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Introduction. Urogenital and vascular anomalies, including a left duplex kidney and a left aberrant renal artery that gave rise to the
left ovarian artery, were observed in a 77-year-old female cadaver during a routine dissection. Description. A left aberrant renal
artery, which gave rise to the left ovarian artery, was observed originating from the aorta 4 cm below the left renal artery. Two
independent contributions to a bifid ureter were found originating from the hilum of the left kidney. These two contributions
descended 12.4cm and 10.6 cm, respectively, posterior to the left aberrant renal artery and lateral to the left ovarian artery
before uniting anterior to the psoas major muscle to descend 12.7 cm to the bladder. Significance. While the duplex kidney is a
relatively common congenital anomaly that can be asymptomatic, it can also potentially be associated with compression of renal
vasculature or the ureter. Ureteral compression can then result in several pathologies including reflux, urinary tract infection
(UTI), ureteropelvic junction obstruction, or hydronephrosis. Compression of renal and ovarian vasculature can result in altered
blood flow to the kidney and ovary, potentially causing fibrosis, atrophy, or organ failure. Current imaging techniques alone are
insufficient for correct diagnostics of such complications, and they must be supplemented with a thorough understanding of the

respective anatomical variations.

1. Introduction

Congenital abnormalities of the kidney and urinary tract
(CAKUT) that encompass variations in the kidney, ureter,
bladder, or urethra range in severity from asymptomatic
to significantly contributing to end-stage renal disease [1].
One of the most common CAKUT variations is the duplex
kidney, also known as the duplicated ureteral collecting sys-
tem [2]. A normal ureter travels 25-30 cm from the kidney
to the bladder and is divided into three regions—ureteropel-
vic junction (UPJ), ureterovesicular junction (UV]), and the
point of crossing over the common iliac arteries [3]. A
duplex kidney can exist in one of two anatomical variations:
complete and incomplete [4]. Complete duplication results
in two patent ureters arising from the affected kidney and
draining independently into the bladder, while incomplete
duplication results in two ureters draining the same kidney
but merging prior to reaching the bladder [5]. The incom-

plete duplication can be further categorized into either a
bifid pelvis, which occurs when the two ureteral contribu-
tions unite proximal to the UPJ, or a bifid ureter, in which
the ureteral contributions merge distally to the UPJ but
proximal to the UV] [5]. Duplex kidneys are more common
in women and are usually observed unilaterally, as was
observed in the current case [6, 7]. Imaging techniques alone,
such as excretory urography, voiding cystourethrography,
and CT without contrast, are not always reliable diagnostic
tools for this upper urinary tract abnormality due to the posi-
tioning of the ureter. Imaging results must be coupled with
thorough knowledge of CAKUT anatomical variations to
diagnose possible associated complications, such as various
types of ureteral reflux and ureteropelvic junction obstruc-
tion (UPJO) [8].

The vascular variation of a left aberrant renal artery
giving rise to the left ovarian artery could increase the possi-
bility of urogenital complications resulting from ureteral
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compression. Current literature suggests that because varia-
tion in arterial supply to the kidney is more prevalent than
previously believed, there is a need to standardize the nomen-
clature describing additional renal arteries [9, 10]. Various
terms, including accessory, aberrant, anomalous, supernu-
merary, supplementary, multiple, upper/lower polar arteries,
and aortic superior and inferior polar arteries, have been used
for that purpose [9]. We will use the definition of an aberrant
renal artery established by Holden et al. as an artery which
enters the kidney outside of the hilum, whereas an accessory
renal artery follows the renal artery to enter the kidney at the
hilum; both accessory and aberrant renal arteries typically
originate from the abdominal aorta, but this can vary [11].
The current case report is of interest due to its clinical
importance and novelty, specifically outlining how this
unique combination of urogenital and vascular anomalies
can exacerbate their individual complications. Accessory
renal arteries have been proposed to independently contrib-
ute to hypertension, hydronephrosis, or segmental infarcts
while also causing or worsening urogenital symptoms asso-
ciated with a bifid ureter [12]. Similarly, ureteric obstruction
of vascular structures can cause ischemia of their target tis-
sues. This case is educationally and clinically valuable as it
emphasizes the importance of foundational knowledge of
anatomical variations, which, when used in conjunction with
imaging studies, could positively impact patient care.

2. Case Presentation

A 77-year-old female body was received through the Saint
Louis University Gift of Body Program of the Center for
Anatomical Science and Education (CASE) with a signed
informed consent form from the donor. The CASE gift body
program abides by all the rules set forth by the Uniform Ana-
tomical Gift Act (UAGA).

During routine dissection, the hilum of the left kidney
was cleaned and typical anatomical structures were identi-
fied, from anterior to posterior, as the renal vein, renal artery,
and superior ureteral contribution (Figures 1 and 2). Follow-
ing the removal of perirenal fat, a second ureteral contribu-
tion was found exiting the kidney, slightly inferior to the
hilum. The two independent contributions, superior and
inferior, descended 12.4cm and 10.6 cm before they united
anterior to the left psoas major muscle to descend over the
left common iliac artery to the posterolateral aspect of the
bladder (Figure 1).

Further dissection revealed an additional vascular struc-
ture, the left aberrant renal artery, entering the inferior pole
of the left kidney (Figure 1). Cleaning the structure revealed
its origin from the abdominal aorta 4 cm inferior to the left
renal artery, which branched from the aorta below the supe-
rior mesenteric artery. The aberrant renal artery was then
observed travelling in parallel with, but inferior to, the left
renal vein and artery toward the left kidney. This artery was
also observed passing anterior to the superior and inferior
ureteral contributions and bifurcated just prior to reaching
the parenchyma of the inferior renal pole of the left kidney.
The left ovarian artery was observed branching from the
aberrant renal artery nearly halfway to the left kidney. The
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left ovarian artery then descended medially, but adjacent to
the superior ureteral contribution, and more inferiorly, adja-
cent to the united ureter to supply the left ovary (Figure 1).

3. Discussion

3.1. Left Bifid Ureter. The current case describes a left-sided
bifid ureter that united anterior to the psoas major muscle
before crossing the left common iliac artery and entering
the posterolateral aspect of the bladder. During postmortem
examination, duplicated ureters have been observed in 0.8%
of cadavers studied [13]. This congenital malformation
occurs during the development of the metanephric system
which ascends from the sacral to the lumbar region to
become the permanent kidney and ureter. The metanephric
system is derived from two sources of intermediate meso-
derm: the ureteric bud and metanephric blastema. Normally,
the metanephric mesenchyme signals the ureteric bud to
invade and branch into the mesenchyme, and the ureter
reciprocally induces the mesenchyme to differentiate into
nephrons [2]. The duplex system arises from a premature
splitting of the ureteric bud or the development of two sepa-
rate buds [14]. This anatomical variation is two times more
commonly observed in females as compared to men, but
the cause is currently unclear [6]. There have been reports
that unilateral duplication is six times more common than
bilateral duplication [6, 15]. It has also been reported that
there is a one in eight chance for a child with a duplicated
ureter to have a parent or sibling with a similar anomaly,
thereby suggesting a heritable contribution to the above
pathologies [15]. In general, reflux is the most common med-
ical complication associated with a duplex kidney. Ureter-
oureteric reflux is most closely associated with incomplete
duplication with an incidence of 22%, and vesicoureteric
reflux is associated with complete duplication [16]. The
respective incidences of these types of reflux are 69% and
72% [15, 16]. Other associated urinary tract complications
include ureteropelvic junction obstruction and hydrone-
phrosis [8].

3.2. Left Aberrant Renal Artery. Aberrant renal arteries occur
in approximately 30% of the population, with left-side pre-
dominance, and are more commonly observed supplying
the lower renal pole than the upper pole [17, 18]. The devel-
opmental mechanism of this variation is unclear, and the
embryologic origin of the renal and adrenal arteries is under
debate. The most widely held explanation is Felix’s ladder
theory [19]. This theory states that the blood supply to the
developing mesonephros (including the adrenal glands, kid-
neys, and gonads) differentiates from the nine lateral meso-
nephric arteries (MAs). These vascular structures originate
from the aorta and are divided into three groups: the first
and second arteries are cranial, the third through fifth arteries
are middle, and the sixth through ninth arteries are caudal.
Normally, one middle lateral mesonephric (MLM) artery
and one caudal lateral mesonephric artery persist and differ-
entiate into the renal artery and gonadal artery, respectively,
while the other vascular structures are obliterated [20]. How-
ever, the persistence of an additional MLM artery, for
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Fi1GURE 1: The dissected path of the left bifid ureter and aberrant renal artery. (a) depicts the dissected path of the left bifid ureter with labeling
of relevant landmarks while (b) depicts relevant structures pseudocolored for ease in visualization. The left renal vein (blue in (b)) is observed
as the anterior-most structure in the renal hilum, thereby serving as a reference point for relationships in this region. The left renal artery
(green in (b)), located posterior to the renal vein, has upper two segments that can be observed entering the superior pole of the kidney (K
in (a)). The left aberrant renal artery (pink in (b)) is observed originating from the abdominal aorta (AA in (a)) and branching before
reaching the inferior pole of the kidney. As the aberrant artery courses toward the left kidney, it gives off the highly coiled left ovarian
artery (red in (b)) that descends into the pelvis medial to the left ureter. The superior and inferior contributions to the bifid ureter
(yellow) emerge from the posterior aspect of the renal hilum and unite to form the left ureter proximal to the bladder and near the
anterior surface of the psoas major muscle (PM in (a)). The left ureter crosses over the left common iliac artery (CI in (a)) before entering

the pelvis to join the bladder.

unknown reasons, results in the creation of either an acces-
sory or aberrant renal artery, the latter of which is more com-
monly found entering the kidney at its lower pole [21].

Felix’s ladder theory can be applied to developmental
malrotation or improper positioning of the kidney to pro-
pose an alternative explanation for the left aberrant renal
artery. During embryological development, the kidneys
medially rotate and ascend to the lumbar region. It is during
this ascent that the supplementary lateral mesonephric arter-
ies should regress, but failure to do so could create aberrant
renal arteries [22]. However, this is not likely to be the cause
of this report’s arterial variation because while reported cases
did document multiple arterial supplies to the kidney, they
also included a truncated ureter, renal arterial supply origi-
nating from various sources including the abdominal aorta
and common iliac artery, and a pelvic kidney, which were
not observed in the current case [23, 24].

In contrast to the ladder theory, Isogai et al. and
Nobuyuki et al. recently proposed that the mesonephric arte-
rial ladder is obliterated prior to the metanephric ascent and
glomeruli development, meaning that the persistent renal

artery is not derived from the mesonephric arterial system
but originates from the aorta once the kidney is properly
positioned in the posterior abdominal wall [19, 25]. Unlike
Felix, these researchers maintain that the embryonic aorta
has the potential to further branch after the MAs obliterate,
but they also state that the definite renal artery may utilize
the MA origins as its own. Nobuyuki et al. also found that
the MAs, when observed during weeks 5-6 of embryological
development, were segmental but not evenly distributed or
symmetrical [25]. Perhaps the existence of more MA buds
on the left lateral aspect of the aorta explains why aberrant
renal arteries are more commonly found on the left.

The relationship of the ureters to the aberrant renal arteries
is significant since the uncommon anatomy of the artery could
present an additional risk factor during endoscopic surgery
[26]. Damage or occlusion of an aberrant renal artery is known
to lead to segmental infarcts and tissue necrosis, which could in
turn damage a renal calyx and cause urine extravasation [27].
Vascular anomalies are also a common cause of congenital
hydronephrosis, and obstructions at the UP]J can be due to an
aberrant renal vessel crossing the ureter anteriorly [28, 29].
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FIGURE 2: The anatomical presentation of the posterior aspect of the left kidney. (a) depicts the relevant dissected structures associated with
labeled landmarks while (b) depicts relevant structures pseudocolored for ease in visualization. The left kidney (K in (a)) has been reflected
away from the left posterior abdominal wall to show the posterior aspect of its hilum. The two contributions to the ureter (yellow in (b)) can be
observed emerging from the hilum; the superior contribution emerges posterior to the renal vein, and the inferior contribution descends from
the renal hilum anterior to the renal vein. The left aberrant renal artery (pink in (b)) is observed branching before entering the substance of the
kidney. The left ovarian artery (red in (b)) emerges from the anterior aspect of the aberrant left renal artery. Five segmental arteries and the
renal vein are also observed entering the renal hilum (green and blue, respectively, in (b)).

The present case report also addresses the overwhelming
volume of vocabulary used to describe variations in the renal
arterial supply. Gulas et al. have outlined the variable descrip-
tions regarding additional renal arterial supply beginning
with terms that began in the 16" century until today [9].
Per their compilation, the terms “multiple” and “additional”
were used most frequently when numerous renal arteries
were present [9]. However, these terms lack specificity in that
they do not explain the origins of the additional arteries nor
how they enter the renal parenchyma. A classification system
that accommodates variant renal segmental arteries as well
as additional renal arterial supplies must be developed in
order to efficiently and clearly share information regarding
a patient’s condition, thereby decreasing the risk of hemor-
rhage, segmental ischemia, and renovascular hypertension
during renal transplant surgery [30].

3.3. Left Ovarian Artery. The final anomaly observed in this
cadaver was the left ovarian artery originating from the left
aberrant renal artery. The ovarian artery typically arises ante-
romedially from the abdominal aorta several centimeters
below the renal arteries, while an ovarian artery arising from
the renal, lumbar, adrenal, or iliac arteries occurs at a rate of
10-20% [31]. In order to understand why the ovarian artery

originates from the aberrant renal artery, it is prudent to first
explore the embryological development of the ovary itself.
The gonad develops from the urogenital fold, a structure
superior to the developing kidney. As the gonads descend
within the elongating body, the ascending kidneys and the
aortic mesonephric blood supply pass posterior to the
gonads, causing the gonadal vascular supply to also originate
from the lateral mesonephric arteries. The lateral mesoneph-
ric branches that potentially reach to supply the descending
gonads are categorized in one of two ways: the first type is
cranial to the renal hilum and the second is caudal to it. Only
one of the lateral mesonephric arteries will persist, thereby
becoming the gonadal artery. The relationship of the gonadal
artery, or in this case the ovarian artery, to the hilum of the
kidney paired with the kidney’s ascension level (which is
higher on the left) will predict the gonadal artery’s relation-
ship to neighboring structures, including the renal vein, renal
artery, and aorta [32]. While rare, gonadal arteries have been
observed to originate from numerous sources due to the
anastomoses between the persistent mesonephric arteries as
the mesonephric system develops. These sources include
the abdominal aorta, renal artery, or accessory renal artery
and the variations are often left-sided [32, 33]. The path of
this left ovarian artery is consistent with that of an ovarian
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artery originating from the aorta, so it is unlikely that this left
ovarian artery would experience compression. A more likely
complication of origination of the ovarian artery from the
aberrant renal is an ischemic event due to the reduced caliber
of the aberrant artery and the ovarian artery. This ischemia
may then lead to infarction or ischemic reperfusion injury
to the ovary [34].

4. Conclusion

Postmortem urogenital and vascular anomalies were
observed in a 77-year-old female cadaver. No reports were
found in the literature documenting the combination of var-
iants observed: left bifid ureter, left aberrant renal artery, and
left ovarian artery originating from the aberrant vessel.
These findings are clinically important as the aberrant artery
reinforces the notion that multiple renal arterial sources are
more prevalent than previously believed, meaning that new
imaging modalities such as endoluminal ultrasonography,
computed tomography angiography (CTA), and magnetic
resonance angiogram (MRA) could replace the older
methods such as intravenous urography and angiography.
Lastly, the acceptance and utilization of a common nomen-
clature will facilitate the sharing of information between aca-
demic, surgical, and radiological fields of study. The aberrant
renal vessel can also cause hydronephrosis, which, along
with reflux, UPJO, and segmental infarction of the kidney,
can manifest itself as a result of a duplex renal system.
The knowledge of these potential anatomical variations
must be paired with an understanding of their embryologi-
cal origins and imaging techniques to aid proper clinical
diagnosis and treatment.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors would like to thank Andrey Frolov, PhD, for his
assistance in reviewing the manuscript and providing useful
insights into the revision process. This study was supported
by the Center for Anatomical Science and Education, Saint
Louis University School of Medicine.

References

[1] S.Sanna-Cherchi, P. Ravani, V. Corbani et al., “Renal outcome
in patients with congenital anomalies of the kidney and uri-
nary tract,” Kidney International, vol. 76, no. 5, pp. 528-533,
2009.

[2] V.M. Kozlov and A. Schedl, “Duplex kidney formation: devel-
opmental mechanisms and genetic predisposition,”
F1000Research, vol. 9, p. 2, 2020.

[3] H. A. Lescay, J. Jiang, and F. Tuma, Anatomy, abdomen and
pelvis, ureter, in StatPearls, Treasure Island (FL), 2020.

[4] S. Ramanathan, D. Kumar, M. Khanna et al., “Multi-modality
imaging review of congenital abnormalities of kidney and
upper urinary tract,” World Journal of Radiology, vol. 8,
no. 2, pp. 132-141, 2016.

[5] M. M. Rodriguez, “Congenital anomalies of the kidney and the
urinary tract (CAKUT),” Fetal and Pediatric Pathology, vol. 33,
no. 5-6, pp. 293-320, 2014.

E. Siomou, F. Papadopoulou, K. D. Kollios et al., “Duplex col-

lecting system diagnosed during the first 6 years of life after a

first urinary tract infection: a study of 63 children,” The Journal

of Urology, vol. 175, no. 2, pp. 678-682, 2006, discussion 681-2.

[7] J. T. Privett, W. D. Jeans, and J. Roylance, “The incidence and
importance of renal duplication,” Clinical Radiology, vol. 27,
no. 4, pp. 521-530, 1976.

[8] S. K. Fernbach, K. A. Feinstein, K. Spencer, and C. A. Lind-
strom, “Ureteral duplication and its complications,” Radio-
graphics, vol. 17, no. 1, pp. 109-127, 1997.

[9] E. Gulas, G. Wysiadecki, J. Szymanski et al., “Morphological
and clinical aspects of the occurrence of accessory (multiple)
renal arteries,” Archives of Medical Science, vol. 14, no. 2,
pp. 442-453, 2018.

[10] K. S. Satyapal, A. A. Haffejee, B. Singh, L. Ramsaroop, J. V.
Robbs, and J. M. Kalideen, “Additional renal arteries: inci-
dence and morphometry,” Surgical and Radiologic Anatomy,
vol. 23, no. 1, pp. 33-38, 2001.

[11] A. Holden, A. Smith, P. Dukes, H. Pilmore, and M. Yasutomi,
“Assessment of 100 live potential renal donors for laparoscopic
nephrectomy with multi-detector row helical CT,” Radiology,
vol. 237, no. 3, pp. 973-980, 2005.

[12] G. Singh, Y. K. Ng, and B. H. Bay, “Bilateral accessory renal
arteries associated with some anomalies of the ovarian arteries:
a case study,” Clinical Anatomy, vol. 11, no. 6, pp. 417-420,
1998.

[13] E. Nation, “Duplication of the kidney and ureter: a statistical
study of 230 new cases,” Journal of Urology, vol. 51, no. 5,
pp. 456-465, 1944.

[14] A. Bhamani and M. Srivastava, “Obstructed bifid uretereric
system causing unilateral hydronephrosis,” Revista de Urolo-
gia, vol. 15, no. 3, pp. 131-134, 2013.

[15] J. Whitaker and D. M. Danks, “A study of the inheritance of
duplication of the kidneys and ureters,” The Journal of Urol-
ogy, vol. 95, no. 2, pp- 176-178, 1966.

[16] G.S. Bisset 3rd and J. L. Strife, “The duplex collecting system
in girls with urinary tract infection: prevalence and signifi-
cance,” American Journal of Roentgenology, vol. 148, no. 3,
pp. 497-500, 1987.

[17] F.T. Graves, “The arterial anatomy of the congenitally abnor-
mal kidney,” The British Journal of Surgery, vol. 56, no. 7,
pp. 533-541, 1969.

[18] B.S. Park, T. K. Jeong, S. K. Ma et al., “Hydronephrosis by an
aberrant renal artery: a case report,” The Korean Journal of
Internal Medicine, vol. 18, no. 1, pp. 57-60, 2003.

[19] S. Isogai, M. Horiguchi, and J. Hitomi, “The para-aortic ridge
plays a key role in the formation of the renal, adrenal and
gonadal vascular systems,” Journal of Anatomy, vol. 216,
no. 6, pp. 656-670, 2010.

[20] W. Felix, Ed.F. M. F. Keibel and M. Hill, “The development of
the urinogenital organs,” in Manual of Human Embryology II,
W. Felix, Ed., pp. 752-979, J. B. Lippincott Company The
Washington Square Press, Philadelphia, 1912.

[21] E.T. Graves, “The aberrant renal artery,” Journal of Anatomy,
vol. 90, no. 4, pp- 553-558, 1956.

[22] S. Jain and F. Chen, “Developmental pathology of congenital
kidney and urinary tract anomalies,” Clinical Kidney Journal,
vol. 12, no. 3, pp- 382-399, 2019.

[6

[}



(23]

[24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

M. Giilsiin, F. Balkanci, S. Cekirge, and A. Deger, “Pelvic kid-
ney with an unusual blood supply: angiographic findings,”
Surgical and Radiologic Anatomy, vol. 22, no. 1, pp. 59-61,
2000.

J. Singh, N. Singh, K. Kapoor, and M. Sharma, “Bilateral mal-
rotation and a congenital pelvic kidney with varied vasculature
and altered hilar anatomy,” Case Reports in Medicine,
vol. 2015, Article ID 848949, 3 pages, 2015.

N. Hinata, R. Suzuki, A. Ishizawa et al., “Fetal development of
the mesonephric artery in humans with reference to replace-
ment by the adrenal and renal arteries,” Annals of Anatomy,
vol. 202, pp. 8-17, 2015.

C. Giberti, F. Germinale, M. Lillo, P. Bottino, A. Simonato, and
G. Carmignani, “Obstetric and gynaecological ureteric inju-
ries: treatment and results,” British Journal of Urology,
vol. 77, no. 1, pp. 21-26, 1996.

J. L. Gutierrez-Calzada, J. Ramos-Titos, J. A. Gonzalez-Bonilla,
A. S. Garcia-Vaquero, A. Martin-Morales, and R. Burgos-
Rodriguez, “Caliceal fistula formation following renal trans-
plantation: management with partial nephrectomy and ure-
teral replacement,” The Journal of Urology, vol. 153, no. 3,
pp. 612-614, 1995.

J. Healey, Surgical Anatomy, B.C. Decker, Toronto, 2 ed. edi-
tion, 1990.

D. Bulmer, Functional Anatomy of the Urogenital System, Pit-
man Medical, 6 ed edition, 1974.

F.]. Sampaio and M. A. Passos, “Renal arteries: anatomic study
for surgical and radiological practice,” Surgical and Radiologic
Anatomy, vol. 14, no. 2, pp. 113-117, 1992.

U. Borell and I. Fernstrom, “The ovarian artery: an arterio-
graphic study in human subjects,” Acta Radiologica, vol. -
Original Series, Volume 42, no. 4, pp. 253-265, 1954.

H. Notkovich, “Variations of the testicular and ovarian arteries
in relation to the renal pedicle,” Surgery, Gynecology & Obstet-
rics, vol. 103, no. 4, pp. 487-495, 1956.

S. R. Kotian, A. K. Pandey, S. Padmashali, J. Jaison, S. G.
Kalthur, and Manipal University, India, “A cadaveric study
of the testicular artery and its clinical significance,” Jornal Vas-
cular Brasileiro, vol. 15, no. 4, pp. 280-286, 2016.

A. Eser, D. Hizli, H. Haltas et al., “Effects of curcumin on ovar-

ian ischemia-reperfusion injury in a rat model,” Biomedical
Reports, vol. 3, no. 6, pp. 807-813, 2015.

Case Reports in Urology



	A Unique Case of Incomplete Bifid Ureter and Associated Arterial Variations
	1. Introduction
	2. Case Presentation
	3. Discussion
	3.1. Left Bifid Ureter
	3.2. Left Aberrant Renal Artery
	3.3. Left Ovarian Artery

	4. Conclusion
	Conflicts of Interest
	Acknowledgments

