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Introduction: The objectives under study were to validate percentages of presence of anomalous origins,

branching patterns, presence of clinical abnormalities, for example, cameral fistulas, myocardial

bridging, ectasia in coronary arteries. The cardiac dominance and the normal and diseased coronaries

among the above-mentioned parameters were also analysed. The study was done among a west coastal

population of Kerala and Karnataka.

Materials and methods: The angiograms were obtained from the Department of Interventional

Cardiology, K.S. Hegde Medical Academy and Hospital, Karnataka after obtaining the ethical clearance.

Five hundred angiograms of patients who presented with the clinical symptoms, ECG and ECHO

abnormalities were studied prospectively. Informed consent was obtained. Recanalized normal looking

coronary arteries were excluded. The parameters were assessed and categorized as per the sequence in

the objectives of the study mentioned above.

Results: Presence of anomalous origins was seen in 20 cases and difference in branching pattern in

31 cases. The presence of ramus intermedius branch was seen in 51 cases, cameral fistulas in 5 cases,

myocardial bridging in 29 cases and ectasia in coronary arteries in 8 cases. Cardiac dominance was seen

as right in 405 cases, left in 44 cases and co-dominant in 29 cases. 298 patients had diseased coronaries

among the study group. 22 cases were excluded.

Discussion and conclusion: Discussion and comparisons with various studies and possible explanations

are provided about the obtained result outcomes.

The present study concludes that coronary artery appears to be normal even if anomalous origin and

branching patterns are present.

� 2016 Anatomical Society of India. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights

reserved.
1. Introduction

A coronary angiography guides a cardiologist to determine an
anatomic variant in the coronary artery. This in turn depends on
the observer’s perceptive thresholds of defining a variant. Coronary
anomalies may occur with prevalence of 1–5% in patients who
undergo a coronary angiography proceedure.1–3 An appropriate
identification and classification of coronary anomalies is required
to determine the propensity of clinical conditions particularly in
young and healthy individuals. Conditions may include fixed or
dynamic myocardial ischemia and sudden cardiac death.4 Owing
to failure to detect significant anatomic abnormalities by
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conventional exercise stress testing or intravascular Doppler flow
studies, the credential recording of precise ischemia risk for these
anomalies is lacking.5

The left main coronary artery (LMCA), which takes its origin
from left aortic sinus, bifurcates into left anterior descending (LAD)
artery and left circumflex (LCx) artery branches. There will be
separate ostia of the LAD and LCx barely and the LAD mostly
presents an anterior origin than the LCx, if serrate ostias are
present. LMCA trifoliates into LAD, LCx and ramus intermedius,
which arises between the LAD and LCx arteries in few patients.
Depending on its anterior or posterior course along the lateral
aspect of the left ventricle, ramus is analogous to either a diagonal
branch or an obtuse marginal branch. LAD gives origin to sepal and
diagonal branches.6

Number and size of diagonal branches may fluctuate from one
to three. An acquired atherosclerotic occlusion is questionable if
diagonals are not visualised. In most patients (80%), the left
LX India, Pvt. Ltd. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jasi.2016.09.001&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jasi.2016.09.001&domain=pdf
http://dx.doi.org/10.1016/j.jasi.2016.09.001
mailto:divia_manoj@yahoo.com
mailto:rkavadhani@rediffmail.com
mailto:drsubramanyam@rediffmail.com
http://www.sciencedirect.com/science/journal/00032778
www.elsevier.com/locate/jasi
http://dx.doi.org/10.1016/j.jasi.2016.09.001


A.D. Paul et al. / Journal of the Anatomical Society of India 65 (2016) 136–142 137
coronary artery (LAD) courses around the left ventricular apex and
adjourn along the diaphragmatic aspect of the left ventricle
designated as type III LAD. Right coronary artery (RCA) originates
from the right anterior aortic sinus. If the ostium of the RCA is not
easily located, the most common reason will be the ostium has a
more superior and anterior origin than anticipated.6

Presence and absence of myocardial ischemia form the basis for
categorising coronary artery anomalies. An abnormal communi-
cation between a coronary artery and a cardiac chamber (right or
left ventricle) or a major vessel is a coronary anomaly denominated
as coronary artery fistula. Major vessels included can be vena cava,
pulmonary vein or pulmonary artery.7,8

Three major coronary arteries customarily sequel along the
epicardial surface of heart. Occasionally, short moieties of coronary
artery douche into myocardium for a vacillating distance, termed
as myocardial bridging. This has a prevalence of 5–12% of patients
and is usually confined to the left anterior descending artery
(LAD).9 When the significance of prevalence of myocardial bridging
by coronary angiogram was analysed, it has been found out that
even though tunnelling provides an atheroprotective locale,
atherosclerosis will become an axiomatic phenomenon in a
proximal bridged segment. Bridging alters the micro- and
macro-coronary mechanics and also lures and inveigles athero-
sclerosis at the same time.10 Ectasia of a coronary artery is a lesion
characterised by a greater diameter than the reference diameter in
one or more areas of a coronary artery. These findings help to clinch
the value of new devices and drugs for the treatment of patients
with ischemic coronary artery disease (CAD).11

Complex anatomy of the coronary artery system can accurately
be depicted by 64-slice computed tomographic angiography (CTA).
The coronary artery system was right-dominant in 76%, left-
dominant in 9.1% and co-dominant in 14.8% of the cases.
Myocardial bridging was observed in 37% when reviewed
retrospectively, suggesting this modality to be useful in detecting
coronary artery variants and is a persuasive alternative to
conventional coronary angiography in their diagnosis.12

The right coronary artery (RCA) is dominant in 85% of patients
and non-dominant in 15% of patients in which the left circumflex
(LCx) artery is the dominant vessel. The remaining patients have an
RCA that gives rise to the PDA, with the LCx artery providing all the
posterolateral branches (balanced or co-dominant circulation).6

Left coronary dominance and atherosclerotic involvement of left
anterior descending artery (LAD) are neither related nor is left
coronary dominance associated with atherosclerotic involvement
of LAD ostium and ischemic myocardial infarction.13

The study was aimed at finding out the prevalence of anomalous
origin and branching patterns of coronary arteries, among a west
coastal population of Kerala and Karnataka. The objectives of the
study were to validate percentages of presence of anomalous
origins, branching patterns, presence of clinical abnormalities, for
example, cameral fistulas, myocardial bridging, ectasia in coronary
arteries, and to assess the percentage of prevalence of ramus
intermedius branch of coronary artery among the study population.
The cardiac dominance and the normal and diseased coronaries
among the above-mentioned parameters were also analysed.

2. Materials and methods

2.1. Study design

A cross-sectional study was conducted.

2.2. Study setting

After procuring the ethical clearance through proper channels,
coronary angiogram reports of 500 patients, who had presented
with the clinical symptoms, electrocardiograph (ECG) and
echocardiogram (ECHO) abnormalities, were studied prospective-
ly. This study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki as reflected in a prior approval by the
institution’s human research committee.

Reports were obtained for analysis from the department of
Interventional Cardiology, K.S. Hegde Medical Academy and
Hospital, Karnataka. Informed consent was obtained from the
patients.

2.3. Study subjects

Patients who visited the cardiology outpatient department as a
part of their routine cardiac checkups were selected as study
subjects, if they underwent a coronary angiography procedure due
to variation in the normal cardiac parameters. The selection
criteria to be enrolled for a coronary angiography procedure were
strictly subjected to the guideline protocols. The age group of the
study population was up to 75 years because after the cut-off age of
75, the approach was conservative. Benefits from invasive as well
as from surgical procedures were marginal in patients above
75 years or more. This is because of the poor prognosis of them
with an average 1-year mortality rate of 33–35%.14

2.3.1. Inclusion criteria

The criterion is strictly subjected if the patients are of Indian
origin and from the respective state were included in the study. For
the history of the patient, origin was enquired and was cross-
checked with patient details from respective files. All patients who
underwent an angiogram procedure were selected for the study
purpose after obtaining their consent.

2.3.2. Exclusion criteria

Patients with previous history of a coronary artery bypass
grafting (CABG) and recanalized normal looking with or without
in-stent restenosis coronary arteries were excluded. Twenty-two
such cases were excluded.

2.4. Sample size and its calculation

Five hundred samples were estimated statistically for conduct-
ing the study.

2.4.1. Sample size determination

The minimum sample size required is 490 cases. The sample
size was taken as 500 as the samples can be up to 10% more than of
the estimated sample size.

Level of significance = 5%
Effect size = 0.031
Power of the test = 80%
Prevalence = 5%9

The sample size was estimated by consulting a statistician and
using the statistical software G* Power 3.0.10.

2.5. Sampling technique

Convenience sampling was done as all eligible cases who
fulfilled the inclusion criteria during the definite time period of the
study were selected as samples. Patients were approached at the
cath lab prior to angiogram procedure.

2.6. Angiography procedure

Quantitative coronary angiography (QCA) was performed using
the automated coronary analysis package of the Innova 2100 IQ
Cath at a AW4.4 workstation. Coronary angiograms were
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Fig. 1. Right coronary artery (RCA) originating elsewhere rather than right anterior

aortic sinus.
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subsequently viewed on a volume viewer software package of GE
Medical Systems USA for digital angiographic films. Angiographic
views were selected by minimising foreshortening of the involved
coronary segments and by separating them from adjacent
intervening structures. All angiograms were reviewed by two
cardiologists using double blinding method of randomisation for
subsequent quantitative analysis.

2.7. Data collection

Angiogram reports were analysed by classifying them into the
following parameters: presence of anomalous origins, branching
pattern anomalies, presence of clinical abnormalities, presence of
ramus intermedius branch of coronary artery and distribution of
diseased segments among ramus branch, cardiac dominance
pattern and distribution of diseased segments among each
pattern and normal and diseased coronary among the study
population.

Presence of anomalous origins was further sub-classified into
high anterior origin of right coronary artery (RCA), anomalous
origin of coronary artery from the opposite sinus (ACAOS), single

[(Fig._2)TD$FIG]

Fig. 2. Absence of LMCA (left main coronary artery): left anterior descending
origin for left anterior descending artery (LAD) and RCA,
anomalous origin of left main coronary artery (LMCA) from the
pulmonary artery (ALCAPA), absence of LMCA (LAD and left
circumflex artery (LCx)) having separate origin, single coronary
artery and high origin of LAD.

Branching pattern anomalies were further sub-classified into
early bifurcation of right coronary artery (RCA) to posterior
descending artery (PDA) and posterior left ventricular artery (PLV),
dual PDA, dual left anterior descending artery (LAD), type II left
anterior descending artery (LAD), early diagonal from LAD.

Presence of clinical abnormalities assessed in the study
included (a) cameral fistulas, (b) myocardial bridging and (c)
ectasia in coronary arteries.

2.8. Statistical analysis

Chi-square test was used to analyse the association between the
variables mentioned in the objectives.

3. Results

3.1. Study population

Out of coronary angiogram reports of 478 patients, 4.18%
(n = 20) showed presence of anomalous origins (Figs. 1 and 2A and
B). Difference in branching pattern was observed in 6.49% (n = 31)
(Figs. 3–6). Clinical abnormalities and cameral fistulas were seen in
1.05% (n = 5) (Fig. 7A and B), myocardial bridging in 6.07% (n = 29)
(Fig. 8A and B) and ectasias in coronary arteries were delineated in
1.67% (n = 8) (Fig. 9) cases. Total of 19.46% (n = 93) patients were
found to have anomalous coronaries when the results were
computed. Percentage of prevalence of diseased coronaries among
the anomalous origins was found to be 37.63% (n = 35) (Table 1).

Among the study population, ramus intermedius branch was
noticed in 10.67% (n = 51) cases and percentage of prevalence of
diseased coronaries among ramus segments was 49.01% (n = 25)
(Table 2). Cardiac dominance was seen as right in 84.73% (n = 405),
left in 9.21% (n = 44) and co-dominant in 6.07% (n = 29) and the
percentage of prevalence of diseased coronaries was found to be
63.46%, 61.36% and 48.28%, respectively (Table 3). Among the
study group, 62.34% (n = 298) patients had diseased coronaries
whereas 37.66% (n = 180) patients had non-critical coronary
arteries (Table 4).

According to the sub-classifications mentioned in the method-
ology about the presence of anomalous origins, the following
percentages of prevalence were noted. High anterior origin of right
(LAD) and left circumflex artery (LCx) having separate origin (A and B).
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Fig. 3. Early bifurcation of right coronary artery (RCA) to posterior descending artery

(PDA) and posterior left ventricular branch (PLV).[(Fig._4)TD$FIG]

Fig. 4. Dual posterior descending artery (PDA).

[(Fig._5)TD$FIG]

Fig. 5. Dual left anterior descending artery (LAD).[(Fig._6)TD$FIG]

Fig. 6. Type II left anterior descending artery (LAD).

Table 2
Normal and diseased coronary among the study population.

Particulate Number Percentage

Normal 180 37.66%

Diseased 298 62.34%
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coronary artery (RCA) was seen in 2 cases (0.42%) and anomalous
origin of coronary artery from the opposite sinus (ACAOS) was
observed in 13 (2.72%) cases (Fig. 1). Among these, all cases were
showing right coronary artery (RCA) originating elsewhere rather
than right anterior aortic sinus. This indicates that anomalous
Table 1
Anomalous origins of coronary artery and its contribution to coronary artery

stenosis with percentages.

Particulates Number Percentage

Normal 385 80.54%

Anomalous origin 93 19.46%

Total 478 100%

Normal among anomalous 58 62.37%

Diseased among anomalous 35 37.63%

Total 93 100%

Total 478

Table 3
Percentage of prevalence of ramus intermedius branch of coronary artery and

distribution of diseased segments among ramus branch.

Particulates Number Percentage

Normal 427 89.33%

Ramus branch 51 10.67%

Total 478 100%

Diseased among ramus segments 25 49.01%

Non-diseased among ramus segments 26 50.98%

Total 51 100%
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Fig. 8. Diastolic (A) and systolic (B) phase of bridging.

[(Fig._7)TD$FIG]

Fig. 7. Systolic (A) and diastolic (B) phase of cameral fistula.

A.D. Paul et al. / Journal of the Anatomical Society of India 65 (2016) 136–142140
origins of right coronary were more than the left coronary artery.
Absence of left main coronary artery (LMCA), that is left anterior
descending artery (LAD) and left circumflex artery (LCx) having
separate origin, were noticed in 2 (0.42%) (Fig. 2A and B) cases and
high origin for LAD was seen in a (0.21%) case. Single origin for left
[(Fig._9)TD$FIG]

Fig. 9. Ectasia in coronary arteries (left circumflex artery).
anterior descending artery (LAD) and right coronary artery (RCA),
anomalous origin of left main coronary artery (LMCA) from the
pulmonary artery (ALCAPA) and single coronary artery cases were
not observed.

Among the branching pattern anomalies and its sub-classifica-
tions, early bifurcation of RCA to posterior descending artery (PDA)
and posterior left ventricular artery (PLV) were noted in 3 (0.63%)
cases (Fig. 3), dual PDA was seen in a (0.21%) case (Fig. 4), dual left
anterior descending artery (LAD) in 4 (0.84%) cases (Fig. 5), type II
LAD in 16 (3.35%) cases (Fig. 6) and early diagonal from LAD in 7
(1.47%) cases. Among the branching pattern differences, the left
coronary artery has more involvement than its counter partner on
right side.

Chi-square test is statistically significant (p � 0.05). Here, we
observe an association between A and B. This indicates that a
coronary artery appears normal even if anomalous origin and
branching patterns are present, provided the anomalous origins
are not from the pulmonary artery.
Table 4
Cardiac dominance pattern and distribution of diseased segments among each

pattern percentages.

Particulate Number Percentage Diseased coronaries Percentage

Right-dominant 405 84.73% 257 63.46%

Left-dominant 44 9.21% 27 61.36%

Co-dominant 29 6.06% 14 48.28%

478 298 62.34%
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4. Discussion

Even though coronary artery anomalies remain asymptom-
atic, its prevalence shows a wide variation. Coronary anomalies
are regarded as coincidental findings during a diagnostic
coronary angiography. The significance of confirming and
recognising coronary artery anomalies and its clinical impor-
tance is vital in patients who undergo coronary interventions or
cardiac surgery.

Presence and absence of myocardial ischemia form the basis for
categorising coronary artery anomalies. Split right coronary artery
(RCA), ectopic RCA (either from right or left cusp), fistulas, absence
of left main coronary artery, left circumflex artery (LCx) arising
from right or left cusp, low origin of RCA and other anomalies are
included in the category which cause myocardial ischemia.15

Coronary arteries with anomalous origins can cause unstable
hemodynamics with turbulent blood flow patterns and vascular
endothelium damages.16 Besides atherosclerotic coronary disease,
all these can predispose to myocardial ischemia.

Fujimoto et al. reported the prevalence of anomalous origin of a
coronary artery (AOCAs) as 1.52% in 5868 consecutive patients by
multidetector computed tomography (MDCT).17 Namgung and
Kim observed that the prevalence of coronary anomalies in a single
centre of Korea was 1.16% among 8864 patients. Of these, 90
(87.4%) patients had origin and distribution anomalies.18 Yildiz
et al. analysed the angiographic data of 12,457 consecutive adult
patients which were collected retrospectively for coronary artery
anomalies. Anomalous coronaries were found with an incidence of
0.9%.19

The anomalous coronary artery from the opposite sinus
(ACAOS) is characterised with the origin of left coronary artery
(LCA) either from the proximal right coronary artery (RCA) or from
right aortic sinus. This can be associated with sudden death during
or shortly after exercise in young persons.20 A most common
anomaly in our study among the anomalous origins was the origin
of coronary artery from the opposite sinus (ACAOS) in 13 (2.72%)
cases (Fig. 1). Right coronary artery (RCA) originating elsewhere
rather than right anterior aortic sinus was the only ACAOS
identified. Namgung and Kim reported that in their studies, the
most common anomaly was an anomalous origin of the right
coronary artery (RCA) in 39.8% while, it was only 12.5% in the
studies of Yuksel et al. and 0.84% in the study reports of Opolski
et al.18,21,22 The present study has fewer incidence prevalences
than the comparative studies. But among the anomalous origin of
RCA, all cases were taking its origin from right posterior aortic
sinus, which is different from the above-mentioned study.

Secondly, the separate origin of left anterior descending artery
(LAD) and left circumflex artery (LCX) was the prevailing anomaly
in the present study with a percentage of 0.42%. This anomaly
causes no hemodynamic impairment and is considered to be
benign. The appearance of an avascular area at the site of the left
main coronary artery (LMCA) distribution should raise a suspicion
to the separate origin of LAD and LCX. Its incidence is very variable
because of the great operator dependence.

Most common anomaly detected in the studies by Sohrabi et al.
was separate ostia of the left anterior descending artery and left
circumflex artery. This was found in 42 patients (53.16%) with the
angiographic incidence of 0.69%, which appears to be more than
the present study prevalence.23 Şengül et al. encountered the
separate origins of left anterior descending artery (LAD) and
circumflex artery (Cx) in 28 patients (2.7%), with the angiographic
incidence of 0.15% among 17.606 patients in their studies.24

Accordingly, our study prevalences were more than this compara-
tive study. Ghadri et al. found that the non-appearance of the left
main artery percentages was ranging from 36% and 30.4%
correspondingly by invasive coronary angiography (ICA).25
High take-off is defined as the coronary artery originating at
higher points than the junctional zone between the sinus and the
tubular part of the ascending aorta. High anterior origin of the right
coronary artery is a common anomaly reported but is of no
hemodynamic significance.6 Fujimoto et al. reported the high take-
off of left anterior descending artery (LAD) prevalence as 0.60%
among 89 patients with anomalous origin of coronary artery
(AOCAS). Still, the reported percentages were less for the high
origin of left anterior descending artery (LAD) as 0.21%.17 The
present study lines up with the above-mentioned study of having
an incidence of a high origin of LAD.

In type II left anterior descending artery (LAD), artery fails to
reach the diaphragmatic surface, tether either at or before the
cardiac apex. Erol and Seker mentioned about dual LAD as well as
type I LAD prevalences in their studies as 1.38%. The type I is short,
in which LAD originates from the left coronary artery (LCA) and
ends high in the anterior interventricular groove.26 Dual LAD is a
rare coronary anomaly. In the present study, dual (LAD) was seen
in 4 (0.84%) cases and type II LAD in 16 (3.35%) cases.

Kacmaz et al. state that the draining site of the fistula has a
greater clinical and physiologic importance. The most common
sites are the right ventricle (45% of cases), right atrium (25%) and
the pulmonary artery (15%). Least common sites (<10%) are from
left atrium or left ventricle.27 Xu et al. identified a prevalence of
2.48% for coronary artery fistulas in their studies.28 Namgung and
Kim found coronary artery fistulas among 12.6% patients in their
studies.18 Şengül et al. stated that 20.7% cases had coronary artery
fistulae in their case study.24 In the present study, cameral fistulas
were found in 1.05% cases and all the observed cameral fistulas
were confirmed to right coronary artery (RCA) only.

Marcos-Alberca et al. observed that myocardial bridging is a
very common finding even in normal subjects, but is considered
clinically significant only when associated with chest pain and
myocardial ischemia.29 Tripathy et al. observed myocardial
bridging only in a left anterior descending branch of left coronary
artery (LAD) with a percentage of 3.5% in their studies.30 The
present study has a prevalence of myocardial bridges of 6.07%,
which is more compared to the above-mentioned study.

Donkol and Saad assessed the incidence and location of
myocardial bridging. The prevalence was found as 22.5% with most
of the intra-muscular segments of the superficial type. All bridges
were confirmed to the mid left anterior descending (LAD) artery
(24.6%).31 The present study has a prevalence of myocardial bridges
of 6.07%, which is less compared to the above-mentioned study.

Cardiac dominance was seen as right in 84.73% (n = 405), left in
9.21% (n = 44), co-dominant in 6.07% (n = 29) and the percentage of
prevalence of stenotic coronaries was found to be 63.46%, 61.36%
and 48.28%, respectively in the present study. Kosar et al. stated
that the coronary artery system was right-dominant in 76%, left-
dominant in 9.1% and co-dominant in 14.8% of the cases among the
study population they assessed.12 Though the present study
prevalence for right and left dominance patterns is almost similar
to the comparative study, the co-dominant prevalences are higher
in the present study.

Left coronary dominance and atherosclerotic involvement of
left anterior descending artery (LAD) are neither related nor
associated with atherosclerotic involvement of LAD ostium and
ischemic myocardial infarction concluded by Ghaffari et al.13 The
present study lines up with this finding as the disease prevalence is
same for all dominance patterns.

Suryanarayana et al. stated that there is no evidence of
predisposition of anomalous coronary arteries to significant
coronary artery disease in comparison to normal coronary
arteries.32 The present study also concludes that coronary artery
appears to be normal even if anomalous origin and branching
patterns are present.
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5. Conclusion

Coronary artery appears to be normal even if anomalous origin
and branching patterns are present. Greater awareness of their
existence, clinical significance and treatment options will lead to
better management of this entity. Although coronary artery
anomalies are rare, they may cause difficulties during coronary
interventions or cardiac surgery and may occasionally result in
sudden cardiac death. The present study has a limitation; no case of
an anomalous origin from the pulmonary artery was found. The
contribution of the same to artery stenosis, hence, could not be
assessed.
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2. Baskurt M, Yýldýz A, Caglar I, et al. Right coronary artery arising from the
pulmonary trunk. J Thorac Cardiovasc Surg. 2009;57(7):424–426.

3. Angelini P. Coronary artery anomalies – current clinical issues. Tex Heart Inst J.
2002;29:271–278.

4. Eckart RE, Jones 4th SO, Shry EA, Garrett PD, Scoville SL. Sudden death associated
with anomalous coronary origin and obstructive coronary disease in the young.
Cardiol Rev. 2006;14(4):161–163.

5. von Kodolitsch Y, Franzen O, Lund GK, Koschyk DH, Ito WD, Meinertz T. Coronary
artery anomalies. Part II. Recent insights from clinical investigations. Z Kardiol.
2005;94(1):1–13.

6. Mann DL, Zipes DP, Libby P, Bonow RO. Braunwald’s Heart Disease: A Textbook of
Cardiovascular Medicine. Elsevier Health Sciences; 2014:406–432. [chapter 21].

7. Luo L, Kebede S, Wu S, Stouffer GA. Coronary artery fistulae. Am J Med Sci.
2006;332(2):79–84.

8. Cheng TO. Left coronary artery-to-left ventricular fistula. A follow-up report. Int J
Cardiol. 2007;118(2):233.

9. Alegria JR, Herrmann J, Holmes Jr DR, Lerman A, Rihal CS. Myocardial bridging. Eur
Heart J. 2005;26(12):1159–1168.

10. Porto I, MacDonald S, Selvanayagam J, Banning A. Intravascular ultrasound to guide
stenting of an anomalous right coronary artery coursing between the aorta and
pulmonary artery. J Invasive Cardiol. 2005;17(11):E33–E36.

11. Dorros G, Cowley M, Simpson J, et al. Percutaneous transluminal coronary angio-
plasty: classification system for coronary dissection report of complications from
the National Heart, Lung, and Blood Institute (NHLBI) PTCA Registry March 1979.
Circulation. 1983;67(4):723–730.
12. Kosar P, Ergun E, Ozturk C, Kosar U. Anatomic variations and anomalies of the
coronary arteries: 64-slice CT angiographic appearance. Diagn Interv Radiol.
2009;15(4):275–283.

13. Ghaffari S, Kazemi B, Dadashzadeh J, Sepehri B. The relation between left coronary
dominancy and atherosclerotic involvement of left anterior descending artery
origin. J Cardiovasc Thorac Res. 2013;5(1):1.

14. Azad N, Lemay G. Management of chronic heart failure in the older population. J
Geriatr Cardiol. 2014;11(4):329–337.

15. Angelini P, Villason S, Chan Jr AV, Diez JG. Normal and anomalous coronary arteries
in humans. Part 1. Historical background. In: Angelini P, ed. In: Coronary Artery
Anomalies: A Comprehensive Approach. Philadelphia: Lippincott Williams & Wilk-
ins; 1999:42.

16. Taylor AJ, Rogan KM, Virmani R. Sudden cardiac death associated with isolated
congenital coronary artery anomalies. J Am Coll Cardiol. 1992;20(3):640–647.

17. Fujimoto S, Kondo T, Orihara T, et al. Prevalence of anomalous origin of coronary
artery detected by multi-detector computed tomography at one center. J Cardiol.
2011;57(1):69–76.

18. Namgung J, Kim JA. The prevalence of coronary anomalies in a single center of
Korea: origination, course, and termination anomalies of aberrant coronary
arteries detected by ECG-gated cardiac MDCT. BMC Cardiovasc Disord.
2014;14:48.

19. Yildiz A, Okcun B, Peker T, Arslan C, Olcay A, Bulent Vatan M. Prevalence of
coronary artery anomalies in 12,457 adult patients who underwent coronary
angiography. Clin Cardiol. 2010;33(12):E60–E64.

20. Park J-S, Shin D-G, Kim Y-J, et al. Left ventricular noncompaction with a single
coronary artery of anomalous origin. Int J Cardiol. 2007;119(2):e35–e37.

21. Yuksel S, Meric M, Soylu K, et al. The primary anomalies of coronary artery origin
and course: a coronary angiographic analysis of 16,573 patients. Exp Clin Cardiol.
2013;18(2):121–123.

22. Opolski MP, Pregowski J, Kruk M, et al. Prevalence and characteristics of coronary
anomalies originating from the opposite sinus of Valsalva in 8,522 patients
referred for coronary computed tomography angiography. Am J Cardiol.
2013;111(9):1361–1367.

23. Sohrabi B, Habibzadeh A, Abbasov E. The incidence and pattern of coronary artery
anomalies in the north-west of Iran: a coronary arteriographic study. Korean Circ J.
2012;42(11):753–760.
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