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MORPHOLOGICAL STUDY

Accessory renal vessels at the upper and lower pole of the

kidney: a cadaveric study with clinical implications
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Abstract: The renal artery is known to exhibit variations in its number and position. The present study was
performed on 50 cadaveric kidneys to observe the topographical anatomy of the accessory renal arteries (ARA)
entering the upper or lower poles of the kidney. Out of 50 kidney cadaveric specimens (irrespective of sex)
studied, 2 kidneys (4 %) showed the presence of ARA. The presence of ARA was observed on the left and right
kidneys, respectively. In one left kidney, we observed in addition to the usual renal artery, an ARA near the
lower pole of the kidney which divided into anterior and posterior branches. Another right kidney specimen
exhibited the presence of single and double ARA at the upper and the lower poles, respectively. The presence
of ARA, both at the upper and lower poles is a rare entity. No medical history of the cadavers was available
to corroborate the clinical findings. Additional renal vessels may signify a developmental defect. Anatomical
knowledge of the variations in the renal vascular supply may be important for abdominal imaging studies and
surgical operations involving renal transplantations. The present study discusses in detail the anatomical fea-
tures and clinical implications of ARA located at both the upper and lower poles of the kidney (Fig. 2, Ref. 15).
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The kidneys are supplied by the renal arteries. Usually, on
each side, there is one renal artery originating from the abdomi-
nal aorta. Vascular anomalies related to the renal artery or vein
are not uncommon. Additional renal vessels are known as the
accessory renal artery (ARA) or supernumerary renal artery
(SRA). These vessels are sometimes termed as aberrant renal
vessels and their incidence varies between 9-76 % (1, 2, 3). The
incidence of the ARA may vary according to the race (1). A meta-
analysis has showed its median incidence of the ARA to be 30 %
(2). An incidence of 30 % certainly warrants proper understand-
ing of its anatomy and clinical implications.

Standard textbooks of anatomy mention the presence of ARA
but there are no reports of ARA to the upper and lower pole of
the kidney. Entry of the renal vessel into the kidney other than
the site of hilum is considered to be a rare finding (4). Presence
of ARA on the upper and lower pole may be linked to a develop-
mental defect.

We as anatomists believe that the anatomical knowledge of
the presence of ARA may be important for radiological proce-
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dures involving the kidneys. Presence of additional renal vessels
may result in erroneous interpretation of angiograms and pyelo-
grams. Prior anatomical knowledge of the variations of the renal
vessels may also be helpful for surgeons for preoperative inves-
tigations as there are reports of surgical complications which
include massive haemorrhage (5). Interestingly, recent reports
have also stressed the fact that the patients with galactosemia
need to be thoroughly investigated for the presence of any renal
vascular anomalies (6). In the present study, we highlight the
presence of a rare variation of the ARA at both the upper and
lower poles of the kidney and highlight its clinical implications.

Methods

We observed 50 cadaveric dissected kidneys (n=50) for the
presence of any ARA on the upper or the lower pole of the kid-
ney. No emphasis was given to any other anomaly except for the
presence of ARA. Anomalous ARA were located and studied in
detail. The kidneys were weighed, appropriate measurements
were taken and the specimens were photographed (Figs 1, 2).

Results

Out of 50 specimens studied, we observed the anomalous
ARA in 2 kidneys (n=4 %). Of these one left kidney exhibited
an ARA at the lower pole while another right kidney exhibited
an ARA both at the upper and lower poles.
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Fig. 1. Dissected specimen of the right kidney (anterior view) show-
ing. UARA — upper accessory renal artery, LARA — lower accessory
renal artery, U — ureter, H — hilum, RA — renal artery, RV — renal
vein, M — medial side, L — lateral side.

Left kidney specimen (Fig. 1)

No medical history of the cadaver was available. The left
kidney weighed 87.16 grams and measured 8.5 cm and 6 cm as
its maximum vertical length and transverse width, respectively.
The renal artery supplying the left kidney divided into the upper
and lower branches. The upper branch (anterior) again subdi-
vided to enter the kidney above the hilum while the lower branch
(posterior) entered the lower part of the hilum. Another vessel
termed as the ARA entered the lower pole at a distance of 4.1 cm
from the lower part of the hilum. This anomalous ARA origi-
nated from the renal artery.

Right kidney, posterior view (Fig. 2)

No medical history of the cadaver was available. The right
kidney weighed 184.5 grams and measured 13 cm and 8 cm as
its maximum vertical length and transverse width, respectively.
The renal artery entered the hilum as usual. The upper pole was
supplied by ARA which entered the medial border at a distance
of 3.4 cm from the midpoint of the upper pole. Two ARAs were
observed to enter the lower pole in the same specimen. The 2
lower ARAs entered the lower medial border at a distance of 1.6
cm and 3.9 cm from the midpoint of the lower pole, respectively.
The ARA in the lower pole exhibited different entry points. The
upper one entered the hilum while the lower one entered the re-
nal tissue.

Discussion

As per classical anatomy textbook description, the renal ar-
teries originate from the abdominal aorta and near the hilum di-
vide into 4—5 branches (7). In 70% of cases the renal artery is
single (7). Textbook of anatomy also documents the fact that 1—
2 accessory renal arteries may be observed frequently on the left
side entering the kidney above or below the hilum (7). The ab-
normal or aberrant arteries to the lower pole can be considered
as segmental vessels with unusual origin because of the persis-
tence of foetal vessels (8).

Fig. 2. Dissected specimen of the right kidney (posterior view) show-
ing. UARA - upper accessory renal artery, U — ureter, RA — renal
artery, RV - renal vein, M - medial side, L - lateral side. Lower ac-
cessory renal artery dividing into an upper branch (2) entering the
hilum and lower branch (1) entering lower part of the renal tissue.

The arteries entering the upper or lower pole of the kidney
are termed as “polar arteries.” Polar arteries have been highlighted
in past research studies (1, 9). The polar vessels have been con-
sidered as segmental arteries supplying a particular segment of
the kidney (10). It is important that a surgeon has prior knowl-
edge of all such ARA supplying the upper and lower poles be-
cause inadvertent injury or failure to restore circulation during
renal surgeries and transplant operation might even result in ne-
crosis (4).

In the present study, we observed two specimens to exhibit
the ARA near the upper and lower pole. The presence of the two
ARA in the lower pole may be considered as a rare developmen-
tal defect. It has been considered that during the development of
the lower pole of the kidney it might have been supplied by a
branch of an artery which might have persisted (4). Embryologi-
cally, a capillary network, known as “rete arteriosum urogenitale”,
has been described to give rise to all definitive renal arteries
(11). The segmental lateral splanchnic arteries branch from the
aorta and form the proximal portion of this network (12). These
arteries usually regress but their persistence or enlargement may
give rise to variations in the renal arteries (12).

Other factors like genetic background, oxygenation and hae-
modynamic changes may also account for the presence of ARA.
Recent reports have associated galactosemia with renal vascular
anomalies (6). In the present case, we did not have the medical
history of the cadaver to corroborate any such clinical fact.

Precise knowledge of the renal artery and its branches is
important for any vascular reconstruction, endoscopic surgeries,
treatment of abdominal aortic aneurysm, treatment of renal ar-
tery stenosis and clinical evaluation of renovascular hyperten-
sion (11, 13, 14). Any pathological disease confined to the upper
or lower pole would need special care in case of additional ves-
sels supplying these regions. A past cadaveric research study
had highlighted the ARA supplying the upper pole and stressed
the anatomical knowledge needed for laparoscopic surgeries and
renal transplant (15). Surgeons performing renal transplant need
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to have prior anatomical knowledge in order to perform a suc-
cessful ligation. It has been described that interference or failure
to restore circulation in polar vessels after surgery may cause
unnecessary ischaemia or necrosis of the renal tissue (4).

It has been described by past research workers that the trans-
plant of any kidney with multiple vessels leads to various draw-
backs like prolonged warm ischaemia time, greater chances of
tubular necrosis and graft rejection, prolonged hospitalization
and other vascular complications like arterial thrombosis (4).

The presence of the multiple arteries have been reported to
be more common in males (28 % in males, 5.1 % in females)
with an incidence of 31.1 % in Africans, 5.4 % in Indians (14)
but there are no reports on the incidence from the South Eastern
Asian region. The incidence of ARA may be important anthro-
pologically. Our results show a 4 % incidence of ARA in the
South Eastern Asian population. We do admit that the study was
confined to a small sample size but it is the first report on the
ARA from the South Eastern Asian region.

In the present study, the ARA passed anterior to the ureter
near the lower pole and this might even lead to compression of
the ureter. The radiographic image of the ARA may result in
erroneous interpretation of angiograms and X-ray findings.

Conclusion

The present study highlighted the presence of ARA on the
upper and lower poles. The presence of such anomalies may be
important from the academic, anthropological, surgical and ra-
diological point of view.

References

1. Khamanarong K, Prachaney P, Utraravichien A, Tong-Un T, Sri-
paoraya K. Anatomy of renal arterial supply. Clin Anat 2004; 17 (4):
334—336.

2. Merklin RJ, Michels NA. The variant renal and suprarenal blood
supply with data on the inferior phrenic, ureteral and gonadal arteries: a
statistical analysis based on 185 dissections and review of the literature.
J Int Coll Surg 1958; 29 (1, Part 1): 41—76.

310

3. Gray GM. Multiple renal arteries. Anat Anz 1906; 29: 266—270.

4. Gesase AP. Rare origin of supernumerary renal vessels supplying the
lower pole of the left kidney. Ann Anat 2007; 189 (1): 53—58.

5. Toda R, Iguro Y, Moriyama Y, Hisashi Y, Masuda H, Sakata R.
Double left renal vein associated with abdominal aortic aneurysm. Ann
Thorac Cardiovasc Surg 2001; 7 (2): 113—115.

6. Mizoguchi N, Sakura N, Ono H, Naito K, Hamakawa M. Congeni-
tal porto-left renal venous shunt as a cause of galactosaemia. J Inherit
Metab Dis 2001; 24 (1): 72—78.

7. Standring S. Gray’s Anatomy. The Anatomical Basis of Clinical Prac-
tice. Edinburgh; Elsevier Churchill Livingstone, 2005: 1274—1275.

8. Sinnatamby CS (Ed). Last’s Anatomy. Regional and Applied. Edin-
burgh; Churchill Livingstone, 2006: 295.

9. Bakheit MA, Motabagani MA. Anomalies of the renal, phrenic and
suprarenal arteries. Saudi Med J 2004; 25 (3): 376—378.

10. Hollinshead WH. Anatomy for Surgeons. New York; Harper & Row
Publishers, 1971: 518—573.

11. Shakeri AB, Tubbs RS, Shoja MM, Pezeshk P, Farahani RM,
Khaki AA, Ezzati F, Seyednejad F. Bipolar supernumerary renal arte-
ry. Surg Radiol Anat 2007; 29 (1): 89—92.

12. Kiebel F, Mall FP (Eds). Manual of human embryology. Phila-
delphia; Lippincott & Crowell, 1912: 752—979.
13. Satyapal KS, Haffejee AA, Singh B, Ramsaroop L, Robbs JV,

Kalideen JM. Additional renal arteries: incidence and morphometry.
Surg Radiol Anat 2001; 23 (1): 33—38.

14. Urban BA, Ratner LE, Fishman EK. Three-dimensional volume-
rendered CT angiography of the renal arteries and veins: normal anatomy,
variants, and clinical applications. Radiographics 2001; 21 (2): 373—386.

15. Das S. Anomalous renal arteries and its clinical implications. Bratisl

Lek Listy 2008; 109 (4): 182—184.

Received December 19, 2008.
Accepted February 3, 2010.



