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ABSTRACT

Pelvic kidney is a relatively common renal malformation as well as duplex
kidney; however, the unilateral coexistence of these abnormalities is not
frequently found. We present a case of a young woman with a history of
hypertension in whom a pelvic and dysmorphic left kidney was discovered
during ultrasound examination performed for the study of the renal arteries.
Magnetic resonance imaging and computed tomography imaging revealed a
duplex pelvic kidney. This combination is very rare; we have not found a

similar case reported in the literature.

CASE REPORT

CASE REPORT

A 28-year-old woman with a history of hypertension
presented at the Radiology Department; her laboratory tests
were normal although blood pressure was 190/110 mm Hg.

There was no family history of kidney disease.

US showed an ectopic and dysmorphic left kidney; the
renal parenchyma was normal. Color Doppler (CD) study was
performed (Fig. 1), but distal tract of renal vessels was not
visualized because of gas artifacts. Right kidney had a regular
position, morphology and size.

Magnetic resonance imaging (MRI) (Avanto, Siemens
Medical Solutions, Forchheim, Germany 1.5 T) of abdomen
and pelvis before and after intravenous contrast material was
performed. MR Angiography study was not satisfactory for
technical reasons. Anyway MRI showed a left pelvic kidney,
malrotated, with alterated hilar anatomy and an incomplete
duplication of the collecting system (Fig. 2 C). Both suprarenal
glands were present at the level of 12th thoracic vertebra.

To get a better visualization of the vascular map, a CT

scan (Aquilion 64, Toshiba Medical System, Tokyo, Japan)
was performed. The voltage was set at 100 kV, with an
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automatic mA modulation between 80 and 440 mA and a
standard deviation (SD) value of 15. The other parameters
were: collimation 64 x 0.5 mm, gantry rotation time 0.5 s,
pitch 0.828. Intravenous non ionic contrast material (lobitridol
350 I/mL; XENETIX 350, Guerbet, Aulnay-sous-Bois,
France) was administered through a catheter in the right
cephalic vein, followed by administration of 40 mL of saline
solution. It was injected at a flow rate of 3.5 mL/second
applying an automatic injector.

Longitudinal diameter of the left ectopic kidney was 10
cm, similar to that of the right kidney (9.6 cm). The upper pole
was located at the level of L4 and the inferior pole at the S1-
S2 intervertebral space. The kidney was malrotated, with
altered hilar anatomy and deep lobes; it was vascularised by
two distinct arteries: the main artery arose from the aortic
bifurcation and descended posteriorly to middle third of
kidney; a branch, which penetrated into the parenchyma in the
upper pole, originated from this vessel. Another thin artery,
that supplied lower pole, originated from the right common
iliac artery, just below the aortic bifurcation (Fig. 2, Fig. 3).
CD study demonstrated no hemodynamically significant
stenoses.

In regard to the venous drainage, there were two renal
veins from the upper hilar region, that in turn formed a
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common trunk which drained into inferior vena cava. Another
independent vein was recognizable at the hilum in lower pole,
draining into the right common iliac vein (Fig. 2, Fig. 3).

Contrast excretion was seen normally without any delay.
There was no evidence of dilatation of pelvicalyceal system on
either side. An incomplete duplication of the collecting system
was confirmed: upper collecting system was anterior while
lower collecting system was located medially. A short ureter
(2.5 cm in length) from the upper system coursed anteriorly
and joined the lower pelvis to form a single ureter (12 cm in
length) (Fig. 4 A, B), configuring a bifid ureter. The right
kidney was normally located; it was supplied by a single renal
artery originating from aorta; a single renal vein was seen
draining into inferior vena cava. Right pelvicalyceal system
and ipsilateral ureter did not show any anatomical variation.

Vescicoureteric junctions of both sides and bladder
appeared normal (Fig. 4 C).

Since imaging techniques did not show either significant
signs of obstruction with urinary stasis, or signs of infection, as
confirmed by laboratory analysis, our patient was chosen to be
followed through a regular follow-up with clinical
examinations, urine and blood tests, blood pressure monitoring
with antihypertensive therapy, with a conservative approach;
moreover, since CD study did not demonstrate vascular
stenosis neither supine nor in erect station, hypertension was
assumed not to be renal-related.

The patient is still followed through a regular follow-up
and is alive and in good health.

DISCUSSION

Etiology & Demographics:

Congenital abnormalities of the kidney and urinary tract
occur in 3-6 per 1000 live births [1] and can be classified on
embryological basis into abnormalities of the renal
parenchyma development, aberrant embryonic migration and
abnormalities of the collecting system [2].

The incidence of ectopic kidney is 1:12,000 clinical and
1:900 post-mortem cases [3]. Ectopic kidney may be
abdominal, lumbar or pelvic, based on its position in the
retroperito~neum; it can be placed either ipsilaterally or
contralat-erally [4]. Ectopic kidney is usually smaller with
varying degree of malrotation; it can be fused in 85% with the
orthotopic kidney [5]. Its blood supply is from iliac artery or
infrarenal abdominal aorta with typically multiple arteries and
the ureter has a length according to the location of the kidney

[1].

Also duplex kidney is a common abnormality, carrying an
incidence of approximately 1% [6,7]; it is found to be up to
two times more frequent in female patients and bilateral in less
than 20% [8].
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Clinical & Imaging findings:

Duplex kidney is defined as a renal unit comprised of two
pelvicalyceal systems [9,10]. Duplication, often classified as
either complete or partial [11], occurs when two separate
ureteric buds arise from a single Wolffian duct [12]; it is
characterised by an incomplete fusion of upper and lower
kidney moieties resulting in a variety of complete or
incomplete duplications of the collecting system [8]. Based on
the degree of fusion, it can present as bifid renal pelvis, partial
ureteric duplication (Y-shaped ureter), incomplete ureteric
duplication with ureters joining near or in bladder wall (V-
shaped ureter) and complete ureteric duplication with separate
ureteric orifices [11,13].

Although these two anomalies are frequent, their
association is very rare. We have not found any similar
association reported in literature.

Congenital anomalies of the kidney and urinary tract are
part of a family of disease with different anatomical origins
[14].

Renal ectopia is one of the most common renal
abnormalities of kidney development; it is characterized by
abnormal location of the kidney outside the flank region and is
often associated with other genitourinary malformations. Most
ectopic kidneys are clinically asymptomatic and they are not
more susceptible to disease than normally positioned Kidneys.
The abnormal position of the ectopic kidneys may result in a
palpable abdominal mass, direct and referred pain, urinary
tract infection and stones, vescicoureteral reflux (VUR),
vascular malformations and renovascular hypertension
secondary to an anomalous blood supply [15].

Various anatomical abnormalities can contribute to stone
formation. Renal abnormalities, polycystic kidney, or
obstructions at the ureteropelvic junction or at any other level
of the excretory system can cause urinary stasis, which
increases the risk of stone formation.

Duplex collecting system is also a common congenital
abnormality. Duplex kidney is mostly asymptomatic,
incidentally detected and of no clinical significance; however,
it can be associated with significant pathology, often with
long-term morbidity [8], which is specific of the renal moiety
(upper moiety: ectopic ureteric insertion, with or without an
ureterocele and multicystic dysplastic moiety; lower moiety:
VUR, renal scarring and pyelo-ureteral junction obstruction

[6,7]).

In our case, unilateral combination of these malformations
was observed: we have not found any similar case in literature.
Renal function was preserved, the only symptom was arterial
hypertension refractory to medical therapy, probably related to
vascular tortuosity given the absence of hemodynamically
significant stenosis. This could determine a transient increment
of wvascular resistances in particular positions (e.g. erect
station) which could lead to an hypertensive peak.
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The left kidney was located in the pelvis and appeared
dysmorphic, with deep lobes, simulating a supernumerary
kidney fused with a pelvic kidney.

Treatment & Prognosis:

Management of this condition depends on symptoms and
the kidney function. No treatment — as well as for ectopic
kidney — is required if urinary function is normal and no
obstruction to the urine flow is observed [16]; if an obstruction
is present, surgery may be required to correct the location of
the kidney and to allow better drainage of urine, in order to
reduce infections, urinary stasis and consequent stones
formation. Reflux can be repaired by surgery to modify the
course of the ureter. The position of the kidney, vascular
tortuosity and vessels’ diameter may determine an increment
of blood pressure causing hemodynamically significant
stenosis. In case of extensive renal damage or malignancy,
nephrectomy is indicated [17].

Differential Diagnoses:

Supernumerary kidney can be distinguished from duplex
kidney [18], which is more often encountered. It is a rare
anatomic anomaly with less than 100 cases reported in the
literature; it is generally diagnosed in young people, affects
males and females equally and involves mostly the left side
[14]. A supernumerary kidney may be of the same size or more
commonly smaller than usual kidney and located caudally
rather than cranially to the ipsilateral kidney [19]. It can be
totally apart from the original kidney or connected to it by a
sheath of connective tissue [20] or by a portion of parenchyma
[21]. As concern excretory system, the supernumerary kidney
can be drained by a bifid ureter or by a separate ureter [18],
the former condition being a little more frequent than the latter
(53%) [22]. The supernumerary kidney is considered to be an
accessory organ with a separate arterial supply, venous
drainage and usually separate encapsulated tissue [23].

Duplex kidney, however, has a single continuous capsule
and does not have a separate arterial supply. The number of
calyces is greater in supernumerary kidney, while it is equal to
that of the opposite kidney in the duplex system [18].

In our case report CT scan showed a pelvic duplex kidney,
because the two moieties of the kidney did not have a separate
arterial supply (the main artery supplied both upper and lower
portion of the kidney, the accessory one supplied the lower
portion); furthermore, only a single capsule was identified.
The vein anatomy (two veins) as well as excretory system
anatomy (double system with a Y-shaped ureter) did not give
an useful contribution to differential diagnosis.

TEACHING POINT

Pelvic kidney is a relatively common renal malformation as
well as duplex kidney but the unilateral coexistence of these
abnormalities is not frequently found. Ultrasonographic
imaging, as first line imaging is not always diriment; it may
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highlight an ectopic kidney and/or a malrotation, To get a
better visualization of the vascular map, a CT scan must be
performed, also to obtain useful information in anticipation of
an eventual surgical approach. Management of this condition
depends on symptoms and on the kidney function and no
treatment is required if urinary function is normal and no
obstruction to the urine flow is observed with imaging
techniques.

REFERENCES

1. Ramanathan S, Kumar D, Khanna M et al. Multi-modality
imaging review of congenital abnormalities of kidney and
upper urinary tract. World J Radiol, 2016; 8:132-141. PMID
26981222

2. Daneman A, Alton DJ. Radiographic manifestations of renal
anomalies. Radiol Clin North Am, 1991; 29:351-363. PMID
1998056

3. Meizner I, Yitzhak M, Levi A et al. Fetal pelvic kidney: a
challenge in prenatal diagnosis?. Ultrasound Obstet Gynecol,
1995; 5:391-93. PMID 7552800

4. Bauer SB (1998) Anomalies of the kidney and ureteropelvic
junction. Campbell's Urology, 7th ed. Philadelphia: Wb
Saunders Company 1709-55 ISBN 0721644619

5. Tarkvatan A, Olger T, Cumhur T. Multidetector CT
urography of renal fusion anomalies. Diagn Interv Radiol,
2009; 15:127-134. PMID 19517383

6. Privett JTJ, Jeans WD, Roylance J. The incidence and
importance of renal duplication. Clin Radiol, 1976; 27:521-30.
PMID 1000896

7. Davda S, Vohra A. Adult duplex kidneys: an important
differential diagnosis in patients with abdominal cysts. J R Soc
Med, 2013; 4:1-3. PMID 23476734

8. Doery AJ, Ang E, Ditchfield MR. Duplex kidney: Not just a
drooping lily. Journal of Medical Imaging and Radiation
Oncology, 2015; 59:149-153. PMID 25708100

9. Hartman GW, Hodson CJ. The duplex kidney and related
abnormalities. Clin Radiol, 1969; 20:387-400. PMID 5349344

10. Horst M, Smith GHH.Pelvi-ureteric junction obstruction in
duplex kidneys. Br J Urol, 2008; 101:1580-4. PMID
18218060

11. Fernbach SK, Feinstein KA, Spencer K et al. Ureteral
duplication and its complications. Radiographics, 1997;
17:109-27. PMID 9017803

12. Inamoto K, Tanaka S, Takemura K et al. Duplication of
the renal pelvis and ureter: associated anomalies and
pathological conditions. Radiat Med, 1983; 1:55-64. PMID
6679897

10

Giorlando et al.

W09 sase)A30[0Ipey Mmmm



Journal of Radiology Case Reports

Genitourinary
Radiology:

13. Share JC, Lebowitz RL. The unsuspected double collecting
system on imaging studies and at cystoscopy. AJR Am J
Roentgenol, 1990; 155:561-564. PMID 2117358

14. Innocenzi M, Casale P, Alfarone A et al. Supernumerary
kidney laparoscopically treated. Can Urol Assoc J, 2013;
7:772-4. PMID 24282475

15. Cocheteux B, Mounier-Vehier C, Gaxotte V. Rare
variations in renal anatomy and blood supply: CT appearances
and embryological background. Eur Radiol, 2001; 11:779-86.
PMID 11372607

16. Van den Bosch CM, Van Wijk JA, Beckers GM et al.
Urological and nephrological findings of renal ectopia. J Urol,
2010; 183:1574-78. PMID 20172541

17. Bhoil R, Sood D, Singh YP et al. An Ectopic Pelvic
Kidney. Pol J Radiol, 2015; 80:425-427. PMID 26413178

18. Sureka B, Mittal MK, Mittal A et al. Supernumerary
kidney - a rare anatomic variant. Surg Radiol Anat, 2014;
36:199-202. PMID 23670608

Duplex collecting system in a pelvic kidney - an unusual combination

Giorlando et al.

19. Shahani BK, Vasvani AK, Nizamani WM et al. Ectopic
supernumerary Kidney: a rare anatomic variant. Pak J Med
Dent, 2014; 3(4):74-77. available at:
https://www.researchgate.net/publication/279852751

20. Keskin S, Batur A, Keskin Z et al. Bilateral
Supernumerary Kidney: A Very Rare Presentation. Iran J
Radiol, 2014; 12;11(4): e11069. doi:
10.5812/iranjradiol.11069. Collection 2014.

21. Favorito A, Morais AR. Evaluation of supernumerary
kidney with fusion using magnetic resonance image.
Radiology Page, 2012; 38: 428-429. PMID 22765860

22. Koureas AP, Panourgias EC, Gouliamos AD et al. Imaging
of a supernumerary kidney. Eur Radiol, 2000; 10:1722-3.
PMID 11097396

23. Patel C, Hemanth Kumar R, Mallya P et al. Evaluation of a
fused supernumerary kidney using MDCT: A rare case report.
IOSR Journal of Dental and Medical Sciences, 2015; 14:57-
60. e-ISSN: 2279-0853, p-ISSN: 2279-0861.VVolume 14, Issue
5 Ver. VI (May. 2015), PP 57-60

FIGURES
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Figure 1: 28-year-old woman with duplex collecting system in a pelvic kidney.
Findings: CD-US images demonstrate two distinct arteries: the main artery (A) and another thin artery (a), that supplied lower
pole, originated from the right common iliac artery, just below the aortic bifurcation. The exam demonstrated no

hemodynamically significant stenoses.

Technique: CD performed on PHILIPS 1U22 with 5-2MHz Curved Transducer at a frequency of 5.0 MHz.
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Figure 2: 28-year-old woman with duplex collecting system in a pelvic kidney.

Findings: CT-Angiography VR anterior view (A), CT-Angiography VR posterior view (B), MR-Angiography coronal MIP (C)
and CT-Angiography coronal MIP (D) images demonstrate a left pelvic kidney, dysmorphic and malrotated, with deep lobes,
altered hilar anatomy and complex vascularization. The main renal artery - that arises from the aorta, at the bifurcation, in the
middle seat - is seen for a short tract (full arrowhead), as it moves to the posterior surface of the kidney and descends to the
middle third. A branch, originating from the main artery, penetrates into the parenchyma at the upper pole (long arrow). An
accessory renal artery (short arrow) arises from the right common iliac artery, just below the bifurcation, on the medial side and
supplies the lower pole. Two renal veins, that originate from upper renal hilum, form a common trunk (empty arrows) which
drains into the inferior vena cava (1\VVC). Another independent vein is recognizable at the lower hilum (empty arrowhead), draining
in the right common iliac vein.

Technique: Scan acquired in the angiographic phase on Aquilion 64, Toshiba Medical System CT scanner (Tokyo, Japan). The
voltage was set at 100 kV, with an automatic mA modulation between 80 and 440 mA and a standard deviation (SD) value of 15.;
beam collimation 64 x 0.5 mm, gantry rotation time 0.5 s, pitch 0.828.

110 cc lobitridol 350 mgl/mL intravenous contrast administered at 3.5 mL per second. MR-Angiography sequence acquired on
Avanto, Siemens Medical Solutions, 1.5 T (Forchheim, Germany) Spoiled Gradient Echo (TR 2.94ms TE 1.06ms) slice thickness
1.10mm GAP 0. 7.0 mL Gadobutrol 1.0 mmol/mL contrast injected at 3.0 mL per second.
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Figure 3: 28-year-old woman with duplex collecting system in a pelvic kidney.

Findings: Serial axial contrast-enhanced CT images of the abdomen from superior to inferior (A, B, C, D).

The main renal artery (A) arises from the aorta, at the carrefour, in the middle seat; it moves to the posterior surface of the kidney
(k) and descends to the middle third . A branch, originating from the main artery, penetrates into the parenchyma at the upper pole
(Al). An accessory renal artery (a) arises from the right common iliac artery, just below the bifurcation, on the medial side; it
supplies the lower pole. Two renal veins (V) originate from upper renal hilum which is rotated anteriorly.

Technique: Scan acquired in the angiographic phase on Aquilion 64, Toshiba Medical System CT scanner (Tokyo, Japan). The
voltage was set at 100 kV, with an automatic mA modulation between 80 and 440 mA and a standard deviation (SD) value of 15.;
beam collimation 64 x 0.5 mm, gantry rotation time 0.5 s, pitch 0.828. 110 cc lobitridol 350 mgl/mL intravenous contrast
administered at 3.5 mL per second.
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Figure 4: 28-year-old woman with duplex collecting system in a pelvic kidney.
Findings: 3D VR images (anterior view: A; lateral view: B; posterior view: C) demonstrate a left pelvic kidney with a duplex
excretory system. A, B) Upper collecting system is anterior, while lower collecting system is located medially; a short ureter (2.5
cm in length) from the upper system courses anteriorly and joins the lower pelvis to form a single ureter (12 cm in length). C)
Vescicoureteric junctions of both sides are normal.

Technique: Scan acquired in the excretory phase (12 minutes after contrast administration) on Aquilion 64, Toshiba Medical
System CT scanner (Tokyo, Japan). The voltage was set at 100 kV, with an automatic mA modulation between 80 and 440 mA
and a standard deviation (SD) value of 15.; beam collimation 64 x 0.5 mm, gantry rotation time 0.5 s, pitch 0.828. 110 cc
lobitridol 350 mgl/mL intravenous contrast administered at 3.5 mL per second.

Supernumerary Duplex
Etiology Congenital Congenital
Incidence The true incidence of this anomaly cannot be calculated because |1:100

of its infrequent occurrence (less than 100 cases in literature)
Gender ratio - F:M=2:1

Age predilection

Risk factors

Treatment

None if asymptomatic

None if asymptomatic

Prognosis

Influenced by urinary function and eventual complications

Influenced by urinary function and eventual
complications

Table 1: Summary table for supernumerary kidney and duplex kidney.
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Supernumerary Duplex

Parenchyma Usually completely separate/ partial fusion Both poles attached to each other
Capsule Separate or continuous Continuous
Number of calyces Greater Does not exceed from the opposite side
Vascular supplies Separate arterial supply and venous drainage Same vascular supply
Pattern of contrast Generally homogeneous (influenced by urinary Generally homogeneous (influenced by urinary
enhancement function and eventual complications) function and eventual complications)
Radiopharmaceutical | Generally homogeneous (influenced by urinary Generally homogeneous (influenced by urinary
uptake function and eventual complications) function and eventual complications)

Table 2: Differential diagnosis table for supernumerary kidney and duplex kidney based on imaging.

ABBREVIATIONS

CD = Color Doppler

CT = Computed Tomography

MRI = Magnetic Resonance Imaging
SD = Standard Deviation

US = Ultrasound

VUR = Vescicoureteral Reflux
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