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ABSTRACT 

Background: Renal arterial variation is a frequently encountered anatomic variation that has a significant impact on the transplantation, nephrectomy, 

partial nephrectomy and endovascular procedures. The reported prevalence however, ranges widely from one cadaveric to another radiology studies 

and a comprehensive global synthesis is not available. This systematic review and meta-analysis determined the overall renal arterial variant 
prevalence and described renal arterial variant patterns. 

Materials and methods: A systematic review and a meta-analysis was performed based on PRISMA guidelines. The cadaveric, angiographic, and 
cadaveric plus CT angiography (CTA/MDCT) studies of the renal arteries were searched using electronic databases. Samples for eligible studies were 

drawn for the number of samples, variants, design of study and geographic location. A random-effects model was used to calculate pooled prevalence. 
Subgroup comparisons were carried out with respect to study methodology (cadaveric versus radiological) and geographical location. The level of 

heterogeneity was evaluated with the I² statistic and sensitivity analysis was performed following the leave-one-out approach. Funnel plot visualization 

and Egger's regression test were used for the assessment of publication bias. 

Results: 21 studies with 9929 participants were included. The combined prevalence of renal arterial variations was 0.308 (95% CI: 0.274–0.344) 
including accessory renal arteries being the most common variant. The prevalence estimates obtained by radiological (CTA/MDCT) studies were 

slightly higher than those obtained by cadaveric studies. However, the prevalence was found to be variable in the different geographic regions with 

higher figures being reported among African people. Results from the studies were somewhat heterogeneous (I² > 75%) but stable when assessed by 
sensitivity analyses of the pooled estimates. No evidence of significant publication bias was obtained by funnel plot inspection or via Egger's test. 

Conclusion: Renal artery anatomy differs significantly and is very common with its variation being present in about one-third of the world's 

population. They are seen in a wide range of populations and study designs, thus demonstrating their clinical relevance. High-resolution imaging is 
crucial for the identification and surgical management of complications that occur prior to a surgical procedure, with the ultimate goal of optimizing 

surgical outcomes, especially in renal surgery and transplantation. 

Keywords: Renal artery variations, accessory renal artery, CT angiography, cadaveric study, renal transplantation, vascular anatomy, renal vascular 

anatomy. 
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INTRODUCTION 

The anatomy of the renal artery is most significant in 

anatomy, radiology, urology, vascular surgery and kidney 

transplants. As usual, there is one renal artery to each 

kidney from the abdominal aorta. But not everyone will 

have this pattern. Accessory renal arteries, multiple renal 

arteries, early branching, polar arteries and exceptional 

origins of the renal arteries are commonly seen in 

cadaveric and imaging studies.[1,2] 

The clinical significance of these differences is related to 

the fact that the renal arteries are end arteries. Damage to 

its extra renal artery or ligation will decrease renal blood 

flow to a portion of the kidney. It is particularly important 

when donor nephrectomy, kidney transplantation, partial 

nephrectomy, renal tumour surgery, abdominal aortic 

surgery and interventional radiology is performed. If these 

arteries are not identified prior to surgery, it can lead to 

vascular injury, renal ischaemia, any ureteric 

complications or any graft related complications, 

bleeding, and a longer surgical time.[3,4] 

Therefore, an understanding of the anatomy of renal 

arteries before surgery becomes essential for a safe 

surgical approach. New imaging techniques – in particular 

computed tomography angiography (CTA) – allow for 

better identification of renal artery variants prior to 

surgery. Studies of cadaveric specimens are still important 

due however to their direct anatomical evidence and the 

detailed description of the morphology of these 

variations. Vasculature variation of the renal artery is very 

common but there are conflicting reports regarding the 

incidence of each variant. Only small percentages of 

individuals have been reported by some studies to have 

variations within the renal artery, and a considerably 

larger percentage—nearly one-third or more—of the 

population studied have been reported by other studies to 

have variations within the renal artery. Some of the more 

commonly reported variants are accessory renal arteries. 

In 2024, a recent systematic review and meta-analysis 

found the overall prevalence rate for accessory renal 

arteries to be 18.67% with the rate for 2 ARA 1.80%.[2] 

There may be geographic, racial/ethnic, gender, laterality, 

study design, and population differences. Some variants 

may be picked up differently in imaging studies than in 

cadaveric studies due to differences in image quality, 

diagnostic criteria and reporting. Likewise, cadaveric 

examinations can be more on a smaller scale, but can 

provide information about detailed anatomical aspects 

such as origin, course, branching pattern and renal entry 

point. Due to these differences, knowledge of the global 

epidemiology of renal arterial anatomy is not yet easily 

used to draw firm conclusions from single trials. There 

have been numerous reports of variations in the renal 
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arteries, but the evidence is not compiled. There are some 

studies which only consider the so-called accessory renal 

arteries, and others involve early branching, polar arteries 

or other morphologic form. The terms are not either that 

or always consistent. For instance, the terms of accessory, 

aberrant, additional, supernumerary, and polar renal artery 

are inconsistently used. This complicates the process of 

cross-study comparisons. The understanding of renal 

artery variations has been enhanced from preceding 

reviews which were primarily cadaveric based and 

focused solely on accessory renal arteries, and additional 

scope is required in order to provide a more extensive 

integration of cadaveric with imaging studies. It is also 

necessary to compare prevalences according to study 

design, sex, side, region, and type of variation. The 

systematic review globally can allow for a better 

estimation of the prevalence of renal arterial variation as 

well as the morphologic distribution of the renal arterial 

variations. 

Why the SRMA is needed? 

A systematic review and meta-analysis is required as renal 

arterial variants are of practical utility in clinical care. A 

knowledge of the frequency of occurrence of these 

variations and their most frequent forms is needed by 

surgeons and radiologists. This is especially crucial for 

kidney transplantation, donor selection, laparoscopic 

renal surgery, vascular surgery and renal interventional 

surgery. There are no stable estimates at global level that 

can be given based on individual studies due to the 

different samples, populations, study methods and 

definitions of variation used. Available evidence can be 

used for a meta-analysis, and it can allow the calculation 

of pooled prevalence estimates. It can also analyze if the 

prevalence differs by cadaveric or imaging method, 

geographical setting, sex and laterality. Thus, the evidence 

more useful could be both for clinical and anatomical 

practice. 

Objective 

Primary objective 

The main aim of the systematic review and the meta-

analysis is to determine the global pooled prevalence of 

renal artery anatomical anomalies, based on cadaveric and 

imaging studies of human subjects. 

Secondary objectives 

The objectives that are secondary are: 
1. To estimate the prevalence of specific renal arterial 

variations such as accessory renal arteries, multiple 

renal arteries, early branching, polar arteries and 

aberrant arterial origin. 

2. To explain the patterns of renal arterial variation 

regarding the number, side, origin, course, branching 

pattern, renal entry point and unilateral or distal 

distribution of variation. 

3. To assess renal arterial variations between cadaver, 

and imaging study. 

4. To compare prevalence by laterality, geographic 

region and study design (when available). 

5. To assess whether there is considerable variation 

between the included studies and whether this may be 

due to differences in prevalence rate. 

Research Question with PECO Framework 

Among human cadaveric specimens and individuals 

assessed through imaging, what is the global prevalence 

and morphological distribution of renal arterial 

anatomical variations, and how do these variations differ 

by study method, sex, side, and geographical region? 

 
PECO element Description 

Population (P) Human cadaveric specimens and human 

participants undergoing renal vascular imaging, 

including CT angiography, MR angiography, 
conventional angiography, or other relevant 
imaging methods. 

Exposure (E) Assessment of renal arterial anatomy through 
cadaveric dissection or imaging-based 
evaluation. 

Comparator 

(C) 

Comparisons by study method, sex, side of 

body, geographical region, population group, 
and presence versus absence of renal arterial 
variation. 

Outcomes (O) Primary outcome: pooled prevalence of renal 

arterial anatomical variations. Secondary 

outcomes: prevalence of accessory renal 

arteries, multiple renal arteries, early 

branching, polar arteries, aberrant origins, 
unilateral or bilateral variations, side-specific 
distribution, and morphological patterns. 

 

MATERIALS AND METHODS 

Study Design and Reporting Guidelines 

This study consisted of a systematic review and a meta-

analysis of human cadaveric studies and imaging studies 

reporting renal arterial prevalence and morphological 

differences. Variations of renal arteries like accessory 

renal arteries, multiple renal arteries, early branching, 

polar arteries, aberrant renal arterial origin, side specific 

pattern of the arterial pattern discussed in the review. We 

performed the review and report it following the Preferred 

Reporting Items for Systematic Reviews and Meta-

Analyses guidelines, 2020 (PRISMA 2020: Page et al., 

2021). The search strategy also adhered to PRISMA-S 

protocol (Rethlefsen et al., 2021) to extend the PRISMA 

protocol for better transparency of database searching, 

search string reporting, and record management. 

Inclusion and Exclusion Criteria 

 
Variable Training (n=1304) Validation (n=279) Testing (n=279) External Validation (n=512) p- 

value 

Age (years) 67.2 ± 9.4 66.8 ± 8.9 67.6 ± 9.7 68.1 ± 9.2 0.412 

Female sex, n (%) 744 (57.1) 161 (57.7) 158 (56.6) 301 (58.8) 0.893 

BMI (kg/m²) 25.1 ± 4.1 24.8 ± 4.2 25.0 ± 4.0 24.9 ± 4.3 0.721 

Current smoker, n (%) 218 (16.7) 44 (15.8) 49 (17.6) 89 (17.4) 0.931 

Prior fragility fracture, n (%) 132 (10.1) 29 (10.4) 31 (11.1) 58 (11.3) 0.847 

Osteoporosis by DXA, n (%) 367 (28.1) 81 (29.0) 80 (28.7) 151 (29.5) 0.889 

 

Literature Search Strategy 
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A systematic search was conducted in 

PubMed/MEDLINE, Embase, Scopus, Web of Science, 

Cochrane Library and Google Scholar. Proto keywords 

and controlled vocabulary was used on the search terms: 

renal arteries, anatomical variation, accessory arteries, 

multiple arteries, morphology, cadaveric studies and 

imaging studies. [Table 1] shows the search string and 

[Figure 1] represented the PRISMA flowchart. 

 
 

Table 1: Search strings utilized across the databases 
Database Search string / strategy 

PubMed/Medline (“renal artery” OR “renal arteries” OR “kidney artery”) AND (“anatomical variation” OR “vascular variation” OR 

morphology OR prevalence) AND (“accessory renal artery” OR “multiple renal arteries” OR “polar artery” OR 

“aberrant renal artery” OR “early branching”) AND (cadaveric OR dissection OR CTA OR MRA OR angiography OR 
imaging) 

Embase (‘renal artery’ OR ‘renal arteries’ OR ‘kidney artery’) AND (‘anatomical variation’ OR ‘vascular variation’ OR 
morphology OR prevalence) AND (‘accessory renal artery’ OR ‘multiple renal arteries’ OR ‘polar artery’ OR ‘aberrant 
renal artery’ OR ‘early branching’) AND (cadaveric OR dissection OR CTA OR MRA OR angiography OR imaging) 

Scopus TITLE-ABS-KEY (“renal artery” OR “renal arteries” OR “kidney artery”) AND TITLE-ABS-KEY (“anatomical 

variation” OR “vascular variation” OR morphology OR prevalence) AND TITLE-ABS-KEY (“accessory renal artery” 

OR “multiple renal arteries” OR “polar artery” OR “aberrant renal artery” OR “early branching”) AND TITLE-ABS- 
KEY (cadaveric OR dissection OR CTA OR MRA OR angiography OR imaging) 

Web of Science TS=(“renal artery” OR “renal arteries” OR “kidney artery”) AND TS=(“anatomical variation” OR “vascular variation” 

OR morphology OR prevalence) AND TS=(“accessory renal artery” OR “multiple renal arteries” OR “polar artery” OR 
“aberrant renal artery” OR “early branching”) AND TS=(cadaveric OR dissection OR CTA OR MRA OR angiography 
OR imaging) 

Cochrane Library “renal artery” OR “accessory renal artery” OR “multiple renal arteries” OR “polar artery” OR “early branching” 

Google Scholar “renal artery variation” OR “accessory renal artery” OR “multiple renal arteries” OR “renal arterial anatomy” OR “early 
branching” AND (cadaveric OR imaging OR prevalence) 

Manual search Reference lists of included studies and relevant reviews were screened for additional eligible studies using key terms 
related to renal arterial variation and anatomy. 

 

 

 
Figure 1: PRISMA 2020 Flow Diagram of Study Selection 

 

Data Extraction 

Data was independently extracted by two reviewers using 

a standardized form for consistency and accuracy. Full-

text assessments were systematically reviewed, 

addressing discrepancies through discussion. Key 

features abstracted from eligible articles included author, 

publication year, country, study design, population, 

sample size, and anatomical assessment methods. 

Detailed data on renal artery anatomy variations, 

branching patterns, and accessory arteries were collected. 

The main outcome focused on renal arterial variations, 

with secondary outcomes addressing accessory arteries, 

branching characteristics, and geographical differences. 

Extracted data were verified for completeness and 

prepared for quantitative synthesis and meta-analysis. 

Quality Assessment 

Two reviewers independently used Joanna Briggs 

Institute (JBI) Critical Appraisal Checklist: Studies 

Reporting Prevalence Data to assess methodological 

quality and risk of bias of the included studies. The choice 

of this tool was weighted by the primary aim of the 

present review which was to estimate the prevalence of 

renal arterial variations in different populations in and in 

different study settings The JBI checklist assesses a 

number of methodological areas such as the sampling 

frame, sample size, description of study subjects and 

setting, validity and reliability of the measurement 

techniques, the statistical analysis and response rates. 

For each study, nine domains were evaluated and points 

were given based on the number of domains met. The 

methodological quality of studies was divided into low, 

medium, and high risk of bias. Differences between 

reviewers on study appraisal were difficult to reconcile by 

discussion and consensus, hence they are removed from 

final reports. Pooled prevalence estimates and 

heterogeneity analyses were performed having taken into 

account the outcome of the quality assessment. [Table 2] 

below provides detailed information about the risk of bias 

for all studies included. 

 
 

Table 2: Risk of Bias Assessment of Included Studies Using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist 
Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total 

Score 
Risk of 
Bias 

Merklin & Michels (1958),[5] Yes Yes Yes Yes Yes Yes Yes Unclear Yes 8/9 Low 

Satyapal et al. (2001),[6] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Khamanarong et al. (2004).[7] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Budhiraja et al. (2013).[8] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Cases et al. (2017).[1] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Hassan et al. (2017).[9] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 
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Bouzouita et al. (2021).[10] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Ozkan et al. (2006).[11] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Gümüş et al. (2012).[12] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Çınar & Türkvatan (2016).[13] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Holden et al. (2005).[14] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Palmieri et al. (2011).[15] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Johnson et al. (2013).[16] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Famurewa et al. (2018).[17] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Munnusamy et al. (2016).[18] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Sarier et al. (2020).[19] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Cicek et al. (2021).[20] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Kumaresan et al. (2022).[21] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Mihaylova et al. (2023).[22] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Mohammed et al. (2024).[23] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 

Osman et al. (2025).[24] Yes Yes Yes Yes Yes Yes Yes Yes Yes 9/9 Low 
 

JBI Domains: Q1, Appropriate sample frame; Q2, 

Appropriate sampling method; Q3, Adequate sample size; 

Q4, Detailed description of subjects and setting; Q5, 

Sufficient coverage of the identified sample; Q6, Valid 

methods for condition identification; Q7, Standardized 

and reliable measurement; Q8, Appropriate statistical 

analysis; Q9, Adequate response rate and management of 

non-response. Studies scoring 7–9 points were classified 

as having low risk of bias, 4–6 points as moderate risk of 

bias, and ≤3 points as high risk of bias. 

Statistical Analysis 

Meta-analysis calculated the mean prevalence of renal 

arterial variants, reporting primary outcomes on overall 

renal arterial variation and secondary outcomes on 

accessory and unilateral/bilateral variations, side-specific 

distribution, and branching patterns. A random-effects 

model was utilized due to expected methodological 

differences among studies. Prevalence data was 

transformed using the Freeman–Tukey method before 

back-transformation for clinical relevance. Statistical 

analyses included Cochran's Q and I² for heterogeneity 

assessment, with interpretations of low, moderate, and 

high heterogeneity. Subgroup analyses were performed 

based on study methodology and geographic area. 

Sensitivity analyses were conducted to gauge the 

influence of individual studies on pooled estimates, 

accompanied by visual funnel plot inspections and 

Egger's regression test for publication bias. Results are 

illustrated through pooled prevalence estimates, 95% 

confidence intervals, and graphical representations in the 

Results section. 

 

RESULTS 

Study Selection 

A total of 1,777 records were found from the systematic 

literature search conducted in electronic databases such as 

PubMed, Scopus, Web of Science, Embase and Google 

Scholar. After 642 duplicate records were removed 1,135 

unique articles were available for title and abstract 

screening. One thousand four hundred eighty such records 

were excluded, primarily because they were not related to 

renal arterial anatomy, were review papers, case reports, 

conference abstracts, involved animal studies, were for 

pediatric studies, or did not fulfill the pre-established 

eligibility criteria. 

A total of 87 articles were chosen for full text evaluation, 

for a total of 351 potentially relevant articles. Four articles 

were not found; 83 studies were in a format that allowed 

for detailed eligibility assessment. After full text review, 

the reasons for excluding 62 studies included no 

prevalence information found in the text, insufficient 

anatomic data, overlapping study population, insufficient 

sample size, non-original study design, and insufficient 

methodological description. Finally, 21 studies met all 

inclusion criteria and were used to synthesize the 

qualitative findings and meta-analyze the quantitative 

results. 

Characteristics of Included Studies 

Twenty-one studies from 1958 to 2025 were found and 

included in the systematic review and meta-analysis. The 

cadaveric studies, conventional angiographic studies and 

computed tomography angiography (CTA)-based 

analyses included in this work were based on various 

populations. The observations of these studies, taken 

together, yielded a complete dataset on prevalence and 

anatomical patterns of arterial variations of the kidney. 

 
 

Table 3: Characteristics of Included Studies (n = 21) 
Author Year Country Study Type Method Sample Size 

Merklin & Michels (1958).[5] 1958 USA Cadaveric Dissection 185 

Satyapal et al. (2001).[6] 2001 South Africa Cadaveric Dissection 130 

Khamanarong et al. (2004).[7] 2004 Thailand Cadaveric Dissection 267 

Budhiraja et al. (2013).[8] 2013 India Cadaveric Dissection 120 

Cases et al. (2017).[1] 2017 Spain Cadaveric/Radiological Dissection and CTA 248 

Hassan et al. (2017).[9] 2017 Kuwait Cadaveric Dissection 204 

Bouzouita et al. (2021).[10] 2021 Tunisia Cadaveric Dissection 50 

Ozkan et al. (2006).[11] 2006 Turkey Observational Conventional Angiography 855 

Gümüş et al. (2012).[12] 2005 New Zealand Observational MDCT Angiography 100 

Çınar & Türkvatan (2016).[13] 2011 Brazil Observational CT Angiotomography 200 

Holden et al. (2005).[14] 2012 Turkey Observational 64-slice CTA 820 

Palmieri et al. (2011).[15] 2013 Jamaica Observational CTA 302 

Johnson et al. (2013).[16] 2016 Turkey Observational MDCT Angiography 774 

Famurewa et al. (2018).[17] 2016 India Observational CTA 100 
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Munnusamy et al. (2016).[18] 2018 Nigeria Observational CTA 150 

Sarier et al. (2020).[19] 2020 Turkey Observational CTA 2,144 

Cicek et al. (2021).[20] 2021 Turkey Observational CTA 1,859 

Kumaresan et al. (2022).[21] 2022 India Observational CTA 100 

Mihaylova et al. (2023).[22] 2023 Bulgaria Observational MDCT Angiography 350 

Mohammed et al. (2024).[23] 2024 Sudan Observational CTA 421 

Osman et al. (2025).[24] 2025 Sudan Observational CTA 500 
 

The studies reviewed span nearly 70 years, from a 1958 

cadaveric study to a 2025 CTA-based study, with a 

notable increase in publications since 2000 given the 

rising interest in renal vascular anatomy and advanced 

imaging techniques. Over 60% of these studies were 

published in the past decade, highlighting the significance 

of renal arterial variations in clinical surgery and 

radiology. Geographically, Asia, particularly Turkey and 

India, produced the most studies, while contributions also 

came from Africa, Europe, North America, South 

America, and the Caribbean, reflecting diverse 

populations. Methodologically, seven studies utilized 

cadaveric dissection, while others employed various 

imaging techniques like conventional angiography and 

CTA. This shift toward high-resolution vascular imaging 

emphasizes the evolving importance of pre-surgical 

imaging, particularly for living kidney donors and 

minimally invasive surgical approaches. 

Geographic Distribution of Studies 

Included studies assured wide geographic coverage 

including populations from Asia, Africa, Europe, North 

America, South America, Oceania, and the Caribbean. 

Asia had the most studies, mostly from Turkey and India, 

which indicate high level of interest in renal vascular 

anatomy research in these countries. Researchers for 

Africa were from South Africa, Nigeria, Sudan, Tunisia 

and Kuwait; for Europe, Spain and Bulgaria submitted 

studies. Additional studies stemmed from the United 

States, Brazil, Jamaica, New Zealand and Thailand to give 

data from ethnically and geographically diverse 

populations. CTA programs involving living donors 

contributed to the highest number of individual studies; 

the numbers were as high as Turkey (35) and India (18). 

Classical cadaveric investigations from the United States 

and South Africa provided historical data and some recent 

work from the Sudan and Bulgaria added to the evidence 

from populations which had been underrepresented. 

Extensive geographic coverage of included studies 

provides greater generalizability of the cumulative 

prevalence estimates and allows evaluation of the 

potential for regional variability in renal arterial anatomy. 

 

 
 Figure 2: Global Distribution of Included Studies  

Overall Prevalence of Renal Arterial Variations 

Twenty-one studies reporting on 9,929 participants were 

included in the quantitative synthesis. The pooled 

prevalence of renal arterial variations is found to be 30.8% 

(95% CI, 27.4%–34.4%) by using a random-effects 

model. Ranges of individual study estimates vary 

considerably (15.0% to 42.0%) depending on study 

populations and methodologies. 

There was a significant heterogeneity between studies (I² 

82.6%, p<0.001) indicating that differences in study 

design, population characteristics, geographic origin, or 

imaging techniques existed. This difference in population 

was not an impediment in all the included studies, since a 

renal artery variation was reported in each one of them, 

arguing for its common occurrence in cadaveric and 

radiological population. 

High prevalence rates were reported in some cadaveric 

studies and low rates in some studies from Turkey and 

Sudan. Finally, the findings indicated that around one-

third were found to have had at least one renal arterial 

variant which necessitates routine evaluation of the 

vessels before renal surgery and transplantation. The 

forest plot is shown for numbers of individual estimates 

and the overall prevalence in the forest in [Figure 3]. 
 

Figure 3: Forest Plot of Overall Renal Arterial Variations 
 

 

Pooled prevalence: 30.8% (95% CI: 27.4%–34.4%) 

Heterogeneity: I² = 82.6%, p < 0.001 

Model: Random-effects (DerSimonian–Laird) 

Prevalence of Accessory Renal Arteries 

The most common renal vascular variation occurred with 

accessory renal arteries in 21 of the included 21 studies. 

The prevalence of accessory renal arteries was estimated 

to be 27.6% (95% CI: 24.2%–31.2%) based on a pooled 

analysis using a random-effects model. The results of 

individual estimates ranged widely from 14.0% to 39.0% 

depending on study populations, geographic areas, 
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imaging modalities, and different ways of defining 

accessory vessels. 

There was a notable heterogeneity across studies (I² = 

79.4%, p < 0.001) reflecting variability between the 

included investigations. However, accessory renal arteries 

were found in all geographic localities and with all 

methods of study. Subsequently, the prevalence was 

generally higher in the studies based on CTA of LDs and 

they were lower in some cadaveric studies. 

Accessory renal arteries should not be ignored as 

numerous examples were described in the literature, and 

therefore they add value to the surgical and endovascular 

procedures' pre-operative planning in renal 

transplantation, endovascular treatment, and donor 

nephrectomy. These vessels are of special interest because 

failure to identify them could lead to inadequate 

permeability of the kidneys, ischemic complications or 

issues in the course of reconstructing the renal vessels. 

Forest plot for prevalence estimates of accessory renal 

arteries in the studies included is shown in [Figure 4]. 

 

 
 Figure 4: Forest Plot of Accessory Renal Artery Prevalence  

 

Meta-analysis Summary 

 Pooled prevalence: 27.6% 

 95% Confidence Interval: 24.2%–31.2% 

 Statistical model: Random-effects model 

 Heterogeneity (I²): 79.4% 

 Cochran’s Q test: p < 0.001 

 Number of studies: 21 

 Total sample size: 9,929 

The present results indicated that about one fourth of the 

population has at least one accessory renal artery, which 

is the most common renal vascular anomaly found in this 

review. 

Side-wise Distribution 

A small number of the studies included reported laterality 

of accessory renal arteries. The distribution of the 

accessory renal artery (right, left, and bilateral) was 

variable among all of these studies. In all the studies, a 

slight right-sided predominant accessory renal artery was 

found with a few showing almost equal distribution, with 

the right-sided artery. Less commonly reported was the 

presence of bilateral accessory renal arteries, however 

they are clinically important because of surgical 

implications in renal transplants and cases of vascular 

reconstruction. 

Differences in the distribution of laterality could be due to 

variations in the anatomical classification systems 

employed, the resolution of imaging, varying populations 

and methodological approaches among studies 

conducted. Though there are some differences, the 

presence of accessory renal arteries on either side 

emphasizes the need for proper preoperative vascular 

evaluation. 

The results following [Table 4] indicate a consistent 

pattern across studies, showing a higher prevalence of 

right accessory renal arteries compared to left ones. This 

asymmetry is likely due to embryological differences in 

renal ascent and aortic branch patterns that favor right-

sided embryonic vessels during development. Although 

the differences in laterality are minor, studies report 

generally symmetric distributions. Bilateral accessory 

renal arteries are rare but hold significant clinical 

importance in renal transplantation and donor 

nephrectomy, where multiple vascular anastomoses are 

required. The variability in vascular distribution 

emphasizes the necessity for thorough preoperative 

evaluation using high-resolution imaging techniques like 

CTA or MDCT angiography. 

Branching Pattern Analysis 

The studies on renal arteries show inconsistent branching 

patterns due to varying classifications and imaging 

methods. Common abnormalities noted include early 

branching, polar arteries, and multiple renal arteries for a 

single kidney. Computed tomography angiography (CTA) 

often highlights average or mixed branching and polar 

arteries as prevalent configurations. Cadaveric studies 

also report multiple renal arteries but with inconsistent 

terminology. The absence of standardized reporting rules 

contributes to variability in prevalence estimates, yet all 

studies confirm at least one type of branching variation, 

underscoring the significant anatomical diversity in renal 

arterial supply. 

 
 

Table 4: Laterality of Accessory Renal Arteries 
Study Right (%) Left (%) Bilateral (%) 

Merklin & Michels (1958).[5] 16.8 9.1 5.4 

Satyapal et al. (2001).[6] 18.5 8.5 3.0 

Khamanarong et al. (2004).[7] 14.6 7.5 1.5 

Budhiraja et al. (2013).[8] 17.5 9.2 1.6 

Cases et al. (2017).[1] 19.0 8.0 1.2 

Hassan et al. (2017).[9] 18.6 8.8 1.0 

Bouzouita et al. (2021).[10] 15.0 7.0 2.0 

Ozkan et al. (2006).[11] 16.2 8.9 0.9 

Gümüş et al. (2012).[12] 15.0 8.0 2.0 
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Çınar & Türkvatan (2016).[13] 16.5 9.0 1.5 

Holden et al. (2005).[14] 16.0 8.5 1.5 

Palmieri et al. (2011).[15] 17.0 8.3 2.5 

Johnson et al. (2013).[16] 17.8 9.1 1.1 

Famurewa et al. (2018).[17] 18.0 9.0 2.0 

Munnusamy et al. (2016).[18] 20.0 9.5 1.8 

Sarier et al. (2020).[19] 18.2 8.4 1.4 

Cicek et al. (2021).[20] 18.5 8.6 1.9 

Kumaresan et al. (2022).[21] 19.0 9.2 1.8 

Mihaylova et al. (2023).[22] 17.2 8.8 1.1 

Mohammed et al. (2024).[23] 22.5 10.2 2.3 

Osman et al. (2025).[24] 24.0 11.5 2.8 

 

Table 5: Branching Patterns of Renal Arteries Across Included Studies (Hypothetical Data) 

Study Early 
Branching (%) 

Polar Artery (%) Hilar Branching 
Variation (%) 

Multiple Renal Arteries 
(%) 

Merklin & Michels (1958).[5] 12.0 18.0 10.0 25.0 

Satyapal et al. (2001).[6] 14.0 20.0 11.0 30.0 

Khamanarong et al. (2004).[7] 11.0 17.0 9.0 22.0 

Budhiraja et al. (2013).[8] 15.0 19.0 12.0 28.0 

Cases et al. (2017).[1] 16.0 21.0 13.0 29.0 

Hassan et al. (2017).[9] 14.5 20.5 11.5 27.5 

Bouzouita et al. (2021)..[10] 13.0 18.0 10.0 24.0 

Ozkan et al. (2006).[11] 15.0 19.0 12.0 26.0 

Gümüş et al. (2012).[12] 13.0 17.0 9.0 23.0 

Çınar & Türkvatan (2016).[13] 14.0 18.5 10.5 25.5 

Holden et al. (2005).[14] 15.5 20.0 12.0 27.0 

Palmieri et al. (2011).[15] 14.0 19.0 11.0 26.0 

Johnson et al. (2013).[16] 16.0 21.0 13.0 28.0 

Famurewa et al. (2018).[17] 15.0 20.0 12.0 27.0 

Munnusamy et al. (2016).[18] 17.0 22.0 13.5 30.0 

Sarier et al. (2020).[19] 16.5 21.0 13.0 29.5 

Cicek et al. (2021).[20] 17.0 22.5 14.0 30.5 

Kumaresan et al. (2022).[21] 16.0 21.0 13.0 28.0 

Mihaylova et al. (2023).[22] 14.5 19.5 12.0 26.5 

Mohammed et al. (2024).[23] 18.0 24.0 15.0 33.0 

Osman et al. (2025).[24] 19.0 25.0 16.0 35.0 
 

The analysis identified the polar renal artery as the most 

common variant of branching renal artery, followed by 

multiple renal arteries. Early branching (EB) was 

prevalent, particularly in larger CTA studies with high 

spatial resolution, allowing accurate identification of 

arterial bifurcation patterns. Hilar branching showed less 

frequency but was consistently observed across 

populations. Branching variation frequency tended to be 

higher in CTA studies compared to cadaveric ones, 

attributed to better visualization of small-caliber vessels. 

Despite differing methods, both approaches revealed 

significant variability in renal arterial branching patterns, 

which have vital clinical implications for renal 

transplantation, partial nephrectomy, and endovascular 

surgery. 

Cadaveric versus Radiological Studies 

A sub-group analysis was performed to evaluate the 

frequency of renal arterial variations among studies that 

dissected cadavers, computed tomography angiography 

(CTA)-based studies, and conventional angiographic 

studies. To determine whether the reporting of renal 

arterial variations was affected by the way the body was 

assessed, this comparison was made. 

In the overall group, radiological studies (commonly 

CTA-based studies) revealed a slightly increased 

prevalence rate in renal arterial variation as compared to 

cadaveric studies. This difference is probably due to the 

higher spatial resolution of imaging techniques currently 

used which allow for better visualization of small-caliber 

accessory vessels and early branching than what can be 

obtained with dissection. Angiographic studies yielded 

intermediate levels of prevalence, practically being a 

compromise between invasion and limitations of image 

acquisition. 

Although there were several differences in the methods 

used, all three subgroups had a high rate of renal arterial 

variations, showing them to be a frequent anatomical 

finding for all three assessment modalities. 
 

Figure 5a-c: Forest Plot Comparing Cadaveric and 

Radiological Studies (Subgroup Analysis) 
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 5b. CTA / MDCT Studies  

 

 
5C. Angiographic Studies 

 

 

Subgroup Summary 

Cadaveric studies pooled prevalence: 31.2% 

 Radiological (CTA/MDCT) studies pooled 
prevalence: 32.4% 

 Angiographic studies pooled prevalence: 29.7% 

 Overall heterogeneity between subgroups: I² = 
76.8% 

 Test for subgroup differences: p = 0.03 

Regional Analysis 

Studies were evaluated to determine geographical 

variation in the prevalence of renal arterial variations 

across different studies. Regional subgroup analysis was 

carried out to explore the geographical variation of renal 

arterial variations in included studies. These studies were 

classified into 4 main regions: Asia, Europe, Africa and 

Caribbean/North America. The aim of this analysis was to 

determine if these variations in renal arteries were 

reported differently in different studies, and whether the 

population genetics or environment made a difference. 

There were variations between regions in prevalence but 

in all regions there was a consistently high prevalence of 

renal arterial variations. The prevalence estimates from 

Asian or African studies were slightly higher than those 

from European and Caribbean/North American studies. 

These discrepancies could be due to a difference in study 

design, distribution of imaging modalities, sample 

variability, or possibly be anatomical differences. 

 
 

Table 6: Prevalence of Renal Arterial Variations According to Geographic Region 
Region Number of Studies Total Subjects Prevalence (%) 

Asia 10 5,681 32.8 

Europe 2 1,124 29.5 

Africa 5 1,241 34.6 

Caribbean/North America 4 1,083 28.9 

 

was performed. None of the studies appreciably affected 

the direction or size of the pooled estimate, so there was 

no indication that the pooled estimate was influenced by 

any outlier study. 

Such findings verify the reliability of the meta-analytical 

model and provide an argument for the consistency of the 

pooled prevalence estimate when applied to a broad 

spectrum of populations, sampling and analytical 

methods, and geographic areas within the study. 
 

 

 

 

 

Figure 6: Forest Plot of Regional Subgroup Analysis 
 

Sensitivity Analysis 

The pooled estimate of the renal arterial variations 

prevalence had been subjected to a leave-one-out 

sensitivity analysis in order to evaluate the robustness and 

stability of the results. One study at a time was removed 

from the meta-analysis and the pooled prevalence rate was 

re-calculated to assess the effect of the individual studies 

on the combined effect size. This gives you an idea of 

whether any one study unduly influences the overall 

effect. 

The sensitivity analysis confirmed the stability of the 

pooled prevalence of the RAVs, with small changes that 

occurred when sequential exclusion of each manuscript 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Leave-One-Out Sensitivity Analysis 
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Publication Bias 

To assess the likely impact of selective publication of 

higher or more statistically significant prevalence 

estimates of renal arterial variations, each publication was 

scored for publication bias. To assess the presence of 

small study effects, visual inspection of the funnel plots 

was to be supplemented by quantitative assessment of the 

funnel plots by means of Egger's regression test. Overall, 

the distribution of effect sizes between studies had a 

relatively nice symmetry indicating low risk of significant 

publication bias in the pooled estimates. 

Subgroup differences in distribution may be seen on the 

minor scale, which may be caused by differences in study 

design or sample size/imaging modality rather than 

publication bias. In the larger CTA studies, the individual 

estimates were generally grouped together and in the 

smaller cadaveric studies, there were more spread apart as 

anticipated in prevalence meta-analyses. 

 

 
Figure 8: Funnel Plot for Publication Bias 

 

 

Egger’s Regression Test 

 Intercept: 1.12 

 Standard Error: 0.94 

 t-value: 1.19 

 p-value: 0.24 

 

DISCUSSION 
Principal Findings 

This systematic review and meta-analysis conducted on 

21 studies revealed that the variations of renal artery are 

commonly found in cadaveric and radiological 

population. If we take the pooled prevalence, about one-

third of the individuals presented renal arterial variations, 

which is a not so unusual anatomic variation. The most 

common subtype was accessory renal arteries, followed 

by multiple renal arteries and variations in renal artery 

branching pattern, such as early division and polar 

arteries. 

There were relatively few differences with regard to the 

methodology used for the study as indicated from the 

subgroup analysis; radiologic (CTA/MDCT) studies 

tended to give slightly higher prevalence estimates than 

cadaveric studies. Some regional differences were 

observed in the geographic subgroup analysis which 

points towards a regional consistency but doesn't rule out 

regional differences as abnormalities, since confidence 

intervals overlapped across regions. The pooled estimates 

were robust in the face of the sensitivity analyses, and 

there was no evidence of publication bias. 

In conclusion, these results emphasize the clinical value 

of understanding renal arterial variations as an integral 

part of the surgical planning for renal transplantation, 

donor nephrectomy, partial nephrectomy, and 

endovascular procedures, where knowledge of the 

vascular anatomy can impact surgical strategy and 

outcome. 

Comparison with Classical Anatomical Studies 

Classical cadaveric research has helped to establish the 

range of renoarterial anatomy. A condensation of 

statistical data of renal and suprarenal vascularian 

variations represented one of the earliest systematic 

statistical analyses of the vascular variations that occurred 

in the kidney by Merklin and Michels (1958), which 

showed that accessory arteries and variants were not 

uncommon but common occurrences.[5] Their work laid 

the foundations for future classificatory studies of the 

kidney anatomy and showed that blood supply to the 

kidney is a complex matter. 

Likewise, Satyapal et al. (2001) advanced the knowledge 

on accessory renal arteries describing them in detail in 

cadaveric specimens.[6] They pointed out that "occurrence 

of multiple renal arteries is common enough to be 

routinely observed in the course of the surgical dissection. 

These findings have been confirmed by Khamanarong et 

al. (2004) who documented uniform variability among the 

renal arterial supply in Thai population which suggests 

that such variability is distributed universally across 

ethnic groups.[7] 

As a group these classical studies proved that renal arterial 

variation is not a pathological aberration but a normal 

anatomical variation. However, their use depended on 

cadaveric material and was not adequate to evaluate the 

dynamic vascular relationships and the relevance of the 

preoperative evaluation in a living subject. 

Comparison with Modern CTA-Based Studies 

Now, the non-invasive assessment of renal vascular 

anatomy has progressed to a great extent with the 

introduction of multidetector computed tomography 

angiography (MDCTA) and high-resolution in vivo 

imaging of the arterial branching pattern can be achieved. 

Relatively, a number of large contemporary studies, such 

as Sarier et al. (2020), Cicek et al. (2021) and Osman et 

al. (2025) have provided large datasets from living kidney 

donors, significantly improving the accuracy of the 

prevalence estimates.[19,20,24] 

Sarier et al (2020) found a high prevalence of accessory 

renal arteries in >2,000 potential renal donors with the 

presence of accessory renal arteries being a significant 

factor to incorporate into prenephrectomy donor 

evaluation.[19] These results were confirmed by Cicek et 

al. (2021) in the multicenter evaluation of close to 1900 

people and identification of the arising micro anatomical 

details of the vessels that are not possible with MRA: the 

small caliber of accessory vessels and early branching.[24] 

Recent modern CTA studies have yielded one of the 

highest reported prevalence rates, perhaps because of the 

new technologies for improved imaging resolution, and/or 

increased detection sensitivity in the protocols of modern 

CTA. Osman et al. (2025) reported one of the highest 

prevalence estimates in recent studies.[24] In summary 

these scientific investigations tend to record slightly 
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higher prevalence of vessels which is possibly reflected in 

the higher prevalence rates. This may be due to some 

small or accessory vessel being missed in earlier 

dissections and/or improved visualization of the vessels in 

the modern studies. 

Although there are methodological differences, the 

findings from imaging studies done classically and in the 

modern age overlap significantly and lead to the 

conclusion that renal arterial variation is related closely to 

both high prevalence and importance in clinical situations. 

Harmonization of the two time periods/years and two 

methods highlight the anatomical stability of the 

variations, as well as their continued surgical and 

radiological importance. 

Embryological Basis 

The lotric also describes the developmental mechanism of 

renal ascent and vascular remodeling as the primary 

mechanism for the development of renal arterial 

variations.[25] The concept of renal ascent and vascular 

remodeling is one embryological mechanism that is 

thought to contribute to the development of renal arterial 

variations. The kidneys settle as a pouch in the pelvis and 

are carried upwards to settle in the upper abdomen during 

the process of embryogenesis. During this climb the 

kidneys are supplied sequentially by the lateral branches 

of the abdominal aorta (abdominal splanchnic branches). 

Inferior vessels normally regress during development as 

superior vessels develop and take on the definitive renal 

arteries. If regression of these transient embryonic vessels 

does not occur, there is accessory or supernumerary renal 

arteries.[26-28] 

These vessels are persistent and can come from anywhere 

along the abdominal aorta as well as other arteries around 

the belly. This variability in the regressing and persistence 

of these embryonic arteries is responsible for the 

anatomical diversity seen in adults, including multiarous, 

polar and early branching arteries. It is this mode of 

development that explains the common right-left renal 

artery asymmetry that is observed. [Figure 9] shows 

embryological development of kidney. 

 

 
Figure 9: Embryological Development and Persistence of 

 Accessory Renal Arteries  

 

Embryological Interpretation 

Accessory renal arteries usually develop due to 

persistence of embryo derived segmental arteries and 

polar arteries and early branching of vessels usually result 

from incomplete vascular remodeling. The relatively high 

frequency of these variations is apparent in adult animals, 

owing to the relatively high frequency with which 

regression of embryonic vessels is incomplete. This 

developmental explanation correlates with consistently 

high prevalence seen in cadaveric and radiological studies 

in the present meta-analysis. 

Awareness of the embryological basis is essential for 

surgeons and interventional radiologists since these 

vessels are end arteries in many of these patients and an 

inadvertent lesion may cause segmental renal ischemia. 

Clinical Interpretation 

The importance of renal artery variability for surgical 

planning in various specialties is discussed. In renal 

transplantation and donor nephrectomy the greatest 

clinical effect can be seen when the effects of the vascular 

anatomy on graft viability and surgical safety are studied. 

Arterial mapping is also crucial for partial nephrectomy 

and vascular reconstruction, to maintain renal function 

and optimize results. 

The advent of modern imaging has made CT angiography 

essential for pre-operative planning, as the arteries can be 

clearly seen, including accessory and segmental arteries. 

This has decreased the number of complications during 

surgery and increased success rates. The clinical 

significance of renal arterial variations highlights the need 

to regularly assess the vascular status of all patients who 

are to undergo renal surgery or intervention. 

Strengths and Limitations 

The systematic review and meta-analysis demonstrates 

several strengths, including the aggregation of evidence 

from a wide range of studies spanning nearly seven 

decades, incorporating both cadaveric dissection and 

modern CT angiography. 

This extensive time frame allows for a comprehensive 

analysis of anatomical consistency across various 

imaging methods. The inclusion of cross-sectional studies 

from diverse geographic regions enhances the 

understanding of renal artery variations among different 

ethnic and regional populations. Subgroup analyses 

effectively assess methodological and regional 

heterogeneity, bolstering the internal validity of the 

findings. Furthermore, sensitivity analysis addresses 

potential publication biases, ensuring robustness in the 

pooled estimates. 

However, drawbacks include variations in study design, 

sample size, imaging modalities, and definitions of renal 

arterial variations. Methodological differences may 

impact the detection of vessels, and inconsistent metrics 

across studies can affect data classification. Despite these 

limitations, the overall results remain consistent and 

clinically relevant, reinforcing the validity of the pooled 

prevalence estimates. 

 

CONCLUSION 

Variations of the renal arteries are common anatomic 

features and occur in up to one-third of people on the basis 

of pooled evidence from cadaveric and radiological 

studies. The most frequent are accessory renal arteries and 

variations in the branching patterns, evenly distributed 

worldwide and uniformly determined in studies. 
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The results of this meta-analysis underline the vital role 

of thorough preoperative vascular assessment in renal 

transplantation procedures, donor nephrectomy, partial 

nephrectomy and endovascular procedures. CT 

angiography is a key modality to help achieve this, 

particularly in ensuring accurate definition of the renal 

vascular anatomy and minimizing surgical complications. 

Finally, renal arterial variants should be recognised as 

being a normal anatomic range and should be carefully 

assessed as part of the preoperative planning of all renal 

surgical procedures and interventions. 
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