between 22% and 50% 
and is classified as a normal variant (7, 
18). In the present study its incidence 
was found to be 22%, and in two cases 
(0.2%), two conus arteries originating 
with separate ostia from the aorta were 
observed. Multiple ostia with sinoatrial 
node artery originating with a separate 
ostium were observed in three cases 
(0.4%). Awareness of the presence of 
multiple ostia and high takeoff abnor-
malities is important because they may 
cause problems in interventional pro-
cedures. Presence of multiple ostia in 
the right sinus Valsalva may also lead 
to surgical problems in cases requiring 
right ventriculotomy for ventricular 
septal defect or pulmonary stenosis (9, 
18). 

The above-mentioned conditions 
of the left and right coronary artery 
systems are classified as normal vari-
ants or minor anomalies by various 
authors (7, 8, 11, 14, 15, 18, 19). These 
conditions result in no hemodynamic 
abnormality. Conversely, there are he-
modynamically significant coronary 
artery anomalies of origin, course, and 
termination that may be associated 
with an adverse outcome. Approxi-
mately 20% of coronary anomalies 
may have a life-threatening presenta-
tion, including myocardial infarction, 
arrhythmia, or sudden death (15, 21). 
The Task Force on Sudden Death of 
the American Heart Association re-
ported that coronary artery anoma-
lies are the cause of 19% of deaths in 
athletes (22). The hemodynamically 
significant anomalies are: anomalous 
origin of the coronary artery from the 
opposite sinus with a course between 
the aorta and pulmonary artery, 
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anomalous origin of the coronary ar-
tery from the pulmonary artery, myo-
cardial bridging, and coronary artery 
fistula (11, 15).  

Intramyocardial course of a coronary 
artery, which normally has an epicar-
dial course, is referred to as myocardial 
bridging. The incidence of myocardial 
bridging varies greatly and is reported 
as 0.5% to 2.5% in conventional an-
giographic studies and 15% to 85% 
in pathologic studies (15, 19). Its inci-
dence has been reported between 3.5% 
and 38.5% in various studies made with 
4- or 16-slice CTA (23, 24). Patients 
with myocardial bridging generally do 
not have overt symptoms and, as a re-
sult, are not referred for CCA; this may 
explain this discrepancy. Angelini et 
al. stated that “if diagnosed with micro 
dissection, myocardial bridging might 
be common enough to be considered a 
normal variant” (2). Myocardial bridg-
ing is considered a benign finding and 
in the vast majority of patients does 
not cause myocardial ischemia. Rarely, 
it is the cause of acute myocardial inf-
arction, fatal arrhythmias, and sudden 
death (11, 15, 18, 19). This pathology 
should be ruled out in young patients 
with chest pain and arrhythmia (25). 
In the present study, myocardial bridg-
ing was observed in 37% of the cases. 
The segments of coronary arteries with 
this anomaly were easily depicted by 
MSCT angiography. Using thin-slab 
MIP images was particularly helpful in 
their detection.

Anomalous origin of the coronary ar-
tery from the opposite sinus is a poten-
tially serious anomaly. Four patterns 
of anomalous origin can be observed 
with this anomaly: the LMCA arising 
from the right coronary sinus (0.09% 
to 0.11%); the RCA arising from the 
left coronary sinus (0.03% to 0.17%); 
the LAD or Cx arising from the right 
coronary sinus (0.32% to 0.67%); and 
the RCA, LMCA, or a branch of them 
arising from the non-coronary sinus 
(26–29). It is reported that MSCT coro-
nary angiography is superior to CCA in 
delineating the course of the anoma-
lous artery (30). In our study, anoma-
lous origin of the coronary artery from 
the opposite sinus was observed in 7 
cases (1%).

There are four common pathways 
that an anomalous vessel may follow 
before resuming its normal position: 
(a) interarterial course, (b) retroaortic 
course, (c) pre-pulmonic course, and 

(d) sub-pulmonic course. Anomalous 
RCA originating from the left coronary 
sinus generally follows the interarterial 
course (26). In the present study an in-
terarterial course of RCA was observed 
in all cases with this anomaly (n = 4). 
An interarterial course is reported in 
75% of patients with an anomalous 
LMCA originating from the right coro-
nary sinus (28). Anomalous LMCA may 
also follow subpulmonic, retroaortic, or 
pre-pulmonic course (29). In the present 
study, two cases with this anomaly 
were observed: the LMCA followed an 
interarterial course in one (50%) and a 
pre-pulmonic course in the other. The 
most common course of anomalous Cx 
arising from the right coronary sinus is 
retroaortic (26, 27, 31). We had only 
one case with this anomaly in which 
the course of Cx was retroaortic. With 
an interarterial course (also called a 
“malign course”), the vessel crosses be-
tween the aorta and pulmonary artery. 
This type of anomaly carries the risk of 
sudden death. The possible pathologi-
cal mechanism underlying this clinical 
outcome is explained by the increase in 
vascular tone of the great vessels under 
physical exercise leading to compres-
sion of the coronary artery. Acute an-
gle (<45°) of the ostium, stretch of the 
intramural segment by the distending 
aortic or pulmonary root, and presence 
of an abnormal slit-like ostium are other 
pathologic mechanisms reported as the 
reason of sudden death (11, 15, 18, 19). 

Complex anatomy of the coronary 
arteries in 3D can be accurately de-
picted by 64-slice CTA. It is a valid 
alternative to CCA in the diagnosis of 
the coronary artery anomalies. It also 
acts as a road map to the interven-
tional cardiologist and cardiovascular 
surgeon, providing information about 
variations and anomalies in a patient 
before cardiac intervention or surgery 
to prevent possible complications of 
the procedure.  
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