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SUMMARY

The present study was designed to assess the
incidence of different anatomical variations of
the left coronary artery (LCA) and their branches.
Also, it was designed to study the dominance
pattern of coronary arteries. It was carried out
on 30 human adult cadaveric hearts, 200 three-
dimensional coronary computed tomographic
angiography (3D-CCTA) scans, and 200 coronary
catheterization angiography obtained from the
Anatomy, Radiology, and Cardiology Department,
Beni-Suef, Cairo as well as El Minia University.
The current work revealed that there was not any
case of higher take-off origin of the left coronary
artery. The incidence of the LCA branching mode
was 74.1%, 24.18%, and 0.46% for the bifurcation,
trifurcation, and tetrafurcation, respectively. A
statistically significant correlation between the
diagonal branches of the left anterior descending
artery and the mode of branching of the LCA had
been demonstrated. The incidence of coronary
artery dominance was 77%, 14%, and 9% for right,
left, and co-dominant pattern. It can be concluded
that perfect knowledge of the anatomical
variations of the mode of branching of the LCA is
essential for cardiologists and radiologists, during
diagnostic and therapeutic cardiac procedures.
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LIST OF ABBREVIATIONS
CCTA: Coronary computed tomography
angiography.

CT: Computed tomography.

CX: Circumflex artery.

D: Diagonal branch.

LAD: Left anterior descending artery.
LCA: Left coronary artery.

MB: Myocardial bridge.

OM: Obtuse marginal artery.

PDA: Posterior descending artery.
RCA: Right coronary artery.

RI: Ramus intermedius artery.

INTRODUCTION

Ischemic heart disease caused 7 million deaths
all over the world in 2010, an increase of 35%
since 1990 (Lozano, 2012). Whatever the etiology
and pathophysiology of coronary artery disease
are, the coronary artery remains the seat of the
disease process. The increasing use of diagnostic
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and therapeutic interventional procedures
necessitates that a sound basic knowledge of
coronary artery pattern with dominance is
essential (Das et al., 2010).

The anatomy of the coronary arteries has been
described for at least three centuries. However,
most of the reports are based on views and
perspectives obtained from gross specimens
(Fiss, 2007; Young et al., 2011).

The arterial supply of the heart is provided
by the right and left coronary arteries. They
are located between the epicardium and
myocardium; these vessels arise from the
bulbous aorta as two branches of the ascending
aorta (Snell, 2011). The left main coronary artery
originates from the left coronary sinus of Valsalva
(Moore and Dalley, 2006). The morphology of
the left coronary artery has been reported to
present wide variability regarding its length,
caliber, and mode of branching. Its trunk divides
into several ways: bifurcation into left anterior
descending (LAD) and circumflex (CX) branches,
or trifurcation into LAD, CX, and median or ramus
intermedius (RI) arteries (Beg et al., 2015). Tetra-
and pentafurcation patterns of branching have
been also mentioned (Reig and Petit, 2004; Roy
et al.,, 2014). The bifurcation pattern has been
described as the most frequent one (Chougule et
al,, 2014).

Recently, technical advances in computed
tomography (CT) have improved image quality,
diagnostic performance, and accuracy of coronary
CT angiography (CCTA) (Graidis et al., 2015). Dose-
reduction strategies have reduced radiation dose
to an acceptable level, even lower than that from
conventional coronary angiography (Altin et al.,
2015). Three- dimensional CCTA is a noninvasive
imaging modality, which can effectively show
complex anatomy and variations of the coronary
arteries (Erol et al., 2013).

Cardiac catheterization remains the gold
standard in the diagnosis of coronary artery
anomalies. The objective of angiocardiography
is to establish the integrity and source of the

coronary arteries (Takeuchi et al., 1979).

MATERIAL AND METHODS

Cadaveric Study

This descriptive study was done in 30 adult
cadaveric hearts in the Department of Anatomy
at Beni-Seuf, Cairo, and El Minia Universities
of Medicine. The adult cadaveric hearts of
both genders (aged 24-68 years) without any
obvious pathology were included. The hearts
with any gross pathology, traumatic damage, or
congenital anomalies were excluded from the
study. The heart was taken out by incising the
fibrous pericardium and great vessels like aorta,
pulmonary trunk, superior vena cava, inferior
vena cava, and pulmonary veins. The specimens
were collected, numbered, and preserved in a
10% formalin solution. The visceral pericardium
and subepicardial fat were removed. The LCA
and its branches were carefully dissected out
and followed till their termination. The origin,
course and termination of variations in varous
branches, if any, were noted. To determine the
dominant circulation, the origin of PIVA was
noted in each specimen. Photographs of each
specimen were taken using a digital camera,
numbered, and labeled. The events followed
were well-matched with the ethical standards for
human experimentation. The ethical committee
approved the study.

Radiological study

Coronary CT Angiography (CCTA):

Two hundred adult individuals of both genders
(aged 24-68 years, free from major cardiac
complaints and previous bypass surgery) were
subjected to 3D-CCTA in certified radiology
centers. Imaging was performed on 320-row
CT scanners (Aquilion ONE, Toshiba Medical
Systems, Tochigi-ken, Japan).

The main trunk of LCA was followed from its
orifice until its division into the left anterior
descending (LAD) and circumflex (CX) arteries.
Its mode of branches was observed and recorded
(Kini et al., 2007).



Coronary catheterization
(coronary angiogram):

Twohundred adultindividuals ofboth sexes, free
from major cardiac complaints, atherosclerotic
lesions in coronary arteries, history of coronary
stent insertion, and previous bypass surgery
were subjected to coronary angiogram in the
Cardiology Department at Beni-Suef University.

Statistical analysis

After compilation of collected data, an analysis
was done using Statistical Package for Social
Sciences (SPSS), version 20 (IBM, Chicago, USA).

Qualitative data were expressed as frequency and
percentage. Chi-square test or Fisher’s exact test was
used to examine the relation between qualitative
variables. The differences considered
statistically significant when the p-value was <0.05.

were

RESULTS

Out of 430 hearts (30 cadavers, 200 3D CT
angiography, and 200 coronary catheterizations),
the overall incidence of the different patterns of LCA
branching mode was 0.23% in which L.CA continues
as LAD (one branch), 74.1% in bifurcation, 24.18%
in trifurcation, and 0.46% in tetrafurcation patterns.
And the incidence of absent LCA was 0.93% as LAD
and LCX (Table 1) (Figs. 1,2,3).

The diagonal (D) branches of the LAD artery
were found in 319 hearts out of 319 with the
bifurcation pattern (100%), 101 out of 104 hearts
with the trifurcation pattern (97%), and 0 out of
2 hearts with the tetrafurcation pattern (0.0%). A
significant relationship was detected between the
incidence of the diagonal branches and the mode
of branching of the LCA (Table 2) (Figs. 1,2,3).

Table 1. Incidence of branching patterns of the left coronary artery.

Absent LCA (Separate ostium from aorta)
Left Coronary has one branch (LAD)
Bifurcation

Trifurcation

Tetra furcation

Total

The myocardial bridge was identified to obscure
parts of the course of some branches of the LCA.
Myocardial bridges were identified to obscure
parts of the course of some branches of the LCA
in 3 of 30 dissected cadaveric hearts. They were
noticed to cross parts of the LAD and RI arteries.
In CCTA, the myocardial bridges were observed in
27 of 200 scans (13.5%).

The myocardial bridges were observed in 30
out of 230 studied hearts (cadaver and CCTA
only) (13.01%): 21 out of 168 hearts (12.5%) in
the bifurcation pattern and 9 out of 59 hearts
(15.2%) in the trifurcation pattern and O out of
2 hearts (0.0%) in the tetrafurcation pattern.
The myocardial bridge could not be seen in
the coronary catheterization. A significant
relationship was detected between the incidence
of these bridges and the mode of branching of the
LCA (Table 3) (Figs. 1, 2).

In the present study, the right coronary artery
(RCA) showed abnormal origin from LCA and its
branches as fellow: from LCA in 0.23% (1 case),
from LCX in 0.23% (1 case), and from LAD in
0.93% (4 cases) (Table 4) (Fig. 3).

According to coronary circulation, the posterior
descending (PD) artery arose from RCA in 77%.
These were called ‘right dominant’. And PDA
arose from LCX in 14% of studied hearts called
‘left dominant’ and in 9% both arteries gave origin
to PDA. These were called ‘balanced type’ or ‘co-
dominant’ (Figs. 4, 5).

DISCUSSION

Cardiovascular diseases are the leading cause of
mortality worldwide, being responsible for about
one-third of all deaths. With the increasing load
of coronary heart diseases, the detailed anatomy

Frequency Percent
4 0.93%
1 0.23%
319 74.1%
104 24.18%
2 0.46%
430 100%
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Fig. 1.- A dissected human heart. A: bifurcation pattern of the left coronary artery (LCA) into the left anterior descending (LAD) and circumflex (CX)
arteries. The LAD artery gives a diagonal (D) branch and the CX gives an obtuse marginal (OM) branch. Note: AO is referred to as ascending aorta and
NA is referred to as a sinoatrial nodal branch of the left coronary artery. B: trifurcation pattern of the left coronary artery (LCA) into the left anterior
descending artery (LAD), one ramus intermedius (RI), and circumflex artery (CX) branches. The RI artery appears equal in size to the LAD and gives
muscular branches (M) to the left ventricle. C: left coronary artery (LCA) dividing into four branches (tetrafurcation): left anterior descending (LAD),
circumflex (CX) and two ramus intermedius (RI) arteries. D: left coronary artery (LCA) dividing into two branches: left anterior descending (LAD) and
circumflex (CX). Myocardial bridge (M.B.) interrupting the course of LAD is also observed.

Fig. 2.- 3D CT coronary angiography. A: The left coronary artery (LCA) dividing into left anterior descending (LAD) and circumflex (CX) arteries.
Two obtuse marginal (OM) arteries are branches of CX. B: The left coronary artery (LCA) dividing into left anterior descending (LAD) and circumflex
(CX) arteries. A diagonal branch (D) is seen arisen from LAD and obtuse marginal (OM) is seen arise from CX. C: The left anterior descending (LAD)
and circumflex (CX) arteries are arising directly from the ascending aorta (AO) by a separate ostium and the left coronary artery (LCA) is absent. A
diagonal branch (D) is seen arisen from LAD and obtuse marginal (OM) is seen arise from CX. D: The left coronary artery (LCA) dividing into left
anterior descending (LAD) and circumflex (CX) arteries. A diagonal branch (D) is seen arisen from LAD and obtuse marginal (OM) is seen arise from
CX. Myocardial bridge (M.B.) interrupting the course of LAD is also observed.
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of coronary arteries has been investigated by coronary artery. The current work has revealed
medical professionals (Tomar et al., 2013). that, in most of the specimens (99.07%), the LCA
has arisen from the left posterior aortic sinus of
the ascending aorta. This finding runs with what
is reported by most authors (Kulkarnil and Metha,
2012; Dombe et al., 2012; Erol et al., 2013). The

30 postmortem hearts, 200 3D CCTA scans, and
200 catheterization angiographies were enrolled
in the present study to investigate the different
patterns of the mode of branching of the left

Table 2. Relation between the diagonal (D) branches of the LAD artery and the branching patterns of the LCA.

Bifireation LAD Diagonal No.
Pattern (i} 1 2 3 4 Total
Count 0 60 202 55 2 319
Bifurcation
% within LCA branch 0.0% 18.8% 63.3% 17.2% 0.6% 100%
Count 3 72 22 6 1 104
Trifurcation
% within LCA branch 2.88% 69.2% 21.2% 5.8% 1% 100%
Count 2 0 0 0 0 2
Tetrafurcation
% within LCA branch 100 % 0.0% 0.0% 0.0% 0.0% 100%
Count 5 132 224 61 3 425
Total
% of Total 1.2% 31.1% 52.7% 14.4% 0.7% 100%

Chi- Square Tests

Pearson Chi-Square P-value: 0.001

Significant: p < 0.05.

Fig. 3.- Coronary catheterization angiography study showing: A: The left coronary artery (LCA) dividing into left anterior descending (LAD) and
circumflex (LCX) arteries (bifurcation). One diagonal (D) is seen as a branch of LAD. B: The left coronary artery (LCA) dividing into 3 branches: left
anterior descending (LAD), circumflex (LCX), and ramus intermedius (RI) arteries (Trifurcation). C: Absent left coronary artery (LCA). As left anterior
descending (LAD) and left circumflex (LCX) arteries arise from separate ostium from the aorta. D: The left coronary artery (LCA) is dividing into left
anterior descending (LAD) and left circumflex (LCX) arteries and also gives rise to the right coronary artery (RCA) from its beginning. E: The left
coronary artery (LCA) is dividing into left anterior descending (LAD) and left circumflex (LCX) arteries. The right coronary artery (RCA) is raised from
LAD. F: The left coronary artery (LCA) is dividing into left anterior descending (LAD), left circumflex (LCX), and ramus intermedius (RI) arteries. RCA
is raised from LCX. RCA is terminated into two terminal branches (PL and PD).
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locationandlevel of the coronaryostiaareessential
for the successful performance of a coronary
angiogram (Taylor et al.,, 2000). In the present
study, the LCA has been observed to run between
the pulmonary trunk and left atrial appendage
in all cases. This is coincident with most of the
studies met within the literature (Cademartiri
et al., 2008; Jacobs, 2010). The left coronary
artery has been frequently mentioned to exhibit
variations regarding the mode of its branching;
it might be bifurcated, trifurcated, tetrafurcated
or even pentafurcated (Ajayi et al., 2013). In the
current investigation, the incidence of patterns
of branching mode of the left coronary artery
in all studied hearts (dissected and scanned),
was 74.1% (bifurcated), 24.18% (trifurcated),
and 0.46% (tetrafurcated). The incidences of the
branching pattern of LCA reported in several
large-scale studies are summarized in Table 5.

In the present work, the frequency of the
bifurcation pattern of the LCA is more than
threefold that of the trifurcation pattern (74.1% vs

24.18%). This is in agreement with Tomar et al.
(2013), who mentioned that the incidence of the
trifurcation pattern was about one-third that of
the bifurcation pattern (24% vs 76%). Fazliogullari
et al. (2010) reported a nearly equal incidence of
both bifurcation and trifurcation patterns. The
contradiction between these reported results
and ours could be explained on grounds of the
different approaches used for defining the ramus
intermedius (RI) artery of the LCA.

Some authors consider the RI as an artery
located in the angle between the LAD and CX
arteries (Reig and Petit, 2004). Other authors
considered that the RI artery as that originated
from the vertex of the angle between LAD and
CX arteries or from the initial millimeters of the
LAD or CX artery themselves (Angelini et al.,
1999). The present study has followed the way of
identification of the RI artery that was mentioned
by Reig and Petit. (2004).

The ramus intermedius (RI) artery represents
an essential source of collateral blood flow in

Table 3. Relation between the incidence of the myocardial bridges and the branching patterns of the LCA.

ERCation Myocardial bridge
Pattern Absent Present Total
Count 147 21 168
Bifurcation
% within LCA_branch 87.5% 12.5% 100.0%
Count 50 9 59
Trifurcation
% within LCA_branch 84.7% 15.2% 100.0%
Count 2 0 2
Tetrafurcation
% within LCA_branch 100.0% 0.0% 100.0%
Count 199 30 229
Total
% within LCA_branch 86.89% 13.1% 100.0%
Chi-Square Tests
Pearson Chi-Square P -value: 0.001
Table 4. Frequency of the origin of the right coronary artery RCA.
Frequency Percent
Normal 423 98.37
Higher origin above sinus 1 0.23
From LCA 1 0.23
From LCX 1 0.23
From LAD 4 0.93
Total 430 100.0
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coronary insufficiency (Surucu et al., 2004;
Shammas et al., 2009). The trifurcation of the
LCA wusually has no adverse hemodynamic
effects and may play a protective role against the
development of myocardial ischemia (Abuchaim
et al., 2009). However, this pattern could cause
technical difficulties in catheterization and might
be a source of complication or misdiagnosis
(Shammas et al., 2007; Kosar et al., 2009).

In the present study, a significant correlation
between the incidence of the diagonal branches of
the LAD artery and the branching patterns of LCA.
Similar findings were reported by Reig and Petit.
(2004)

In all the studies the majority of hearts were
right dominant. Even though right dominance is

predominant, the LCA is almost always considered
moreimportantthanthe RCA, asitis the majorsource
of blood flow to the left ventricle in almost all humans
even in those with anatomical right dominance.

The left dominance has been found to have
significantly higher mortality than the right
dominance and mixed dominance types (Goldberg
et al., 2007). Dominance also plays an important
role in the inferior wall infarcts of the heart.
Inferior wall infarcts, although less extensive
than anterior wall infarcts, are more important as
they can cause various degrees of atrioventricular
blocks in approximately 30% of cases (Agrawal
and Arya, 2016).

In the present study, the incidence of left
coronary dominance was assessed to be

Fig. 4.- Pictures of A: Cadaver dissection and B: 3D CT angiography. Both of them showing the right coronary artery (RCA) termination into a posterior
descending artery (PDA) and posterolateral artery (PL) in the right dominant heart. C: Cadaver dissection and D: 3D CT angiography showing a
left dominance pattern where the posterior descending artery (PD) arose from the circumflex artery (CX), not from the right coronary artery (RCA).
RCA is terminated by giving the posterolateral artery (PL). E: Cadaver dissection and F: 3D CT angiography showing a balanced pattern where the
posterior descending artery (PD) arises from both the right coronary artery (RCA) and circumflex artery (CX), and both PD lying within the posterior

interventricular sulcus.
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13.5% of all hearts studied. Our left-dominant
incidence is nearly similar to that reported by
Fazliogullari et al. (2010) 14%. This incidence,
herein, islower than that reported by Ortale et al.
(2005) who found that left coronary dominance
is 25%.

bridges. These results tally with the studies made
by Loukas et al. (2006) and Beg et al. (2015).

Myocardial bridges may compress the coronary
vessel underneath and compromise myocardial
blood supply. Cases of sudden cardiac death where
myocardial bridging is the only postmortem
In the present study, myocardial bridges are finding have been reported (Saidi et al., 2010).
found across some of the branches of the LCA in 30
outofthe 230 hearts. The current work has revealed
a statistically significant relationship between

the furcation pattern of LCA and the myocardial

The present investigation has demonstrated
variations in the origin and branching pattern
of the LCA. These variations could have

Table 5. A comparison of the frequency of LCA branching pattern among various studies.
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Population / a . q. . - q
Authors / Year of study Type of study Number of cases Bi-furcation Tri-furcation Quadri-furcation
Ballesteros and Ramirez (2008) Cadaver 154 case 52% 42.2% 5.8%
Colombians
. . 50 case o o o
Fazliogullari et al. (2010) Cadaver Turkish 46% 44% 10%
Kulkarnil and Mehta (2012) Coronary cath. 107 case 88.46% 11.54% -
angio. Indians
o Coronary cath. 151 case o o o
Ajayie et al. (2013) angio. South Africans 80.8% 18.5% 0.7%
Tomar et al. (2013) CT angio. 50 case 76% 24% -
Indians
40 case o o o
Beg et al. (2015) Cadaver North Indians 47.5% 42.5% 10%
Nguyen and Talarico (2018) Cadaver 125case 50.4% 44% 5.6%
Vietnamese
Cadaver,
. 230 case
Present study (2020) CT angio & cath. . 74.1% 24.18% 0.46%
angio. Egyptians

CORONARY ARTERY DOMINANCE
PATTERN IN ALL STUDIED HEARTS

Co-dominant ___

9%

_
7 B

14%

——

—

77%

Fig. 5.- A pie chart demonstrating the coronary artery dominance pattern in all studied hearts.



anatomical, pathophysiological, diagnostic,
and therapeutic implications. Moreover, before
coronary revascularization procedures, precise
evaluation and description of the coronary
artery tree is greatly needed, in order to report
possible coronary variations or anomalies which
may cause technical difficulties during coronary
interventional procedures and end in catastrophic
complications for the patient.

CONCLUSIONS

A detailed study of LCA would be of use to
cardiologists and interventional radiologists to
predefine the abnormalities by invasive and non-
invasive studies. Knowledge of individual and
racial variations in coronary arteries is essential
for the diagnosis and treatment of coronary artery
patients. This morphological study may be helpful
forinterventional cardiologists and radiologists in
diagnosis and in avoiding vascular trauma during
diagnostic and therapeutic procedures.
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