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Abstract: 
Background: Anatomical changes in the origin, number, and course of the renal arteries are of great clinical 
relevance since they significantly affect the blood flow to the kidneys. For urological operations, kidney 
transplantation, vascular treatments, and radiological interpretations, such differences are crucial. Though usually 
arising from either side of the abdominal aorta, investigations have revealed that auxiliary, aberrant, or early-
branching renal arteries occur with different frequency. Reduction in iatrogenic damage and surgical problems 
depends on a better knowledge of these anatomical abnormalities. 
Objective: The aim is to find and record in terms of quantity, origin, and branching pattern the morphological 
differences of renal arteries in adult cadavers and then compare their incidence with accepted anatomical 
standards. 
Methods: Over three years from 1st March 2022 to 28th February  2025, this descriptive cadaveric study was 
carried out in the Department of Anatomy, Anugrah Narayan Magadh Medical College and Hospital, Gaya, Bihar, 
Dissected were fifty embalmed cadavers (one hundred kidneys). Examined were the renal arteries for changes in 
number (single or multiple), origin (straight from aorta or ectopic), level of bifurcation, and accessory or aberrant 
branches. Finding and classification of results was done using digital calipers and anatomical landmarks. 
Results: Of the 100 renal units tested, 34% showed variances. Twenty-one percent of cases revealed multiple 
renal arteries; more often on the right side (13%), than on the left (8%). Of all the kidneys, 17% had accessory 
renal arteries most usually reaching the hilum or lower pole. Twelve percent of specimens showed early 
bifurcation of the major renal artery (within one centimeter of origin from the aorta). Four percent (4%) had renal 
arteries coming from the common iliac artery or from a higher level (T12-L1). 
Conclusion: In summary, anatomical variances of renal arteries are not rare and should be expected during 
radiographic operations, renal transplantation, and abdominal surgery. The results of this study highlight the need 
of careful preoperative vascular evaluation, particularly in view of growing usage of laparoscopic and robotic 
techniques. Knowing such discrepancies will help to greatly improve surgical preparation and reduce 
complications during kidney operations. 
Keywords: Renal Artery, Anatomical Variation, Accessory Renal Artery, Cadaveric Dissection, Vascular 
Anomaly, Renal Surgery, Transplantation Anatomy. 
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Introduction

The renal arteries are bilateral branches of the 
abdominal aorta that deliver oxygenated blood to the 
kidneys, crucial for sustaining renal perfusion and 
function. In traditional anatomical descriptions, each 
kidney is generally supplied by a singular renal 
artery that originates laterally from the abdominal 
aorta at the L1–L2 intervertebral disc level, 
immediately inferior to the superior mesenteric 
artery's origin (Standring, 2015; Moore et al., 2018). 
Numerous investigations across diverse ethnicities 
have recorded a broad range of structural differences 

in the renal arteries, including auxiliary arteries, 
aberrant origins, and early bifurcations, which may 
influence clinical and surgical results (Hostiuc et al., 
2019; Satyapal et al., 2001; Nayak, 2008). 

Comprehending these variances is crucial for 
anatomists, surgeons, nephrologists, and 
radiologists. In the age of sophisticated urological 
procedures, such as laparoscopic nephrectomies, 
kidney transplantation, angioplasty, and abdominal 
aortic aneurysm repairs, an accurate understanding 
of renal vascular anatomy is essential to reduce 
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iatrogenic injury, avert hemorrhage, and guarantee 
comprehensive perfusion of renal tissues (Rao et al., 
2006; Khamanarong et al., 2004; Petrucciani et al., 
2018). Accessory renal arteries, which may 
penetrate the hilum, upper, or lower pole, frequently 
function as end arteries. Unintentional ligation or 
transection during surgery may lead to segmental 
renal infarction, postoperative hypertension, or graft 
failure in transplantation contexts (Kaur & Arora, 
2016; Graves, 1956; Sampaio & Passos, 1992). 

The presence of several renal arteries can be 
attributed to the persistence of mesonephric arteries 
that do not retract during kidney ascent. These 
vessels may remain as auxiliary renal arteries or 
produce diverse branching patterns based on their 
developmental course (Gupta & Sharma, 2020; 
Sadler, 2012). This persistence may vary due to 
genetic, ethnic, and regional factors, explaining the 
discrepancies in reported prevalence among 
worldwide populations (Bergman et al., 1988; 
Hostiuc et al., 2019; Natsis et al., 2010). 

Multiple imaging investigations have investigated 
renal artery configurations by angiography, CT 
angiograms, and MR angiography; however, 
cadaveric dissection continues to be the gold 
standard for analyzing exact morphological 
characteristics and branching connections in situ 
(Karmarkar & Patil, 2012; Satyapal et al., 1997). 
Although numerous research have been conducted 
worldwide, data from India—especially from Bihar 
and adjacent eastern areas—are few. A regional 
investigation of anatomical renal differences would 
enhance the foundational database of renal vascular 
patterns in the Indian population, potentially 
informing localized surgical methodologies (Kumar 
et al., 2020). 

This cadaveric study aimed to examine the 
prevalence and patterns of structural changes in 
renal arteries, focusing on their quantity, origin, and 
branching characteristics, as well as to assess the 
clinical implications of these results in surgical, 
radiological, and educational settings. This study 
seeks to enhance surgical safety and strengthen the 
anatomical knowledge necessary for high-precision 
procedures involving the renal vasculature by 
mapping differences in a representative cadaveric 
sample from the region. 

Materials and Methods 

Study Design and Duration: This was a 
descriptive, observational cadaveric study 
undertaken in the Department of Anatomy at 
Anugrah Narayan Magadh Medical College and 
Hospital in Gaya, Bihar, over a three-year period 
from 1st March 2022 to 28th February  2025, 2025. 
The study sought to record anatomical variations of 
renal arteries through cadaveric dissection, focusing 
on their quantity, origin sites, branching 

configurations, and relationships with neighboring 
structures. 

Sample Size and Selection Criteria 

The study comprised 50 adult human cadavers, 
totaling 100 kidneys. The cadavers were chosen 
among those maintained in the anatomy dissection 
hall for educational and research reasons at the 
undergraduate level. 

Inclusion Criteria 

• Cadavers of both sexes aged between 30 and 75 
years at the time of death. 

• Cadavers with well-preserved abdominal 
viscera and intact renal vasculature. 

• No known history of abdominal trauma or 
surgical intervention in the renal area. 

Exclusion Criteria 

• Cadavers showing postmortem damage to the 
renal pedicle. 

• Congenital anomalies involving kidney location 
(e.g., horseshoe kidney, pelvic kidney). 

• Evidence of vascular degeneration or 
pathological calcification. 

Dissection Procedure 

• The anterior abdominal wall was incised and 
reflected to expose the peritoneal cavity. 

• The viscera were displaced to the side to 
visualize the abdominal aorta and its lateral 
branches. 

• The kidneys, renal hila, and renal arteries were 
dissected meticulously to avoid distortion or 
rupture of vascular structures. 

• Special care was taken to trace all branches of 
the renal arteries including accessory and 
aberrant vessels. 

Each renal unit (right and left) was observed and 
documented for: 

1. Number of renal arteries (single, double, or 
multiple). 

2. Origin of each artery (normal—direct from 
aorta—or abnormal—common iliac, superior 
mesenteric, or lateral). 

3. Point of entry into the kidney (hilum, upper 
pole, lower pole). 

4. Branching pattern (pre-hilar bifurcation, early 
division within 1 cm from aortic origin). 

5. Any accessory or aberrant artery crossing ureter 
or renal pelvis. 

Data Collection and Documentation 

• Digital photographs were taken using a high-
resolution camera for reference. 

• Vessels were measured using digital Vernier 
calipers for diameter and non-elastic measuring 
tape for length and branching distances. 
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• Schematic diagrams were prepared during 
dissection for clarity. 

• Data were entered into a structured datasheet, 
categorized by side (right/left) and parameter. 

Statistical Analysis: The data were processed with 
Microsoft Excel and summarized through 
descriptive statistics. Results were presented as 
frequencies, percentages, and mean values for 
continuous variables. A comparative investigation 
was conducted regarding: 

• Laterality (right versus left kidney) 
• Frequency of changes  
• Association with branching kinds 

Results 

This study assessed 100 renal arteries sourced from 
50 cadavers.  Each renal unit was separately 
assessed for anatomical variances in origin, quantity, 
branching pattern, and trajectory.  The findings are 
encapsulated below.: 

Number and Type of Renal Arteries 

• The classical pattern of a single renal artery 
arising from the abdominal aorta and entering 
the renal hilum was observed in 66% of 
kidneys. 

• Double renal arteries (two arteries supplying 
one kidney) were identified in 21 cases (21%), 
with a higher prevalence on the right side. 

• Accessory renal arteries, defined as additional 
arteries entering the kidney apart from the main 
renal artery, were noted in: 

o 9 cases (9%) entering through the hilum, 
and 

o 8 cases (8%) entering the lower pole, often 
coursing anterior to the renal pelvis or 
ureter. 

• Early bifurcation of the main renal artery 
(division within 1 cm from its aortic origin) was 
found in 12 kidneys (12%). 

• Aberrant origins (renal arteries arising from 
sites other than the abdominal aorta) were found 
in 4 kidneys (4%), including: 

o 2 arteries from the common iliac artery, and 
o 2 arteries originating unusually high at the 

T12 level. 

These findings are presented in Table 1 and 
visualized in Figure 1 (Pie Chart), showing the 
proportion of each anatomical variant.

 

 
Figure 1: Distribution of Renal Artery Variations (n=100 Kidneys) 

 
Table 1: Types and Frequency of Renal Artery Variations 

Variation Type Number of Renal Units (n=100) Percentage (%) 
Single Artery (Normal) 66 66.0 
Double Arteries 21 21.0 
Accessory Artery (Hilar) 9 9.0 
Accessory Artery (Lower Pole) 8 8.0 
Early Bifurcation 12 12.0 
Aberrant Origin 4 4.0 
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Side-Specific Observations 

• Right Kidney: 

o Higher incidence of multiple arteries (13 
out of 21 double artery cases). 

o More frequent early bifurcations and 
aberrant origins. 

• Left Kidney: 

o More commonly retained classical single 
artery pattern. 

o Lower occurrence of accessory arteries and 
variations. 

Entry Point and Course of Accessory Arteries 

Accessory arteries predominantly entered: 

• The lower pole in 8 kidneys, 
• The hilum in 9 kidneys, 
• In 3 cases, accessory arteries crossed the ureter 

anteriorly, which could have implications 
during urological procedures. 

Clinical Implications 

• Variations such as lower polar arteries and early 
bifurcation have surgical relevance, especially 
during renal transplantation, partial 
nephrectomy, and ureteric surgeries. 

• Aberrant arteries may not be visible in standard 
imaging unless advanced vascular imaging 
techniques are used preoperatively. 

These findings reinforce the importance of 
preoperative vascular mapping to prevent iatrogenic 
injuries and ensure complete perfusion during renal 
procedures. 

Discussion 

This study offers essential insights into the incidence 
and structural patterns of renal artery alterations in 
adult human cadavers. Thirty-four percent of the 
kidneys analyzed exhibited variations from the 
typical single renal artery architecture, a result 
corroborated by multiple previous anatomical and 
radiological studies (Satyapal et al., 2001; Hostiuc et 
al., 2019; Sampaio & Passos, 1992). These 
differences, although frequently asymptomatic, 
possess significant clinical importance in kidney 
transplantation, abdominal operations, laparoscopic 
nephrectomies, and vascular procedures (Rao et al., 
2006; Karmarkar & Patil, 2012; Petrucciani et al., 
2018; Ravery et al., 1998). 

In our investigation, multiple renal arteries were 
identified in 21% of instances, exhibiting a 
significant predominance on the right side, 
consistent with the findings of Satyapal et al. (2001) 
and others who noticed a greater incidence of 
abnormalities on the right due to embryological 
ascent and rotational dynamics (Natsis et al., 2010; 
Nayak, 2008). The existence of many arteries 

presents a surgical challenge, as each artery typically 
functions as an end artery, supplying blood to a 
distinct renal region. Unidentified ligation may lead 
to segmental infarction, compromising surgical 
results, particularly in donor nephrectomies 
(Khamanarong et al., 2004; Gupta & Sharma, 2020; 
Ravery et al., 1998). 

Accessory renal arteries were observed in 17% of 
the kidneys in this study, with 9% located at the hilar 
region and 8% in the lower polar region. These 
arteries often course anterior to the ureter, and if 
injured or occluded, may lead to ureteric ischemia or 
hydronephrosis from external compression (Rao et 
al., 2006; Kaur & Arora, 2016; Satyapal et al., 1997). 
Khamanarong et al. (2004) and Graves (1956) have 
emphasized the clinical significance of these arteries 
in urological and transplant treatments. 

A further significant discovery was the occurrence 
of early bifurcation in 12% of renal arteries. This 
affects surgical clamping and anastomosis, 
particularly in transplant surgery, where an early 
bifurcation may need distinct vascular anastomoses, 
complicating the procedure and perhaps prolonging 
ischemia duration (Karmarkar & Patil, 2012; 
Sampaio & Passos, 1992). 

We observed anomalous origins of renal arteries in 
4% of cases, albeit infrequently. It is essential to 
identify arteries that arise from the common iliac 
artery or at a high thoracic level (T12) for 
endovascular interventions or abdominal aortic 
aneurysm repairs (Hostiuc et al., 2019; Nayak, 2008; 
Standring, 2015). Atypical origins may be 
disregarded in standard imaging until particularly 
assessed with CT angiography or digital subtraction 
angiography (Bergman et al., 1988; Kumar et al., 
2020). 

The results of our investigation confirm that renal 
artery variants are more prevalent than previously 
recognized, with their occurrence varying according 
to regional and ethnic characteristics (Bergman et 
al., 1988; Satyapal et al., 2001; Natsis et al., 2010). 
The notable prevalence rate (34%) identified in this 
population underscores the imperative for surgeons 
and radiologists in this region to maintain a 
heightened level of suspicion for such anomalies. 

The study offers significant cadaveric data; 
nevertheless, it is constrained by its sample size of 
50 cadavers and the absence of correlation with in 
vivo imaging (Hostiuc et al., 2019). Furthermore, 
analysis stratified by sex and age could not be 
conducted due to insufficient demographic data 
pertaining to the cadavers. 

This cadaveric study provides essential anatomical 
knowledge vital for secure surgical navigation, 
efficient preoperative planning, and educational 
instruction in medical anatomy (Standring, 2015). 
The data further substantiates the increasing 
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necessity for personalized surgical strategies 
according to vascular discrepancies. 

Conclusion 

This cadaveric investigation underscores the 
significant prevalence and variety of structural 
changes in renal arteries within the examined 
population in Bihar.  Thirty-four percent of kidneys 
exhibited variations from the typical single artery 
configuration, encompassing multiple renal arteries, 
auxiliary vessels, premature bifurcation, and 
anomalous origins.  These findings highlight the 
therapeutic significance of comprehensive 
preoperative vascular evaluation, particularly 
regarding renal transplants, laparoscopic urological 
procedures, and abdominal vascular treatments. 

The existence of auxiliary and aberrant arteries, 
especially those entering at the lower pole or 
originating from atypical sources, presents a 
possible risk of intraoperative problems, including 
ischemia, bleeding, and organ failure if not 
identified.  Likewise, premature bifurcation may 
influence clamping and anastomosis methods in 
surgical interventions. 

This work offers regional data on renal arterial 
patterns, enhancing the anatomical and surgical 
literature in India and underscoring the importance 
of individualized surgical planning informed by 
vascular mapping.  It underscores the enduring 
significance of cadaveric dissection in medical 
education and anatomical study.  Future research 
employing improved imaging techniques and 
bigger, more diverse cohorts is advised to enhance 
our comprehension of renal vascular variance and its 
consequences. 
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