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ABSTRACT

Background: Anatomical variations of the urinary collecting system and renal vasculature are clinically important
because they may affect diagnostic imaging as well as surgical and interventional procedures involving the kidneys,
ureters, and retroperitoneum. These case reports describe two developmental variations identified during routine human
donor dissection: complete unilateral ureteral duplication and an accessory renal artery (ARA). Methods: As part of the
Distinction in Dental Human Anatomy (DDHA) program, dental students performed routine dissection of the abdomen.
The abdominal and retroperitoneal structures were carefully dissected to expose the kidneys, renal vessels, renal
pelvises, and ureters while preserving their anatomical relationships. We traced the ureters from the renal pelvises
toward the urinary bladder, and traced the renal arteries from the abdominal aorta to the kidneys. We carefully dissected
and photographically documented the identified variations. The study protocol was reviewed and approved by the
Institutional Biosafety Committee (IBC #26006). Results: We identified two anatomical variations in separate human
donors. A 97-year-old female donor demonstrated complete unilateral duplication of the right ureter, with two distinct
renal pelvises each giving rise to a separate ureter that remained distinct throughout its course to the urinary bladder. A
76-year-old male donor demonstrated a left ARA arising independently from the lateral aspect of the abdominal aorta,
inferior to the main left renal artery. The accessory artery was smaller in caliber than the main renal artery and coursed
directly to the inferior pole of the left kidney rather than entering through the renal hilum. Conclusion: Complete
ureteral duplication and ARA represent clinically relevant developmental variations that may influence urologic,
vascular, transplant, and retroperitoneal procedures. Recognition of these variations is important for accurate
interpretation of diagnostic imaging and prevention of inadvertent vascular or ureteral injury during surgical procedures.
These findings also highlight the value of human donor dissection for understanding anatomical variability and
integrating gross anatomy, embryology, and clinical practice.
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INTRODUCTION

Anatomical variations of the renal collecting
system and renal vasculature are important
considerations in clinical anatomy because of their
potential implications for diagnostic imaging,
urological and abdominal surgery, renal
transplantation, and other  retroperitoneal
procedures. Among these variations, ureteral
duplication represents a developmental alteration of
the urinary collecting system that may occur as
either complete or incomplete duplication [1-3]. In
complete ureteral duplication, two separate ureters
arise from duplicated collecting systems and remain
distinct as they course toward the urinary bladder,
whereas in incomplete duplication, the two ureteral
components unite before reaching the bladder.
Although  duplicated ureters may remain
asymptomatic and identified incidentally, they may
also be associated with abnormal ureteral insertion,
vesicoureteral reflux, ureterocele, obstruction,
recurrent urinary tract infections, and other
urological complications [3]. Previous clinical
reports have also described duplicated ureteral
systems in association with ectopic ureters,
hydronephrosis, urinary calculi, renal injury, and
renal pelvic malignancy [4-8].

Variations in renal arterial anatomy are likewise
clinically significant. The kidneys undergo
substantial positional and vascular changes during
embryonic development, receiving successive
arterial branches from the developing aorta as they
ascend to their definitive location. Normally, the
more inferior vessels regress as new arterial
connections  develop; persistence of these
embryonic vessels may result in ARAs. These
vessels may arise independently from the
abdominal aorta and supply a specific region of the
kidney, including the superior or inferior pole.
ARAs most commonly arise from the abdominal

aorta, although less frequent origins from the
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common iliac, superior mesenteric, and inferior
mesenteric arteries have also been reported [9-14].
Variations in number are also well documented,
ranging from two to three or even four renal arteries
[10,15,16]. Studies using human donors have
further documented ARAs arising directly from the
abdominal aorta, demonstrating  substantial
variability in renal vascular anatomy [14,17].
Recognition of ARAs is particularly important
during renal transplantation, nephrectomy, renal
vascular interventions, and abdominal or
retroperitoneal surgery because inadvertent injury
or ligation of an accessory vessel may compromise
the blood supply to the renal tissue it supplies.
Their clinical relevance also extends to
endovascular and aortic procedures, in which ARAs
may require specific consideration regarding
preservation,

[14,18,19]. Bachul et al. [20] demonstrated the

coverage, or reconstruction

clinical importance of such variations by reporting
successful transplantation of a kidney with multiple
renal arteries, duplication of the pyelocaliceal
system, and a double ureter.

A thorough understanding of both urinary
collecting-system and renal vascular variations is
therefore essential for anatomists, radiologists,
surgeons, and other healthcare professionals.
Dissection of human donors provides a valuable
opportunity to identify and directly examine such
variations while preserving their three-dimensional
relationships with surrounding structures. The
present study reports two distinct human donor
cases: complete unilateral duplication of the right
ureter with two renal pelvises in a 97-year-old
female donor and a left ARA arising from the
abdominal aorta and supplying the inferior pole of
the kidney in a 76-year-old male donor. The
purpose of this report is to describe the anatomical

characteristics of these variations, discuss their
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embryological basis and potential clinical
significance, and emphasize the importance of
recognizing variations of the renal collecting
system and vasculature during anatomical
education, diagnostic evaluation, and clinical

procedures.

MATERIALS AND METHODS

We conducted these case reports during routine
human donor dissection of the abdomen as part of
the Distinction in Dental Human Anatomy (DDHA)
program. Dental students participate in human
donor dissection to enhance their understanding of
clinically relevant anatomy. The study protocol was
reviewed and approved by the Institutional
Biosafety Committee (IBC #26006). During
dissection, we reflected the anterior abdominal wall
and exposed the abdominal cavity. We carefully
mobilized the greater omentum and intestinal
structures as necessary to provide adequate access
to the posterior abdominal wall and retroperitoneal
structures. We then carefully dissected the
retroperitoneum to expose the kidneys and
associated structures. We identified and carefully
dissected the renal coverings in sequence, including
the pararenal (paranephric) fat, renal fascia
(Gerota’s fascia), and perirenal (perinephric) fat.
We carefully removed the perirenal fat to expose
the renal surfaces and hila while preserving the
normal anatomical relationships of the kidneys,
renal vessels, renal pelvises, and ureters. We traced
the ureters inferiorly from the renal pelvises to the
urinary bladder and dissected the renal arteries from
their origins at the abdominal aorta to their points
of entry into the kidneys. During this dissection, we
incidentally identified variations involving the renal
collecting system, ureters, and renal vasculature.

Following identification, we carefully dissected the
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surrounding tissues to demonstrate the origins,
courses, anatomical relationships, and terminations
of these variations while preserving the relevant
structures. We photographed the variations to
document  their anatomical features and

relationships.

RESULTS

We identified two unilateral anatomical variations
during routine human donor dissection. A 97-year-
old White female donor demonstrated complete
unilateral duplication of the right ureter, her
documented cause of death was senile degeneration
of the brain. We identified two distinct renal
pelvises at the right renal collecting system, and
each continued as a separate ureter. The duplicated
ureters remained completely separate throughout
their course from the kidney to the urinary bladder,
with no evidence of fusion, consistent with
complete ureteral duplication (Figure 1 and 2). The
contralateral ureter showed no evidence of
duplication. In a second human donor, a 76-year-
old White male with a documented history of
hypertensive heart disease and chronic kidney
disease (CKD), we identified a unilateral left ARA
supplying the inferior pole of the left kidney. The
accessory artery arose independently from the
lateral aspect of the abdominal aorta, inferior to the
origin of the main left renal artery, and coursed
toward the inferior pole of the kidney. The ARA
was noticeably smaller in caliber than the main left
renal artery and entered the kidney directly at the
inferior pole rather than through the renal hilum
(Figure 3 and 4). We carefully dissected and
photographically documented both variations to
demonstrate  their  anatomical course and

relationships to surrounding structures.
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Figure 1A and 1B: Abdominal dissection following removal of the pararenal fat, renal fascia (Gerota’s fascia), and perirenal fat, exposing
the kidneys and ureters. Complete unilateral duplication of the right ureter is demonstrated, with two distinct renal pelvises giving rise to two
separate ureters. The duplicated right ureters were traced inferiorly across the pelvic brim and remained separate throughout their course to
the urinary bladder. Two pink pins and pink arrows indicate the duplicated right ureters. Abbreviations: AA: abdominal aorta; IVC: inferior
vena cava; RK: right kidney; RCI: right common iliac artery; PM: right psoas major muscle; PF: perirenal fat; PRF: prerenal fascia; RV:
right renal vein; and blue arrow: right renal artery.

Figure 2: Higher-magnification view of the exposed right kidney and duplicated right ureters. Two pink pins indicate the duplicated right
ureters. Abbreviations: AA: abdominal aorta; IVC: inferior vena cava; RK: right kidney; RCI: right common iliac artery; PM: right psoas

major muscle; PF: perirenal fat; PRF: prerenal fascia; RV: right renal vein; blue arrow: right renal artery.
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Figure 3A and 3B: Abdominal dissection following removal of the pararenal fat, renal fascia (Gerota’s fascia), and perirenal fat, exposing
the kidneys, ureters, and vasculature of the posterior abdominal wall. At the left renal hilum, the left renal vein, main renal artery, and renal
pelvis are arranged from anterior to posterior. In addition to the main left renal artery arising from the lateral aspect of the abdominal aorta, a
smaller unilateral left accessory renal artery (ARA) arises independently from the lateral aspect of the abdominal aorta, inferior to the main
left renal artery. The ARA courses inferiorly in a curved path to supply the inferior pole of the left kidney. Three pink arrows indicate,
respectively, the origin of the left ARA from the abdominal aorta, its course, and its entry into the inferior pole of the left kidney.
Abbreviations: AA: abdominal aorta; IMA: inferior mesenteric artery; SMA: superior mesenteric artery; LK: left kidney; LU: left ureter;
LRV: left renal vein; LRA: main left renal artery; LTV: left testicular vein.

artery, and renal pelvis are arranged from anterior to posterior. In
addition to the main left renal artery arising from the lateral
aspect of the abdominal aorta, a smaller unilateral left accessory
renal artery (ARA) arises independently from the lateral aspect
of the abdominal aorta, inferior to the main left renal artery. The
left ARA courses inferiorly in a curved path to supply the
inferior pole of the left kidney. The pink arrow indicates the left
ARA. Abbreviations: LK: left kidney; LU: left ureter; LRV: left

renal vein; LRA: main left renal artery; LTV, left testicular vein.

DISCUSSION

The present human donor study identified two
clinically important developmental variations of the
urinary system: complete unilateral duplication of
the right ureter associated with a duplicated renal
pelvis and a left ARA supplying the inferior pole of
the kidney. Although both variations were

incidental findings during routine educational

Figure 4: Higher-magnification view of the exposed left kidney, dissection, their identification is clinically relevant

left ureter, and left renal vasculature of the posterior abdominal because variations of the ureters and renal

wall. At the left renal hilum, the left renal vein, main renal . . . .
vasculature may influence diagnostic imaging,
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urologic and  abdominal  surgery, renal
transplantation, and other procedures involving the
retroperitoneum [21].

The complete duplication of the right ureter
observed in the 97-year-old female donor was
characterized by two distinct renal pelvises giving
rise to two separate ureters that remained separate
throughout their course from the kidney to the
urinary bladder. This configuration is consistent
with complete ureteral duplication, which differs
from incomplete duplication in which the
duplicated ureters unite before reaching the urinary
bladder. Embryologically, complete duplication can
result from the development of two separate
ureteric buds from the mesonephric duct
[1,2,22,23]. Each ureteric bud interacts with the
metanephric mesenchyme and contributes to the
formation of a separate collecting system, resulting
in duplication of the renal pelvis and ureter [22,23].
In addition to its developmental basis, genetic
factors may contribute to the occurrence of
duplicated collecting systems. Santavd et al. [24]
reported duplication among first-degree relatives
and suggested a possible autosomal dominant
pattern with low penetrance, although the precise
mode of inheritance could not be definitively
established.

Recognition of this variation is clinically important
because duplicated collecting systems may be
associated with abnormal wureteral insertion,
vesicoureteral reflux, obstruction, ureterocele,
recurrent urinary tract infections, or other
urological complications [7,25]. In a retrospective
study of 301 children with renal duplication,
Ubetagoyena Arrieta M et al. [7] found that
complete and incomplete duplications demonstrated
different clinical patterns and that the greatest risk
of renal injury occurred when duplication was
accompanied by upper-system obstruction related

to ectopic ureteral insertion or ureterocele.
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Vesicoureteral reflux was also frequently observed
in duplicated systems. These findings demonstrate
that the clinical consequences of a duplicated
collecting system depend substantially on its
specific anatomical configuration [7]. Ectopic
insertion of the upper-pole ureter is another
clinically important manifestation of duplication
anomalies and may require surgical correction. Liu
et al. [26] reported successful transvesicoscopic
reimplantation of ectopic upper-pole ureters in
pediatric patients with duplication anomalies, with
improvement in hydroureteronephrosis and no
postoperative vesicoureteral reflux during follow-
up. Their findings demonstrate the importance of
understanding the anatomy of duplicated ureters
when selecting and performing an appropriate
reconstructive procedure. Similarly, Singh et al. [8]
reported bilateral complete ureteral duplication with
an ectopic ureter in a 17-year-old female presenting
with persistent urinary dribbling and recurrent
urinary tract infections, further demonstrating the
potential clinical consequences of ectopic ureteral
insertion in duplicated collecting systems. Chacko
et al. [27] further demonstrated that ipsilateral
ureteroureterostomy can be a viable surgical option
for duplicated systems complicated by severe
ureteral dilation, reflux, or obstruction. Urolithiasis
represents another clinically relevant complication
in patients with duplicated ureters. Ye et al. [4]
described an inverted Y wureteral duplication
associated with an ectopic ureter and multiple
urinary calculi and emphasized the importance of
accurately determining the type of ureteral
duplication before surgical intervention because
different anatomical configurations may require
different treatment strategies. Complete ureteral
duplication may also complicate the diagnosis and
management of urolithiasis. Aiken et al. [28]
reported bilateral complete ureteral duplication with

calculi obstructing both limbs of a duplicated
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ureter, emphasizing the importance of recognizing
duplicated anatomy during ureteroscopic
intervention. Similarly, Tsikopoulos et al. [29]
described  previously undiagnosed unilateral
complete ureteral duplication complicated by
obstructive urolithiasis, highlighting the importance
of accurate diagnosis of duplicated systems before
intervention.

Complete ureteral duplication may also coexist
with other clinically significant urinary tract
conditions. Alsaffaf et al. [5] reported bilateral
complete ureteral duplication in a 25-year-old male
presenting with hydronephrosis and a ureteral
calculus, illustrating the potential for urinary
obstruction and stone-related complications in a
duplicated system. In another clinically distinct
example, Nirei et al. [6] described renal pelvic
urothelial carcinoma in a patient with complete
duplication of the renal pelvis and ureter and
demonstrated the importance of defining the
duplicated anatomy and ectopic ureteral orifice
during diagnostic ureteroscopy and surgical
planning.

The clinical significance of ureteral duplication also
extends to surgical management, as preservation of
the vascular supply to duplicated ureters is
important  during operative  separation  or
reconstruction, and the specific anatomy of the
duplicated system may influence the appropriate
surgical intervention. Previous surgical experience
has demonstrated that extensive separation of
duplicated ureters may compromise their vascular
supply and that the configuration of the duplex
system should therefore be carefully considered
during reconstruction [7,25]. The clinical relevance
of complete ureteral duplication also extends to
renal transplantation. Hassan et al. [29] reported
successful transplantation of a donor kidney with
complete ureteral duplication without postoperative

urinary complications, demonstrating that this
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anatomical variation does not necessarily preclude
successful transplantation when it is appropriately
recognized and surgically managed. The
importance of recognizing concurrent collecting-
system and vascular variations is further illustrated
by Bachul et al. [20] who successfully transplanted
a kidney with multiple renal arteries, duplication of
the pyelocalyceal system, and a double ureter.
Together, these reports emphasize the importance
of accurate preoperative identification of duplicated
collecting systems and careful surgical planning.
Previous surgical experience in patients with
ureteral duplication has demonstrated that the
anatomical configuration of the duplicated system
can directly influence surgical management. In
particular, extensive separation of duplicated
ureters may compromise their vascular supply,
while complete duplication associated with
vesicoureteral reflux may require reimplantation of
the duplex system [25]. These considerations
emphasize the importance of accurately identifying
duplicated ureters and understanding their
anatomical relationships before surgical
intervention.

The occurrence of complete ureteral duplication in
a female donor in the present study is consistent
with previous reports demonstrating a higher
prevalence of ureteral duplication and duplicated
collecting systems in females than in males [31,32].
However, because this variation was identified
during human donor dissection and detailed clinical
and imaging information regarding the donor's
urinary system was unavailable, no association
between the duplicated ureter and any specific
clinical condition can be established in this case.
The second variation was a left ARA identified in a
76-year-old male donor. The vessel arose
independently from the lateral aspect of the
abdominal aorta inferior to the normal left renal

artery and entered the inferior pole of the left
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kidney. Its caliber was noticeably smaller than that
of the main left renal artery. ARAs represent a
relatively common renal vascular variation. A
recent systematic review and meta-analysis of 111
studies involving 54,814 kidneys reported a pooled
prevalence of 21.10%, with the abdominal aorta
representing the most common site of origin
(88.39%) [14]. These data provide important
anatomical context for the aortic origin observed in
the present case.

ARAs are developmental vascular variations related
to the embryological ascent of the kidneys [14].
During renal ascent, the developing kidneys receive
a succession of arterial branches from the aorta,
with the more inferior vessels normally regressing
as new vessels develop at higher levels. Persistence
of one of these embryonic arteries can result in an
ARA [14]. The inferior origin and lower-pole
distribution observed in the present specimen are
therefore consistent with the developmental basis of
this variation. A comparable observation in a
human donor specimen was reported by
Mohammed et al. [17] who identified a unilateral
vascular variation in which the right kidney
received two renal arteries arising separately from
the abdominal aorta. In their case, the two renal
arteries were approximately equal in size and
entered the kidney through the renal hilum. In
contrast, the ARA in the present case was identified
on the left side, was noticeably smaller in caliber
than the main left renal artery, and entered the
inferior pole of the kidney rather than the renal
hilum. These differences further demonstrate the
variability in the caliber, course, and site of entry of
ARAs. Of particular relevance to the present case,
Gesase et al. [13] described supernumerary renal
vessels supplying the lower pole of the left kidney,
further demonstrating the variability of lower-pole
renal vascularization. Other investigators have

reported accessory or multiple renal arteries arising
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from the common iliac and mesenteric arteries, as
well as configurations involving two, three, or four
renal arteries [10-12,16]. These observations place
the present inferior-pole accessory artery within the
recognized spectrum of renal arterial variation.

The ARA was identified in a 76-year-old male
donor with a documented history of hypertensive
heart disease and CKD. These clinical conditions
should be interpreted cautiously and should not be
considered causally related to the presence of the
accessory artery, because ARAs are developmental
rather than acquired vascular structures. Although
the donor had a history of hypertension, a causal
relationship between the ARA and hypertension
cannot be established in the present human donor
because stenosis of the ARA and relevant
functional parameters could not be assessed. Saba
et al. [33] investigated the relationship between
ARA  stenosis and  hypertension  using
multidetector-row computed tomographic
angiography and found no definitive association
between the two. However, more recent studies
have reported an association between ARAs and
higher blood pressure and have suggested that
altered renal perfusion and activation of the renin-
angiotensin—aldosterone system may contribute to
this relationship [34,35]. Therefore, although the
coexistence of hypertension and an ARA in this
human donor is noteworthy, it should not be
interpreted as direct evidence of causation.
Knowledge of ARAs is particularly important
during renal transplantation, nephrectomy, renal
vascular procedures, abdominal aortic surgery, and
other retroperitoneal interventions (14). An
accessory artery supplying the inferior pole may
provide blood to a distinct renal segment; therefore,
unrecognized injury or ligation could potentially
compromise perfusion of the tissue it supplies. The
clinical importance of recognizing these vessels is

reinforced by the wide range of reported renal
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vascular configurations and their associations with
other vascular variations, including testicular,
suprarenal, and inferior phrenic vessels [36-41].
Karmacharya et al. [18] evaluated ARA coverage
during endovascular abdominal aortic aneurysm
repair and found that although segmental renal
infarction occurred in some patients, accessory
artery coverage was generally well tolerated
without significant deterioration in renal function or
hypertension. ~ Conversely,  preservation  or
reconstruction may be important in selected
patients. Zhou et al. [19] reported successful
reconstruction of an ARA in a patient with renal
malperfusion and impaired renal function, with
subsequent improvement in renal perfusion and
function. Together, these findings indicate that
management of an ARA should be individualized
according to its contribution to renal perfusion,
baseline renal function, and the planned surgical or
endovascular procedure.

More broadly, recognition of both renal vascular
and ureteral variations is important during
abdominal, pelvic, urological, and retroperitoneal
procedures. Failure to recognize an additional
ureter may increase the risk of inadvertent ureteral
injury, while failure to identify an ARA may
compromise renal perfusion. Preoperative imaging
and careful evaluation of renal vascular and
collecting-system anatomy are therefore important
when such variations are suspected. These findings
also demonstrate the educational value of careful
human donor dissection. Systematic exposure of the
kidneys, renal vessels, renal pelvises, and ureters
allowed the students to identify, preserve, and
document anatomical variations that might
otherwise have been overlooked. Observing these
variations directly provides an opportunity to
integrate gross anatomy with embryological
development and clinical application. The

identification of complete ureteral duplication and
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an ARA during student dissection further
demonstrates the value of human donor-based
education in exposing learners to clinically relevant
anatomical variability beyond the patterns typically

illustrated in textbooks.

CONCLUSION

In conclusion, these case reports document
complete unilateral duplication of the right renal
pelvis and ureter and a left ARA arising from the
abdominal aorta and supplying the inferior pole of
the kidney in two human donor specimens. Both
findings can be explained by developmental
processes involving the urinary system and renal
vasculature and have potential relevance to
diagnostic and surgical practice. Recognition of
these variations is particularly important for
preoperative imaging, surgical planning, renal
transplantation, and procedures involving the
retroperitoneum. Careful documentation of such
variations contributes to the anatomical literature
and emphasizes the importance of understanding
anatomical variability in both health professions

education and clinical practice.
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