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ABSTRACT

During the dissection of an 80-year-old male cadaver, left unilateral
duplication of renal arteries consisting of an accessory renal artery forming
the superior polar artery and a main renal artery that divided into prominent
extra renal divisions were detected. In another 77-yearold female cadaver,
bilateral double renal arteries with different extra renal division patterns,

including a superior polar division from one of the double renal arteries on
each side, were noted. In both cases, the extra renal divisions had variable
positional relationships to the other hilar structures of the kidneys.

The presence of such variations and their co-occurrence could be associated
with potential risk of various medical conditions like secondary hypertension
and could also complicate outcomes of clinical procedures. So, awareness
of such variations would be crucial in the diagnosis and treatment of renal,
urologic and other associated diseases, and in the reduction of the risk of
complications.
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INTRODUTION

he kidneys receive about 20 - 25% of the cardiac output delivered to

them by renal arteries, which are one of the paired lateral branches of the
abdominal aorta. Each renal artery before reaching the hilum of the kidneys
gives branches to the suprarenal gland, renal pelvis, ureter, perinephric tissue
and renal capsule. In ideal condition, each renal artery terminates near
the hilum of the kidneys by dividing into anterior and posterior branches
running on the respective sides of the renal pelvis that further divide into
renal segmental arteries [1]. Though it is often described that a single renal
artery supplying each kidney is found in 70% of the cases, there are variable
data indicating extensive variations of the renal arteries. As demonstrated
by a dissection study of 30 kidneys of 15 preserved cadavers, about 86.6%
of them showed a single artery supplying each kidney [2]. Whereas, a CT
renal angiographic study of 248 cases revealed a lower percentage (43.35%)
of single renal artery supplying each kidney [3]. Another recent CT renal
angiographic investigation done on 200 patients also noted that renal arterial
variation accounts for 37% of renal vascular variations, which is frequently
seen in males than in females. The commonest of these variations being
the presence of accessory renal artery [4]. According to many other studies,
renal arterial variations included the unilateral or bilateral presence of
multiple (2 - 6) renal arteries and their early (extra renal, pre-hilar) division
(branching) patterns [4-7]. It is also demonstrated by a number of studies
that the pattern of terminal division of renal arteries is widely variable. A
CT renal angiographic research done on 204 patients, noted that the extra
renal (pre-hilar) division pattern has a prevalence of 14.7% [8]. As all these
studies indicate, there is a wide range of variability in the origin, number and
division patterns of renal arteries. The frequency of these variations reflects
the complexity of the renal organogenesis representing vestiges of ascent of
the kidneys during the 6th - 9th week of gestation from the pelvis to the
final lumbar destination. This ascent is accompanied by sequential sprouting
of branches from the aorta while the preceding lower branches regress [9].
Chan PL et al. [10] in their case report of 21and 41-year-old female patients
with hypertension and accessory renal arteries concluded that accessory renal
arteries are common and may contribute (depending on the anatomy and
hemodynamic characteristics) to resistant secondary hypertension through
renin dependent hyperaldosteronism.

MATERIALS AND METHODS

During the dissection study of the retroperitoneal space of 80-year-old male
and 77-year-old female cadavers, arterial variations in the number, division

patterns and relations to hilar structures of the kidneys were noted. The
arteries were carefully dissected, cleaned and painted red and photographs
were taken for illustrations. In the male cadaver, where there were two
arteries, the larger artery was considered as the main renal artery and the
smaller one was taken as accessory renal artery. The bilateral double renal
arteries with comparable sizes in the female cadaver were considered as
superior and inferior renal arteries, while the corresponding extra renal
branches in both cadavers were designated as superior, middle and inferior
for a purpose of description.

CASE REPORT
Case 1

In the 80-year-old male cadaver, double left renal arteries (superior and
inferior) with an unusual division pattern of the inferior renal artery and its
relation to hilar structures were observed:

1. The smaller left superior renal artery (left accessory renal artery)
arose directly from the left lateral part of the abdominal aorta at the level
between the origins of superior mesenteric artery and the left main renal
artery and entered the medial aspect of the superior pole of the left kidney as
superior polar artery.

2. The larger left inferior renal artery (left main renal artery), at first,
ran superior and posterior to the left renal vein. Then it crossed anterior to
the renal vein and descended obliquely to bifurcate into superior and inferior
extra renal divisions. A smaller middle extra renal division branched from
the inferior extra renal division short after the bifurcation. These three extra
renal divisions (superior, middle and inferior) of the left main renal artery
then entered the left kidney through the hilum anterior to all other hilar
structures (Figure 1).

Case 2

In the 77-year-old female cadaver, bilateral duplication of the renal arteries
was detected, where each kidney was supplied by a pair of renal arteries
(right and left superior and inferior renal arteries); both of which branched
from the abdominal aorta inferior to the level of the origin of the superior
mesenteric artery. These bilateral double renal arteries ramified into extra
renal divisions before reaching the hilum of the kidneys. The right superior
renal artery divided into three extra renal divisions, one of which was extra
hilar and entered the medial aspect of the superior pole of the right kidney
as right superior polar branch, while the middle and inferior divisions were
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hilar branches that entered the kidney through the hilum posterior to the
renal pelvis. The right inferior renal artery continued undivided and entered
the lower corner of the hilum of the right kidney anterior to the renal pelvis.
In contraty to those on the right side, the left superior and inferior renal
arteries divided into two extra renal divisions each. Even though, both
divisions of the left superior renal artery were hilar, which entered the left
kidney anterior to the renal pelvis, the inferior division descended caudally
anterior to the inferior renal artery, turned laterally at about a right angle
and entered the left kidney at the lower corner of the hilum anterior to renal
pelvis. The inferior extra renal division of the left inferior renal artery was
hilar and entered the kidney through hilum posterior to the renal pelvis,
while its superior extra renal division was extra hilar and entered the medial
aspect of the superior pole of the left kidney as a left superior polar artery
(Figure 2).
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Figure 1) Demonstrates the double renal arteries (superior and inferior) to the
left kidney of the 80year-old male cadaver and illustrates the origin and course
of the smaller left superior (left accessory) renal artery, as well as the left inferior
(main) renal artery and its divisions (superior, middle and inferior) with their
extra hilar and hilar entries to the kidneys.
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DISCUSSION

Though, a single renal artery supplying each kidney is frequently described to
be found in 70% of the cases, current literature review shows inconsistency,
which varies from 86.6% to as low as 43.35%. There are also similar
inconsistencies in the various study results related to the existence of
variant renal arteries that range between 13.30% and 56.65%. An earlier
CT angiographic study done on 284 patient noted multiple renal arteries
in 19.35% of the cases and out of which the one with a larger caliber is
considered as the dominant renal artery while the rest are taken as accessory.
It is obvious that the current finding in the 80-year-old male cadaver also
goes in line with this description where the inferior remarkably larger one
is a dominant (main) renal artery, while the superior and smaller one is an
accessory renal artery. However, in the case of the bilateral pairs of renal
arteries in the 77-year-old female cadaver, they seem to have comparable size.
Therefore, the author simply considered them as superior and inferior renal
arteries rather than main and accessory renal arteries. The renal arteries also
have variability in their branching patterns to the kidneys. Many previous
studies, have documented that variable extra renal branching patterns are
frequent encounters, which were also observed in both cadavers in the
current report, which confirms the earlier documentations. However, in
addition to their duplications and variable extra renal branching patterns,
the two cases in this report are unique in that the origin of the superior polar
artery is completely different in the left kidney of the male cadaver and in the
two kidneys of the female cadaver. In the male cadaver it is a continuation
of the accessory renal artery, whereas, in the female cadaver it arose from the
right superior renal artery on the right side and from the inferior renal artery
on the left side. Moreover, the oblique descent of the left main renal artery
anterior to the left renal vein in the male cadaver and the inferior branch of
the left superior renal artery anterior to the inferior renal artery in the female
cadaver to enter the respective left kidneys anterior to the hilar structures
including the renal pelvis, are also peculiar and could increase their liability
to iatrogenic injury during surgery. It is also remarkable that, in the female
cadaver, the hilar right inferior renal artery entered the kidney anterior to
the renal pelvis but the inferior division of left inferior renal artery entered
the left kidney posterior to the renal pelvis at the hilum.

The co-existence of such variations in the number, branching and
distribution patterns, and relationships in different cadavers and even on the
opposite sides of the same cadaver, like in this report, could be challenging
to professionals concerned with the diagnosis and treatment of patients
with renal, urologic or other related diseases. It could also be a cause of
minor or major health compromises in otherwise living healthy kidney
donors. Therefore, the author believes that considering the inclusion of
such variations of clinical importance during preclinical anatomy teaching
can equip students with the indispensable knowledge that fosters awareness
during clinical practice.
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Figure 2) [llustrates the bilateral double renal arteries (superior and inferior) in a 77-yearold female cadaver with their extra renal divisions. The trifurcation of the
right superior renal artery into superior, middle and inferior divisions, and the bifurcations of both left superior and inferior renal arteries into superior and inferior extra
renal divisions are demonstrated. It also shows the different origins of the right and left superior polar arteries, and the relationship between the remaining branches of

the renal arteries and the renal pelvis at the hili of both kidneys.
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CONCLUSION

The presence of such renal arterial variations is associated with potential
risk of various medical conditions like secondary hypertension and the co-
occurrence of multiple variations like this could have a detrimental effect on
outcomes of different procedures and increases the risk of complications.
Therefore, awareness of such variations would help in the differential
diagnosis of causes of hypertension, renal and urologic diseases, and in
the planning and deployment of appropriate strategies to reduce the risk
of complications during procedures like interventional radiology, harvesting
healthy donor kidneys, renal transplantation, endovascular repair of
abdominal aortic aneurysm and other nephron-urologic surgeries. Hence, it
is worth of consideration in the pre-clinical and clinical teachings.
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