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ABSTRACT

Introduction: This study is an attempt to document normal dimensions of the coronary
artery branches during life by using quantitative coronary angiography and compare them
with international studies.
Method: Quantitative coronary angiography (QCA) of 100 patients undergoing evaluation of
ischemic heart disease but found to be free of coronary artery disease. Measurement was
done using catheter tip as a calibrating object.
Results: Out of 57% right dominant circulation 56.1% were of males and 44% of females. Left
coronary dominance was seen in 17% of which 52.9% were male and 47% female, by contrast
26% subjects had co-dominant hearts with 61.5% male and 38.4% female. The mean diameter of
theright coronary artery was significantly smaller (p <0.05) inleft dominanthearts as compared
to that of dominant right. In contrast the mean diameter of the circumflex artery was signifi-
cantly smaller (p < 0.05) in right dominant pattern as compared to that of patients with domi-
nant left. Similarly the diameter of circumflex artery was significantly smaller in case of co-
dominant type of circulation when compared to that of left coronary pattern of dominancy.
Discussion: The distribution pattern of coronary artery in the Nepalese population is distinct
from that specified in the literature and the diameters of right coronary artery and
circumflex artery are significantly influenced by the nature of dominance.
Copyright © 2015, Anatomical Society of India. Published by Reed Elsevier India Pvt. Ltd. All
rights reserved.

1. Introduction

At present there is no accessible document on normal coro-

represents approximately 2% of the South-Asian population.
In this study the dimensions of the coronary artery branches
during life was evaluated by using quantitative coronary
angiography.

nary artery size in the Nepalese population. This population
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In the 1960s, Sones and Shirey and subsequently Judkins,
as cited in coronary artery surgery study (CASS)® reported
effective means of radiographically visualizing the coronary
circulation in subjects with coronary artery disease. CASS?
classified the nomenclature of coronary anatomy and
defined the criteria of dominance of coronary circulation. The
criteria established by CASS? for dominance of vessels were
used in this study. According to this, in right dominance the
PD (posterior descending artery) takes origin from the RCA
(right coronary artery) and no less than one branch extends
beyond the PD in the atrioventricular groove, supplying
posterolateral (PLV) branch to the inferior surface of the left
ventricle. Distal circumflex artery in this scenario tends to be
small or absent. In the case of left dominance the PD and PLV
arteries arise from the CX (circumflex artery); the RCA in this
situation is small whereas in co-dominant pattern of circula-
tion the right coronary artery gives the posterior descending
artery only (Figs. 1-3).

Many studies have been done in the past to determine the
dimensions of coronary vessels and have been published in
literatures with varying results.>* Coronary artery is the major
artery which supplies the heart muscles. The right coronary
artery and the left main coronary artery derive their origin
from the ascending aorta in its anterior and left posterior si-
nuses respectively. Some studies show variations in the
number of openings in the aortic sinuses,” together with
multiple ostia mostly seen in the anterior sinus.®

Comparison of diameters of vessels in relation to their
dominance were studied in number of cases.” llia et al®
compared the length of the left anterior descending artery
with coronary dominance and found that in left dominance it
frequently extended and wrapped around the apex. In addi-
tion, study showed a relationship of coronary dominance
pattern and valvular heart disease.’ It has been documented
in angiographic studies that dominant left coronary arterial
system is at greater risk during valvular replacement

Fig. 1 — Displaying LCA in a left dominant pattern of
coronary circulation. LM — Left main coronary artery, Cx —
Circumflex artery, LAD — Left anterior descending artery,
PLV — Posterolateral ventricular branch, PD — Posterior
descending artery.

surgery.'® These findings show the clinical implication and
importance of the knowledge of dominance pattern of heart.

There is a broad divergence in the epidemiological records
on the incidence and prevalence of cardiovascular disease in
different countries. In the black population of the West Indies
and Africa coronary heart disease is rare, but is comparatively
frequent in the Indo-Asian population from the Indian sub-
continent. Dhawan and Bray'' in their study found that Cau-
casians had significantly larger total vessel diameter relative
to the Asians. This observation has vital therapeutic implica-
tion concerning coronary intervention like coronary angio-
plasty (PTCA) and coronary artery by-pass grafting (CABG) in
this ethnic group. For this reason an extensive study on the
anatomic variations of coronary artery in the populations of
the region is the necessity.

2. Materials and method

This study was conducted in Shahid Gangalal National Heart
Centre, Bansbari, Kathmandu, Nepal in the month of May and
June of 2012. In this study 100 digital coronary angiograms
were included of the patients who were 18 years and above
undergoing coronary angiography for diagnostic purposes.
There were 57 males and 43 females with mean age of
56.0 + 10.8 year. In the study, normal appearing coronary an-
giograms with the catheter tip and artery in the center of the
frame (minimizes Pincushion defect) and arteries apart from
severe degree of tortuosity as classified in the work of Dodge
etal’ and without overlap were included. Patient's angiograms
showing entire proximal occlusions or anomalous arteries
and patients below 18 years of age were excluded.
Cannulation of the arteries was carried out by the Judkins
technique with known dimensions (SF/6F) of catheters of
Cordis-Corp Johnson & Johnson's. The contrast agent Optiray
(350 ng I/ml) was used with 1 ml/kg body weight dosage. The
digital arteriograms were obtained in the Philips Digital Cardio

Fig. 2 — Displaying RCA in a right dominant pattern of
coronary circulation. RCA — Right coronary artery, AM —
Acute marginal artey, PD — Posterior descending artery,
PLV — Posterolateral ventricular branch, S — Septal arteries.
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Fig. 3 — Displaying RCA in a co-dominant pattern of
coronary circulation. RCA — Right coronary artery, C —
Catheter, AM — Acute marginal artery, PD — Posterior
descending artery, S — Septal arteries.

3,7,12

Imaging (DCI) system utilizing 512 x 512 pixels density
resolution and Quantitative coronary analysis (QCA) was
performed with an inbuilt digital image analysis system Phi-
lips, Integris-3000 (Philips Medical system, Nederland).

Calibration of the QCA system was performed by a tech-
nique where the catheter used for angiography itself was
employed as the object of calibration by automated edge
detection system.'* '® For the vessel size measurement the
known diameter of catheter tip was used as a reference.

Standard angiographic views'"'* were obtained for all the
patients' i.e, around 30" RAO (Right anterior oblique) pro-
jections chosen to evaluate the left coronary artery (Fig. 1)
whereas approximately 60" LAO (Left anterior oblique) pro-
jection preferred to evaluate the right coronary artery (Fig. 2).
Also images with some deviation in projection angle from the
above mentioned figures were included in cases where the
desired sections of the artery were precise for measurement.

In each of the coronary arteriogram the anatomic seg-
ments were located. Although the anatomy of coronary artery
is likely to be a bit more variable than that given in the liter-
ature, it was possible in every case to specify segments that
corresponded approximately to those as specified in the
CASS? study. To determine the coronary artery dominance,
criterion employed in coronary artery surgery study (CASS)?
was used.

Diameters of the largest dimension in each segment were
taken. Measurements were recorded of the left coronary ar-
tery which is left main coronary artery (LM), the left anterior
descending artery (L) prior to the beginning of the first septal
branch (S) and the proximal circumflex (Cx) before origin of
the first obtuse marginal. The right coronary artery included
proximal right coronary artery before the beginning of acute
marginal artery (AM).

Statistical analysis was carried out with the SPSS software
package for Windows version 16 .0. Diameters of the vessels
were recorded and their mean values compared with each
other to examine their variation in sizes in relation to the
pattern of arterial dominance. This was achieved using the
ANOVA test. Also the dimensions of coronary arteries in the

male and female was determined and their comparison made
using the student ‘t’ test. A p-value of less than 0.05 was
considered statistically significant.

3. Results

In this study 100 arteriograms were evaluated. Of the 100 pa-
tients 57 (57%) had right dominant circulation with 56.1%
males and 44% females. Left coronary dominance was seen in
17 (17%) of which 52.9% were male and 47% female, by
contrast 26 (26%) subjects had co-dominant hearts with 61.5%
male and 38.4% female (Table 1).

A contrast on coronary arterial supply found by different
investigators with present study is shown in Table 2.

In comparison to females, males had larger coronary artery
size (Table 3). They had a statistically significant larger coro-
nary artery diameter in the left anterior descending artery
(p < 0.05). The difference however was not significant in the
left main coronary artery, the left circumflex and the right
coronary artery. The relationship between coronary artery
distribution pattern and their diameters is shown in Table 4.
The mean diameter of the right coronary artery was signifi-
cantly smaller (p < 0.05) in left dominant hearts (2.9 + 0.5) as
compared to that of right dominant (3.25 + 0.55) or co-
dominant (3.10 + 0.37) hearts. In contrast the mean diameter
of the circumflex artery was significantly smaller (p < 0.05) in
right dominant pattern (2.98 + 0.46) as compared to that of the
patients with dominant left (3.38 + 0.55). Similarly the diam-
eter of circumflex artery was significantly smaller in case of
co-dominant (3.01 + 0.42) type of circulation when compared
to that of left coronary pattern (3.38 + 0.55) of dominancy.

In other coronary arteries the variation in diameter was
statistically insignificant.

4, Discussion

In a range of studies the criteria pioneered by the work of
Schlesinger et al*’ has been employed for determining coro-
nary arterial dominance. As per the classification of Schle-
singer, the foundation for the differentiation of right, left and
co-dominant hearts is the artery that supplies the crux of the
heart. CASS? study recommends similar criterion for defining
coronary dominance.

There are a very few normal (undiseased) coronary artery
size estimation studies conducted during life. This is the first
study on the dimensions of coronary arteries conducted in the

Table 1 — Variation in distribution of coronary artery.

Artery Dominant pattern Male Female
n = 100 n=>57 n =43
No (%) No (%) No (%)
RD 57 (57) 32 (56.1) 25 (44)
LD 17 (17) 9 (52.9) 8 (47.0)
co 26 (26) 16 (61.53) 10 (38.46)

RD: Right dominant, LD: Left dominant, CO: Co-dominant.
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Table 2 — Coronary arterial distribution reported by
different investigators.

Different studies Right Left Co-dominant
dominant dominant
Current study 57% 17% 26%
Murphy et al’ 79% 9% 12%
Hutchins et al*® 70% 10% 20%
Vasko™ 48% 16% 36%
Mac Alpin* 55% 9% 35%
Kaimkhani et al*° 60.45% 15% 24.5%

Table 3 — Relationship of coronary vessel sizes among
males and females.

Vessels Mean diameter + SD p-Value
Male (n = 57) Female (n = 43)

LCA 4.42 + 0.457 4.34 + 0.545 0.42

CX 3.10 £ 0.5 3+047 0.89

LAD 3.30 +£ 0.37 3.21 +0.317 0.031*

RCA 3.23 +0.5 3.03 +0.57 0.161

TCA 9.65 + 0.67 9.25 + 1.03 0.235

*p-value is <0.05, SD: Standard deviation, RCA: Right coronary ar-
tery, LCA: Left coronary artery, LAD: Left anterior descending ar-
tery, CX: Circumflex artery.

Nepalese population. The study was carried out on normal
appearing coronary angiograms of patients undergoing
investigation for diagnostic purposes (unstable angina, hy-
percholesterolemia, obesity, chest pain etc.) and such patients
may not describe a ‘normal’ population. However, taking
angiography on healthy asymptomatic controls would be
impractical and unethical. This aspect of our study conveys
the limitations of this work.

In the normal population the size of the coronary vessels
are very irregular. Genetic factors, age, sex, body weight, body
surface area, weight of the heart® and ethnic/racial factors'***
have all been associated with variations in the anatomy of
coronary vessels in different studies. Most of these were
dissection or injection studies in post mortem specimens.*®
From these studies various associations between lumen size
of the coronary vessel and weight of the heart has been
made.””'? Different issues concerning the preservation, fixa-
tion, procurement and the study of epicardial vessels has been
the basic limitation of these studies. Though determining

dominance by these studies is indisputable the validity of
these studies in estimating the accurate caliber of coronary
vessels is debatable. Hence QCA of coronary arteriograms was
used in this study which attempts a precise geometric and
functional measurement of coronary vessels. By employing
the operator-independent edge detection technique, geo-
metric measurements permits the evaluation of coronary
sizes in two dimensions, Mac Alpin.*

This study shows a pattern of arterial supply which is
comparable to the work of Vasko'® and Kaimkhani et al*® but
showed wide variations from other authors as shown in Table 2.

According to Last anatomy”’ and Clinical anatomy by re-
gion,”” 90% coronary vessels are right dominant and the
remaining10% is left dominant. Nonetheless Gray's Anat-
omy,” notes that 60% of coronary vessels are right dominant,
10% left dominant and the remaining 30% are co-dominant.
These results reflect the variations which are far more com-
mon than being documented. In our study the difference in
the pattern of dominance of coronary vessels in relation to
gender was not observed.

The principle of functional dominance in comparison to
anatomical dominance is founded on perfusion studies which
regard the left coronary artery as the dominant vessel since it
is the main origin of blood supply to the left ventricle, even in
those with anatomical right dominance. This is in agreement
with the postmortem coronary vessel perfusion rate studies
performed in humans.” It is because of this that the left
coronary artery is usually regarded as the more important
vessel than the dominant right coronary artery.

There are chief therapeutic and diagnostic consider-
ations for smaller sized coronary vessel segments as the
overall diameter of the artery does influence the method of
intervention on that artery.® The vessel diameter size of
less than 2.5 mm has been accounted for the tendency of
the vessel to suffer thrombosis or occlusion.’® Dodge et al’
made it clear that the diameter of right coronary artery and
circumflex artery are influenced by anatomic differences.
They reported that the average size of the right coronary
artery was significantly smaller in left dominant hearts as
compared to that of dominant right whereas in contrast the
mean diameter of the circumflex artery was significantly
smaller in right dominant pattern as compared to that of
patients with dominant left. Their study also shows a sig-
nificant association between the diameters of the right
coronary artery, circumflex artery and the type of coronary

Table 4 — Relationship of size of coronary vessel (mm) with coronary dominance.

Dominant pattern p-Value
Viegels RT (n = 57) LT (n = 17) CO (n = 26) p-Valuel p-Value2 P-Value3
LCA 4.39 + 0.48 45+0.74 429 +0.27 0.369 0.159 0.417
CX 2.98 + 0.46 3.38 + 0.55 3.01 + 0.42 0.003* 0.014* 0.829
LAD 3.28 +£0.33 3.28 + 0.42 3.22 £ 0.35 0.894 0.585 0.382
RCA 3.25 + 0.55 29+ 05 3.10 £ 0.37 0.017* 0.225 0.222
TCA 9.5+0.8 9.55 + 1.07 9.32 +0.88 0.912 0.402 0.330

LCA: Left coronary artery, LAD: Left anterior descending artery, CX: Circumflex artery, RCA: Right coronary artery, TCA: Total coronary area
(RCA + LAD + CX), RT: Right dominant, LT: Left dominant, CO: Co-dominant, p-Valuel (comparison between RT & LT), p-Value2 (comparison
between LT & CO), p-Value3 (comparison between RT & CO), *p-Value is <0.05.
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vascular distribution. Our results are comparable to that
established by their study (Table 4).

In concern with the caliber of coronary arteries between
males and females our study found that females typically had
a smaller coronary vessel size in contrast to that of the males
(Table 3). They had a significantly smaller coronary vessel size
in the left anterior descending artery (LDA) similar to that
found by Saikrishna et al.> The variation however was not
significant in the left coronary, the circumflex and the right
coronary artery.

5. Conclusion

This study is an attempt to document normal dimensions of
coronary artery branches of the Nepalese population during
life by using quantitative coronary angiography on coronary
angiograms performed for diagnostic purposes (unstable
angina, hypercholesterolemia, obesity, chest pain etc.) and
found to be normal and disease free. Our study demonstrates
that the pattern of coronary vessel distribution is distinct from
that specified in the literature. This study also shows the
relation of right coronary artery and the circumflex artery
with the coronary pattern of dominance. Nevertheless, it is
not clear what forms the basis of this relation.
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