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Abstract: The aim of our study is to determine the frequency and association of renal vascular variations. A total of 

610 abdominal CT examinations, which were performed in the radiology unit of our hospital were evaluated      

retrospectively in terms of renal artery and renal vein variations. 60 patients were excluded from the study due to 

technical factors or situations related to the patient which complicated or completely prevented the examination of 

renal vascular structures. 550 patients (301 men, 249 women) were included in the study. The frequency of renal 

vascular variation was 44.2%. Renal artery variation is seen with a frequency of 28.3%, while renal vein variations 

are seen with a frequency of 26.5%. The most common renal artery variation is the right hilar accessory renal artery 

(35/550, 6.3%), while the most common renal veins variation is the right multiple renal veins (39/550, 7.1%). The 

coexistence of renal artery and vein variations was found to be 10.7%. The most common coexistence of renal   

artery and vein variation was found to be right hilar accessory renal artery-right multiple renal veins, right hilar 

accessory renal artery-left circumaortic renal vein (5/550, 0.09%). There was a statistically significant relationship 

between renal artery variation and renal vein variation (p<0,001). It was found that the rate of right hilar accessory 

renal artery, left polar accessory renal artery and late junction of left renal vein was significantly higher in men than 

in women (p: 0,003, p: 0,006, p:0,014). Renal vascular variations are seen in 44.2% of the population. In addition, 

the arterial and venous variations show a substantial coexistence, such as 10.7%. It should be known that its      

presence is extremely important before endovascular interventional procedures and surgical procedures and during 

the investigation of renovascular hypertension, pelvic varices, and varicocele etiology.  
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INTRODUCTION 

Kidneys settle in the pelvis in the embryological period. Renal vascular structures originate from 

the level where the kidneys are. While the kidneys are in the pelvis, the renal vascular structures     

originate from the main iliac vascular at first. As the kidneys ascend, they first get their nourishment 

from the distal aorta, and when they reach their final position, from the permanent renal vascular that 

develops from the aorta. Previously developed renal vascular structures undergo involution. The    

development of many variations in renal vascular structures is due to this embryological development1.  

Knowing the variations and frequency of renal vascular structures is extremely important in terms 

of diagnosis and treatment approaches. In renal transplantation donors, partial nephrectomy,           

endovascular renal artery stenosis treatment before the procedure, revealing the renal vascular        

anatomic variations is critical in terms of the management of the procedure to be performed and its 

complications 2. Laparoscopic or open methods can be used in renal transplantation. Laparoscopy has 

advantages such as short hospitalization time, fast recovery, and lower morbidity. However, the      

duration of the surgery is longer and open surgery method is used in individuals with bilateral complex 

vascular structure or obese individuals  3. Horseshoe kidney, multiple renal arteries, renal ectopia,  

retroperitoneal varices, urolithiasis, complex venous variations (retroaortic or circumaortic renal vein), 

renal neoplasm, cortical atrophy, and hydronephrosis are factors that prevent laparoscopic donor    

nephrectomy 4. 

Due to the length of the left renal vein, the left kidney is usually used for transplantations because 

of the easier anastomosis. However, if complex variations are detected in the left kidney anatomy, the 

right kidney is used for transplantation. It is necessary to know the presence of retroaortic, circumaortic 

or multiple renal veins to prevent renal vein incision during surgery5. According to studies in the    

literature, the incidence of renal vein variation is between 9.6% and 14.2%6.  

Renal artery variations are common. In cadaver studies, 23% of double renal arteries are detected7. 

Since there will be a partial loss of blood supply in the kidney after an operation in which the         

accessory renal artery is ignored, it should be investigated carefully before the procedure. Early renal 

artery branching is defined as branching within the first 2 cm from the lateral wall of the aorta.       

Generally, a renal artery incision is made 2 cm distal to the exit point to control bleeding and make 
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anastomosis easier. Therefore, it is important to know early-branching  
8. Post-transplantation complications are more common in kidneys 

with renal artery variation than those with a single renal artery  6.  

Secondary hypertension is seen in 5-10% of the population. It is 

important to identify the underlying cause because it can be treatable. 

The most common cause of this picture is renal artery stenosis.     

Another less well-known cause is the presence of accessory renal   

artery. Since the accessory renal artery is narrower than the main   

artery, renin production is higher in the parenchyma fed by this     

accessory artery. In patients with treatment-resistant secondary     

hypertension, when the main renal artery is found to be normal, the 

presence of accessory renal artery should be evaluated  9.  

In the evaluation of renal vascular structures; Digital subtraction 

angiography (DSA), doppler ultrasonography (US), computed       

tomography angiography (CTA), and magnetic resonance angiography 

(MRA) are used. Although DSA is the gold standard for evaluating 

vascular structures, its clinical use is limited due to it is an invasive 

method and technological advances in non-invasive methods.        

Although Doppler US provides information about flow velocities and 

flow patterns and is a dynamic method, it may be inadequate since 

accessory arteries can be overlooked due to obesity and gas artifacts, 

and the accessory arteries may be in very small calibration even in 

suitable patients. MRA is a non-invasive method that can be used in 

cases such as those with iodine contrast material allergy, pediatric age 

group, and pregnancy. In addition, it enables the evaluation of       

vascular structures in patients with renal dysfunction with sequences 

that do not contain contrast agents such as time of flight (TOF)      

angiography. CTA is the most commonly used method in the         

evaluation of renal vascular variations. It has many advantages such as 

fast acquisition time, high spatial resolution, multiplanar reformat 

(MPR), three-dimensional reformat, maximum intensity projection 

(MIP), such as methods that provide a better understanding of vascular 

anatomy10.  

 

MATERIALS and METHODS 

 

In this study, a total of 610 abdominal CT examinations registered 

in the PACS system of our hospital were retrospectively evaluated in 

terms of renal artery and vein variations. Sixty patients were excluded 

from the study due to technical factors (inappropriate contrast phase, 

insufficient contrast enhancement) or conditions that complicated or 

completely prevented the examination of renal vascular structures 

(such as solitary kidney, horseshoe kidney, tumor invasion, renal 

transplant).  

All examinations were performed with a 64-slice multidetector CT 

device (Aquilion; Toshiba Medical Systems, Tokyo, Japan). During 

the procedure, 80-100 ml of iodinated contrast material was          

administered at a rate of 4-5 ml/sec with an automatic injector.      

Scanning was started automatically when the aortic lumen density was 

180 HU in the arterial phase. Automatic tube flow modulation and 

adaptive iterative dose-reducing reconstruction were used to reduce 

the radiation dose received by the patients. MSCT scanning           

parameters were set as follows; tube voltage: 120 kV, tube current: 

200-440 mAs, collimation: 64x0.5 mm, gantry rotation time: 400 ms, 

section thickness: 1 mm, cross-section: 1 mm.  

The images obtained were transferred to the workstation for    

further examination and analysis (Aquarius; Tera Recon, Durham, 

England). 

Single renal artery (RA) on both sides was accepted as normal. In 

the case of more than one RA, it was named "accessory RA" or 

"multiple RA". In the presence of more than one RA separated by 

ostia discrete from the aorta, the largest diameter main RA was      

considered as accessory RA. Accessory arteries were categorized as 

"hilar" and "polar". Entering the kidney through the hilus was        

evaluated as the hilar accessory artery, and entering the kidney 

through the kidney capsule from the non-hilus areas was considered as 

a polar accessory artery. Branching within the first 2 cm from the 

aorta wall on the left side and those branching in the retrocaval region 

on the right were named as "early-branching RA".  

Renal vein (RV) anatomy was evaluated in terms of numerical and 

anastomotic patterns. One RV was evaluated as normal on both sides. 

The presence of more than one RV was named as "accessory RV" or 

"multiple RV". The normal course was for the left renal vein to pass in 

front of the aorta and connects to the inferior vena cava. Passing   

behind the aorta and engage the inferior vena cava was named 

"retroaortic left RV". Dividing the left renal vein into two parts, dorsal 

and ventral, wrapping the aorta anteriorly and posteriorly, and      

draining it into the inferior vena cava was named as "circumaortic left 

RV". The presence of RV branches converging within 2 cm of the 

abdominal aortic wall on the left side and 2 cm of the vena cava     

inferior on the right side was evaluated as "late merging RV". 

Statistical analysis was uploaded to the computer environment via 

SPSS (Statistical Package For Social Sciences for Windows v.25.0, 

SPSS Inc. Chicago, IL) and evaluated.  

Descriptive statistics are presented as mean (±) standard deviation, 

median (min-max), frequency distribution, and percentage. In addition 

to descriptive statistics, the chi-square test and Fisher's exact test were 

used in the comparison of categorical variables. When a significant 

difference was detected in the comparisons with more than 2         

categories of at least one variable (except 2x2), the groups were     

compared in pairs to determine the source of the difference, and the 

significance level was determined according to the Bonferroni      

correction. Groups that differed after Bonferroni correction were   

accepted as the source of the difference. McNemar chi-square test was 

used to compare categorical variables independent groups. Statistical 

significance level was accepted as p <0.05.  

 

RESULTS 

 

A total of 550 patients who underwent abdominal computed    

tomography in the radiology unit of our hospital were examined    

within the scope of the study. 54.7% (n = 301) of the patients were 

male, while 45.3% (n = 249) were female. The average age of the 

participants is 57.7 ± 14.3, and the median is 59.0 (min19-max86).  

In 28.3% (n = 156) of 550 cases, there was unilateral or bilateral 

renal artery variation. The most common artery variations were the 

right hilar accessory artery (22.4%) and the left hilar accessory artery 

(21.2%). 

Right accessory hilar artery was observed in 11.2% (n=62) of the 

cases ( one in 58, two in 3, and four in 1 of them). Right accessory 

polar artery rate was 4.7% (n = 26) of the cases(one in 25, two in 1 of 

them). Early-branching in the right renal artery was present in 3.8%  

(n = 21) of the cases. The precaval renal artery was observed in 0.6% 

(n = 3) of the patients (one in 2, three in 1 of them). Left accessory 
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hilar artery was observed in 9.6% of the cases (n = 53) of the cases 

(one in 50, two in 3 of them). The incidence of left accessory polar 

artery was 3.7% (n = 20, one in 19, two in 1 of them). Early-branching 

in the left renal artery was 4.4% (n = 24) and early-branching in the 

right renal artery was 3.8% (n = 21). 

26.5% (n = 146) of 550 cases have unilateral or bilateral renal vein 

variation. The most common vein variations were the right multiple 

renal veins (26.7%) and right gonadal vein opening to the right renal 

vein (15.1%).   

A significant difference was found between the right hilar        

accessory renal artery, the left polar accessory renal artery, and the 

late fusion of the left renal vein according to gender (p <0.05). Right 

hilar accessory renal artery was seen with a frequency of 15.0% in 

men and 6.8% in women, and it was significantly higher in men        

(p = 0.003). Left polar accessory renal artery was seen with a        

frequency of 5.6% in men and 1.2% in women and significantly    

higher in men (p = 0.006). Late fusion in the left renal vein was seen 

with a frequency of 6.3% in men and 2.0% in women and significantly 

higher in men (p = 0.014). No significant difference was found in 

other comparisons (p> 0.05). 

While 37.8% of those with artery variation have at least one vein 

variation, 40.4% of those with vein variation have at least one artery 

variation. A statistically significant correlation was found between the 

presence of vein variation according to the presence of artery variation 

and the state of artery variation according to the presence of vein   

variation (p <0.001). 

 

DISCUSSION 

 

It has great importance to reveal the renal vascular anatomy and 

determine the variations before the procedures such as renal          

transplantation, endovascular procedures such as stent placement, 

abdominal aortic aneurysm reconstruction surgeries, and in           

investigating the etiology of renovascular hypertension  11. In addition, 

it is known that rejection rates after transplantation are lower in      

kidneys without accessory arteries  12.  

It was found that 243 (44.2%) of 550 patients evaluated in our 

study had at least one artery or vein variation. Of these, only arterial 

variation was observed in 97 of them, only vein variation in 87 of 

them, and both artery and vein variation were detected in 59 of them.  

The frequency of accessory renal artery varies between 9% and 

76% in the literature, and it has been reported to be between 28% and 

30% in anatomical and cadaver studies  13-15. This rate was found to 

be 24% in the study conducted by Özkan et al, and 31.3% in the study 

by Çınar C. and Türkvatan A.  14, 16. We found the frequency of     

accessory renal artery to be 29.3% (Table 1). The prevalence was 

within the ranges reported in the literature. Accessory arteries       

originate most frequently from the aorta  17. All of the accessory    

arteries in our study originate from the abdominal aorta. Accessory 

renal artery was detected in 88/550 (16%) on the right side and 73/550 

(13.2%) on the left side (Table 2). As in the studies conducted by 

Özkan U. et al, Holden et al, Uğurel et al, it was found that the       

variation of the accessory renal artery was higher on the right 

side14,18,19.  

The hilar artery was observed in 115 (71.4%) of our 161 patients 

with accessory renal artery, and 46 (28.6%) polar artery. In the study 

by Çınar C. and Türkvatan A., the hilar artery ratio was 84.5%, and 

the polar artery ratio was 15.5%  16. The hilar accessory artery was 

found in 115 patients (one in 108,  two in 6, and four in 1 of them). 

Polar accessory artery was observed in 46 patients ( one in 44, two in 

2 of them)(table 1). In our study, the hilar artery was observed      

bilaterally at a frequency of 12.2% (14/115) and the polar artery at a 

frequency of 15.2% (7/46)(Table 2).  

In renal transplantation operations, renal arterial dissection is  

performed 1.5-2cm distal to the aorta to control hemorrhage more 

easily and to create a more suitable anastomosis line for the recipient. 

In order to avoid complications during this procedure, the presence of 

early branching in the renal arteries should be known. In the literature, 

the frequency of early branching in the renal artery varies between 4.3

-13%  4, 18, 20. In our study, the prevalence was found to be 8.2% (Table 

1). In the study of Raman et al, it was stated to be 15% on the right 

and 21% on the left, while in our study it was found to be 3.8% on the 

right and 4.4% on the left  21. The rates in our study are lower than 

those in the studies conducted by Holden et al, Raman et al and Özkan 

et al. The reason for this was accepted as early-branching in our study, 

within the first 2 cm after separation of the renal artery from the aorta; 

In these studies, early-branching may be considered as the onset of 

branching at any point before the renal artery enters the hilus14, 18, 21. In 

the study of Çınar C. and Türkvatan A., in which early-branching is 

accepted as the branching of the renal artery within the first 2 cm of 

the aortic origin, as in our study; Early branching rate in the renal 

artery was found to be 6.5% (2.6% on the right and 3.7% on the left)  
16. These values are in parallel with those in our study. Of our 43 pa-

tients with early-branching in the renal artery, 41 (95.3%) were unilat-

eral, and 2 (4.7%) were bilateral (Table 2). This rate was found to be 

97% (32/33) unilateral and 3% (1/33) bilateral in the study of Çınar C. 

and Türkvatan A16.  

 

 

 

 

 

 

 

 

 

 

Table 2. Laterality distr ibution of r enal ar ter y var iations  

(n=550) n % 

Right accessory hilar artery 

  None 488 88,7 

  1 58 10,5 

  2 3 0,5 

  4 1 0,2 

Right accessory polar artery 

  None 524 95,3 

  1 25 4,5 

  2 1 0,2 

Right early-branching renal artery 

  None 529 96,2 

   1 21 3,8 

Right precaval  artery 

  None 547 99,5 

  1 2 0,4 

  3 1 0,2 

Left accessory hilar artery     

  None 497 90,4 

  1 50 9,1 

  2 3 0,5 

Left accessory polar artery 

  None 530 96,4 

  1 19 3,5 

  2 1 0,2 

Left early-branching renal artery 

  None 526 95,6 

  1 24 4,4 

(n=186)   Unilateral Bilateral 

       n    %   n    % 

  Hilar artery 87 86,1 14 13,9 

Polar artery 32 82,0 7 18,0 

  Early-branching 41 95,3 2 4,7 

  Precaval 3 100,0 -   

Table 1. Distr ibution of r enal ar tery var iation states  
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The normal right renal artery passes posterior to the IVC.       

However, precaval renal artery variation can also be seen and its   

prevalence has been reported between 0.8-5%  22, 23. Its frequency in 

our study is 0.6% (3/550). While one precaval renal artery was      

observed in two of these patients, there were three precaval renal   

arteries in one patient (Table 1). In the study conducted by Maxwell et 

al, it has been reported that precaval renal artery variation is          

accompanied by increased kidney size, double collecting system, 

"crossed-fused" renal ectopia, and other renal artery variations  24. In 

our study, in three patients with precaval renal artery variation, one 

had an accompanying right hilar accessory artery, and the other two 

had an accompanying bilateral hilar accessory artery variation.  

As in many studies in the literature, the most common renal vein 

variation in our study was found to be the right multiple renal 

veins8,18,21, 25. In their studies, Koc et al 14.3%, Raman et al 24%, 

Çınar C. and Türkvatan A. 21.6% reported right multiple renal veins  
21, 25. In our study, this rate was found to be significantly lower than 

the literature, and it was 9.8%. Of the 54 patients with multiple right 

renal veins, 51 (94.4%) had 2 renal veins, and 3 (5.6%) had 3 renal 

veins (Table 3). In the study conducted by Çınar C. and Türkvatan A., 

2 renal veins were observed in 88.8%, 3 in 10.2%, and 4 in 1%  16.  

 

In our study, the retroaortic renal vein was observed with a rate of 

4.6% (25/550), and the circumaortic renal vein was 4.2% (23/550)

(Table 4). The retroaortic renal vein was observed with a rate of 4.6% 

and the circumaortic renal vein was 5.5% in a study conducted by Koc 

et al  25. In the study conducted by Raman et al with 126 renal donors, 

the retroaortic renal vein was observed at a rate of 2% and the       

circumaortic renal vein at 8%  21. The rates in our study are found to 

be similar to the literature. While the most common venous variation 

on the right is multiple renal veins, the most common venous variation 

on the left is the circumaortic renal vein  8, 18, 21, 25. In our study,     

although with a very small difference, the most common renal venous 

variation on the left was detected as the retroaortic renal vein, and the 

second most common renal venous variation was circumaortic vein.  

Late fusion of renal veins has not been identified in many studies 

on variations in renal vascular structures. In two studies in the        

literature, the late union rate in the right renal vein was 4-10%, and the 

late union rate in the left renal vein was 3.2-17%  16, 21. In our study, 

this rate was found to be 1.8% on the right and 4.4% on the left. It is 

observed that 31 (96.9%) of 32 patients with late fusion in the renal 

vein were unilateral and 1 (3.1%) was bilateral (Table 3).  

No significant difference was found in the prevalence of renal 

artery and vein variation by gender in the studies in the literature  8, 14, 

16, 25. Generally, when looking at all renal vascular variations by    

gender, no significant difference was found in the frequency of renal 

artery and vein variations in our study (artery; p = 0.1, vein;                

p = 0.237). In the literature, it has been observed that each renal vascu-

lar variation has not been compared specifically by gender. In our 

study, when we evaluated the variations one by one, we found that the     

incidence of right hilar accessory renal artery, left polar accessory 

renal artery, and late fusion in the left renal vein was statistically   

significantly higher in males compared to females (respectively, p 

values;  p = 0.003, p = 0.006, p = 0.014). The data we have obtained 

has the feature of being the first in this regard in the literature (Table 

4).  

Development of the renal arteries and veins occurs simultaneously 

as the kidneys exit the pelvis to their final positions. Therefore, it is 

predictable that the presence of arterial or venous variation on either 

side may lead to the development of arterial or venous variation on the 

same or opposite side. However, there is no study in the literature 

showing the association of renal arterial and venous variations. In our 

study, it was observed that in 59 (24.3%) of 243 patients with artery or 

(n=550)                                                            n                           % 

Multiple right renal vein 

  None 496 90,2 

  1 51 9,3 

  2 3 0,5 

Involvement of the gonadal vein in the right renal vein 

  None 523 95,1 

  1 27 4,9 

Late fusion of the right renal vein 

  None 540 98,2 

  1 10 1,8 

Table 3. Right and left r enal vein var iations  

Multiple left renal vein 

  None 546 99,3 

  1 4 0,7 

Retroaortic left renal vein 

  None 525 99,4 

  1 25 4,6 

Circumaortic  left renal vein 

  None 527 95,8 

  1 23 4,2 

Late fusion of the left renal vein 

  None 526 95,6 

  1 24 4,4 

  Gender   

p* Man Woman 

n % n %   

Right Renal Hilar Artery 

  None 256 85,0 232 93,2 0,003 

Exist 45 15,0 17 6,8 

Right Renal Polar Artery 

  None 285 94,7 239 96,0 0,475 

  Exist 16 5,3 10 4,0 

Right Early-Branching Renal Artery 

  None 288 95,7 241 96,8 0,500 

  Exist 13 4,3 8 3,2 

Right Precaval Renal Artery 

  None 300 99,7 247 99,2 0,455 

  Exist 1 0,3 2 0,8 

Left Renal Hilar Artery 

  None 267 88,7 230 92,4 0,147 

  Exist 34 11,3 19 7,6 

Left Renal Polar Artery 

  None 284 94,4 246 98,8 0,006 

  Exist 17 5,6 3 1,2 

Left Early-Branching Renal Artery 

  None 285 94,7 241 96,8 0,230 

  Exist 16 5,3 8 3,2 

Right Multiple Renal Veins 

  None 271 90,0 225 90,4 0,898 

  Exist 30 10,0 24 9,6 

Involvement of the gonadal vein in the right renal vein 

  None 283 94,0 240 96,4 0,201 

  Exist 18 6,0 9 3,6 

Right Renal Vein Late Fusion 

  None 294 98,0 246 98,8 0,465 

  Exist 6 2,0 3 1,2 

Left Multiple Renal Veins 

  None 299 99,3 247 99,2 1,000 ¶ 

  Exist 2 0,7 2 0,8 

Left Retroaortic Renal Vein 

  None 291 96,7 233 94,0 0,127 

  Exist 10 3,3 15 6,0 

Left Circumaortic Renal Vein 

  None 285 94,7 242 97,2 0,144 

  Exist 16 5,3 7 2,8 

Left Renal Vein Late Fusion 

  None 282 93,7 244 98,0 0,014 

  Exist 19 6,3 5 2,0 

Table 4. Compar ison of the renal ar ter y and renal vein var iations by gen-

%: percentage of column *: Pearson Ki kare has been applied. ¶: Fisher's exact test 

has been used 
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vein variations, artery and vein variations were together. In general, 

the rate of occurrence of artery and vein variations together was found 

to be 10.7%. Among these, the most common ones are the coexistence 

of five (0.09%) patients with the right hilar accessory artery-right 

multiple renal veins, and the right hilar accessory artery-left           

circumaortic renal vein. The rate of these in cases where renal artery 

and vein variations are seen together is 17%. According to the 

Mcnemar chi-square test, a statistically significant correlation was 

found between the presence of renal vein variation according to the 

presence of renal artery variation and the presence of renal artery   

variation according to the presence of renal vein variation (p <0.001)

(Table 5).  

Limitations of our study; 

Since our study was retrospective, the effect of renal vascular 

variations on life expectancy could not be evaluated. 

Although the number of patients is higher than similar studies in 

the literature, multicenter studies with more patients may provide   

additional information. 

 

Conclusion 

Renal vascular variations are seen in 44.2% of the population. In 

addition, the arterial and venous variations show a substantial         

coexistence, such as 10.7%. Incidence of right hilar accessory renal 

artery, left polar accessory renal artery, and late fusion in the left renal 

vein was statistically significantly higher in males compared to     

females. It should be known that its presence is extremely important 

before endovascular interventional procedures and surgical procedures 

and during the investigation of renovascular hypertension, pelvic   

varices and varicocele etiology. 
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(n=550) 

Vein Variation   

None At least one p* 

n % n %   

  

Arter variation           

None 307 77,9 87 22,1 
<0,001 

At least one 97 62,2 59 37,8 

Table 5. Compar ison of the presence of vein var iation according to the 

state of artery variation  

*: Mcnemar Ki Kare has been applied 


