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Abstract
Background: Coronary arteries play an important role in perfusion of the heart tissues. Variations or anomalies in coronary arteries may be asymptomatic while some can be symptomatic and even cause sudden death. Knowledge of coronary
artery variations is important in diagnosis and treatment of cardiovascular diseases.
Aim: To describe coronary artery anomalies and their incidence in autopsy cases.
Materials and Methods: We dissected and grossly examined a total of 127 human hearts during autopsy to describe coronary artery variations in origin and course.
Results: The incidence of coronary artery anomalies was found to be 4.72% (6/127; 1 female and 5 males). Among the
coronary artery anomalies were: Absent left main coronary artery (LMCA) in 0.8% (1/127), origin of both the left and
right coronary arteries from a common ostium located in the left aortic sinus in 0.8% (1/127), origin of both the left and
right coronary arteries from a common trunk whose ostium was located in the right aortic sinus in 0.8% (1/127), origin
of both the left and right coronary arteries from a common ostium located in the tubular part of the ascending aorta just
above the right aortic sinus (RAS) in 0.8% (1/127), origin of the left coronary artery from a separate ostium in the RAS in
0.8% (1/127), origin of the right coronary artery from the sinutubular junction of the LAS in 0.8% (1/127) of the hearts.
Conclusion: The incidence of coronary artery anomalies in autopsied hearts was found to be 4.72%. Knowledge of the
normal and variant anatomy of coronary arteries is indispensable and imperative both in diagnosis, treatment and implementation of interventional measures.

Keywords: Coronary Ostium; Aortic Sinus; Coronary Arteries; Coronary Artery Anomalies.

Introduction
Coronary artery anomalies are rare [1-3] though Anderson [4]
in Grants Atlas of Anatomy states that the coronary circulation
is extremely variable in detail. Coronary artery anomalies have a
documented incidence range of between 0.26 % to 5.64 % in
studies done using different methods in different countries [1,
5-12]. Altin et al., [12] reported that the incidence of coronary
artery anomalies (CAAs) varies from 0.2% to 8.4%. With the
increase in the rate of cardiovascular diseases in developing
countries [13] and Sub-Saharan Africa [14], knowledge of the
normal and possible variations in the origin and course of the
coronary arteries is indispensable and imperative in diagnosis,

treatment and implementation of interventional measures [3,
15, 16]. Knowledge of the possible variations in the origin and
course of the major coronary arteries can greatly enhance clinical
outcomes [3]. Recognition and knowledge of coronary artery
anomalies is important when performing angiographies and
ensuring accurate angiographic interpretation [7, 16].

Materials and Methods
This study was done between September 2015 and February 2016
at the University Teaching Hospital (UTH), Lusaka, Zambia.
A total of 127 human hearts (96 males and 31females, aged
between 17 and 86 years) were dissected and grossly examined
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during autopsy offorensic cases i.e. road traffic accidents (RTA).
The aim of this study was to investigate the incidence of
anomalous origin and course of the coronary arteries in autopsy
cases. Dissections were done by a Pathologist and two Anatomy
postgraduate students. Photographs were taken after dissection
using a digital camera Canon power shot SX400IS 16 mega pixels.
Ethical clearance was granted by Excellence in Research Ethics
and Science (ERES CONVERGE).

Results
Coronary artery anomalies were found in 6 (1 female and 5 males)
out of the 127 hearts dissected and examined during autopsy.
Therefore the incidence of coronary artery anomalies was 4.72%.
Coronary artery anomalies encountered in our study were: absent
left main coronary artery (LMCA) in 0.8% (1/127), origin of
both the left and right coronary arteries from a common trunk
whose ostium was located in the right aortic sinus (Figures 1 3) in 0.8% (1/127), origin of both the left and right coronary
arteries from a common ostium located in the tubular part of
the ascending aorta just above the right aortic sinus (Figure 4) in
0.8% (1/127), origin of both the left and right coronary arteries
from a common ostium located in the left aortic sinus (Figures 5,
6) in 0.8% (1/127), origin of the right coronary artery from the
sinutubular junction of the left aortic sinus (Figure 7) in 0.8%
(1/127), origin of the left coronary artery from a separate ostium
in the right aortic sinus (Figure 8) in 0.8% (1/127) of the hearts.

Discussion
Congenital coronary artery anomalies of origin and course
were found in 6 (4.72%) of the 127 hearts dissected during
autopsy. In Texas in The United States of America, Angelini et
al., [8] investigated 1950 angiograms from which they found the
incidence of coronary artery anomalies at 5.6%. A study done in
the United States of America at the University of Florida by Von
Ziegler et al., [10] found the incidence of these coronary artery
anomalies in 2.3% (17/748) consecutive symptomatic patients,
who underwent cardiac 64-slice multi-detector-row computed
tomography angiography (MDCTA). Kardos et al., [7] analysed
angiographic data of 7,694 consecutive patients who underwent

coronary arteriography at the Albert Szent-Gyorgyi Medical
University, Szeged, Hungary, from 1984 to 1994 and found
congenital coronary anomalies (CCA) in 103/7,694 patients
(1.34% incidence). The incidences of coronary artery anomalies
are summarised in Table 1. The variations in incidences of
coronary artery anomalies have been attributed to ethnicity, racial
differences [17] geographic region [3]. Abnormal arrangement of
coronary arteries maybe associated with minor genetic changes
in certain growth factors [3, 18]. Though the incidence of CAA
from our study falls within the range of incidence of CAA, the
percentage is higher and could be attributed to the smaller sample
size we used when compared to the sample sizes of the other
studies (Table 1).
Among the CAA in our study was absence of left main coronary
artery (LMCA) 1 (0.79%) of the hearts. In a study done by Ajayi et
al., [19] in South Africa the LMCA was absent in 9.6% (39/407).
Our observed percentage of this rare anomaly in our study falls
within the 0.6-1.6% range stated by Papadopoulos et al., [20] in
cases diagnosed by cardiac catheterisation in Greece. In Turkey,
Altin et al., [12] found this anomaly in 0.9% (51/5548) patients
who had undergone coronary angiography. Angelini et al., [8]
found the incidence of absence of the left main trunk in 13/1950
(0.67%) angiograms. The right coronary artery arose from a
common ostium with the left coronary artery in the left aortic
sinus (Figure 5) in 1/127 (0.8%) hearts and on the sinutubular
junction of the left aortic sinus (Figure 7) in 1/127 (0.8%)
hearts. An exact percentage incidence (1.6%) of origin of right
coronary artery from the left aortic sinus to what we found was
reported by Jim et al., [21] among patients with first time cardiac
catheterization. In other studies this CAA was found in: 0.026%
(5/18950) by Alexander and Griffiths [1], 0.92% (18/1950) by
Angelini et al., [8], 0.94% (7/748) by Von Ziegler et al., [10].
Matsumura et al., [22] also documented this anomaly after treating
a patient who presented with sudden cardiac arrest associated with
an anomalous right coronary artery originating from the left sinus
of Valsalva. In Israel, Yuan et al., [23] diagnosed this coronary
artery anomaly in a patient who presented with chest pain.
The left coronary artery arose from a separate ostium in the right
aortic sinus (Figure 8) in 0.8% (1/127) hearts. In the study done

Figure1. Right Coronary Ostium In The Right Aortic Sinus.
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Figure 2. Common Trunk Dividing into the Left and Right Coronary Arteries.

Figure 3: Left Coronary Artery Dividing into the Anterior Interventricular and Circumflex Arteries.

Figure 4. Coronary Arteries Arising from a Common Ostium Located in Tubular Part of the Ascending Aorta above the
Right Aortic Sinus.

by Angelini et al., [8] this anomaly was seen in 0.15% (3/1950)
angiograms while Alexander and Griffiths [1] found this anomaly
in 0.011% (2/18950) hearts in an autopsy based study. Anomalous
origin of the coronary artery from the opposite aortic sinus with
a course between the ascending aorta and the pulmonary artery
can cause myocardial ischemia, syncope and sudden cardiac death
in youngpeople especially during exercise. Other symptoms
include dyspnoea, palpitations, angina pectoris and dizziness
[24, 25]. Cheitlin et al., [26] suggested that the mechanism for
sudden death in these cases is as a result of the acute leftward
passage of the coronary artery along the aortic wall which causes

the entrance into the left coronary system to be slit-like and that
under circumstances of increased cardiac activity with increased
expansion of the pulmonary artery and aorta with exercise, there
is stretching of the left coronary artery and a flap-like closure
of the orifice of the left coronary with sudden, fatal myocardial
ischemia.
Single coronary artery (Figures 1 – 3) was seen in 0.8% (1/127)
hearts. Angelini [25] described a similar case as single coronary
ostium. The common trunk arose from the right aortic sinus
(Figure 1), coursed anteriorly between the right auricle and the
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Figure 5. Right Coronary Artery Arising from a Common Ostium with the Left Coronary Artery in the Left Aortic Sinus.
Conal Artery and Sinuatrial Node Ostia in the Right Aortic Sinus.

Figure 6. The Left Coronary Artery (Cut Open) Dividing into the Anterior Interventricular and Circumflex Arteries. Diagonal Artery Arose From The Anterior Interventricular Artery.

Figure 7. Right Coronary Artery Arising from Separate Ostia Located on the Sinutubular Junction of the Left Aortic Sinus.

pulmonary trunk where it divided into the right and left coronary
arteries (Figure 2). The left coronary artery coursed to the left
off the common trunk between the ascending aorta and the
pulmonary trunk and divided into the anterior interventricular
and circumflex arteries (Figure 3). The right coronary artery
coursed to the right off the common trunk anterior to the right
auricle to the right cardiac border. According to Angelini et al.,
[8] even though the common trunk arose from the right aortic
sinus, it cannot be named as the right coronary artery but should
be considered as a common mixed trunk from which arose both
the right and left coronary arteries. Ogden and Goodyer [27]

described single coronary artery as not the absence of a complete
coronary artery, but rather the absence of a portion of one of the
coronary arteries at the aortic root. Waller et al., [28] described
single coronary artery as origin of the entire coronary circulation
from a single aortic ostium as in our case. Angelini [25] described
a similar case and named it as single coronary ostium since both
coronary arteries are present. This CAA was also documented by
Nerantzis and Koutsaftis [29]. Lipton et al., [30] described isolated
single coronary artery as a rare anomaly occurring in approximately
0.024% of the population. Any congenital or acquired obstructive
disease in the common trunk would deprive the heart muscle of
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Figure 8. Left Coronary Ostium Located in the Right Aortic Sinus.

Table 1. Comparison of incidences of coronary artery anomalies (CAA).
Authors

Sample size

Method

Our study
Angelini et al., (1999)
[8]
Kardos et al., (1997)
[7]
von Ziegler et al.,
(2009) [10]
Graidis et al., (2013)
[11]
Altin et al., (2014) [12]
Alexander and
Griffiths (1956) [1]
Srinivasan et al., (2008)
[9]
Yamanaka and Hobbs
(1990) [5]
Topaz et al., (1992) [6]

127

Autopsy

Coronary artery
anomalies (%)
4.72

1950

Coronary angiograms

5.64

7694

Coronary arteriography

1.34

748

64- Slice Multidetector-row computed
tomography angiography (MDCTA)

2.3

12401

Coronary angiograms

1.35

5548

Coronary angiography

2.7

18950

Autopsy

0.28

1495

64-slice multidetector row computed
tomographic (MDCT) angiography

0.74

126595

Coronary arteriography

1.3

13010

Coronary arteriography

0.61

nutrient rich blood since both coronary arteries arise from it and
thus the heart muscle would become ischaemic without having
any possible source of collateral circulation [8].
In 0.8% (1/127) hearts, both the right and left coronary arteries
arose a common ostium located in the tubular part of the ascending
aorta just above the right aortic sinus (Figure 4). Most studies
published on this anomaly involve high origin (high take off) of
only the right coronary artery. Piegger et al., [31] reported a case
in which the right coronary artery arose from the ascending aorta
38mm above the supravalvular ridge. Nerantzis and Marianou
[32], reported an anomaly in which in one heart both left and
right coronary arteries arose from the left aortic wall 7 mm and
19 mm respectively above the sinutubular junction among 510
human hearts they examined. In our case the left coronary artery
coursed high up in the cleft between the ascending aorta and the
pulmonary trunk avoiding possible compression and similarly
to their case the right coronary artery also avoided possible
compression. The cardiac surgeon should be aware that high
cannulation will be required to locate the right coronary artery to
avoid accidentally cross-clamping or transecting the vessel during

surgery where this anomaly may be encountered [32]. Singh [15]
reported a case in which the right coronary artery arose from the
anterior part of the ascending aorta 3 mm from its root. Lee et al.,
[33] also reported a case in which the right coronary artery arose
from the ascending aorta above the left sinus of Valsalva and
coursed between the aorta and pulmonary trunk. High take-off
positions are without any haemodynamic significance, but they
may lead to unexpected angiographic problems while localizing
and engaging the orifices [34]. Knowledge of location of coronary
ostium in aortic sinus is essential while manipulating a catheter in
procedure of angiography, angioplasty and transcatheter aortic
valve replacement procedures [17].

Conclusion
The incidence of coronary artery variations in origin and
further proximal course was found to be 4.72%. Most variations
seen were of origin though despite having anomalous origin,
the coronary artery would still assume its normal course.
Knowledge of the origin (location of coronary ostia), course and
variations of the coronary arteries is important for radiologists
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performing angiographies for diagnostic purposes and also for
cardiac surgeons implementing interventional and therapeutic
measureswhen managing cardiovascular diseases. Attention to
variations in the origin and course of the coronary arteries can
greatly enhance clinical outcomes. This information may also be
helpful when diagnosing and treating of cardiovascular diseases
with the installation of computed tomography angiography
equipment at the University Teaching Hospital, Lusaka, Zambia.
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