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Anomalous renal vasculature

Abstract

Presence of anomalous structures has been continually observed in human body 
specimens. Such variations have been observed in renal vasculature. During routine 
dissection of a young adult male cadaver at the Dissection Hall of the Anatomy 
Department of Enugu State University of Science and Technology, College of Medicine, 
Parklane, GRA, Enugu, Nigeria, we found multiple renal vasculatures. There were four 
separate renal arteries arising directly from abdominal aorta on the left. On the right, 
one major artery gives an early branch and three branches close to the hilum before 
separately entering the renal parenchyma. The venous vasculature also displays an 
obvious variation of a bifurcated vein on the right and a normal single vein on the 
left. These may predispose to easy factors of partial occlusion or compression of 
renal vasculature resulting in varicocele or hypertension. Similarly, blood circulation 
through the renal arteries, in case of multiple branching pattern, may result in altered 
hemodynamics. The knowledge of these anomalous vasculatures is significant since 
it is known that microvascular techniques for renal transplantation surgeries require 
a thorough anatomical knowledge of accessory or multiple vasculatures for better 
outcomes.
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artery supplying each kidney.[3] The renal veins normally 
show bilateral variations in the pattern of venous return 
to the inferior vena cava (IVC). In the present study, we 
report anomalous patterns of renal vasculature in a young 
adult male cadaver. The uniqueness of this case report is the 
multiplicity of the renal arteries and veins in one specimen.

CASE REPORT

During the routine dissection by a team of undergraduate 
medical students, with postgraduate supervisions, in the 
Anatomy Department of Enugu State University of Science 
and Technology, College of Medicine, we observed some 
anomalous variations in the renal vasculature of an embalmed 
male cadaver. Based on the mode of cadaver procurement, 
it was impossible to put the exact age. However, visual 
observations on the gross anatomy suggest the age of the 

INTRODUCTION

The anomalies in structure of the human body have been 
noted by many radiologists and surgeons, and these have 
often served as useful tools and aids both in the study 
of human anatomy and clinical practice. Many of such 
occurrences in the different structures of the human body 
have been reported over the years.[1] The awareness of these 
anomalies has been helpful in providing answers to some 
complications observed in clinical practice and applied 
anatomy. The renal arteries on each side normally arise 
from the abdominal aorta below the origin of the superior 
mesenteric artery.[2] Near the hilum of the kidney, each renal 
artery divides into anterior and posterior branches, which in 
turn divides into a number of segmental arteries supplying 
the different renal vascular segments. The presence of 
anomalous branching pattern of the renal artery is not 
uncommon, and in 70% of the cases, there is a single renal 
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cadaver to be between 20 and 30 years. The anomalous 
situations were studied in detail and the specimens were 
photographed. We noticed variations in the number of renal 
arteries bilaterally, but that of the renal veins on the right.

On the left, one main renal artery (MRA) and three accessory 
renal arteries (ARA) supply the kidney. All the four renal 
arteries are direct branches of the abdominal aorta. The 
MRA and the three ARAs enter the substance of the kidney 
without prior branching into segmental arteries. Of the four 
renal arteries, the MRA enters the hilum. The three ARAs are 
aberrant arteries which enter the renal parenchyma through 
the surface of the kidney. The first ARA (FARA) penetrates 
the substance of the kidney superior to the hilum having 
passed posterior to the left ureter. The second ARA (SARA) 
enters the kidney inferior but close to the hilum of the 
kidney, while the third ARA enters the kidney farther 
inferior to the hilum. The left kidney however presents only 
one renal vein that exits through its hilum to join the IVC.

The right kidney presents only one MRA that originates 
from the lateral aspect of the abdominal aorta and then 
trifurcates into three presegmental arteries (PSA). The first 
PSA is given off by the renal artery close to its origin from 
the abdominal aorta. The right renal artery then enters the 
hilum of the kidney as a terminal second PSA after given 
off a third PSA, which enters the kidney just inferior to the 
hilum. Unlike the left kidney, the right kidney drains by two 
renal veins (first renal vein and second renal vein), which 
exit the substance of the kidney to join the IVC.

DISCUSSION

Renal artery variations
Conventionally, each kidney is supplied by a single renal 
artery and drained by a single renal vein, originating from the 
abdominal aorta and draining into the IVC, respectively.[1] 
The paired renal arteries take about 20% of the cardiac output 
to supply the kidneys that represent <one-hundredth of 
the total body weight.[4] In addition to the paired renal 
arteries, ARAs can also exist, and a thorough knowledge 
of the embryological development of the kidneys and renal 
vessels is necessary for one to comprehend the possibilities 
of the existence of the multiple renal vasculatures.[2] The 
kidneys begin their development in the pelvic cavity and 
then subsequently ascend to the lumbar region. During 
the development and ascent of the kidneys, their blood 
supply shifts from common iliac artery when the organ 
lies in the pelvic cavity to abdominal aorta when it ascends 
to the lumbar region.[5] However, the kidneys may receive 
multiple vasculatures as accessory vessels. ARAs are found 
frequently – more often on the left side and occurring in 
as high as 30–35% of cases in some series. These arteries 
usually enter the upper or lower poles of the kidney.[6] 
The main clinical significance of such arteries entering the 
lower pole is that they may obstruct the ureter and lead 

to hydronephrosis.[6] Mir et al. suggested that ARAs are 
common in 20–30% of individuals, usually arising from the 
abdominal aorta either above or below the MRA.[5] This is 
typical of our specimen. On the left; the FARA took origin 
from the abdominal aorta superior to the origin of the 
MRA, while the SARA and third ARA were given off by the 
abdominal aorta inferior to the origin of the MRA [Figure 1]. 
In a study by Ozkan et al., of the total number of patients 
examined, the variations in renal vasculature included 
bilateral multiple renal arteries in 5% and early renal artery 
furcation in 8% of the cases.[7] In our specimen, four unilateral 
renal arteries were however observed on the left, with early 
trifurcation of the renal artery on the right, which in turn 
penetrate the substance of the right kidney [Figures 2 and 3].

Renal vein variations
Classically, each kidney is drained by a single renal vein. 
However, there have been anatomic variations where 
more than one renal vein exit the hilum of one or both 
kidneys to join the IVC. The most common renal venous 
anomaly is the occurrence of dual renal veins, accounting 
for 15–30%, frequently on the right side.[8-11] This is typical 
of the case in the index specimen of discussion. The right 
kidney is drained by two renal veins, which are clearly 
seen in Figure 3 as they exit the hilum of the kidney. Dhar 
reported a case with segmental branches of right renal 
artery being sandwiched between two right renal veins and 
the emergence of two renal veins at the hilum of the right 
kidney, which drained separately into IVC.[12] This case had 
similarity with the right-sided variation of our case in which 
a single right renal artery is sandwiched between two right 
renal veins [Figure 3]. Researches have shown that in cases 

Figure 1:	The	anterior	surfaces	of	the	right	and	left	kidneys	as	they	
lie	 in	 the	 paravertebral	 gutters.	Two	 renal	 veins	 emerge	 from	 the	
hilum	of	the	right	kidney	to	enter	the	inferior	vena	cava.	One	renal	
vein	emerges	from	the	hilum	of	the	left	kidney	and	passes	anterior	
to	 the	 abdominal	 aorta	 to	 enter	 the	 inferior	 vena	 cava	 (A:	Right	
kidney;	 B:	 Left	 kidney;	 C:	 Inferior	 vena	 cava;	D:	Abdominal	
aorta;	E	and	F:	Right	renal	veins;	G:	Left	renal	vein;	H	and	I:	Right	
and	left	ureters,	respectively)
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of dual or multiple renal veins, the smaller tributary can 
often be ligated without significant consequences whereas 
the larger vein should be preserved to maintain better 
venous drainage.[13] However, a close examination of both 
the right and left kidneys in our specimen [Figure 1] reveals 
that the left kidney with a single venous drainage appeared 
paler in color compared to the right kidney which had a 
dual venous drainage. Although we cannot categorically 
state the reasons for this discrepancy in color, we assert, 
tentatively, that this is indicative that the right kidney was 
better drained via its two renal veins than the left kidney. 
Anomalous veins are likely to be dilated and tortuous 
predisposing injury to occur during surgical dissection.[14]

CONCLUSION

Variations in renal vasculature occur frequently and can 
be masked all through life, thus allowing the individual to 
live a complete healthy life. However, a sound knowledge 
of possible variations in renal vasculature is essentially 
remarkable to avoid accompanying serious complications 
such as hydronephrosis where the ureter(s) may become 
obstructed by one or more of the accessory renal vessels 
which, in turn, are likely to be dilated and tortuous, hence 
predisposing to injury during surgical procedures. Hence, 
awareness of the presence of renal vascular variations is of 
extreme importance in surgical, medical, and radiological 
practices.
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Figure 2:	The	 posterior	 surface	 of	 the	 left	 kidney	 as	 it	 is	 pulled	
away	 from	 the	 paravertebral	 gutter,	 together	with	 the	 structures	
entering	 and	 leaving	 the	 substance	of	 the	kidney	 (A:	Left	 kidney;	
B:	Left	ureter;	C:	First	accessory	renal	artery;	D:	Main	renal	artery;	
E:	Second	accessory	 renal	 artery;	F:	Third	 accessory	 renal	 artery;	
G:	Left	paravertebral	gutter)

Figure 3:	The	posterior	surface	of	the	right	kidney	as	it	is	reflected	
medially	away	from	the	right	paravertebral	gutter	together	with	the	
structures	entering	and	exiting	the	substance	of	the	kidney	(A:	Right	
kidney;	B:	Main	renal	artery;	C:	First	presegmental	artery;	D:	Second	
presegmental	 artery;	E:	Third	 presegmental	 artery;	F:	Abdominal	
aorta;	G:	Right	paravertebral	gutter;	H	and	I:	First	and	second	renal	
veins,	respectively;	J:	Right	ureter)


