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Although anomalies of renal vessels and collecting system are relatively frequent, 
their concomitant occurrence is a rare event. During dissection of a 75-year-old 
male formalin-embalmed cadaver, we found multiple variations in the renal ves-
sels and renal collecting system. Both kidneys were normal in size and anteriorly 
malrotated, with duplex collecting system and duplex ureter. One ureter drained 
the upper part of the kidney and the second ureter drained the lower part of the 
kidney. Superior and inferior collecting systems were separated by renal paren-
chyma. The right kidney had two renal arteries, the first renal artery (main renal 
artery) originating from the abdominal aorta, passing behind the inferior vena 
cava (IVC) and entering the kidney through the superior and inferior renal hilum. 
The second artery was the inferior polar artery. In addition, the right kidney had 
two renal veins as well. Three renal tributaries emerged from the upper and lower 
portion of the right renal hilum, and they joined to form the main renal vein which 
drained into the IVC. The lower renal vein was the inferior polar vein. The left 
kidney had four renal arteries (two hilar arteries and two polar arteries). The main 
left renal vein emerged from both superior and inferior left renal hilum, passed in 
front of the abdominal aorta and drained into the IVC. The left kidney also had 
the inferior polar vein which was divided behind the aorta (retro aortic vein) into 
two venous trunks. These venous trunks drained separately into posteromedial 
aspect of the IVC. Finally, the right testicular vein was formed by two tributaries 
and drained into the IVC, whereas the two left testicular veins drained separately 
into the left main renal vein. (Folia Morphol 2020; 79, 3: 627–633)
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INTRODUCTION
Renal arteries arise from the abdominal aorta, 

just below the superior mesenteric artery, between 
the first and the third lumbar vertebrae [7]. In 70% 
of the cases, there is a single renal artery [30]. Varia-
tions of the main renal and neighbouring vessels are 
common. Renal arteries vary in their number, origin, 
mode of branching, and site of entry into the kidney. 

The differences in frequency of multiple renal arteries 
that are described in literature are due to studied 
population, visualizing techniques and stage of mor-
phological development [12]. The largest percentage 
of multiple arteries is described by Palmieri et al. [25] 
in Brazilian population. In their angiographic study, 
the percentage of multiple arteries was 61.5% of 
the pedicles (56% in the right and 67% in the left). 

mailto:ivanaanatom@yahoo.com


628

Folia Morphol., 2020, Vol. 79, No. 3

Hlaing et al. [14] found only 4% of accessory arteries 
in the Malaysian population in an anatomical study. 
The existence of accessory renal arteries is most of-
ten without clinical symptoms and is detected at 
radiological examination accidentally. However, in 
some cases, presence of accessory arteries can lead to 
clinical symptoms. Small calibre and tortuous shape 
of these arteries can lead to ischaemia of part of the 
kidney and consequent hypertension [28]. Patients 
with resistant hypertension should be investigated 
for accessory arteries or renal artery stenosis. If the 
accessory artery as the lower polar artery passes 
in front of the ureteropelvic junction, it may lead 
to external compression and hydronephrosis [31].  
Accessory renal arteries may be injured during per-
cutaneous renal biopsy or during other surgical pro-
cedures. Zhang et al. [41] reported a rare case of 
life-threatening bleeding after percutaneous biopsy 
in patients with accessory renal arteries and renal 
amyloidosis. The presence of multiple arteries during 
kidney transplantation requires a longer time for 
surgery. The requirements of vascular reconstruction 
and more complex implantation lead to additional 
ischaemic injuries and subsequent reperfusion in-
juries during renal transplantation [18]. Damage 
to the lower polar artery can lead to bleeding and 
kidney infarction. As the lower polar artery vascu-
larizes the ureteropelvic junction, its damage can 
lead to pyeloureteral necrosis of the graft [29]. One 
should be aware that accessory renal arteries are 
fully functional, and thus their ligation ends up with 
ischaemic damage.

Each kidney typically has one renal vein, which 
originates from a variable number of tributaries and 
drains into the inferior vena cava (IVC). The right renal 
vein (RRV) is shorter (2–4 cm), without any additional 
tributaries, and enters the right lateral aspect of the 
IVC. The left renal vein (LRV) is longer than the right 
(6–10 cm) [4]. Next to its point of entry into the IVC, 
the LRV is 12.3 ± 1.41 mm in diameter, whereas the 
RRV is 10.9 ± 1.56 mm wide [6]. If there were more 
than one renal vein on each side, they were referred 
to as “accessory renal vein”, “multiple renal veins” or 
“additional renal vein”. Left renal vein usually passes 
in front of the aorta (“preaortic position”) but can also 
pass behind the aorta — “retroaortic left renal vein”. 
The LRV that divides into the ventral and dorsal limbs 
that surround the abdominal aorta and enter the IVC 
at different levels is called the “circumaortic LRV”. If 
the venous branches of the LRV joined within 1.5 cm  

from the left lateral wall of abdominal aorta or if the 
venous branches of the RRV joined within 1.5 cm 
of the confluence with the IVC then this is the “late 
venous confluence”. The presence of additional renal 
veins, retro aortic, and circumcortical LRVs has clin-
ical implications in some cases. The retro aortic and 
circumaortic LRV may be relative contraindications to 
donor nephrectomy [8]. Retroaortic left renal may be 
associated with lumbar pain, haematuria, thrombosis, 
varicocele and splenomegaly [3]. The retro-aortic LRV 
may be affected by a malignant pancreatic process 
and injured during that surgery. It can also be injured 
during retroperitoneal lymphadenectomy in testicular 
tumours or even during lumbar spine surgery. For 
donor nephrectomy, the contraindication is the exist-
ence of anomalous multiple renal veins because they 
increase the risk of renal vein graft thrombosis [15].  
A single renal vein was described bilaterally in 78.2% 
of the samples, whereas 21.8% of kidneys had addi-
tional renal veins [6]. 

Renal collecting system may be duplicated par-
tially or completely. Estimated prevalence of duplex 
kidneys ranges between 0.3% and 6%, with a female 
preponderance [13, 38]. Duplicity of the renal collect-
ing system is usually an asymptomatic anomaly and 
is most commonly detected in childhood and rarely 
in adults. Duplicity of the renal collecting system can 
be manifested by recurrent urinary infections, flank 
pain, incontinence and haematuria [9].

We report the interesting anatomical variations 
observed during the cadaveric dissection — con-
comitant multiple anomalies of renal vessels and 
collecting system.

CASE REPORT
The study was performed on a 75-year-old de-

ceased man at the Department of Anatomy at Faculty 
of Medical Sciences, University of Kragujevac, Serbia. 
During the dissection multiple variations of renal ves-
sels and collecting renal system were found (Figs. 1, 2).  
The measurements were made by a Vernier calliper 
with an accuracy of 0.1 mm. The diameters of the 
renal arteries were measured at the point of their 
exit from the abdominal aorta, while the diameters 
of the renal veins were measured at the site of their 
drainage in the IVC. The length of the renal arteries 
was measured from the point of origin from the ab-
dominal aorta to the branching point. The length of 
the renal veins was measured from the point of their 
origin to the point of entry into the IVC.
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Figure 1. Renal system — front view; IVC — inferior vena cava; AA — abdominal aorta; RK — right kidney; LK — left kidney; RP — renal 
pelvis; RU1 — the first right ureter; RU2 — the second right ureter; LU1 — the first left ureter; LU2 — the second left ureter; RRV1 — the first 
right renal vein (main right renal vein); RRA1 — the first right renal artery; RRA2 — the second right renal artery (main renal artery); RRA3 — 
the third right renal artery; RRA4 — the fourth right renal artery, LRV1 — the first left renal vein (main left renal vein); LRV2 — the second left 
renal vein (retroaortic renal vein — lower polar renal vein); RTV —  right testicular vein; 1 and 2 — two tributaries of the right testicular vein; 
lTV1 — the first left testicular vein; lTV2 — the second left testicular vein; rCIA — right common iliac artery; lCIA — left common iliac artery; 
1, 2, 3, 4 — tributaries of the RRV1; 1, 2, 3 — tributaries of the LRV1, venous tributary 2 the LRV1 is derived from smaller tributaries 2a and 2b.

Figure 2. Renal system — back view; IVC — inferior vena cava; AA — abdominal aorta with an aneurysm; RK — right kidney; LK — left 
kidney; RU1 — the first right ureter; RU2 — the second right ureter; LU1 — the first left ureter; LU2 — the second left ureter; RRV1 — the 
first right renal vein (main right renal vein); RRV2 — the second right renal vein (inferior polar right renal vein); LRV1 — the first left renal vein 
(main left renal vein); LRV2 — the second left renal vein — retroaortic left renal vein (inferior polar vein); LRV2a and LRV2b — two venous 
trunks of the LRV2; RRA1 — the first right renal artery (main right renal artery); RRA2 — the second right renal artery (inferior polar right renal 
artery); LRA1— the first left renal artery (superior polar left renal artery); LRA2 — the second left renal artery (main left renal artery); LRA3 — 
the third left renal artery (the accessory hilar artery); LRA4 — the fourth left renal artery (inferior polar left renal artery); RTV — right testicular 
vein; LTV1 — the first left testicular vein; LTV2 — the second left testicular vein. 
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Both kidneys were normal in size and ventrally 
malrotated. Both kidneys had duplex collecting sys-
tem and duplex ureter. One ureter drained the upper 
part of the kidney and the other drained the lower 
part. The superior and inferior collecting systems were 
separated by renal parenchyma. The right kidney had 
two arteries. The first right renal artery (RRA1) was 
7 mm in diameter at its origin from the abdominal 
aorta and 50 mm in length from the point of origin 
to the point of branching. It was the main right renal 
artery. The second right renal artery (RRA2) was 3 mm 
in diameter at its origin from the abdominal aorta 
and 34 mm in length from the point of origin to the 
point of branching. This artery originated from the 
abdominal aorta just above its division and below 
the inferior mesenteric artery and entered the kidney 
through its lower pole (inferior polar artery). The 
right kidney had two renal veins. The first right renal 
vein (RRV1) was 16 mm in length from the point of 
origin to entry into the IVC (very short), with a large 
diameter at its entrance to the IVC (11.5 mm). There 
were four tributaries (1, 2, 3 and 4 in the Fig. 1) 
which formed the main renal vein on the right side. 
The two upper tributaries (1 and 2) emerged from 
the superior hilum, whereas the two lower tributaries  
(3 and 4) left the inferior hilum. Renal vessels com-
pletely covered both renal pelvises anteriorly. The 
additional right renal vein (RRV2) was 2 mm in diam-
eter at its entrance to the IVC and it originated from 
the lower pole (inferior polar vein) together with the 
inferior polar artery and drained into the IVC. It was 
45 mm in length from the point of origin to entry into 
the IVC. The left kidney had four renal arteries. The 
first left renal artery (LRA1) was 1.5 mm in diameter 
and 40 mm in length. It arose from the aorta 22 mm 
above the second renal artery and entered the superi-
or pole of the kidney (superior polar renal artery). The 
second left renal artery (main renal artery) (LRA2) was 
7 mm in diameter and it gave branches for the upper 
and lower hilum. It was 32 mm in length from the 
point of origin to the point of branching. The third left 
renal artery (LRA3) was 3 mm in diameter at its origin 
from the abdominal aorta and it arose just below the 
LRA2 and passed downwards. It was 74 mm in length 
and it did not have branches. LRA3 entered the lower 
hilum, in front of the inferior renal pelvis. It was the 
accessory hilar right renal artery. The fourth left renal 
artery (LRA4) was 3.2 mm in diameter at its origin from 
the abdominal aorta and 55 mm in length from the 
point of origin to the point of entry into the lower 

pole of the kidney. It arose from the abdominal aorta 
just below the inferior mesenteric artery. It entered 
the left kidney through the inferior pole (inferior polar 
artery) along with the polar renal vein. The left kidney 
had an elaborate venous system. The left main renal 
vein (LRV1) was 14.5 mm in diameter at its entrance to 
the IVC and 62 mm in length from the point of origin 
to entry into the IVC. It crossed in front of the ab-
dominal aorta and received two testicular veins from 
below left testicular veins — lTV1 and lTV2. LRV1 was 
formed by three tributaries (1, 2 and 3 in the Fig. 1)  
which emerged from the upper and lower hilum. The 
second left renal vein (LRV2) arose from the lower 
pole (inferior polar vein) of the left kidney together 
with the inferior polar artery. It ascended and was 
divided behind the aorta into two venous trunks 
(LRV2a and LRV2b) which drained separately into the 
posteromedial aspect of IVC. This second left renal 
vein (LRV2) was retro aortic renal vein and bifid renal 
vein because it had two drainage points in the IVC. 
Two left testicular veins (lTV1 — 2 mm in diameter and 
lTV2 — 3 mm in diameter), arising separately from 
the ipsilateral pampiniform plexus, ran vertically in 
parallel to each other, and each one independently 
terminated at the left renal vein. The right testicular 
vein (rTV — 3 mm in diameter) was formed by two 
tributaries (1 and 2) and as a single vein drained into 
the IVC immediately below the right main renal vein.

DISCUSSION
Variations of the main renal artery are common, 

due to the existence of several mesonephric arteries 
in the foetal life. These arteries develop from the 
aorta between C6 and L3 vertebrae. Only one of 
the mesonephric arteries will be later transformed 
into the main renal artery [34]. If the renal artery 
originates above the celiac trunk, it could be due to 
the persistence of mesonephric vessel [16]. Intratho-
racic origin of the left renal artery was described by 
Stinson et al. [32]. The classification of multiple renal 
arteries is difficult. We found in the literature a lot of 
terms for renal arteries: “main”, “accessory”, “aber-
rant”, “anomalous”, “supernumerary”, “additional”, 
“supplementary”, “multiple”, “accessory aortic hilar”, 
“aortic superior polar”, “aortic inferior polar”, “upper 
polar artery”, and “lower polar artery”. Graves [11] 
first describes the “accessory” renal arteries which 
originate from the abdominal aorta and enter the 
kidney through the renal hilum along with the main 
renal artery. He described additional renal arteries that 
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do not originate from the abdominal aorta and do not 
enter through the kidney hilum as “aberrant” arteries. 
Türkvatan et al. [35] divided additional renal arteries 
according to the mode of entry into the kidney into 
the hilar and polar arteries. The term “main” renal 
artery refers to the artery with the greatest diameter 
that enters the hilum of the kidney and vascularizes 
the largest part of the kidney. In our case, we found six 
arteries, two on the right and four on the left kidney.

The “main” renal artery was RRA1 on the right 
kidney and LRA2 on the left kidney. Other arteries 
RRA2, LRA1, LRA3, and LRA4 are accessory (multiple, 
additional, supplementary, supernumerary) arteries. 
The accessory artery may be a hilar or aberrant (polar) 
artery. In our case LRA3 is an “accessory aortic hilar” 
renal artery. Other arteries RRA2, LRA1 and LRA4 are po-
lar arteries because they enter the kidney through the 
poles. LRA1 is in our case upper polar renal artery, and 
RRA2 and LRA4 are the lower polar renal arteries. Alter-
native nomenclatures have been used to describe the 
accessory renal artery as multiple, supplementary, ad-
ditional, supernumerary arteries, etc. All these terms 
indicate that in addition to the main renal artery, there 
is also some artery that originates from the aorta or 
surrounding arteries and enters the kidney through 
its hilum or kidney capsule. These accessory/aberrant 
renal arteries usually originate from the abdominal 
aorta or iliac arteries and less frequently from the 
lower thoracic aorta or from the lumbar or mesenteric 
arteries [37]. If the right renal artery branches in the 
retrocaval part and the left renal artery at a distance 
of less than 1.5 cm from the aortic origin, then we are 
talking about the “pre-hilar or early division” of the 
renal artery. Satyapal et al. [28] and Özkan et al. [24] 
described two types of the additional renal arteries: 
(1) early division arteries and (2) extra renal arteries, 
which are classified as hilar (accessory) arteries and 
polar (aberrant) arteries. Multiple renal arteries were 
discovered in 22% of subjects and 12.12% of kidneys 
in the study of Tardo et al. [33] A single renal artery 
was described in 93.1% of the samples, while 5.6% 
of kidneys had two arteries. In only 1.4% of kidneys 
there were three arteries. Variations among males 
were more than females (27.2% vs. 15.2%) [33]. It 
was described that 64.3% of the patients with renal 
artery variation also had hepatic artery and/or coeli-
ac trunk variation. The relation between the coeliac 
trunk and/or hepatic artery variations and renal artery 
variations was significant [36]. Bilateral variation in 
the arterial patterning was approximately 10% [23]. 

Wróbel et al. [39] found four left renal arteries in  
a 75-year-old female volunteer body donor. Kinnunen 
et al. [20] described a kidney with ten arteries. In an 
angiographic study Çınar and Türkvatan [7], multiple 
renal arteries were found in 31.3% of cases (two 
arteries in 22.2%, three in 7.5%, four in 1.4%, five 
in 0.2% cases) and prehilar branching in 6.5% cases. 

The venous system arises from three paired veins: 
the cardinal veins, vitelline veins, and umbilical veins. 
The IVC develops from the posterior cardinal vein, 
right supracardinal vein, right subcardinal vein, and 
right vitelline vein [40]. Studies suggest that variation 
in venous patterning has an incidence of 23.5–30%, 
as observed through computed tomography [21, 
42]. Congenital venous anomalies in the retroperi-
toneal space are classified into five groups: 1) type I  
— retro aortic LRV which joins the IVC in ortotopic 
position (0.3–0.9%); 2) type II — LRV that joins the 
IVC lower, at L4–L5 (0.4–0.9%); 3) circumaortic renal 
collar (0.5–1.4%); 4) duplication of IVC (0.2–3%), and  
5) left-sided IVC (0.2–0.5%) [2]. Angiographic studies 
have shown right renal vein multiplicity in 21.6% of 
cases (two RVs in 19.2%, three RVs in 2.2% and four 
RVs in 0.2% cases). The prevalence of the circumaortic 
LRV was 5.2%, retro aortic LRV was 4.2% and, late 
venous confluence was 7.3%. There was no gen-
der difference in renal artery and vein variations [7]. 
Janschek et al. [17] reported about cases of multiple 
renal veins. Their study showed that variations were 
more common on the right side (23%) than on the 
left (6.7%). In the study on left renal vein variations, 
renal collars were found in 0.3%, retro-aortic vein in 
0.5%, additional veins in 0.4%, [27]. Variations of 
testicular vessels are more frequent. Abnormalities 
in the involution of the intersubcardinal anastomosis 
lead to the variation of the testicular veins. They vary 
in their number, course and place of termination. The 
right testicular vein is a tributary of the IVC. Varia-
tions of the right testicular vein are very rare. Asala 
et al. [5] have reported the termination of the right 
testicular vein into the right renal vein. We found 
the main right renal vein (RRV1) which was normally 
positioned and drained into the IVC and the right 
inferior polar vein (RRV2) which drained into the IVC 
just above the conjunction of the iliac veins. On the 
left side we noticed the main renal vein (LRV1) which 
had preaortic position and the inferior polar renal vein 
(LRV2) which had retroaortic position. LRV2 was divid-
ed behind the aorta into two venous trunks (LRV2a and 
LRV2b) which drained separately into the IVC. Some 
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authors have found an association of retroaortic and 
circummaortic left renal veins with pelvic varicosities, 
varicoceles, thrombosis, hypertension, and haema-
turia [19, 22]. The description of the renal vascular 
pattern on the preoperative imaging facilitates the 
dissection of these vessels. Therefore, the accurate 
knowledge of the variations in renal vasculature is 
of crucial importance for interventions involving the 
kidney arteries or abdominal aorta. The variations in 
renal arterial patterning may be of great significance if 
they are coupled with hypertension or if they require 
visualization for surgical resection, transplantation, 
or percutaneous access. These anatomical variations 
of the renal vessels must be kept in mind to prevent 
bleeding by an accidental lesion of these vessels.

Variation in ureteral patterning is not as common 
as the one found in the vascular system, but reports 
indicate an approximate incidence of 1% [1]. Uni-
lateral duplex kidney reported by Privett et al. [26] 
was as high as 1.8%. Duplication of the ureters is 
a relatively common congenital anomaly with an 
incidence of 0.7% in the population [10]. In our case 
there was bilateral duplex urine collecting system with 
duplication of ureters, which is a very rare anomaly.

CONCLUSIONS
Our findings are important for surgeons, because 

they provide them with the extensive preoperative 
knowledge of the renal vessels necessary for selecting 
the proper kidney during donor nephrectomy. The an-
atomical knowledge may be important for academic, 
surgical and radiological procedures. This case is very 
complicated and interesting. In the literature reviewed, 
we found similar variations in the arteries, veins, or col-
lecting system of the kidney, but did not find an identical 
case with all these variations on one pair of kidneys.
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