
Introduction
Renal arteries are a pair of lateral branches from the
abdominal aorta at the level of L1–L2, little below the
origin of the superior mesenteric artery. Each renal
artery divides into an anterior and a posterior division
near the hilum of the kidney, which in turn divides into
five segmental arteries supplying the different renal vas-
cular segments.[1] Variations in the number, source and
course of the renal arteries are common, most common
variation being the accessory renal artery.[2] Variations in
the kidney arterial supply reflect the manner in which
the vascular supply continually changes during embryon-
ic and early fetal life. Accessory renal arteries usually
arise from the abdominal aorta above and below the
main renal artery and follow it to the renal hilum. They
are regarded as persistent embryonic lateral splanchnic

arteries.[1] The frequency of accessory renal arteries
varies from 9% to 76% with an average of 30%. In rare
cases, accessory renal arteries may arise from the celiac
trunk, superior mesenteric, inferior mesenteric, common
iliac, middle sacral, or external iliac arteries.[3]

Accessory renal arteries arise as result of the compli-
cated development of kidneys and variations in their posi-
tional anatomy.[4] They can be derived from the internal
spermatic, superior mesenteric, common iliac, hypogastric
or middle sacral arteries, and may be associated with
ectopic or fused kidneys.[5] Accessory renal arteries are end
arteries; therefore if they are damaged, the part of kidney
supplied by it becomes ischemic.[6] The knowledge of the
variation of renal arteries and associated congenital renal
anomalies is very much essential for medical educators,
surgeons and radiologists for proper diagnosis and man-
agement of the patient. Thus, this study aimed to widen
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our knowledge about vascularization of the kidney, the
incidence of accessory renal artery and its association with
congenital anomalies of the kidney.

Materials and Methods
The present study was conducted on 37 dissected cadavers
(31 males and 6 females) during routine dissection of the
abdomen for medical undergraduate training in the
Departments of Anatomy of Sri Ramachandra Medical
College and Research Institute and the Chennai and
Velammal Medical College, Madurai, India. This study
also included 25 patients (16 males and 9 females) ranged
between 25–62 years who underwent renal CT angiogra-
phy in the Radiology and Imaging Sciences of Sri
Ramachandra Medical College and Research Institute with
due consent from the patients. The device used was a 64
Slice VCT xt high speed advantage scanner, Helical com-
puted tomography (General Electric Medical Systems,
Milwaukee, USA.)

Exposure of the kidney was done following the proper
procedures in accordance with ethical standards of han-
dling of cadavers for learning and teaching. Accessory
renal arteries with associated congenital anomalies were
examined in detail and photographed. The patients were
informed about the angiographic procedures and probable
complications were also explained to the patients. In this
study, no additional interventions were performed on the
patients. Ethics approval was received from the
Institutional Ethics Committee of Sri Ramachandra
University. 

Results
Accessory renal artery associated with congenital anom-
alies was found in two cadavers and three CT angiograms.
Of the two cadavers with accessory renal artery, one had
polycystic kidney disease with accessory renal artery to the
right kidney (Figure 1), and another had malrotated kid-
ney with accessory renal artery on the left side (Figure 2).
Three cases in CT angiograms showed accessory renal
artery with various congenital anomalies. Horseshoe kid-
ney (Figure 3) with three accessory renal arteries - one
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Figure 1. Polycystic kidney with accessory renal artery on the right side.
[Color figure can be viewed in the online issue, which is available at www.
anatomy.org.tr]

Figure 2. Malrotated kidney with accessory renal artery on the left side.
[Color figure can be viewed in the online issue, which is available at www.
anatomy.org.tr]

Renal artery

Accessory 
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Figure 3. Horseshoe kidney with accessory renal artery on the left side.
[Color figure can be viewed in the online issue, which is available at www.
anatomy.org.tr]
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from right common iliac artery and two from abdominal
aorta - was found in the first case. The second case had
pelvic kidney with accessory renal artery on the right side.
The third case had hypoplastic kidney with accessory renal
artery on the right side.

The incidence of the accessory renal artery and asscociat-
ed kidney anomalies in cadaver specimens and patients who
underwent renal CT angiography are shown in Table 1. 

Discussion 
Knowledge of the variations of the renal artery and asso-
ciated congenital anomalies is essential for exploring and
managing renal trauma, renal transplantation, renovas-
cular hypertension, renal artery embolization, angioplas-
ty and vascular reconstruction for congenital and
acquired lesions.[7] It is essential to know the embryology
of the renal artery and structural development of the kid-
ney to understand the multitude of anomalies that may
occur. The complex development of the kidneys through
pronephros, mesonephros and metanephros, and the
ascent of the kidney from the pelvis to the lumbar
region, its vertical rotation and simultaneous acquisition
of a vascular supply explain the common variations in the
blood supply of kidneys associated with congenital mal-
formations.[6] The majority of renal artery variations are
due to the changing position of the kidney, as a part of
its normal development and ascent.[8] Kidneys develop
from the intermediate mesoderm in the pelvic region.
Later, they ascend to the adult position in the lumbar
region. In the pelvic region, kidneys are supplied by
branches of the internal iliac artery or the common iliac
artery. The arterial supply shifts from the common iliac
to the abdominal aorta with its ascent. In the ninth week
of the intrauterine life, the kidneys come in contact with
the suprarenal glands and the ascent ceases. This relative
ascent results mainly from the growth of the embryo's
body caudal to the kidneys. In effect, the caudal part of
the embryo grows away from the kidneys so that they
progressively occupy more cranial levels. The kidneys
receive their most cranial branches from the abdominal
aorta. These are the permanent renal arteries. Failure in
degeneration of the initial branches leads to formation of
accessory renal artery. Initially, the hilum of the kidney
where vessels and nerves enter and leave faces ventrally;
however, as the kidney relocates (ascends), it rotates
medially by almost 90°. By the ninth week, the hilum is
directed anteromedially.[9] Nino-Murcia et al., are of the
opinion that renal rotation takes place before definitive
vascularization. This process occurs between 38 and 49
days of development, during the ascent of the kidney.
The developing metanephros rotates from the dorsome-

dial to a more lateral position, relative to the collecting
system, resulting in the hilum of kidney eventually rotat-
ing from the anterior to the medial position. In non-
rotation, the renal pelvis presents itself ventrally in rela-
tion to the kidney mass. In incomplete rotation, it pres-
ents itself ventromedially.[10]

The kidney may become ectopic in the pelvis, if it
fails to ascend adequately. The horseshoe kidney may be
developed if the lower pole is fused and becomes trapped
by the inferior mesenteric artery, and thus the kidney
cannot ascend to the lumbar region.[11]

According to Felix,[12] there are nine pairs of lateral
mesonephric arteries arising from the dorsal aorta,
arranged as cranial (1st and 2nd pair), middle (3rd and 4th
pair) and caudal (6th to 9th pair) groups in 18 mm fetus.
Renal artery develops from one pair of middle group. The
persistence of more than one artery from the middle group
results in formation of an accessory renal artery. Thus, the
accessory renal arteries in our study are a result of persist-
ing lateral mesonephric arteries from the middle group. 

Varieties of congenital renal anomalies with accessory
renal artery have been documented in literature so far.
Accessory renal artery with unilateral congenital anom-
alies is more common than bilateral anomalies. Aberrant
renal artery with unilateral anomaly was reported in 15%
and bilateral anomaly in 5% specimens by Dhar and Lal.[13]

Accessory renal artery can delay the kidney migration
that results in ectopic kidney or vice versa. The incidence
of ectopic kidney with unilateral or bilateral accessary
renal artery is about 1:500 to 1:110. The ectopic kidney
can be unilateral or bilateral at various levels. Unilateral
pelvic kidney was observed in 1:3000 and thoracic kidney
in 1:13,000. Most of the cases of ectopic kidneys are
asymptomatic.[14,15] The present study reported unilateral
pelvic kidney with accessory renal artery in one out of 25
cases in CT angiograms.

Polycystic kidney disease is one of the life-threatening
inherited disorders. For many years, it was thought that
the cysts were the result of failure of the metanephric

Groups Number of Presence of associated 
kidneys kidney anomaly

Cadaver specimens 5/37 (13.5%) 2/37 (5.4%)

Renal CT angiography cases 8/25 (32%) 3/25 (12%)

Table 1
Incidence of the accessory renal artery and asscociated kidney 
anomalies in cadaver specimens and patients who underwent 

renal CT angiography. 



diverticulum derivatives to join the tubules derived from
the metanephrogenic blastema. It is now believed that the
cystic structures are wide dilations of parts of the other-
wise continuous nephrons, particularly the nephron loops
(loops of Henle).[9] Polycystic kidney can be observed in
association with accessory renal artery. Manpreet et al.[16]

reported a case of left kidney with multiple cysts and
accessory renal artery in right kidney. Both of these can
cause renal failure, hypertension, hydronephrosis and
even failure of renal transplants. We found multiple cysts
in one out five cadavers who had accessory renal arteries.

Kidney rotates through 90° ventromedially during its
normal development. However, according to Bauer,[17] the
ureteral branching induces differentiation of the
metanephric tissue, different degrees of unequal branch-
ing result in various forms of malrotation. Felix postulat-
ed that rotation is a result of unequal and different branch-
ing pattern of successive orders of ureteral tree. With
excessive ventral branching more parenchyma develops
ventrally and the renal pelvis seems to rotate medially.[12]

There are various types of renal anomalies related to
abnormal rotation like nonrotation, incomplete rotation,
excessive rotation or reverse rotation. Renal pelvis posi-
tion depends on the types of rotation of the kidney. In
non-rotation, renal pelvis is present ventrally, in incom-
plete rotation ventromedially, whereas in reverse rotation
ventrolaterally.[18] Our case is most probably unrotated
kidney, since the pelvis is present ventrally .

Banerjee et al.[8] reported an incompletely rotated
kidney with three accessory renal vessels, two renal
arteries, and one renal vein at the lower pole in left kid-
ney. Ramteerthankar et al.[19] found bilateral unrotation
of the kidneys in a female cadaver without any associat-
ed variation. Atasever et al.[20] observedan unrotated left
kidney with partly extrarenal calyces associated with an
accessory renal artery in a male cadaver. 

As the renal rudiments ascend from the pelvic region
to the loin, they remain entirely separate. If they come in
contact and adhere, usually at the lower poles, this results
in horseshoe kidney.[21] The incidence of horseshoe kidney
is less than 0.3%, in one out of 300 pyelographies.[22]

Mohanty et al.,[23] in a case report, observed a horseshoe
kidney in a female cadaver, with extrarenal calyces, with
two small caliber renal arteries supplying the upper seg-
ment of the organ on either side and a single accessory
renal artery originating from the aorta on the right side
and branching to supply the right and left middle seg-
ments together with a well-developed connecting bridge.
Vaniya et al.[24] noticed in a male cadaver, a horseshoe kid-
ney with multiple renal arteries and extrarenal calyces. A
horseshoe kidney may be problematic in abdominal

aneurysm surgery, as the renal arteries arise normally only
in 20% of these cases.[24] In the present study, we observed
a horseshoe shaped kidney with three accessory renal
arteries, but no extrarenal calyces.

The frequency of unilateral hypoplastic kidney was
reported to be one in 500 autopsies. The cause of
hypoplastic kidney can be congenital or as a result of
pyelonephritic shrinkage or as a combination of both.[25]

Guang-Qian Xiao et al.[26] reported a case of unilateral
hypoplastic kidney in a 33 year old male patient. We
found one hypoplastic kidney with accessory renal artery
in the right kidney among eight cases with accessory
artery in CT angiograms.

Advances in surgical and uroradiological techniques
dictate a reappraisal and definition of renal artery varia-
tions. The present study revealed the percentage of acces-
sory renal arteries and its association with congenital
anomalies using cadaver dissection and CT angiography
techniques. This study will supplement the knowledge of
variation in renal arteries and its association with congen-
ital anomalies for avoiding complications during diagnos-
tic investigations or surgical approaches to the kidney. The
renal arteries can not be evaluated properly only by axial
images, because they usually have a tortuous and variable
course. Therefore, there is a need for additional views by
CT angiography.[8] Modification of CT protocol by gener-
ating thinner sections may improve the detection of acces-
sory arteries. This information is exceedingly important to
the surgeons in planning treatment strategies.
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