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ABSTRACT 
Background

The kidneys are supplied by a single renal artery originating from abdominal aorta. 
However, recent literature reports great variations in renal blood supply. Hence, it 
becomes mandatory for the clinicians to understand the abnormality and variations 
in the renal vasculature.

Objective

To evaluate the branching pattern of renal artery and its variations.

Method 

The study consisted of Computed Topographic images of 206 kidneys. Numbers and 
branching pattern of renal artery were recorded. The data was analyzed for presence 
or absence, source of origin and type of accessory renal artery.

Result

The present study revealed that 73.79% of kidneys were supplied by a single renal 
artery, 25.72% by double renal artery and 0.49% by triple renal artery. The hillar 
branching pattern was recorded in 38.83% and early branching pattern was in 
34.95%. The presence of accessory renal artery was recorded in 26.21%. They were 
originated from abdominal aorta in 22.81% and 3.40% from main renal artery. The 
prevalence of superior polar artery was found in 6.79%, hilar in 10.19% and inferior 
polar in 9.22%.

Conclusion

The knowledge of variations of renal artery becomes essential for the clinician to 
plan the adequate surgical procedures and to avoid any vascular complication.
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INTRODUCTION
The kidneys usually have rich blood supply, nearly 20% 
of cardiac output for filtration through the renal arteries 
(RA) which are a pair of lateral branches from abdominal 
aorta.1 Normally each kidney receives one RA which is 
present in approximately 70% of individuals.2 However, 
accessory RA can also exist. The RA usually enters into 
the renal parenchyma via its hilum whereas the accessory 
RA might enter through the hilum or the surfaces of the 
kidney.3 These accessory RA account for about 30% of 
individuals.4 They are regarded as persistent embryonic 
lateral splanchnic arteries.2

Variations in the number and branching pattern of the RA 
are extremely common and showed social, ethnic and racial 
differences.1,5 The occurrence of accessory RA can be a 
problem for the clinicians because they do not anastomose 
intrarenally and each one nourishes only a segment of the 
renal parenchyma.6

The hydronephrosis may be produced by obstructing ureter 
when inferior polar arteries cross anterior to the ureter.2 
The kidney is the most common organ for transplantation 
in the present day, which involves vascular reconstruction.7 
The knowledge and awareness of these possible variations 
of the RA are essential for sufficient surgical management 
during urological procedures and abdominal imaging 
studies.8

Many studies have revealed racial differences in RA among 
various ethnic groups throughout the world.5 However, 
very few studies have been conducted in Nepalese 
population.9 Hence, this study is aimed to determine the 
number and branching pattern of RA; and to study the 
variations in accessory RA using Computed Tomographic 
(CT) images which would be helpful for the clinicians during 
their clinical practices.

METHODS
This is the cross sectional, retrospective and observational 
study. It was conducted on the CT images of 206 kidneys 
(103 right and 103 left) of 103 patients (49 male and 54 
female) who had gone for CT angiography of abdomen 
for the diagnostic purpose in the Department of Radio-
Diagnosis, Dhulikhel Hospital, Kathmandu University 
Hospital, Dhulikhel, Nepal during the period of November 
2017-October 2018. The images of CT scans with an arterial 
phase covering the abdominal aorta and iliac arteries 
were included for the study. The images with incomplete 
demographic data, without adequate arterial phases or 
individuals who had prior nephrectomy were excluded from 
the study. Prior to the study, approval for the study was 
taken from IRC-KUSMS. The collected renal angiographic 
images were analyzed for branching pattern of RA and its 
variations.

The artery supplying the kidney is called renal artery. It 
may be single, double or triple. The artery which gives 
branches within or near renal hilum was considered as hilar 
branching pattern and branches away from renal hilum 
was considered as early branching pattern. The kidney 
which is supplied by more than single RA was considered 
as accessory renal artery (ARA). ARA may either arise from 
abdominal aorta or renal artery. ARA may be of different 
types as superior polar artery (SPA), hilar artery (HA) and 
inferior polar artery (IPA). Artery entering the superior pole, 
hilum and inferior pole was SPA, HA and IPA respectively.8 
The artery entering other than the hilum was considered as 
aberrant artery.10

RESULTS
The present study revealed 152 (73.79%) kidneys had 
normal RA whereas 54 (26.21%) had variations in RA. 

Number of Renal Artery (RA)

It was observed that 152 (73.79%) kidneys were supplied 
by a single RA and 54 (26.21%) were supplied by more than 
one RA. Out of which, 53 (25.72%) of kidneys had double RA 
and 1 (0.49%) had triple RA. In the right side, 26 (12.62%) 
kidneys were supplied by double RA and 1 (0.49%) by triple 
RA (Fig 2). Whereas 27 (13.10%) kidney were supplied by 
double RA and none of the cases was observed for three 
or more RA in the left side as shown in fig. 1 and 2; and 
Table 1.

Figure 1. CT angiogram showing 
the presence of double renal 
artery on both sides

Figure 2. CT angiogram showing 
the presence of triple renal 
artery in right side

Table 1. Number of renal artery

Number of 
renal artery

Right side Left side Total

Frequency (%) Frequency (%) Frequency (%)

1 76 36.89 76 36.89 152 73.79

2 26 12.62 27 13.11 53 25.72

3 1 0.49 - - 1 0.49

Total 103 50.00 103 50.00 206 100
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Branching pattern of Renal Artery 

The hilar branch pattern was recorded in 80 (38.83%) 
kidneys and early branching pattern was recorded in 72 
(34.95%). On the right side, the hilar branch was in 51 
(24.75%) and early branching was in 39 (18.93%) whereas 
29 (14.08%) of hilar and 33 (16.02%) of early branching was 
recorded on the left side as illustrated in fig. 3 and table 2.

Table 2. Branching pattern of renal artery

Side Hilar branch Early branch Total 

Frequency   % Frequency   % Frequency   %

Right 51 24.75 39 18.93 90 43.69

Left  29 14.08 33 16.02 62 30.10

Total 80 38.83 72 34.95 152 73.79

Figure 3. CT angiographic image showing the presence of early 
branching in the right renal artery

Figure 4. CT angiographic image showing the origin of Accessory 
Renal Artery,

Figure 5. CT angiographic 
image showing left accessory 
renal artery to upper pole of 
kidney (SPA)

Figure 6. Showing termination 
of left accessory renal artery in 
lower pole (IPA)

Presence of Accessory Renal Artery (ARA)

The presence of ARA was found in 54 (26.21%) kidneys. 
Out of these, right ARA was found in 28 (13.59%) and left 
ARA was found in 26 (12.62%) as shown in fig. 1 and 2. The 
presence of ARA was found to be higher in male (N=33, 
16.01%) as compared to female (N=21, 10.19%) as shown 
in table 3. 

Table 3. Accessory renal artery 

Side Male Female Total 

Frequency   % Frequency   % Frequency   %

Right 18 8.73 10 4.85 28 13.59

Left 15 7.28 11 5.34 26 12.62

Total 33 16.01 21 10.19 54 26.21

Table 4. Source of origin of accessory renal artery 

Side Abdominal aorta Main renal Artery Total

Frequency   % Frequency   % Frequency   %

Right 24 11.65 4 1.94 28 13.59

Left 23 11.16 3 1.46 26 12.62

Total 47 22.81 7 3.40 54 26.21

Type of ARA

SPA were present in 14 (6.79%) ARA. Out of which, right SPA 
were present in 6 (2.91%) and left in 8 (3.88%) as shown in 
fig. 5. Likewise, HA were present in 21 (10.19%) of ARA. 
Out of that, right HA were present in 14 (6.79%) and left in 
7 (3.39%). Similarly IPA were present in 19 (9.22%) of ARA. 
Out of that, right IPA were present in 8 (3.88%) and left in 
11 (5.34%) as shown in fig. 6 and table 5. 

Table 5. Type of accessory renal artery 

Side Right Left Total 

Frequency   % Frequency % Frequency %

Aberrant artery SPA 6 2.91 8 3.88 14 6.79

IPA 8 3.88 11 5.34 19 9.22

Total aberrant 
artery 

14 6.79 19 9.22 33 16.02

HA 14 6.80 7 3.39 21 10.19

Total 28 13.59 26 12.61 54 26.21

Source of origin of ARA

ARA originating from abdominal aorta was found to be in 
47 (22.81%) kidneys. Out of which, 24 (11.65%) ARA was 
found on the right side and 23 (11.16%) on the left side. 
Similarly ARA arising from main RA was found in 7 (3.40%)  
kidneys. Out of which 4 (1.94%) was found on the right side 
and 3 (1.46%) on the left side as shown in fig. 4 and table 4.

Original Article



KATHMANDU UNIVERSITY MEDICAL JOURNAL

Page 139

Aberrant artery

The present study also concluded that aberrant artery was 
found in 33 (16.02%). Among them, 14 (6.79%) were found 
on the right side whereas 19 (9.22%) on the left side as 
shown in table 5.

DISCUSSION
The branching patterns of RA and its variations have been 
extensively studied in the present study and knowledge of 
variations plays vital role for surgeons in performing surgery 
and may help to minimize the clinical complications. In the 
present study, incidence of normal RA was found similar 
with South Indian population.11 But higher incidences 
were recorded amongst Greece, Columbian and Turkish 
population.12-14 However Korean population showed lower 
incidence.15

Double RA was also recorded in the present study which 
is supported by Satyapal et al. and Saldarriaga et al.8,13 In 
contrast, Khamanarong et al; and Odman and Ranniger 
found the lesser incidence of double RA.16,17 Similarly, 
there was presence of triple RA in the present study 
which is comparable with a study conducted in Thailand.16 
The transplantation of kidney with the single artery is 
technically easier compared to the kidney with multiple 
arteries.11

The previous study has reported hilar branching pattern 
which is in contrast to the present study.11 Tarzamni et al. 
reported early branching pattern which is comparable with 
this study.18 In contrast to these, Rao et al. reported early 
branching pattern in 88.46%.19 Sasikala et al. observed 
early branching pattern in 26%.20 Thakur et al. noted early 
branching pattern in 17.5% of individuals.9 

One of the previous studies has reported an incidence 
of early branching pattern in 9.4% on the right side and 
16.5% on the left side which is different from the present 
study.13 The early branching pattern could have been due 
to delay in communication between the factors present in 
mesenchyme of the blood vessel and metanephros.18

Studies in Libian and Turkish population also documented 
ARA which is similar to the present study.21,22 A report has 
showed the incidence of ARA in Thai population which is 
dissimilar to the present study.16 Moreover there are a few 
data in the previous studies which are quite higher than 
the present study.23,24 Frequency of ARA may differ due to 
sample size, type of study and geographical variations.

There was discrepancy in the literature regarding ARA; 
some authors reported a higher frequency on the right 
side.14,16 Others on the left side but some noticed no 
significant differences.1,8,25,26 Moreover the present study 
showed 13.59% and 12.62% ARA on the right and left side 
respectively. The occurrence of ARA was higher in male 
than female in the present study which is comparable to a 
study done by Sasikala et al.20 

Similar to this study, authors quoted 20% of ARA originated 
from abdominal aorta and 8.33% from RA.11 Whereas 
the higher incidence of ARA from abdominal aorta was 
recorded by Budhiraja et al. and Talovic et al.27,28 It is clear 
that the dominancy of aortic origin is more than that of 
renal origin.

SPA was also reported by many authors which is agreeable 
to the present study.16,26 The authors declared the higher 
incidence of SPA.27,29 However the lesser incidence of 
SPA was also recorded.28,30 HA was recorded in this study 
which is comparable with other studies.11,13 Ankolekar and 
Sengupta reported 13.33% of right HA and 10% of left HA 
which is higher than the present study.11

Talovic et al. noted IPA which is in accordance with the 
present study.28 The authors also declared the higher 
frequency of IPA.29,31 However, its lesser frequency was 
also recorded.16,24 From above findings it is clear that the 
majority of ARA enter through the inferior pole than the 
superior pole of the kidney. This is due to the fact that 
kidneys ascend from the pelvic region during embryonic 
life; the most likely ARA which fail to degenerate and will 
remain in the inferior pole of the kidney.11,32 In contradiction 
with the above results, there are studies which claimed 
that there was the majority of SPA than IPA.16,24 The present 
study revealed an aberrant artery which is also noticed by 
Hellstrome and Edsman.33,34 

This study is based only on CT scan images of the patients 
of Dhulikhel Hospital. So, it could not cover large sample 
size. It may not be generalized to all Nepalese populations. 

CONCLUSION
It is clearly indicated that the RA has frequent variations. 
Most of the variations are seen in the number and 
branches of RA; and presence of ARA. The ARA also shows 
wide variations in origin and type of branching pattern. 
Hence, the knowledge of variations of RA has wide clinical, 
surgical and academic implications. It is also important for 
surgeons in performing many procedures and may help to 
avoid clinical complications in the abdominal region. 
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