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Introduction

Kidney is the pair of bean shaped excretory organs
situated retroperitoneal in the lumbar region on either
side of vertebral. The kidney has two borders; Lateral
border which is convex and medial border is concave
and shows a deep vertical fissure known as hilum,
which is bounded by anterior and posterior lips. Here
is the passage of renal vessels, pelvis of ureter,
lymphatic’s and nerves [1].  Normally we have single
renal artery, vein and pelvis at the hilum and their
positions from anterior to posterior are renal vein,
renal artery and renal pelvis in that order.

The present work was undergone to know the
incidence of any extra renal vessels and pelvis.  This

study can improve the safety of newer percutaneus
intrarenal access by intact as many renal vessels as
possible during the percutaneus puncture, thus
preventing the through and through puncturing of
artery and collecting system. The increase in no. of
renal vessels may compress the renal pelvis thus
creating complications like hydronephrosis.

In 70% individuals there is a single renal artery to
each kidney [1]. The artery divides into anterior and
posterior division near the hilum. And there is single
renal vein lying anteriorly extends from hilum to
inferior venecava, the left is longer than right  [2].

The upper end of ureter expands to form the pelvis
of kidney. The single renal pelvis comes out through
the posterior part of the hilum posterior to renal vessels
[1].

In 1552, Eustachio’s [2] described a case of multiple
renal arteries, he also made the first copper plate
engravings illustrating renal artery variations. In
1714 Lanciisi [3] published the engravings with
commentary and referred to the variations as a
“lusus nature” or sport of nature. In 1901, Harvey [4]
reported a case of bilateral multiple renal arteries and
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renal veins.  Nation [5]  in his series of autopsy studies
of 16000 cases found the following types of
duplication of ureter- Unilateral complete duplication
of ureter in 78 cases, Unilateral partial duplication in
99 cases, bilateral complete duplication in 35 cases
and partial bilateral duplication in 19 cases.  Prasad
et al [6] reported association of a bifid ureter with
presence of unilateral pulmonary hypoplasia
likewise Gunduz et al [17] found a duplex ureter
associated with presence of Golts syndrome.    Pushpa
Dhar et al [8] in their routine dissection revealed 2
right renal veins where artery was sandwiched
between the two renal veins and another study by
same authors with corrosion cast method showed
multiple renal veins were common on the right side .
So like this many authors have studied only variation
of single structures at the renal hilum. Here my study
is regarding variation in no. of renal artery, vein and
pelvis and this study is useful information for
urosurgeons, radiologists and academic importance
to Anatomy teachers.

Material and Methods

The present work was conducted in department of
Anatomy at Navodaya medical college and hospital.
Totally 84  kidneys [42 pairs] was collected from the
department.  All the kidneys were cleaned by doing
the blunt dissection method by using forceps and
scissors. The kidneys were looked for fullness of

specimen, any cut kidney specimens were excluded
from the study.  Finally selected kidney specimens
were numbered with number plates and observed for
the number of renal vessels and pelvis at the hilum.
The kidney showing the double renal artery, renal
vein and pelvis were coloured [red for artery, blue for
vein and yellow for pelvis] and photographed.
Relevant data were recorded and analysed
statistically (manually).

Results

Out of 84 kidney specimens, 12 specimens [14.28%]
showed double renal artery, which were arising
separately from abdominal aorta and entered the renal
hilum at the upper and lower part of the hilum [Fig1].
The two renal arteries were named as upper and
lower renal artery [Table No. 1 and Graph No.1]

Out of 84 kidneys , 3 specimens[ 3.57%] showed
double renal veins which were coming out of renal
hilum at the upper and lower part of it [Fig 2]. These
veins were ending separately into inferior venacava.
Double renal veins were seen only on the right side.
In the same specimens the left renal vein was single
[Table No. 2 and Graph No. 2].

Out of  84  kidneys, only one  kidney [1.19%] showed
duplex pelvis  which continued as  double ureters , but
both of them joined and entered the urinary bladder
with single opening [Fig 3]. The duplex was seen on the
left side of renal pelvis [Table No. 3 and Graph No.  3].

Table 1: incidence of single and double renal artery in present study and other authors

Graph 1: showing incidence of single and double renal artery in present and
other studies
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Sl. no Authors  Single renal artery[%] Double renal artery[%] 

1. Dhar and Lal [8] 80 20 
2 Khamanarong [33] 82 17 
3 Sampaiao F J [34]  53.3 7.9 
4. Present study 85.71 14.28 
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Table 2: Incidence of double renal veins and comparison with other authors

Table 3: Incidence of duplication of pelvis in present study and its comparison with other authors

Graph 3: incidence of duplication of pelvis in present study and its comparison with other authors

Graph 2:

Fig. 1: left kidney showing double renal arteries
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Sl. No. Authors Incidence of Double Renal Veins 

1. Pick and Anson [25] 27.8% 
2. Satyapal. K.S [35] 26% 
3. Present study 3.57%

Sl.  No. Authors Incidence of Duplication [%] 
1. Archangelski [28] 2.7% 
2 Nation [5] 0.68% 
3. Campbell [32] 0.66% 
4.  Present study 1.19% 
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Discussion

Kidney is the pair of excretory organs present
retroperitoneally in paravertebral position at the
lumbar region. The kidney has single renal artery,
renal vein and pelvis at the hilum in 70% of
individuals [1]. Many earlier authors have reported
the supernumerary vessels and duplex,triple pelvis
which were because of the insults or disturbance
during the development of kidneys and its
vasculature. The renal arteries originate from the
abdominal aorta and account for 20% of cardiac
output to the kidney [1]. The renal vascular

Fig. 2: right kidney showing upper and lower right renal veins

Fig. 3: left kidney showing duplex pelvis[ left kidney posterior
view]

segmentation was discovered by john hunter [9] in
1794, but detailed account was given in 1950’s by F T
Graves [10] corrosion cast method. There are five
defined arterial segments: apical, superior, middle,
inferior and the posterior. In 1920 , an extensive study
done by Daniel N Eisendranath [11] in different series
of studies found—5 out of 124 kidneys had double
renal arteries. Riichiro Toda [12] and his colleagues
operated upon a 72 old man with an abdominal aortic
aneurysm and found double left renal vein forming
a ring around aorta. Another case reported by
Bayramoglu et al [13] which showed bilateral
double renal arteries in a 68 year year male cadaver.
In 2005 Verma et al [14] reported a case of double
renal veins with double testicular veins. The two
renal veins draining separately into IVC.  Another
study done in 2005 by R.M.P Fernandes [15] and
his colleagues found 3 renal veins draining the
right kidney, they named it as superior right renal
vein [SRRV], middle right renal vein [MRRV], inferior
right renal vein [IRRV] according to the location
when draining into IVC.

The Anatomical knowledge of multiple renal
areteries is essential before performing any
transplanatation surgeries, where microvascular
techniques are employed to reconstruct the renal
arteries [16]. The embryological basis of these
variations has been presented and discussed by
Keibel F and Mall FP [17]. In a 18mm fetus, the
developing mesonephros, metanephros, suprarenal
glands and gonads are supplied by nine pair of lateral
mesonephric arteries arising from dorsal aorta. Felix
[17] divided these arteries into three groups as
follows: the 1st and 2nd arteries as the cranial group,
the 3rd and 4th arteries as  the middle group and 6th

and 9th arteries as caudal group. The middle group
gives rise to renal arteries. Persistence of more than
one renal arteries of the middle group results as
multiple renal arteries. So duplicated renal arteries
are due to persisting lateral mesonephric arteries
from the middle group. Further  Sharmista Biswas
et al [18] reported a case of variation of renal and
testicular veins in their routine dissection, on the
right side there was an additional renal vein that
drained directly into IVC.  Ugur Ozkan et al [19]
studied abdominal angiography of 855 patients, there
was single renal artery in 76% of the patients. Multiple
renal arteries were found in 202[24 %] cases, more
than one renal artery on right side in 135 cases [16%]
and left side in 113 cases [13%].

Madhur Gupta et al [20] reported a horseshoe
kidney, right side kidney was drained by three veins
directly into IVC. Timothy K et al [21] operated on a
55 year old female who was referred for gross
hematuria and planned for laparoscopic left radical
nephrectomy. Upon hilar dissection, the IVC was
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encountered without visualization of aorta. In
additional 3 renal veins were encountered. The
surgery was uneventful and kidney was removed
successfully.

Nayak B. S et al [22] found a case where right
kidney showed three arteries, superior renal artery
was divivided into three branches and middle and
inferior renal arteries were divided in to 2 branches
each. The right kidney also showed 2 renal veins of
equal size. According to Testut and Latarjet [23] and
Bergmann et al [24] the renal veins shows less
variation than to renal arteries and studies done by
Pick and Anson [25] found supernumerary arteries
are seen in 32.25% of kidneys and supernumerary
veins are seen in 14.4% so that supernumerarary
arteries seem to be atleast twice as common as as
supernumerary arteies.   In the present study  also
double renal arteries was seen in 14.28% of  cases
and double renal  veins  was seen in 3.57%  of  cases
[ Table No. 1 and 2],  so  this study results are  reporting
that  multiple arteries incidence  are  thrice more than
the multiple veins and thus  also supports the
sentence  that supernumerary arteries are common
than  supernumerary  veins,  as told by earlier authors.

Renal Pelvis
Renal pelvis is the upper expanded part of ureter.

Malformations of urinary system are relatively
common compromising about  3% of live births [1].
The reported incidence of ureteral duplication varies
widely among different series depending on the
clinical data, survey or autopsy. Duplication of
pelvis and the ureter results from early splitting of
ureteric bud [23].  Splitting may be partial or complete
, ureteric may divide before penetrarting the
metanephric tissues, thus giving rise to a bifid ureter
having a single opening into the bladder.  In case of
very early division of ureteric bud, there is
incorporation of ureteric division into posterior
aspect of urogenital sinus which results in
duplication of ureter with separate orifices for each.
Bifid ureter unless symptomatic might be detected
during investigations or incidential findings at
autopsy. Sometimes there are features of reflux and
as a result urinary calculi [26], pyelonephritis and
ureterohydronephrosis develop [27].

 In 1926, Archangelski [28] in his series of studies
of ureter by radiological method [619 cases] and
autopsy method [3 cases] found that unilateral
duplication of ureter was 502 cases [80%] and
bilateral duplication in117 cases[20%]. Out of 4215
autopsies done by Lowsly et al [29], there was 18
cases of incomplete duplication among them 2 were

bilaterally incomplete , 7 were unilaterally incomplete
and 9 were unilaterally complete duplicate. Ochoa
Urdangarian et al [30] reported a complete triple ureter
and a 27 year old female patient consulted for episodes
of right renal colic, several studies including
intravenous urography and CT scans were performed
revealing a right renal lithiasis and double ureteral
pyelocaliceal system on the right side, the left kidney
showed 3 pyelocalyceal system with  3 ureters each
of them draining separatelty into the bladder. Gawlik
Jkubczak T et al [31] evaluating a case of hypertension
by ultrasound which revealed a giant hydronephrosis
with double pelvis and ureter on left side. Nation [5]
observed 109 cases of duplication of ureter in 16000
autopsies with an incidence of 0.68% where as
Campbell [32]in his personal series of 51,880
autopsies observed 342 ureteric duplication with rate
of 0.66%. Combining Nation [5] and Campbell [32]
series the projected incidence of duplication is 1 in
125 or 0.8%, unilateral duplication is more common
than the bilateral duplication. In our present study
[ Table No. 3]  also, out of 84 kidneys only one kidney
showed duplication of pelvis and ureter which
accounts to be 1.19% which is close to the studies
done by Nation [5] and Campbell [32] series of
autopsies.

Conclusion

By this study it can be reported that supernumerary
arteries are more common than supernumerary veins
and duplication of pelvis though the incidence is less
in this study, the urologist and radiologist should
keep in mind of such duplications and supernumerary
vessels. This present study is an attempt to add an
interest in multiple renal vessels and duplex pelvis
and to add to the knowledge of surgeons and
radiologist for a betterment of their diagnosis and
treatment of patients.
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