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ABSTRACT ÖZ

Amaç: Renal vaskülatür varyasyonları hem arteriyel hem de 
venöz sistemlerde görülür. Türkiye’de böbrek nakillerinin 
%80’i canlı vericiler tarafından yapılmaktadır. Bu yüzden, bu 
çalışma, bir grup Türk böbrek donöründe böbrek damarlarının 
insidansını ve morfolojik varyasyonlarını belirlemeyi amaçladı.

Yöntemler: Bin yetmiş üç böbrek vericisinin bilgisayarlı 
tomografi anjiyografisi; çoklu renal arterler (MRA), polar veya 
aksesuar renal arterler (ARA), renal arterin erken bölünmesi, 
çoklu renal venler (MRV), retro-aortik renal ven (RARV) ve 
inferior vena kava duplikasyonu gibi vasküler varyasyonlar 
açısından retrospektif olarak değerlendirildi.

Bulgular: Renal vasküler sistemde bir vasküler varyasyon 
1.073 böbrek vericisinin 637’sinde (%59,4) bulundu. MRA, 
böbrek donörünün 380’inde (%35,4) saptanmıştır. ARA varlığı 
sırasıyla 180 (%16,8) ve 227 (%20,2) donörde tespit edilmiştir. 
230 (%21,4) canlı böbrek donöründe renal arter beklenenden 
erken dallanmıştır. MRV ve RARV sırasıyla; 205 (%19,1) ve 77 
(%7,2) hastada görülmüştür. Sadece 2 olguda vena cava inferior 
duplikasyonu saptandı.

Sonuç: Renal arteriyel ve venöz sistem varyasyonları çok 
yaygındır, ve detaylı preoperatif değerlendirme, en iyi cerrahi 
tekniği seçme, intra-operatif ve post-operatif komplikasyonları 
en aza indirme fırsatı sağlar.

Anahtar Kelimeler: Renal arteriyel varyasyonlar, renal venöz 
varyasyonlar, multipl renal arter, multipl renal ven

Introduction: Renal vasculature variations are seen in 
both arterial and venous systems. In Turkey, 80% of kidney 
transplantations are performed by living donors. Therefore, 
this study aimed to identify the incidence and morphologic 
variations of renal vessels in a group of Turkish kidney donors.

Methods: The computed tomography angiography of 1,073 
kidney donors were retrospectively evaluated for vascular 
variations, such as multiple renal arteries (MRA), polar or 
accessory renal arteries (ARA), early division of renal artery, 
multiple renal veins (MRV), retro-aortic renal vein (RARV), and 
inferior vena cava duplication.

Results: One vascular variation in the renal vascular system 
was found in 637 of 1,073 (59.4%) kidney donors. The MRA was 
observed in 380 (35.4%) donors. The ARA were reported in 180 
(16.8%) and 227 (20.2%) donors, respectively. Renal arteries 
were divided earlier than expected in 230 (21.4%) donors. The 
MRV and RARVS were seen in 205 (19.1%) and 77 (7.2%) patients, 
respectively. Only 2 cases of inferior vena cava duplication were 
determined.

Conclusion: Renal arterial and venous system variations are 
very common, and detailed preoperative evaluation provides 
an opportunity to choose the best surgical modality and 
minimize intra- and post-operative complications.

Keywords: Renal arterial variations, renal venous variations, 
multiple renal artery, multiple renal vein
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Introduction

Kidney transplantation is the most desired and cost-effective renal 

replacement therapy modality for patients with end-stage renal disease 

(ESRD). Living kidney donation has gained importance in ESRD treatment 

in response to increasing organ need and shortage.

Renal vascular variations are common in the general population and 

essential for preoperative surgical evaluation. A wide range of variations 

is observed in both renal arterial and venous systems, with unequal 

prevalence in different populations (1). Ethnic and racial differences 

cause a wide range of variation frequencies worldwide (1,2).

This study aimed to define and detect the rate of renal vascular 

variations in living kidney donors from our transplant center in Turkey.

Methods

A total of 1,073 patients underwent living kidney donation from October 

2010 to September 2020 in our center. Informed consent was obtained 

preoperatively from all donors and recipients. Computed tomography 

(CT) angiography (Siemens SOMATOM definition AS CT scanner, Siemens 

AS, Berlin and Munchen) was performed preoperatively on every living 

donor candidate to determine renal vascular anatomy and surgical 

modality. A volume of 70-90 mL of non-ionic contrast medium was 

injected at 3.5-4 mL/s through an antecubital vein with an automatic 

power injector. Images were obtained from the level of the diaphragm 

to the end of the pelvis. Axial, sagittal, coronal, and three-dimensional 

reconstruction images were assessed by a radiologist.

Reports of CT angiograms were retrospectively investigated to confirm 

renal vessel number and morphology. Renal arterial blood supply 

variations were grouped under three titles: Accessory renal artery 

(ARA), polar renal artery (PRA), and early division (ED) (Figure 1, 2). An 

additional renal artery, which arises from the abdominal aorta and 

enters the renal hilum other than the main renal artery, was named 

ARA (1,3,4). Renal arteries that directly enter into the kidney poles were 

called PRA (1,5). The presence of ARA or PRA was categorized as multiple 

renal arteries (MRA). ED of the renal artery was defined as branching 
within the proximal 1.5 cm of the main renal artery (6,7).

Variations in renal venous vasculature occurred in three different types: 

Multiple renal veins (MRV) (Figure 3), retro-aortic renal vein (RARV) 

(Figure 4), and inferior vena cava duplication (Figure 5). An additional 

renal vein that arises from the renal hilum and separately drains into the 

inferior vena cava from the main renal vein was named MRV (6). RARV 

means the abnormal passage of renal vein posterior to the aorta and 

drains into the inferior vena cava (8,9). A couple of infra-renal inferior 

vena cava was defined as inferior vena cava duplication (10). This study 

was approved by the Acıbadem Mehmet Ali Aydınlar University Medical 

Research Ethical Committee (approval number: 2021-06/22, date: 

24.03.2021).

Statistical Analysis

Statistical analysis was done by Statistical Package for the Social 

Sciences software, version 24 (SPSS, Chicago, IL). Demographic data were 

expressed as mean ± standard deviation of ages and gender frequencies. 

A chi-square test was used to search the correlation between the gender 

and renal arterial and venous system variations. A p-value of <0.05 was 

considered statistically significant.

Results

The study group included 481 (44.8%) males and 592 (55.2%) females 

with a mean age of 49±12.4 years. Frequencies and percentages of renal 

Table 1. Frequencies and percentages of renal vascular variations

Type of vascular variations Male (%) Female (%) Total (%)

Renal arterial variations

Multiple renal artery 181 (16.9%) 199 (18.5%) 380 (35.4%)

Accessory renal artery 119 (11.1%)* 108 (10.1%)* 227 (20.2%)

Polar renal artery 78 (7.3%) 102 (9.5%) 180 (16.8%)

Early division 97 (9%) 133 (12.4%) 230 (21.4%)

Renal venous variations

Multiple renal vein 93 (8.7%) 112(10.4%) 205 (19.1%)

Retro-aortic renal vein 33 (3.1%) 44 (4.1%) 77 (7.2%)

Vena cava inferior duplication 1 (0.1%) 1 (0.1%) 2 (0.2%)

Any vascular variation 293 (27.3%) 344 (32.1%) 637 (59.4%)

Statistically significant association was found between the male gender and ARA in this study, *p<0.05

Figure 1. Three-dimensional computed tomography reconstruction of 
the abdominal arteries; accessory renal artery (arrow), polar renal artery 
(arrowhead)
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vascular variations are demonstrated in Table 1. MRA was found as the 

most common variation in the renal arterial system and MRV in the 

renal venous system.

A correlation was found between MRA and MRV in our study (p=0.001). 

MRA and MRV were seen concurrently in 93 (8.7%) kidney donors. ARA 

had simultaneous PRA in 26 (2.4%) donors (p=0.016). MRV appeared 

with ARA in 63 (5.9%) donor candidates (p=0.001).

ARA was more commonly seen in male patients (p=0.01). No statistical 

significance was found between the existence of any other renal arterial 

or venous system variations and gender (p>0.05).

Discussion
Variations of renal vasculature are seen in a wide range, with a critical 

role in many invasive procedures, especially in renal transplantation 

(11,12). Different rates of renal vascular variations were found in 

Figure 3. Coronal section of abdominal computed tomography 
angiography; multiple renal veins (arrow), polar renal artery (arrowhead)

Figure 2. Three-dimensional computed tomography reconstruction of the 
renal arteries; early division point of the renal artery (arrow)

Figure 4. Transverse scan of abdominal computed tomography 
angiography; retro-aortic renal vein (arrow), aorta (arrowhead)

Figure 5. Coronal and transverse imaging of abdominal computed 
tomography angiography; vena cava ınferior duplication (arrowhead), 
aorta (arrow)
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ethnically different populations (2,13). Complex renal embryogenesis, 
the sensitivity of visualizing technique, and the type of population are 
the causative factor for different MRA frequencies (14).

The MRA incidence fluctuates from 4% to 61.5% in literature (14). In the 
Turkish population, MRA frequency was established in 24-42% (1,7,9,12). 
This study revealed the MRA percentage (35.4%) was compatible with the 
Turkish population-based studies. Remarkable different percentages of 
ED were found by Çınar and Türkvatan (9), Ozkan et al. (1), and Gümüş 
et al. (7) in the Turkish population; 6%, 5%, 8%, and 26,7%, respectively. 
The prevalence of ED was found in 21.4% in our study.

The MRV incidence was established in 10.4-29% in literature (5,15,16). 
The MRV incidence is manifested in 21.6% and 18.8% in the Turkish 
population as reported by Çınar and Türkvatan (9) and Koc et al. 
(10), respectively. RARV occurs in a lower number compared to renal 
vein multiplication in the Turkish population between 3.1-4.7% in 
different studies (2,9,13,17). A comparatively higher prevalence (7.2%) 
was detected in the present study. The incidence of inferior vena cava 
duplication was determined in 0.1% and 0.2% in Turkey-based studies 
and the compatible result (0.2%) was obtained from our study (2,10,18).

In 2016, Çınar and Türkvatan (9) declared no association between the 
renal arterial and venous system variations. However, in our study, an 
association was found between MRA and MRV, ARA and MRV, PRA and 
ARA (p=0.001; p=0.001; p=0.016, respectively).

Gümüş et al. (7) found a higher prevalence of MRA and ED in males 
[(p=0.043) and (p=0.006), respectively]. In 2012, Dilli et al. (2) revealed 
that RARV was two times more common in females than in males 
(p=0.036). However, this study found a statistically significant association 
between the male gender and ARA (p=0.01).

Study Limitations

The limitations of this study are the lack of the circumaortic renal vein 
and the comparison of radiological and intraoperative findings of 
vascular variations.

Conclusion
Therefore, 59.4% of living kidney donors have at least one anatomic 
variation in renal vasculature. MRA and MRV are the most common 
variations in the renal vascular system. Since 80% of kidney 
transplantation is performed from living donors in our country, renal 
vasculature variations must be evaluated before the operation to 
prevent possible intraoperative complications.
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