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ABSTRACT

Objective: To evaluate renal vascular variations using contrast-enhanced CT angiography and
determine their role in preoperative planning for urological surgery.

Materials and Methods: A cross-sectional observational study was conducted in the Department of
Radiology in collaboration with the Department of Urology at a tertiary care teaching hospital over
a six-month period. A total of 200 adult patients undergoing contrast-enhanced multidetector CT
angiography for renal evaluation were included using a non-probability consecutive sampling
technique. CT images were assessed for renal arterial and venous anatomy, including accessory
renal arteries, early arterial branching, multiple renal veins, retroaortic left renal vein,
circumaortic left renal vein, and other vascular anomalies. Data were analyzed using SPSS version
26.0. Continuous variables were expressed as mean + standard deviation, while categorical
variables were presented as frequencies and percentages. Statistical significance was considered at
a p-value of <0.05.

Results: The mean age of the participants was 46.8 + 13.2 years, with 118 (59.0%) males and 82
(41.0%) females. Renal vascular variations were identified in 74 (37.0%) patients. Accessory renal
arteries were the most common arterial variation, observed in 48 (24.0%) patients, followed by
early arterial branching in 12 (6.0%) and multiple accessory arteries in 4 (2.0%). Normal venous
anatomy was present in 168 (84.0%) patients, whereas multiple renal veins, retroaortic left renal
vein, circumaortic left renal vein, and late venous confluence were detected in 9.0%, 4.0%, 2.0%,
and 1.0% of cases, respectively. CT findings resulted in modification of the anticipated surgical
approach in 22.0% of patients and indicated increased operative difficulty in 7.0%. No statistically
significant association was found between renal vascular variations and either age (p = 0.611) or
gender (p = 0.284).

Conclusion: Contrast-enhanced multidetector CT angiography is a reliable and effective imaging
modality for identifying renal vascular variations before urological surgery. CT-based anatomical
mapping provides valuable information for individualized surgical planning, facilitates recognition
of clinically significant vascular anomalies, and may help reduce operative complications while
improving surgical outcomes.

Keywords: Computed Tomography, CT Angiography, Renal Vascular Variations, Accessory Renal
Artery, Renal Vein Anomalies, Preoperative Planning, Urological Surgery, Multidetector CT.

INTRODUCTION and retroaortic left renal veins. () If these
The kidneys have a high variation in their vascular anomalies are not appreciated

vascular supply, including accessory renal
arteries, early branching of the renal arteries,
multiple renal veins, circumaortic venous rings,

preoperatively, there is a risk of intraoperative
bleeding, extended operative time, vascular
injury, inadequate tumor resection, warm
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ischemia, and postop complications. @
Consequently, it is now essential to correct
preoperative delineation of renal vascular
anatomy for surgical planning in modern
urology An understanding of the anatomy of
renal vascularization is essential for successful
urological surgery, especially for those
operations involving careful dissection of the
hilar vessels and preservation of renal
function. ®

The wuse of minimally invasive surgical
procedures such as laparoscopic and robotic-
assisted procedures (partial nephrectomy,
radical nephrectomy, donor nephrectomy,
pyeloplasty, endourological procedures) have
emphasized the importance of detailed
anatomical evaluation. ¥ In contrast with
open surgery, minimally invasive techniques
provide limited tactile feedback and limited
visualization during operation, which makes
greatly the necessity of having preoperative
imaging to identify any vascular variations that
could affect the surgical approach. ) The
knowledge of the vascular anatomy of the
kidney is crucial in order to predict operative
complexity, choose the best approach,
minimize vascular injury and preserve
nephrons. ©)

The renal vascular anatomy is formed,
regressed and retained from multiple
mesonephric  arteries in a  complex
embryological series of events. In the
development of ascent of the kidneys from the
pelvis to the lumbar region, the transient
arterial branches generally disappear and
superior new ones are formed. /) Variations in
the venous development cause accessory renal
veins, multiple renal veins, circum-aortic left
renal vein and retroaortic left renal vein, while
persistence of these embryonic vessels causes
accessory or multiple renal arteries. ® These
variations are usually unapparent but gain
meaningful clinical relevance in the procedures
of renal transplantation, nephron-sparing
surgery, vascular  reconstruction  and
interventional radiological procedures.
Computed tomography (CT), especially MDCT
and CT angiography, is becoming the preferred
imaging modality for the evaluation of renal
vascular anatomy. With the development of
multidetector technology, fast imaging of thin
sections, providing high spatial resolution,
allows detailed imaging of arterial and venous
structures. (19 Reconstruction images, such as
multiplanar reconstruction (MPR), maximum
intensity  projection (MIP), and three-
dimensional volume-rendered (3D VR) images,

further enrich the information regarding the
anatomy and aid in interpretation. ) These
imaging modalities enable the exact number,
origin, course, branching pattern and diameter
of renal vessels to be determined, which
enables individual surgical planning. 2

There have been many studies that have
shown that the use of computed tomography
(CT) angiography is highly accurate in the
diagnosis of renal vascular variations.
Accessory renal arteries are reported in 20—
35% and multiple renal veins and other
venous anomalies are reported in a smaller
but clinically relevant number of individuals.
(3) The CT findings have proved to be very
good, with excellent agreement to the findings
observed during surgery and CT angiography
now being used as a reliable non-invasive
alternative to the conventional catheter
angiography for which it has largely replaced
due to its invasive nature and associated
procedural risks. () Moreover, CT provides
simultaneous  evaluation of the renal
parenchyma, collecting system, adjacent
organs and pathological lesions, providing a
comprehensive  evaluation  before  the
operation. (>

Anatomical mapping using CT is important for
planning selective arterial clamping during
partial nephrectomy to minimize warm
ischemia time, and to identify the segmental
arterial supply to renal tumors for urological
oncology. ® During living donor nephrectomy,
proper demarcation of renal arteries and veins
facilitates donor selection, surgical access and
graft harvesting, and helps to reduce vascular
complications. a”n Likewise, during
reconstructive procedures like pyeloplasty, the
identification of crossing vessels is important
to determine the cause of ureteropelvic
junction obstruction and determines operative
management. Understanding the vascular
anatomy of the kidney is also crucial in
endovascular procedures and during renal
artery embolization and ablative procedures.
(18)

In recent years, the clinical value of renal
vascular mapping using computed tomography
has been further improved by the
improvement of image post-processing
technology and the development of artificial
intelligence as well as three-dimensional
visualization technologies. The 3D
reconstruction is used to enhance spatial
understanding of complex vascular structures,
to communicate between multidisciplinary
teams and to simulate surgery. () New Al
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algorithms are also being developed to
automatically segment vessels and perform
anatomical  categorization  which  could
enhance the efficiency, repeatability and
individualized surgical planning. Although CT
angiography is commonly performed, the
frequency and distribution of renal vascular
variations vary with ethnicity and geographical
location. 29

Local anatomical information is useful as it
may reflect differences in the population that
can affect surgical choices and education
training. Evaluation of renal vascular anatomy
in a systematic way with the adoption of a CT
evaluation protocol can aid in the
enhancement of surgical safety, the
minimization of surgical complications, and the
maximization of patients' outcome. The
purpose of the present study, therefore, is to
assess the variation of renal vessels with CE
MDCT and to set up the anatomical mapping
for pre-operative planning in urological surgery
by CE MDCT. This study aims to record the
prevalence and location of arterial and venous
variations and evaluate their surgical
significance, which could offer clinically
relevant data that improves operative decision
making, allow personalized surgical strategies,
and increase safety and efficacy of urological
procedures.

MATERIALS AND METHODS

This was a cross-sectional observational study
conducted in Department of Radiology which
were in collaboration with Department of
Urology of a Tertiary care teaching hospital
from January 2026 to June 2026 for a period
of six months. The study was conducted to
assess renal vascular variations by using
contrast enhanced computed tomography (CT)
and to determine their significance in the
preoperative planning for urological surgical
procedures. Two hundred patients over 18
years of age who had received contrast
enhanced multidetector computed tomography
(CEMDCT) of the abdomen and were
subjected to computed tomography
angiography (CTA) for renal evaluation were
included.

A sample size was determined using the WHO
sample size calculator with a prevalence of
renal vascular variations, of 30%, a 95%
confidence level and a 6% margin of error. A
non-probability consecutive sampling
technique was used. The inclusion criteria
were written informed consent from the
patients and referral for preoperative

evaluation of renal pathology or for evaluation
as a potential living kidney donor. Patients with
previous renal surgery or renal transplantation,
congenital renal anomalies (horseshoe kidney,
crossed fused ectopia), large renal masses
which distorted renal hilar anatomy, severe
renal impairment (eGFR <30 mL/min/1.73
m2), known hypersensitivity to the iodinated
contrast medium, pregnancy, and poor quality.
CT images because of poor contrast
enhancement or motion artifacts were
excluded from the study. The demographic
data, such as sex, age, and the clinical
indication for CT examination, were taken
before the imaging was performed. All CT
examinations were carried out by a 128-slice
multidetector CT scanner according to the
institutional protocol for renal CT angiography.
The non-ionic iodinated contrast agent (350-
370 mg of iodine per mL) was injected
intravenously into the left arm through an 18-
20gauge cannula using a power injector at 4-5
mL/s and followed by a saline flush. Images of
the arterial phase were taken with bolus
tracking, venous phase images were obtained
when needed, and nephrographic phase
images were not taken.

Multiplanar reconstruction (MPR), maximum
intensity  projection (MIP) and three-
dimensional volume-rendered (3D-VR)
reconstruction techniques were used to
reconstruct images with a slice thickness
ranging from 0.5 mm to 1.0 mm and to enable
the comprehensive assessment of the renal
vasculature. The CT  images  were
independently analyzed by two consultant
radiologists who counted the number, origin,
course, branching pattern and laterality of the
renal arteries as well as the number and
anatomical configuration of renal veins.
Specially, accessory renal arteries, early
arterial branching, multiple renal veins,
retroaortic left renal vein, circumaortic left
renal vein and other clinically significant renal
vascular anomalies were highlighted.

The differences between the observers were
clarified by consensus review. The possible
effects of each vascular variation on the
surgical planning of the preop case were also
recorded. The major finding of the study was
the incidence and distribution of renal artery
and vein anomalies found on computed
tomography angiography (CTA). Secondary
outcomes were the distribution of vascular
variations by age and sex, laterality of vascular
anomalies, and possible role of these
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anomalies in preoperative planning for
urological surgery.

All collected data were entered and analyzed
with the Statistical Package for the Social
Sciences (SPSS) version 26.0. Means =
standard deviations were used for continuous
variables and frequencies and percentages
were used for categorical variables.
Categorical data was compared between
groups using Chi-square test or Fisher's exact
test if data was continuous, it was compared
between groups using independent samples t-
test or Mann-Whitney U test as appropriate
based on data distribution. P values < 0.05
were regarded as statistically significant. Prior
to the start of data collection, ethical approval
was obtained from the Institutional Review
Board of the participating institution. All

participants gave written informed consent
and patient information was kept confidential
throughout the study by wusing unique
identifiers and removing patient identifiers
from this study database. The study was
carried out following the ethical principles of
the Declaration of Helsinki.

RESULTS

A total of 200 patients who fulfilled the
inclusion criteria underwent contrast-enhanced
multidetector CT angiography and were
included in the final analysis. The mean age of
the study population was 46.8 + 13.2 years
(range: 18-78 years). Among the participants,
118 (59.0%) were males and 82 (41.0%)
were females.

Table 1: Demographic Characteristics of the Study Population (N = 200)

Variable Frequency (n) Percentage (%)
Age Group (years)

18-30 28 14.0
3145 62 31.0
4660 71 35.5

>60 39 19.5
Gender

Male 118 59.0
Female 82 41.0

The majority of participants belonged to the 46—60 years age group (35.5%), while males constituted

nearly three-fifths of the study population.

Table 2: Renal Arterial Variations Detected on CT Angiography
Arterial Anatomy Frequency (n) Percentage (%)
Single renal artery (normal anatomy) 136 68.0
Accessory renal artery 48 24.0
Early arterial branching 12 6.0
Multiple accessory arteries 4 2.0

Normal single renal arteries were identified in 68.0% of patients. Accessory renal arteries

represented the most common arterial variation, occurring in 24.0% of cases.

Table 3: Distribution of Accessory Renal Arteries According to Side

Side Frequency (n) Percentage (%)

Right 19 39.6

Left 21 43.8
Bilateral 8 16.6

Total 48 100

Among patients with accessory renal arteries, the left side was slightly more commonly involved than
the right, while bilateral accessory arteries were observed in 16.6% of affected individuals.

Table 4: Renal Venous Variations Detected on CT Angiography

Venous Anatomy Frequency (n) Percentage (%)

Normal renal veins 168 84.0

Multiple renal veins 18 9.0
Retroaortic left renal vein 8 4.0
Circumaortic left renal vein 4 2.0
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Normal venous anatomy was observed in 84.0% of participants. Multiple renal veins were the most

frequent venous variation.

Table 5: Overall Frequency of Renal Vascular Variations

CT Finding Frequency (n) Percentage (%)
No vascular variation 126 63.0
At least one vascular variation 74 37.0

Overall, 37.0% of patients demonstrated one or more renal vascular variations on CT angiography.

Table 6: Association between Gender and Presence of Renal Vascular Variations

Gender Vascular Variation Present Normal Anatomy Total p-value
Male 47 71 118

Female 27 55 82
Total 74 126 200 0.284

No statistically significant association was observed between gender and the presence of renal

vascular variations (p = 0.284).

Table 7: Association between Age Group and Renal Vascular Variations

Age Group (years) Vascular Variation Present Normal Anatomy p-value
18-30 12 16
3145 23 39
46-60 28 43
>60 11 28 0.611

There was no statistically significant association between age group and the occurrence of renal

vascular variations (p = 0.611).

Table 8: Surgical Significance of CT Findings

Surgical Planning Variable Frequency (n) Percentage (%)
No modification required 142 71.0
Modification of surgical approach required 44 22.0
Increased anticipated surgical difficulty 14 7.0

CT-based anatomical mapping altered the
anticipated surgical approach in 22.0% of
patients, while 7.0% were considered likely to
have increased operative difficulty because of
complex vascular anatomy.

Among the 200 participants, renal vascular
variations were detected in 37.0% of cases.
Accessory renal arteries were the most
common arterial anomaly (24.0%), whereas
multiple renal veins were the most frequent
venous variation (9.0%). Most vascular
anomalies occurred unilaterally, with a slight
predominance on the left side. No significant
association was found between vascular
variations and either age or gender. CT
angiography provided detailed anatomical
information that influenced preoperative
surgical planning in approximately one-fifth of
patients, emphasizing its value in reducing
operative risk and facilitating individualized
urological surgical management.

DISCUSSION

The present study aimed to analyze the renal
vascular variations by contrast enhanced multi
detector computed tomography (MDCT) and
determine its significance in preoperative
planning for urological surgical procedures.
Knowledge of the anatomy of the renal artery
and vein is crucial before performing renal
partial nephrectomy, radical nephrectomy,
donor nephrectomy, pyeloplasty and
endovascular procedures. The renal vascular
variations in the present study were found in
37.0% of patients and were found to be
relatively common and should be assessed
routinely prior to surgery. These results
reaffirm the importance of CT angiography as
an essential imaging tool for surgical planning.
Accessory renal arteries were the most
frequent arterial variation, affecting 24.0% of
the patients in the present study. This
prevalence is similar to that of previous
anatomical and radiological studies.

Tirkvatan et al. found accessory renal arteries
in about 24% of patients who underwent
multidetector computed tomography (MDCT)
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angiography. @ Raman et al. reported
accessory renal arteries in 28-30% of
potential living kidney donors who underwent
preoperative computed tomography (CT)
angiography. (10) Likewise, Sampaio and
Passos showed that accessory renal artery is
one of the most common renal vascular
anomalies and pointed out its significance in
nephron-sparing surgery and renal
transplantation. @

Sometimes accessory arteries have special
connections with renal segments, which may
lead to segmental renal infarction, or to
postoperative loss of renal function if they are
accidentally injured or ligated. In 6.0% of the
study population early arterial branching was
observed. This finding is similar to those of
Kawamoto et al., who reported that early
branching is a common anatomic variant that
can make a laparoscopic donor nephrectomy
more technically challenging. ®3 Raman and
co. also noted that early division of arteries
would decrease the length of available arterial
vessels for transplantation, and thus should be
identified prior to surgery. 9 This variation
can be recognized to enable a surgeon to
tailor the vascular control methods and lower
the risk of complications during surgery.

In the present study, venous variations were
found in 16.0% of the patients; multiple renal
veins (9.0%) were the most common
abnormality, whereas retroaortic left renal vein
(4.0%) and circumaortic left renal vein (2.0%)
were seen less frequently. Urban et al. noted
that the most common venous anomaly
observed during computed tomography (CT)
angiography was multiple renal veins. (6)
Retroeaortic and circumaortic left renal veins
are also uncommon but of great surgical
importance due to the higher incidence of
bleeding at the hilum during dissection, as
reported by Tirkvatan et al. It may result in
untimely venous injuries, extended surgery
time, and blood loss if these anomalies are not
recognized preoperatively. )

In this study, overall renal vascular variations
were detected in 37.0% of the patients. This
prevalence is similar to that reported in the
literature, ranging from 30% to 40% of
people. Holden et al. showed that
multidetector CT is a reliable method for the
detection of clinically significant vascular
variations in living donors and that there was a
good correlation between CT findings and
intraoperative  anatomy. 2 Likewise,
Kawamoto et al. found that CT angiography
could offer a very accurate depiction of the

renal vessels and had largely replaced
traditional catheter angiography due to its
non-invasive nature, speed and ability to
assess the renal parenchyma and collecting
system at the same time. (3

In our study, there was no statistically
significant difference in renal vascular
variations between gender (p = 0.284) or age
(p = 0.611). The present results corroborate
those of a number of earlier studies which
have found that renal vascular variations are
largely due to the mechanisms of embryo
development rather than to demographic
differences. The persistence of embryonic
mesonephric arteries during the ascent of the
kidneys produces accessory renal arteries; the
great majority of renal venous anomalies are
due to abnormalities in the development of the
subcardinal and supracardinal venous systems
was Graves' explanation. As a result, there is
little variation in these vascular patterns during
life and they are not usually related to age or
sex of patients. 23

One of the main results of this study was that
the anatomical mapping performed using CT
changed the planned surgical strategy in
22.0% of the patients and increased the
technical difficulty in 7.0% of the patients. The
observations are helpful for understanding the
clinical utility of the pre-operative computed
tomography angiography. Raman et al.
showed that an understanding of renal
vascular anatomy prior to nephrectomy can
facilitate surgical planning and reduce
unforeseen vascular complications associated
with donor nephrectomy. (® Similarly, Urban
et al. found that 3D CTA enables surgeons to
better understand the complex hilar anatomy,
which is important for the safe dissection of
the vascular structures and for minimizing
risks during surgery. (16)

Multiplanar reconstruction, maximum intensity
projection and three-dimensional volume-
rendering of the images produced by
multidetector CT have enhanced the
visualization of renal vasculature. These high-
end reconstruction methods allow for a
comprehensive evaluation of the various
anatomical aspects of the arterial origin,
branching, venous drainage, and spatial
relationships, improving radiologist to surgeon
communication. With the recent advances in
image post-processing and three-dimensional
visualization, the contribution of CT to
personalized surgical planning has been
further consolidated, especially for minimally
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invasive and  robotic-assisted
surgery. 9

The results of the current study confirm the
accumulating data suggesting that routine
preoperative evaluation with CT angiography
should be considered in the preoperative work-
up when complex renal surgery is expected.
Timely diagnosis allows for tailored surgical
management, helps maintain renal function,
decreases surgical complications and enhances
patient outcomes.

The present study has some limitations. It was
carried out in one tertiary care center and the
sample size was relatively small, which might
restrict the generalizability of the results. Also,
not all of the patients had surgery, so there
was no correlation of the CT findings with
what was observed during surgery. Larger
multicenter studies with direct comparison of
radiological findings to surgical results are
recommended in the future to further validate
the clinical usefulness of CT based anatomical
mapping. In overall, the present study
confirms the ability of multi-detector computed
tomography angiography (MDCTA) to perform
complete and reliable assessment of renal
vascular anatomy and its usefulness in
achieving optimal surgical planning for
urological surgery by accurately locating
clinically relevant vascular variations.

urological

CONCLUSION

Contrast-enhanced multidetector CT
angiography is a successful, reliable imaging
method to detect renal vascular variations
before urological surgery. Renal vascular
anomalies were found in over Vs of patients,
with accessory renal arteries being the most
common arterial anomaly and more than one
renal vein being the most common venous
anomaly. CT-based anatomical mapping
resulted in detailed visualization of the renal
vasculature, and helped guide the surgeon's
pre-operative planning, as it helped identify
clinically significant variations that may affect
the surgical approach and operative difficulty.
In urological surgery, routine preoperative
assessment of the renovascular anatomy by
CT angiography will help reduce intraoperative
complications, improve  surgical safety,
individualize treatment planning, and improve
patient outcome.
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