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Abstract

Purpose Renal arterial anatomy has a great clinical importance during surgical and endovascular procedures. However,
comprehensive data on renal arterial variations in the Bulgarian population has not yet been provided. The aim of this study
was to conduct a detailed research about the normal anatomy and variations of the renal arteries in the Bulgarian population.
Methods Five hundred sixty-one patients underwent contrast-enhanced multidetector computed tomography scans for the
period 2016-2021. The images were retrospectively reviewed. Number, branching pattern, origin level and course of the
renal arteries were noted. Data were categorized on the basis of laterality, gender and symmetry.

Results Only 46.3% of the patients exhibited normal renal arterial anatomy. Variations were observed in 301 patients (53.7%).
The most common variant was the presence of accessory renal arteries (ARA), discovered in 41.2% of the subjects. There was
no significant difference based on gender and laterality (p > 0.05). Hilar ARA (72.6%) were significantly more common than
polar ARA (p <0.001). The most common origin location of the main renal arteries and ARA was the aorta, followed by the
common iliac arteries. Early division was observed in 21.7% of the patients, significantly more common on the right. Precaval
course was found in 0.5% of the right main renal arteries and in 30% of ARA and the difference was significant (p <0.001).
Conclusion These results show novel insight into the prevalence of renal arterial variations in the Bulgarian population.
Anatomic renal vasculature variants are common therefore awareness is crucial for the success of surgical and interventional
procedures.
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Introduction

The traditional concept for the renal arterial blood supply
describes one renal artery originating from the abdominal
aorta at the level of L1-L.2 vertebrae and entering the kidney
at the hilum where it divides into presegmental and segmen-
tal branches [25]. However, kidneys are well known to show
a diverse spectrum of variations in their vascular system.
The variations in the renal arterial vasculature are attributed
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to the failure of one or several of the multiple renal arteries
present during the embryologic development of the kidney
to regress [1].

Renal vasculature variants have long captivated the
interest of anatomists. Knowledge of these variations is
essential in the modern era of medicine with the advances
of minimally invasive surgery, renal transplantation and
endovascular procedures. Therefore, careful evaluation is
crucial before initiating treatment. Multidetector computed
tomography angiography (MDCTA) is non-invasive, quick,
widely available and less expensive compared to magnetic
resonance angiography and replaces digital subtraction angi-
ography. A retrospective comparative study of 2,144 liv-
ing kidney donors found that the sensitivity, specificity and
diagnostic accuracy of CTA to detect renal arterial variations
is 100%, 97.48% and 97.9%, respectively, compared to intra-
operative findings [23].
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Renal arterial vascular variations have been studied
among diverse population groups. There are great discrep-
ancies in the literature with respect to the prevalence of
renal artery variants with frequencies ranging between 4 and
61.5% [12, 21]. The differences vary among nationalities and
within the same population groups [4, 20]. However, data
on their prevalence in the Bulgarian population is currently
lacking. Therefore, the purpose of this study was to conduct
a comprehensive analysis of normal renal arterial vascu-
lature and the prevalence of different anatomic variations.

Material and methods

This is a retrospective study with an initial cohort consist-
ing of 610 patients who underwent CTA of the abdomen for
various indications for the period January 2016—December
2021 in Prof. Dr. Alexander Chirkov University Hospital
in Sofia, Bulgaria. The hospital is a major referral center
for cardio-vascular diseases in Bulgaria, and therefore, the
results should serve as an adequate representation of the
vasculature variations in the general Bulgarian population.
Informed consent and ethical approval were waived by local
ethics due to the retrospective nature of the study.

The CT protocol included multiphase imaging or angiog-
raphy phase only based on the study requirements. The scans
were performed on a 320-slice Aquilion One CT scanner
(Cannon Medical Systems). The scanning parameters were
as follows: tube voltage: 100—120 kV, automatic milliamper-
age setting, slice thickness: 0.5 mm, tube rotation time 0.5 s.
A volume of 90-110 ml non-ionic iodine contrast medium
was administered with an automatic injector in an antecu-
bital vein at a rate of 4—4.5 mL/s, followed by 30 ml saline.
Bolus tracking technique was employed to determine the
scan start time. Region of interest was placed in the descend-
ing thoracic aorta. Image acquisition in the arterial phase
began after a 10-15 s delay when the enhancement at the
region of interest reached 180 HU. The image analysis was
performed on dedicated Vitrea workstations (Cannon Medi-
cal Systems). Interpretation included primary axial images
followed by multiplanar (MPR), maximum intensity pro-
jection (MIP) and volume rendering (VR) reconstruction
techniques.

The following exclusion criteria were applied to the initial
cohort: (1) surgical interventions, or pathologic conditions
that distorted the normal renal vascular anatomy, (2) CT
studies done in other hospitals, and (3) studies with tech-
nically insufficient quality of the arterial phase scans. In
addition, duplicate studies of patients with multiple exams
were also excluded. Finally, after excluding the aforemen-
tioned groups, the remaining 561 patients were included in
the study.
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Classification

Normal anatomy was present when each kidney was supplied
by one renal artery, originating from the aorta and dividing
into segmental branches at the hilum. In the case of multiple
renal arteries, the vessel with the biggest diameter was con-
sidered as main and the rest as “accessory.” Accessory renal
arteries were further categorized on the basis of their point
of entry into the kidney. Arteries with an entry point in the
hilum were classified as “hilar.” Arteries entering the kidney
parenchyma at the superior and inferior pole were described
as superior and inferior polar arteries, respectively. To
evaluate the level of origin of main renal arteries and ARA
from the aorta, the place of each artery’s ostium was noted
according to the vertebral body or intervertebral disk level.
In case an artery originated from another vessel, the specific
origin artery was reported. Any vessel that branched within
2 cm from the origin was classified as having “early divi-
sion.” Data were categorized based on laterality, gender and
symmetry. The final criterion of classification was based on
the retro- or precaval course observed in both the right main
renal artery and ARA.

Statistical analysis

The occurrence of each of the previously classified variables
was recorded in a Microsoft Excel spreadsheet. Descriptive
and comparative statistical analyses were performed on the
data using SPSS, Version 20.0 software pack. The mean,
standard deviation, minimum, maximum and percentage
occurrence of the above categories was recorded. Compari-
sons between variations on the basis of laterality, gender and
symmetry were carried out using chi-square test. Statistical
significance was reached when p <0.05.

Results

The mean age of the patients was 63.7 + 16.2 years, range
19-90 years and the majority were male (58.6%). Only 260
patients (46.3%) had one renal artery with hilar bifurcation
on both sides (Fig. 1). Anatomic variations in renal arte-
rial vasculature were found in the remaining 301 patients
(53.7%). The most common variation was the presence
of ARA, discovered in 41.2% of the subjects (n=231).
Findings for laterality revealed that 24.2% (n=136) of the
right-sided kidneys and 25.5% (n=143) of the left-sided
kidneys were supplied by more than one renal artery. Sta-
tistical significance between these rates was not estab-
lished (p =0.684). The distribution in the number of ARA
on both sides is presented on Table 1. Bilateral ARA were
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Fig.1 MDCTA VR reconstruction shows normal renal anatomy-
each kidney is supplied by one renal artery, originating from the aorta
and dividing into segmental branches at the hilum

Table 1 Distribution of accessory renal arteries according to lateral-
ity

Nonen (%) 1ARA 2 ARA 3 ARA
Right ARA number 425/75.7%  120/21.4% 14/2.5% 2/0.4%
Left ARA number 418/74.5%  122/21.7% 16/2.9%  5/0.9%

discovered in 8.55% of the patients (n=48), the most com-
mon pattern was one 1 ARA on both sides- in 6.24% (n=35)
(Fig. 2). Two ARA on both sides were present in 1 patient
(0.18%) who had a horseshoe kidney as a concomitant con-
genital kidney anomaly (Fig. 3). Seven renal arteries were
discovered in one patient (0.2% of the cohort)—the patient
had three ARA on the right side and two on the left side
(Fig. 4). The difference in the number of ARA according to
gender did not reach statistical significance on either side
(p=0.138). In males ARA was found in 25.5% on the right
side and in 28.1% on the left side while the occurrence in
females was, respectively, 22.4% on the right side and 22.0%
on the left side.

In regard to the entry point in the kidney, hilar ARA were
significantly more common than both superior and inferior
polar ARA on either side (p <0.001) (Figs. 2, 5, 6). Table 2
depicts the distribution of ARA according to their entry
point.

The level of origin of the main renal arteries and ARA
from the aorta ranged between Th12-L1 intervertebral disk
and L5 vertebral body. The right main renal artery originated
between the upper margin of the L1 vertebral body and the
lower margin of L2 vertebral body in 97% of the patients and
the left one- in 96.8% of the patients, with the most common

Fig.2 a MDCTA VR reconstruction shows the right main renal
artery originating from the aorta at the level of L1-L2 intervertebral
disk. The ostium of the left main renal artery is located at the level
of the superior third of L2 vertebral body. There is one inferior polar
accessory renal artery on each side, originating at the level of L3. b
Axial MIP reconstruction shows precaval course of the right acces-
sory renal artery

levels being the L1 and L2 vertebral bodies, respectively
(35.1% and 38.3%). The right main renal artery showed
a higher ostium position in comparison to the left. ARA
exhibited greater variability of origin location with 71.8%
of right-sided ARA and 74.6% of left-sided ARA arising
between the upper margin of L1 and the lower margin of
L2. Three main renal arteries and eleven ARA arose from
an aortic branch vessel- the common iliac arteries, internal
iliac artery and from a common trunk with the median sacral
artery. The distribution of the origin level of the main renal
arteries and ARA is presented in Table 3.

Early branching was described in 21.7% (n=122) of the
patients. ED was noted in 72 (12.8%) of the right-sided kid-
neys and 50 (8.9%) of the left-sided kidneys and a significant
difference was determined (p =0.035) (Fig. 6). Bilateral ED
occurred in 11 patients (1.9%). The rates of ED were similar
between males (21.3%) and females (21.5%) and statistical
significance was not established (p =0.292).
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Fig.3 a MDCTA VR reconstruction shows a patient with an abdomi-
nal aortic aneurysm. Horseshoe kidney was discovered on the CTA as
an incidental finding. The right and left main renal arteries originate
below and at the level of the aneurysm, respectively. The patient has
two accessory renal artery on each side. b Axial CTA image presents
the position of the horseshoe kidney in front of the infrarenal aortic
aneurysm

One right main renal artery and seven right ARA origi-
nated from the common iliac arteries and did not cross the
inferior vena cava. The remaining 560 right main renal
arteries and 149 right ARA had a retro- or precaval course.
In total 49 (6.9%) of all right renal arteries had a precaval
disposition. Three main renal arteries (0.5% of all right
main renal vessels) and 46 ARA (30.8% of right ARA) had
a precaval course. This anatomic variant was significantly
more common in ARA in comparison to the main vessels
(p<0.001) (Fig. 2).
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Fig.4 MDCTA VR reconstruction of a patient with seven renal arter-
ies- four on the right side and three on the left side

Fig.5 MDCTA VR reconstruction shows the presence of a superior
polar accessory renal artery on the left side, originating above the left
main renal artery

Discussion

The clinical importance of arterial variations is both medi-
cal and surgical. Renal arteries are end arteries without
anastomotic connections, therefore their involvement by
different pathological conditions such as atherosclerosis,
fibromuscular dysplasia, dissection may lead to ischemic
nephropathy and functional deterioration. There is no
consensus among practitioners on the role of ARA in
the pathogenesis of arterial hypertension... Due to their
small caliber, lower perfusion pressure and atherosclerotic
changes, there is an association between the activation of
the renin-angiotensin system and hypertension [15, 17].
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Fig.6 MDCTA VR reconstruction shows two hilar accessory renal
artery on the right side. One hilar accessory renal artery and early
division of the main renal artery on the left side (asterisk)

Table 2 Distribution of accessory renal arteries according to the
entry point in the kidney

Hilar ARA Superior polar Inferior polar Total
ARA ARA
Right side 113/72.4% 22/14.1% 21/13.5% 156/100%
Left Side  122/73.1% 27/16.1% 18/10.8% 167/100%
Total 235/72.6% 49/15.2% 39/12.2% 323/100%

Some researchers consider them a factor for diminished
response in radiofrequency renal denervation [30].

From a surgical perspective, it is well known that cross-
ing inferior polar ARA is an etiological factor for extrinsic

ureteropelvic junction compression and hydronephrosis in
children with a reported incidence of 11-25% [5, 13]. With
the advances in laparoscopic and robot-assisted surgery, vas-
cular preoperative evaluation is essential for the planning of
a number of abdominal and pelvic surgical interventions,
thus, lowering the risk of iatrogenic injury [31]. Although
ARA are an undesirable factor in transplantation and are
associated with a higher rate of complications, recent studies
report similar short and long-term outcomes in multiple and
single renal artery grafts [9, 33]. Furthermore, it is important
to report ED because sufficient arterial length is needed to
ensure safe vascular anastomosis.

Presence of ARA and their origin location is also impor-
tant during surgical or endovascular treatment of abdomi-
nal aortic aneurysms. Although data is inconsistent, some
researchers report a higher incidence of acute kidney injury
and long-term worsening of renal function after the sealing
of ARA [28].

There are big differences in the occurrence of anatomic
variations among different populations. Our study shows a
higher number of anatomic renal arterial variations com-
pared to most previously published results. Only 46.3%
of the patients exhibited classic renal arterial anatomy.
Similar to other studies, the most common variation was
the presence of ARA, discovered in 41.2% of our subjects
(n=231) [11, 14, 22]. These results are higher than the aver-
age reported frequency of 10-30% in other studies [3, 10,
20]. Possible reasons for this variability of the results could
be the size of the study group and adopted classification,
which also varies greatly among researchers. Another reason
could be attributed to the type of study- cadaveric, radio-
logic or surgical. According to laterality, published results
are inconsistent. Some researchers report higher prevalence
on the right side [26] and others on the left [14] but without

Table 3 Distribution of origin

. Origin level Right main renal artery Left main renal artery Right ARA Left ARA
levels of main and accessory (n=561) (n=561) (n=156) (n=167)
renal arteries

Th12-L1 4(0.7%) 3(0.5%) 1 (0.6%) 2 (1.2%)
L1 197 (35.1%) 156 (27.8%) 35 (22.4%) 40 (23.9%)
L1-L2 185 (33.0%) 172 (30.7%) 31 (19.9%) 28 (16.7%)
L2 162 (28.9%) 215 (38.3%) 45 (29.5%) 56 (33.6%)
L2-L3 7 (1.2%) 9 (1.6%) 5(32%) 11 (6.6%)
L3 2 (0.4%) 4(0.7%) 11 (7.1%) 14 (8.4%)
L3-L4 0 0 7 (4.5%) 6 (3.6%)
L4 3(0.5%) 0 11 (7.1%) 6 (3.6%)
L5 0 0 2 (1.3%) 0

RCIA 1(0.2%) 0 6 (3.8%) 1 (0.6%)
LCIA 0 1(0.2%) 1 (0.6%) 2(1.2%)
LIIA 0 0 0 1 (0.6%)
Median sacral artery 0 1(0.2%) 0 0

RCIA right common iliac artery, LCIA left common iliac artery, LIIA left internal iliac artery
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significant differences. Our results demonstrated that ARA
are more common on the left side in comparison to the right
side (25.5 vs. 24.3%, respectively) without reaching statisti-
cal significance. In our study, similar to most researchers
greater proportion of males exhibited the presence of ARA
[18]. However, a statistically significant difference between
genders was not observed. Contrary to our results So$nik
stated a significantly greater occurrence of ARA in males
[24].

The occurrence frequency of hilar ARA (72.6%) in our
study was remarkably higher compared to polar ARA (15.2%
superior polar ARA and 12.2% inferior polar ARA). Similar
to our results Cinar et al. described a greater frequency of
hilar ARA (84.5%) compared to polar ARA (15.5%) and a
greater proportion of superior than inferior polar ARA [7].
One study by Johnson et al. also report a higher prevalence
of hilar ARA compared to polar ARA. However, ARA enter-
ing the kidney through the lower pole were more common
in comparison to superior polar ARA [14].

In our study, the most common site of both main and acces-
sory renal arteries origin was the abdominal aorta between
the level of L1 and L2 vertebrae. These findings are consist-
ent with the classical teaching and previously published data
reporting that 94-95% of the main renal arteries and 78-80%
of ARA arise from the aorta at the L1-L2 level [11, 20]. Simi-
lar to our results Natsis states that the majority of right main
renal arteries originate at the level of L1 and the majority of
left main renal arteries- at the level of L2, while the most com-
mon level described by Palmieri is the L1-L2 intervertebral
disk on both sides [20, 21]. ARA exhibits a bigger range and
more inferior ostium location compared to the main renal
arteries. In the current study, both the main and accessory renal
arteries on the left showed a lower ostium position compared
to the contralateral side, coinciding with previous literature
reports [11, 20]. Three main renal arteries (0.3%) and eleven
ARA (3.4%) did not arise from the aorta. The most common
origin arteries were the common iliac arteries. One left main
renal artery showed a very rare variant and originated from a
common trunk with the median sacral artery. One left ARA
arose from the left internal iliac artery. The renal arteries are
known to originate from the iliac arteries, superior and inferior
mesenteric arteries, contralateral renal artery, lumbar artery
or the thoracic aorta. Kim et al. described a case in which the
main renal artery supplying the right kidney originated from
the left proximal common iliac artery. In our cohort, such vari-
ation was not observed. However, in one patient an accessory
renal artery to the right kidney arose from the contralateral left
common iliac artery [16]. The variations in the ostium loca-
tion and number of renal arteries are commonly encountered
together with other concomitant genitourinary anomalies such
as horseshoe or ectopic kidney [10]. This data is confirmed in a
study by Majos et al. published in 2018. The authors describe
a significantly greater number of arteries in horseshoe kidneys
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compared to separate kidneys (p <0.0001) as well as greater
variability in arterial origin location in the horseshoe kidney
group (p=0.0001). The arteries supplying the horseshoe kid-
neys originated from the common iliac arteries in 14.78%
of the cases and below them in less than 1% whereas such
variations were not described in the separate kidney group
[19]. Moreover, apart from originating from a different vessel
than the aorta, the renal arteries give rise to different vessels
which also exhibit multiple variations. A recently published
case report by Vas et al. describes an extremely rare variant
in which a replaced right hepatic artery originated from the
right distal renal artery and exhibited a cranial course to the
porta hepatis [29]. Such variation was not observed in our
large cohort.

The prevalence of ED in the literature ranged between 4
and 35.9% [8, 27]. The frequency of 21.7% in our study could
be considered moderate and aligns with previously published
data. The majority of the studies do not establish a significant
association between ED and laterality, although it was more
prevalent on the right side [6, 18, 27]. However, according to
our findings, ED is significantly more common on the right-
12.8 vs. 8.9%, p=0.035. With respect to gender, two studies
report significantly higher ED occurrence in males [6, 11]. On
the other hand, Kumaresan et al. report a higher prevalence in
females but without statistical significance [18]. However, in
our study the rates of early bifurcation were similar between
genders- 21.3% in males and 21.5% in females. Discrepancies
in branching pattern could be attributed to the methodology of
data sampling and the adopted definition of ED in each study,
which often varies between studies.

Traditionally, right-sided renal arteries pass behind the
IVC. The reported prevalence of the precaval course of the
renal arteries is 4.5-9.17% [2, 8]. It is important to acknowl-
edge precaval renal arteries because their presence has
been associated with asymmetrical obstruction of the renal
collecting system although the incidence of symptomatic
hydroneprhosis is still unknown [32]. In the present study,
6.9% of the right renal arteries had a precaval course which
is in agreement with other studies. Similar to the studies of
Yeh et al. and Bouali et al. the overwhelming majority of
the precaval renal arteries were accessory [2, 32]. Precaval
course was noted in only 0.5% of the main renal arteries and
in 30% of ARA and a significant difference was determined
(p<0.001). Precaval course of a single and main artery was
found in one patient which is a very rare variant, and only a
few cases are described in the literature [32].

Conclusion

The renal arterial vasculature exhibits complex anatomy
and a large number of variations. The interdisciplinary
significance of these variations is undisputed. The present
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study provides novel data on the prevalence of renal arte-
rial variations in the Bulgarian population. Anatomic renal
arterial vasculature variants are common and the most
frequently encountered variation was an accessory renal
artery. Therefore awareness and thorough preoperative
radiological assessment are essential for the success and
safety of surgical and endovascular interventions.
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