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The prevalence of accessory renal arteries £
in sudanese population in Khartoum State:
a cross-sectional CT study from 2017 to 2020
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Abstract

Background Renal artery variations are clinically significant due to their implications for surgical procedures and
renal function. However, data on these variations in Sudanese populations are limited. This study aimed to determine
the prevalence and characteristics of renal artery variations in a Sudanese population.

Methods A cross-sectional retrospective study was conducted in Khartoum state from October 2017 to October
2020. A total of 400 Sudanese participants who underwent abdominal CT scans were included. Data on demographic
characteristics, kidney measurements, and renal vasculature were collected and analyzed using descriptive statistics
and inferential tests.

Results The mean age of participants was 46.7 + 18 years, with a nearly equal gender distribution. Overall, renal
artery variations were present in 11% of participants, with accessory renal arteries observed in 6% of the study
population. Among those with accessory vessels, 50% were on the right side, 29.2% on the left, and 20.8% bilateral,
distributed across hilar 29.2%, lower polar 29.2%, and upper polar 41.7% regions. No significant associations were
found between accessory renal arteries and age or gender (p-value > 0.05). However, participants with accessory
renal arteries exhibited significantly narrower width 5.0+ 1.4 than those with no with accessory renal arteries 5.8+ 1.1
(p-value 0.002) Early dividing renal arteries were found in 5% of participants, with nearly half being bilateral. No
significant associations were found between the presence of early dividing renal arteries and demographic or renal
measurements (p-value >0.05).

Conclusion This study provides valuable insights into the prevalence and characteristics of renal artery variations in
a Sudanese population. The findings contribute to our understanding of renal anatomy in this demographic and can
inform clinical practice and surgical planning, particularly in renal transplantation and other renal procedures.
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Introduction

The renal arteries play a crucial role in supplying blood to
the kidneys, accounting for approximately 20% of cardiac
output. In most individuals, a single renal artery arises
from the abdominal aorta, but approximately 30% exhibit
accessory renal arteries (aRA) [1]. they originate from
the abdominal aorta, common iliac, and superior mesen-
teric, vary in numbers as doubled, triplet, and four renal
arteries have been reported [2-8]. These variants can
have clinical implications, such as renal artery stenosis or
complications during renal transplantation.

The prevalence of accessory renal arteries varies widely
across different studies ranging from as low as 4% to as
high as 61% [9—14]. Men exhibit a higher prevalence than
women [15]. Moreover, there is a wide variation between
ethnic groups [16-20].

The identification of additional renal arteries varies
based on diagnostic methods, including cadaveric dissec-
tion or radiological imaging. Cadaver dissection provides
precise results [9]. However, angiographic studies may
miss accessory renal arteries due to their small diameter
[21]. Nevertheless, three-dimensional CT angiography is
highly effective in visualizing renal arteries and accessory
arteries with 97.6% accuracy [22].

Accessory renal arteries have various clinical implica-
tions, including supplying blood to parts of the kidney
[23, 24], affecting kidney transplantation outcomes, and
influencing the risk of transplantation rejection [25].
They can also impact the size of adjacent vessels [16], and
are associated with conditions like arterial thrombosis,
elevated blood pressure, and renal artery stenosis [26,
27].

Accurate detection of accessory renal arteries is vital
for surgical planning to avoid complications like bleeding
or graft loss and for diagnosing certain kidney diseases,
emphasizing the importance of understanding renal
artery anatomy and variations for clinicians involved in
diagnosis and surgical procedures [28-30].

Further investigation is needed to fully understand
renal artery anomalies, especially in populations like
Sudanese, where the prevalence of accessory renal arter-
ies is understudied. This study aims to address this gap by
assessing the prevalence of accessory renal arteries in a
healthy Sudanese population using CT scans.

Materials and methods

The study employed a cross-sectional retrospective
design, spanning from October 2017 to October 2020,
within the Khartoum state which contains Sudanese
for all over Sudan and represent all the ethnic groups
in Sudan. The study included individuals underwent
abdominal CT scan in Dar Al Elaj Hospital, Ibn Sina
Hospital, Ibn Al Hytham, and Ahmed Gasim Diagnos-
tic Centers. To determine the sample size, a formula

Page 2 of 6

incorporating a desired margin of error, confidence level,
and estimated prevalence of accessory renal arteries was
utilized, resulting in approximately 385 patients [31].

Utilizing convenient non-probability sampling, individ-
uals meeting inclusion criteria (All Sudanese adults who
were indicated to undergo abdominal CT scan\) were
recruited. Pregnant ladies, patients with diabetes, acute
kidney injury, solitary kidney,, and those allergic to iodin-
atedcontrast media were excluded.

The study used CT abdomen examinations with a
multi-detector CT scanner (Siemens Somatom Sensation
64 CT scan device) for renal artery identification. Partici-
pants underwent fasting for 6-8 h and received oral and
intravenous contrast. The abdomen was scanned in the
supine position from vertebral level T12 to the symphy-
sis pubis, and renal arteries were detected in the arterial
phase using a second run with a bolus tracking technique.

After CT angiography, images were processed using
techniques like multi-planar reconstructions (MPR),
maximum intensity projection (MIP), and volume ren-
dering techniques (VRT) on the Advantage Windows
3D workstation. Arterial phase reconstruction was con-
ducted with images reconstructed at a 1 mm slice thick-
ness and 50% overlap.

Parameters evaluated from the CT images included the
length and diameter of the main renal artery, the pres-
ence and number of accessory arteries, and the presence
of early branching.

Data analysis was performed using SPSS version 28
software, with categorical data presented as frequencies
and proportions, and continuous data represented as
mean and standard deviation. Significance testing was
conducted using chi-square and ANOVA tests, with a
p-value of <0.05 considered statistically significant.

Results

The study included 400 Sudanese participants with a
mean age of 46.7+18 years, males were 202 (50.5%) and
females were 189 (49.5%) with 1.02: 1 male to female
ratio (Table 1).

Kidney and renal arteries measurements are shown
in (Table 2) below. Overall renal arteries variation, were
present in 44 patients (11%), Accessory renal artery was
present in 24 participants constituting 6% of the study
population; 50% (12/24) of these accessory vessels were
in the right side, while 29.2% (7/24) were in the left side,
and 20.8% (5/24) were bilateral. These vessels were either
hilar 29.2% (7/24), lower polar 29.2% (7/24) or upper
polar 41.7% (10/24).

Although the prevalence of accessory renal arteries was
higher in males 7.4% (15/202) than females 4.5% (9/198)
there was no statistically significant difference (p-value
0.225) (Table 1).
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Table 1 Demographic characteristics of Sudanese population underwent abdominal CT in Khartoum State (n=400)

Count (%) Accessory renal artery Early dividing renal artery

Mean+SD No Yes p-value No Yes p-value
Age 46.7+18 466+19 478+15 0.758 46.7+£19 471114 0926
Gender
Male 202 (50.5%) 187 (92.6%) 15 (7.4%) 0.225 192 (95%) 10 (10%) 0.786
Female 189 (49.5%) 189 (95.5%) 9 (4.5%) 187 (94.4%) 11 (5.6%)

Table 2 Relationship between kidney size and renal artery measures with the presence of accessory renal arteries among Sudanese

population underwent abdominal CT in Khartoum State (n=400)

Variable Measure Accessory renal artery Early dividing renal artery Total
No Yes p-value No Yes p-value
Right kidney Width 54+08 53+06 0.584 54+08 52+0.7 0.557 539+08
Length 1001 102+1.2 0.438 100+£1 102+£09 0.537 10.1£1
Left kidney Width 56+0.8 55+0.7 0.633 56+0.8 57+08 0517 56+0.8
Length 10.1+£1.2 104+08 0216 10.1£1.2 103+1.2 0.490 10112
Right renal artery Width 58+1.1 50+14 0.002 58+1.1 55+14 0.441 578+1.1
Length 59+1 58+0.9 0.844 59+1 6.0+1.3 0437 59+1
Left renal artery Width 59+1.1 55+12 0.067 59+1.1 59+12 0.897 59+1.1
Length 50+08 50+1.2 0.724 50+0.8 50+1.2 0.664 50+09

Although there was no significant difference between
those with accessory renal arteries and those with no
with accessory renal arteries regarding kidney measure-
ments or renal arteries measurements (p-value>0.05),
participants with accessory renal arteries have signifi-
cantly narrower width 5.0+1.4 than those with no with
accessory renal arteries 5.8+ 1.1 (p-value 0.002) (Table 2).

Early dividing renal arteries were found in 5% (21/400)
of study participants, which was bilateral in nearly half of
them 47.6% (10/21), in the left side in 33.3% (7/21) and in
the right side in 19% (4/21).

There was no significant relationship between the
presence of early dividing renal arteries and gender, kid-
ney measurements, nor renal arteries measurements
(p-value>0.05) (Tables 1 and 2).

Discussion

Understanding the variations in renal arteries has
become increasingly crucial given the rise in renal trans-
plants, vascular reconstructions, and various surgical,
urological, and radiological procedures performed in
recent times. However, it’s noted that the prevalence and
types of accessory renal arteries vary among populations.
Thus, this study aimed to investigate the occurrence and
anatomical variations of accessory renal arteries in the
Sudanese population.

The study revealed that renal artery variations were
present in 11% of the 400 Sudanese participants. This
prevalence was lower than recent reports in Sudan,
where it ranged from 20 to 30%, as found by Mustafa et
al. (2016) and Salih et al. (2018) [32, 33]. Additionally, it
was lower than previous reports worldwide which varied
from 31 to 59.6% [34—37]. The study excluded a group of

patients who cannot undergo Abdominal CT with con-
trast, this might have resulted in this lower rate of renal
arteries variation, as many previous studies including
those conducted in Sudan recruited cadaveric dissection
for the detection of renal artery variations [32, 33].

These findings highlight the frequent occurrence of
structural differences in renal arteries across diverse
populations worldwide. The presence of such variations
underscores the importance of conducting comprehen-
sive preoperative imaging examinations, particularly in
kidney donation and transplant procedures. Surgeons,
armed with a better understanding of the prevalence and
characteristics of these variations, can more effectively
anticipate and address potential surgical challenges, ulti-
mately leading to improved patient outcomes. Thus, it is
imperative for medical practitioners to be cognizant of
these variations to ensure the success of kidney donation
and transplant procedures.

Accessory renal arteries were present in 6% of study
population Previous local reports indicated that the prev-
alence of accessory renal arteries in Sudanese population
ranged from 20 to 25% [32, 33]. Although the frequency
reportedly varies among different populations, rang-
ing from 4% of Malaysian patients to 61.5% of Brazilian
patients [38], consensus with recent reports emphasizes
that they are the most common renal artery variation [37,
39]. Early dividing renal arteries however, were found in
5% of the Sudanese subjects. Comparable to the reported
prevalence in other populations which ranged between
6.5% in dd [40] and Sudanese [33] to 20.2% in Indians
[37].

The discrepancies in these findings underscore the
need for further research to better understand the
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prevalence and distribution of accessory renal arteries.
Differences in findings may be attributed to factors such
as sample size, population demographics, and methodol-
ogy utilized in each study. It is suggested that cadaver dis-
section may provide a more accurate assessment of the
number of renal arteries compared to aortography [33].
Additionally, accessory renal arteries are less frequently
detected in angiographic studies due to their small thick-
ness, which may explain the lower prevalence observed
in this study compared to previous studies. However, it is
emphasized that the arterial phase of three-dimensional
CT angiography is highly sensitive in detecting renal
arteries and other arterial abnormalities [22].

Whether accessory renal arteries are prevalent on one
side is controversial, some studies report that accessory
renal arteries are most frequently left-sided such as Costa
et al. (2011) [41], while others find that the right side pre-
dominates such as Holden et al. (2005) [42]. In this study,
right side accessory renal artery was the most prevalent.
Similarly, their entry into the kidney, while Guan et al.
(2013) indicated the inferior pole [43], Bordei et al. indi-
cate that the hilum [44] as the commonest root of entry.
Conversely, the present study showed that the upper pole
was the most common root of entry among the Suda-
nese population. Moreover, it is uncertain whether sex
affects the occurrence of accessory renal arteries or not,
the present study found no statistically significant differ-
ence, supporting Clnar et al. (2016) who reported no stat-
ically significant difference between males and females
[40]. However, statistically significant higher incidence in
males than females was reported by Tardo et al. (2017)
[39].

The implications of accessory renal arteries are not
fully understood or categorized, as they are typically dis-
covered incidentally during pre-operative procedures or
diagnostic evaluations. However, during surgical proce-
dures, the presence of upper pole arteries poses a signifi-
cant risk due to their proximity to the kidney. Surgeons
may inadvertently cut through these arteries, mistaking
them for surrounding tissue, leading to severe bleeding
and potentially fatal consequences [9].

An important factor associated with accessory renal
arteries is renal volumetry, with recent studies suggesting
a direct relationship between the presence of accessory
renal arteries and total renal volume, as well as an inverse
relationship with the diameter of the main renal artery
[9]. Similarly, the present study found that participants
with accessory renal arteries had significantly narrower
renal artery diameters compared to those without. This
finding is consistent with previous research by Aytac et
al. (2003), who noted that a smaller-than-usual diameter
of the main renal artery in a kidney with normal dimen-
sions may indicate the presence of an accessory renal
artery [45].
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Addressing that accessory renal arteries may influence
the diameter of the main renal artery suggests a potential
role for these additional vessels in renal vascular dynam-
ics. Additionally, Rizzari et al. highlight that individuals
with kidneys harboring two or more arteries exhibit a
heightened prevalence of hypertension, possibly attribut-
able to the narrowing of the renal arteries [46]. However,
further investigation is warranted to delve into the clini-
cal ramifications of these variations in renal artery mea-
surements and their impact on overall renal function and
cardiovascular health.

The present study poses a significant value of add-
ing to the body of literature the prevalence of accessory
renal arteries in the Sudanese population, additionally,
the study included subjects from diverse centers further
strengthening the generalizability of the findings. How-
ever, it worth mentioning some limitations, such as the
reliance solely on CT scans for renal artery identification
might have overlooked certain variations that could be
better detected through other diagnostic methods such
as cadaveric dissection. Furthermore, the study did not
account for potential ethnic diversity within the Suda-
nese population, which could impact the prevalence and
characteristics of renal artery variations.

The study reveals a significant presence of accessory
renal arteries in the Sudanese population, highlighting
the importance of understanding renal artery anatomy
for surgical planning and diagnostics. The association
between accessory renal arteries and narrower main
renal artery diameters suggests potential implications
for renal vascular dynamics and overall kidney function.
Future research should recruit larger sample sizes, con-
duct comparative studies with different diagnostic meth-
ods, and explore longitudinal outcomes associated with
accessory renal arteries. Ethnic diversity within Sudan is
also crucial for understanding variations in renal artery
anatomy.
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