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Abstract

Objective: The objective of the present report was to
describe the lateral, diagonal and anterosuperior arterial
branches in the epicardial adipose tissue of the left ventricle
and to analyze their frequency and diameters according to
the type of coronary circulation. The precious knowledge of
these branches has surgical application in their
revascularization or during the injection of the cardioplegic
substances into these branches.

Method: Fifty hearts obtained at autopsy from adult
cadavers were dissected and fixed in formalin and the left
ventricle was divided into three thirds: superior, middle and
inferior. The lateral branch originated from the circumflex
branch, the diagonal branch from the division of the left
coronary artery and the anterosuperior branch from the
anterior interventricular branch in the superior third of the
left ventricle. The length in the epicardium and the diameter
of each branch were measured and the blood flow was related
to the type of coronary circulation.

Results: The diameter of the lateral branch, present in
88% of the cases, ranged from 0.6 to 4.5 mm (mean: 2.1+0.7
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mm). The diameter of the diagonal branch, present in 50% of
cases, ranged from 1.0 to 3.8 mm (mean: 2.2 £ 0.7 mm). The
diameter of the anterosuperior branch, present in 84% of
cases, ranged from 1.0 to 4.1 mm (mean: 2.5 £ 0.8 mm). We
detected 30/50 (60%6) cases of dominance of the right coronary
artery, 14/50 (28%b) cases of the balanced type, and 6/12 (12%o)
cases of dominance of the left coronary artery. Mean blood
flow in the anterosuperior branch presented a decreasing
value in the following types: dominance of the right coronary
artery, balanced and dominance of the left coronary artery.
Conversely, the lateral branch showed respectively increasing
values, while the diagonal branch presented a greater flow in
the balanced type.

Conclusion: The results demonstrated the
complementarity of the lateral, diagonal and anterosuperior
arterial branches, as well as the correlation among these
branches with the following types of coronary circulation:
right dominance, balanced and left dominance.

Descriptors: Heart, anatomy & histology. Coronary
circulation.

Acrticle received in March, 2005
Article accepted in May, 2005

149



ORTALE, JR ET AL - Anatomy of the lateral, diagonal and
anterosuperior arterial branches of the left ventricle of the human
heart

Braz J Cardiovasc Surg 2005; 20(2): 149-158

Resumo

Objetivo: O objetivo deste trabalho é a descri¢ao dos ramos
lateral, diagonal e antero-superior, no tecido adiposo
epicardico do ventriculo esquerdo, e a analise da freqiiéncia
e do didmetro destes, conforme o tipo de circulagéo
coronariana. O conhecimento preciso desses ramos tem
aplicabilidade na abordagem cirdrgica para a sua
revascularizacdo ou durante a injecdo de substancias
cardioplégicas nos mesmos.

Método: Dissecados 50 coragdes obtidos de necropsias de
adultos, fixados em solugéo de formol e o ventriculo esquerdo
dividido em trés tercos: superior, médio e inferior. O ramo
lateral originou-se do ramo circunflexo; o ramo diagonal, do
ponto de divisdo da artéria corondaria esquerda e 0 ramo antero-
superior, do ramo interventricular anterior no tergo superior
do ventriculo esquerdo. Para cada ramo foram medidos o
comprimento no epicardio e o diametro, além disso foi
relacionado o fluxo sangiiineo com o tipo de circulagdo
coronariana.

Resultados: O diametro do ramo lateral, presente em 88%
dos casos, variou de 0,6 a 4,5 mm (média 2,1 £ 0,7mm). O

INTRODUCTION

Initially, let us present the concepts adopted in respect
to the coronary artery branches of the anterior face of the
left ventricle, the focus of the present study.

The lateral branch originates from the circumflex branch of
the left coronary artery, before the root of the left marginal branch.

The diagonal branch is one of the terminal branches of
the left coronary artery, as well as the circumflex and anterior
interventricular branches, when it splits into three or four
branches.

The anterosuperior branch of the left ventricle is the one
that originates from the anterior interventricular branch in
the upper third of the left ventricle

Detailed knowledge about the coronary artery branches
has already been greatly studied, however further study is
necessary due to incessant advances in the diagnosis and
treatment methods of heart diseases [1-3]. This work is
justified as, according to Oliveira et al. [4], the diagonal,
lateral and anterosuperior branches are particularly
important, due to the frequent use of their epicardial sections
in coronary artery bypass surgery, as well as the internal
thoracic artery and the saphenous vein.

Among the authors who have researched the subject of
the diagonal, lateral and anterosuperior branches of the left
ventricle, we must mention: Bianchi [5], Crainicianu [6], Smith
[7], James [8], De Paula [9], Mac Alpin et al. [10], Gensini et
al. [11], Kalbfleisch & Hort [12], Carvalho [13], Leguerrier et
al. [14], Di Dio & Rodrigues [15], Henriquez Pino et al. [16]
and Baptistaetal. [17].

The aim of the present study is to evaluate the frequency
and the absolute and relative lengths, but specifically the
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diametro do ramo diagonal, presente em 50% dos casos, variou
de 1,0 a 3,8 mm (média 2,2 £ 0,7 mm). O diametro do ramo
antero-superior, presente em 84% dos casos, variou de 1,0 a
4,1 mm (média 2,5+ 0,8 mm). Foram encontrados: 30/50 (60%0)
casos de dominancia da artéria coronaria direita, 14/50 (28%0)
casos de tipo balanceado e 6/12 (12%b) casos de dominancia da
artéria coronaria esquerda. A média do fluxo sangtiineo do
ramo antero-superior apresentou valor decrescente nos tipos:
dominancia da artéria corondria direita, balanceado e
dominancia da artéria coronaria esquerda. Inversamente, o
ramo lateral mostrou valor crescente, enquanto o ramo
diagonal apresentou maior fluxo no tipo balanceado.

Conclusdo: Os resultados demonstraram a
complementaridade entre os ramos lateral, diagonal e antero-
superior, bem como a correlagéo entre a distribuicdo dos
mesmos e 0s tipos de circulacdo coronariana.

Descritores: Coragao, anatomia & histologia. Circulagao
coronaria.

diameter of the diagonal, lateral and anterosuperior branches
to determine the co-existence among them. Additionally, the
objective of this article is to investigate the possibility of
correlation among the distribution of the aforementioned
branches in the anterior face of the left ventricle and the
three traditional types of circulation: dominance of the right
coronary artery, balanced circulation and dominance of the
left coronary artery. These three types are based on the
analysis of the ramification of the coronary arteries
exclusively on the posterior face of the heart [18].

METHOD

The coronary arteries and their branches in the
epicardium of 50 adult cadaver hearts were carefully
dissected. They were fixed in 10% formalin solution and
conserved at 5% formalin solution, in the Anatomy
Laboratory of the Life Sciences Center of the Pontifical
Catholic University of Campinas.

For each investigated branch (diagonal, lateral and
anterosuperior) the length on the surface of the heart was
measured, that is, the distance between the root of the
branch and its point of penetration into the myocardium.
According to Baptista et al. [17] the relative length is
calculated as the result of the division between the length
of the branch on the heart surface and the length of the left
ventricle, considered to be the distance between the point
where the left coronary artery splits and the apex of the
heart. This result is multiplied by 100 to form a percentage.
Each branch was classified as short, medium or long,
depending on the relative length being up to 33.3%, from
33.4% to 66.6%; and more than 66.6%, respectively.
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For the schematic representation of the distribution
territory of the studied branches, the heart was viewed from
the left pulmonary face with the coronary groove placed
horizontally and two transversal lines drawn parallel to the
coronary groove to divide the left ventricle into three parts:
the upper, middle and lower parts (Figure 1).

Fig. 1 - Diagram showing the coexistence of the anterosuperior,
diagonal and lateral branches from the left side view of the heart (4
cases; in A, B and D - right coronary artery dominance; in C -
balanced coronary circulation). A. coexistence of the three branches:
long anterosuperior (as); short diagonal (d) and long lateral (l).
B. Coexistence of a long diagonal with a short lateral branch. C. In
this case there are two lateral branches, one short (I11) and one
long (12), by the side of a short anterosuperior. D. The long
anterosuperior branch is by the side of three lateral branches: two
medium (I1 and 12) and one short (I3)

Ao= aorta; TP= pulmonary trunk; VE= left ventricle; ce= left
coronary artery; ia= anterior interventricular branch; c=
circumflex branch; m= left marginal branch; cd= right coronary
artery

The diameters of the diagonal, lateral and anterosuperior
branches of the left ventricle were measured at a point near
the root of each vessel. The measurements were made using
a Mitutoyo digital pachymeter and their sizes were reported
as a minimum, maximum, mean and standard deviation. The
classification of the arterial supply of the heart in respect to
dominance or balance circulation among the coronary
arteries was based on the classification of Ortale et al. [18].
The correlation of the blood flow with the diagonal, lateral and

anterosuperior arterial branches and the type of coronary artery
domination was studied. With the aim of determining the blood
flow through the arterial branches, Poiseuille’s law was utilized,
that is, the blood flow per unit of time is equal to o x diameter 4/
vessel length. When more than one branch was assessed the
sum of the diameters  was considered, for example, two branches
with diameters of 2 and 3 mm would equal 24 + 3%, We did not take
into consideration the length of each branch, as the difference of
length is practically negligible, according to Souza [19].

RESULTS

The left coronary artery branch was present in all cases;
its diameter varied from 3.3 to 7.4 mm (mean 5.0 £ 0.9 mm)
and its length varied from 7.2 to 20.0 mm (mean 13.1 £ 2.8
mm). In 50% of the cases there was bifurcation of the left
coronary artery into anterior and circumflex interventricular
branches. In 46% of the cases there was trifurcation, with
the presence of the anterior, circumflex interventricular and
diagonal branches. In 4% of the cases there were four
divisions of the left coronary artery, with the presence of
the bifurcated branches and of two diagonal branches.

The diagonal branch was present in 25/50 (50%) cases,
with one branch in 23/25 cases and two branches in 2/25
cases. The anterosuperior branch was present in 42/50 (84%)
cases with one branch in 36/42 cases and two branches in 6/
42 cases. The frequency of the lateral branch was 44/50
(88%) cases with one branch in 18/44 cases, two branches
in 12/44 cases, three branches in 10/44 cases and four
branches in 4/44 cases (Figure 1 A-D)

Fig. 2 - Left lateral view of the heart in two cases of right coronary
artery dominance. The auricula was removed using a pin A.
Anterosuperior branch (as) is short, the diagonal branch (d) is
medium and the two lateral branches are short (11 and 12). B. Two
anterosuperior branches, one medium (as1) and one long (as2),
are by the side of one lateral branch (I)

Ao= aorta; TP= pulmonary trunk; VE= left ventricle; ce= left
coronary artery; ia= anterior interventricular branch; c= circumflex
branch; m= left marginal branch; cd= right coronary artery
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Table 1. Distribution of frequency, number of branches, diameters and absolute and relative lengths of the
diagonal branch according to the type of dominance

Diagonal branch nr n % D(mm) al(mm) rl(%)
0 2 50
Short 1 13 26 1.0-382.1+0.8 6.6-30.2 6.9-31.1
21.3+6.9 233175
2 1 2 1315 18.3-24.7 19.2-25.9
14 215 225
Medium 1 6 12 17-34 325-70.3 35.6-685
25+0.6 419+135 435+12.8
Long 1 4 8 17-34 55.3-103.7 68.9-99.6
26+0.7 778+195 822+15.2
Short and medium 2 1 2 1526 12.9-314 14.2-34.6
21 22 244
Total 50 100 1.0-38 6.6-103.7 6.9-99.6
22+0.7 35.3+238 3761236

nr= number of branches; al= absolute length; rl = relative length

Table 2. Distribution of frequency, number of branches, diameters and absolute and relative lengths of the
anterosuperior branch according to the type of dominance

Anterosuperior branch nr n % D(mm) al(mm) rl(%)
0 8 16
Short 1 20 40 11-38 6.1-32.6 6.9-32.8
2.3+£0.8 20470 221176
2 2 4 1.0-29 8.0-27.6 7.7-29.2
1.8+0.9 175+88 18.0+10.0
Medium 1 3 26 12-39 28.0-56.2 33.7-634
28108 39.9+7.7 443+8.7
2 1 2 19-25 48.2-62.1 450-57.9
22 55.2 514
Long 1 3 6 2941 64.0-825 71.3-82.3
3.6+£0.6 705+10.4 77.3+£5.6
Short and medium 2 2 4 17-32 17.7-57.1 20.2-65.2
25104 36.5+13 409+25
Medium and long 2 1 2 17-21 55.0-64.4 63.5-74.4
19 59.7 68.9
Total 5 100 1041 6.1-82.5 6.9-82.3
25108 324+16.9 354+185

nr= number of branches; al= absolute length; rl = relative length
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Table 3. Distribution of frequency, number of branches, diameters and absolute and relative lengths of the lateral

branch according to the type of dominance

Lateral branch nr n % D(mm) ca(mm) cr(%)
0 6 12
Short 1 13 26 12-3.7 8.6-30.4 10.4-31.6
21+0.7 165+75 17677
2 5 10 0.7-25 45-26.9 48-28.0
14+04 12.1+39 13.0+36
3 3 6 0.6-2.3 6.8-26.8 8.5-30.6
14+0.1 178143 19.4+35
4 2 4 1.0-24 8.5-27.6 9.4-25.7
14+0.2 16.8+6.3 174+33
Medium 1 5 10 1.0-4.0 29.9-44.8 33.7-475
23111 36.9+6.8 40.7+5.2
2 1 2 20-38 26.4-32.7 335414
29 29.6 375
Shortand medium 2 3 6 1527 14.3-43.6 16.6-57.5
22+0.3 26.1+£2.6 314+6.0
3 5 10 1.0-45 4.8-60.6 5.7-63.1
22104 28.7+6.1 31.0+6.1
4 2 4 1.0-2.8 8.1-47.2 8.6-50.0
18 241+11 26.2+0.3
Short and long 2 3 6 1.4-45 11.2-84.3 12.3-87.8
Short. mediumand 3 2 4 3.0£0.1 47.8+10.8 51.0+£9.9
long 17-40 22.0-69.5 24.6-69.3
26105 435+4.1 458+0.6
Total 50 100 0.6-4.5 45-84.3 48-87.8
21+0.7 245+123 26.7+13.1

nr=number of branches; al=absolute length; rl = relative length

The distribution of the frequency, the diameter, the
length in the epicardium and the length in respect to the
length of the left ventricle, according to the number of
branches and the type (short, medium or long) for the
diagonal, anterosuperior and lateral branches are shown in
Tables 1 to 3 respectively. We detected that for each branch
(diagonal, anterosuperior or lateral) the greater the mean
diameter of the vessel, the greater was the mean length at
the surface of the ventricle and the mean relative length.

In regards to the type of coronary circulation, in 30/50
(60%) cases the right coronary artery was dominant, in 14/
50 (28%) cases the dominance was balanced and in 6/50

(12%) cases the left coronary artery was dominant.

Table 4 shows the frequency of the types of coexistence
and diameters of the anterosuperior, diagonal and lateral
branches, distributed according to the type of coronary
circulation.

Table 5 shows the frequency of the dominant flow
branches in the different types of coexistence of the
anterosuperior, diagonal and lateral branches and the mean
flow of each branch distributed according to the type of
coronary circulation. We verified that in 25/50 or 50% of the
cases both the anterosuperior branch and a lateral branch
was found, with 15/25 cases of right coronary artery
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Table 5. Distribution of the dominant branch and the mean flow according to the type of coronary circulation

Right dominance Balanced Left dominance
Dominant branch Dominant branch Dominant branch

Set of n antero  diagonal lateral antero diagonal lateral antero  diagonal lateral

branches (%)  superior superior superior

as+|1 25 9 - 6 4 - 2 - - 4
(30)

as+d+1 14 5 3 2 3 - 1 - - -
(28)

d+1 5 - 2 - - 1 - - 2 -
(10)

as+d 3 1 1 - - 1 - - - -

©)
d 3 - 1 - - 2 - - - -
©)

Total 50 15 7 8 7 4 3 0 2 4

(100)
Right dominance Balanced Left dominance

Mean blood antero diagonal lateral antero  diagonal lateral antero  diagonal lateral

flow of the superior superior superior

branch (mm?#) 67.83 27.16 69.86 64.94 19.15 7198 2.75 13.16 108.56

as= anterosuperior branch; d= Diagonal branch; I= Lateral branch

dominance, 9/15 anterosuperior branch dominance and in circumflex branch of the left coronary artery in the
6/15 cases lateral branch dominance. In 6/25 cases of diaphragmatic face of the heart.

balanced circulation, the anterosuperior branch was

dominant in 4/6 cases and the lateral branch was dominant COMMENTS

in 2/6 cases. In all the 4/25 cases of left dominance, the

dominant branch was the lateral branch. In respect to the The length of the left coronary artery trunk is important
mean blood flow, the anterosuperior branch presented a for the cannulae used in myocardial perfusion, during aortic
decreasing flow, in right dominance and balanced circulation valve surgery [1,2]. In our results, the length was from 7.2
and left dominance, respectively, while the lateral branch t020.0 mm (mean of 13.1+ 2.8 mm), values practically identical
showed an increasing value respectively and the diagonal to those reported by Henriquez Pino et al. [16] and a mean
branch presented greater flow in the balanced circulation. value a little greater than the one reported by Kronzon et al.
These outcomes demonstrate the coexistence among these [20]. These authors established a correlation between
three coronary branches. Consequently, the greater the blood significantly shorter left coronary artery lengths and left
flow of the lateral branch, the longer was the length of the dominance and balanced circulation, when compared with
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patients with right coronary artery dominance. We did not
confirm this correlation.

Our outcomes showed the left coronary artery was
bifurcated in 50% of the cases, giving only anterior and
circumflex interventricular branches, in 46% of the cases it

Table 6. Variations of the lengths of the diagonal,

had three divisions with an addition of the diagonal branch
and in 4% of the cases four divisions with two diagonal
branches. These percentages are intermediate to those found
by Banchi [5], Crainicianu [6], De Paula [9], Leguerrier et al.
[14], Henriquez Pino et al. [16] and Baptista et al. [17].

anterosuperior and lateral branches in the left ventricle

epicardium

Baptista et al. Current study

(1991)
Absolute length Diagonal Branch  Diagonal Branch ~ Antero-superior Lateral Branch
(mm) (%) (%) Branch (%) (%)
Less than 10 13 40 48 6.8
10.1a20.0 78 16.0 19.0 364
20.1a30.0 273 36.0 286 318
30.1240.0 390 200 238 114
40.1a50.0 130 40 95 91
50.1a260.0 52 40 71 45
60.1a70.0 26 40 48 -
70.1a80.0 13 40 - -
80.01a90.0 13 40 24 -
90.1a2100.0 - - - -
Greater than 100 13 40 - -
Total 100.0 100.0 100.0

Table 7. Variations of the lengths of the diagonal, anterosuperior and lateral branches in respect to the left

ventricle

Baptista et al.

(1991) Current study

Relative Antero-superior
lenght (%) Diagonal Branch Diagonal Branch Branch Lateral Branch

(%) (%) (%) (%)
Less than 10 40 438 23
10a20 39 120 119 386
20a30 195 320 286 205
30a40 4.1 280 238 227
40a50 117 40 119 114
50a60 91 - 71 45
60a70 26 120 48 -
70a80 39 - 48 -
80a90 - - 23 -
90a100 13 8.0 - -
Total 100.0 100.0 100.0
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The diagonal branch was baptized of diagonal artery by
Crainicianu [6]. We identified one diagonal branch in 46%
of the cases and two branches in 4% of the cases,
frequencies very close to those reported by Baptista et al.
[17] who found 46.1% and 7.5%, respectively.

According to these authors, the variation in length of
the diagonal branch is significant in heart surgery, due to
the use of its external portion in the implantation of
saphenous vein grafts in coronary artery bypass grafting.
In our results, the length of the diagonal branch was
consistent with the lengths of these authors. The relative
length ranged from 6.9% to 99.6% (mean 38.8%) however,
on average the diagonal branch reaches the middle third of
the left ventricle, as reported by Baptista et al. [17] and De
Paula [9]. Tables 6 and 7 show the distribution of the absolute
length and the relative length of the external part of the
diagonal branch at 10-mm intervals respectively, giving
similar to the results to Baptista et al. [17]. In these tables,
we added data concerning at variation of the length of the
anterosuperior and lateral branches at 10-mm intervals.

The anterosuperior branch of the left ventricle was so
denominated by Baptista et al. [21] due to its origin in the
anterior interventricular branch in the upper third of the left
ventricle, to differentiate it from the branches that originate
from the lower and middle thirds. Banchi [5] denominated all
of them descending collateral branches.

The circumflex branch, before giving rise to the marginal
branch, derives the lateral branch, which was denominated
the lateral artery for the first time by Leguerrier et al. [14].
Banchi [5] denominated it the left ventricle anterior branch,
the name used by Smith [7]. The length of the lateral branch
on the surface of the ventricle ranged from 4.5 to 84.3 mm
(mean: 24.5 + 12.3 mm), which is 30 mm longer than that
reported by Leguerrier et al. [14]. According to these authors,
normally there was a delicate 2 to 3-mm thick myocardial
bridge that easily allowed arteriotomy during surgery. We
did not find any myocardial bridge in the lateral or
anterosuperior branches. In only two cases we identified
bridges on the diagonal branch, in one case it was 70.3 mm
in length covered by a bridge of 29.6 mm and in the other it
was 89.0 mm with a bridge of 9.5 mm.

According to Leguerrier et al. [14] the lateral branch had
a diameter of more than .5 mm in 82.1% of the cases which
made the implantation of a saphenous graft for coronary
artery bypass grafting possible. In our cases, the diameter
of the lateral branch ranged from 0.6 to 4.5 mm (mean 2.1 +
0.7 mm) and was greater than .5 mm in 38/44 cases. In respect
to the anterosuperior and diagonal branches, in our series
the diameters were greater than 1.5 mm in 36/42 and 21/25
cases, respectively, which according to Leguerrier et al. make
coronary artery bypass grafting possible [14].

In respect to the coronary circulation, a dominance of

the right coronary artery was seen in 60% of the cases,
balanced circulation in 28% and left coronary artery
dominance in 12% of the cases, percentages similar to those
reported by Hadziselimovic et al.[12], (63%, 24% and 13%,
respectively).

According to the Kalbfleisch & Hort [12], there is a small
correlation between the diameter of the coronary artery and
the myocardial area it supplies, which is in agreement with
Poiseuille’s law, that says that the blood flow is proportional
to the fourth power of the diameter of the vessel (diameter
). We calculate the flow in each type of coronary circulation
and identified coexistence among the studied branches. This
coexistence was suggested by Banchi [5] and De Paula [9].
In respect to the relationship among the coexistence of the
branches and the type of coronary circulation, we verified
that, as the flow in the lateral branch increased from right
coronary artery dominance, balanced circulation and left
coronary artery dominance, the anterosuperior branch
decreased with the diagonal branch presenting with higher
arterial flow in the balanced circulation.

CONCLUSIONS

We came to the following conclusions:
a) The frequencies of the lateral, anterosuperior and diagonal
branches seen in this study were 88%, 84% and 50%,
respectively;
b) The greater the diameter of the lateral, anterosuperior or
diagonal branches, the greater was their length in the
epicardium;
¢) There was coexistence among the diagonal and
anterosuperior or lateral branches in the arterial irrigation of
the left ventricle;
d) A simple observation of the lateral, diagonal and
anterosuperior branches in the anterior face of the left
ventricle, allows a prediction of the type of coronary
circulation: right coronary artery dominance, balance
circulation or left coronary artery dominance, classically
obtained by an analysis of the arteries exclusively in the
posterior face of the heart.
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