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ARTICLE INFO                                         ABSTRACT 
 

 
 
 

Introduction: Anatomical variations in the vascular pattern of kidneys have been well documented in 
medical literature. Normally each kidney is supplied by a single renal artery. Multiple renal arteries 
are unilateral in approximately 30% of patients and bilateral in approximately 10%.  
 

Aim:To highlight multiple variations in renal vascular pattern in North Indian Population.  
 

Materials & Methods: Renal arterial pattern of a total of 51 kidneys (28 right & 23 left) were studied 
after careful dissection of the hilar region and variations noted.  
 

Observations& Results: 33(64.7%) kidneys were supplied by a single renal artery. Variations were 
observed in 18(35.3%) kidneys. Double renal arteries was seen in 13(25.5%) and triple renal arteries 
in 5(9.8%).In 9(17.6%) specimens, a superior polar artery was observed and in 5(9.8%) kidneys there 
was an inferior polar artery.  
 

Conclusion: Awareness of variations of renal artery is necessary for surgical management during 
renal transplantation; repair of abdominal aorta aneurysm, urological procedures and for angiographic 
interventions. A failure in recognizing these anomalies during renal transplant and kidney retrieval 
surgeries may lead to severe hemorrhage and graft loss. 
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INTRODUCTION 
 

The kidneys are one of the vital organs in the human body. 
They are supplied by renal arteries which are a pair of lateral 
branches arising from abdominal aorta, just below the origin of 
the superior mesenteric artery at the level of L2 vertebra.         
In 70% of cases, there is single renal artery supplying each 
kidney. The paired renal arteries take about 20% of the cardiac 
output to supply the kidneys. The right renal artery is longer 
than the left due to the position of aorta which is nearer to the 
left of midline. Near the hilum of the kidney, each renal artery 
divides into anterior and posterior division which further 
divides into segmental arteries to supply the respective 
segments of the kidney.  Anterior trunk passes in front of the 
renal pelvis and subdivides usually into four segmental arteries 
apical, upper and anterior, middle and anterior, inferior. 
Posterior trunk passes behind the renal pelvis and is continued 
as posterior segmental artery. These segmental arteries are the 
end arteries (1). Variations in renal arteries are highly common 
and include mode of origin, number, course, branching pattern 
and termination(2). The most common variations are extra 
renal arteries and early bifurcation. The early branching of 

renal artery is defined as the branches arising within 15mm 
from the origin of main renal artery ostium. The incidence is 
around 10-12%. Insufficient degeneration of mesonephric 
arteries leads to presence of more than one artery. The 
incidence of extra renal arteries ranges from 25-40%. Extra 
renal arteries are further divided into hilar and polar 
arteries(3). The arteries that arise from the aorta above or 
below the main renal artery and reach the hilum are called 
hilar or accessory renal arteries. Accessory renal arteries may 
also arise from coeliac and superior mesenteric arteries near 
the bifurcation or from common iliac arteries (1). The arteries 
that enter the poles are considered as aberrant or polar arteries 
(3). Aberrant arteries are common in fused kidneys. They 
perforate the substance of the kidney rather than entering its 
hilum to supply it. These arteries could arise as high as inferior 
phrenic artery or as low as internal iliac arteries. They may 
originate from the aorta, as well as gonadal, common iliac, 
middle sacral, external or internal iliac or superior or inferior 
mesenteric arteries. Polar artery can be superior or inferior. 
Superior renal polar arteries are usually single. They arise as 
separate branches from the aorta or as branches of the renal, 
inferior suprarenal, inferior phrenic or superior mesenteric 
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artery. Inferior polar arteries are also usually single and arise 
from the aorta or renal artery. They have also occasionally 
been reported arising from a suprarenal, common iliac or 
superior mesenteric artery. The inferior polar arteries are 
sometimes doubled, with one arising from the aorta and the 
other from the renal artery, or the pair from the either source 
(4). The presence of additional renal arteries is very probable 
when the diameter of the main renal artery is less than 4.15 
mm. Kidneys presenting a main renal artery greater than 5.5 
mm very probably do not present additional renal arteries. So 
the renal artery diameter is a factor which should be 
considered as predicting the presence of additional renal 
arteries (5).Aberrant or accessory renal arteries hold significant 
importance in diagnostic and therapeutic strategies. Knowing 
the possibilities of aberrant or accessory renal vessels, 
provides a better approach to radiological and surgical 
interventions in cases of nephrectomies, renal tumors, 
transplants and renal vascular disorders. 
  

MATERIALS & METHODS 
 

The present study was carried out on 51 kidneys of North 
Indian origin obtained during routine abdominal dissection 
conducted for medical undergraduates at Department of 
Anatomy. Hilar region of the kidneys was carefully dissected 
and cleared and the renal arteries were explored. The arteries 
of the kidneys were then observed for their number, variation 
in the branching pattern, and also entry at other points 
especially the poles. Multiple variations in number and 
branching pattern of renal arteries were observed. Kidneys 
with variations were noted and photographed. 
 

OBSERVATION AND RESULTS 
 

The results of the study are depicted as per table below 
 
 
 
 
 
 
 
 
 

In the present study a single artery entering the hilum was seen 
in 33(64.7%) specimens. 14(27.4%) belonged to right side and 
19(37.2%) belonged to left. 18(35.3%) kidneys showed 
variations in the form of multiple arteries. Double renal 
arteries were observed in 13(25.5%) kidneys. 11(21.6%) 
belonged to right side and 2(3.9%) to left. Triple renal arteries 
were observed in 5(9.8%) specimens, 3(5.9%) belonged to 
right and 2(3.9%) to left. Incidence of multiple renal arteries 
was more on right side. 
 
 
 
 
 
 
 
 
 
 
 

In the present study we observed a maximum of seven 
divisions emerging from the main arterial trunk. The most 
common was five arterial divisions found in 17(33.3%) 
specimens. Next in order of frequency was six in 12(23.5%) 

specimens followed by 4 divisions in 10(19.6%) kidneys. 
 
 
 
 
 
 
 

Aberrant or Polar artery was observed in 14(27.4%) kidneys. 
In 9(17.6%) specimen superior polar artery was observed 
while in 5(9.8%) inferior polar artery was found. The 
frequency of aberrant arteries was more on right side. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Shows the no. of arteries in the hilum of kidneys 
and their percentage 

Sr No. No. of arteries Incidence % Right(n=28) Left(n=23) (n=51) 
1 One 33(64.7%) 14(27.4%) 19(37.2%) 
2 Two 13(25.5%) 11(21.6%) 2(3.9%) 
3 Three 5(9.8%) 3(5.9%) 2(3.9%) 

 

Table 2. Shows the no. of arterial divisions in the hilum 
and their percentage 

 

Sr No. No. of arterial 
divisions 

Incidence% 
(n=51) Right   (n=28) Left  (n=23) 

1. One 2(3.9%) 2 - 
2. Two 2(3.9%) 1 1 
3. Three 5(9.8%) 4 1 
4. Four 10(19.6%) 5 5 
5. Five 17(33.3%) 8 9 

Table 4. Shows the branching pattern in the hilum and 
their percentage 

 

Sr No. Arterial division 
pattern 

Incidence%        
(n=51) Right (n=28) Left (n=23) 

1. Fork pattern 42(82.3)% 5 4 

2. Step Ladder 
pattern 9(17.7%) 4 1 

 

42(82.3%) kidneys showed a fork type branching pattern and in 9(17.7%) 
the branching pattern was of ladder type. Fork pattern of branching was 
more common. 

 

 
 

Fig 1&2 Shows two and three arteries entering the renal hilum 
 
 

 
 

Fig 3& 4 Shows fork pattern and step ladder pattern of branching of renal 
arteries 

 

Table 3. Shows the distribution of aberrant arteries and 
their percentage 

 

Sr No. Aberrant/ 
 Polar artery 

Incidence%          
(n=51) Right (n=28) Left (n=23) 

1. Superior 9(17.6%) 5 4 
2. Inferior 5(9.8%) 4 1 

 

 

 
 
 

Fig 5&6: Shows Superior and Inferior polar arteries 
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DISCUSSION 
 

Most of the abnormalities in the renal vasculature is due to 
abnormal rotation or due to the various developmental 
positions of kidney. The kidneys begin their development in 
the pelvic cavity. During further development they ascend to 
their final position in the lumbar region. When the kidneys are 
located in the pelvis, they are supplied by branch of internal 
iliac artery or common iliac arteries. While the kidneys ascend 
to lumbar region, their arterial supply also shifts from common 
iliac artery to abdominal aorta (6). The various types of renal 
arteries (accessory, additional and aberrant), their positions, 
method of entry to the kidney and segmentation have been 
studied extensively by a number of authors (7,8). Accessory 
renal arteries constitute the most common, clinically important 
vascular variant and are seen in up to one-third of patients (9).  
They are usually unilateral in 30% and bilateral in 
approximately 10%. Accessory renal arteries usually arise 
from the Aorta or Iliac arteries anywhere from the level of 
T11-L4 vertebra. In rare case they can arise from the lower 
thoracic or mesenteric arteries. The most common variation of 
an accessory renal artery may enter through the hilum or 
through the surfaces of the kidney. Accessory renal vessels 
(perforating artery) to the pole are usually smaller than 
accessory hilar renal vessels, which are typically equal in size 
to single renal artery (10).According to Graves any artery 
arising from the aorta in addition to the main renal artery 
should be named ‘accessory’ and the renal arteries arising 
from sources other than the aorta should be called ‘aberrant 
(11). Satyapal et al defined accessory renal artery as a branch 
from aortic branches and additional renal artery as branch of 
aorta (12). Rao and Rachana defined an accessory renal artery 
as the one that is present in addition to the main renal artery 
and enters the kidney through hilum whereas aberrant renal 
artery supplies the kidney without entering its hilum (2).  
 

In the present study single renal artery was seen in 33(64.7%) 
kidneys while 18(35.3%) showed presence of an additional 
renal artery. 13(25.5%) specimens had double renal arteries 
while triple renal arteries were observed in 5(9.8%) kidneys. 
The incidence of multiple vessels was more common on the 
right side. Bordei et al analyzed 272 kidneys for a study of 
renal vascularization and identified 54(20%) double renal 
arteries and 3(1.1%) triple renal arteries (13). Hemanth 
Kommuru et al studied 182 kidneys. 34 kidneys showed 
presence of one additional artery, whereas two additional 
arteries were seen in 18 kidneys, extra artery was present 
unilaterally in 6 cadavers and bilaterally in 20 cadavers. 23 
showed presence of superior polar artery and 29 showed 
inferior polar artery. They also mentioned that in one of the 
cases the aberrant (accessory) renal artery was a branch of 
superior mesenteric artery (14). Ozkan et al, in their 
angiographic study of 855 patients found that 24% of patients 
had more than one renal artery. The incidence was more 
common on the right side (3). In a study conducted by Dhar 
and Lal accessory renal arteries were observed in 20% of 
specimens. The anomaly was unilateral in 15% cases and 
bilateral on 5% of cases (15). K S Satyapal found that out of 
130 renal angiograms and 32 cadavers, kidneys showed 
presence of one additional renal artery in 23.2% and two 
additional renal arteries in 4.5%. They were seen more 
commonly on left side 32% as compared to 23.3% on right 
side (12). Saldarriaga et al reported 97(24.9%) out of 390 
kidneys having additional arteries; 87 (22.3%) had one 
additional artery and 10 (2.6%) had two additional arteries (5). 

The findings of the present study are more or less in 
concurrence with most of the previous studies on renal 
vasculature. In the present study aberrant or polar artery was 
observed in 14 (27.4%) kidneys. Nine (17.6%) aberrant 
arteries were observed entering the kidneys through the 
superior pole. 5 were on right side and 4 on left. In 5(9.8%) 
specimens the aberrant branch was entering through the 
inferior pole. 4 were on right and one was on left. Sampaio et 
al in 1992 observed superior polar artery originating from the 
aorta in 6.8% of specimens. They found two hilar with one 
superior pole extra hilar branch in 9 out of 266 kidneys (16). 
Bordei et al in 2007 reported that in 5 out of 54 cases (9.25%) 
the supplementary renal artery entered the kidney through the 
superior pole (13). Budhiraja et al in 2008 observed that 10.7% 
cases of superior polar artery originated directly from the 
abdominal aorta as an additional renal artery(17). Shakuntla et 
al in their study observed 12 polar arteries out of which 10 
were on left side and 2 were on right side(18). Incidence of 
inferior polar accessory arteries is twice to the superior polar 
arteries. In the present study superior polar artery was more 
frequent. 
 

Shoja et al studied the variation in perihilar branching pattern 
and morphology of the main artery. They classified the 
branching as ladder and fork patterns. The pattern where there 
were sequential branching points was termed ladder type. The 
pattern with a common branching type was termed the fork 
type. The fork was either duplicate or triplicate depending on 
the no. of branches. They observed that the main artery was of 
the fork pattern in 92.6% (75), duplicated in 80.2%(65), 
triplicated in 12.4%(10) and ladder pattern was present only in 
7.4% specimens (19). In the present study fork pattern was 
observed in 42(82.3%) and ladder pattern in 9(17.7%). The 
fork pattern was more frequent than the ladder pattern. The 
anterior division often showed the fork pattern. Hence it can be 
considered that branching outside the hilum is a normal pattern 
where the arteries divide to go to the respective segments. 
 

CONCLUSION 
 

In view of constantly increasing renal transplantations and 
kidney retrieval surgeries, thorough knowledge of variations in 
vascular pattern is important to avoid iatrogenic injuries during 
these procedures. Aberrant or accessory arteries may be 
inadvertently damaged during renal surgery and their presence 
must be considered in evaluating a donor kidney for possible 
renal transplantation. 
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