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a b s t r a c t 

Anatomic variations in the urogenital tract have generally been diagnosed through intra- 

venous urography as a modality of choice. In recent years, computerized tomography (CT) 

urogram has replaced the traditional intravenous imaging of the genitourinary tract. Hema- 

turia, tumoral mass, obstructive uropathy, and congenital collecting system abnormalities 

are indications for CT imaging. In this report, we present a young woman with intermittent 

right flank pain and recent urinary tract infection. Her history was also positive for spon- 
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taneous abortion. She was referred to the Radiology Clinic for a CT urography. Our aim, in 

this case report, is to highlight the role of CT urography in the early diagnosis of anatomical 

variations of the urogenital system and appropriate prevention of clinical progression. 

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Congenital abnormalities of the kidney and urinary tract oc-
cur in 3-6 per 1000 live births [1] . They include a wide range
of anomalies, from asymptomatic ectopic kidneys to life-
threatening renal agenesis [2] . When presenting with symp-
toms, they are associated with hypertension, proteinuria, and
renal impairment. Many of them are detected in the antena-
tal or immediate postnatal period. However, a significant pro-
portion is found in the adult population with varying sever-
ity, with subsequent renal complications like stone forma-
tion, infection, and renal failure. They are the leading cause
of end-stage renal disease and kidney transplantation or dial-
ysis in children age lower than 5 [1] . Congenital anomalies
of the kidney and urinary tract (CAKUT) involves hypoplas-
tic kidney, dysplastic kidney, horseshoe kidney, number (age-
nesis or supernumerary) and shape abnormalities, cystic re-
nal disease, and ureteropelvic junction obstruction (UPJO) and
vesicoureteral reflux (VUR), complex renal calyces and mega-
calycosis, calyceal diverticula, duplication anomalies, urete-
roceles, and more. The most common anomaly of the urinary
tract is a simple renal ectopia with one organ lying outside
the renal fossa, most commonly in the pelvis [3] . Although
anatomic and histologic evaluations are the gold standard for
CAKUT diagnosis, histology is often not available [4] . Conse-
quently, renal and urinary tract developmental anatomic vari-
ants and their complication can be evaluated with imaging
studies alone, which can differentiate the anatomical variants
of the normal renal urinary tract from the pathologic changes
visible on renal calyces, infundibulum and renal pelvis mor-
phology [5] . CT urography is the ideal imaging technique for
scanning the retroperitoneal organs, such as the kidney and
has become the most useful diagnostic of urinary tract (UT)
congenital abnormalities, including complex anomalies [ 5 ,6 ].
Renal ectopia, crossed ectopia, horseshoe kidney, and renal
agenesis are all detected easily by computerized tomogra-
phy urogram (CTU). CTU can also be beneficial in the detec-
tion of UPJO and assessment of the potential of living re-
nal donors. It can determine which ureteropelvic obstruc-
tions are due to extrinsic such as an aberrant renal artery
or crossing vein, playing an essential role in evaluating po-
tential living renal donors [7] . Urinary tract duplication also
can be diagnosed by CTU, which should be considered a di-
agnostic test in isolated superior pole renal collecting system
dilation [ 8 ,9 ]. CTU can reveal the exact site of the typically
ectopic upper ureter insertion along with evaluation for the
presence of an ureterocele, which appears as a round or oval
filling defect within the urinary bladder at or near the site of
ureter insertion. Ectopic ureteral insertions and ureteroceles
are rarely detected in the setting of the non-duplicated upper
urinary tract [7] . CTU may also play an important role in surgi-
cal decision-making by providing necessary anatomic knowl-
edge about the renal vasculature and the urinary tract [10] .
The only limitation of CTU is radiation exposure ordering it
only when indicated in pediatric, young adult, and pregnant
patients [5] . 

Case presentation 

A 28-year-old female patient presented to the urologist with
the complaint of intermittent non defined pain in the right
lumbar region. The pain was radiated to the lower part of ab-
domen. There were about 4 or 5 similar episodes during the
month, and each episode lasted several days. There was no as-
sociated nausea or vomiting. Recent medical history showed a
urinary tract infection (UTI)6 months ago. At that time patient
complained of pelvic pain, dysuria, strong persistent urge to
urinate and cola colored urine. She was treated and the symp-
toms and UTI were resolved after the antibiotic course. She
had a history of a spontaneous abortion followed by a com-
plicated pregnancy. A healthy baby was delivered, and an ar-
cuate uterus was discovered intraoperatively by visual exam-
ination. She suffered from post-partum depression, but now
she claims she is in a stable mental health and is not taking
any medication. The patient’s family history was unremark-
able. Patient reported no smoking, no alcohol consumption.
Being asked about any changes in urinary frequency or color,
she reported that was urinating more frequently. A recurrent
UTI was primarily suspected. 

Initial vital signs, including blood pressure, pulse rate,
respiratory rate, and body temperature were within normal
range. Physical examination revealed right lumbar tenderness
without guarding or rigidity, but she was otherwise fit and
well. Examination findings were essentially normal, and the
patient was sent for a complete blood count, urinalysis and
electrolyte, urea, and creatinine. 

Laboratory tests were performed at Clinic of Medical Bio-
chemistry, showed hematuria and sterile pyuria in urine anal-
ysis. Liver function test (aspartate aminotransferase and ala-
nine aminotransferase), serum creatinine, blood urea nitro-
gen, and electrolytes level were within normal limits. For
further evaluation the patient was referred to the Radiology
Clinic for a CT urography of the abdomen and the pelvic area.

A CT urography following the protocol was performed and
revealed an ectopic and dysmorphic right kidney, located in
the right upper pelvic cavity ( Fig. 1 A). Double collecting sys-
tem is evident with upper collecting system emerging from
the upper pole. Located where the 2 collecting systems merge
is a non-obstructive, but large calculus in the right renal pelvis,
just proximal to the upper ureter. The calculus is obscured
in the contrast excretory phase ( Fig. 1 D). There is a single
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Figure 1 – (A) CT urography coronal plane present: Ectopic and dysmorphic right kidney is seen, located in the right upper 
pelvic cavity. Double collecting system is evident with upper collecting system emerging from the upper pole. (B) Ct 
urography -MPR images axial plane present: Incidentally noted is the arcuate uterus, as an anatomical variant. (C) Ct 
urography -excretory phase axial plane present: Incidentally noted is the arcuate uterus, as an anatomical variant. (D) CT 

urography excretory phase sagittal plane present: located where the two collecting systems merge is a non-obstructive but 
large calculus in the right renal pelvis, just proximal to the upper ureter. The calculus is obscured in the contrast excretory 

phase. (E) CT urography excretory phase coronal plane present Double collecting system single ureter. (F) CT urography 

excretory phase coronal plane present: There is single ureter, despite the double collecting system. Barely enough total 
ureter length to join urinary bladder makes this an ectopic kidney case, rather than a mobile kidney where the ureter is 
usually longer with folding to adjust the kidney mobility between right upper quadrant and pelvic cavity. 
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ureter, despite the double collecting system. Barely enough
total ureter length to join urinary bladder makes this ectopic
kidney case, rather than a mobile kidney where the ureter is
usually longer with folding to adjust the kidney mobility be-
tween right upper quadrant and pelvic cavity. ( Fig. 1 E and F)
Incidentally noted is the arcuate uterus, as an anatomical vari-
ant ( Fig. 1 B and C) Surgical removal of the stone was advised
but refused by the patient. Given the fact of the presence of
a large stone and a history of UTI patient is now on a regu-
lar follow-up with assessments of kidney function and ultra-
sound scans. 

Discussion 

Duplex kidney or duplex collecting systems of the kidney is
the most common congenital anomaly of the renal system
and one of the most frequent developmental abnormalities in
the pediatric population, with an estimated incidence of 1%
[11–13] . Duplex kidneys are characterized by the presence of 2
pyelocaliceal systems in a single renal unit [ 12 ,15 ]. It presents
bilaterally in approximately 20% of cases and occurs with a
higher propensity in females. They are twice as likely to be
affected, compared to males [13–15] . 

The condition stems due to anomalies during the normal
embryogenesis of the renal system in the fourth week of ges-
tation [12–15] . Ureteral development is characterized by the
formation of a single ureteric bud from the mesonephric duct,
subsequently branching and differentiating into the different
components of the renal pyelocaliceal system [13] . Complete
kidney duplex develops when 2 ureteric buds arise from the
mesonephric duct, to give rise to 2 independent pyelocaliceal
systems with their respective ureters that fuse with the renal
mesenchyme independently, creating 2 renal section (the up-
per and lower moiety) that are drained separately [ 12 ,15 –17 ].
Partial renal duplex is characterized by a varying degree of in-
complete duplication of the collecting system, due to the pre-
mature division of the ureteric bud, ahead of its fusion with
the mesenchyme [ 12 ,16 ,17 ]. Phenotypically, it may present as
bifid renal pelvis, partial ureteral duplication (Y-shaped ureter)
or incomplete ureteral duplication with ureters joining near
or in bladder wall (V-shaped ureter), in any case the systems
ultimately drain in a single ureter [15] . 

This variant is usually asymptomatic, but may occasion-
ally be associated with serious complications and morbidity,
depending on the involved moiety. Complications associated
with the upper moiety include multicystic dysplasia and an
ectopic insertion of the ureter in a complete duplex, with or
without the coexistence of an ureterocele, that may lead to
urinary incontinence [ 12 ,15 ,17 ]. Complications involving the
lower moiety include VUR, that predisposes to recurrent UTIs,
stone formation, renal scarring and functional impairment
[ 12 ,15 ,17 ]. Pyeloureteral obstruction may also develop [15] .
Symptoms of duplex kidney include flank pain, urinary in-
continence, hematuria, recurrent UTIs and they present over-
whelmingly in pediatric patients [ 13 ,14 ]. Adults with duplex
kidney are generally asymptomatic and they are diagnosed in-
cidentally during imaging exams, the variant is usually of no
clinical importance in these patients [12] . 
Renal ectopia is defined as an abnormal positioning of the
kidney, outside the renal fossa, due to abnormalities in its
ascent during early renal embryogenesis [ 18 ,19 ]. It develops
as a result of an aberration during the normal migration of
the metanephros and the ureteric bud from the pelvis to the
lumbar region, between the sixth to eighth week of gesta-
tion [20] . Depending on its location, ectopic kidneys are clas-
sified into thoracic, abdominal, iliac and pelvic, with pelvic
kidney being the most prevalent variation [21] . The incidence
of pelvic kidneys is reported to be approximately 1:2200-3000
patients [22] . The ectopic kidney may present ipsilaterally to
its ureteral insertion, simple ectopia or contralaterally to its
ureteral insertion, cross ectopia, that is often associated with
partial fusion with the orthotopic kidney, as well [19] . Pelvic
kidneys may present with malrotation, hydronephrosis due
to obstruction or VUR, extrarenal calices, nephrolithiasis and
UPJO [ 18 ,20 ,–23 ]. Obstruction has been hypothesized to de-
rive from the high insertion of the ureters into the pyelocal-
iceal system, impeding the normal drainage and facilitating
urinary stasis [23] . Patients are largely asymptomatic and ec-
topic kidneys are incidental findings, nevertheless they show
a slightly increased susceptibility to UTIs, nephrolithiasis and
traumatic injuries [22] . There have been reports of an asso-
ciation of ectopic kidneys with concurrent genital develop-
mental anomalies or variations, as was the case with our
patient [ 21 ,23 ]. 

To the best of our knowledge, our patient represents one of
the few cases reported in literature of a concomitant presence
of two congenital renal developmental anomalies, a pelvic and
partial duplex kidney, associated with a concurrent uterine
malformation, an arcuate uterus. 

Conclusion 

In our patient, an ectopic and dysmorphic kidney associated
with uterus variation was noticed. The structural visualiza-
tion of kidney parenchyma and urogenital tract through CT
urography was of high quality. This can lead to earlier detec-
tion of the anomalies and proper treatment suggestions with
no delay. Given the good imaging outcomes, CT urography can
be the gold standard in diagnosing anatomic variations of the
urogenital tract. 

Patient consent statement 

Informed Consent Statement: Written informed consent has
been obtained from the patient to publish this paper. 

Supplementary materials 

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.radcr.2022.07.074 .
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