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Abstract

Congenital genitourinary anomalies are among the most frequent types of birth defects in neonates. Some anomalies can
be a significant cause of morbidity in infancy, while others remain asymptomatic even until adulthood and can be at times
the only manifestation of a complex systemic disease. The spectrum of these anomalies results from the developmental
insults that can occur at various embryologic stages, and an understanding of the formation of the genitourinary system
is helpful in the evaluation and treatment of a child with a congenital genitourinary anomaly. Imaging plays an essen-
tial role in the diagnosis of congenital genitourinary anomalies and treatment planning. In this article, we highlight the
embryologic and characteristic imaging features of various congenital genitourinary anomalies, demonstrate the utility of
different imaging modalities in management, and review specific imaging modalities and protocols for image optimization.
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Introduction

Congenital anomalies of the genitourinary tract are among
the most common organ system abnormalities in the neo-
nate. Detection usually occurs in the antenatal or immediate
postnatal period, with a significant proportion identified in
older children with varying degrees of severity. Congeni-
tal abnormalities of the kidney and urinary tract are one of
the leading causes of end-stage renal disease [1] and range
from asymptomatic ectopic kidneys to fatal bilateral renal
agenesis. The spectrum of congenital malformations of the
genitalia is broad and beyond the scope of this paper. Dis-
orders of sex development are covered in more detail in a
separate article in this supplement [2]. For the purposes of
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this review, we focus on Miillerian duct anomalies, which
are clinically important to diagnose because of the increased
risk of infertility, endometriosis, and recurrent miscarriages
later in life [3].

Congenital renal anomalies can be classified on an
embryologic basis into abnormalities in the renal paren-
chymal development, aberrant embryonic migration, and
abnormalities of the collecting system. Renal parenchymal
abnormalities include multicystic dysplastic kidneys; renal
hypoplasia; abnormalities in number, whether agenesis or
supernumerary; and cystic renal diseases (Table 1). Aber-
rant embryonic migration encompasses abnormal location
and fusion anomalies. Anomalies of the collecting system
include duplex collecting systems and ureteropelvic junc-
tion (UPJ) obstruction. Congenital anomalies of the lower
urinary tract can be classified into those involving the dis-
tal ureter, urachus, bladder and urethra. The spectrum of
disease that occurs with congenital anomalies of the lower
urinary tract is listed in Table 2.

In this manuscript, we review complex congenital
genitourinary anomalies, emphasizing the imaging tech-
niques that can aid in diagnosis. These malformations can
coexist within the same case because of their common
embryologic origin, which we also briefly summarize. We
describe failures of normal development with each of the
specific anomalies.
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Table 1 Congenital anomalies

. Renal parenchymal malformation
of the kidneys and upper

Abnormal migration Abnormal collecting system

urinary tract Anomalies in number

Anomalies in shape
Hypoplasia/dysplasia

Ectopic kidney
Horseshoe kidney

Duplex collecting system
Ureteropelvic junction obstruction

Table 2 Congenital anomalies
of the lower urinary tract

Anomalies of the distal ureter Bladder anomalies

Urachal anomalies Urethral anomalies

Vesicoureteral reflux Agenesis Patent urachus Posterior/anterior urethral valves
Primary megaureter Duplication Urachal cyst Urethral duplication

Ectopic ureter Diverticula Urachal sinus Urethral diverticula

Ureterocele Bladder exstrophy  Diverticulum Megalourethra

Urethral fistula
Congenital urethral stricture

Embryology

The urogenital system arises from intermediate meso-
derm, which forms a urogenital ridge on either side of
the aorta. The urogenital ridge develops into three sets of
tubular nephric structures (from head to tail): the prone-
phros, the mesonephros and the metanephros (Fig. 1) [4].
The pronephros is the cranial-most set of tubes, and this
mostly regresses [4, 5]. The mesonephros is located along
the midsection of the embryo and develops into mesone-
phric tubules and the mesonephric duct (Wolffian duct)
[4]. These tubules initially carry out some kidney function,
but many of the tubules later regress. The mesonephric
duct persists, however, and opens to the cloaca at the tail
of the embryo. The metanephros gives rise to the definitive
adult kidney [5].

Pronephros

Mesonephros

Metanephros

Fig. 1 Urogenital system development. Three sets of tubular nephric
structures develop from the urogenital ridge: the pronephros, the mes-
onephros and the metanephros. The pronephros mostly regresses. The
mesonephros develops into mesonephric tubules and the mesonephric
duct (Wolffian duct). The metanephros gives rise to the definitive
adult kidney

Before the 4™ week of gestation, the cloaca, which is nor-
mally a transient structure during embryonic development,
forms from the terminal portion of the hindgut by the conflu-
ence of the allantois and hindgut (Fig. 2) [4]. The cloaca is
separated from the amniotic cavity by the cloacal membrane,
which is the most distal portion of the cloaca [6]. Ureteral
orifices form when caudal mesonephric ducts are absorbed
into the developing bladder. The ureteral bud is an outgrowth
of the mesonephric duct that further differentiates into ure-
ters and the renal collecting system [4]. The genitals and the
lower abdominal wall are formed by the genital tubercle.

By the end of the 7™ week of gestation, the urorectal sep-
tum separates the cloaca into dorsal and ventral parts and

Fig.2 Embryology of early the lower urinary tract. The allantois (A)
incorporates into the distal portion of the hindgut (H) to form the clo-
aca (C) before the 4™ week of gestation. Ureteral orifices form from
caudal mesonephric ducts (M) that are absorbed into the developing
bladder. The ureteral bud (B) differentiates into ureters and the renal
collecting system. The genitals and the lower abdominal wall form
from the genital tubercle (G). CM cloacal membrane
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develops into the perineal body (Fig. 3) [7]. There is further
differentiation of the urogenital sinus into vesical (cranial),
pelvic (middle) and phallic (caudal) divisions (Fig. 3) [6]. The
vesical division forms the bladder dome, ventral bladder wall
and urachus. The pelvic division forms the urethra, and the
phallic division the genitals. The bladder trigone is formed by
caudal ends of the mesonephric ducts distal to the ureteral bud
[6]. By week 16, the urachus involutes to become the median
umbilical ligament extending from the apex of the bladder to
the umbilicus. The developing genitals are normally cephalad
to the opening of the urogenital sinus (Fig. 3) [7].

Mesodermal folds lateral to the cloacal membrane enlarge
and form the paired primordia of the genital tubercles before
the 4™ week of gestation [6]. By the 5™ week of gestation, the
definitive genital tubercle forms by rapid enlargement, medial
migration and fusion of these primordia [6]. The abdominal
wall musculature and anterior pelvic bones are formed by addi-
tional mesodermal tissue that accompanies the genital tubercle,
which is located in the lower developing abdominal wall.

All embryos develop female internal genitalia unless a
functioning testis is present [8]. In the presence of androgens,
male genitalia develops (Fig. 4) [6]. Sertoli cells in the fetal
testes produce Miillerian-inhibiting factor, a glycoprotein that
inhibits development of the paramesonephric (Miillerian)
ducts [6]. Leydig cells in the fetal testes produce testosterone,
which stabilizes the mesonephric (Wolffian) ducts and pro-
motes further development of vasa deferentia, epididymides
and seminal vesicles. In females, the mesonephric (Wolffian)
ducts atrophy and the paramesonephric (Miillerian) ducts
persist and develop into the fallopian tubes, uterus and upper
vagina (Fig. 4). Because the formation of the urinary tract and
genitalia occur intimately, renal anomalies are commonly seen
with genital anomalies [9].

Fig.3 Development of the lower urinary tract (a), urogenital sinus
and rectum (b) and urinary bladder (c). a The urorectal septum sepa-
rates the cloaca into dorsal (D) and ventral (V) parts and develops into
the perineal body. A allantois, M mesonephric ducts. b The forma-
tion of the perineal body later divides the cloaca into the urogenital
sinus anteriorly and rectum posteriorly. ¢ The urogenital sinus fur-
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Imaging techniques and protocols

In addition to the more traditional methods to image the geni-
tourinary tract in children, which include US, fluoroscopy and
in some cases nuclear imaging, MRI and contrast-enhanced
voiding urosonography (ceVUS) can aid in diagnosis and man-
agement. CT can also be helpful in certain situations.

Ultrasound and fluoroscopy are commonly performed
first in the initial evaluation of the genitourinary system at
most institutions. Contrast-enhanced VUS can be a helpful
adjunct, combining both anatomical and functional imag-
ing of the genitourinary system with no radiation exposure.
However, these primary imaging modalities might be inad-
equate for the full characterization of certain genitourinary
anomalies. MRI can help by providing morphological and
functional information on genitourinary structures without
ionizing radiation or limitations of patient body habitus or
overlying bowel gas. In addition, MRI has good spatial,
temporal and contrast resolution that is ideally suited for
evaluating the genitourinary tract [10].

There are two primary MRI techniques for evaluating the
pediatric genitourinary system: an MRI pelvis protocol for
assessing urogenital anatomy, and MR urography for specific
morphological and functional evaluation of the kidneys and
upper urinary tract. MRI examinations can be performed at
either 1.5-tesla (T) or 3.0-T magnet strength using multi-
channel phased-array surface coils. Imaging performed
at 3.0 T provides increased signal, which can be used to
improve spatial resolution in younger children, albeit with
the trade-off of increasing artifacts and decreasing homoge-
neous fat suppression [11].

The primary aim of the standard MRI pelvis protocol is to
clearly define the anatomy of the genitourinary system and

Perineal
body

ther differentiates into cranial and vesical (Ve), middle and pelvic
(P), and caudal and phallic (Ph) divisions. The urachus (U) involutes
and becomes the median umbilical ligament by week 16. Developing
genitals (G) are normally positioned cephalad to the opening of uro-
genital sinus
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Fig.4 Embryonic development of males and females. Differential
development of the male and female ducts is directed by the gonads.
Wolffian ducts regress in females in the absence of testosterone, leav-

assess abnormalities (Table 3). Common indications include
evaluation of Miillerian duct anomalies or ambiguous genitalia,
or identification of the ovaries/testes. The coverage area should
be focused on the pelvis, especially the perineum to include
the external genitalia, with survey images of the kidneys. All
sequences (aside from the diffusion-weighted images) should
be performed with high resolution and a minimum in-plane
resolution of 1 X 1-mm pixels and 3- to 4-mm slice thickness.

The most common indications for pediatric MR urography
are to evaluate complex renal and urinary tract anatomy, sus-
pected urinary tract obstruction, and pre- and postoperative
assessment. A typical MR urography protocol should include
sequences for MR hydrography and post-contrast MR urogra-
phy (Table 4). MR hydrography leverages the long T2 relaxa-
tion time of urine to create high-contrast-resolution images of
the urinary tract. This technique excels at evaluating a dilated
or obstructed upper urinary tract without contrast material,
although it is less ideal when the urinary tract is not dilated.
Post-contrast MR urography images the urinary tract follow-
ing the administration of an intravenous gadolinium-based

Mdllerian
duct

Wolffian
duct

—Urogenital
sinus

- androgens

Ovary

Fallopian
tube

Uterus

Vagina

ing Miillerian ducts to form female reproductive organs. In males, tes-
tosterone supports the growth of the Wolffian ducts, which differenti-
ate into male urogenital tract derivatives

contrast agent (GBCA), typically gadobutrol at our institution.
This technique provides gross evaluation of renal perfusion
and excretion as well as better visualization of nondilated ure-
ters and their insertion. Additionally, when using a GBCA,
quantitative renal function data such as renal blood flow, glo-
merular filtration rate, and split renal function can be assessed
[12]. The field-of-view should include the entire urinary tract
from the kidneys through the perineum to assess for ectopic
ureter insertion. All sequences should be performed with high
resolution and a minimum in-plane resolution of 1 X I-mm
pixels and 3- to 4-mm slice thickness.

Spectrum of imaging findings
Renal agenesis
Renal development begins in the 5th week of gestation [13].

Renal agenesis results from the abnormal interaction between
the ureteric bud of the mesonephric duct and metanephric
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Table 3 Standard MRI pelvis imaging protocol for evaluating urogenital anatomy

Pulse sequence

Imaging plane

Rationale

T2-W single-shot fast spin echo

Coronal upper pole of Overview assessment of anatomy

kidneys to perineum

Dual-echo T1-W Axial

3-D fat saturation T2-W Coronal

T2-W fat-saturated fast spin-echo motion-correction radial ~ Axial
blade

T1-W fat-saturated volume-interpolated gradient recalled ~ Axial

echo
Optional
T2-W fast spin echo
T2-W fat-saturated fast spin echo
Diffusion-weighted imaging Axial

Contrast-enhanced T1-W fat-saturated volume-interpo-  Axial

lated gradient recalled echo

Coronal oblique
Axial, sagittal

Identifies fat or blood

Allows for multiplanar reconstruction (i.e. in-plane evalua-
tion of the uterus)

Motion-resistant sequence in case motion affects the other
sequences

Thin sections provide higher detail and useful comparison
for post contrast images if performed

For evaluation of bicornuate/septate uterus

Improved visualization of fluid-filled structures

For evaluating sex organs, which normally restrict diffusion

Improves visualization of organs and characterizes pathol-
ogy

Table 4 Magnetic resonance urography protocol

Pulse sequences Planes Common uses

T2-W fat-saturated single-shot fast spin echo Coronal Obtain overview of renal and urinary tract anatomy

T2-W fat-saturated fast spin echo Axial Obtain more detailed evaluation of the renal paren-
chyma, ureters and bladder

3-D T1-W fat-saturated volume-interpolated gradi- Coronal Evaluate dilated urinary tracts

ent recalled echo
Dynamic post-contrast imaging for 10-15 min
using 3-D T1-W fat-saturated volume-interpo-

lated gradient recalled echo kidneys)

Delayed post-contrast 3-D T1-W fat-saturated
volume-interpolated gradient recalled echo

Coronal, axial

Optional
Thick-slab T2-W single-shot fast spin-echo cine  Coronal
Delayed post-contrast 3-D T1-W fat-saturated Sagittal

volume-interpolated gradient recalled echo

Coronal oblique (parallel to long
axis of the abdominal aorta and

Assess renal perfusion, parenchymal enhancement,
and excretion of contrast material; identify focal
renal parenchymal perfusion defects from scarring
or pyelonephritis; identify crossing vessels; quanti-
tatively assess renal function

Improve anatomical assessment of kidneys and
urinary tract, especially ureteral insertion

Evaluate peristalsis of the ureters

An additional sagittal plane might be useful in cases
of ectopic insertion

mesenchyme [14]. If bilateral, renal agenesis leads to the
classic triad of oligohydramnios, lung hypoplasia, and dys-
morphic facies known as Potter syndrome. It is a uniformly
fatal condition [14]. If unilateral, however, children are typi-
cally asymptomatic with a normal life expectancy [14].

On imaging, there is complete absence of the kidney with
no ectopia or fusion anomaly. A linear configuration of the
ipsilateral adrenal gland can often be an indicator of renal
agenesis [15]. Compensatory hypertrophy of the remaining
kidney might also be seen.

Contralateral renal abnormalities are seen in up to
25% of cases of unilateral renal agenesis, in which
vesicoureteral reflux is most common [16, 17]. Other

@ Springer

contralateral anomalies that occur include ureteropelvic
junction obstruction, megaureter and collecting system
duplication [17, 18].

Unilateral renal agenesis is also frequently associated with
genital anomalies, including seminal vesicle cysts in males
and Miillerian duct anomalies in females (discussed later
in the article) [17]. Seminal vesicle cysts can be congenital
or acquired and are thought to be caused by an obstruction
at the junction of the seminal vesicle and ejaculatory duct
[17]. Failure of the distal part of the mesonephric duct to
develop before the 7" week of gestation causes atresia of
the ejaculatory ducts, resulting in distension of the seminal
vesicles from insufficient drainage and further leading to
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the formation of a cyst [17]. Patients usually become symp-
tomatic in young adulthood because of the accumulation of
secretions.

Ejaculatory duct obstruction and seminal vesicle cysts
can be seen on US as anechoic structures in the pelvis
(Fig. 5), sometimes with low-level echoes indicating pro-
teinaceous material or hemorrhage. MRI can aid in the
detailed assessment and characterization of the genital
anatomy and shows a periprostatic cystic mass ipsilateral
to the renal agenesis, without enhancement (Fig. 5). Associ-
ated findings include an ectopic ureteral insertion into the
seminal vesicle, ejaculatory duct, prostatic urethra or vas
deferens; or agenesis of the vas deferens (Fig. 6) [19, 20]. If

Fig.5 Ejaculatory duct obstruc-
tion in a 15-year-old boy with
fever and abdominal pain. a
Transverse US demonstrates
avascular, tubular cystic
structures (asterisks) filled

with debris, compatible with
ejaculatory duct obstruction and
seminal vesicle cysts. b Coronal
T2-weighted MRI shows left
renal agenesis and seminal
vesicle cysts (arrow)

Fig.6 Solitary right kidney in a 1-month-old boy. a Sagittal color
Doppler sonographic image demonstrates a complex, avascular cystic
structure (arrow) posterior to the bladder and separate from the blad-
der and rectum. b Magnetic resonance fistulogram three-dimensional
(3-D) reformatted image from a sagittal projection shows that the

a child presents with unilateral agenesis of the vas deferens,
arenal US is recommended to assess for renal agenesis.

Ureteropelvic junction obstruction

Congenital ureteropelvic junction (UPJ) obstruction is one of
the most common causes of prenatal hydronephrosis and the
most common cause of postnatal hydronephrosis [17]. It is
more common in males and has a left-side predominance [17,
21]. It is often associated with other urinary anomalies [17],
including contralateral multicystic dysplastic kidney (MCDK),
which requires prompt intervention because MCDK is nonfunc-
tional and UPJ obstruction can compromise the remaining renal

¥ Terminal
rectum

)

Urinary
bladder

Prostatic Fistula

utricle
cyst

retrovesicular cyst correlates to a prostatic utricle cyst, with a fistula
between the terminal rectum and the utricle cyst. Ectopic insertion
of the bilateral ductus deferens and left seminal vesicle into the utri-
cle cyst was also seen (not shown). The right seminal vesicle was not
identified and thought to be secondary to agenesis
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function. Prognosis is usually excellent if renal function has not
been compromised by longstanding, high-grade obstruction
[22].

The etiology of UPJ obstruction is debatable and includes
intrinsic causes from inadequate canalization during
10-12 weeks of gestation or extrinsic obstructions second-
ary to bands, kinks or aberrant vessels [21]. These children
can be asymptomatic or present with recurrent urinary tract
infections, stone formation or palpable flank mass.

Antenatal and postnatal US are diagnostic and show a
disproportionately dilated renal pelvis with dilatation of
the calices and non-dilated ureters. Nuclear mercaptoa-
cetyltriglycine (MAG3) renal scan can then be used to
grade the degree of obstruction and differential function
and to determine whether surgical intervention is required.
MR urography might be a viable single-test alternative,
optimizing anatomical and functional assessment, espe-
cially if proximal ureteral kinking or abnormal kidney
rotation is suspected (Fig. 7). Evaluation for crossing
vessels as a cause is important for appropriate surgical

Fig.7 Ureteropelvic junction (UPJ) obstruction in a 6-month-old boy
with a history of prenatal hydronephrosis. Coronal maximum-inten-
sity MR urogram demonstrates marked right hydronephrosis with
no visualization of the right ureter, compatible with UPJ obstruction
(arrow)

@ Springer

correction. Following successful surgery, pelvocaliectasis
can persist for years on imaging. Postoperative imaging
assessment for appropriate renal growth, changes in the
degree of dilation, and morphologic parenchymal changes
that might indicate worsening obstruction can help meas-
ure surgical success [23, 24].

Duplex collecting system

A duplex collecting system is one of the most common
congenital renal tract abnormalities [17], characterized by
an incomplete fusion of upper and lower pole moieties
resulting in a variety of complete or incomplete duplica-
tions of the collecting system. Duplication occurs when
two separate ureteric buds arise from a single Wolffian
duct. Based on the degree of fusion, it can present as a
bifid renal pelvis or partial ureteric duplication and lead to
a Y-shape ureter, incomplete ureteric duplication with ure-
ters joining near or in the bladder wall causing a V-shape
ureter, or complete ureteric duplication with separate uri-
nary bladder ureteric orifices. Duplex collecting systems
are often asymptomatic, clinically insignificant and inci-
dentally detected.

Contrast-enhanced VUS can aid in the simultaneous
visualization of the refluxing lower pole moiety ureter
and obstructed upper pole moiety ureter in contrast to
fluoroscopy alone (Fig. 8). An MR urogram can help in
demonstrating the detailed anatomy of the collecting sys-
tem, level of fusion and status of ureteric orifices (Fig. 9).
In complete duplex collecting systems, the ectopic upper
pole moiety ureter can insert into the prostatic urethra in
males or distal to the external sphincter or in the wall of
the vagina resulting in incontinence in females. Also, a
ureterocele can prolapse into the urethra and lead to blad-
der outlet obstruction.

Prune belly syndrome

Prune belly syndrome is defined by the coexistence of
three major findings: bilateral cryptorchidism, urinary
tract abnormalities, and absence or deficiency of abdomi-
nal wall musculature, which can be associated with a
number of other anomalies including respiratory, gastro-
intestinal, musculoskeletal and cardiovascular anomalies
[25]. Occurring almost exclusively in males, the etiology
for this syndrome is unknown. One theory proposes that
a mesenchymal insult to the fetus at about 6 weeks of
gestation produces deficient abdominal muscular devel-
opment [26].

Urinary tract findings are characterized by tortuous and
dilated ureters, a dilated prostatic urethra and renal dys-
morphism. The bladder is often enlarged and elongated
without trabeculation. There is bladder wall thickening
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SAG URETER LEFT LT KIDNEY

Fig.8 History of urinary tract infections and outside report of left
vesicoureteral reflux in a 4-month-old boy. a Sagittal gray-scale sono-
graphic image demonstrates dilation of the left upper pole moiety
ureter (arrows) of a duplicated left kidney to the level of the urinary
bladder, which contains a large ureterocele (asterisk). b Dual-display
sagittal gray-scale and contrast-enhanced voiding urosonography

caused by replacement of normal smooth muscle with con-
nective tissue, which can similarly result in ureteral dilata-
tion. However, ureteral dilatation can also be secondary
to vesicoureteral reflux, which is present in the majority
of cases [26].

Fig.9 Hydronephrosis in a 2-month-old boy. Coronal T2-weighted
MR urogram demonstrates a duplicated left renal collecting system,
with hydronephrosis of both upper pole and lower pole moieties

LT KIDNEY

(ceVUS) image of the left kidney demonstrates reflux of contrast
agent into the lower pole moiety (arrow) with hydronephrosis of
the adjacent obstructed upper pole moiety (asterisks). ¢ Transverse
ceVUS dual-display image obtained more inferiorly demonstrates
reflux into the dilated lower pole moiety ureter (arrow) and hydro-
ureter of the obstructed upper pole moiety (asterisks)

On imaging, bilateral hydronephrosis with dilated, tor-
tuous ureters is commonly visualized (Fig. 10). There can
also be renal dysplasia with cystic changes, and a urachal
anomaly might be seen, most frequently a urachal diver-
ticulum [26].

Cloacal malformation and urogenital sinus

Cloacal malformation is a persistence of the early embry-
onic state in which the urinary, genital and gastrointestinal

Fig. 10 Prune belly syndrome in a 4-day-old boy. Coronal MR uro-
gram demonstrates severe bilateral hydronephrosis and markedly

dilated and tortuous ureters (arrows)
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(GI) tracts all drain through a common perineal opening,
resulting from failure of the urorectal septum to join the
cloacal membrane during the 4th to 6th weeks of embry-
onic life (Fig. 11) [26]. Occurring only in phenotypical
girls, this rare anomaly presents with a normal abdominal
wall and a single perineal opening through which urine,
genital secretions, and feces or meconium are excreted
(Fig. 12). These children commonly present with associ-
ated findings including lower urinary tract abnormalities,
genital abnormalities and abnormalities of the bony pelvis
and lower spinal cord [26]. Although fluoroscopy is typi-
cally used to evaluate the cloaca, which is essential for
diagnosis, a contrast genitosonogram can be performed
as an alternative to a more traditional fluoroscopic geni-
togram (Fig. 13). The kidneys can be imaged by US, and
anomalies of the lower spinal cord can be evaluated by
MRI.

If there is persistence of the embryonic state in
which the urinary and genital tracts drain through a
common perineal opening but the GI tract drains sep-
arately, a urogenital sinus anomaly occurs (Fig. 11).
Like cloacal malformation, urogenital sinus occurs
only in phenotypical girls. However, in contrast to
cloacal malformation, this anomaly presents with
two perineal orifices: the anterior orifice for the
bladder and vagina, and the posterior anal orifice. A

Fig. 12 Physical exam findings in a 3-month-old girl with cloacal
malformation. Clinical photograph shows a single perineal opening
(arrow) through which urine, genital secretions, and feces or meco-
nium are excreted

contrast-enhanced genitosonogram can also be per-
formed to delineate anatomy (Fig. 14). This imaging
modality is covered in more detail in a separate article
in this supplement [2].

Hindgut

Cloaca

| @ === Cloacal malformation

© =P Urogenital sinus anomaly

Bladder Exstrophy-
Epispadias-Cloacal @ @
Exstrophy Complex J

Urinary

bladder

Fig. 11 Flow chart shows one arm in the development of the geni-
tourinary system. Disruptions in the normal embryologic develop-
ment (denoted by the negative signs) at distinct time points result in
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the different congenital anomalies: cloacal malformation, urogenital
sinus anomaly and bladder exstrophy—epispadias—cloacal exstrophy
complex
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Fig. 13 Transperineal contrast-enhanced genitosonography in a
3-month-old girl with cloacal malformation. Catheters were placed
in the bladder (B), vagina (V) and rectum (R) under cystoscopy, and
these structures were opacified with a US contrast agent. Note the low
confluence near the skin surface of the urethra (arrow), vagina and
rectum. Case courtesy of Dr. Jeanne Chow, Department of Radiology,
Boston Children’s Hospital

Fig. 14 Contrast-enhanced genitosonogram in a 2-month-old girl
with urogenital sinus. The anterior perineal opening was catheterized,
and a US contrast agent was injected. There is an elongated urethra
(U) with confluence (arrow) of the urethra and the vagina (V) through
a common perineal opening. The rectum is not opacified because it
drains through a separate opening. B bladder

Bladder exstrophy-epispadias—cloacal exstrophy
complex

In bladder exstrophy—epispadias complex, the normal
arrangement of the genital tubercle fusing cephalad to the

distal aspect of the urogenital sinus is reversed, leading to
direct contact of the urogenital sinus and anterior body wall
[27]. As a result, the pelvic portion of the urogenital sinus,
which forms the urethra, lies cephalad to the genital tubercle,
which forms the body of the genitals. Thus, epispadias forms
with the urethra on the dorsal aspect of the penis.

Bladder exstrophy involves a migration failure of the
lateral mesodermal folds of the infraumbilical anterior
abdominal wall and rupture of the resulting enlarged,
persistent cloacal membrane before the 8" week of gesta-
tion (Fig. 11) [27, 28]. A wide communication between
the posterior bladder wall and the outside environment
results (Fig. 15).

Cloacal exstrophy must be differentiated from cloacal
malformation. Although both of these anomalies contain
the word “cloaca,” which is Latin for sewer, they differ
greatly in their embryogenesis and clinical features. In
contrast to cloacal malformation, exstrophy of the cloaca
is seen in both boys and girls and involves a failure of
the lower abdominal wall to close. Superficially, the
anomaly resembles bladder exstrophy, but the defect is
larger [28].

Imaging helps to distinguish bladder exstrophy from
cloacal exstrophy and variants [28]. Radiographs can show
diastasis of the pubic symphysis, commonly seen in blad-
der exstrophy (Fig. 15) [28, 29]. Spinal anomalies, ranging
from segmental spinal dysgenesis to open spinal dysra-
phisms, are more common in cloacal exstrophy. Thus, both
radiographs and spinal US can help to define the type of
spinal dysraphism [30]. MRI is useful for detailed assess-
ment of the complex anatomy involved prior to closure and
reconstruction (Fig. 15) [28].

Miillerian duct anomalies

In the female embryo, estrogens stimulate development
of Miillerian ducts and differentiation of female external
genitalia. The Miillerian ducts are paired laterally, longi-
tudinal embryologic structures that undergo fusion and
resorption to give rise to the uterus, fallopian tubes, cer-
vix and upper two-thirds of the vagina (Fig. 16). Inter-
ruption in the normal development at one of the steps of
formation, fusion and resorption can result in Miillerian
duct anomalies (Fig. 17) [3, 31]. If neither Miillerian
duct forms, complete Miillerian agenesis occurs. If only
one of the bilateral Miillerian ducts forms, a unicornuate
uterus results. Sometimes, there is partial development
of one side, resulting in a rudimentary horn that may or
may not communicate with the completely developed
side. Incomplete fusion of the formed ducts results
in a didelphys uterus, with partial fusion resulting in
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Fig. 15 Cloacal exstrophy, epispadias and imperforate anus in a
25-day-old boy. a Clinical photograph shows cloacal exstrophy with
a large lower anterior abdominal wall defect, bifid scrotum (white
arrows), bilateral ureters emptying into herniated bladder plates
(asterisks), and bowel (black arrow). b Anteroposterior abdominal

radiograph demonstrates splayed pubic and ischial bones (arrows).
¢ Axial post-contrast T1 fat saturated excretory phase MRI shows a
markedly distended rectal pouch containing debris (solid arrow) and
the right ureter (dotted arrow) coursing anterolaterally with its orifice
to the right of midline at the herniated bladder plate (not shown)

Undifferentiated

Mesonephros

Gonad

SIPNIPNY

Fig. 16 Miillerian duct development and differentiation of female
external genitalia. The Miillerian ducts start as laterally situated
structures (/), which course medially at their caudal aspect. The ducts
abut the urogenital sinus, inducing the formation of a solid vaginal
plate. As the ovaries descend from the gonadal ridge, the caudal
Miillerian ducts fuse (2), forming the corpus of the uterus, cervix
and upper vagina, and upper portions of ducts form fallopian tubes.
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Mullerian

—Urogenital
sinus

Uterus

Vagina

Initially, a septum is present because of the fused segments of distal
paired ducts, but later the septum degenerates and the vaginal plate
becomes canalized (3). The result is paired fallopian tubes that com-
municate with the abdominal cavity cranially and uterine cavity cau-
dally, uterus and cervix with a single central cavity, and vagina that is
derived both from Miillerian ducts and urogenital sinus (4)
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Uterine Didelphys Complete Bicornuate

Complete Septate

Incomplete

Unicornuate Unicornuate with horn

Partial Bicornuate

Partial Septate Arcuate

Fig. 17 Miillerian duct anomalies. Abnormalities can develop from problems with formation, fusion or septal resorption. Adapted from [31]

a bicornuate uterus. Arrest at any point during the nor-
mal septal resorption phase can result in varying septal
lengths, ranging in an arcuate, partial or complete sep-
tate uterus, which is the most common Miillerian duct
anomaly [3, 32].

There is a high associated risk of infertility, endome-
triosis and miscarriage in women with Miillerian duct
anomalies [33]. Commonly associated renal anomalies
include renal agenesis, ectopia, hypoplasia, fusion, mal-
rotation and duplication [34, 35]. Other abnormalities that
can occur with Miillerian duct anomalies include verte-
bral body anomalies, cardiac anomalies and syndromes
such as Klippel-Feil syndrome and Bardet-Biedl syn-
drome [36, 37] (Fig. 18).

Ultrasound is the preferred imaging modality in the
initial workup of Miillerian duct anomalies in younger
patients. However, MRI provides the best anatomical
detail for assessing both the uterine cavity and external
fundal contour [38].

The Mayer—Rokitansky—Kiister—Hauser syndrome
is characterized by complete agenesis of the Miillerian
ducts, leading to aplasia of the uterus and the upper
two-thirds of the vagina. Because ovarian function is
normal, these girls usually present during adolescence

with primary amenorrhea in the presence of normal
pubertal development and secondary sexual character-
istics [39]. Renal agenesis and ectopia are the most com-
mon associated congenital anomalies [40]. MRI allows
for accurate visualization of normal ovaries bilaterally
and absence of the uterus and upper two-thirds of the
vagina (Fig. 19).

Conclusion

Congenital genitourinary anomalies are commonly encoun-
tered in routine imaging. When an infant is suspected of hav-
ing an underlying genitourinary structural anomaly, screen-
ing US and fluoroscopy are commonly the initial diagnostic
studies performed. However, ceVUS can be a viable imaging
alternative to fluoroscopy where available. MR urography
plays an important role in displaying dilated collecting sys-
tems, ectopic ureters and ureteroceles and has an advantage
over US in that it can demonstrate ectopic extravesical ure-
teric insertions, thereby providing a global view of the mal-
formation. MRI is also currently the imaging modality of
choice for the diagnosis of Miillerian duct anomalies because
of its reliability and accuracy in classifying these anomalies.
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Fig. 18 Genetically confirmed
Bardet-Biedl syndrome in

a 3-day-old girl. a Sagittal
T2-weighted MRI shows a large
fluid-filled structure posterior to
the bladder and anterior to the
rectum, compatible with hydro-
colpos (asterisk) from vaginal
atresia. b Coronal T2-weighted
MRI shows right hydronephro-
sis and multiple cysts in both
kidneys (arrows) in a pattern
seen better on renal US (not
shown) to be suggestive of med-
ullary cystic renal dysplasia. In
addition, the girl had post-axial
polydactyly

Because the formation of the urinary tract and geni-
talia occur intimately, it is important to remember
that renal anomalies are commonly seen with geni-
tal anomalies. An understanding of the embryologic

Fig. 19 Mayer—Rokitansky—Kiister—Hauser syndrome in a 17-year-
old girl who presented with primary amenorrhea. a, b Sagittal
T2-weighted MR images demonstrate normal right (a) and left
(b) ovaries (arrows). ¢ Sagittal T2-weighted MRI shows complete
absence of the uterus and upper two-thirds of the vagina. The girl

@ Springer

failure, associated findings, and potential complica-
tions is important for timely diagnosis and optimal
patient outcome.

was also found to have left renal agenesis (not shown). Findings were
compatible with Mayer—Rokitansky—Kiister—Hauser syndrome. Case
courtesy of Dr. Yen-Ying Wu, Department of Radiology, Loma Linda
University Children’s Hospital
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