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ABSTRACT
Renal arteries show a range of variations in origin and distribution to the kidney, with variable
distributions and caliber of the vessels on each side. As these have serious implications in transplant
surgery and renal imaging, it is imperative to examine the variations possible and also to have a
common nomenclature for the variations seen. Standard textbooks note that variations are seen in
about 30% of the population with a range of 9-76%1 and hence it was deemed necessary to add to the
existing knowledge of variations in the patterns of the renal artery. 3 kidneys with variable arterial
supplies have been described and the variations have been discussed here. A review of literature also
showed that the nomenclature of the arteries varied from one study to another. An attempt has been
made here to rationalize the terminology for ease of discussion and comparison.
Keywords: Supernumerary arteries, polar arteries, renal segmental arteries, lateral splanchnic arteries
INTRODUCTION
Variations in renal vessels are expected, especially
as the incidence of variation has been reported as
9-76%1. Variations are gaining greater importance
due to MR angiography and transplantation of
kidneys from live donors. Standard textbooks
comment that while 70% of kidneys show a single
artery, 30% of kidneys show supernumerary
vessels2.
This
assumes
importance
for
interpretation
of
radiological
material,
transplantation and in preventing erroneous
interpretation of pyelogram among other serious
consequences. Perusal of literature on the topic
showed that a number of workers have reported
variations of arterial patterns as well as variations
in nomenclature of these arteries, using terms such
as additional /anomalous /accessory /abnormal
/aberrant arteries. The presence of kidneys with
variable blood vessels, among the anatomy
prosection specimens in the Department, triggered
a review of literature and a study to investigate
possible patterns of renal vessels.

MATERIAL AND METHODS
3 isolated kidneys, 1 right and 2 left kidney, which
were used for student prosection showed renal
vessels
that
could
be
termed
‘anomalous/aberrant/accessory’.
The 3 kidneys that made up this material were a
pair of kidneys (1a and 1b) with an intact segment
of the abdominal aorta and a segment of the
inferior vena cava (Fig 1 and 2). The next
specimen was an isolated left kidney with its
vessels intact but not connected to an aorta or
inferior vena cava (Fig 2). The specimens were
photographed after clearing the connective tissue
around the hilum and investigating the extra-hilar
course of the arteries that supplied each kidney.
The kidneys and the arteries entering it were not
subjected to any further dissection.
RESULTS
Kidney 1a (Fig.1) was supplied mainly by the
right renal artery which divided 2.5 cm from the
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aorta into 4 segmental branches before reaching
the hilum of the right kidney (Fig.1: 1-4). 3 of
these branches were anterior branches, (Fig.1: 13), and entered the hilum anterior to the pelvis of
the ureter. One (Fig.1: 4) traveled behind the
pelvis of the ureter to enter the hilum. An
additional artery (Fig. 1: 5) arose from the aorta 2
cm above the right renal artery and entered the
kidney at the upper end of the hilum, posterior to
the upper part of the pelvis of the ureter.
Kidney 1b (Fig.2) was supplied by the left renal
artery, which branched outside the hilum into 2
branches. Each of the 2 branches divided again
into 2 arteries, but at varying distances from the
hilum. All 4 branches entered the hilum behind
the right renal vein and in front of the pelvis of the
ureter. (Fig. 2: 3-6). 3 additional arteries branched
from the aorta to supply the left kidney: two above
and one below the left renal artery. The highest
one (Fig. 2: 1) pierced the medial border of the
kidney 0.5 cm above the hilum. The second one
(Fig 2: 2) entered the upper part of the hilum
behind the renal pelvis. The third additional artery
(fig 2: 7) entered the kidney at the lower part of
the hilum behind the renal pelvis. Altogether 7
arterial branches were noted.
Kidney 2 was an isolated left specimen. A single
left renal artery divided before the hilum into 2
branches. The upper branch of the renal artery
(Fig. 3: 1) after giving off a branch (presumably to
the left suprarenal gland) pierced the anterior
surface of the kidney below the upper pole. The
lower branch (Fig.3:2) divided into 3 arteries (Fig
3: 2a, 2b, 2c), 2 of which, (2a and 2b), entered the
hilum at the middle and lower end of the hilum
respectively, while the last branch, (2c), given off
posteriorly, entered the middle of the hilum behind
the pelvis of the ureter.
DISCUSSION
Standard text books of Anatomy describe a pair of
renal arteries that arise from the abdominal aorta at
the level of the vertebral disc between L1 and L2.

Each artery divides into 5 segmental arteries
(superior, antero-superior, antero-inferior, inferior
and posterior) that supply the 5 segments of the
kidney3. The right artery is longer, often higher
and runs behind the Inferior Vena cava (IVC) and
behind the right renal vein. The left renal artery is
slightly lower, behind the corresponding vein and
crossed by the Inferior Mesenteric Vein. In 70% of
cases, one artery branches to supply each kidney2.
These arteries show variability of caliber, in the
degree of obliquity and the precise relations.
The kidneys in this report had normal renal
arteries as described in standard text books. They
also had additional arteries arising from the aorta,
above and below the renal artery (Kidney 1A &
B). Kidney 1a had 4 arteries from the renal artery
which entered the hilum to possibly supply 4
vascular renal segments, with the supernumerary
artery (5) directly from the aorta (Fig.1: 1a:5)
supplying the 5th vascular segment. Since no
dissection was done this could be an informed
comment on its area of supply. 5 vascular renal
segments have been described in textbooks for
each kidney2.
Kidney 1b had 7 branches supplying the left
kidney of which one pierced the surface outside
the hilum of the left kidney and could be called a
polar artery2 (Fig 2: 1). The 6 vessels that entered
the left hilum included the 4 branches of the left
renal artery proper (Fig 2: 3-6) and 2 accessory
vessels2 from the aorta (2 & 7) that may be
supplying the posterior vascular segment. These
(1, 2 and 7) would be the persistent lateral
splanchnic arteries that supply the kidney as it
ascends out of the pelvis during development2,
though Hlaing et al8 reported this phenomenon as
pertaining to arteries that supply the lower pole
only.
Kidney 2 had a normal left renal artery from the
aorta. However, the segmental branch to the upper
pole was not through the hilum as is normally
seen, but piercing the anterior surface of the upper
pole and could be called Upper polar artery1 or
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Superior renal polar artery2. Polar arteries have
been
described
as
arising
from
6
anomalous/accessory arteries or from the renal
artery proper2. In this study, the artery supplying
the upper pole in Kidney 2 arose from the normal
left renal artery. 3 segmental branches of the left
renal artery were seen entering the hilum instead
of the expected 4 arteries. The possibility remains
that further branching of the artery may occur
within the kidney parenchyma.
Supernumerary arteries are relatively common (an
incidence of 30%2), and had raised concerns that
their narrow calibers may contribute to renal
ischemia and increase the risk of hypertension – an
event which has since been reported to show no
statistical significance5. These arteries represent
persistent embryonic lateral splanchnic arteries
which grow in sequence from the aorta to supply
the kidney as it ascends from the pelvis4. These
arteries may arise from the aorta, coeliac trunk,
superior mesenteric artery, inferior mesenteric
artery and the aorta near its bifurcation2. Often
called accessory renal arteries, the supernumerary
arteries to the lower pole may be clinically
important as they may obstruct the pelvi-ureteric
junction resulting in hydronephrosis.
Supernumerary arteries are reported to be present
in 30% of kidneys2, though other reports mention
40%6, 24%5, 20%7 and 4%8. It is reported to be
more commonly seen on the left side1 where they
enter the lower pole7. In kidney 2 of this report,
there are 3 additional arteries to the left kidney,
one of which pierces the anterior surface and 2
which enter through the hilum.
Variations in the renal arteries have serious
consequences for surgeons and radiologists as has
been elaborated in several reports1, 5-8.
Consistency of nomenclature therefore is required
in the description of variations. It is suggested that
the following nomenclature for supernumerary
arteries may be used to reduce confusion.
i) Hilar arteries enter the kidney at the hilum
irrespective of their origin.

ii) Extrahilar do not enter the kidney through the
hilum and irrespective of their origin, may be
called (a)‘perforating’ if it perforates any surface
of the kidney, or (b) ‘polar’, if it supplies the upper
and/or lower poles7. Kidneys 1b and 2 may
therefore be said to have a perforating polar artery
each to the upper poles of the respective kidneys.
Saritha et al called the extrahilar arteries as
‘accessory’ vessels, distinguishing polar accessory
vessels from hilar accessory vessels.
Terms such as aberrant, abnormal & anomalous do
not convey precise information and may therefore
be unsuitable in a scientific context, as each artery,
whether it arises from the aorta or other vessels,
does supply a specific segment of the kidney. All
segmental arteries are end arteries supplying a
resectable unit/renal segment and do not show
significant anastomosis with other vessels. They
are therefore not aberrant, abnormal or
anomalous1.
CONCLUSION
The present study has reported the presence of
additional branches to the kidneys from the
abdominal aorta and the renal artery. These
variations in the organization of neurovascular
structures at the renal hilum will provide valuable
information to surgeons and radiologists before
procedures are undertaken. A scheme for
nomenclature of supernumerary vessels has also
been suggested in this report.
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Fig1. Right kidney 1a: Right renal artery with its 4 branches to the hilum (1-4), and the hilar artery (5)
from the abdominal aorta, (IVC= Inferior Vena cava)
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Fig. 2: Left Kidney 1b: IVC – Inferior venacava, 3-6 = Branches of the renal artery, 1, 2 & 7=
supernumerary arteries from the aorta
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Left Renal Vein

Left Ureter

Fig. 3 – Kidney 2- 1, 2, 2a, 2b, 2c = branches of the left renal artery
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