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Abstract

Introduction: Coronary anomalies, whose incidence is 0.17% to 1.5%, are relevant
since they can debut as sudden cardiac death and can determine technical difficulties in
interventional procedures such as coronary angiography. This prompted the following
study, whose objective is to determine the incidence of anomalies and anatomical
variants in the origin and proximal course of the coronary arteries, in a cadaveric

population.

Materials and methods: 81 hearts were dissected from adult cadavers, of both sexes,
previously fixed and preserved in a 10% formaldehyde-based solution. Once the heart
was released, the identification and subsequent dissection of the coronary arteries and
coronary ostia were carried out. The following data were recorded: Number of ostiums,
aortic sinus where said ostiums are located, artery that gives origin, route and direction

of the same. The data were recorded in tables for later analysis.

Results: Of the total of 81 dissected hearts, 45 (55.6%) presented “classic” coronary
arteries in origin and proximal path and 36 (44.4%) presented normal anatomical

variants and coronary anomalies.

Conclusion: Knowledge of coronary anomalies is of the utmost importance, given that
between 20% to 90% present with sudden cardiac death, given that when it comes
to performing interventional procedures, their ignorance may determine an increase
in the duration of the procedures with greater contrast input and radiation exposure
for the patient, and in cardiac surgery during de infusion of cardioplegia directly by

coronary ostiums.
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Introduction

Coronary anomalies are defined as variations in their origin, trajectory, intrinsic
anatomy, anastomosis and/or termination of the coronary arteries [1]. Initially, they
were considered a benign finding of Coronary Angiography (CACG) [2-5] or were
diagnosed incidentally during autopsy [6]. Their incidence according to the literature is
0.17 to 1.5% [1-4,6-8], its importance is that they can present as sudden cardiac death
[1,3] and they can determine technical difficulties in interventional procedures such
as CACG, exposing the patient to higher doses of intracoronary contrast and longer
exposure time to radiation [1,8,9], and in cardiac surgery difficulties in myocardium
protection with the infusion of cardioplegia, in surgery of aorta, aortic valve and
Coronary Artery Bypass Graft (CABG).

The increased number of diagnoses in recent years were mainly due to greater medical
knowledge, the continuous development of imaging techniques and their greater

availability [6,10]
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The objective of this study is to determine the incidence of
anomalies and anatomical variants in their origin and proximal
trajectory of the coronary arteries in the cadaveric population of the
Departamento de Anatomia, Facultad de Medicina, Universidad

de la Republica, Montevideo, Uruguay.
Materials and Methods

The present work is a descriptive anatomical study, of a cross-
sectional observational type, for which 81 hearts from adult
cadavers of both sexes were dissected, previously fixed and
preserved in 10% formaldehyde-based solution, belonging to the
Departamento de Anatomfa, Facultad de Medicina, Universidad

de la Republica. The average age of the donors was 55 to 65 years.

The dissection started with a bilateral thoracotomy following the
anterior axillary line and later, sectioning the superior and inferior
vena cava and the supracardiac vessels, the cardiopulmonary block
was excised. Both pulmonary hilum and the rest of the large
supracardiac vessels were dissected. Concomitantly, an inverted
“T” pericardiotomy was performed and the intrapericardial

pulmonary veins were sectioned, thus freeing the heart.

Once the heart was released, the coronary arteries and coronary

ostia were identified and later dissected.

The following data were recorded: Number of ostiums, aortic sinus
where said ostiums are located, artery that gives origin, route and
direction of the same. The data were recorded in tables for later

analysis.

A bibliographic search was carried out in the following electronic
databases: Medline, Portal Timbo, Cochrane and Pubmed; using
as keywords: “coronary arteries”, “anomalous origin”, “congenital
anomaly” in combination with the boolean operators “AND”,
“OR”. The collected articles were used for the discussion and

analysis of our findings and are cited in the corresponding section.
Results

Of the total of 81 dissected hearts, the following results were
obtained: 45 (55.6%) presented “classic” coronary arteries in
origin and proximal course and 36 (44.4%) presented normal

anatomical variants and coronary anomalies.

Regarding the total of normal anatomical variants and coronary
anomalies, the results were as follows: 24 (29.6%) presented
trifurcation of the left coronary artery; 5 (6.2%) had an
independent origin of the artery of the conus arteriosus (conal
artery) in the right aortic sinus; 3 (3.7%) presented trifurcation
of the left coronary artery and an independent origin of the conal
artery in the right aortic sinus; 2 (2.5%) presented quadrifurcation

of the left coronary artery; 1 (1.2%) presented independent origins

of the anterior interventricular and circumflex arteries; 1 (1.2%)
presented origin of the right coronary artery in the non-coronary

aortic sinus (Figure 1).

Figure 1: Representation of the results obtained, where 55.6% correspond
to “classic” coronary arteries in origin and proximal path and the remaining
percentages (whose total sum is 44.4%) correspond to the normal anatomical

variants and coronary anomalies found previously described.

Discussion

Taking into consideration that the coronary arteries are defined by
the cardiac territory of vascularization, the right coronary artery
is the one that irrigates the three right and lower quarters of the
right ventricle, the right half of the inferior face of the left ventricle
and the posterior third of the interventricular septum. The left
coronary is responsible for supplying the left third of the anterior
wall of the right ventricle, the left ventricle (which is not supplied
by the right coronary artery), and the anterior two-thirds of the

interventricular septum [11,12].

We consider the following distribution as classic coronary anatomy;
the right coronary artery originates in the right aortic sinus through
a single ostium. It courses down the right coronary groove, then
it takes the posterior face of the heart to end, in most cases, as
the posterior interventricular artery, which will run through the
homonymous groove. The left coronary artery originates in the
left aortic sinus through a single ostium. It courses to the left,
between the pulmonary trunk and the left atrial appendage, then
to down and forward. After a short journey, this artery bifurcates
into the anterior interventricular artery, which runs through
the homonymous groove, and the circumflex artery, which runs

through the left portion of the coronary groove.

The difference between a coronary anomaly and a normal
anatomical variant depends on its incidence in the general
population, less than 1.5% is considered a coronary anomaly and
greater than 1.5% is a normal anatomical variant. From the results

found, the trifurcation of the left coronary artery, the independent
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origin of the conal artery in the right aortic sinus, the trifurcation
of the left coronary artery together with an independent origin
of the conal artery and the quadrifurcation of the left coronary
artery are normal anatomical variants. Whereas the independent
origin of the anterior interventricular and circumflex arteries and
the origin of the right coronary artery in the non-coronary aortic

sinus correspond to coronary anomalies [1,2,6,10].

Regarding normal anatomical variants, the percentage found
in our study could be elevated due to the low number of hearts
studied, one of the limitations of our work. These variants have no
clinical relevance and can even be considered a protective factor
against coronary events, such as an independent origin of the conal
artery, since it would not be affected by the compromise of the
right coronary artery and therefore, less myocardium would suffer

ischemia.

The conal artery, frequently poorly described, presents five patterns
of origin according to [13], Type A where it originates as a branch
of the right coronary artery, Type B where it originates from a
common coronary ostium with the right coronary artery, Type C,
pattern found on our dissections (Figure 2). Where it originates
independently of the right aortic sinus, Type D where multiple
conal arteries originate as separate branches from the right coronary
artery and Type E where the conal artery originates as a branch
from a right ventricular artery or acute marginal artery. This artery
can vascularize a large myocardial territory through anastomotic

circuits such as the Vieussens arterial ring.

Figure 2: Superior view of the heart. The Aorta (AA) and Pulmonary (PA) arteries
were sectioned, and the latter is being grasped, so its interior cannot be seen. The
independent origin of the Conal Artery (CA) is visualized from the right aortic
sinus. Abbreviations: RCA: Right Coronary Artery. LCA: Left Coronary Artery.

Regarding coronary anomalies, these were found in two of
the total of hearts studied, so their incidence was 2.4%, where

1.2% corresponds to the independent origin of the anterior

interventricular and circumflex arteries (Figures 3A and 3B) and
1.2% corresponds to the origin of the right coronary artery in
the non-coronary aortic sinus (Figure 4). These percentages are
higher than those found in the literature, where according to [2]
the incidence, by imaging methods, of the independent origin of
the anterior interventricular and circumflex arteries is 0.02% and
according to [6] the incidence, by imaging methods, of the origin
of a coronary artery in the non-coronary aortic sinus is 0.35%.
This last percentage is for both coronary arteries (right and left),
but it’s an understanding that the origin of the left coronary artery
in the non-coronary aortic sinus is extremely rare. The independent
origin of the anterior interventricular and circumflex arteries can
be considered as a protective factor, since left coronary artery
disease is prevented [1]. On the other wise this type of anomalies
can produce problems with myocardium protection when the
infusion of cardioplegia during cardiac surgery is infused directly

by coronary ostiums.

Figure 3A: Left side of the heart. The Pulmonary Artery (PA) and the left atrial
appendage (LAA) are retracted to visualize the Anterior Interventricular Artery

(AIA) and the Circumflex Artery (CA). Abbreviation: AA: Aortic Artery.

Figure 3B: Same heart. Left Aortic Sinus (LAS). The presence of two ostiums
is visualized, one for the anterior interventricular artery and the other for the

circumflex artery, “shotgun spout”.
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Figure 4: Superior view of the heart. The Aorta (AA) and Pulmonary (PA) Arteries
were sectioned. The origin of the Right Coronary Artery (RCA) from the Non-
Coronary Aortic Sinus (NCAS) is visualized. Abbreviation: LCA: Left Coronary
Artery.

The clinical presentation of coronary anomalies is variable, from
sudden death, acute myocardial infarction, arrhythmias, heart
failure, syncope, palpitations, or asymptomatic patients [2-
6,10,14-18,19].

An anomaly to be highlighted due to its clinical importance is the
anomalous origin of the left coronary artery from the pulmonary
artery or from the right or left pulmonary artery, known as Bland-
White-Gerland syndrome, a very common coronary anomaly in
children, whose approximate global incidence is 1 in 300,000
children [3,7].

Another anomaly of great clinical relevance is the interarterial
course of the coronary arteries, since there is a great risk of
compression between the aorta and the pulmonary artery; this
path is frequently seen when the coronary artery originates from

the opposite aortic sinus [2, 3,7,10,14].

Finally, certain coronary anomalies are considered benign, such
as the origin of the right coronary artery from the non-coronary

aortic sinus [1].

Diagnostic confirmation of coronary anomalies is carried out
by imaging methods, being the CACG, computed tomography
angiography  (CT-angiography) and magnetic resonance

angiography (MRI-angiography) the methods of choice. The
disadvantage of CACG is that it provides two-dimensional

images and that it is an invasive method, which involves arterial
cannulation, uses ionizing radiation and contrast. In contrast
to this, CT-angiography and MRI-angiography provide three-
dimensional images, are not invasive methods and present fewer

complications [14,17].
Conclusion

Knowledge of coronary anomalies is of the utmost importance,
mainly because they can clinically present as sudden cardiac death,
a presentation that occurs in 20 to 90% of coronary anomalies
and an etiological cause in 11% to 12% of sudden cardiac deaths.
We also emphasize its importance when performing interventional
procedures, since its ignorance may determine an increase in
the duration of the procedures with greater contrast input and
radiation exposure for the patient, and in cardiac surgery during

de infusion of cardioplegia directly by coronary ostiums.
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