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Abstract

Introduction: The vascular system has a high frequency of variations, which are of interest to both anatomists and clinicians, as well as surgeons. The renal 
vasculature is quite variable and given the signifi cant number of variations, the latter has proven diffi  cult to classify. The confl icting terminology is often the cause of 
a poor understanding of the clinical implications of the presence of such variations. We present a case of bilateral accessory arteries, which can be classifi ed as polar 
and extrahilar.

Background: Variants of the renal artery are a common fi nding with additional vessels in up to 30% of cases. The supernumerary arteries are of end type and often 
enter the kidney outside the hilum. The arteries that enter the kidney in its upper or lower pole are referred to as polar arteries. 

Case report: During a routine dissection of a 73-year-old, female, formalin-fi xed cadaver at the department of Anatomy, Histology and Embryology at the Medical 
University of Sofi a, we discovered a right inferior polar artery and a left extrahilar renal artery, both originating from the abdominal aorta. The right kidney was located 
at the level of L1- L2. 

Conclusion: Accessory renal vessels have been an object of multiple cadaveric and in vivo studies. The terminology and classifi cation of such variations in regard 
to their origin, course, and site of entrance in the kidney are confl icting and often prove inadequate to convey the clinical and surgical importance of their presence. 
Knowledge of such variants is of great signifi cance when performing an explorative laparotomy, kidney transplantation, and assessing kidney injury. Such vessels are 
as well associated with cases of hypertension, hydronephrosis and other conditions.
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Introduction

The vascular system has a high frequency of variations, 
which are of interest to both anatomists and clinicians, as well 
as surgeons. The renal vasculature is quite variable and given 
the signifi cant number of variations, the latter has proven 
diffi cult to classify. The confl icting terminology is often the 
cause of a poor understanding of the clinical implications of 
the presence of such variations. We present a case of bilateral 
accessory arteries, which can be classifi ed as polar and 
extrahilar.

Background 

The human kidneys, normally located in the retroperitoneal 
space, receive blood supply from a pair of renal arteries, the 
origin of which is determined by the skeletotopy of the organ. 
As kidneys are normally located at the level of the L1-L2 
vertebral body, this is the level of the respective arteries. The 
renal artery enters the kidney through the hilum and further 
branches out into segmental arteries, which are considered 
anatomically terminal. An accessory artery is supplementary 
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to the renal artery that occurs in approximately 30% of people 
and also takes part in supplying the kidney with blood. It can 
enter the kidney through the hilum or more commonly through 
either the superior or the inferior pole of the kidney. In those 
cases, it is considered a polar artery and is associated with 
additional clinical implications.

Case report

During a routine dissection of a 73-year-old, female, 
formalin-fi xed cadaver at the department of Anatomy, 
Histology, and Embryology at the Medical University of Sofi a, 
we discovered a right inferior polar artery and a left accessory 
renal artery, both originating from the abdominal aorta (Figure 
1). The right kidney was located at the level of L1- L2 (Figure 2). 
Upon closer inspection of the hilum, the vessels had a normal 
distribution with the renal vein to the front and the renal 
artery behind it. An accessory renal artery was also found, 
emerging about 30 mm under the superior mesenteric artery 
and descending obliquely, and entering the kidney medially, 
outside of the hilum at the lower pole. The left kidney was at the 
level of Th12 - L1. Upon decapsulation and further dissection 
of the vessels, an accessory renal artery was found. The latter 
was emerging closely under the superior mesenteric artery, 
descending obliquely, crossing over the renal vein and entering 
the kidney medially, outside the hilum, above the lower pole. 
The artery was further found to supply the lower segment of 
the kidney (Figure 3). 

Discussion 

During a routine dissection of a 73-year-old, female, 
formalin-fi xed cadaver at the department of Anatomy, 
Histology, and Embryology at the Medical University of Sofi a, 
we discovered a right inferior polar artery and a left accessory 
renal artery, both originating from the abdominal aorta (Figure 
1). The right kidney was located at the level of L1- L2 (Figure 2). 
Upon closer inspection of the hilum, the vessels had a normal 
distribution with the renal vein to the front and the renal artery 
behind it. 

The anatomy of the kidney and its respective blood supply 
have been an object of multiple studies both cadaveric and in 
vivo. The renal artery varies in origin, course, and also in a 
number of arteries. 

The fi rst records of multiple renal arteries date back to 1552 
by Eustachius. The presence of multiple renal arteries is by far 
the most common variation, with up to six separate arteries. In 
those cases, the renal artery of the biggest caliber and typical 
anatomical position is referred to as the main renal artery. Up 
to 30% of individuals have additional renal vessels. In 16% of 
the cases, the arteries vary between the kidneys of the same 
individual [1]. The accessory vessels emerge predominantly 
from the aorta, but also the superior mesenteric artery, 
the renal artery. There are rare cases of accessory vessels 
branching from the suprarenal, inferior mesenteric, common, 
and internal iliac arteries [2].

Further, the vast number of variations has been classifi ed 
multiple times, often with confl icting terminology. Eisendrath 
offers a classifi cation of fi ve types in 1910 [3], based on origin, 
site of entrance in the kidney, as well as the number of vessels. 
Even as early as that the terminology proves inaccurate as such 
vessels are anatomically terminal or end arteries and should not 
be referred to as “additional”. Graves uses the terms accessory 
and aberrant as interchangeable [4], yet many authors consider 
aberrant vessels as vessels entering the kidney outside the 
hilum [5]. In many cases additional vessels are referred to as 
supernumerary or supplemental [6,7]. We consider such a term 
appropriate for the group of variations, but we will refer to 
arteries entering the pole of the kidney as polar and to arteries 
entering outside the hilum, but not at the pole as extrahilar, as 
proposed by Sampaio and Passos [8].

 

Figure 1: L: left; R: right. 
Ra: Renal artery; Rv: Renal vein; IpRa: Inferior polar artery; EhRa: Extrahilar renal 
artery

 

Figure 2: The inferior polar renal artery emerges from the anterior aspect of the 
aorta, 3sm under the superior mesenteric artery, passes obliquely in front of the 
inferior vena cava and under the right ovarian vein, and enters the inferior pole of 
the kidney. 
EhRa: Extrahilar renal artery.

 

Figure 3: The extrahilar artery emerges from the aorta under the superior 
mesenteric artery. It crosses above the renal vein to enter the kidney approximately 
2 sm under the hilum.
IpRa: Inferior polar renal artery 
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The development of such variation is associated with 
the complex vasculature of the embryological kidney. The 
mesonephric vessels, one of which later gives rise to the renal 
artery, can persist as more than one, which eventually results 
in multiple renal arteries [9]. The presence of such vessels 
takes part in the pathogenesis of multiple conditions. Clinical 
fi ndings of increased renin-angiotensin-aldosterone system 
activity have been associated with multiple or supernumerary 
renal arteries. Therefore individuals carrying those variants 
are at risk for secondary or renal hypertension [10,11]. It is 
worth mentioning that such patients are candidates for renal 
denervation, which can prove diffi cult in the presence of 
variant vasculature [12]. Supernummeral arteries crossing the 
ureteropelvic junction and specifi cally inferior pole arteries 
have been associated with up to 7% of the cases of ureteropelvic 
obstruction and further hydronephrosis [13,14]. The radiological 
fi ndings of course are also quite specifi c in patients with such 
variations. Alongside other procedures in the retroperitoneal 
space that can be complicated by variant vasculature of the 
kidney, kidney transplantation is by far the most documented. 
Not only is the procedure itself challenging but also the graft 
viability and graft function differ when compared to single 
artery transplant. Though the long-term results are similar and 
multiple artery grafts are not contraindicated in transplant, the 
data has shown the importance and specifi cs of the procedure 
in the presence of multiple arteries [15].

Conclusion

The variations of the renal arteries are a common fi nding. 
A good understanding of the vascular anatomy of the kidney 
and its variations is fundamental to good surgical and clinical 
practice. It is of great signifi cance when performing an 
explorative laparotomy, kidney transplantation, interpreting 
angiographies and other radiological data involving the 
kidneys, and assessing kidney injury. A comprehensive review 
of the renal arteries variations clearly shows the need for a 
more structured classifi cation, as the clinical and surgical 
implications of the presence of such variants can signifi cantly 
change the outcome for patients carrying them.
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