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Abstract
Background: The aims of this study were to assess the prevalence of anatomical variation of coronary arteries among 

Sudanese patients using cardiac computed tomography angiography (CTA) and to identify the pathological finding for patients 
undergoing cardiac CTA. 

Methods and Results: This prospective cohort study was conducted with 87 Sudanese patients subjected to cardiac CTA 
examination, using a 64-slice CT scanner (Aquillon 64, Toshiba Medical Systems, Tochigi, Japan) with retrospective ECG gating. 
Data were collected from 3D reconstruction at optimal phase. The numbers of diagonal and obtuse marginal branches were 
counted. The presence of ramus intermedius and origination of the right coronary artery (RCA) from right coronary sinus (RCS) 
were also reported. 

Findings showed that most patients had one (33.3%) or two (47.1%) diagonal artery branches. In addition, 3.4% of patients 
had no diagonal branches, 12.6% had three and 3.4% had more than three diagonal branches arising from the left anterior descending 
artery (LAD). About 8% of our patients had no obtuse marginal branch. The majority of patients had one, two and three branches 
of the obtuse marginal arising from a left circumflex artery, which  amounted to 24.1%, 41.4% and 25.3%, respectively. Only one 
patient had more than three obtuse marginal branches. Furthermore, 94.3% of patients presented with RCA originating from RCS, 
and 5.7% of patients had an ectopic origin of the left coronary artery (LCA).

Conclusion: This study concluded that there is a wide variation in the number of diagonal and obtuse marginal branches 
arising from the left circumflex artery among Sudanese patients. Ramus intermedius was the most common anatomical variation 
affecting the coronary artery. Ectopic origination of the RCA is a very rare condition in Sudanese patients.  (International Journal 
of Biomedicine. 2020;10(2):101-103.)

Key Words: anatomical variation • coronary arteries • cardiac computed tomography angiography  

Abbreviations
CAD, coronary artery disease; CTA, computed tomography angiography; ECG, electrocardiography; LAD, left anterior 
descending artery; LCA, left coronary artery; RCA, right coronary artery; RCS, right coronary sinus; ROI, region of interest; 3D, 
three-dimensional



102                                       S. S. Alghamdi et al. / International Journal of Biomedicine 10(2) (2020) 101-103

Introduction
The arterial supply to the heart is provided by the right 

and left coronary arteries, which arise from the ascending 
aorta immediately above the aortic valve. The coronary 
arteries and their major branches are distributed over the 
surface of the heart, lying within sub-epicardial connective 
tissue. The RCA arises from the anterior aortic sinus of the 
ascending aorta and runs forward between the pulmonary 
trunk and the right auricle. It descends almost vertically in 
the right atrioventricular groove, and at the inferior border of 
the heart, it continues posteriorly along the atrioventricular 
groove to anastomose with the LCA in the posterior 
interventricular groove. The branches from the RCA supply 
the right atrium and right ventricle, parts of the left atrium 
and left ventricle, and the atrioventricular septum.(1,2) The 
LCA, which is usually larger than the RCA, supplies the 
major part of the heart, including the greater part of the left 
atrium, left ventricle, and ventricular septum. It arises from 
the left posterior aortic sinus of the ascending aorta and passes 
forward between the pulmonary trunk and the left auricle. It 
then enters the atrioventricular groove and divides into an 
anterior interventricular branch and a circumflex branch.(1,3)

Cardiac CTA has emerged as a less invasive imaging 
modality for the diagnosis of CAD and is often used to avoid 
conventional coronary angiography, particularly, in low- and 
intermediate-risk patients.(4-6) Continuous improvements in 
CT detector technology and in temporal and spatial resolution 
that have resulted in clinical examinations with cardiac CT are 
similar to examinations obtainable with conventional catheter 
coronary angiography.(7,8)

The aims of this study were to assess the prevalence of 
anatomical variation of coronary arteries among Sudanese 
patients using cardiac computed tomography angiography 
(CTA) and to identify the pathological finding for patients 
undergoing cardiac CTA. 

Materials and Methods
After we received approval from the local ethics 

committee, a group of 87 Sudanese patients undergoing cardiac 
CTA, presenting at the Radiology Department, were recruited 
between March 2019 and April 2020 for this prospective study. 
The current study adhered to the Declaration of Helsinki and 
Title 4, US Code of Federal Regulations, Part 46, Protection 
of Human Subjects.

All cardiac CTA examinations were performed using a 
64-slice CT scanner (Aquillon 64, Toshiba Medical Systems, 
Tochigi, Japan) with retrospective ECG gating. Each patient 
was injected with 80-85 mL high iodine concentration contrast 
media with a flow rate of 5 mL/s. In addition, an injection 
of 20 mL saline solution was given. Scanning timing was 
determined by the automated bolus-tracking technique by 
placing the ROI over the proximal descending aorta and setting 
the trigger threshold to 180HU. Images were reconstructed at 
the optimal phase and transferred to another workstation. The 
3D reconstruction was performed with high resolution and 
multiple views in order to count the number of diagonal and 

obtuse marginal branches in a coronary artery. The presence of 
ramus intermedius and the origin of the RCA from RCS were 
reported. One experienced consultant radiologist interpreted 
images for diagnosis, while all images obtained from patients 
with surgical bypass and stents were excluded.

Statistical analysis was performed using the standard 
Statistical Package for the Social Sciences (SPSS Inc., 
Chicago, IL, USA) version 20 for windows.

Results and Discussion 
Table 1 shows the distribution of gender in our study 

samples. Of the 87 patients, there were 42(48%) males and 
45(51%) females. The distribution of age groups in our study 
patients is shown in Table 2. The age group of 40-50 years 
(21%) had cardiac CTA performed with minimum frequency. 
On the other hand, the age group of more than 60 years (42.5%) 
had a higher percentage due to the increased risk of CAD with 
the increase of patient age, as reported  by Huxley et al.(9)

As shown in Table 3, a total of 3(3.4%) patients had 
no diagonal branch, 29(33.3%) patients presented with one 
diagonal, 41(47.1%) patients had two diagonal branches, 
11(12.6%) patients had three diagonal branches, and 3(3.4%) 
patients had more than three diagonal branches arising from 
the LAD. These results are in agreement with a previous study 
by Abdelrahman et al.(10)

Table 4 shows that 7(8%) patients presented with no obtuse 
marginal branches, 21(24.1%) patients had one obtuse marginal 
branch, 36(41.4%) patients had two obtuse marginal branches, 
22(25.3%) patients had three obtuse marginal branches, and 
1(1.1%) patient had more than three obtuse marginal branches 
arising from the left circumflex artery. These results were not 
similar to a previous study conducted by Abdelrahman et al.,(10) 
in which the researchers found that most of their study samples 
had one obtuse marginal branch. This difference was due to the 
large age groups distributed in their study samples. 

Table 2.
The distribution of various age groups

Age groups Frequency Percentage

40-50 19 21.8%

50-59 31 35.6%

More than 60 37 42.5%

Total 100 100%

Table 1. 
The distribution of gender in study samples

 Gender Frequency Percentage

Male 42 48.3%

Female 45 51.7%

Total 100 100%
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Table 5 demonstrates that about 17(19.5%) Sudanese 
patients in the current study had no ramus intermedius 
branches arising from the LCA, compared to the rest of the 
70(80.5%) patients, who presented with intermedius branches 
arising from the LCA. Table 6 shows that 82(94.3%) patients 
had the RCA originating from RCS and 5(5.7%) patients had 
ectopic origin from the LCA. Both findings presented in Table 
5 and Table 6 were in line with other studies conducted by 
Abdelrahman et al.(10) and Erol et al.(11)

Conclusion
The present study concluded that there is a wide variation 

in numbers of diagonal branches arising from the left anterior 
descending and on obtuse marginal branches arising from the left 
circumflex artery in Sudanese patients. Finally ectopic origination 
of the RCA is a very rare condition in Sudanese patients. 
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Table 4. 
Distribution of obtuse marginal branches  

Obtuse marginal branches Frequency Percentage
Absent 7 8.0%
One 21 24.1%
Two 36 41.4%
Three 22 25.3%
More than three 1 1.1%
Total 87 100%

Table 5. 
The frequency (n) and percentage (%) of patients with and without 
ramus intermedius branches arising from the LCA

Ramus intermedius branch Frequency Percentage 
Patients with ramus intermedius 70 80.5%
Patients without ramus intermedius 17 19.5%
Total 87 100%
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Table 3. 
Distribution of the diagonal branches

Diagonal branches Frequency Percentage 
Absent 3 3.4%
One 29 33.3%
Two 41 47.1%
Three 11 12.6%
More than three 3 3.4%
Total 87 100%

Table 6. 
RCA origination  in the study samples

RCA origin Frequency Percentage
Normal from RCS 82 94.3%
From LCA 5 5.7%
Total 87 100%


