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Abstract

Precise knowledge of urogenital vascular anomalies has become extremely important in the past decade with
increasing numbers of renal transplantations, minimally invasive vascular surgeries and numerous radiologic
procedures. We report the presence of multiple variations in urogenital vasculature bilaterally in a 52 year
old male Indian cadaver. Twin renal arteries were encountered bilaterally. Main renal artery was originating
bilaterally at L1 vertebral level and accessory renal arteries were originating as ventral branches of abdominal
aorta at L3 vertebral level and were travelling to the lower part of the respective kidneys. Twin renal veins
were draining the right kidney independently whereas the left renal vein was bifurcating into two tributaries
and draining separately into the inferior vena cava. Multiple testicular veins were found bilaterally. This report
will prove to be helpful in various surgical and radiological interventions performed in the field of urology.
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1 Introduction

Renal arteries are a pair of lateral branches of the
abdominal aorta given at the lower border of first lumbar
vertebra. Most commonly a single renal artery supplies each
kidney. But variations in the number and origin of renal
arteries have been described in the literature by many authors
(SHAKERI, TUBBS, SHOJA et al., 2007; RAO, BHAT,
VENKATARAMANA etal., 2006; SATYAPAL, HAFFEJEE,
SINGH et al., 2000; LOH, GUPTA, ARORA et al., 2009;
DHURIA, LOH, GUPTA et al., 2011). Variations in the
renal arteries have been reported to be ranging from 9 to
76% (SATYAPAL, HAFFEJEE, SINGH et al., 2000). Renal
veins are large veins arising at the hilum and draining into
the inferior vena cava at right angles. The left renal vein is
longer and travels anterior to the abdominal aorta. Multiple
renal veins have been reported in the literature (NAYAK,
2008; MADHYASTHA, SURESH and RAO, 2001,
KAYALVIZHI, MONISHA and USHA, 2011). Pampniform
plexus draining the testis form four testicular veins at the
superficial inguinal ring which traverse through the inguinal
canal and join to form two veins at the deep inguinal ring.
These two veins unite to form a single testicular vein in
the posterior abdominal wall. The left testicular vein drains
into the left renal vein and the right testicular vein drains
into the inferior vena cava. Accessory renal vessels may be
associated with other vascular variations including testicular
veins (KAYALVIZHI, MONISHA and USHA, 2011;
BERGMAN, CASSELL, SAHINOGLU etal., 1992). In this
study we report multiple numbers of rare variations of the

urogenital vasculature and their clinical and embryological
relevance. Knowledge of these vascular anomalies is essential
for medical professionals performing different radiological
and urological interventions.

2 Case Report

Multiple variations in the vasculature of kidneys and
gonads were encountered bilaterally during routine dissection
of a 52 year old male cadaver for educational purposes in
the department of anatomy of Vardhman Mahavir Medical
College and Safdarjung hospital, New Delhi. Presence of
these variations deferred the normal hilar anatomy bilaterally.

On the left side, the left main renal artery (LMRA) was
originating as a lateral branch of the abdominal aorta at the
lower border of first lumbar vertebra and coursed towards
the superior part of the hilum of left kidney. LMRA divided
into two branches 1.9 cms distal to its origin from the
abdominal aorta. The superior branch coursed downwards
and entered the anterior part of the middle of the hilum just
anterior to the left renal vein and pelvis. The inferior branch
further divided into two branches which entered the upper
part of the hilum of the kidney posterior to the left renal
vein. Hence the left renal vein was sandwiched between the
two branches of the LMRA. The left accessory renal artery
(LARA) originated as a ventral branch of the abdominal aorta
at the lower border of third lumbar vertebra 1.7 cms distal to
the origin of inferior mesenteric artery. It coursed posterior
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Figure 1. RMRA- right main renal artery; LMRA- left main renal artery; RMRAs, RMRAi, RMRAInf- superior, intermediate &
inferior branches of right main renal artery; LMRAs, LMRAI- superior & inferior branches of left main renal artery; RK- right
kidney; LK- left kidney; IVC- inferior vena cava; TAs- testicular arteries; SMA- superior mesenteric artery; IMA- inferior mesenteric
artery; RARA- right accessory renal artery; LARA- left accessory renal artery; RU- right ureter; LU- left ureter.

to the inferior mesenteric artery and the left testicular vessels
to reach the lower part of the hilum of left kidney (Figure 1).

The main trunk of the left renal vein was formed by
union of three hilar tributaries. This trunk divided into two
terminal tributaries (superior & inferior) 2.1 cms distal to
its formation. The superior tributary coursed in front of
the aorta and posterior to the superior mesenteric artery
to drain into the inferior vena cava at the lower border of
first lumbar vertebra. It received a common trunk formed
by the union of the left inferior phrenic and left suprarenal
veins 2.4 cms proximal to its termination in the inferior vena
cava. The inferior tributary coursed downwards posterior to
the left testicular vessels, LARA and the abdominal aorta to
drain into the inferior vena cava at the lower border of third
lumbar vertebra. It received the 2™, 3 and 4™ left lumbar
veins on its posterior aspect.

On the left side, double testicular veins were present
at the deep inguinal ring. They coursed upwards on both
sides of the left testicular artery to join and form a single left
testicular vein at the lower border of third lumbar vertebra.
There was an anastomotic communication between the
two left testicular veins 5.2 cms from the left deep inguinal
ring. The single testicular vein passed anterior to the left
testicular artery and the superior tributary of the left renal
vein to drain into the common trunk formed by the union
of left inferior phrenic and left suprarenal veins. Further, this
common trunk drained into the superior tributary of the left
renal vein (Figure 2).
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On the right side, the right main renal artery (RMRA)
originated from the lateral side of the abdominal aorta at
the lower border of first lumbar vertebra 0.6 cms below
the origin of superior mesenteric artery. It coursed laterally
posterior to the inferior vena cava and divided into three
branches 3.6 cms distal to its origin. The superior branch
further divided into two branches and entered the superior
part of the hilum of the right kidney. The intermediate
branch travelled anterior to the right superior renal vein
to enter the anterior part of the renal hilum anterior to
the left renal pelvis. The inferior branch travelled posterior
to the right superior renal vein and further divided into
two branches, one of which reached the upper part of the
right renal hilum and the other entered the middle of the
renal hilum just posterior to the right renal pelvis. This
arrangement of RMRA and its branches sandwiched the
right renal pelvis and the right superior renal vein between
the intermediate and inferior branches. The right accessory
renal artery (RARA) originated from the ventral aspect of
abdominal aorta at the lower border of third lumbar vertebra
very close to the origin of LARA. It coursed anterior to the
inferior vena cava and the right testicular vessels and divided
into three branches which entered the lower part of the
kidney just below the renal hilum (Figure 1).

Twin renal veins were encountered on the right side and
were called the right superior and inferior renal veins (RSRYV,
RIRV). RSRV was formed by the union of three tributaries
at the renal hilum. It traversed upwards and drained into the
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Figure 2. LMRA- left main renal artery; RMRA- right main renal artery; RSRV- right superior renal vein; RIRV- right inferior renal
vein; LRV- left renal vein; LRVt- left renal vein tributary; RTV- right testicular vein; LTV- left testicular vein; CT of LSRV & LIPV-
common trunk of left suprarenal vein & left inferior phrenic vein; TAs- testicular arteries; IVC- inferior vena cava; SMA- superior
mesenteric artery; IMA- inferior mesenteric arery; ARAs- accessory renal arteries; RTVs- tributaries of right testicular vein; LTVs-
tributaries of left testicular vein; RU- right ureter; LU- left ureter; RK- right kidney; LK left kidney.

inferior vena cava at the lower border of first lumbar vertebra.
Just proximal to its termination it received the common
trunk of the right testicular veins. RIRV was formed by two
hilar tributaries and it coursed laterally posterior to the right
testicular vessels to drain into the inferior vena cava at the
level of second lumbar vertebra.

Three right testicular veins emerged at the deep inguinal
ring. Two of the medial testicular veins joined together to
form a common tributary 6.8 cms from the deep inguinal ring.
This common tributary had an anastomotic communication
with the lateral vein 7.4 cms from the deep inguinal ring.
The two testicular veins hence formed travelled upwards on
both sides of the testicular artery and were related anteriorly
to the RARA and RIRV. A common trunk of right testicular
vein was formed by the union of the two testicular tributaries
at the level of second lumbar vertebra just lateral to the
inferior vena cava. This common trunk drained into the
terminal portion of the RSRV just before the later opened
into the inferior vena cava (Figure 2).

Left and right ureters coursed anterior to the lower pole
of the kidney. The left hilum was enlarged and was extremely
deep measuring 4.2 cms vertically, 3.3 cms transversely and
1.8 cms deep. The right hilum was also enlarged measuring
3.6 cms vertically and 3.1 cms transversely. The hilar anatomy

was altered bilaterally due the presence of multiple variations
of renal vessels. The arrangement of structures in the hilum
of the left kidney from anterior to posterior was superior
branch of LMRA, left renal pelvis, renal vein and inferior
branch of LMRA. LARA lied in a posterior plane in the
lower portion of the hilum. The arrangement of structures
in the hilum of the right kidney from anterior to posterior
was intermediate branch of RMRA, right renal pelvis, RSRV
& RIRV and inferior branch of RMRA.

3 Discussion

Although variations in the renal and gonadal vessels
have been reported in the past, but there are no reports
of unique urogenital vascular pattern as reported in this
study. In the literature additional renal arteries have
been accessory, aberrant,
supernumery, multiple and polar. Bergman et al. reported
the incidence of twin renal arteries to be 10% based on
their study of 10,967 kidneys (BERGMAN, CASSELL,
SAHINOGLU et al., 1992) whereas Khamanarong et al.
found it to be 17.43% (KHAMANARONG, PRACHANEY,
UTRARAVICHIEN et al., 2004). Bordei et al. studied
272 kidneys and found the incidence of double renal

referred to as anomalous,
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arteries to be 20% (BORDEI, SAPTE and ILIESCU,
2004). Additional renal arteries are more frequently
unilateral. Sampaio and Passos reported the incidence of
bilateral double renal arteries to be 4.5% (SAMPAIO and
PASSOS, 1992). The incidence of accessory renal arteries
has been reported to be different in different ethnic races
(African-37.1%, Indian-17.4%, Caucasian- 35.3% and
Colored-18.5%). The abnormalities in renal arteries are
due to its different developmental position. Kidney starts
developing in the pelvic cavity and ascends to its normal
position in the lumbar region. While the kidneys ascend to
lumbar region, their arterial supply also shifts from common
iliac artery to the abdominal aorta (ASALA, CHAUDHARY,
MASUMBUKO-KAHAMBA et al.,, 2001). But in the
present case, though kidneys were situated in the lumbar
region, they were supplied by an accessory renal arteries
arising from the ventral aspect of abdominal aorta at the
level third lumbar vertebra. This might be due to the failure
in the disappearance of the mesonephric arteries which
supplied the kidney during its ascend. Renal artery variations
are categorized into two types, early branching and extra-
renal arteries. In early branching main renal artery is more
proximal to hilum. Extra-renal arteries are grouped into
hilar (accessory) and polar (aberrant) arteries (SATYAPAL,
HAFFEJEE, SINGH et al., 2000; CINMAN, OKEKE and
SMITH, 2007). Urologists should be careful during vascular
procedures as these extra-renal arteries are end arteries and
their damage would lead to ischemia of the area supplied by
them. Furthermore, care has to taken to anstomose these
arteries during renal transplantation.

Variations of the renal veins though reported are rare.
Multiple renal veins have been reported in the past by a few
authors (JANSCHEK, ROTHE, HOLZENBEIN et al,,
2004; MALCIC-GURBUZ, AKALIN, GUMUSCU et al.,
2002). We have reported the presence of double renal veins
on the right side and branching renal vein on the left side.
These anomalies could be explained on the basis of persistence
of renal venous collars and a particular developmental
pattern of inferior vena cava (SATYAPAL, KALIDEEN,
HAFFEJEE et al., 1999). Abnormal development and
anastomosis of subcardinal and supracardinal venous
channels can also lead to anomalies of renal vein. We have
reported a retro-aortic branch of left renal vein which is of
great clinical significance as an anomaly like this could lead to
renal hypertension, thrombosis, hematuria and varicocoele.
Moreover, it poses a potential hazard to surgeons operating
on the abdominal aorta.

Studies on variations of the testicular veins are very rare.
Testicular veins develop from the post renal segment of
the subcardinal vein and the sub-supracardinal anastomosis
(right vein) during the 5% to 7% week of intra-uterine life.
Asala, Chaudhary, Masumbuko-Kahamba et al. (2001) have
reported the termination of the testicular vein into the right
renal vein. Variations of testicular veins have been classified
into four types (11); totally duplicated left veins (type 1),
partially duplicated left veins (type 2), beaded bilateral veins
(type 3), and high drainage into the inferior vena cava on the
left and termination in the right renal vein on the right (type
4). Thus the testicular venous variations reported in the
present study can be classified as type 1 and 4. We have also
reported anomalous termination of testicular veins bilaterally
which could be the main factor in causation and recurrence
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of varicocoele. Surgeons operating in cases of varicocoele
should be aware of these variations of the testicular veins to
avoid recurrence.

Altered hilar arrangement of structures is of utmost
importance during surgeries requiring hilar dissection.
Variations in the hilar anatomy as reported in the present
study should be borne in mind to avoid conversion of a
laproscopic procedure into an open surgery.
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