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Introduction
The right and left renal arteries supply approximately 20% of cardiac 
output to kidney for filtration. Usually renal arteries arise as lateral 
branch of abdominal aorta just below superior mesenteric artery 
(L1-L2) and divide into anterior and posterior branch near the hilum. 
The right renal artery is little longer because abdominal aorta is in left 
side and lies at a higher level than left renal artery. Around 70% of 
individuals the kidney is supplied by single renal artery arising from 
abdominal aorta [1]. However, renal artery variations are very common 
regarding their origin and number that have been reported by many 
researchers [2-4]. The renal arteries may vary in their level of origin, 
caliber, obliquity, number and precise relation. The commonest site 
of origin of renal arteries from abdominal aorta is lateral (92%), and 
less commonly on anterolateral (6%) and posterolateral (2%) aspect 
of abdominal aorta at the level of L1-L2. The frequencies of renal 
artery variations showed social, ethnic and racial differences [5] 
for example variations in renal artery and its branching pattern are 
more common in Africans and less common in Indians [6]. Renal 
artery variations are divided into two groups as early branching into 
segmental arteries before reaching hilum and accessory renal artery.  
Accessory renal artery is more than one main renal artery usually 
arising from aorta supplying kidney [7]. The anatomy of renal arteries 
is very important for selecting kidney donors since its impact on renal 
transplant surgeries [8]. So many studies had been conducted on 
renal arteries using CT angiography since it allows to obtain precise 
information on vascular anatomic information on renal arteries and 
aorta [9]. Variations in the origin, course and branching pattern of 
the renal artery occur frequently and are of special interest to the 
urologists, nephrologists, surgeons and radiologists, with respect 
to the diseases associated with it. Since the accurate knowledge 
about variations in renal arteries was lacking which is very important 
for various disciplines to perform better procedures, this study aims 
to determine the variations in the branching pattern of renal artery 
for presence of earlier division and accessory renal artery in Indian 
kidney donors using CT angiography.



MATERIALS AND METHODS
This prospective study was conducted on 100 kidney donors of 
age group of 25 – 30 years. The CT angiographic images were 
collected from a specialized scan center in Chennai during the 
period of November 2010 – April 2012 for a period of one year 
and six months. Individuals willing to donate kidney with age group 
between 25-30 years were included in this study. The collected 
renal angiographic images of all 100 individuals were analysed for 
the early divisions into segmental branches and accessory renal 
artery. If the main renal artery was dividing into segmental branches 
within 1cm from its origin it was considered as earlier division. Any 
artery arising directly from aorta to supply kidney apart from renal 
artery was considered as accessory renal artery. The earlier division 
(dividing within 1cm) was seen only on main renal artery and the 
accessory renal artery was counted only for its occurrence.  

RESULTs
A 51% of kidney donors showed variation in the renal artery [Table/
Fig-1]. Out of 51% variations, 38% had accessory renal artery [Table/
Fig-2a] and 13% had earlier division [Table/Fig-3] of renal artery 
[Table/Fig-4]. The incidence of accessory renal artery was equally 
distributed on both sides respectively (13% on right and left) [Table/
Fig-2b&c]. A 12% of individuals showed accessory renal artery on 
both sides [Table/Fig-5], 5% of individuals had earlier division on 
right side [Table/Fig-3a] and 7% individuals had earlier division on 
left side [Table/Fig-3b]. Only 1% individual had earlier division on 
both sides [Table/Fig-3c&6].
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ABSTRACT
Introduction: Each kidney is supplied by a single renal artery 
originating from abdominal aorta. Since there are lots of renal 
surgeries happening now-a-days, it becomes mandatory for the 
surgeons to understand the abnormality and variations in the 
renal vasculature.

Aim: To study the variations in the branching pattern of renal 
artery for the presence of early division and accessory renal 
artery in Indian kidney donors using CT angiography.

Materials and Methods: The CT angiogram images of 100 
normal individuals willing for kidney donation were analysed for 
early divisions and occurrence of accessory renal artery. 

Results: A 51% of kidney donors showed variation in the renal 
artery. Out of 51% variations 38 individuals had accessory renal 
artery and 13 individuals had early division of renal artery. The 
distribution of accessory renal artery was equal on both sides 
(13% on right and left) and 12% of individuals had accessory 
renal artery on both sides. Out of 13% earlier divisions, 5% was 
on right side, 7% was on left side and 1% was on both sides.

Conclusion: This study concludes that 51% of kidney donors 
had renal artery variations. Hence, awareness of variations by 
evaluating the donors is a must before renal transplantation, 
urological procedures and angiographic interventions.

[Table/Fig-1]: Number of kidney donors showing variations.

S.No
Normal & variations 

of renal artery
Number of donors

1. Normal 49

2. Variations 51
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Discussion
ACCESSORY RENAL ARTERY: In the current study the normal 
renal arterial pattern was found only in 49% whereas 51% of renal 
artery showed variations. Similar study on accessory renal artery 
and earlier division of renal artery were conducted by Gumus et al., 
[7]. They reported earlier division in 27% and accessory renal artery 
in 27%. In this current study earlier division was seen in 12% and 
accessory renal artery was seen in 38% of individuals. This increased 
incidence of accessory renal arteries in this study as compared to 
previous studies may be due to regional difference in individuals as 
this study was conducted on Chennai population. Similar study on 

arterial pattern was also done by Sathyapal et al., [4], where they 
analysed 130 renal angiograms on donors. They found 23.2% of 
first (single accessory renal artery) and second (double accessory 
renal artery) additional arteries on both sides, and the frequency of 
such incidence was more on left side 32% than right side 23.3% 
and on both sides it was 10.2%, for first additional arteries only. 
In this current study the accessory renal arteries were found in 38 
individuals (38%), out of 38% variations, 13% were on the right side 
and 13% were on the left side.  Accessory renal artery on both right 
and left side was present in 12% individuals. Ragiba et al., analysed 
angiographic images of 150 individuals with 42% of multiple renal 
arteries which correlates with this current study [10]. The incidence 
of accessory renal arteries are equal on both sides also there was 
not much significant difference in its bilateral incidence.

The presence of multiple renal artery did not have significant 
association in complications like intraoperative blood loss in donor, 
one year graft survival  and creatinine clearance [11] in recipients 
provided the appropriate anatomy of multiple renal arteries are 
known to the surgeons operating in that area.

EMBYOLOGICAL BASIS: The origin of renal arteries and its 
variations can be explained by the development of mesonephric 
arteries. These mesonephric arteries supply the kidneys, suprarenal 
glands and gonads on both sides of the aorta, from sixth cervical 
vertebra to third lumbar vertebra, a region known as rete arteriosum 
urogenitale. As the development progresses these arteries 
degenerate, leaving one prominent mesonephric artery. Deficiency 
in the development of mesonephric arteries results in more than 
one renal artery [12]. The existence of one or multiple accessory 
renal artery is due to the non-obliteration of mesonephric arteries 
[13]. Also, the multiple renal arteries can be explained that during 
ascent of kidney, it receives blood supply from its adjacent arteries 
like common iliac and aorta. Persistence of those arteries may result 
in multiple renal arteries [14]. Such subjects with accessory renal 
arteries are not ideal candidates for transplantation. 

[Table/Fig-6]: Distribution of earlier divisions of renal artery.

[Table/Fig-4]: Number of variations in renal artery.

S.No           Variations of renal artery
Number of 
individuals

1. Accessory renal artery 38

2. Earlier division of renal artery 13

S.No        Earlier division of renal artery Number of individuals

1. Right 5

2. Left 7

3. Both 1

[Table/Fig-5]: Distribution of accessory renal artery.

S.No
Accessory renal artery on 

right side 13%

Accessory renal artery 
on left side

13%

Accessory renal artery 
on both sides 12%

1.
Single accessory renal 

artery (10%) (double renal 
artery)

Single accessory 
renal artery (11%) 

(double renal artery)

Single accessory 
renal artery (11%) 

(double renal artery)

2.
Double accessory renal 
artery (3%) (triple renal 

artery)

Double accessory 
renal artery (2%) 

(triple renal artery)

Double accessory 
renal artery (1%) 

(triple renal artery)

[Table/Fig-2a]: Yellow arrows showing accessory renal artery (triple renal artery). Two accessory renal arteries on right side (triple renal arteries) and one accessory renal artery 
on left side (double renal arteries). [Table/Fig-2b]: Yellow arrow showing accessory renal artery on left side (double renal arteries). [Table/Fig-2c]: Blue arrow showing accessory 
renal artery on right side (right double renal arteries).

[Table/Fig-3a]: Green arrow showing earlier division on right side into segmental arteries. [Table/Fig-3b]: YBlock yellow arrow showing earlier division of renal artery into 
segmental arteries on left side. [Table/Fig-3c]: Green arrows showing earlier division of renal artery on both sides and white arrow showing accessory renal artery on left side. 
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EARLIER DIVISION OF RENAL ARTERY: The earlier division of 
renal artery was observed in 13% of individuals. Right side early 
division was found in 5 individuals (5%), left side early division was 
seen in 7 individuals (7%) and on both side early division was found 
in one individual (1%). Similar study was done to show early division 
of renal artery into segmental arteries which was seen in 8% of 
individuals [15].

The earlier division could have been due to delay in communication 
between the factors present in mesenchyme of the blood vessel 
and the factors present in the mesenchyme of metanephros like 
glial derived neurotropic factor and hepatocytic growth factor [16]. 
The 13% of earlier division of renal artery population is not a suitable 
candidate for transplantation. Since the surgeon would not have a 
long pedicle for anastomosis of renal artery [17]. 

Henceforth the study on anatomical variations in vascularization 
of kidney is very important to transplant surgeons involving in 
donor nephrectomies [18]. With these knowledge the surgeon can 
explore and treat renal trauma, renal transplantation, renal vascular 
embolization, angioplasty and radical renal surgeries [19] 

Conclusion 
This study concludes that 51% of population have variations in the 
pattern of renal arteries. The incidence of accessory renal artery is 
more common than early divisions, also the incidence of accessory 
renal artery showed equal distribution in right, left and both sides. 
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