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INTRODUCTION
A 20% of cardiac output is sent to the kidneys for filtration through 
the right and left renal arteries [1]. Typically, the renal arteries 
begin as a lateral branch of the abdominal aorta right below the 
superior mesenteric artery (L1-L2), and they split into an anterior 
and posterior branch close to the hilum. Because the abdominal 
aorta is on the left side and is located at a higher level than the Left 
Renal Artery (LRA), the Right Renal Artery (RRA) is somewhat longer 
than the LRA in most of the people [1]. In about 70% of cases, 
just one renal artery emerges from the abdominal aorta to supply 
the kidney. Yet, numerous researchers have noted, differences in 
renal artery origin and number [2-4]. The precise relationship, size, 
obliquity, quantity and level of origin of the renal arteries can vary [3]. 
Lateral origin (92%) of renal arteries is most commonly observed 
compared to anterolateral (6%) and posterolateral (2%) which are 
less common origins, from the abdominal aorta at the level of 
L1-L2 [1]. Racial, ethnic and social differences were highlighted 
by the frequencies of renal artery changes, with variations in the 
artery’s branching pattern being more common in Africans and less 
common in Indians [5]. The auxiliary renal artery and early branching 
into segmental arteries, before reaching the hilum are the two main 
categories of renal artery variations [6]. The morphology of the renal 
arteries is crucial for choosing kidney donors because it affects 
kidney transplant procedures and reduces vascular trauma [7].

Various authors have studied the variations in renal vascular patterns 
and noted the incidence of accessory renal arteries varying widely 
with ethnicity [4,6]. Hence, the author wanted to determine the 
variations in renal arterial patterns in the Telangana region, so the 
present study was conducted.

MATERIALS AND METHODS
An observational cadaveric study was conducted on 100 kidneys 
from 50 formalin-fixed human cadavers from May 2017 to July 
2022 in the Department of Anatomy, Osmania Medical College, 
Telangana, India. The number of cadavers showing variations of 
renal arteries was determined.

Inclusion and Exclusion criteria: Good and well formalin-fixed 
cadavers were included in the study and traumatised ones were 
excluded.

Study Procedure
Standard dissection was performed. Cunningham’s manual for 
anatomy dissection was followed for dissection [8]. The abdomen 
was dissected and the branches of the aorta were traced. The right 
and left renal arteries were exposed and followed to the kidneys. 
The length of the abnormal renal artery was measured with inch tape 
from the origin to its division into branches, if the main renal artery 
was dividing into segmental branches within 1 cm from its origin, 
it is called as early division and additional vessels from abdominal 
aorta which supply to kidney, is called as ARA, which forms during 
the ascent of kidney [9]. If more than two vessels supply the kidney 
from abdominal aorta, it is called a double renal artery [6]. The 
number and course of both the right and left renal arteries were 
noted. Photographs were taken and analysed.

STATISTICAL ANALYSIS
Descriptive statistics were used and results were expressed in terms 
of frequency (N) and percentages (%).

RESULTS
The variations seen in the eight cadavers were as follows:

Cadaver 1: The [Table/Fig-1] showed a double renal artery on the 
left side. Left gonadal artery was not seen branching from aorta, 
instead it is given off from the internal Iliac artery on the left side.

Cadaver 2: The [Table/Fig-2] showed a double renal artery on the 
left side and Early Division (ED) of RRA.

Cadaver 3: The [Table/Fig-3] showed double renal artery was seen 
on the right side.

Cadaver 4: The [Table/Fig-4] showed a double renal artery seen on 
the left side.
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ABSTRACT
Introduction: Regarding the disorders associated with multiple 
renal arteries, they are of specific interest to urologists, 
nephrologists, surgeons and radiologists.

Aim: To identify the presence of multiple renal arteries in the 
human cadavers.

Materials and Methods: An observational cadaveric study was 
conducted on 50 formalin-fixed human cadavers in Osmania 
Medical College, Hyderabad, Telangana, India, from May 2017 
to July 2022. Dissection procedure was followed according to 
standard techniques. Variations and patterns of renal arteries 
were observed. Descriptive statistics were used and results 
were expressed in terms of frequency (N) and percentages (%).

Results: Out of 50 cadavers, variations in the renal artery were 
seen in eight cadavers. Four cadavers showed double renal 
arteries (one right side and three left side). Three cadavers 
showed early division and one cadaver which has shown double 
Right Renal Artery (RRA) also showed Early Division of RRA (ED 
of RRA) and one cadaver showed an Accessory Renal Artery 
(ARA) on the left side.

Conclusion: Variations observed were mainly double renal 
arteries, early division of the renal arteries and ARA. This kind of 
different pattern of variations may play an important role in renal 
transplants and any surgeries involving the renal arteries.
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Cadaver 5: The [Table/Fig-5] showed ED of RRA and normal LRA.

Cadaver 6: The [Table/Fig-6] showed early division of the renal 
artery was seen on the left side and RRA was normal.

Cadaver 7: The [Table/Fig-7] showed ED of RRA.

Cadaver 8: The [Table/Fig-8] showed Accessory Renal Artery (ARA) 
was seen on the left side.

[Table/Fig-7]:	 Early Dissection of the Right Renal Artery (ED of RRA).

[Table/Fig-8]:	 Accessory Renal Artery (ARA) seen on the left side.

[Table/Fig-1]:	 Double renal artery seen on the left side {LRA: Left renal artery; LK: 
Left Kidney; LRV: Left renal vein; IMA: Inferior Mesenteric Artery} Left gonadal artery 
was not seen branching from aorta instead, it is given off from internal iliac artery on 
the left side.

[Table/Fig-2]:	 Double renal artery seen on the left side and early dissection of 
the Right Renal Artery (RRA) {ED of RRA=Early dissection of Right renal artery, 
LRA=Left renal artery, LK=Left kidney, RK=Right kidney, LRV=Left renal vein, 
RRV=Right Renal vein}.

[Table/Fig-3]:	 Double renal artery seen on the right side. {RRA=Right renal artery 
(RRA), RK=Right kidney, RRV=Right renal vein}.

[Table/Fig-4]:	 Double renal artery seen on the left side {LRA=Left renal artery, 
LK=Left kidney, LRV=Left renal vein}.

[Table/Fig-5]:	 Early Dissection of the Right Renal Artery (ED of RRA) and normal 
Left Renal Artery (LRA).

[Table/Fig-6]:	 Early Division of the Left Renal Artery (ED of LRA) and normal Right 
Renal Artery (RRA).
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Out of 50 cadavers, variations in the renal artery were seen in eight 
cadavers [Table/Fig-9].

variations in renal artery were seen in 8 (16%) cadavers, which 
included four early division, four double renal arteries and one 
ARA {1 cadaver which had double renal artery also showed early 
division}. The incidence of accessory renal arteries varies widely 
with ethnicity, ranging from 11.4% in Kenyans to 59.5% in Indians 
[23]. Information related to renal vasculature and anomalies is 
required by the surgeons before surgery, in order to minimise the 
trauma to vessels during surgeries.

Absent gonadal arteries: If one or both testicular arteries are 
missing, the testes are supplied by branches from the vesical or 
prostatic arteries passing under the arch of the pubis [24]. The 
present study showed one cadaver with absent bilateral gonadal 
arteries [Table/Fig-8].

Limitation(s)
The study was done on the cadavers and also the sample size 
was limited to generalise the results. It can be extended at the level 
of radiological and genetic grounds, to obtain further results and 
conclusions.

CONCLUSION(S)
The existence and identification of abnormal renal artery variations 
play an important role in renal surgeries like renal trauma, vascular 
embolisation, renal angioplasty, and kidney transplantations.
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S. No. Variations in the renal artery Number of cadavers

1. Early division 4 (3 right, 1 left)

2 Double renal artery 4 (1 right, 3 left)

3 Accessory renal artery (ARA) 1 (left side)

[Table/Fig-9]:	 Number of variations in the renal artery.
In one cadaver two findings were noted

DISCUSSION
The present study focused on morphological and gross variations 
in anatomical aspects of renal arteries and their clinical correlations. 
The causative factor for the variations may be the persistence 
of embryological vessels which arises from the abdominal aorta, 
these are lateral branches of mesonephros within the renal ascent 
[10]. Khamanarong K et al., found 17% of double renal arteries in 
their study on Thai cadavers and the present study showed 8% 
of double renal arteries in south Indian population of Telangana 
[11]. This difference could be due to the geographical variation. 
Sabec-Pereira DK et al., published a case report with double renal 
artery in two out of four urinary blocks in it [12]. A communication 
delay between the mesenchyme of the blood vessel and the 
mesenchyme of the metanephros, such as that caused by glial-
derived neurotropic factor and hepatocytic growth factor, may 
have contributed to the earlier division [13]. Because the surgeon 
would not have a lengthy pedicle to anastomose the renal artery, 
the early division of the renal artery is not advantageous for 
transplantation [14]. When the renal artery length was less than 
1.5 cm, it was considered an early division [9]. Panchal P and 
Singh S, found early division of the renal artery in three cadavers, 
which is a part of the case series [15]. The present study showed 
early division of the renal arteries in four out of 50 cadavers. Three 
in the Right Kidney (RK) and one in Left Kidney (LK). Anomalous 
variations in renal vasculature are common because of the 
complex nature of renal embryogenesis. ARAs are extra arteries 
that may branch off from the primary artery at the hilum or enter 
the parenchyma on their own. ARAs with “extra hilar” penetrations 
usually act as end-arteries, which are anastomose free, tissue 
sustaining conduits. As a result, injuring or ligating these ARAs 
will inevitably result in an infarction of the renal parenchyma that 
they supply [16].

Accessory renal arteries are a common variant of the renal arteries. 
They are present in ~25% (range 20-30%) of the population 
and bilateral in ~10% [1]. Özkan U et al., found accessory renal 
arteries in 6% of their patients from turkey in their study using an 
angiogram [17]. In the present study, ARA supplying the lower 
pole of LK was found in one out of 50 cadavers. The study by 
Maheswararao SU et al., found that supernumerary renal arteries 
emerging from the aorta were present in 50% of patients, with 
30% of cases occurring on the right side and 20% on the left 
[18]. According to Munnusamy K et al., renal arteries varied 
in 51% of the population, with 38% of people having auxiliary 
renal arteries and 13% having an early renal artery division [19]. 
Gumus H et al., reported ARA and early division in 27% of cases 
[6]. Sumalatha T and Pushpamala N, reported accessory renal 
arteries in 23.3%, of which 8.3% were right sided [20]. Rajakumari 
SN and Arumugam K, found the early division of renal arteries in 
10%, accessory renal arteries in 30%, and aberrant renal arteries 
in 22% of cadavers studied [21]. Nagajyothi D et al., detected 
accessory renal arteries in 13.3% cadavers [22]. Mutnuru PC et 
al., reported single ARA in 16% and multiple unilateral/bilateral 
renal arteries in 2% [23]. According to the present study, 
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