Romanian Journal of Morphology and Embryology 2010, 51(3):533–536

ORIGINAL PAPER
Renal artery variations: embryological
basis and surgical correlation
VIRENDRA BUDHIRAJA, RAKHI RASTOGI, A. K. ASTHANA
Department of Anatomy,
Subharti Medical College, Meerut, U.P., India

Abstract

Understanding anatomy of the vascular variations of kidney is essential for the clinician to perform procedures such as renal
transplantation, interventional radiological procedures and renal vascular operations more safely and efficiently. In order to facilitate the
clinical approaches, we studied renal arterial pattern in 50 formalin-fixed cadavers, on 100 kidneys. We observed prehilar multiple
branching patterns in 11 (11.66%) cases, duplication of renal artery in eight (8.33%) cases and superior polar artery in seven (6.66%)
cases. In the present study findings discussed with its clinical correlation.
Keywords: kidney, anatomical variations, renal polar artery, duplicated renal artery.

 Introduction
Classically, a single renal artery supplies each kidney.
However, renal artery variations are very common.
Variations regarding their origin and number have been
reported by many researchers [1–3]. As the invasive
interventions such as renal transplantation, interventional radiologic procedures and urologic operations
increase, awareness of the possible variations of the renal
arteries is necessary for adequate surgical management
in the aforementioned specialties [4, 5].
 Material and Methods
During routine abdominal dissection conducted for
medical undergraduates, on 50 cadavers (100 kidneys)
of both sexes, aged 40–70 years, various organs including stomach, liver, spleen, duodenum with pancreas
were removed and preserved as specimen for teaching
purposes. Ureters were also reflected in some cases
towards the urinary bladder for proper visualization of
hilar pattern of renal arteries.
 Results
We observed bilateral prehilar multiple branching of
the renal arteries in 11 (11.66%) cases (Figures 1–3),
duplication of renal arteries in eight (8.33%) cases
(Figures 2 and 4), superior polar arteries in seven
(6.66%) cases (Figures 2, 3 and 5).
Prehilar multiple branches were directed towards
apical, superior, middle, inferior and posterior vascular
segment of kidney. The apical segmental branch was
entering through hilum above and anterior to renal vein
in all the 11 cases, the rest of the segmental braches
were entering through hilum posterior to renal vein in
all except one case where the superior segmental branch
was also observed entering hilum anterior to renal vein
(Figure 2).

Figure 1 – Right kidney with prehilar multiple branching of renal artery and an accessory renal artery
entering superior pole (RK – Right kidney, AA –
Abdominal aorta, IVC – Inferior vena cava, SMA –
Superior mesenteric artery, RRA – Right renal artery,
RRV – Right renal vein, RSPA – Right superior polar
artery, RISRA – Right inferior suprarenal artery, A –
Apical segmental branch, S – Superior segmental
branch, M – Middle segmental branch, I – Inferior
segmental branch, P – Posterior segmental branch).

Duplicated renal arteries were observed on both
sides. On right side, they were observed in five out of
eight cases (62.5%) and three out of eight cases (37.5%)
on left side. They were found running as anterior and
posterior renal arteries (Figures 2 and 3) as well as
accessory renal arteries (Figures 1 and 5). Anterior renal
artery was giving branches to apical, superior, middle
and inferior vascular segment of kidney and posterior
renal artery was continuing as posterior segmental
artery in all the cases.
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Superior polar arteries in five out of seven cases
(71.43%) were found taking origin from apical segmental
branch (Figures 2 and 3), in two out of seven cases
(28.57%) were originated directly from abdominal aorta
(Figure 5). Superior polar artery followed an almost
vertical course when it took origin from apical segmental branch and entered the kidney along the upper
part of its medial border, but course was horizontal
when took origin directly from abdominal aorta.

Figure 4 – Duplicated renal artery on right side
(RK – Right kidney, AA – Abdominal aorta, SMA –
Superior mesenteric artery, RARA – Right anterior
renal artery, RPRA – Right posterior renal artery,
RRV – Right renal vein, RU – Right ureter).
Figure 2 – Left kidney with duplication of renal
artery and left superior polar artery (LK – Left
kidney, AA – Abdominal aorta, IVC – Inferior vena
cava, SMA – Superior mesenteric artery, LARA –
Left anterior renal artery, LPRA – Left posterior
renal artery, LRV – Left renal vein, LSPA – Left
superior polar artery, A – Apical segmental branch,
S – Superior segmental branch).

Figure 5 – Accessory artery entering through superior pole of right kidney (RK – Right kidney, IVC –
Inferior vena cava, RSPA – Right superior polar
artery, RRV – Right renal vein, A – Apical segmental
branch).

 Discussion

Figure 3 – Left kidney with prehilar multiple branching of renal artery (LK – Left kidney, AA – Abdominal aorta, SMA – Superior mesenteric artery, LRA
– Left renal artery, LRV – Left renal vein, LU – Left
ureter, SPA – Superior polar artery, A – Apical
segmental branch, S – Superior segmental branch,
M – Middle segmental branch, I – Inferior segmental
branch, P – Posterior segmental branch).

The renal arteries originate from the abdominal aorta
and account for 20% of the cardiac output to the kidneys. The renal vascular segmentation was discovered
by John Hunter in 1794, but a detailed account was
given in 1950’s by corrosion cast studies. There are
five defined arterial segments: apical, superior, middle,
inferior and the posterior. The anatomical knowledge
of these segments is important while performing nephrectomies [6].
Variations in renal arteries are not uncommon. Shoja
MM et al. (2008) studied the perihilar branching pattern
of renal artery. They observed fork pattern in 92.6%
kidneys, duplicate in 80.2%, triplicate in 12.4% and
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ladder pattern in 7.4% kidneys [7]. Prehilar multiple
branching of renal arteries were reported by Rao M
et al. (2006) [2]. In our study, we observed prehilar
multiple branching of renal arteries in 11 (11.66%)
cases. These branches were directed towards apical,
superior, middle, inferior and posterior vascular
segment of kidney. As multiple branches of renal artery
corresponds to segmental branches, the risk of hemorrhage during renal transplantation, segmental ischemia
and postoperative hypertension due to loss of parenchyma increases [5].
The surgical accessibility to clamping of segmental
arteries from anterior and posterior approaches was
determined by Weld KJ et al. (2005) [8]. The vascular
anatomy of kidney assessed in their study consisted of
zero, one or two pre-segmental arteries in 49.3%, 31.5%
and 19.2% of kidneys, respectively. From a posterior
approach, the posterior segmental artery was accessible
to isolated clamping in 81.1% of the kidneys and was
accessible to clamping at the pre-segmental level in
12.7% of the kidneys with total accessibility 90.9%.
The total accessibility rate for the inferior segmental
artery was 88.5% from anterior and 66.7% from
posterior surgical approach. The apical artery total
accessibility rate was 72.3% and 40.5% from anterior
and posterior approach, respectively. The corresponding
middle and superior segmental artery total accessibility
rate were 50.8% and 32.8%. They concluded that selective segmental vascular control might offer the benefits
of total hilar control while reducing overall renal ischemic injury.
There are reports of duplication of renal arteries
[9, 10]. Bordei P et al. (2004) studied renal vascularization and reported 54 cases of double renal arteries
supplying one kidney and originating from aorta. Of the
54 cases, six cases were bilateral. In about 28 cases,
supplementary renal artery entered the kidney through
the hilum, in 16 cases it was inferior polar, in five cases
it was superior polar [11]. Incidence of multiple arteries
has been reported to be 20.2% and 19% on right and left
sides, respectively by Janschek EC et al. in 2004 [12],
however Saldarriaga B et al. (2008) reported ninetyseven (24.9%) out of 390 kidneys having additional
arteries; 87 (22.3%) had one additional artery and 10
(2.6%) had two additional arteries. The frequency of one
additional artery was 43.5% on right side and 56.3% on
left side [13]. There was discrepancy regarding the side
the additional arteries were presented; some authors
have reported a higher frequency on the left side [3, 11,
14], others reported this variation to be more frequent
on the right side [15–18]. In present study, we observed
duplication of renal arteries in eight (8.33%) cases.
On right side, they were observed in five out of eight
cases (62.5%) and three out of eight cases (37.5%)
on left side, so the frequency was more on right side.
The anatomical knowledge of multiple arteries is
essential before performing any transplantation surgeries, where microvascular techniques are employed to
reconstruct the renal arteries [19]. The embryological
explanation of these variations has been presented and
discussed by Keibel F and Mall FP [20]. In an 18 mm
fetus, the developing mesonephros, metanephros, supra-

535

renal glands and gonads are supplied by nine pairs of
lateral mesonephric arteries arising from the dorsal
aorta. Felix divided these arteries into three groups as
follows: the 1st and 2nd arteries as the cranial group,
the 3rd to 5th arteries as the middle group and 6th to 9th
arteries as the 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 [20]. Thus, the duplicated renal arteries in our
study are a result of two persisting lateral mesonephric
arteries from the middle group.
Accessory renal arteries are found frequently on the
left side and occurrence is as high as 30–35% of cases,
these arteries usually enter the upper or lower poles of
the kidney [21]. In the present study, we found accessory
renal arteries on right side entering the superior pole as
superior polar arteries. On the left side, the superior
polar arteries were found as a branch arising from apical
segmental arteries. Beyer RW and Daily PO [22] have
reported a case of two renal arteries on the right side
and one supplying the upper pole (superior polar) being
more vertical in trajectory than the usual main renal
artery (as reported in the present study on left side),
causing upper pole infarction.
 Conclusions
With the increasing demand for kidney transplantation, living donor grafts have become the major source
for maintaining the donor pool, and the successful
allograft with multiple arteries has become a necessity.
In the past ten years, even though being considered as a
relative contraindication because of the increased risk of
complications and being more complex compared to
transplantation with single renal arteries, allograft with
multiple renal arteries can be implanted with short and
long term results comparable to those with single renal
arteries by using the surgical technique that best fits a
particular situation.
Nevertheless, to plan the adequate surgical procedure and to avoid any vascular complication, Multi
Detector Computer Tomography (MDCT), angiography
and arteriography should be performed prior to every
nephrectomy.
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