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SUMMARY: An understanding of the left coronary artery (LCA) anatomy is important for accurate diagnosis and therapeutic
intervention in the management of coronary arterial diseases. This angiographic study aims to document the parametérshaftthe LC
may be of importance in the diagnosis and treatment of coronary artery diseases. An analysis of 151 coronary angioghfrenobtaine
the cardiac catheterization laboratory in the eThekwini Municipality area of KwaZulu-Natal, South Africa was performed.nThe mea
length and diameter of the LCA were 1441 mm (range 2.8-23.9 mm) and 808 mm (range 2.1-6.5 mm), respectively. The mean
angle of division between the two main branches was88621° (range 27-68.5’). There was a positive correlation between the length
and the angle of division of the LCA, with the longest LCAs having the largest angle of division. The branching pattelt@Poftre
80.8%, 18.5% and 0.7% for bifurcation, trifurcation and quadrifurcation, respectively. Coronary arterial dominance was 2¥5%, 1
and 3.3% for right, left, and co-dominance, respectively. This study corroborated earlier findings that the longer tthelemdgh the
angle of LCA division. A wide angle of LCA division, the shape and disposition of the proximal tract of LCA branches mégwffect
interfere with proper deployment of stents or may predispose to earlier atherosclerotic lesions.
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INTRODUCTION

The length of the left coronary artery (LCA) extend2006). The size of coronary vessels are influenced by factors
from its origin at the aortic sinus to its division into its termisuch as age, sex, body weight, body surface area, weight of
nal branches. The course of the LCA is rarely longer thantRe heart and ethnicity/race (Leuagal, 1991; Dodgest
cm in the adult, after which it divides into the circumflex (Cxpgl., 1992; Lipet al, 1999). The definition of the severity of
and anterior interventricular artery (AlA) branches (Loukasoronary arterial narrowing depends on proper knowledge
et al, 2009). The study of LCA anatomy and its variation hasf the range of the normal size of the coronary arterial tree
been a subject of interest amongst several investigators (Kdfeweget al, 1976).
et al, 1973; Gazetopoulat al, 1976a; Saltisst al, 1979;

Muriagoet al, 1997; Vilallonga, 2003; Reig & Petit, 2004; Prior to the middle of the 20century, there was
Loukaset al; Fazliogullariet al, 2010). The understanding lack of adequate description of the caliber of normal
of the LCA anatomy is an issue of clinical importance due tooronary arteries. Several studies were later conducted
the extensive use of radiographic images for diagnostic andth reports on the size of coronary arteries. In the
interventional purposes. In addition, it is useful in thenanagement of coronary artery disease, the size of the
development of non-invasive treatment and surgicaioronary artery usually determines the treatment options
intervention for coronary arterial diseases (Reig & Petit). and smaller arteries affects outcome in procedures such
as balloon angioplasty and stenting, and may cause

There is great variability in the dimensions of theanastomotic difficulties during bypass grafting (Zindrou

coronary arteries in the normal population (Saikristtrzd, et al, 2006).
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This study aimes to analyze the anatomical properti@ESULTS

of the LCA (parameters such as branching and dominant

patterns; length, diameter and the angle of division between

its terminal branches) that may be of importance in the diagEA Morphology

nosis and management of LCA diseases in a single series.
Brancing Patterns. The branching patterns of the LCAwere
recorded as 122/151 (80.8%), 28/151 (18.5%) and 1/151

MATERIAL AND METHOD (0.7%) for bifurcation (Fig. 1), trifurcation (Fig. 2) and
guadrifurcation patterns (Fig. 3), respectively.

Two hundred and thirty-two consecutive coronar
angiograms obtained from the cardiac catheterization laboratg
in the the eThekwini Municipality area of KwaZulu-Natal,
South Africa were reviewed. In 62 angiograms, there wa
significant atherosclerotic lesions in the LCA, history o
coronary bypass graft surgery and stent insertion. In additig
the LCA was absent in 19 angiograms and the AIA, Cx arte
and a Ramus medianus artery (RM) (when present) original
directly from the left aortic sinus. These angiograms (n=8
were excluded from the series that were analyzed. Therefd
a total of 151 coronaryngiograms which consisted of 107
males and 44 females were analysed. The length, lumi
diameter and angle of division of the LCA were measured. T
dominant and branching patterns of the LCA were also record;

The LCA length was measured in each of th
angiograms from its orifice (visualised by spillback of contras
medium into the aorta during selective injection) to its point g Diaphragm
division into its terminal branches. Measurements were ma#
in a sinale frame proiection that shows the LCA and its poi 1g. 1. Coronary angiogram in the right anterior oblique projection

9 Proj P r%owmg bifurcation of the into anterior interventricular artery
of branching clearly, in all patients. Correction for(AlA) and C|rcumflex (Cx) artery.
magpnification was done by calibrating the projected size ©* = T
the Judkins® catheter to its actual size. This was achieved &
auto-calibrating the catheter on the software used for analyzi -
the angiographic images. This calibration ensured that t{*%
values recorded are the actual and not the magnified sizes ¢
the coronary vessels seen on the screen. The projec
radiological angle between the origins of the AlAand Cx arter +
(i.e. bifurcation angle) was measured in a single framy
projection (Left Anterior Obliquesaudal view) that shows the
LCA and its point of branching clearly. All statistical analyse
were performed using the Statistical Package for the Sog
Sciences (SPSS) and a P vale05 was considered significant.

The vessel giving off the posterior descending arte
branch was defined as the dominant coronary artery. T|
branching of the LCA into two terminal branches viz. the AlA
and Cx artery was classified as the bifurcation pattern. Int
presence of an additional terminal branch (a RM), it wa
classified as either a trifurcation (for one RM) o 4‘. >
quadrifurcation pattern (for two RMs). The RM was definegg 5. Coronary angiogram in the right anterior oblique projection
as a vessel that originated from the vertex of the angle betwe@wing trifurcation of the into anterior interventricular artery
the AIA and Cx artery. (AIA), left circumflex (Cx) and a ramus medianus artery (RM).
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were no statistically significant difference in the length of
the LCA among the different branching patterns (p= 0.196)
(Table I).

Dominant Patterns. With regard to the coronary arterial
dominance, the highest mean LCA length of 463 mm
(range 2.8-23.9 mm) was recorded in the right dominant
pattern, while left and co-dominant arterial patterns had mean
lengths of 9.4t 3.3 mm (range 3.4-15.4 mm) and %.8.5

mm (range 3.4-10.1 mm), respectively. There were also no
statistically significant difference in the length of the LCA
among the different dominant patterns (p=0.138) (Table II).

Diameter of the left coronary artery. The mean diameter
of the LCA in the angiograms (n=151) analyzed wast3.8
0.8 mm (range 2.1-6.5 mm).

+0.8 mm (range 2.1 — 6.5 mm) and 3.8.7 mm (range 2.6

@ Sex Males and females had an equal mean diameter of 3.8
% 7
&y 5.6 mm), respectively

Fig. 3. Coronary angiogram in the left anterior oblique projection . . .
(caudal view) showing the quadrifurcation of the left coronary arte§’@ncing Patterns. Thg mean diameter of LCA in the
into anterior interventricular (AIA), circumflex (Cx) artery and twobifurcation and trifurcation were 3180.8 mm (range 2.1 —
ramus medianus arteries (RMs). 6.5 mm) and 3.6 0.5 mm (range 2.7 — 4.6 mm), respectively.
The single specimen with a quadrifurcation pattern had a
Dominant Patterns The dominant patterns of the LCA werediameter of 5 mm. There were no statistically significant
81.5%, 15.2% and 3.3% for right, left and co-dominandifference in the diameter of the LCA among the different
coronary arterial dominant patterns, respectively. branching patterns (p= 0.09) (Table I).

LCA Mophometry Dominant Patterns. In the coronary arterial dominant
patterns, the mean diameters weret3088 mm (range 2.1-
Length of the left coronary artery. The mean length of the 6.5 mm), 3.8+ 0.8 mm (range 2.3-4.7 mm) and 4D.6
LCA in the coronary angiograms (n=151) analyzed was 10mm (range 3.4-4.8 mm) for the right, left and co-dominant
+ 4.1 mm (range 2.8-23.9 mm). patterns, respectively. There were no statistically significant

difference in the diameter of the LCA among the different
Sex The mean lengths of the LCA were 1&3l.1 mm dominant patterns (p= 0.569) (Table II).

(range 2.8 —22.4 mm) and 1&.@.4 mm (range 3.4 — 23.9

mm) for males and females, respectively. There were Pmgle of division of the left coronary artery. The mean

statistically significant difference between sexes (p= 0.69@ngle of division between the two main branches (AIA and
Cx artery) of the LCA for the angiograms was 86.26.1°

Branching Patterns. The mean lengths of the LCA were(range 27° -168.5°). A Pearson’s analysis of non parametric

10.1+ 3.9 mm (range 2.8 — 23.9 mm) and 13.% mm correlation showed a positive correlation (r = 0.257; P =

(range 3.4 —22.4 mm) for bifurcation and trifurcation pattern$.001) between the length of the LCA and the angle of

of the LCA, respectively. The single specimen that presentgfision of its terminal branches, with the longest LCAs
with a quadrifurcation pattern had a length of 14.8 mm. Theraving the largest angle of division.

Table I. Mean length, diameter and angle of division of the LCA in the branching patterns.

. Bifurcation (n=122) Trifurcation (n=28) Quadrifurcati Total (n=151)
Branching pattern X - _ pvaue —————
Mean (SD) Min-Max Mean (SD) Min-Max on (n=1) M ean (SD)
L ength (mm) 10.1 3.9) 2.8-239 11.4(5) 34-24 14.8 0.196 104 (4.1)
Diameter (mm) 3.8(0.8) 21-65 3.6 (0.5 27-46 5 0.09 3.8(0.8)
Angleof division (°) 81.3(23.2) 27-148.6 105.1(26.7) 51.3-1685 153.8 0.0001 86.2(26.1)
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Table II. Mean length, diameter and angle of division of the LCA in the dominant patterns.

. Right dominance (n=123) L eft dominance (n=23) Co-dominance (n=5)
Dominant pattern ) ) ) p value
Mean (SD) Min-Max M ean (SD) Min-Max Mean (SD) Min-Max
L ength (mm) 10.6 (4.3) 28-239 9.4 (3.3 34-154 7.6 (2.5) 34-10.1 0.138
Diameter (mm) 3.8(0.8) 21-65 3.8(0.8) 23-47 4.1 (0.6) 34-48 0.569
Angleof division (°) 86.4 (26) 27-1685 85.4(23.2) 434-1343 85.6 (44) 35-1486 0.985

Sex In males, the mean angle of division was recorded &s5 mm in eight (5.3%) and > 15 mm in 16 (10.6%) of the
88at 27.20 (range 270 -168.50) and females had a lower valaggiograms. Foxt al noted that the early bifurcation of the
of 81.7a 22.980 (range 46.50 — 136.30). There were nbCA may cause peri-operative occlusion of its main branch
statistically significant difference between sexes (p= 0.153hy a balloon-tipped perfusion cannula with resultant myocardial
infarction, and in such cases, separate cannulation of the AIA
Branching Pattern. The mean angle of division of the LCA and Cx artery is recommended. Therefore, 5.3% of the sample
for the bifurcation and trifurcation patterns were 8180 population in the present study could be at risk of iatrogenic
23.20 (range 270 —148.60) and 10526.70 (range 51.340 myocardial ischemia. The mean length of LCA was recorded
—168.50), respectively. The single specimen that presentexl10.44.1 mm in the present study, which is within the values
with a quadrifurcation pattern had an angle of division a¥f 9.5 mm and 12.8 mm in similar angiographic studies from
153.80. There was a statistically significant difference ithe literature reviewed.
the angle of division of the LCA among the different
branching patterns (p = 0.0001) (Table 1). From the literature reviewed, there are no reports
comparing the mean length of the LCA between males and
Dominant Pattern. The mean angle of division of the LCAfemales in adults. There was no statistically significant
in the right, left and co-dominant patterns were 8&.260 difference in the mean length of the LCA recorded for males
(range 270 — 168.50), 85.4023.20 (range43.40 — 134.30) (10.3t4.1 mm) and females (1@&:4.4 mm) in the present study.
and 85.6at 440 (range 350 — 148.60), respectively. Therkn the different branching patterns, the mean length of the LCA
was no significant difference in the length of the LCA amoni the bifurcation and trifurcation patterns were 10.1 mm and
the different dominant patterns (p= 0.985) (Table II). 11.4 mm for the bifurcation and trifurcation of the LCA,
respectively. The single specimen that presented with a
quadrifurcation pattern had a length of 14.8 mm. The findings
DISCUSSION of this study showed that in the trifurcation pattern, the LCA
has a longer mean length than the bifurcation pattern. The
present study confirms the findings of Niko#t al (2011)

In the last few decades, several studies evaluated thiko stated that the mean length of LCA is longer in trifurcation
morphology and morphometry of the coronary arteriethan in bifurcation pattern. However, it could not validate the
(Vieweg et al; Dodgeet al; Cavalcantiet al, 2003; association between the lengths of the LCA and its branching
Kaimkhaniet al, 2004; Reig & Petit; Zeinat al, 2007; pattern due to the small sample size of the quadrifurcation
Christenseet al, 2010). The length of the LCA is commonlypattern in this study. Furthermore, this finding may therefore
considered to be between 5-15 mm long (Reig and Pesitiggest that a higher number of LCA branches is associated
2004) and rarely longer than 20 mm in adults (Loudas with longer LCA length.
al.). The mean length of LCA has been estimated in several
studies both radiologically and at autopsy. In angiography, The present investigation recorded the highest mean
it ranges between 9.5 mm (Fekal) and 12.8 mm (Lewis length of 10.%4.3 mm in the right dominant pattern, while left
et al, 1970) and at autopsy, it is between 5.5 mm (@ox and co-dominant arterial patterns had mean lengths 883 34
al.) and 11 mm (Gazetopoulag al, 1976b), while in mm and 7.62.5 mm, respectively. The results of this study,
computer tomographic studies, it is between 9.9 miherefore confirmed the association of shorter LCA with the
(Christenseret al) and 10.5 mm (Zeinat al). The lower left coronary arterial dominance as reported by Kroretai
value reported at autopsy may be as a result of post-mortéifi74), Saltisset al and Kurjiaet al (1986). However, it was
changes as compared to investigation done in living subjeatentrary to the observation of Abedin & Goldberg (1978) who

reported no difference in the mean length of the LCA between

Using the criteria of extreme values, Reig & Petitight and left coronary arterial dominant patterns. Left coronary
classified the LCA as ‘short’ if it is 5mm and ‘long’ ifitis  arterial dominance associated with short LCA was reported to
> 15 mm. In the present study, the LCA length was recordéd associated with coronary artery disease (Katjel).
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The mean internal diameter of the LCA was found tdivision. The positive correlation (r= 0.257; p= 0.001)
be 3.8 mm, which falls within the values of 3.6 mm and 4.8etween length (10.4 mm) and angle of division (86.2°
mm reported in previous studies. In this study, males a26.1°) indicated that the longer the LCA, the greater the angle
females had the same mean diameter ofB&8mm and of division. The result of this study corroborated the findings
3.8:0.7 mm, respectively, which was contrary to the findingf Reig & Petit and Christensest al, who also reported
of Dodgeet al, who reported that males have largethat the longer the length of the LCA, the wider the angle of
diameters than females. It has been reported that patieitédivision. However, there was no correlation between the
with small vessels are at a higher risk of having an adverdesgth of the LCA and its diameter; it also showed no
outcome following coronary stent placement due to a higheorrelation between the diameter of the LCA and its angle
incidence of re-stenosis (Elegial, 1998). In coronary artery of division. According to Saltisgt al, the proximal location
bypass surgery, the most important factor in predicting tloé atherosclerotic lesions in the branches of the LCA is
success of the operation is the size of the vessel to which #esociated with wider angle of division of the
bypass is anastomosed (Abrams, 1982). LCA.Therefore, the wider the angle of division, the greater

the possibility of atherosclerotic lesions distribution in the

The mean angle of division between the two maiproximal segment of LCA branches, which may result in
branches (AIA and Cx artery) of the LCA was 8&26.10. myocardial ischemia and infarction.

This is similar to the value (86.7°) reported by Reig & Petit

but differs from a computer tomographic study by

Christensert al, who reported a mean angle of 69.30. ThEONCLUSION

mean angle of division in the trifurcation pattern of 105.10

(range 51.3° — 168.5°) was significantly larger than the mean  The understanding of the LCA anatomy is an issue

angle of 81.3° (range 27° — 148.6°) recorded for th clinical importance due to the extensive use of

bifurcation of the LCA (p= 0.0001). Therefore, the result ofadiographic images for diagnostic and interventional

this study reports a significant increase in the angle pturposes. The present study found a significant correlation

division of the LCA in the presence of RM artery. between the length of the LCA and its angle of division. A
detailed knowledge of the LCA anatomy and its variations

The result of this investigation revealed a significans of clinical importance in the management of patients with
correlation between the length of the LCA and its angle abronary arterial diseases.

AJAYI, N. O.; LAZARUS, L.; VANKER, E. A. & SATYAPAL, K. S. Parametros anatdmicos de la arteria coronaria izquierda: estudio
angiografico en una poblacion sudafrican&.J. Morphol., 31(4)1393-1398, 2013.

RESUMEN: La comprensién anatémica de la arteria coronaria izquierda (ACI) es importante para el diagndstico e intervencion
terapéutica en el tratamiento de enfermedades arteriales coronarias. Este estudio angiografico tuvo como objetivo depandemédrde
de la ACI que pueden ser de importancia en el diagnéstico y tratamiento de enfermedades de las arterias coronarias aBélisializo
de 151 angiografias coronarias obtenidas del laboratorio de cateterizacion cardiaca en el area del Municipio eThekwinude KwaZu
Natal, Sudafrica. La longitud y diametro promedio de la ACI fueront2igldmm (rango 2,8 a 23,9 mm) y (B8 mm (rango de 2,1
hasta 6,5 mm), respectivamente. El angulo medio de la division entre las dos ramas principalest2s Bgrango 27-168,5).
Hubo una correlacién positiva entre la longitud y el angulo de divisiéon de la ACI, donde las ACI mas largas tuvieron we angulo
divisiébn mas grande. Los patrones de ramificacion de la ACI fueron porcentualmente 80,8%, 18,5% y 0,7% para bifurcaa@antrifur
y quadrifurcacion, respectivamente. La dominancia arterial coronaria fue del 81,5%, 15,2% y 3,3% para la derecha, izgogerda y e
dominio, respectivamente. Este estudio corrobora hallazgos anteriores en que cuanto mayor sea la longitud, mayor sei&lal angulo
divisién de ACI. Un amplio angulo de la divisién de la ACI, la forma y la disposicién del tracto proximal de las ramad gei¢alac
afectar el flujo, interferir con el despliegue apropiado de los stents o predisponer a las lesiones ateroscleréticas tempranas.

PALABRAS CLAVE: Arterias coronarias; Arteria coronaria izquierda; Morfologia; Morfometria; Dominancia coronaria.
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