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Abstract 

Background: The stereomorphology of renal arteries and their branches is crucial in nephrological and 

urological procedures, particularly in surgeries like percutaneous nephrolithotomy. Despite the clinical 

significance, the existing literature on the three-dimensional (3D) anatomical relationships between the 

renal arterial system and the renal pelvis-calyx complex remains limited and inconsistent. Objective: The 

objective of the study was to reveal the patterns of the three-dimensional quantitative organization of the 

branches of the renal artery in relation to the elements of the renal pelvis-calyx system in men. 

Methodology: A total of 58 corrosion specimens of male kidneys, obtained from individuals aged 22 to 

75 years, were analyzed. The study employed quantitative morphological analysis to examine the extra- 

and intra-organ branches of the renal arteries and their relationship with the renal pelvis-calyx system. 

The analysis focused on the division patterns of the renal artery relative to the kidney's excretory sectors, 

using 3D projection models to visualize these relationships. Results: Results revealed various patterns of 

arterial branching across different age groups and sectors, identifying multiple excretory sectors with 

distinct arterial supply configurations. Conclusion: Conclusions highlighted the clinical significance of 

understanding these patterns for improving preoperative planning and reducing surgical complications in 

nephrolithotomy and other kidney surgeries. This detailed 3D anatomical knowledge assists in tailoring 

surgical approaches to individual anatomical variations. [Bangladesh Journal of Infectious Diseases, 

June 2024;11(1):59-64] 
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Introduction 

The data concerning the variant stereomorphology 

of the renal artery and its branches are reflected in a 

small number of works. Moreover, they are quite 

few and contradictory1-2. However, the data on the 

features of the anatomy of extra- and intra-organ 

branches of the renal arteries according to the 

structure of the renal pelvis-calyx complex are of 

the greatest value to nephrologists and urologists, as 

they can contribute to an individual approach in the 

preparation and tactics of operations for the 

http://www.banglajol.info/index.php/BJID/index
https://doi.org/10.3329/bjid.v11i1.75563
mailto:Edgar-kafaroff@yandex.ru
https://orcid.org/0000-0001-9735-9981


Arterial Channels & Elements of Renal Pelvis-Calyx in Men          Kafarov et al 

Bangladesh J Infect Dis  60                June 2024│ Volume 11│Number 1 

removal of stones from the pelvis and calyces using 

methods such as percutaneous nephrolithotomy3-4. 

Thus, with the appearance of the first percutaneous 

nephroscopy, percutaneous surgery underwent 

maximum changes and became the gold standard 

for removing coral stones of the kidneys. 

Performing percutaneous access to the kidney is the 

most technically complex part of percutaneous 

nephrolithotomy5,6. According to several authors, 

there are two imaging methods for supporting the 

operation – radiographic television and ultrasound7. 

In that case, no differences in the effectiveness of 

both methods were identified. Thus, during surgery 

under X-ray control for access to the optimal calyx, 

the surgeon has to convert two-dimensional X-ray 

images into three-dimensional ones using mental 

skills8-9. However, even for an expert in the field of 

percutaneous nephrolithotomy, there are clinical 

cases such as a large stone volume, a complex 

anatomy of the renal cavity system, and their 

relationships with intra-organ vessels, where there 

is a probability of their damage and the occurrence 

of intraoperative bleeding, which unfortunately is 

not always taken into account due to the complexity 

of the structure of the intra-organ vascular bed and 

the vascular-pelvic relationships10-11. This has led to 

an increased need for additional and comprehensive 

information on the variants of the renal artery 

structure and its branches within the organ, as well 

as their relationship to the renal pelvis-calyx 

complex, especially in clinical practice and 

radiological diagnostics12-13. 

The emergence of modern research methods and 

new computer 3D technologies can contribute to the 

creation of algorithms for preoperative examination 

of the patient and planning of the proposed surgical 

intervention14. Improving the effectiveness of 

planning surgical interventions on the renal cavity 

system to remove stones by reducing the frequency 

of postoperative bleeding can be achieved with a 

3D representation of the renal arterial vessels and 

the renal pelvis-calyx system with their topographic 

visualization on the organ surface3,9. The purpose of 

the study was to reveal the patterns of the three-

dimensional quantitative organization of the 

branches of the renal artery in relation to the 

elements of the renal pelvis-calyx system in men. 

Methodology 

Study Settings and Population: The study was 

conducted on 58 corrosion specimens of the arterial 

system and the renal pelvis-calyx system of human 

kidneys, made from the kidneys of deceased male 

individuals aged 22 to 75 years who died from 

diseases unrelated to kidney pathology. 

Research Algorithm: On the corrosion specimens 

of the arterial vessels of the kidneys and the renal 

pelvis-calyx system, the extra-organ branches of the 

renal arteries (RA) were determined with a study of 

their quantitative characteristics at the kidney gates, 

and variants of their division. The three-

dimensional (3D) projection of the renal arterial 

vessels was studied relative to the frontal, 

horizontal, and sagittal planes; topographic 

anatomical relationships of the renal arteries and 

pelvis were also analyzed. On the corrosion 

specimens of the arterial vessels of the kidneys and 

the renal pelvis-calyx system, a quantitative 

morphological analysis of the intra-organ arteries of 

the renal artery was conducted concerning the 

sectors of the renal pelvis-calyx system: 

Quantitative morphological analysis of the branches 

of the renal artery in the kidney parenchyma with 

two sectors; Quantitative morphological analysis of 

the branches of the renal artery in the kidney 

parenchyma with three sectors; Quantitative 

morphological analysis of the branches of the renal 

artery in the kidney parenchyma with four sectors.  

Statistical Analysis: All digital data and images 

obtained from the morphological and 3D analyses 

were processed using variation statistics methods 

with a workstation featuring an Intel Core2Duo 

T5250 1.5 GHz processor, RAM up to 2 GB on the 

Windows 7 platform. During the work, the Excel 

application package from Microsoft Office 2007 

was used. The results were statistically analyzed to 

determine the significance of differences in arterial 

branching patterns across different age groups and 

renal sectors 

Ethical Clearance: research activities were carried 

out in accordance with the Declaration of Helsinki 

and national regulations governing the use of 

human tissues in research. The study did not 

involve any direct contact with patients or the 

collection of new biological samples from living 

individuals, thereby minimizing ethical concerns. 

Results 

Depending on the division variants of the main 

renal artery - "A. renalis" (I) at the kidney gates 

relative to the frontal, sagittal, and horizontal planes 

into second-order vessels, that is, zonal arteries - 

"A. (zonal)" (II), where they have their specific 

arterial basins in the kidneys, corresponding groups 

were identified in different age periods. 
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It was established that in the first period of mature 

age, the division of the renal artery - "A. renalis" 

into 2 branches was found in 11 cases, which 

constituted 18.97%. In the second period of mature 

age, this variant of the renal artery division was 

found in 13 observations, which constituted 22.41% 

of cases. In the elderly, this variant of division was 

also found in 13 specimens, which also constituted 

22.41% of cases. In the senile age period, this 

variant of the renal artery division was found in 12 

corrosion specimens, which constituted 20.69% of 

cases. 

Further research established that the division of the 

renal artery - "A. renalis" into 3 branches in the first 

period of mature age was found in 2 specimens, 

which constituted 3.45% of cases. In the second 

period of mature age, this variant of the division 

was found in 3 corrosion specimens, which 

constituted 5.17% of cases. In the elderly, this 

variant of division was also found in 2 specimens, 

which also constituted 3.45%. In the senile age 

period, this variant of the renal artery division was 

found in 2 specimens, which constituted 3.45% of 

cases (Figure I)). 

 

Figure I: Comparative characteristics of the variant 

anatomy of the extra-organ segment of the renal 

arteries in the area of the hilum based on corrosion 

specimens of the right and left kidneys in men of 

mature, elderly, and senile age* 

Notes: 

1. 2 branches of the renal artery (RA); 

2. 3 branches of the RA; 

3. Upper and lower branches of the RA; 

4. Anterior and posterior pelvic branches of the 

RA; 

5. 2 anterior and 1 posterior branches of the RA; 

6. Upper, anterior, and posterior branches of the 

RA; 

7. Anterior, posterior, and lower branches of the 

RA.  

**p < 0.05 - significance of the difference between 

groups. 

Furthermore, from this quantity, it was established 

that the division of the RA - "A. renalis" into upper 

and lower branches in the first period of mature age 

was identified in one specimen, which constituted 

1.72% of cases. In the second period of mature age, 

this division variant was found in two specimens, 

which constituted 3.45% of cases. In the elderly and 

senile periods, these division variants were found 

once each, which constituted 1.72% of cases, 

respectively. 

Further research established that the division of the 

RA - "A. renalis" into anterior and posterior pelvic 

branches in the first period of mature age was found 

in 10 specimens, which constituted 17.24% of 

cases. In the second period of mature age, this 

variant was found in 11 specimens, which 

constituted 18.97% of cases. In the elderly, this 

variant was found in 12 specimens, which 

constituted 20.68% of cases, and in the senile 

period, this variant was found in 11 specimens, 

which also constituted 18.97% of cases. 

Further research established that the division of the 

RA - "A. renalis" into 2 anterior and 1 posterior 

branch was found in one specimen only in the 

second period of mature age, which constituted 

1.72% of cases. 

Next, the division of the RA - "A. renalis" into 

upper, anterior, and posterior branches was found 

equally in both the first and second periods of 

mature age, which was found in four specimens, 

constituting 3.45% of cases each. In the elderly, this 

variant was found in one specimen, which 

constituted 1.75% of cases. In the senile period, this 

variant of the RA division was found in two 

specimens, which constituted 3.45% of cases. 

The next variant of the RA division into anterior, 

posterior, and lower branches was not found in the 

first period of mature age and the senile period. 

However, in the second period of mature age and 

the elderly, this variant was found once in 

specimens, which constituted 1.72% of cases, 

respectively.  

Next, a three-dimensional quantitative analysis of 

the variants of renal artery division relative to the 

excretory sectors of the renal pelvis-calyx system 

was conducted separately for the left and right 

kidneys in men. 
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Discussion 

Thus, the research revealed that among 9 left two-

sector kidneys, in six specimens, the RA - "A. 

renalis" divided into anterior and posterior 

branches, which constituted 75.0% of cases. In two 

corrosion specimens, the RA divided into upper and 

lower branches, which constituted 25.0% of cases. 

And in one two-sector kidney specimen, the RA 

divided into three branches, which constituted 3.7% 

of cases. 

Further, it was found that among 8 three-sector 

corrosion specimens of kidneys, in 5 specimens, the 

RA divided into anterior and posterior branches, 

which constituted 83.33% of cases. In one case, the 

division of the RA into upper and lower branches 

was identified, which constituted 16.67% of cases. 

In two three-sector kidney specimens, the RA 

divided into three branches, which constituted 

92.6% of cases. 

The analysis of 10 four-sector left corrosion kidney 

specimens established that in 7 specimens, the RA - 

"A. renalis" divided into anterior and posterior 

branches, which constituted 77.78% of cases. In 

two specimens, the RA divided into upper and 

lower branches, which constituted 22.22% of cases, 

and in one four-sector kidney specimen, the RA 

divided into three branches, which constituted 3.7% 

of cases. 

Three-dimensional quantitative analysis of the 

variants of renal artery division relative to the 

excretory sectors of the renal pelvis-calyx system of 

the right kidneys in men showed that among 10 

right two-sector kidneys, in eight specimens, the 

RA - "A. renalis" divided into anterior and posterior 

branches, which was found in 88.89% of cases. In 

one corrosion specimen, the RA divided into upper 

and lower branches, which was found in 11.11% of 

cases. And in one two-sector kidney specimen, the 

RA divided into three branches, which was found in 

3.23% of cases. 

Further, it was found that among 8 three-sector 

kidney specimens, in 4 specimens, the RA - "A. 

renalis" divided into anterior and posterior 

branches, which was found in 80.00% of cases. In 

one case, the division of the RA into upper and 

lower branches was identified, which was found in 

20.00% of cases.  

In three-sector kidney specimens, the RA divided 

into three branches, which was found in 93.54% of 

cases. 

The analysis of 13 four-sector right corrosion 

kidney specimens established that in 11 specimens, 

the RA - "A. renalis" divided into anterior and 

posterior branches, which was found in 91.67% of 

cases. In one corrosion specimen, the RA divided 

into upper and lower branches, which was found in 

8.33% of cases, and in one four-sector kidney 

specimen, the RA divided into three branches, 

which was found in 3.23% of cases. 

We studied corrosion specimens of the arterial 

vessels of the kidneys and the renal pelvis-calyx 

system, where the specimens were divided into 

three groups based on the number of excretory 

sectors with different variants of arterial vessel 

division15. 

The analysis of the distribution of specimens of 

right kidneys in men by the number of excretory 

sectors and the number of branches of the renal 

artery participating in their blood supply indicates 

that two excretory sectors were found in 10 

specimens: 9 specimens with two supplying 

arteries: 8 specimens with anterior and posterior 

arteries, 1 specimen with upper and lower arteries, 

and 1 specimen with three renal arteries. Three 

excretory sectors were found in 8 specimens of 

right kidneys: 5 specimens with two supplying 

arteries: 4 specimens with anterior and posterior 

arteries, 1 specimen with upper and lower arteries, 

and 3 specimens with three renal arteries. Four 

excretory sectors were found in 13 specimens: 12 

specimens with two supplying arteries (11 

specimens with anterior and posterior branches of 

the renal artery and 1 with upper and lower 

branches of the renal artery) and 1 specimen with 

three renal arteries. 

The analysis of the distribution of specimens of left 

kidneys in men by the number of excretory sectors 

and the number of branches of the renal artery 

participating in their blood supply indicates that two 

excretory sectors were found in 9 kidney 

specimens: 8 specimens with two branches of the 

renal artery (6 specimens with anterior and 

posterior branches; 2 specimens with upper and 

lower branches) and 1 specimen with three 

branches of the renal artery. Three excretory sectors 

were found in 8 kidney specimens: 6 specimens 

with two branches of the renal artery (5 specimens 

with anterior and posterior branches; 1 specimen 

with upper and lower branches) and 2 specimens 

with three branches of the renal artery. Four 

excretory sectors were found in 10 specimens: 9 

specimens with two branches of the renal artery (7 

specimens with anterior and posterior branches; 2 
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specimens with upper and lower branches) and 1 

specimen with three branches of the renal artery. 

Conclusions 

The conducted study is based on a 3D analysis of 

the division variants of the main branches of the 

renal arteries. The research included the study of 

topographic-anatomical features of the structure of 

the renal arterial vessels in relation to the excretory 

sectors. It should be noted that possessing 

information about the three-dimensional (3D) 

anatomy of the intra-organ branches of the renal 

artery in humans, depending on the variants of the 

structure of the renal pelvis-calyx system and the 

number of renal calyces in each of the excretory 

sectors, as well as their 3D visualization during life, 

allows predicting difficulties during kidney surgery 

when performing nephrolithotomy or organ-

preserving operations, where it is necessary to take 

into account the individual features of the renal 

arterial bed structure and its segments. The 

evaluation of the obtained 3D results of the 

individual structure of the renal arterial bed and 

elements of the renal pelvis-calyx system is of great 

importance at the stage of preoperative preparation, 

helping the surgeon in choosing the optimal tactics 

for conducting the operation with the least number 

of postoperative complications and the development 

of unforeseen situations. 
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