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ABSTRACT

Renal vascularization is classically described as a renal artery and vein. However, this
vascular pattern presents numerous anatomical variations in terms of their number,

origin and course due to ontogenetic alterations.

The aim was to carry out a descriptive study of the renal vascular pattern observed

during the dissection of cadavers intended for teaching purposes.

A descriptive and observational study of renal vascular anatomy was carried out by
dissecting 16 renal blocks from 8 cadavers donated to science and used for teaching at

the Faculty of Medicine of the University of Zaragoza.

The prevalence of arterial variations was 75% (56.3% for polar renal arteries, 12.5% for
pre-hilar branching and 6.25% for double communicating arterial arch) and venous was
62.5% (12.5% for polar renal veins, 25% for late venous confluence, 6.25% for triple

renal vein and 18.75% for double circumaortic renal vein).
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We conclude that the renal vascular anomalies occur with high frequency; for this
reason, knowledge of these anomalies is extremely important for the correct planning of

numerous medical-surgical activities.

Key words: renal artery, renal vein, vascular variation, anatomical variants, polar

artery, circumaortic renal vein, renal vascular arch, renal surgery

INTRODUCTION

In classical anatomical terminology, the renal vasculature is generally described
by a renal artery and a renal vein, a branch originating from the abdominal aorta and
tributary to the inferior vena cava, respectively. The arterial supply of the kidney arises
bilaterally and anteriorly from the abdominal aorta at the level of the lumbar vertebrae
L1 and L2, approximately one centimetre below the exit of the superior mesenteric
artery and, at a variable distance from the renal hilum, divides into its two terminal
branches, the anterior or prepyelic artery (AP) and the posterior or retropyelic artery
(RP), which in turn divide into segmental branches. In addition, collateral branches are
distributed from this renal artery that will give rise to the inferior suprarenal arteries and
branches for the renal capsule and proximal part of the ureter [20,31]. On the other
hand, the venous return is responsible for draining blood from venous branches
homonymous with the arteries of both kidneys into the inferior vena cava where it
empties approximately at the level of the second lumbar vertebra. Generally, they are
located in an anterior position with respect to the artery and follow a reverse trajectory

to the latter [16].

However, this described vascular pattern presents numerous anatomical
variations in terms of their number, origin and course. It is considered that variations in
the renal arteries, in general, are found in about 35% of cases, while alterations in the

renal veins, which are less frequent, occur in 18% of the observed cases [7,9].

Knowledge of the normality and variations in the vascular system of the kidney
is extremely important for proper medical-surgical care, especially when planning

various interventions (renal transplantation, angiography and/or aneurysm repair, among



others) and knowing the pathologies associated with these alterations (hydronephrosis,

varicocele or orthostatic proteinuria due to venous compression) [23,33].

Anatomical variations of the renal vessels are considered one of the most
prevalent vascular anomalies, both arterial and venous, occurring in approximately 35%
and 18% of individuals respectively [7,9]. Incidence varies according to ethnicity,
ranging from 4% to 61. 5% [11,12] in the renal arterial system and between 8 and
38.8% in the venous system [6]; the number of accessory arteries, between 3% and 30%
unilaterally and 10% bilaterally [1,4, 27, 29, 36], and accessory veins, more frequent in
the right renal vein (16.6%) compared to the left (2.1%) [15]; and the method of study,

computed tomography or dissection [12]).

Embryological development plays a major role in its prevalence, with an
association between the presence of accessory renal vessels and evidence of arrested
uniform development of the kidney [37] Organs that migrate extensively during
development, such as the kidneys, may retain vessels from their initial location or
incorporate new vessels from the invaded region. Initially, the permanent primordial
kidneys are located in the pelvis in close proximity to each. other and, as the embryo
grows, they gradually separate and relocate in the abdomen, reaching their usual
position by the ninth week of gestation. During the early stage, the renal arteries
originate from the common iliac arteries and as the kidneys ascend they receive new
branches from the distal aorta. When the kidneys are located in their adult position they
receive most of their arterial branches from the abdominal aorta. Thus, as a rule, the
caudal branches from the initial renal vessels involute and disappear, while the cranial
branches from the abdominal aorta become the permanent renal arteries [21]. This could
explain the cases of accessory renal vessels arising from iliac, sacral or inferior
mesenteric arteries, as they could be considered as persistence of primitive renal

arteries.

The main objective of this study was to carry out a descriptive study of the
vascular patterns observed in the dissection of 16 renal blocks belonging to cadavers

destined to teaching for the Degree of Medicine.



MATERIALS AND METHODS

A descriptive and observational study of renal vascular anatomy was carried out
by dissecting renal blocks belonging to the bodies donated to science, and used for
teaching the Degree of Medicine, from the Department of Human Anatomy and

Histology of the Faculty of Medicine in the University of Zaragoza.

The study in cadavers was carried out by dissecting a total of eight cadavers,
previously destined for use in teaching, aged between 70 and 99 years, of which 5 were
male (62.5%) and 3 females (37.5%), obtaining a total of 16 renal blocks (8 left and 8
right kidneys).

During the dissection protocol, both renal structures were studied as a block, to
subsequently study them individually and assess the presence of arterial variations for

comparison with those described in the literature.

RESULTS

Dissection showed the presence of different anatomical variations related to the
vascular supply of the kidney, while renal anatomy showed no alterations in size,

position and structure in any of the cases studied.

The main variations observed are classified in Table 1, their prevalence in Table

2 and some of them are shown in Figures 1 and 2.

In addition, the following table shows the percentage values of the vascular
anatomical variations found in relation to the number of dissected renal structures

(Table 2).

DISCUSSION

The presence of variations in the renal vascular system is considered of utmost
importance, being essential for radiologists, surgeons and urologists to have a global
anatomical vision that allows them to establish a good approach and surgical plan for

different pathologies of the renal-ureteral system.



In this study we have observed the presence of anatomical polymorphisms of the
vascularisation of the kidney in a total of 16 renal structures (8 left and 8 right). Of the
total number of renal blocks dissected in the study, we identified 75% and 62.5% of
variations at the arterial and venous levels, respectively. These results reflect a higher
frequency than previous studies, such as Cruzat et al. (2013) [7] who consider a
prevalence of 35% of arterial variations, Gebremickael et al. (2021) [10] who describe
their presence in 38.5% of the Ethiopian population and Budhiraja et al. (2013) [3] with
an incidence of 59.5% of variations with respect to normality in the Indian population.
On the other hand, the venous anomalies observed in our study (62.5%) are higher than
those described in the investigations by Ferreira et al. (2014) [9] and Mendez et al.
(2016) [20] (18% and 31.9% respectively).

The pattern of arterial variations was more common on the right side (64.3%)
than on the left (35.7%), while venous anomalies were equally distributed on both sides.
These data are similar to those shown by Ozkan et al. (2006) [25] and Ugurel et al.
(2010) [35] in two renal helical CT angiographic investigations in a total of 855 and 100

patients respectively.

The vascular anatomical variations in the kidney with the highest incidence are
the polar renal arteries. In fact, in the present study, this tendency is observed in 56.3%
of the renal structures (in 9 of the 16 dissected kidneys), a higher percentage than that
obtained by Satyapal et al. (2001) [30] of 27.7%, a result that is within the average
mean prevalence of polar renal artery (RA) described by other authors such as

Khamanarong et al. (2004) [17] and Cinar & Tiirkvatan (2016) [5] (17% vs. 31.3%).

Furthermore, supernumerary RAs can be divided according to their point of
entry into the kidney, into superior and inferior polar arteries. In this regard, our study
found a higher incidence of superior polar arteries compared to inferior ones (72% vs.
28%); data that differ from those obtained by Gebremickael et al. (2021) [10], who
found a lower prevalence regardless of whether their entry point was inferior or superior
and, in turn, highlighted a somewhat lower frequency of superior polar RAs compared
to inferior ones (9.2% vs. 11.7%). Similarly, these supernumerary arteries may originate

from the aorta or the main RA. Talovic et al. (2007) [34] described a higher prevalence



of aortic versus renal origin, a result similar to that obtained in this study (82% Ao vs

18% RA).

At the venous level, it is necessary to differentiate renal variations according to
whether they occur on the right or left side. Several studies [5,18,26] have shown that
multiple renal veins (RV) are more common on the right side, especially polar RV with
a percentage of 24% described by Raman et al. (2007) [26], a result similar to that
obtained in our study of 25%. In contrast, on the left side, the presence of multiple veins
is not frequent, but a double circumaortic renal vein is found, also called "renal collar"
by authors such as Sousa-Rodrigues et al. (2013) [32] and Haladaj et al. (2019) [13].
Beckmann et al. (1979) [2] described an incidence of 11% of renal collars compared to
the 37.5% found in our study. Recognition of the retroaortic RV is essential, as this
vessel may be mistaken during dissection of the interaortic and para-aortic canal as a
lumbar vein or a variant of the gonadal vein and may be injured; moreover, it has been
associated with the development of secondary renal venous hypertension due to the

difficulty of drainage [28].

In our study, the rate of early branching of the main RA is 12.5% (6.25% on each
side). This prevalence is within the range described in articles such as Ozkan et al.
(2006) [25], Holden et al. (2005) [14] and Raman et al. (2007) [26] on pre-hilar renal
arterial branching, with a frequency of between 8.12 and 21% respectively. This
variability may be due to the distance from which early branching was considered, as in
some cases a division within 1.5 cm from the RA exit was considered early branching
[5], while in other cases 2 cm was considered early branching [26] or even certain

studies did not specify the exact distance [14,25].

Similarly, at the venous vascular level, late confluence of venous branches has
also been observed in 25% of renal anatomical structures, 18.75% on the right side and
6.25% on the left. However, after review of numerous studies on variations in renal
vascular anatomy, late RV confluence was identified in only a small number of cases,
including Raman et al. (2007) [26], who described a prevalence of such variation of
10% on the right side and 17% on the left, and Cinar & Tiirkvatan (2016) [5], with a
frequency of 4.1% and 3.2% respectively.



CONCLUSIONS

A large number of variations of the renal vasculature have been observed,
therefore knowledge of the renal vasculature and its possible variations is extremely
important during the planning of medical-surgical activities, especially uro-radiological
ones, such as angiographic interventions, transplantations, renovascular reconstructions

or partial renal resections.
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Table 1. Classification of variations in renal vascularisation

Arterial anomalies Venous anomalies
Right Left Right Left
® Superior polar Double
Perforant vein
Superior polar e Gonadal vein crossed
Case 1 superior polar .
artery inflow to VR circumaortic
artery e Late venous .
confluence renal vein
Superior polar Late confluence of 2
Case 2 - -
artery branches
Perforant Late
Late confluence of 3
Case 3 | superior polar - confluence of
branches
artery 4 branches
= Upper aortic
Superior polar polar with RV upper
artery suprarenal V. polar inferior branch
Case 4 branch artery
Arising from = Prepielic tributary of VR tributary
renal artery with ureteral adrenal vein
branch
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Prehlha}r Double a. polar Pouble
Branching crossed
Case 5 Inferior aortic: superior ‘ ‘
polar and inferior circumaortic
artery renal vein
Double
crossed
Case 6 - _ .
circumaortic
renal vein
Case 7 - Triple v. renal
Double a.
polar:
superior
and
inferior
Double ) Pre- and
Case 8 communic o )
ant retropielic pre-
e hilar branching
arch
vascular:
anterior
and
posterior

Table 2. Prevalence of renal vascular variations

n=16 Right Left ;otal Frec (%)

Superior polar artery | 62,5% 37,5% 8 50%

Inferior polar artery 25% 12,5% 3 18,75%
§ Double
&
&~ | communicating 12,5% 0% 1 6,25%
% arterial arch

Prehiliar ramification | 12,5% 12,5% 2 12,5%
2 | Superior polar vein 12,5% 0% 1 6,25%
% Inferior polar vein 12,5% 0% 1 6,25%
§ Double circumaortic

0% 37,5% 3 18,75%
renal vein
Triple renal vein 0% 12,5% 1 6,25%




Late venous

37,5% 12,5% 4

25% ‘

confluence

Figure 1. A. Case no. 1; B. Case no. 2; C. Case no. 3; D. Case no. 4. Right and left
superior perforating polar artery. Right superior superior polar vein. Right late venous
confluence. Double left circumaortic renal vein. Ao — aorta artery; IMA — inferior
mesenteric artery; RRA — right renal artery; LRA — left renal vein; RKV — right

renal vein; IVC — inferior vena cava.

Figure 2. A. Case no. 5; B. Case no. 6; C. Case no. 7; D. Case no. 8. Right and left
superior perforating polar artery. Right superior superior polar vein. Right late venous
confluence. Double left circumaortic renal vein. Ao — aorta artery; IMA — inferior
mesenteric artery; RRA — right renal artery; LRA — left renal vein; RKV — right

renal vein; IVC — inferior vena cava.



Right RV i i Left adrenal V
Right superior polar A Right superior polar V Left adrenal V B Lo Right superior polar A v

Right
| Left superior superior RV
polar A

Right RA B

Preaortic left RV Right RA

Right
i Retroaortic left inferior RV

RY Right
prepielic A
Left gonadal V

Inferior
gonadal V /i % & : mesenteric A

: \ | _ 3 ~ Left ureter
Right ureter 5 r
Right ureter ight common iliac A Left common iliac A Aortic A

e Right superior polar A Superior mesentericA  Left superior polar A
il | Left adrenal v - 27 e 7

Adrenal
@ branch of
polar artery
Left superior
§ branch of RA

Right inferior
polarVv

Right ureter




Left adrenal V L 4" . ; ' Left superior
! branch of RV

_ Left inferior

' branch of RV
&

polar A"} Left inferior ~ Left retroaortic RV
polar A
Left
gonadal V
ureter i Left
:t,‘- gonadal V B
Left ureter

Left retroaortic RV

Right gonadal V. IVC

LeftRV 2 Left RV 1
' Superior
polar A
Right RA
Left
prepielic Right RA BEE
RA
Left RV
Right RV
Aortic A

LeftRV 3

Inferior
polar A

o
Right ureter




