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Abstract

Aim: This study aims to determine the coronary artery variations, anomalies, and pathologies that could be detected in coronary
computed tomography angiography (CCTA).

Materials and Methods: Between March 2007 and December 2008, 1180 patients were referred to our clinic with CCTA requests.
Coronary artery anatomy, the presence of variations and anomalies, coronary artery disease, proximal and distal anastomosis levels,
stenosis and/or occlusion of by-pass grafts, stent patency, or stenosis were examined and recorded for all cases.

Results: Total of 1118 cases included in the study. The left main coronary artery (LM) was not observed in 9 (0.80%) patients. In one
case (0.08%), the circumflex artery (LCx) artery was originated from the right sinus of Valsalva (RSV) with a retro-aortic course and
then reached its typical trace. The LM originated from the RSV in 2 patients (0.17%). The right coronary artery (RCA) originated from
the left sinus of Valsalva (LSV) in 4 cases (0.35%). Coronary artery disease (CAD) in any stage was found in 100 patients with zero
scores, and 27 (4.48%) had stenotic CAD according to CCTA. There was a moderate correlation between age and CAD stage, and age
and calcium (Ca) score.

Conclusion: In conclusion, 64-MDCT coronary angiography is a suitable method for the noninvasive evaluation of coronary arteries.
Coronary artery anomalies are observed with a non-rare frequency. There is a moderate correlation between age and CAD stage, and

age and Ca score. There is a high correlation between Ca score and the CAD stage, but zero Ca score cannot exclude CAD.
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INTRODUCTION

Cardiovascular diseases are among the leading causes of
death both worldwide and in our country. Therefore, the
recognition of these diseases and determining the correct
treatment are essential. Catheter angiography is the gold
standard method for the diagnosis of coronary artery
disease and imaging of the coronary arteries; however, it
is an invasive procedure, requires hospitalization and has
a mortality rate of 0.1% to 0.55% (1). Also, approximately
20% of this high-cost examination is diagnostic. Because
of these disadvantages, various studies have been
conducted for noninvasive imaging of coronary arteries.
With the development of multi-detector CT systems,
scanning time became shorter, and an increase in spatial
and temporal resolution has been achieved, and thereby,
CT has come into use for imaging of the coronary arteries.
In the studies, coronary CT angiography (CCTA) was
shown to have high sensitivity and specificity values,
especially in 64-detector systems in anatomic imaging
of coronary arteries and in determining the presence and
extent of coronary artery disease (2).

This study aims to determine the coronary artery
variations, anomalies, and pathologies that could be
detected in coronary CT angiography.

MATERIALS and METHODS

The study was approved by the institutional ethics
committee (Ethics Committee of Ankara Training and
Research Hospital; 2007-1864), and all procedures were
performed under the ethical standards of the Helsinki
Declaration.

Patients

Between March 2007 and December 2008, 1180 patients
were referred to our clinic with the request of CCTA.
CT angiography could not be performed in 62 (5.2%)
patients due to the inability to establish vascular access,
high calcium score, arrhythmia, tachycardia, history of
contrast agent allergy, and inability to hold breath, and
these patients were excluded from the study. The mean
age of the remaining 1118 cases was 56 years, while 546
(48.8%) were male, and 572 (51.1%) were female. Twenty-
six (2.3%) patients had coronary bypass and 42 (3.7%)
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had coronary stents. Coronary calcium (Ca) scoring was
performed just before the CCTA, apart from the patients
with by-pass and stents (1050 cases in total).

MDCT Technique and Evaluation

CCTA imaging was performed by using a 64-detector CT
device (Toshiba Aquilion 64, Tokyo) with retrospective
ECG gating. Screening from the tracheal bifurcation to
the heart base was performed. Field of view (FOV) was
enlarged in patients with by-pass, and the CT scan images
were initiated was from the thoracic inlet. Unlike routine
protocol, the sharp kernel was used in patients with stents.
The protocol is shown in Table 1. Unless there was no
contraindication for beta-blockers, 40 mg oral propranolol
was administered an hour before scanning to all patients
with heart rate >65 beats/min. Ca channel blockers
were used in the cases, whereas beta-blockers were
contraindicated. 0.4 mg sublingual nitroglycerin spray
(Nitrolingual Pumpspray, G. Pohl- Boskamp GMBH& Co,
Germany) was given just before the scan for CAC scoring.
For CCTA 80-85 ml contrast material (Omnipaque 350
mg I/ml, GE Healthcare, Princeton, New Jersey, Ultravist
370 mg I/ml, Schering AG, Germany) was injected through
the right antecubital vein with a flow rate of 5 mi/s. 20 ml
saline was injected both before and after the injection of
the contrast agent with the same flow rate. Optimal scan
time was detected by an automated bolus tracking method
by placing the region of interest over the descending aorta
and setting the trigger threshold to 180 HU.

Table 1. CCTA Protocol

64- DETECTOR CCTA PROTOCOL

Voltage (Kv) 120
mAs 400
Slice Thickness (mm) 0.5

Fov 200-270
Gantry rotation time 400 ms
ECG gating Retrospective

*CCTA: Coranary CT Angiography

Reconstructions were created from the source images
obtained in various phases of the cardiac cycle.
Reconstructed images were evaluated at the workstation
(Vitrea 2, vital image INC., Plymouth, Minnesota, USA)
using source images and post-processing methods by
one experienced radiologist. Coronary artery anatomy,
variations and anomalies, coronary artery disease, and
accompanying pleural, parenchymal, and pericardial
pathologies were recorded for all cases. Proximal and
distal anastomosis levels and graft stenosis and/or
occlusions were evaluated in patients who had by-pass
graft. In the evaluation of cases who had a stent, contrast
agent filling of the stent was assessed in favor of stent
patency, while pathologies within the 5 mm proximal and
distal part of the stent were evaluated in favor of stent
re-stenosis/occlusion, alongside with the intra-stent
pathologies.

Table 2. *CAD Classification

*CAD CLASSIFICATION

Stage 0: Normal, patent

Stage 1: 1-19% stenosis, the involvement of the segment below 2 ¢cm, 1 or 2 arteries involvements
Stage 2: 20-49% stenosis, the involvement of the segment more than 2 cm, 3 arteries involvements, or com-bination of these
Stage 3: 50-69% stenosis in arteries other than LM, more than 3 arteries involvements

Stage 4: Stenosis of 70% and above, stenosis of 50% and above in LM

*CAD: Coronary artery disease

In the evaluation of coronary artery disease (CAD), the
cases were classified into five groups according to the
presence, prevalence, and severity of stenosis (Table
2). Stage 3 and 4 diseases were considered as stenotic
coronary artery disease.

Ca score was calculated by the Agatston method, and
staging was classified into five groups according to the
Agatston score.

Statistical Analysis

The qualitative variables were given with descriptive
measures such as numbers and percentages. The
correlation between age- Ca score, Ca score - presence
and severity of CAD, and age -presence, and severity of
CAD were evaluated by the Spearman correlation test.
Statistical analysis was performed using SPSS software
package (SPSS 11.5 for windows, SPSS Corp.; Chicago, IL).

RESULTS

Of the 1118 cases included in the study, 546 (48.83%)
were male, and 572 (51.16%) were female, while their ages
ranged from 17 to 86 years (with a mean age of 56 years).
Twenty-six (2.32%) patients underwent by-pass, and 42
(3.75%) had stent insertion.

Coronary Anatomy-Variation-Anomaly

As a result of the coronary anatomy and presence of
variation-anomaly evaluation, right dominance was
detected in 890 (79.60%) cases, left dominance in 93
cases (8.31%), and co-dominance in 135 cases (12.07%).

The conus artery was the first branch of the RCA in 872
(77.99%) cases, whereas it was observed to originate from
the right sinus Valsalva with an ostium in 240 (21,46%)
cases. The double conus artery originating from the right
sinus Valsalva with ostium was observed in 6 (0.53%)
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cases (Figure 1). Sinoatrial nodal artery originated from
RCA in 883 cases (78,98%), LCx artery in 223 cases
(19,94%), LM in 8 cases (0.71%) (Figure 2), while it was
branched from a different ostium from right sinus Valsalva
in 4 cases (0.35%). There were ramus intermedius arteries
in 335 cases (29.96%) (Figure 2). Myocardial bridging
was observed in a total of 344 segments in 220 patients
(19.67%). It was observed in one segment in 115 patients
(52.27%), in two segments in 62 patients (28.18%), three
segments in 33 patients (15.00%), four segments in 9
patients (4.09%), and in one patient (0.45%) it was present
in flve segments. The distribution of myocardial bridging,
according to the arteries, is shown in Table 3.

Figure 1. 3D VR, image shows double conus artery (white arrow)
which originated from right sinus valsalva

Figure 2. Oblique MIP images shows SAN and ramus intermedius
branch to originate from LCx

Table 3. Distribution of myocardial bridging according to arteries

The arteries of myocardial bridging Number of segments (344)

LAD artery 79 (%22.96)
1. Diagonal artery 65 (%18.89)
2. Diagonal artery 18 (%5.23)
3. Diagonal artery 1 (%0.29)

LCx artery 68 (%19.76)
1. Obtus marginal artery 99 (%28.77)
2. Obtus marginal artery 14 (%4.06)

In 10 patients (0.89%), the left main coronary artery (LM)
was shorter than usual (mean length of 3 mm), whereas in
8 patients (0.71%), the left main coronary artery was longer
than usual (mean length of 25 mm). In 5 cases (0.44%),
the left main coronary artery originated from the superior
of the left sinus Valsalva and in 1 case (0.08%), the right
coronary artery originated from the superior of the right
sinus Valsalva. Diagonal arteries were not observed in
1 patient (0.08%), and Optus marginal arteries were not
observed in 1 patient (0.08%). The left main coronary
artery was not observed in 9 patients (0.80%), and LAD
and LCx arteries were originated from different ostium
on left sinus Valsalva (Figure 3). In one case (0.08%), the
LCx artery was originated from the right sinus Valsalva,
showed a retro-aortic course, and then reached its normal
trace. The left main coronary artery originated from the
right sinus Valsalva in 2 patients (0.17%). The right
coronary artery originated from the left sinus Valsalva in 4
(0.35%) cases (Figure 4).

Figure 3. Oblique MIP image shows absent LM, the LAD artery is
separated above the sinotubular junction (high take-off), and the
LCx artery is separated from the left sinus valsalva with different
ostiums

Figure 4. AB Theright coronary artery (arrow), adjacent to the left
main coronary artery (dashed arrow) orifice, originates from the
left sinus valsalva and proceeds between the ascending aorta
(A) and the pulmonary trunk (P) and then to its normal trace

Coronary Atherosclerosis-Ca Scoring
The Ca score and CAD staging of the cases are shown in
Tables 4 and 5.

The distribution of CAD stages, according to Ca scoring
stages, is shown in Table 6.

Stenotic coronary artery disease in any stage was found
in 100 (16.61%) patients with zero score, and 27 (4.48%)
had stenotic coronary artery disease, according to CCTA
(Figure 5). While the mean age of the zero-score patients
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with positive CCTA findings was 55.8 years, the mean
age of patients with stenosis, according to CCTA, was 56
years in this group. Of the patients with zero score (100
cases) who had positive CCTA findings, 13 had a genetic
predisposition, 13 had DM, 24 had hyperlipidemia, and
43 had hypertension. There were stage 1 and 2 coronary
artery diseases in 46 (28%) patients of the 164 patients
with grade 3 and 4 Ca scores.

Table 4. Ca score distribution

Calcium Scoring Stage Number of Cases (1050)
0 602 (%57.33)
1 95 (%9.04)
2 189 (%18.00)
3 108 (%10.28)
4 56 (%5.33)

Table 6. *CAD stage distribution

Table 5. *CAD stage distribution

*CAD Stage Number of Cases (1050)
0 504 (%48.00)
1 127 (%12.09)
2 176 (%15.74)
3 147 (%14.00)
4 96 (%9.14)

*CAD: Coronary artery disease

There was a moderate correlation between age and CAD
stage, and age and Ca score. Correlation coefficient
was r. 0.403 and r: 0.460, respectively. There was a high
correlation between Ca score and the CAD stage, and the
correlation coefficient was r: 0.816.

Ca Scoring Stage 0 1
0 502 (%83.38) 37 (%6.14)
1 2 (%2.10) 44 (%46.31)
2 0 42 (%22.22)
3 0 3 (%2.77)
4 0 1(%1.78)

Figure 5. The oblique VR image shows a soft plaque causing
stenosis of more than 50% in the LAD artery in the patient with 0
score and chest pain

By-pass-Stent

In our series, 26 patients (2.32%) had by-pass grafts, and
42 patients (3.75%) had stents. In 26 patients with by-
pass graft, there were 28 saphenous vein grafts (51.85%),
23 LIMA grafts (42.59%), two radial artery grafts (3.70%),
and 1 RIMA graft (1.85%). Therefore, the total number of
by-pass grafts was 54. Of these patients, the graft was
observed to be patent in 41 cases (75.92%). On the other
hand, there were atherosclerotic changes in the graft body
as wall irregularities and thickening in 1 patient (1.85%),
stenosis in the proximal anastomosis line in 3 cases
(5.55%), stenosis in the distal anastomosis line in 3 cases

‘CAD Stage
2 3 4
36 (5.98) 21 (%3.48) 6 (%0.99)
34 (%35.78) 12 (%12.63) 3 (%3.15)
64 (%33.86) 51 (%26.98) 32 (%16.93)
32 (%29.62) 43 (%39.81) 30 (%27.77)
10 (%17.85) 20 (%35.71) 25 (%44.64)

*CAD: Coronary artery disease

(5.55%), stenosis in the graft body in 3 cases (5.55%)
and occlusion in 3 grafts (5.55%). There was a total of
64 stents in 42 patients with stents (25 patient (59.52%)
had one stent, 13 patient (30.95%) had two stents, three
patient (7.14%) had three stents, one patient (2.38%) had
four stents; 43 (67.18%) of them had patent stents, 2
(3.12%) had intimal thickening, 17 (26.56%) had stenosis,
and 2 (3.12%) had occlusion.

DISCUSSION

Selective catheter angiography remains the gold standard
method for the evaluation of coronary artery anatomy
and pathologies. However, because of the known
disadvantages, it has become inevitable to develop new
methods regarding the noninvasive evaluation of coronary
arteries. Coronary CT angiography is the most prominent
test in this sense.

CCTA sets a course for interventional procedures in
addition to the evaluation of CAD. Informing cardiovascular
surgeons and cardiologists about the existing anatomy
and the actual variation and anomalies would reduce the
complication rates, which might occur during operation
or DSA and shorten the procedure time. The first step for
the evaluation of coronary anatomy is the determination
of dominance. In the population, the prevalence of right
dominance was reported to be 80-85%, left dominance
7-9%, and co-dominance 7-8% (3,4). In our series, 79% of
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the patients had right dominance, 8.3% left dominance,
and 12% co-dominance. The rate of co-dominance in
our series was slightly above the rates reported in the
literature, which may be explained by the various opinions
on the definition of co-dominant circulation. In this study,
the originating of PDA from the right coronary artery and
the posterolateral branches from the LCx artery were
accepted as co-dominant circulation.

Following the determination of dominance, coronary
circulation anatomy should be examined. The conus
artery, as the first branch of the right coronary artery,
separates from the right sinus Valsalva with a separate
ostium in varying proportions from 22% to 50%(3). In
our series, the conus artery originating from the right
sinus Valsalva with a separate ostium was observed at
a rate of 22%. Although this variation does not cause a
hemodynamic disturbance, the detection of it before a
surgical procedure is important due to the risk of arterial
injury. The presence of ramus intermedius is one of the
most frequently observed variations, and its incidence
has been reported to be in the range of 30-37% (5). In our
series, the ramus intermedius branch was observed in 30%
of the cases in accordance with the literature. Variations
of the left main coronary artery such as short-course (<5
mm), long-course (> 2 cm), or agenesis may not cause
a hemodynamic deterioration but may cause difficulty
in catheterization and interventional procedures (6). In a
study conducted by Cademartiri et al. (3), long-course LM
was detected at a rate of 7%, and the average length of
LM was 11.2 = 5.5 cm. In our series, the rate of LM with
a course of less than 5 mm was 0.8%, and the rate of LM
with a course longer than 2 cm was 0.7%. The absence
of the left main coronary artery has been reported in the
literature at arate of 0.41-0.52% (7,8). In our patient group,
the left main coronary artery was not observed in 0.8%
of the cases; in 1 of these cases, LAD and LCx arteries
were shown to be high take-off. Myocardial bridging was
reported to be observed in catheter angiography at rates
ranging from 0.5% to 2.5%, while it has been reported to
occur at the rate of 15-85% in autopsy series (7). The
gold standard method for the detection of this anomaly
is autopsy studies. This rate was 20% in our series, which
was consistent with the autopsy series; besides, Zeina et
al. (9) showed similar bridging in their study with MDCT. In
the literature, the most common myocardial bridging has
been reported to occur in the middle segment of the LAD
artery (7). The bridging was most frequently seen in the
OMT artery and secondly in the LAD artery in our series.

Coronaryarteryanomaliesarelesscommonthanvariations
and are seen in 0.3% to 5.6% of the population (10). In our
series, 17 cases (1.5%) had a coronary artery anomaly.
In the detection of coronary artery anomalies, catheter
angiography, which is accepted as the reference method,
is used (11). However, the visualization of coronary artery
anomalies by catheter angiography is difficult, and even if
they were, the interpretation of the course of the anomalous
vessel correctly becomes challenging. In a study by Shi
et al. (12), the vascular structure with an anomaly was

successfully opacified with catheter angiography in only
63% of the patients, and catheter angiography was able to
detect anomalies correctly in only 53% of the cases. The
most common anomalies which cause severe symptoms
hemodynamically are the anomalies of origin, especially
the ones with an interarterial course (7). The incidence
of origin anomalies with an interarterial course in the
general population is 0.44-0.64% (6, 13). The anomalies
of the right coronary artery originating from the left sinus
Valsalva have been reported in the population at a rate
of 0.03-0.33%, and these anomalies are mostly observed
to be interarterial (6, 13). In our series, this anomaly was
determined in 4 cases (0.35%), and the interarterial course
of RCA was observed in 3 cases (75%). Anomalies of the
left main coronary artery originating from the right sinus
Valsalva have been reported in the population at a rate
of 0.09-0.12% (6,13). In this study, LM was originating
from the right sinus Valsalva in 2 cases (0.17%). The
interarterial course was reported to be at a rate of 75%
in the anomalies of left main coronary artery originating
from the right sinus Valsalva; as 1 of our cases (50%) had
an interarterial course. The anomalies of the LCx or LAD
artery originating from the right sinus Valsalva have been
reported as 0.32-0.67% (6, 14). The LCx artery originating
from the right sinus Valsalva has been often reported to
have a retro aortic course (7). In our series, one patient
(0.08%) had LCx artery originating from the right sinus
Valsalva and showed a retro aortic course.

Many studies have shown that calcium scoring has
a superior effect on predicting cardiovascular events,
independent of traditional risk factors, and increases with
age (15). In our study, a significant positive correlation was
observed between calcium score and age, in accordance
with the literature (:0,460). In the literature (16), it has been
reported that most of the acute coronary syndromes are
due to plaques that cause stenosis less than 50% which
are not adequately detected by current invasive methods;
therefore, the absence stenosis is not a sign of good
prognosis. Today, it is emphasized that the extensiveness
of the disease is more important than the level of stenosis
in the treatment of atherosclerotic disease. In this sense,
coronary calcium scoring has a high value in predicting
the presence and extensiveness of the disease. A very
high correlation was found between the calcium score and
the extensiveness of coronary artery disease (r: 0.816) in
our study. However, although people with high Ca scores
are believed more likely to have an occlusive disease, it
is known that they do not provide specific information
about the stenosis level (17,18). In a research conducted
by Ho et al. (19), patients with a calcium score of >400
were reported to have an increased incidence of stenotic
disease, and the incidence of stenotic disease in patients
with a score higher than 400 was found to be two times
higher than those with a score below 400. Another study
(20), showed that as the Ca score increases, coronary
events associated with coronary artery stenosis was
increased. Similarly, in the study of Nappi et al. (21),
significant perfusion abnormalities were found in patients
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with a higher Ca score. In our study, the stenotic disease
was detected in 46 (80.7%) of 57 patients with a score >400
by CT angiography, and stenotic disease was observed
in 198 (19.9%) of 993 patients with a score below 400,
and a high correlation was found between the stenotic
disease and calcium score. There are data in the literature
regarding that 0 scores cannot exclude obstructive or
non-obstructive CAD (22,23). A non-calcified plaque was
reported in 10% and stenotic plaque in 7-8% of patients
with 0 or lower scores; besides, 5% of patients with acute
myocardial infarction had no calcified plaques in their
coronary arteries (22). In our study, 16.6% of 602 patients
with 0 scores had CAD at any stage, and 4.4% had stenotic
and diffuse (grade 3-4) coronary artery disease. Thus, CT
angiography shows soft plaques that cannot be detected
by coronary Ca scoring, more accurately demonstrates the
presence and extensiveness of the disease, and identifies
the disease at an earlier stage. In a study by Budoff et al.,
most of the patients with 0 score and CAD were reported
to have a history of diabetes and smoking (24). Further
studies are needed in this population to determine who
could have the disease and needs additional examination
in the 0-score group.

Catheter angiography is the reference standard method for
graft evaluation after coronary by-pass surgery. However,
it is known that 3DVR images are especially useful in the
evaluation of complex graft anatomy. In this study, 3DVR
images were found to be beneficial in the evaluation of by-
pass grafts, determining the graft material used, and the
anatomy changed as a result of the operation. Studies on
the evaluability of by-pass grafts with 64-MDCT showed
that the graft segments could be evaluated at rates ranging
from 95 to 100% (25). Nevertheless, surgical sutures,
metallic clips, and radiographic markers may cause
difficulties in the evaluation of the graft by CT. Although
no significant problems occurred in the evaluation of the
proximal anastomosis and graft body in the present study,
there were occasional difficulties in evaluating the distal
anastomosis level due to thinning of the graft diameter,
metallic clip and motion artifacts, and the evaluation of
native vessels due to dense calcific plaques arisen from
the advanced atherosclerotic disease.

In the evaluation of stent patency, the sensitivity of 93-
100% and specificity of 89-100% have been reported in
studies performed with 64-MDCT (26). Recent studies
have shown that the diameter of the vascular structure in
which the stent is placed is also effective regarding stent
evaluation. In our study, although no problems occurred in
the evaluation of large diameter stents within the proximal
segment or saphenous vein graft, there was difficulty in
the interpretation of metallic stents, which had thick wall
structure causing more blooming artifact, located in the
distal segments. In the study of Cademartiri et al. (27),
1500/300 HU value was used as the optimal window
setting in the evaluation of stent lumen, and 1500-
1600/200-300 HU level was used as the optimal window
setting in the evaluation of stent lumen opening in our

study. Also, the sharp kernel, which provides a decrease
in blooming artifact with an increase in edge sharpness,
was used in the evaluation of stent patency apart from
the standard protocol. Besides, higher concentrations of
iodine (400 mg I/ml) than those used in routine coronary
CT angiography were preferred to increase lumen density
and to visualize intra-stent pathologies.

LIMITATIONS

There are several limitations and strengths of the present
study. First, the study was retrospective and included a
single center. Secondly, there was no comparison with
catheter angiography, which is the gold standard imaging
method. Having a large patient series is the strength of
our study.

CONCLUSION

In conclusion, 64-MDCT coronary angiography is a
suitable method for the noninvasive evaluation of coronary
arteries. Coronary artery anomalies are observed with
a non-rare frequency. There is a moderate correlation
between age and CAD stage, and age and Ca score. There
is a high correlation between Ca score and the CAD stage,
but zero Ca score cannot exclude CAD.
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