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Abstract
Introduction: Vascular anomalies related to the renal arteries are not uncommon. The literature indicates that multiple renal arteries are
found in 9-76% of cadavers. Two groups of renal artery variations are considered, the early division (ED) and extra renal arteries (ERA).
Surgeons operating on the kidney must be acquainted with normal and abnormal anatomy of the renal vessels to avoid inadvertent injury.
Aim of this study was to establish the prevalence of cadaveric renal artery variations with the Objective to bring awareness to the surgeons
and radiologists performing vascular surgeries and invasive procedures respectively.
Materials and Methods: This is a descriptive observational study wherein dissected cadavers were observed for the presence of renal
arterial variations. The study was conducted in the department of anatomy, SRTRGMC, Ambajogai, Maharashtra over a period of 20122017 and total of 30 cadavers that is total 60 kidneys were observed for the presence of various renal arterial variations during routine
abdominal dissection conducted for medical undergraduates.
Result: In this present study the incidence of various renal artery variations taken together amongst all cadaveric kidneys observed was
36.66%. Incidence of ERA was 20% and Incidence of ED was 16.66%.
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Introduction
Renal vasculature can be studied at various levels
commencing with the Principal and accessory renal arteries.
Their primary pattern of branching and areas of distribution
suggest the presence of vascular segmentation.1 Usually one
renal artery arises from the anterolateral or lateral aspect of
abdominal aorta just below the origin of Superior
mesenteric artery (SMA) and enters the kidney through
hilum. Developmentally renal arteries arise from most
caudal lateral splanchnic arteries on each side. During
ascent of the kidney to their final position in the posterior
abdominal wall the embryonic kidney receives their blood
supply and venous drainage from successively more
superior vessels. Usually the inferior vessels degenerate and
the superior ones take over the blood supply. 2 Vascular
anomalies related to the renal arteries are not uncommon.
The literature indicates that multiple renal arteries are found
in 9-76% of cadavers3 Knowledge of variations of renal
vascular anomalies has importance in exploration and
treatment of renal trauma, renal transplantation,
renovascular hypertension, renal artery embolization,
angiography and renal vascular reconstruction for
congenital and acquired lesions, surgery for abdominal
aortic aneurysm and conservative or radical renal surgery.4
Two groups of renal artery variations are considered, early
division (ED) and Extra renal arteries (ERA). ERA are
further divided into hilar and polar renal arteries. Hilar
arteries are the accessory renal arteries whereas the arteries
entering the poles of the kidney are considered aberrant
renal arteries.5 Shoja et al classified perihilar branching of
renal artery as Ladder and fork patterns. The pattern where
there were sequential branching points was termed as the

ladder pattern. The pattern with a common branching point
was termed as fork pattern.6
Surgeons operating on the kidney must be acquainted
with normal and abnormal anatomy of the renal vessel to
avoid inadvertent injury. It is also important for the
radiologists to be aware of such renal vasculature anomalies
especially while performing renal angiography.
The aim of this study was to study the incidence of
cadaveric renal artery variations with the objective to bring
awareness to the surgeons and radiologists performing
vascular surgeries and invasive procedures respectively.

Materials and Methods
This is a descriptive observational study in which
dissected cadavers were observed for the presence of renal
arterial variations. The study was conducted in the
department of anatomy, SRTRGMC, Ambajogai,
Maharashtra over a period of 5 years, 2012-2017 and total
30 cadavers that is total 60 kidneys were observed for the
presence of various renal arterial variations during routine
abdominal dissection conducted for medical undergraduates.
Kidneys were observed for variations in arterial
patterns. Renal arterial patterns were grouped into two
groups that is ERA and ED. ERA is again grouped into
accessory and aberrant renal artery. ED was grouped in to
ladder pattern and fork pattern. These various arterial
patterns were identified, photographed and described to
study the incidence of each variation. As all these above
mentioned variations can occur unilaterally or bilaterally as
well as in combination with each other so the incidence was
calculated according to the number of kidneys observed that
is in this study total 30 cadavers were observed sointotal 60
kidneys were observed.
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Observations and Result
It was observed that out of 30 cadavers, 12 cadavers
showed presence of renal artery variations unilaterally or
bilaterally as well as multiple variations in combination with
each other. Out of these 12 cadavers 8 cadavers were with
extra renal arteries (ERA) and 7 cadavers with early
division(ED) of renal arteries in isolation or in combination
on one or both the sides.

Table 1: Showing incidence of bilateral and unilateral
ERA amongst the total cadavers observed:
No. of cadavers
Incidence
Unilateral ERA
4
13.33%
Bilateral ERA
4
13.33%
So in total 12 kidneys out of 60 kidneys observed show
presence of extra renal artery (20%) out of these 4 unilateral
ERA 2 were with unilateral accessory renal artery and 2
with unilateral aberrant renal artery to superior pole of the
right kidney.

Fig. 1: The cadaver with accessory renal arteries
bilaterally showed origin of accessory arteries from the
anterolateral aspect of aorta 1.5cm below the level of
origin of (SMA) superior mesenteric artery. (RRA)Right
main renal artery in addition showed early division into
segmental arteries in ladder pattern
Out of these 8 cadavers with ERA, 4 cadavers were with
bilateral ERA and 4 cadavers with unilateral ERA.
Table 2: Showing incidence of ERA amongst total cadaveric kidneys observed (60)
Type of variation
No. of kidneys showing the variation
Extra renal arteries
12
a. Accessoryrenal arteries
10
b.Aberrant renal artery
2
Seven cadavers showed early division of renal arteries
on one or other side with bilateral early division in three
cadavers distributed as ladder pattern in two cadavers and
one cadaver with fork pattern in left renal artery and ladder
pattern in right renal artery. Remaining four out of seven

% of variation
2o%
16.66%
3.33%

cadavers showed unilateral early division of renal arteries
distributed as Ladder pattern in 2 and Fork pattern in 2. In
total 10 kidneys out of observed 60 kidneys showed
occurrence of early division of renal arteries. (16.66%)

Table 3: Showing incidence of ED amongst total cadaveric kidneys observed (60)
Type of variation
No. of kidneys showing the variation
Early division of renal arteries.
10
Ladder type early division
7
Fork pattern early division
3

% of variation
16.66%
11.66%
5%

Table 4: Distribution of ERA and ED amongst total cadaveric kidneys
Total no of Kidneys observed
60
100%
Number of kidneys with ERA
12
20%
Number of kidneys with ED
10
16.66%
Total Kidneys with various renal artery variations
22
36.66%
Discussion
Kidneys develop in three stages that are pronephros,
mesonephros and metanephros. During this process kidneys
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ascent from pelvic cavity to the lumbar region. When the
kidneys are situated in the pelvic region they are supplied by
the branches of common iliac arteries while the kidneys
ascend to lumbar region, their arterial supply also shifts
from common iliac to abdominal aorta.7
Different origins of renal arteries and frequent
variations are explained by the development of mesonephric
arteries. These arteries form a vascular net feeding the
kidneys, suprarenal glands and gonads on both sides of aorta
between cervical 6th and 3rd lumbar vertebrae a region
known as retearteriosumurogenitale.Over time these arteries
degenerate leaving only the mesonephric artery which
undertake arterial circulation of the kidneys, deficiency in
the development of mesonephric arteries results in more
than one renal arteries.8,9
Various chemical agents, growth factors and
haemodynamic forces may all take part in the selection and
persistence of a particular congenital vascular channel.
Embryonic signals that result in the formation of an
accessory renal artery is yet unknown.10
The surgeons operating on the kidney must be
acquainted with the normal and abnormal anatomy of the
renal vessels to avoid inadvertent injury to the kidney so this
study was aimed to find out the incidence of renal artery
variations in cadaveric specimens.
Two groups of renal artery variations were considered,
the early division (ED) and Extra renal arteries (ERA). ERA
are further divided into hilar and polar renal arteries.Hilar
arteries are the accessory renal arteries whereas the arteries
entering the poles of the kidney are considered aberrantor
polar renal arteries.5
The ERA shows dissimilarities according to society,
ethnicity and race. Satyapal et al stated that the frequency of
ERA is between 9-76%.11 In the present study the incidence
of ERA was 20%.The present study result of acccessory
renal artery incidence was nearer to the results of saldarriaga
et al12 Gupta et al 28.33%13 Ozkan et al 24%.5 However
lower than that described by Pamieri et al 61.5% 14
Eisendrath et al 45%15 Rupert et al 61%.16 The frequency
rate of bilateral ERA is 12% in general population.17 In
several anatomic and angiographic studies the rate of
bilateral ERA was stated to be 10%-15%.In the present
study the occurrence of unilateral as well as bilateral ERA
was observed to be 13.33%.
In the present study the incidence of ED in cadaveric
specimens was found to be 16.66% which is nearer with the
study by Kadir et al stated that the rate of ED in general
population is 15%.17
In the present study the ladder pattern of early division
of renal artery was found to be 11.66% and that of fork
pattern was 5%. In contrast to our study the fork pattern was
more common than ladder pattern in a study by N
Shakuntala Rao et al.18
From the above discussion it is clear that the rate of
occurrence of various types of renal artery variations differs
from region to region so there should be conduction of large
group studies on the commonly occurring renal artery
variations in that particular region.

Often abnormal branching pattern of the segmental
arteries may result in erroneous interpretation of
angiograms19 so it is also important for the radiologists to be
aware of the renal artery variations.
Precise knowledge of the renal artery and its branching
pattern is very useful for surgeons performing
nephrectomies and renal transplantation. Transplantation of
kidneys with one renal artery is technically easier than when
there is more than one renal artery. Moreover in
transplantation of kidneys with one renal artery postsurgical
rates of complication and kidney loss are lower as compared
to transplantation of kidney with more than one renal
artery.20,21 Nevertheless to plan adequate surgical procedure
and to avoid any vascular complications arteriography
should be performed prior to nephrectomy. 23
Interestingly the incidence of donor kidney vasculature
anomalies ranges from 18-30% and such kidneys are usually
at increased risk of vascular and urological complications.22
Conclusion
As the occurrence of renal artery variations are
according to society, ethnicity and race, further studies are
recommended with large study groups in relation with the
society, ethnicity and race.
Conflict of Interest: None.
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