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ABSTRACT

Background: Although the prevalence of coronary artery 
anomalies (CAA) is due to accidental and rare discoveries, it 
varies between different countries or geographies. CAA are 
rare congenital disorders having various clinical definitions. 
Its prevalence varies in angiographic and autopsy series in 
adult populations and is approximately 1% in average. While 
the incidence ranges from 0.2% to 5.64% in coronary angio-
graphic (CAG) studies, it is around 0.3% in autopsy series. 
We aimed to estimate the frequency of CAA in our patient 
population.

Methods: The coronary angiographic data of 4099 con-
secutive adult patients, who underwent CAG between Janu-
ary 2019 and December 2020, were analyzed and retrospec-
tively studied.

Results: The mean age of the total patients who under-
went CAG was 61.59 ± 13.67 years (range, 18-98 years). 
CAA were found in 76 patients (1.85% incidence), origin and 
course anomaly in 62 patients (81.6%), and coronary artery 
termination anomaly in 14 patients (18.4%). Separate exits of 
the left anterior descending (LAD) and left circumflex (LCX) 
coronary artery from the left sinus of Valsalva (LSV) were 
the most common anomalies (36.84%). Coronary artery fis-
tulas were seen in 14 (18.42%) patients. Abnormal origin of 
left circumflex artery (LCX) from the right coronary artery 
(RCA) or right sinus valsalva (RSV) was seen in 13 (17.11%) 
patients. Outflow anomalies from the contralateral coronary 
sinus were detected in 10 (13.16%) patients.

Conclusion: The incidence and pattern of CAA in our 
patient population showed similarity with previous studies. 
Physicians should be aware of CAA that may be associated 
with potentially serious cardiac incidents, because recogni-
tion of these CAA is important for the decision of treatment 
procedures.

INTRODUCTION

Congenital coronary artery anomalies (CAA) are the mod-
ifications of their origin, course or structure, and their inci-
dence ranges from 0.2% to 5.64% of the general population 
[Kashyap 2021; Sidhu 2019; Yamanaka 1990; Angelini 2002]. 
Although the prevalence of CAA is due to accidental and rare 
discoveries, it varies between different countries or geogra-
phies [Jiang 2021; Sidhu 2019]. Although the majority are 
asymptomatic, it is the second leading cause of sudden deaths 
in young athletes. CAAs are a diverse group of congenital dis-
orders with highly variable symptoms and pathophysiological 
mechanisms. They are found congenitally, but relatively few 
are symptomatic. Although generally benign, some CAAs are 
associated with more serious clinical outcomes, such as con-
gestive heart failure, arrhythmia, myocardial infarction, syn-
cope, and sudden death [Kashyap 2021; Yuksel 2013]. CAG 
traditionally has been used for detailing coronary vessels 
before intervention and surgery and remains the reference 
standard of imaging modality [Jiang 2021; Almeida 2020]. 
On the other hand, computed tomographic angiography is 
a noninvasive imaging approach that is safe and effective in 
finding coronary anomalies [Yildiz 2010; Budoff 2006]. Fur-
thermore, the computed tomographic angiography provides 
detailed anatomic information through 3-dimensional imag-
ing, which may be difficult to obtain through CAG. Although 
CAG has some natural disadvantages, its availability, high 
accuracy and low risk have made it a useful tool for diagnos-
ing coronary artery disease (CAD). The recognition of these 
anomalies is particularly important when a patient requires 
percutaneous coronary intervention or heart surgery [Li 
2015; Jiang 2021]. Based on the vascular supply of posterior 
interventricular septum, coronary artery dominance pheno-
types may occur as left dominance (LD), right dominance 
(RD), and co-dominance (CD) [Gorlin 1976; Leaman 1981]. 
The origin of the posterior descending artery (PDA) is the 
main determinant for LD, RD, and CD [Kuno 2013; Bazzoc-
chi 2011; Vasheghani 2008]. When poster lateral branches 
supply most of the left ventricular myocardial and when the 
PDA originates from the LCX artery, the case is classified as 
LD [Eyuboglu 2016]. RD cases have posterior interventricu-
lar septum (IVS) supplied by the posterior descending branch 
of the RCA. When the IVS is shared by RCA and LCX, the 
case is labelled as CD [Moriwaki 2017]. In this study, we 
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examined CAG in detail to determine the anomalies of origin, 
course, and termination of the coronary artery, as well as the 
dominance of the coronary arteries in our hospital. There are 
several classifications for coronary artery anomalies. We pre-
ferred to examine the anomalies of origin, course and termi-
nation of coronary arteries, which is one of the classifications 
modified for use in clinic and practice, by dividing them into 
two groups [Liberthson 1974; Chu 1993; Kardos 1997; Yildiz 
2010; Turkmen 2013].

MATERIALS AND METHODS

Our study was carried out to determine the incidence and 
prevalence of coronary artery origin course and termination 
anomalies by retrospectively evaluating 4376 coronary angi-
ography reports made in Dr. Burhan Nalbantoğlu State Hos-
pital Cardiology Service between January 2019 and Decem-
ber 2020. When the patients with more than one CAG report 
were reduced from the total coronary angiography (CAG) 
number to single, a total of 4099 different patients were iden-
tified, so the evaluations were made on this number. Angio-
grams were reviewed by an experienced independent cardi-
ologist and two anatomists, who agreed on the origin, course, 
and termination of abnormal coronary arteries. Patients with 
coronary anomalies associated with complex congenital heart 
disease were not included in this study. To calculate the total 
incidence of coronary artery anomalies, the percentage of 
patients with coronary artery anomalies in 4099 cases under-
going CAG was found. Based on the total number of patients 
with CAAs, the percentage distribution of different types of 
CAAs was calculated, and the prevalence of each type of CAA 
among all patients who underwent CAG, the mean age of the 
patients, and the female/male ratio were determined. In addi-
tion, the coronary artery dominance pattern of all patients 
who underwent CAG was examined and recorded one by one. 
The statistical package for the social sciences (SPSS software 
Version 23.0, SPSS, Inc., Chicago, IL, USA) was used to ana-
lyze the data. Categorical variables are presented as percent 
(%), frequencies and continuous variables are presented as 
mean ± standard deviation (SD).

Coronary angiography procedure: After the his-
tory, physical examination and laboratory tests of the CAG 
patients were evaluated, the patients diagnosed with CAG 
indication were informed about CAG. After explaining the 
examination to be performed and the benefits and risks of 
this examination to the patient, written consent was obtained. 
Electrocardiogram, serum electrolytes and creatinine, blood 
count and coagulation parameters were repeated 16-24 hours 
before the procedure. The medical treatment that the patient 
was receiving was continued before the procedure. Patients 
with consents and no contraindications were taken to the 
catheterization laboratory for diagnosis and treatment. Cath-
eterization was performed while the patient was awake and, 
if necessary, with sedation. The area to be entered into the 
vascular access was sterilized and anesthetized with local 
anesthesia (2% prilocaine hydrochloride). The procedure 
was generally performed with the seldinger method, which 

is the most commonly used percutaneous needle-guidewire-
dilator technique. Catheterization was applied mostly from 
the right femoral artery, less from the left femoral artery and 
brachial artery. When performing selective CAG, usually 
right and left judkins (JR 3.5, 4, 5, 6 and JL 3.5, 4, 4.5, 5 
and 6), more rarely Amplatz (AR I, II, III and AL I, II, III) 
and Multipurpose (A, B, C) catheters, pigtail catheter used for 
left heart catheterization and aortography. Radiopaque agents 
with low allergic and nephrotoxic properties (low osmolar-
ity and non-ionic) were preferred for imaging the coronary 
arteries. Images were taken in at least four projections for the 
left coronary system and at least two projections for the right 
coronary system and stored in digital memory. Left heart 
catheterization was performed in all patients with suspected 
coronary artery anomaly and normal renal functions. In some 
cases, aortography was performed in addition to these proce-
dures. Selective CAG, left ventriculography, and aortography 
were performed after measuring hemodynamic parameters 
and blood oxygen saturation in patients with heart valve dis-
ease or congenital heart disease.

RESULTS

CAA was detected in 76 patients in 4099 CAG examina-
tions (1.85% incidence). Of 76 patients (50 men, 26 women), 
62 patients (81.6%) had anomaly of origin and distribution, 
and 14 patients (18.4%) had coronary artery fistula (CAF). 
(Table 1) The mean age of 76 patients was 62.97±12.48 
years (age range, 29-82 years). The main characteristics of 
the patient population categorized, according to coronary 
artery predominance in this study, are shown in Table 1. Of 
4099 patients, 2994 (73%) were found to have right coronary 
artery dominance, 693 (16.9%) left circumflex artery domi-
nance, and 412 (10.1%) were found to be co-dominance type. 
The most common anomaly types in our study are, respec-
tively, absence of LMCA in 36.84%, coronary artery fistulas 
in 18.42%, origination of LCX artery from RCA and RSV 
with 17.11%, exit from opposite coronary sinus in 13.16%, 
abnormal exit from appropriate sinus valsalva in 7.89%, and 
5.26% isolated single coronary artery in 4 patients. (Table 
3) (Table 4) In our study, the findings of coronary anomalies 

Table 1. Distribution of patients according to the presence of 
coronary anomaly and coronary dominance

Total angiography N = 4099 %

Total anomaly 76 -

   Origin and course anomalies 62 81.6

   Coronary artery termination anomalies 14 18.4

Coronary dominance

   RCA dominance 2994 73

   LCX dominance 693 16.9

   Co-dominance 412 10.1
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were incidental.

DISCUSSION

Coronary artery anomalies (CAA) are rare congenital 
disorders with various clinical presentations. Its prevalence 
in the adult population varies in angiographic and autopsy 
series and averages around 1%. The incidence ranges from 

0.2% to 5.64% in angiographic studies, while it is around 
0.3% in autopsy series [Yamanaka 1990; Ciesunski 1993; 
Kashyap 2021]. Similarly, we found the incidence of coro-
nary artery anomaly to be 1.85% in patients who under-
went coronary angiography for diagnosis. Based on the vas-
cular supply of the posterior interventricular septum, 
coronary artery dominance phenotypes may occur as left 
dominance (LD), right dominance (RD), and co-domi-
nance (CD). The origin of the posterior descending artery 

Table 2. Distribution of anomaly types of patients by age and gender

Female Male Total

N % Age (SD) N % Age (SD) N Age (SD) R (%)

Total anomaly 26 34.2 67.57 (11.80) 50 65.8 60.58 (12.26) 76 62.97 (12.48) 1.85

Origin and course anomalies 19 30.6 72.9 (9.95) 43 69.4 59.63 (13.45) 62 62.66 (12.53) 1.51

Coronary artery termination anomalies 7 50 64.29 (13.78) 7 50 64.43 (12.47) 14 59.30 (12.96) 0.34

SD, standard deviation; R, ratio (%)

Table 3. Age, gender and incidence of the types of origin and course anomalies within themselves

Female Male Total

N % Age (SD) N % Age (SD) N Age (SD) R/RwA (%)

Absence of LMCA 11 39.3 72.64 (9.29) 17 60.7 62.06 (9.29) 28 66.21 (12.39) 0.68/36.84

Abnormal origin from appropriate sinus of Valsalva 2 33.3 72.50 (2.12) 4 66.7 50.75 (2.63) 6 58 (11.45) 0.15/7.89

Abnormal origin from normal coronary sinuses 0 - - 1 100 72 1 72 0.02/1.31

Origin from the opposite coronary sinus 2 20 72.50 (10.61) 8 80 64.67 (15.50) 10 62.90 (14.88) 0.24/13.16

Origin of RCA from LSV 1 14.3 80 6 85.7 65.89 (13.1) 7 66.85 (15.29) 0.17/9.21

Origin of LAD from RSV 0 0.00 - 0 0.00 - 0 - -

Origin of CX from RCA or RSV 4 30.8 54.50 (8.74) 9 69.2 58 (12.17) 13 56.92 (10.98) 0.31/17.11

Origin of LMCA from RSV 1 33.3 65 2 66.7 48 (5.66) 3 53.66 (10.59) 0.07/3.94

Single coronary artery 0 0 - 4 100 60.50 (10.41) 4 60.50 (10.41) 0.09/5.26

SD, standard deviation; R, ratio (%); RwA, ratio within anomalies (%)

Table 4. Age, gender and incidence of the types of coronary artery termination anomalies within themselves

Female Male Total

N % Age (SD) N % Age (SD) N Age (SD) R/RwA (%)

Total coronary artery fistulas 7 50 64.29 (13.78) 7 50 64.43 (12.47) 14 64.35 (12.62) 0.34/18.42

LAD-PA fistula 7 50 64.29 (13.78) 7 50 64.43 (12.47) 14 64.35 (12.62) 0.34/18.42

Sinusoid coronary artery connections 0 0.00 - 0 0.00 - 0 - -

Reverse branching 0 0.00 - 0 0.00 - 0 - -

SD, standard deviation; R, ratio (%); RwA, ratio within anomalies (%)
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is the main determinant for LD, RD, and CD [Gorlin 1976; 
Leaman 1981; Peng 2018]. RD makes up the majority of 
the cases with a prevalence of 82% to 89% in the general 
population. Prevalence of LD is 5% to 12%, and the preva-
lence of CD is 3% to 7% [Angelini 2002; Knaapen 2013]. 
In the current study, we observed 2994 of the 4099 patients 
as RD, which indicates a ratio of 73%; 693 patients as LD, 
which comes to a ratio of 16.9%; and 412 patients as CD, 
which comes to a ratio of 10.1%. Thus, our results are simi-
lar to prior results reported in the literature. The limitation 
of our study was that only patients undergoing coronary 
angiogram were included, rather than a randomly selected 
sample from the entire population. CAAs can lead to life-
threatening symptoms, such as arrhythmias, syncope, myo-
cardial infarction, or sudden death [Angelini 2002; Kashyap 
2021]. In one of two studies conducted, a prior history of 
angina or syncope was reported in 33% of patients with 
abnormal coronary anatomy, and in the other in 31% 
[Yildiz 2010; Yamanaka 1990]. Thirty-six percent of 
patients in our study population had typical cardiovascular 
symptoms. Coronary artery origin and course anomalies 
were found to be 81.6% and coronary artery fistulas 18.4% 
in our study, compared with previous similar studies, the 
prevalence of origin and course anomalies was lower and 
coronary artery fistulas were found to be higher [Yamanaka 
1990; Kardos 1997; Aydinlar 2005; Yildiz 2010; Turkmen 
2013]. Origin of LAD and LCX from ostia separate from 
the left sinus of Valsalva (LSV), absence of LMCA (36.84%) 
were the most common anomalies in our study group and 
were similar to previous studies [Yildiz 2010; Yamanaka 
1990; Aydinlar 2005; Turkmen 2013]. Coronary artery fis-
tula (CAF) was the second common anomaly group with 
(18.42%) in our study. Coronary artery fistulas (CAFs) are 
rare defects in the coronary circulation system. They are 
congenital or acquired malformations in the assembly and 
circuitry of the coronary arteries. CAFs can be divided into 
two broad categories. Coronary-cameral fistulas are abnor-
mal connections between the coronary arteries and any of 
the heart chambers. Coronary arteriovenous malforma-
tions are abnormal connections between coronary arteries 
and portions of systemic/pulmonary circulation vessels. 
Although most coronary artery fistulas are diagnosed inci-
dentally during coronary catheterization, some patients 
with this disease may present with signs and symptoms of 
congestive heart failure, myocardial infarction, pulmonary 
hypertension, and other cardiopulmonary functional 
abnormalities. Regarding the diagnosis, coronary angiogra-
phy and coronary computed tomography angiography 
(CTA) are considered quite reliable in the diagnosis of 
CAFs. Catheterized closure is often stated as the main 
modality of treatment [Qureshi 2006; Rao 2021]. There are 
three main causes of CAFs. Most commonly, CAFs occur 
congenitally as a result of abnormal embryological devel-
opment. The most common form of acquired CAFs is 
caused by trauma, such as gunshot wounds or stab wounds. 
Iatrogenic causes of CAFs include interventional cardiac 
procedures, such as coronary artery bypass grafting, cardiac 
angiography, valve replacements, device implants, or 

biopsies [Rao 2021; Sunkara 2017]. The incidence is 
approximately 0.002% in the general population and 0.3% 
to 0.4% in patients with congenital heart defects, although 
more and more studies are being conducted on the preva-
lence of CAFs, the prevalence was found to be 0.9% in one 
study [Yildiz 2010; Lim 2014; Maleszka 2005]. CAFs can 
lead to various cardiopulmonary functional abnormalities. 
The severity of the presenting symptoms depends on the 
source of the fistula, area of entry, and length of the fistula, 
as well as the volume of blood shunted. The most common 
origin is the RCA, followed by LMCA. The most common 
insertions (from most common to least common) are the 
right ventricle, right atrium, and pulmonary arteries. How-
ever, more recent studies have shown that generally, the 
most common fistula is between the LMCA or the left 
anterior descending artery (LAD) and pulmonary arteries 
(PA) [Lim 2014; Maleszka 2005; Verdini 2016]. In our 
study, the most common fistula was detected between the 
LAD and PA, which was similar to results in the literature 
[Turkmen 2013; Yildiz 2010; Yamanaka 1990; Aydinlar 
2005; Verdini 2016]. We estimate that the high incidence of 
CAFs (0.34%) in our study was due to the low patient pop-
ulation. After CAFs anomalies in a total of 13 (17.11%) 
patients (incidence 0.31%), 4 women with a mean age of 
54.50±8.74 years and nine men with a mean age of 58±12.17 
years, LCX artery anomaly originating from RSV and RCA 
was detected. The incidence of LCX originating from RCA 
and RSV is generally believed to be of no clinical signifi-
cance, due to the dorsal course of the left ventricle [Budoff 
2006]. In our study, anomaly of origin from the contralat-
eral coronary sinus was detected in 10 (13.6%) patients. 
LMCA or LAD from the RSV and RCA from the LSV are 
clinically important as they are associated with sudden car-
diac death [Yildiz 2010; Budoff 2006; Liberthson 1996]. In 
our study population, there were 10 patients with anomaly 
of the contralateral sinus of valsalva. We found a total of 7 
(0.17%/9.21%) patients, an 80-year-old woman and six 
men with a mean age of 65.89±13.1 years, with RCA anom-
aly originating from the LSV. The incidence of RCA origi-
nating from LSV or LAD was reported between 8%, 8.9%, 
and 16% in three different studies similar to our study, two 
of which were from Turkey [Yildiz 2010; Yamanaka 1990; 
Cohen 2002]. Out of 4099 cases, the anomaly of LMCA 
originating from the RSV was detected in three 
(0.07%/3.94%) patients, a 65-year-old woman and two 
men with a mean age of 48±5.66. Abnormal origin of the 
LMCA from the RSV is a rare congenital coronary anom-
aly [Yildiz 2010; Yamanaka 1990; Liberthson 1974; Wilkins 
1988]. The incidence of LMCA originating from RSV was 
found to be 0.017% in a large-scale study of 126,595 
patients by Yamanaka and Hobbs [Yamanaka 1990]. LMCA, 
LAD, and RCA may originate from the pulmonary artery, 
although the incidence rate is low. Unfortunately, about 
90% of patients with these anomalies die in infancy [Yildiz 
2010; Aydinlar 2005]. Abnormal origins of the coronary 
arteries from the appropriate sinus are less common anom-
alies. Difficulties are experienced in the classification of 
these anomalies, since there are no clear measurement 
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criteria. The incidence of this anomaly in studies varies 
between 0.3% and 0.7% [Menke 1985]. In our study, this 
rate was found to be 0.15%. It has been reported in the 
literature that the risk of atherosclerosis increases in the 
ostia of high and low origin arteries. Cases claimed to cause 
myocardial feed deterioration and sudden death have been 
reported, especially due to the slit-like ostia of the high-
output arteries and the absence of sinuses that would allow 
blood to pool in diastole and be directed to the coronary 
arteries [Menke 1985]. Inappropriate origins of coronary 
arteries are benign anomalies, but they usually cause pro-
longed CAG time and difficulty in the procedure, due to 
the lack of expected localization of the ostia. In the single 
coronary artery anomaly type, all coronary arteries origi-
nate from a single ostium as a single common trunk [Mon-
taudon 2007]. This artery feeds the whole heart [Earls 
2006]. The course of a single coronary artery can be fol-
lowed with many different variations [Lipton 1976; Earls 
2006]. A single coronary artery can be divided into two and 
follow the distribution of the right and left coronary arter-
ies, can follow the course of the right or left coronary artery 
alone, or show a completely different distribution from the 
course patterns of normal coronary vasculature [Lipton 
1976]. It does not show any clinical manifestation in the 
absence of other concomitant coronary artery disease or a 
cardiac-dependent malformation [Lipton 1976]. Potential 
clinical manifestations include cardiac ischemia, cardiomy-
opathy, and congestive heart failure [Lipton 1976]. These 
presentations are largely due to the interarterial course of a 
major artery [Lipton 1976]. This may play a role in sudden 
death [Lipton 1976]. In these cases, surgical treatments 
with coronary artery bypass are recommended [Erez 2006].  
The incidence of single coronary artery anomaly is 0.026-
0.4% in the population and constitutes <3% of congenital 
coronary anomalies without gender preference [Conkbayir 
2019; Yaymaci 2010; Desmet 1992]. In our study, a single 
coronary artery anomaly (0.09%) was found in four male 
patients with a mean age of 60.50±10.41 years, and the inci-
dence was similar to those in other studies.

CONCLUSIONS

CAA is more common in large centers and in their daily 
practice. The incidence of anomalies may vary between dif-
ferent countries and geographies. CAAs, although usually 
asymptomatic, are usually isolated lesions not associated with 
congenital heart disease or atherosclerosis, some of which can 
cause anginal symptoms, myocardial infarction, and sudden 
death. Recognition of coronary anatomical patterns, variations, 
and coronary artery anomalies is important for the procedure 
to be applied, especially in patients scheduled for coronary 
angioplasty or cardiac surgery. Further prospective studies are 
needed to assess the incidence and prognosis of CAA. Future 
studies may utilize computed tomographic angiography as a 
noninvasive and safe alternative to define high risk coronary 
anomalies, such as those having an intra-arterial course that 
may put the patient in increased risk of sudden cardiac death.
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