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Advances in 64-row multidetector computed tomography have provided non-
invasive imaging of coronary arteries. The aim of this study was to evaluate the
prevalence of coronary artery anomalies in Iranian symptomatic patients and
to determine the presence of anomalies resulting in myocardial ischaemia with-
out atherosclerotic plaque.
This study was carried out in Tabriz University of medical sciences on 534 pa-
tients with suggestive symptoms for coronary artery diseases. Original slices
were reconstructed from data achieved by using a ECG-gated multidetector
computed tomography scanner, and reconstructed 3-dimentional images of
the heart were reviewed. Congenital angiography was performed in 36.3% of
patients. The prevalence of myocardial bridging in symptomatic patients was
6.0% by multidetector computed tomography while conventional angiogra-
phy could detect 20% of them. The most prevalent site was the middle portion
of the left anterior descending artery. Anomalous origin or course of coronary
arteries and AV fistula was detected by multidetector computed tomography
coronary angiography in 2.6% of cases while conventional angiography could
detect 44.4% of these anomalies. The prevalence of atherosclerotic plaques in
patients with myocardial bridging was 53.1%. In 46.9% of these patients, myo-
cardial bridging was held responsible for signs and symptoms of myocardial
ischaemia as no atherosclerotic plaque was evident. This rate was 64.3% in symp-
tomatic patients with other anomalies in origin or course of coronary arteries.
This study gives the prevalence of coronary artery anomalies and myocardial
bridging in the Iranian population. The results suggest multidetector comput-
ed tomography coronary angiography as the preferred utility for diagnosing
such anomalies. (Folia Morphol 2009; 68, 4: 201–206)
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INTRODUCTION
Coronary artery anomalies (CAAs) are a group of

congenital disorders interfering with coronary artery
function, which are associated with myocardial is-
chaemia. Coronary arteries of anomalous origina-
tion from the opposite sinus form a subgroup of
CAAs with the highest probability of developing
a myocardial ischaemia and sudden death in young
individuals [7].

Myocardial bridging (MB) is a segment of a ma-
jor epicardial coronary artery encased by the myo-
cardium, in which the systolic compression and
delayed diastolic relaxation can cause ischaemia.
Diagnosing the existence of MB and CAAs is impor-
tant especially in young patients with cardiac chest
pain or arrhythmia, in the absence of any risks for
atherosclerosis [1, 2, 5, 8, 10, 11].

The assessment of coronary arteries is possible
using several techniques including conventional an-
giography, intravascular sonography and intraco-
ronary Doppler sonography, echocardiography,
magnetic resonance imaging, electron beam tomog-
raphy, and multidetector computed tomography
(MDCT) coronary angiography. MDCT angiography,
as a fast and noninvasive method, has multiplanar
reconstruction imaging capabilities and, with a high-
er accuracy and reliability and ongoing development
in recent times, has become the first choice imag-
ing modality for the evaluation of coronary arteries
[2, 6, 8, 10, 14].

The foremost aim of this study was to evaluate
the prevalence of MB and other CAAs in sympto-
matic patients examined with both 64-row MDCT co-
ronary angiography and conventional angiography,
and then to determine the presence of CAAs or MB
resulting in myocardial ischaemia in the absence of
coronary atherosclerotic plaque. To the best of our
knowledge, this is the first report regarding the Ira-
nian population.

MATERIAL AND METHODS
This study was carried out in the MDCT Angio-

graphy Centre of Tabriz Medical University located
in Imam Khomeini Hospital. It included 534 patients
who had atypical chest pain or suggestive symp-
toms for coronary artery disease. Most of the pa-
tients had one or more risk factors for coronary ar-
tery disease, such as family history, smoking, hyper-
tension, diabetes mellitus, or hyperlipidaemia.

All MDCT evaluations were preceded by a con-
sultation with our cardiology colleagues. Patients
with sinus rhythm and heart rate ≥ 70 beats/min

received one dose of atenolol (25–50 mg/oral) to de-
crease the heart rate 1 hour before, and nitrogly-
cerin (5 mg/sublingual) 1 minute before, the scan
to dilate the coronary arteries.

In one breath-hold during the inspiration, scan-
ning was performed along with injection of a non-
ionic contrast agent (Ultravist, concentration:
300 mg/mL, flow rate: 5 mL/s, total volume 80 mL) fol-
lowed by a saline bolus (40–70 mL at 4–6 mL/s)
through a 20 or 22 G intravenous catheter in the
patient’s arm. Each scan lasted for 16–24 s. Radia-
tion dose was 100–140 mAs for patients weighing
> 55 kg and 100–120 kV for patients weighing ≥ 45 kg.

The MDCT examinations were performed in our
institution using a multidetector scanner (Somatom
Sensation 64; Siemens medical solutions, Forchheim,
Germany). Original 0.6 mm axial slices were recon-
structed from data recorded by an ECG-gated MDCT
scanner in 2-dimensional sagittal, coronal, and ob-
lique planes using MIP, MRP, and CPR techniques.
Furthermore, volume-rendering by VRT, inspace, and
vessel view was performed. Source image data sets
were loaded to reconstruct axial scans, double ob-
lique, curved multiplanar reformat, and 3-dimensional
volume-rendered (3D VR) images on an on-line work-
station (Wizard, Siemens medical solutions, Erlangen,
Germany). The reconstructed 3-dimentional images
of the heart were then reviewed for each patient.

From the total of 534 patients, 194 underwent con-
ventional coronary angiography as well. An atypical
chest-pain syndrome was the most common reason.

Computed tomography coronary angiographic
images were evaluated by two radiologists who were
blinded to the clinical data, and conventional coro-
nary angiograms were reviewed by a radiologist and
a cardiologist, independently. MB was distinguished
by milking effect and step-down–step-up phenom-
enon on MDCT images while systolic compression
in the tunnelled artery was its marker during the
angiography.

The number, length, and course of bridged cor-
onary segments and evidence of simultaneous
plaques proximal and within the intramuscular seg-
ment were evaluated.

RESULTS
The age of the study population ranged from

14 to 84 years (mean age ± SD): 55.4 ± 11.6 years.
From a total of 534 patients, 64.4% were male (mean
age ± SD): 55 ± 11.9, and 35.6% were female (mean
age ± SD): 55.7 ± 11.4.
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MDCT coronary angiography revealed 32 patients
(6.0%) to have MB (Fig. 1). This included 17 males
(mean age ± SD): 57.5 ± 9.6, and 15 (2.8%) fe-
males (mean age ± SD): 52.3 ± 11.2. The difference
between the two genders was not significant. The
locations of MBs are described in Table 1.

Conventional coronary angiography could detect
only four cases of MB (out of 194 patients), which
were all identified by MDCT coronary angiography
as well. Thus, conventional angiography could de-
tect only 20% of myocardial bridges which were
diagnosed by MDCT. All four cases were located at
the middle portion of the left anterior descending
(LAD) artery, and one was associated with anoma-
lous origination of the left circumflex (LCx) artery
from the right coronary cusp.

Anomalous origin or course of coronary arteries
and atrio-ventricular (AV) fistula was detected by
MDCT coronary angiography in 14 patients (2.6%),
including 10 (1.8%) males (mean ages ± SD): 49.2 ±
± 17.2 years and 4 (0.7%) females (mean age ± SD):
46.5 ± 7.1 years. Nine of these patients were among
the group of patients undergoing conventional an-

giography, and it could detect CAA in four patients
giving a prevalence rate of 2.1%. Accordingly, con-
ventional angiography could detect 44.4% of CAAs.
Table 2 describes anomalous origin or course of cor-
onary arteries. One of the patients with an AV fistu-
la had a ramous branch arising from the distal part
of the left main artery with two branches (anterior
and posterior), both had long segment of myocar-
dial bridging and crossed coronary vein in their path.

The prevalence of atherosclerotic plaques in pa-
tients with MB was 53.1% while 15 patients with
MB (46.9%) experienced signs, symptoms, and ECG
patterns of ischaemic heart disease while no athero-
sclerotic plaques were evident. This included 4 males
(mean ages ± SD): 46.3 ± 2.4 years and 11 females
(mean age ± SD): 53.1 ± 9.4 years. MDCT coronary
angiography missed one, detecting the plaque in
one patient.

Atherosclerotic plaques were obvious in 35.7%
of patients with other CAAs. Therefore, CAAs were
held responsible for symptoms in 9 (64.3%) symp-
tomatic patients with no atherosclerotic plaques,
including 6 males (mean ages ± SD): 39.2 ± 14.6

Figure 1. Curved maximum intensity and volume-rendered images show muscle bridge of left anterior descending (LAD) artery;
MB — myocardial bridging.

Table 1. Location of myocardial bridging in the study population detected by multidetector computed tomography
coronary angiography.

Total Male Female

Left anterior descending Proximal third 1 (0.2%) 1 0
Middle third 22 (4.1%) 13 9
Distal third 6 (1.1%) 3 3

Accessory or secondary branches 3 (0.6%) 0 3

Total 32 (6.0%) 17 15
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years and 3 females (mean ages ± SD): 44.7 ± 7.5
years. Conventional and MDCT angiography were
compatible in all of the patients with CAA regard-
ing detection of these plaques. The difference be-
tween the mean age of symptomatic patients with
or without sclerotic plaques did not reach the level
of significance.

DISCUSSION
This study evaluated symptomatic patients with

suspected coronary artery diseases and reported
a prevalence rate of 6.0% for myocardial bridging
and 2.6% for other CAAs, with the advantage of
using ECG-gated 64-row MDCT angiography. A fur-

Figure 4. Volume-rendered image shows abnormal origin of right
coronary artery (RCA) from left coronary cusp; LMCA — left main
coronary artery

Table 2. Description of coronary artery anomalies detected by multidetector computed tomography coronary
angiography detected in 14 symptomatic patients (more than one anomaly was reported in some patients)

Male (%) Female (%) Total (%)

LCx originateing from right sinus of Valsalva (Fig. 2) 2 (0.4) 1 (0.2) 3 (0.6)

LAD and LCx with two separate origins from aorta 1 (0.2)* – 1 (0.2)

LAD originating from LCC 1 (0.2) – 1 (0.2)

LAD originating from right coronary sinus 2 (0.4) 1 (0.2) 3 (0.6)

LM originating from right coronary sinus (Fig. 3) 2 (0.4) 1 (0.2)* 3 (0.6)

RCA originating from left coronary cusp (Fig. 4) 2 (0.4) – 2 (0.4)

Atrioventricular fistula – 2 (0.4)* 2 (0.4)

LAD — left anterior descending artery; LCx — left circumflex artery; LCC — left coronary cusp; LM — left main artery; RCA — right coronary artery; *undetectable by
conventional angiography

Figure 2. Volume-rendered image shows abnormal origin of left
circumflex (LCx) artery from right coronary cusp; LAD — left
anterior descending; RCA — right coronary artery.

Figure 3. Volume-rendered image shows abnormal origin of left
main coronary artery (LMCA) from right coronary cusp; RCA —
right coronary artery.
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ther finding was a considerable number of symp-
tomatic patients with CAAs without atherosclerotic
plaques.

In the presence of myocardial bridging, ischaemia
may occur with each systole and diastole and is as-
sociated with angina, arrhythmia, depressed left
ventricular function, myocardial stunning, early
death after cardiac transplantation, and sudden
death [8]. Myocardial bridging is usually labelled as
a congenital anomaly [2], but its prevalence of ap-
proximately 1% [3] in the general population and
5% [12] in symptomatic patients (and 6% in the cur-
rent study) suggests that it is a probable normal
variant and only severe types may be counted as
pathological anomalies [3, 8]. The rate is even high-
er in patients with hypertrophic cardiomyopathy and
is reported to be as high as 30% [2, 8]. Studies on
human cadavers report the rate to be more than
40% and to be located mostly above the anterior
interventricular branch of the left coronary artery
[4, 13]. There is no similar report from our popula-
tion, but such studies confirm the high prevalence
of MB and the value of diagnosing it in symptomat-
ic patients, as will be discussed subsequently.

The variety in location, depth, and length of
myocardial bridging interferes with its diagnosis by
angiography in addition to its administrator depen-
dent nature. Concurrent atherosclerotic changes,
which are seen mostly in the proximal segment, can
interfere with diagnosis of myocardial bridging
[2, 8]. Thus, conventional coronary angiography may
only reveal the deep type of bridges and sufficiently
compressed coronary artery segments [2, 10]. On the
other hand, conventional angiography has the ad-
vantage of balloon angioplasty or a stent placement.

The current study utilized an improved MDCT
scanner generation, 64-row computed tomography
angiography, which is reported as an alternative fast,
noninvasive diagnostic technique with multiplanar
reconstruction imaging capabilities. Myocardial
bridges were mostly seen on the LAD middle seg-
ment, which is compatible with reports from other
populations [2, 8, 9]. MDCT allowed the assessment
of the coronary artery lumen, coronary stenosis, and
simultaneous atherosclerotic plaques. Consequent-
ly, the absence of atherosclerotic plaques was no-
ticed in 46% of symptomatic patients with MB, and
64% of patients with CAAs. Typical or atypical chest
discomfort in a patient at low risk for coronary athero-
sclerosis should raise concerns in the physician re-
garding possible coronary anomaly, especially tak-
ing into account its high prevalence.

CAAs are reported to occur in 0.3–1.2% of the
general population [6]. Congenital abnormalities as-
sociated with myocardial ischaemia include coronary
artery fistula, the LAD originating from the pulmo-
nary artery, anomalous origin of the LAD (from the
right coronary artery or the right coronary sinus), and
anomalous origin of the right coronary artery (from
the LAD or the left coronary sinus). The latter anom-
aly (which was observed in 0.4% of our study sam-
ple) is very rare and is of clinical importance because
myocardial infarction or sudden death can occur in
up to 30% of patients [6, 7]. The most potent CAA
for sudden death in young individuals seems to be
the anomalous origination of a coronary artery from
the opposite sinus, especially the left coronary artery
[1, 2, 5, 8]. The observed prevalence rate of this anom-
aly was similar to other studies [8].

Conventional angiography can detect the path of
anomalous coronary arteries, but sometimes it is dif-
ficult to perform or interpret, while computed tomo-
graphy accurately depicts the origin and proximal
course [14]. In the current study, 3D VR and multi-
planar reconstruction abilities of MDCT prepared high
quality data and evaluation of anomalous coronary
origin, course, and dependent territory in compari-
son to conventional angiography: accurate, easy, and
non-invasive. The lower estimated rates of CAAs and
myocardial bridging on conventional angiography in
this study might be related, in part, to the fact that
only the deep types of bridges may be apparent on
angiography.

CONCLUSIONS
In conclusion, we reported the prevalence of

myocardial bridging and CAAs in Iranian sympto-
matic patients for the first time. The gender distri-
bution of MB in our population is compatible with
other reports [4]. A notable proportion of our stud-
ied patients with MB (15/32) and CAAs (9/14) had
signs and symptoms of ischaemic heart disease with-
out evidence for coronary atherosclerotic changes;
therefore, MB must be considered in patients at low
risk for coronary atherosclerosis who experience
chest discomfort and myocardial ischaemia.

One of the most important steps in the man-
agement of patients at risk of sudden cardiac death
is detecting structural anatomic cardiac abnorma-
lities [1]. The current study also demonstrated that
MDCT as a fast and noninvasive tool for diagnos-
ing coronary MB and CAAs can achieve more accu-
rate data with 3D VR and multiplanar reconstruc-
tion abilities.
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