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INTRODUCTION

The increasing frequency of  coronary artery disease (CAD) 
forces us to pay more attention to the detailed study of  
coronary vasculature nowadays. Such knowledge is highly 
beneficial for the interventional cardiologist who does 
coronary arteriography and for the cardiac surgeon who does 
the bypass procedure. The advent of  angiography followed 
by cardiac surgery was a major impetus for promoting the 
study of  coronary arteries. With the introduction of  non-
invasive imaging techniques, the perception of  cardiac 
anatomy and pathophysiology changed radically.1

Worldwide, epidemiological studies have shown that the 
frequency of  deaths from CAD is increasing with each decade 
of  life. Today with the widespread use of  diagnostic imaging 

techniques it becomes easy to study the normal coronary 
anatomy and its variations. What was not possible 20 years 
back is now readily available at the common man’s doorstep. 
The enormous number of  interventional coronary care units 
in different parts of  our country is a pointer to the fact that 
more and more people are suffering from CAD. Accurate 
angiographic diagnosis is vital before cardiac surgery.1

Aims and objectives
This study is an attempt to understand the normal branching 
pattern of  the right coronary artery (RCA) and its variations.

MATERIALS AND METHODS

The study was conducted in the Department of  Anatomy, 
Government Medical College, Kottayam. Approval was 
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obtained from the Institutional Ethics Committee (IEC 
no: 08/2012). One hundred adult heart specimens were 
collected from the Department of  Anatomy, Medical 
College Kottayam. The duration of  the study was 4 years 
(August 2012–August 2016).

Specimens were fixed in 10% formalin for 3 days. After 
removing the epicardium and sub-epicardial fat, each 
coronary artery was traced from its origin from the 
corresponding coronary sinus to the point of  termination. 
The origin, course, and termination of  the main branches 
were studied. Emphasis was given to principal branches 
their termination and coronary artery dominance. 
Variations in branching patterns and anomalies, the 
difference in the origins of  the conus artery, sinoatrial (SA) 
nodal artery, and dominance of  RCA according to gender 
were also recorded. After dissecting the arteries acrylic 
paint was used for painting them for better visualization.

RCA was traced from its origin from the anterior aortic 
sinus to the point of  termination. The Conus artery was 
seen as the first branch arising from RCA. Its origin from 
the anterior aortic sinus was recorded as the third coronary 
artery.

Acute marginal artery/right marginal artery
The right marginal artery was traced from its origin 
from the middle or distal portion of  the first segment 
of  RCA and ran downward and to the left toward the 
cardiac apex.

Posterior descending artery
The posterior descending artery was traced from its origin 
which is the right coronary (or from the left circumflex 
artery in left dominance) up to its termination, its level 
of  termination whether up to 1/4th, 1/2, or 3/4th of  the 
posterior interventricular groove or terminating at the 
apex was recorded. Variations such as a double posterior 
descending artery were noted as the level at which it 
supplied the posterior part of  the interventricular septum.

Atrioventricular (AV) nodal artery
It was traced from its origin where it formed the inverted 
loop which characterized the RCA at the crux. Variations in 
the origin whether from RCA/left coronary artery (LCA) 
or both were noted.

Termination of RCA
The termination of  RCA was noted and it varied from the 
acute margin to the obtuse margin.

Inclusion criteria
The adult heart without congenital anomalies affects the 
morphology of  the heart.

Exclusion criteria
Children below 18  years were excluded from the study. 
Specimens with distorted gross appearance were excluded.

RESULTS

The study was conducted on 100 adult specimens of  which 
53 were from males and 47 from females. Sixty-two percent 
of  hearts were from individuals between 30 and 60 years. 
17% belonged to the age group of  more than 60 years.

The conus artery originated from RCA in 80% and from 
20% from the anterior aortic sinus as the third coronary 
artery (Table 1).

Conus artery arose from the right coronary in 81.1% 
of  males and 78.7% of  females. On statistical analysis, 
the P-value was found to be 0.764. Hence there was no 
statistically significant association between the origin of  
conus artery and gender (Table 2).

Sinu-atrial nodal artery originated from RCA in 63% and from 
the left circumflex artery in 30%. The rest 7% showed dual 
origin from right coronary and circumflex arteries (Table 3).

In the majority of  cases, the SA nodal artery was arising from 
RCA in both males and females. In 24.5% of  males and 36.2% 
of  females, it originated from the circumflex artery. Hence, a 
statistically significant association was not observed between 
the origin of  SA nodal artery and gender (P=0.325) (Table 4).

Single posterior descending artery was seen in 91% of  
specimens. nine percent had a double posterior descending 
artery (Table 5).

Table 1: Origin of conus artery
Origin of conus artery Frequency (%)
Right coronary artery 80
Anterior aortic sinus 20

Table 2: Relation between the origin of conus 
artery and gender
Sex Origin of conus artery (%)

Right coronary artery Anterior aortic sinus
Males 81.1 18.9
Females 78.7 21.3

Table 3: Origin of sinu atrial nodal artery
Origin of sinu atrial nodal artery Frequency (%)
RCA first segment 63
Left circumflex proximal segment 30
Both RCA and left circumflex 7
RCA: Right coronary artery
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Table 4: Relation between origin of sinoatrial 
nodal artery and gender
Gender Right 

coronary (%)
Left  

circumflex (%)
Both 
(%)

Males 37 (69.8) 13 (24.5) 3 (5.7)
Females 26 (55.3) 17 (36.2) 4 (8.5)

Table 5: No. of posterior descending artery
Number of posterior descending artery Frequency (%)
Single 91
Double 9

Table 8: Level of termination of right coronary 
artery
Termination of right coronary artery Frequency (%)
Right margin 4 (4)
Between the right margin and crus 6 (6)
Crux 26 (26)
Between and left margin 60 (50)
Left margin 4 (4)

Table 6: Level of termination of posterior 
descending artery
Termination of posterior descending artery Frequency (%)
¼ way down the posterior interventricular septum 2
½ way down the posterior interventricular septum 32
3/4 way down the posterior interventricular 
septum

46

Apex 20

Table 7: Origin of AV nodal artery
AV nodal artery origin Frequency (%)
Right coronary artery 88
Left Circumflex Artery 12

AV: AtrioventricularIn the majority of  cases (46%) posterior descending artery 
terminated ¾ way down the septum. In 32% the vessel 
reached ½ way down the septum. In 20% it reached up to 
the apex (Table 6).

AV nodal artery was observed to be arising from RCA in 
88% of  cases. In the rest 12%, it originated from the left 
circumflex artery (Table 7).

RCA terminated between the crux and left margin in 60% 
of  cases. In 24% of  specimens, it reached up to the crux. 
In eight percent, it terminated at the right or left margin. 
The remaining six percent terminated between the right 
margin and crux (Table 8).

DISCUSSION

Conus branch/third coronary artery
The conus branch was seen arising from RCA in 80% of  
cases (Figure 1). In 20% of  cases, the conus artery arose 
directly from the right coronary sinus. It was recorded as the 
third coronary artery (Figure 2). Third coronary artery was 
present in 18.9% of  males and 21.3% of  females. Dhobale 
et al.,2 reported the incidence of  the third coronary artery as 
32%. Kalpana3 reported the incidence of  the third coronary 
artery as 24%. In the present study, the incidence of  the 
third coronary artery was found to be 20%.

Wherever it originated from the conus branch had a 
relatively constant distribution. The conus artery passed 
between the branches of  the left anterior descending artery 
and RCA and was a potential path of  the anastomosis with 
either of  these vessels.

The relation between the origin of  the conus artery and 
gender was noted. Conus artery arising from the RCA as 
its first branch was observed in 81% of  males and 78.7% 
of  females. The third coronary artery arising directly from 
the anterior aortic sinus was seen in 21.3% of  females and 
18.96 of  males. Miyazaki and Kota reported that there is 
no clear difference in the sex in the incidence of  the third 

coronary artery.4 The present study also did not show a 
statistically significant association between origin of  conus 
artery and gender (P=0.764).

SA nodal artery
In the present study, the SA nodal artery originated from 
the first segment of  RCA in 63% of  hearts, from the 
proximal part of  the left circumflex artery in 30% and dual 
origin from RCA and left circumflex in 7% (Figure 3). In 
most of  the cases, SA nodal artery was arising from the first 
1 or 2 cm of  RCA, then passed between the right auricular 
appendage and the aorta and got terminated by encircling 
the base of  the superior vena cava.

Sinha et al.,5 reported the origin of  the SA nodal artery 
from RCA in 78% and from RCA in 22%.

DiDio et al., 1995 reported the origin of  SA nodal artery 
from RCA in 58% and from RCA in 42%.6 Kalpana 
(2003) reported the origin of  the SA nodal artery from 
the right coronary in 56% and from RCA in 35% of  
specimens. In the rest, 8% of  SA nodal was from both 
RCA and LCA.3

The association between variation in the origin of  the sinu-
atrial nodal artery and sex was also analyzed. Sinu-atrial 
node was supplied by RCA in 69.8% of  males and 55.3% 
of  females. Sinu-atrial nodal artery took origin from left 
circumflex artery in 36.2% of  females and 24.5% of  males. 
In 8.5% of  females and 5.7% of  males, the sinu-artial nodal 
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artery had dual origin from both the right coronary and 
left circumflex artery. A statistically significant association 
between the variation in the origin of  the sinu-atrial nodal 
artery and gender was not observed (P=0.325).4

Acute marginal artery
The acute marginal artery was present in all the cases. All 
were single and it passed downward and to the left toward 
the apex of  the heart.

Figure 1: Origin of conus artery from right coronary artery

Figure 2: Third coronary artery

Figure 3: Sinoatrial nodal artery from right coronary and left circumflex 
arteries

Figure 4: Double posterior descending artery from right coronary artery

Figure 5: Atrioventricular nodal artery from posterior descending artery 
(branch of right coronary artery)

Figure 6: Atrioventricular nodal artery from circumflex artery
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Posterior descending artery (PDA)
In the present study, the posterior descending artery was 
single in 91%. The double posterior descending artery was 
seen in 9% of  hearts (Figure 4). Levin and Baltaxe reported 
the incidence of  the double posterior descending artery in 
6% of  cases.7

In 46% of  specimens, PDA supplied three-fourths of  the 
way down the posterior part of  the interventricular septum. 
The posterior interventricular artery supplied up to half  
of  the posterior interventricular septum (PIVS) in 32% of  
cases. In 20% of  cases, it reached up to the apex, and in 
2% of  cases it reached up to one-quarter way down PIVS.

The level of  termination of  the posterior descending 
artery in relation to the PIVS was previously studied by 
James (1961). In his study, the most frequent (46%) site 
of  termination was three-quarters way down the posterior 
interventricular septum. According to Bhimalli et al., the 
level of  termination PDA three-quarter way down PIVS 
was 50%, half-way down PIVS was 33.3%, at the apex 10%, 
and one-quarter way down PIVS at 6.6%.8

The posterior descending artery irrespective of  its origin 
and number is the chief  source of  blood supply to the 
posterior part of  the interventricular septum.

AV nodal artery
In the present study, the atrioventricular nodal artery 
originated from RCA in 88% of  cases (Figure 5). In 
12% of  cases, it originated from the left circumflex 
artery (Figure 6). According to Reig and Petit9 (1995), 
the atrioventricular nodal artery was from the RCA in 
86%, from the circumflex artery in 12%, and from both 
in 2% of  cases.7 Kuniewicz et al., reported origin from 
RCA in 82% and from RCA alone in 16%.10

Termination of the RCA
The most frequent site of  termination of  the RCA in the 
present study was between the crux and the obtuse margin 
(60%). The second most frequent site was the crux (26%) 
followed by the region between the right margin and the 
crux (16%). In 4% of  specimens, RCA terminated at the 
right margin, and in the remaining 4% it terminated at the 
left margin (Figure 7).

According to James most frequent site of  termination of  
RCA was between the crux and the obtuse margin (64%).11

Barold and Scomazzoni also reported the termination of  
RCA between the crux and the obtuse margin in 64% of  
cases.12

CONCLUSION

The present study was a morphological study of  the human 
coronary arteries with special emphasis on RCA and its 
branches. One hundred adult heart specimens were studied 
and the main parameters were the incidence of  third 
coronary artery (20%) and its relation to gender, variation 
in the origin of  SA nodal artery, the incidence of  double 
PDA (9%), and its level of  termination and variations in 
the level of  termination of  the RCA. SA nodal artery had 
a dual origin in 7% of  specimens. In the majority of  cases, 
the RCA terminated between the crux and left margin. The 
variations in the branching pattern obtained in this study 
were comparable with the available literature.

ACKNOWLEDGMENT

The authors are grateful to the Department of  Anatomy, 
Government Medical College, Kottayam.

REFERENCES

1.	 Fuster V and Alexander RW. Hurst’s the Heart. 10th ed., Vol. 1. 
New York: McGraw Hill Professional; 2001. p. 19.

2.	 Dhobale MR, Puranik MG, Mudiraj NR and Joshi UU. Study of 
third coronary artery in adult human cadaveric hearts. J  Clin 
Diagn Res. 2015;9(10):AC01-AC04.

	 https://doi.org/10.7860/JCDR/2015/14735.6676
3.	 Kalpana R. A study on principal branches of coronary arteries in 

humans. J Anat Soc India. 2003;152(2):137-140.
4.	 Miyazaki M and Kota M. The developmental study on the third 

coronary artery of human being. Gegenbaurs Morphol Jahrb. 
1986;132(2):195-205.

5.	 Sinha P, Saxena S, Khare S, Jain S, Ghai R and Kaushik R. 
Anatomical study of origin of sinoatrial nodal artery in human 
cadaveric hearts. Int J Anat Res. 2018;6(1.1):4857-4860.

	 https://doi.org/10.16965/ijar.2017.490
6.	 DiDio LJ, Lopes AC, Caetano AC and Prates JC. Variations of 

the origin of the artery of the sinoatrial node in normal human 

Figure 7: Right coronary artery supplying up to left margin



Abraham, et al.: Branching pattern of the right coronary artery

Asian Journal of Medical Sciences | May 2024 | Vol 15 | Issue 5	 15

hearts. Surg Radiol Anat. 1995;17(1):19-26.
	 https://doi.org/10.1007/BF01629494
7.	 Levin DC and Baltaxe HA. Angiographic demonstration of important 

anatomic variations of the posterior descending coronary artery. 
Am J Roentgenol Radium Ther Nucl Med. 1972;116(1):41-49.

	 https://doi.org/10.2214/ajr.116.1.41
8.	 Bhimalli S, Dixit D, Siddibhavi M and Shirol VS. A  study of 

variations in coronary arterial system in cadaveric human heart. 
World J Sci Technol. 2011;1(5):30-35.

9.	 Reig J and Petit M. Main trunk of the left coronary artery: 
Anatomic study of the parameters of clinical interest. Clin Anat. 
2004;17(1):6-13.

	 https://doi.org/10.1002/ca.10162
10.	 Kuniewicz M, Ostrowski P, Bonczar M, Kwiecińska M, Możdżeń K, 

Murawska A, et al. The anatomy of the atrioventricular nodal artery: 
A  meta-analysis with implications for cardiothoracic surgery and 
ablation procedures. Clin Anat. 2023;36(6):951-957.

	 https://doi.org/10.1002/ca.24072
11.	 James TN. Anatomy of the Coronary Arteries. New York: Paul B. 

Hoeber, Medical Division of Harper and Brothers; 1961. p. 12-15.
12.	 Baroldi G and Scomazzoni G. Coronary Circulation in the normal 

and Pathological Heart. Washington, DC, US: Government 
Printing Office, American Registry of Pathology, Armed Forces 
Institute of Pathology; 1967.

Authors Contribution:
RA – content and design of study, literature survey, data collection, preparation of manuscript, submission of article, DB – manuscript editing, statistical analysis 
NAG – co ordination, manuscript revision.

Work attributed to: 
Government Medical College, Kottayam.

Orcid ID:
Dr. Riya Abraham -  https://orcid.org/0009-0004-7993-0784
Dr. Deepthi B -  https://orcid.org/0000-0002-2737-1253
Dr. Neenu A George -  https://orcid.org/0009-0003-9405-210X

Source of Support: Nil, Conflicts of Interest: None declared.

https://orcid.org/0009-0004-7993-0784
https://orcid.org/0009-0004-7993-0784
https://orcid.org/0000-0002-2737-1253
https://orcid.org/0000-0002-2737-1253
https://orcid.org/0009-0003-9405-210X
https://orcid.org/0009-0003-9405-210X

