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Background: Kidneys with one renal artery are mostly desired in transplantation. The study investigated the correlation 
between  sex, blood groups, and   the anatomy of the renal vascular pedicle. The study group  Material and Methods: 
comprised 322 corpses (176 male and 146 female), where we determined the number of renal arteries and venous renal 
vascularization anomalies. The obtained results were correlated with sex and blood groups of the investigated 
individual. A single renal artery occurred significantly more often in female (105/146; 72%) than in man Results: 
(95/176; 54%) (p=0.0001). The above-mentioned was significantly correlated with the blood groups (p=0.0476). This 
correlation was not observed in case of the venous system (p=0.304). A single renal artery was mostly observed in blood 
group O (140/251; 55.8%), most rarely in blood group A (142/321; 44.2%), and intermediate values were observed in  
blood groups AB (52.5%) and B (48.1%). The Rh(+) factor has a positive (51.2%), while the Rh(-)  a negative (39%) 
influence on the occurrence of bilateral, single renal arteries (p=0.014). The female sex in  a normal renal artery system 
dominates over the male sex in blood group O (38/48; 79.2% and 32/56; 57%, respectively) (p=0.001), and blood group B 
(24/35; 68.6% and 14/28; 50 %, respectively) (p=0.004), and insignificantly more often in case of blood group AB (10/13;  
77% and 11/19;  58%, respectively) (p=0.14), as well as at the border of significance in case of A blood group (33/52; 
63.5% and 38/71; 53.5%, respectively) ( p=0.082). Right-sided venous supernumerary was observed significantly more 
often in blood group A (18/76; 23.7%), and most rarely in  blood group O (7/64; 10.9%) (p=0.049). Female  Conclusions: 
sex significantly positively correlated with single renal artery on both sides. In blood group O there were significantly 
more cases with bilateral single renal arteries, while in group A the lowest.
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Introduction: 
Good knowledge of the structure of the renal vascular pedicle 
in transplantation is important [1,2]. According to Saldarriaga 
et al. [3] the above-mentioned fascicle comprised 22.3%, to 
Pick and Anson 32.25% [4], while according to Sosnik and 
Sosnik, even 38.3% multiple renal arteries [5]. The time of 
transplantation, warm ischemia, and hypoxia of kidneys with 
multiple arteries is significantly prolonged, as compared to 
cases with an isolated artery, and the percentage of vascular 
complications is higher, which may lead to renal tubular 
necrosis [6 - 11].   

The available literature contains works related to the 
influence of blood groups on various pathological changes in 
the human system [12-15]. We did not find any articles on the 
correlation between blood groups and the structure of the 
renal vascular pedicle.

The study determined the correlation between  sex ,blood 
groups, and the number of renal arteries, as well as 
developmental anomalies of the renal venous system.  

Material and methods: 
After obtaining the approval of the Bioethical Committee 
(Bioethical Committee N. 2/BOPD 2017 DIL), the structure of 
the renal vascular pedicle was analyzed. The study group 
comprised 322 deceased patients of different age, including 
176 men and 146 women. The kidneys, together with the aorta 
and vessels were removed entirely from the corpse. The 
vessels were contrast x-rayed and anatomically prepared. 
The previous study mentioned the methodology [ 5 ]. The 
study investigated the correlation between  sex,  blood 
groups and the number of renal arteries, as well as 
developmental anomalies of the renal venous system. Data 
concerning the type of blood groups were obtained on the 
basis of clinical files. The obtained results were subject to 
statistical analysis, based on Statistica 12 Software and 
Microsoft Excel. Pearson's chi-squared  test and test of 
difference between two proportions were used for 
calculation.

Results:
Tables 1-8 presented the results in three stages:  
 a) one renal artery on both sides was observed  in (210/344; 
61%) of female and  (190/467; 40.7%) of male cases 
(p=0.0001 (Fig.1, Tab.1). An additional renal artery was 
observed in (171/456; 37.5%) male and  (105/344; 30.5%) 
female cases (p=0.07) (Fig.2) (Tab.2). Multiple) renal arteries  
(4-6) (Fig. 3-5) were observed significantly more often in male 
(106/467; 22.7%), as compared to female cases (29/344; 
8.43%) ( p= 0.0001) 

b) the presence of a bilateral isolated renal artery 
significantly varied, depending on the blood groups 
(p=0.0476). The highest percentage was observed in blood 
group O (140/251; 55.8%) patients (Tab.4), and the lowest in 
blood group A (142/321 44.24%) patients (p=0.001) (Tab.3). 
An additional  renal artery was most frequently observed in  
blood group B patients (63/158; 39.9%) (Tab.5) , and least 
frequently in  blood group AB (21/80; 26.3%)(p= 0.0378) 
(Tab.6). The highest presence  of numerous arteries (4-6) was 
observed in blood group A (68/321; 21.2%) and the lowest in 
blood group O (27/251; 10.8%) (p=0.0009). The difference 
between blood groups AB (17/80; 21.3%) and B (19/158; 
12.03%) was on the border of statistical significance 
(p=0.061).              

c) a single renal artery on both sides was observed 
significantly more often in  female blood group O (71.7%), as 
compared to male patients (44%) (p=0.001), as well as in 
female blood group B (59,3 %), as compared to male ( 36.4% ) 
(p=0.004). In case of blood group A the above-mentioned was 
at the border of significance, (50%) vs. (40.2%), respectively 
(p=0.082), while in case of blood group AB, insignificantly 
more often in women (62.5%), as compared to men  (45.8%) 
(p=0.14).

An additional renal artery was observed  insignificantly more 
often in male blood group O (p=0.138) and A (p=0.385) than 
in female  patients, as well as in female blood group B 
(p=0.819) than in male patients. On the other hand, in  male 
blood group AB patients, the accessory renal  artery was 
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significantly more common (18/48; 37.5%), as compared to 
female patients (3/32; 9.4%) (p=0.005).

Multiple renal arteries (4-6) occurred significantly more often 
in  male blood group 0 patients  (27/145; 18.6%), as compared 
to female cases (0%) (p=0.001), as well as in blood group B 
male cases (19/77; 24.7%), as compared to women (0%) 
(p=0.001).

The above-mentioned phenomenon was observed 
insignificantly more often in male, blood group A patients 
(23.3%), as compared to female cases (18.2%) (p=0.27), 
while in female blood group AB, insignificantly more often 
(9/32; 28%), as compared to male (8/48; 16.7%) (p=0.219). 

Rh(+) was significantly associated with bilateral, isolated 
renal artery presence in 51.2% (340/664) of cases, while  in 
case of Rh (-) only in  46/118 (38.98%) (p=0.014) (Tab.7). An 
additional renal artery was diagnosed in case of  Rh (+) in 
213/664 (32.08%), while in case of Rh (-) in 48/118 (40.7%) 
(p=0.068). Multiple renal arteries (4-6) were observed more 
often in  Rh (-) ( 24/118; 20.3%)  as compared to Rh (+) carriers 
( 111/664; 16.7%) (p=0.338).

Table 8 presented the blood groups, in comparison to the 
renal venous system. In the entire material (p=0.304), as well 
as considering particular developmental anomalies, no 
significant differences in relation to blood groups were 
observed (p=0.260). However, venous accessory vessels on 
the right side in blood group A patients was significantly 
higher (18/76; 23.7%), as compared to blood group O  ( 7/64; 
10.9% ) (p=0.049).

Discussion: 
Results of the current study showed that kidneys with one 
renal artery are observed significantly more often in female, 
as compared to male patients. This is especially true in case of 
blood group O and B carriers, and at the border of 
significance in case of blood group A. It is worth mentioning 
that the distribution  of blood groups in our material was 
similar to that in the Polish population [16].

The renal artery number is important when  selecting   the 
appropriate kidney for laparoscopic procurement [1,2].  
Kidney transplantation with numerous arteries showed 
increased percentage of  vascular and urological 
complications, as compared to single renal artery cases [6,7].            
The first mesonephric arteries were found in the 5.3 mm 
embryo.  During this period many arteries depart from the 
aorta in three main clusters: upper retrosuprarenal, middle 
intrasuprarenal, and inferior presuprarenal, forming the so-
called rete arteriosum urogenitale [17]. As the mesonephros 
enters the lumbar area the lower arteries should be subject to 
regression, while in the middle of the kidney a single terminal 
artery should develop. 

The ABO group genes are located near the long arm of 
chromosome 9 and code glycosyltransferases, which catalyze 
different carboxyl groups for antigen H, creating A and B 
antigens of the ABO system.  In this process, the presence of 
different glycosyltransferase gene enhancers with unknown 
temporal expression mechanism was found [18,19]. However, 
we are not aware of which factors are responsible for the 
regression of unnecessary embryonic arteries and the 
formation of the final renal artery. Perhaps further research in 
the future will reveal these matters.

ABH antigens were abundantly represented in tissues of the 
earliest embryos, and their depletion was associated with 
morphological differentiation [20]. The deposits of these 
antigens were presented ultrastructurally in the developing 
middle ear [21]. There were 7%  more of renal parenchymal 
diseases in blood group B, and 10% less in blood group O 
carriers as compared to the  healthy population [13]. These 
factors must also somehow influence tissue development. For 

example Cryptorchidism mostly concerned premature 
babies from ARh+ and BRh+ mothers [22]. 

The Rh(+) factor intensified acquired deafness in industrial 
workers [23]. In our material, the Rh(+) factor positively 
correlated with  the presence of kidneys with an isolated 
artery on both sides. 

However, apart from right-sided venous abundancy in blood 
group A patients, we observed no correlation between blood 
groups and the structure of the renal venous system. This 
might be associated  (probably) with the small number of 
investigated cases, and significant number of developmental 
elements of the venous system and blood groups, to which 
these factors were referred to. 

Conclusions:
(1) Female gender was significantly correlated with the 
presence of bilateral single renal arteries.
2) Coexistence of bilateral single renal artery was 
significantly associated with blood group O, and the weakest 
with blood group A.
(3) Rh(+) factor significantly correlated with the normal 
structure of the renal vascular pedicle, and Rh(-) the least.
4) There was no significant association of blood groups and 
the occurrence of kidney venous  system anomalies, except 
for additional venous vessels on the right side, mostly 
observed in  blood group A patients, least often in  blood 
group 0

Tables: 
Tab. 1. Sex and the  number of renal arteries.

Explanation: % - percentage

Tab. 2. Blood groups and the  number of renal  arteries.

Explanation:  A,O,B,AB- blood groups, %- percetage

Tab. 3. Sex, blood group A and the number of renal 
arteries.

Explanation: see tab.1
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No. of 
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arterie

s  

 
Male 

 

 
Female 

 
Total 

 

No. of  
bodies 

 

Sum of renal 
arteries 

 

% 
 
 

 

No. of 
bodies 

 

Sum of renal 
arteries 

 

% 
 
 

No. of 
bodies 

 

Sum of renal 
arteries 

 

% 
 
 

2 (Fig1) 
 

95 
 

190 
 

40.7 
 

 
105 

 
210 

 
61.0 

 
200 

 
400 

 
49.3 

 

3 (Fig 2) 
 

57 
 

171 
 

36.6 
 

 
35 

 
105 

 
30.5 

 
92 

 
276 

 
34.0 

 

4 (Fig3) 
 

18 
 

72 
 

15.4 
 

 
2 
 

8 
 

2.3 
 

20 
 

80 
 

9.9 
 

5 (Fig 4) 
 

2 
 

10 
 

2.1 
 

 
3 
 

15 
 

4.4 
 

5 
 

25 
 

3.1 
 

6 (Fig 5) 
 

4 
 

24 
 

5.1 
 

 
1 
 

6 
 

1.7 
 

5 
 

30 
 

3.7 
 

Summary 
 

176 
 

467 
 

100.0 
 

 
146 

 
344 

 
100.0 

 
322 

 
811 

 
100.0 

 
 



Tab. 4. Sex, blood group O and  the number of renal 
arteries.

Explanation: see tab.1

Tab. 5. Sex, blood group B and the  number of renal 
arteries.

Explanation: see tab.1

Tab. 6. Sex, blood group AB and the  number of renal 
arteries.

Explanation: see tab.1

Tab. 7. Rh- factor and the number of renal arteries in 
Polish population.

Explanation: Rh(+), Rh(-) – blood factors Rh+ and Rh - ,% - 
percentage

Tab. 8. Blood groups and renal venous anomalies.

Explanation: N – number, % - percentage, O,A,B,AB – blood 
groups

Figures:

Fig 1. Aortonephrogram with a single renal artery visible 
on both sides.

Fig 2. Aortonephrogram with 2 renal arteries visible on 
the left and a single one on the right side.

Fig 3. Anatomical specimen. Two renal arteries are 
visible on both sides.

Fig 4. Anatomical preparation. Two renal arteries are 
visible on the left and 3 on the right side.

Fig 5. Anatomical preparation. On the left side there are 4 
renal arteries and on the right side there are 2 of them.
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Blood groups : 0 
 

A 
 

B 
 

AB 
 

Total 
 

 
 

N  
 

%   
 

N  
 

%   
 

N  
 

%   
 

N  
 

%   
 

N  
 

%   
 

Single renal vein on 
both sides 47 73,4 47 61,8 33 71,7 9 60,0 136 67,7 

Venous 
supernum erary on the 
right 

7 10,9 18 23,7 7 15,2 3 20,0 35 17,4 

Venous 
supernum erary and 
vena cava inferior 
anom alies on the left 

8 12,5 5 6,6 6 13,0 2 13,3 21 10,4 

Bilateral venous renal 
anom alies 2 3,1 6 7,9 0 0,0 1 6,7 9 4,5 

Total of anom alies 17 26,6 29 38,2 13 28,3 6 40,0 65 32,3 

Total of bodies 64 100,0 76 100,0 46 100,0 15 100,0 201 100,0 
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