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Abstract
The knowledge of variations of blood vessels of kidney is important during operative and diagnostic procedures.
The present study contributes in making the clinicians aware of possible variations in renal vascular pedicle. 48
kidney specimens were studied for renal vessels in the Department of Anatomy, Pt. B. D. Sharma PGIMS, Rohtak.
Out of 48 specimens, two kidneys were found to have anomalous vasculature. One kidney (Right Side) was
observed to have triple renal veins along with an accessory renal artery. One other kidney (Left Side) exhibited triple
renal artery. The study is being carried out till date and is planned for an extensive research for another few years to
review and to collect more data in this perspective.
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Introduction
The Kidney is a retroperitoneal organ and is supplied by single renal
artery and drained by single vein [1]. Renal arteries arise from lateral
aspect of abdominal aorta and enter the kidneys through hilum. Renal
veins are also bilateral and drain into inferior vena cava. Left renal vein
is longer than right one because inferior vena cava is placed more on
the right side of the body [2]. For this reason the left kidney is the
preferred side for live donor nephrectomy [3].
The medial border of kidney presents a hilar concavity. From before
backwards, structures passing through the hilum are - renal vein, renal
artery and pelvis of ureter. In addition, renal lymphatics, nerves and
perinephric fat also traverse through it [4].
Variations of renal vessels are frequently observed but variations in
renal arterial pattern are more common as compared to venous
pattern. Accessory renal artery usually arises from aorta and is the
most common variation. Rarely, it takes origin from coeliac or superior
mesenteric or from common iliac arteries. It develops as a result of
persistent embryonic lateral splanchnic arteries [5]. Additional renal
veins may be found infrequently on the right side (5%) [6]. Several
variations such as double renal veins, triple renal veins, renal collar,
retro aortic renal veins have been reported [1,3,7].
The knowledge of renal vasculature variations is of paramount
importance to anatomists and clinicians also during various surgical
procedures. A number of radiological studies related to renal
vasculature have been carried out till date but cadaveric studies are
scanty. Moreover open visualization is always better introspection than
any of the closed procedure. Keeping this in view, the present study
was undertaken.

Material and Methods
The present study was conducted in 48 adult cadaveric kidneys in 24
cadavers during undergraduate students teaching in the Department of
Anatomy, Pt. B. D. Sharma PGIMS, Rohtak for three consecutive years.
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Kidney along with its blood supply was carefully dissected. Thereafter,
the relationships of structures present in hilum along with any
variations present were noted. The study is still being carried out.

Observations
Two kidneys out of 48 specimens displayed variations associated
with vessels. In all the specimens, the normal relationship of renal
vessels and ureter was preserved. The renal vessels were in front of
renal pelvis. The arrangement of structures at hilum from anterior to
posterior was as follows: Vein, Artery and Pelvis (Ureter).
Anomalies

Incidence

%

In Renal Vein

1/48

2.083%

In Renal Artery

2/48

4.167%

Co-existence

1/48

2.083%

Table 1: Incidence of anomalous renal vessels.
Anomalous renal veins were seen in 2.083% cases whereas renal
artery variations were observed in 4.167% of cases. 2.083% cases
showed co-existing renal arterial and venous anomalies (Table 1).
Side

Frequency

%

Right Kidney

2/48

4.167%

Left Kidney

1/48

2.083%

Table 2: Sidewise frequency of anomalous renal vessels.
Anomalous renal vessels were predominantly observed more on
right side (4.167%) as compared to left side (2.083%) (Table 2).

Specimen-I
One kidney (right side) showed three renal veins namely upper,
middle and lower. Upper right renal vein emerged from upper part of
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hilum, passed superomedially to drain into inferior vena cava. Middle
and lower right renal veins unite together and then passed medially to
drain into inferior vena cava. All these veins passed anterior to ureter.
An accessory right renal artery was also observed in the same
specimen. It took origin from abdominal aorta and reached its upper
pole (Figure 1).

regress and ventral channel persists resulting in the formation of renal
veins [8].
Various studies had been carried out on renal vessels till date. Raghu
Jetti [9] and Vaghela et al. [10] studied the length of renal vein and thus
differed from our study as this parameter was not taken into account in
the present study.
A high degree of variations is exhibited by renal vessels especially
arteries [11]. Present study also showed high incidence (4.167%) of
renal arterial variations in comparison to 2.083% incidence of
variations of renal veins.

Figure 1: Right Kidney In Situ showing: Inferior Vena Cava (IVC),
Additional Renal Artery (ARA), Upper Renal Vein (URV), Middle
Renal Vein (MRV), Lower Renal Vein (LRV).

Specimen-II
Another kidney (left side) was observed to have three renal arteries
namely upper, middle and lower. Main renal artery along with
additional arteries took origin from abdominal aorta. Upper renal
artery was seen overriding and obliquely crossing the middle renal
artery. All the three arteries enter the kidney through hilum (Figure 2).

Discussion
Kidneys develop in the pelvic cavity initially and ascend to lumbar
region during further development. Renal arteries arise as lateral
splanchnic branches from the dorsal aorta, common iliac and internal
iliac arteries during embryonic life. As kidneys ascend the caudally
placed renal arteries degenerate whereas new cranial branches arise to
supply the developing kidneys. Arterial supply thus shifts from
common iliac artery to abdominal aorta. Lateral splanchnic arteries
when persist during embryonic development leads to presence of
additional renal arteries.
During the development of inferior vena cava, three pairs of parallel
longitudinal venous channels develop namely posterior-cardinal, subcardinal and supra-cardinal veins. The latter two form dorsal and
ventral anastomotic channels in the beginning, later on dorsal channels
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Figure 2: Left Kidney In Situ showing: Abdominal Aorta (AA),
Upper Renal Artery (URA), Middle Renal Artery (MRA), Lower
Renal Artery (LRA).
Numerous case reports had been documented about these
variations by many authors. Nayak [12] reported renal veins variations
to be more common on right side than left. Sampio and Passos [13]
reported additional renal veins to be 3.3% on right side and 2.6% on
left. On the similar context, the present study reported triple renal vein
on right side. Fernandes et al. [14] and Mishra et al. [1] also reported
three renal veins draining the right kidney and this finding is similar to
our finding.
Supernumerary renal arteries had been reported by Pick and Anson
[15] in 32.25% of kidneys. Kaneko et al. [16] reported additional renal
artery in 2.4% of cadavers on the right and 1.8% on the left side in 190
cadavers. Satyapal et al. [17] reported additional renal arteries on right
side in 18.6% and in 27.6% cases on left side in his study of 1244 pairs
of kidneys. Edman [18] stated additional arteries incidence in the
range of 8.7% to 75.7% which can cause obstruction leading to
hydronephrosis. Additional renal arteries incidence was 4.167% in our
study. The renal vessels and ureter relationship was preserved in all the
specimens in our study. The present study thus was not in accordance
with these studies. The possible reason for variability in incidence
might be due to difference in the sample size taken into account.
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Renal vessels variations thus, have a major implication in surgeries
and transplant and this necessitates the need of examining renal hilum
prior to any surgical procedure.

Conclusion

6.
7.
8.

Additional renal arteries and renal veins develop due to persistence
of lateral splanchnic arteries and ventral anastomotic channel between
subcardinal and supracardinal veins respectively. The renal vasculature
anomalies when go unnoticed may pose risk to life during surgeries.
Thus, possibility of hilar vessels variations holds importance for
radiologists, surgeons and anatomist also. The present study will help
in enhancing our knowledge related to gross anatomy as well as will
further enrich the literature data.
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