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Introduction

Congenital abnormalities of the genitourinary tract
are the most common sonographically identified
malformations, with an incidence of 1 to 4 in
1000 pregnancies (Grandjean et al., 1999). As such
they represent 15-20% of all prenatally diagnosed
congenital anomalies (elder et al., 1997), obstructive
uropathies accounting for the majority of cases. Pre-
natal diagnosis improves the outcome of the affected
child because of early recognition and treatment of
critical obstructions and urinary tract infections, pre-
venting further renal damage and loss of renal func-
tion. With the introduction of modern ultrasound
screening programs, about 60% of children having
surgery for renal or urinary tract problems in their
first five years of life are identified by prenatal ultra-
sound (bhide et al., 2005).

This paper summarizes the embryology of the
upper and lower urinary tract, the normal sono-
graphic appearance throughout pregnancy and the
prenatal diagnosis of their congenital malformations. 

Embryology

The urinary tract develops from the third week of
embryonic life from the intermediate mesoderm

(kidneys and ureters) and from the urogenital sinus
(bladder and urethra). Renal development passes
through three stages: the pro- and mesonephros (both
transitory), and the metanephros, which develops
into the definitive kidney. The pronephros is a
 primitive excretion system which develops during
the 4th week and involutes almost completely in the
fifth week except for the most caudal part. Around
the 25th day post-conception, the pronephric duct
migrates caudally to become the mesonephric duct
(Wolffian duct), which interacts with the surrounding
mesenchyme and ignites the development of a set
of 25 to 30 filtrating and excreting tubuli: the
mesonephros. In the female all mesonephric tubules
atrophy completely; in the male a few caudal tubules
develop into the testicular efferent ducts. The perma-
nent kidney develops from the interaction between
three intermediate mesoderm structures of the sacral
region: the ureteric bud- which is an epithelial diver-
ticulum from the caudal part of the mesonephric
duct, the metanephric blastema- the sacral part of the
nephrogenic cord, and a glomerular capillary net-
work. The ureteric bud outgrow is a critical element
in the development of the kidney. Signals from the
ureteric bud interact with the mesenchymal cells. In
response, the mesenchymal cells differentiate into
the different cell types of the glomerulus and the
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proximal tubule, the loop of Henle and the distal
tubule. Consequently, mesenchymal cells excrete
molecular signals that induce the ureteric bud to
branch and interact with new mesenchymal zones to
form a new set of glomeruli. This branching of the
ureteric bud is essential in the development of the
number of glomeruli or nephrons. At birth, each
 kidney contains about 1 000 000 nephrons. The
structural development of these nephrons is com-
pleted around the 34th week of pregnancy, whereas
the functional maturation continues for the first six
months postnatally.

The upper urinary tract (bladder neck, ureter, pye-
localiceal system but also the most distal element of
the nephron, the ductus colligens) is derived from
the ureteric bud. The lower urinary tract develops
from the urogenital sinus which is an endodermal
derivate, segregated from the cloaca by the ingrowth
of the urorectal septum. The bladder develops from
the upper part of the urogenital sinus and the urethra
from the lower part. The caudal common part of the
mesonephric duct and the ureter is absorbed into the
upper, postero-lateral wall of the urogenital sinus.
After a cranio-caudal exchange of the position of the
ureteral and mesonephric orifices, a triangular zone
is created, called the bladder trigonum. In males, the
internal sex organs are derived from the mesonephric
duct. In females, the mesonephric duct atrophies to
leave some embryonic remants such as the ductus
longitudinalis epoöphori, epoöphoron and
paroöphoron.

Ultrasound exploration of the normal urinary tract 
From about 9 to 12 weeks of pregnancy, the fetal

kidneys and adrenal glands can be visualized at both
sites of the lumbar spine. They are usually easy to
identify because of their relatively hyperechogenic
aspect in the first trimester (Fig. 1A). The visualiza-
tion of the renal arteries by color doppler can
 facilitate their identification. The sonographic
 cortico-medullary differentiation starts at 15 weeks

and will become more clear with advancing gesta-
tional age. The outer, more hyperechogenic renal
cortex can be clearly distinguished from the inner,
more hypoechogenic medulla at the 20th week of
gestation. Renal echogenicity will also decrease,
lower than that of the liver and spleen from 17 weeks
on (Fig. 1b). The antero-posterior diameter of the
renal pelvis (APPd) should be less than 4 mm in the
second trimester and less than 7mm in the third
trimester, although cut-off values vary in literature
and consensus is lacking (nguyen et al., 2010). The
fetal bladder should be visualized from 13 weeks on.
Its identification is easy because of its pelvic location
between the umbilical arteries (Fig. 1C). Fetal
 urinary production starts at 9 weeks of pregnancy
and increases significantly beyond 16 weeks. At
20 weeks about 90% of amniotic fluid consists of
fetal urine. Fetal urinary production is estimated to
be around 7,3 ml/h at 24 weeks of pregnancy,
 increasing to 71,4 ml/h near term or about 300 ml/kg
fetal weight/ day (Gilbert et al., 1993; Lee et al.,
2007; Touboul et al., 2008; Peixoto et al., 2011). The
contribution of lung fluids increases with advancing
gestational age remaining far less important than
 urinary production (about 60-100 ml/kg fetal
weight/day) (Gilbert et al., 1993, Underwood et al.,
2005).

The ultrasound examination of the normal urinary
tract consists of the assessment of the presence,
 location and size of both kidneys and the evaluation
of their structure and echogenicity. In addition, the
presence, size and shape of the fetal bladder are
 examined, as well as development of the external
genitalia and the amount of amniotic fluid. The
amount of amniotic fluid may be estimated by eye-
balling, or more objectively by measuring the deep-
est pocket or the amniotic fluid index. Reference
curves for renal volume and for the amount of
 amniotic fluid have been published (Chitty et al.,
2003; Tedesco et al., 2009; Machado et al., 2007).

Fig. 1. — normal ultrasound image of the fetal kidneys and bladder. A. First trimester fetal kidneys at both sides of the lumbar spine.
b. The fetal bladder between the umbilical arteries as seen in the first trimester of pregnancy. C. decreased echogenicity and beginning
of cortico-medullary differentiation in second trimester fetal kidneys.
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Renal abnormalities

Abnormalities in number and location

Unilateral renal agenesis occurs in approximately
1/1,300 pregnancies (Cascio et al., 1999), the major-
ity of which are probably cases of renal aplasia
 (Hiraoka et al., 2002). The difference between both
cannot be made by ultrasound. Although unilateral
renal agenesis is mostly isolated and sporadic, it
might be part of a genetic syndrome, or occur in
 association with chromosomal or developmental
 defects (VACTeRL association) and genital abnor-
malities. If associated anomalies are present,
amniocentesis   should be offered. On ultrasound
examination   the lumbar fossa is empty and the adre-
nal gland appears elongated (“lying down adrenal
sign”). The amount of amniotic fluid will be normal.
Recent follow up studies attribute an increased risk
for chronic kidney disease in adulthood in patients
with a solitary functioning kidney, especially in the
presence of ipsilateral abnormalities of the kidney or
urinary tract (Westland et al., 2011; Corbani et al.,
2011). Clinical follow up is thus recommended.

bilateral renal agenesis is a lethal condition with
an incidence of 1/4,000 pregnancies (Potter, 1965).
Ultrasound features are early anhydramnios from
16 weeks of gestation onwards, absence of bladder
filling and empty lumbar fossae. Renal artery color
doppler and Magnetic Resonance Imaging (MRI)
may be helpful in confirming the diagnosis. 

ectopic kidneys occur in about 1/1,000 pregnan-
cies (yuksel et al., 2004). They are usually smaller
and may be malrotated. The pelvic location is the
most common, but horseshoe kidneys, crossed
(fused) ectopia and even intrathoracic kidneys have
been described. Uncomplicated renal duplication
should be considered as a normal variant. However,
renal duplication is often associated with ureteral
 abnormalities and hydronephrosis.

Abnormalities in renal size, structure and echo -

genicity

Kidneys appear hyperechoic if they look brighter
than the liver and spleen beyond 17 weeks of preg-
nancy. Hyperechoic kidneys are normal in premature
baby’s and infants up to 6 months. However, they
are an indicator of significant renal pathology in the
 pediatric population. Fetal hyperechoic kidneys
 present an etiological diversity with an outcome that
is speficic for each of the conditions.

non-hereditary, fetal hyperechoic kidneys can
 result from various causes such as an obstructive
dysplasia, bilateral multicystic kidney disease,
nephroblastomatosis, renal vein thrombosis, is-

chemia, infectious and metabolic diseases, nephrotic
syndrome and aneuploidy. In case of an underlying
genetic syndrome and in polycystic kidney disease,
the recurrence rate is high. The presence of hyper -
echoic enlarged kidneys without associated mal -
formations is most frequently associated with
polycystic kidney disease (both autosomal recessive
and dominant) (Chaumoitre et al., 2006). In case of
bilateral, isolated hyperechogenic kidneys without
family history or cysts, the diagnosis of the underly-
ing etiology and the counseling of the parents on the
long term prognosis may be challenging. Fetuses
with very large kidneys and/or severe oligohydram-
nios are likely to have a poor outcome. With normal
amniotic fluid volumes and moderately enlarged
 kidneys (< 4Sd), the probability of survival without
significant morbidity in infancy is high (14/17
 survivors of whom 9 symptom-free) (Tsatsaris et al.,
2002). The presence of associated malformations
should raise the suspicion of an underlying genetic
syndrome, frequently showing an autosomal
 recessive inheritance pattern (e.g. bardet-biedl,
Meckel-Gruber, beemer syndromes). 

detailed fetal ultrasound examination, fetal karyo -
typing, family history and ultrasound examination
of the urinary system in parents are all important in
the work up of hyperechoic enlarged kidneys.

Autosomal recessive polycystic kidney disease
(ARPKd) occurs with an incidence of 1 in 20,000
live births (Wilson, 2004). It is most frequently
caused by a mutation in the PKHd-1 gene, but
 probably additional genes play a role. disease
 expression may vary widely within affected families.
The disease is characterized by cystic dilatation of
the tubules, predominantly in the medulla. The outer
cortex is spared. Additionally, patients have biliary
dysgenesis and hepatic fibrosis. Ultrasound scans
can be normal up to 20 weeks of pregnancy. Kidneys
will be markedly enlarged (+4-15 Sd) and hyper -
echoic without (or with reversed) corticomedullary
differentiation and with a hypoechoic outer cortical
rim (brun et al., 2004) (Fig. 2). In the perinatal form,
oligohydramnios as a consequence of renal failure
results in lethal pulmonary hypoplasia. Children
with the infantile and juvenile types develop chronic
renal failure (with need for transplantation in their
teens), hepatic fibrosis and portal hypertension. The
recurrence rate is 25% and if the mutation is known,
 prenatal diagnosis can be offered.

Autosomal dominant polycystic kidney disease
(AdPKd) has an incidence of 1 in 800 live births
(Wilson, 2004). Inheritance is autosomal dominant
with a 100% penetrance. expression is variable and
new mutations are frequent: the family history is
positive in only half of cases (brun et al., 2004).
AdPKd is usually asymptomatic until the age of 30-
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40 years. It is rarely seen in fetal life. The disease is
characterized by cysts in both renal cortex and
medulla, in the liver, pancreas and spleen. On
 prenatal ultrasound, kidneys are usually moderately
enlarged (+1-2 Sd) with hyperechoic cortex and
 hypoechoic medulla (persisting corticomedullary
differentiation) but other patterns are described,
 including absent or decreased corticomedullary
 differentiation or totally normal appearance (brun et

al., 2004). Cysts may be visible in the third trimester.
The amniotic fluid volume is normal.

Multicystic kidney disease (MCKd) is a develop-
mental disorder of the kidney, in which the normal
renal parenchyma is replaced by multiple, non-
 communicating cysts of varying size. The renal out-
line is difficult to delineate and can be irregular
(Fig. 3). The incidence is about 1/4,300 pregnancies
(Schreuder et al., 2009). In 25-40% the contralateral
kidney will also be abnormal, reflux being the most
frequently associated anomaly (Schreuder et al.,
2009). The natural course in utero is variable and the

final result is a non-functional kidney. bilateral mul-
ticystic kidney disease occurs in about 10-20% of
cases and is a lethal condition.

Obstructive cystic dysplasia is the most common
cause of non-hereditary fetal renal cystic disease and
hyperechoic kidneys. Ultrasound features are those
of a lower or upper urinary tract obstruction in asso-
ciation with a hyperechoic appearance of the renal
cortex and eventually the presence of cysts variable
in size (Fig. 4). Renal size can also vary. Obstructive
cystic dysplasia can be unilateral, bilateral or
 segmental but it is usually a progressive lesion. The
amount of amniotic fluid is variable and renal func-
tion is usually impaired.

Simple renal cysts are rather uncommon in the
fetus. They are usually solitary and localized in the
upper pole of a normal kidney. There is no associa-
tion with other malformations and the prognosis is
good. A follow up ultrasound is usually recom-
mended to exclude a more diffuse distribution or
other cystic renal diseases.

Renal tumors are uncommon in fetal life.
Mesoblastic nephroma, the most frequent tumor, is
a benign, mostly large mesenchymal tumor, which
appears as a solid or partially cystic mass, commonly
associated with polyhydramnios. It has to be differ-
entiated from Wilm’s tumors which have a good
prognosis. nephroblastomatosis is characterized by
multiple benign nodular lesions and bilateral in-
volvement.

Antenatal hydronephrosis

a. Definitions and grading

Pyelectasis is defined as a dilatation of the renal
pelvis, whereas hydronephrosis consists of a dilata-
tion of the renal pelvis and the calyces. both are very
common findings on prenatal ultrasound. Up to 10

Fig. 4. — A first trimester foetus with a megacystis (arrow) and
renal dysplasia: small, hyperechogenic kidneys with dilated
pelvis (thick arrows).

Fig. 2. — Ultrasound appearance of autosomal recessive poly-
cystic kidney disease: bilateral markedly enlarged hyper -
echogenic kidneys without cortico-medullary differentiation.

Fig. 3. — Typical ultrasound image of multicystic kidney
 disease: multiple, non-communicating cysts of varying size
 replace the normal renal parenchyma.
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resp. 15 mm the pelvic dilatation is classified as mild
and moderate respectively. When the pelvic dilata-
tion is more than 15 mm, hydronephrosis is called
severe. The prenatal diagnosis of hydronephrosis fa-
vors early treatment of a critical obstruction and
early recognition of urinary tract infections. This will
prevent renal damage and loss of renal function and
improves the outcome of the affected child. 

The incidence of hydronephrosis varies between
0.6-4.5% in a non selected population (blyth et al.,
1993; Sairam et al., 2001; Gunn et al., 1995; Levi et

al., 2003), differences being explained by the diver-
sity of diagnostic criteria at various gestational ages.
In about 20-40% the dilatation will be bilateral, and
boys are affected twice as much as girls. In addition,
hydronephrosis is reported as a part of more than 60
genetic syndromas and sporadic malformations.

The severity of renal pelvic dilatation can be
 assessed using different grading systems. Measuring
the maximal antero-posterior diameter of the renal
pelvis (APPd) on a transverse scan of the fetal
 abdomen is the generally accepted method. The
grading system of the Society of Fetal Urology
(SFU) classifies hydronephrosis in 4 degrees (grade
0-4) and takes into account the degree of pelvic
 dilatation, the number of calyces seen and the
 presence or severity of renal parenchymal thinning
or atrophy (Fernbach et al., 1993). This grading
 system is less frequently used because it is relatively
subjective.

An ideal threshold value for the renal pelvic
 diameter should enable to differentiate fetuses with
physiological and transient hydronephrosis from
those at risk for congenital anomalies of the genito-
urinary tract. Unfortunately, as a consensus is lack-
ing, thresholds vary between 4 and 10 mm in the
second trimester, and between 7 and 10 mm in the
third trimester. Using a cut-off value of 4 mm in the

second trimester, results in a diagnosis of pyelectasis
in 2% of pregnancies (Adra et al., 1995; Corteville
et al., 1991). A 7 mm cut-off in the third trimester
has a sensitivity of 100% and a false positive rate of
21% for the prediction of persisting postnatal con-
genital hydronephrosis and associated morbidity
(Corteville et al., 1991), whereas a threshold of
10 mm has a lower sensitivity (82%) for only a small
decrease in false positive rate (18%) (Anderson et

al., 1995). because even for mild degrees of pyelec-
tasis a short and minimally invasive follow-up by
postnatal ultrasound is recommended, a threshold of
the APPd with higher sensitivity despite lower
specificity is preferred. 

b. etiology

The etiology of antenatal hydronephrosis is very
 diverse (Fig. 5). The majority of cases are transient
(48%) or physiological (15%). Only in a minority of
cases, a significant underlying pathology of the uri-
nary tract is found. Rare causes are an ectopic ureter,
prune belly syndrome, urachal cysts and urethral
atresia. (Woodward et al., 2002) The likelihood of
an underlying abnormality correlates with the sever-
ity of the hydronephrosis. Transient or physiological
hydronephrosis will mostly be mild, while uretero-
pelvic junction (UPJ) stenosis almost always
 presents with severe hydronephrosis. A recent meta-
analysis by Lee et al. demonstrated that every dilata-
tion of the urinary tract regardless the degree, was
associated with an overall increased risk (36%) of
an underlying uropathy. The risk was depending on
the severity of the hydronenphrosis, increasing from
12% in cases for mild hydronephrosis (APPd
> 7 mm in the 2nd trimester and < 9 mm in the 3rd

trimester), to 45% in cases of moderate hydro -
nephrosis (APPd 7-9 mm in the 2nd trimester, 9-

Fig. 5. — The diverse etiology of fetal hydronephrosis (adapted from Woodward et al., 2002).
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15 mm in the 3rd trimester) and up to 88% in cases
of severe hydronephrosis (> 10 mm in the 2nd and
> 15 mm in the 3rd trimester) (Lee et al., 2006;
Coelho et al., 2007).

The majority (35-50%) of cases of mild antenatal
hydronephrosis are transient dilatations. The etiol-
ogy is unclear, possible causes are insufficient
 maturation of the pelvi-ureteral or vesico-ureteral
junctions associated with increased urinary produc-
tion or fetal ureteric folds. Physiological hydro -
nephrosis can be secondary to a large, unobstructed
renal pelvis and/or an extrarenal pelvis.

Uretero-pelvic junction (UPJ) stenosis occurs in
about 1/500 live births (Liang et al., 2002). The
male:female ratio is 3:1 and cases are usually
 sporadic. bilateral renal involvement can be present
in 10-40% of cases (most frequently vesico-ureteral
reflux) and 10% of fetuses have extrarenal anom-
alies. The risk of aneuploidy seems to be slightly in-
creased. The obstruction is either anatomical or more
frequently, functional; the stenosis can be partial or
complete. Causes are an intrinsic stenosis or the
presence of valves (75%), an insertion anomaly of
the ureter, peripelvic fibrosis or crossing vessels
(20% are associated with an accessory renal artery).
A severely dilated renal pelvis can rupture and
evolve to perinephric urinoma and urinary ascites.
The typical ultrasound presentation of UPJ-stenosis
is a severe hydronephrosis without hydro-ureter and
with a normal aspect of the bladder. 

About 9-15% of fetuses with antenatal hydro -
nephrosis will have vesico-ureteral reflux. The typ-
ical ultrasound presentation is that of an intermittent,
variable degree of pelvic dilatation, with increase
post-micturition or the impression of a persistent full
bladder. There is a possible heritable predisposition
because insufficiency of the vesico-ureteral valves
is determined by the length of the terminal part of
the ureter.

The prevalence of vesico-ureteral junction (VUJ)
stenosis in the general population is about 1%
 (Hiraoka et al., 1999). The etiology is diverse.
 Possible causes are a primary mega-ureter, ureter
stricture or atresia, a retrocaval ureter, vascular ob-
struction, valves, a diverticulum or a ureterocoele.
Hydronephrosis and hydro-ureter without dilated
bladder are suggestive of VUJ-stenosis, but the
 differential diagnosis with vesico-ureteral reflux can
be difficult (Fig. 6).

A ureterocoele is a cystic dilatation of the terminal
part of the ureter within the bladder or urethra
(Fig. 7). The incidence is about 1/5,000 neonates,
and the male:female ratio is 1:3-5. In the majority of
cases there is an association with a duplicated col-
lecting system (80-90%) and ectopic ureter (75%),
10-20% of ureterocoeles are bilateral.

In a duplex kidney, the lower pole is often “reflux-
ing”, while the upper pole can be obstructive due to
the ectopic insertion of the ureter (median and infe-
rior of the normal insertion site) or the ureterocoele.
A large ureterocoele can obstruct the contralateral
vesico-ureteral junction or the bladder neck, result-
ing in bilateral hydronephrosis.

Lower urinary tract obstruction occurs with an in-
cidence of 2.2/10,000 live births (Morris et al.,
2011). Posterior urethral valves (PUV) and urethral
atresia are the most frequent underlying etiologies.
Posterior urethral valves have an incidence of
1/5,000-8,000 neonates and they are the most impor-
tant cause of severe, bilateral obstructive uropathy.
The ultrasound features of this disease are a dilated
proximal urethra (keyhole sign), a megabladder with

Fig. 6. — Severe hydro-ureteronephrosis due to vesico-ureteral
junction stenosis: severely dilated renal pelvis (arrow) and di-
lated ureter (thick arrow). Mild pyelectasis in the contralateral
kidney (*).

Fig. 7. — The sonographic aspect of a ureterocoele: the terminal
part of the ureter is dilated within the bladder (arrow).
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a thick, hyperechogenic bladderwall and severe bi-
lateral hydro-ureteronephrosis or signs of obstructive
renal dysplasia (hyperechogenic appearance of the
renal parenchyma with cortical cysts) (Fig. 4) occur-
ing in a male fetus. bilateral obstructive renal dys-
plasia will result in oligo-or anhydramnios, causing
secondary pulmonary hypoplasia and limb deformi-
ties. Untreated, lower urinary tract obstruction has a
high mortality (45%) and about 25-30% of the
neonatal survivors will develop end stage renal fail-
ure (biard et al., 2005). In addition to renal failure,
children affected by LUTO suffer from bladder
 dysfunction, poor growth and male infertility in
 adolescence if they are uraemic (Freedman et al.,
1999; biard et al., 2005). Vesico-amniotic shunting
to preserve renal function leads to a better perinatal
survival but has not yet shown to ameliorate renal
function on the long term (biard et al., 2005, Morris
et al., 2010). Fetal cystoscopy allows a more
 accurate diagnosis of the underlying etiology with
the possibility to treat the PUV by hydro-or laserab-
lation, however, when compared with vesico-amni-
otic shunting, no significant improvement in
perinatal survival was found (Morris et al., 2011). 

c. Differential diagnosis

The differential diagnosis of antenatal hydro -
nephrosis is presented in a clinical algorithm
(Fig. 8).

d. Prognosis

The degree of hydronephrosis indicates the likeli-
hood of having a significant underlying pathology
of the urinary tract and therefore determines the
prognosis.

Mild pyelectasis is a benign condition with an
 excellent prognosis: the majority will resolve
 spontaneously in the prenatal period or within the
first year of life (Sairam et al., 2001). Persistent
cases may require postnatal intervention (Sairam et

al., 2001; Persutte et al., 1997; Sidhu et al., 2006;
Signorelli et al., 2005). In the study by Coelho et al.

up to 18% of children with mild antenatal
 hydronephrosis had a significant uropathy and 7.8%
had recurrent urinary tract infections compared to
1% in a non selected population (Coelho et al.,
2007). because mild pyelectasis may be indicative
of obstructive uropathy or vesico-ureteral reflux, a
close clinical surveillance for urinary tract infections
and progression of hydronephrosis is advised, with-
out exposure to invasive and repetitive diagnostic
 radiological examinations. Further prospective stud-
ies are needed to elucidate the clinical significance
of mild pyelectasis and to standardize and optimize
its management.

Mild pyelectasis is also a common finding in
 fetuses with down syndrome, and as a consequence
used as a marker in the screening for fetal aneu-
ploidy. In a series of 375 fetuses with mild, isolated

Fig. 8. — Clinical algorithm for the differential diagnosis in fetal hydronephosis
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hydronephrosis the incidence of down syndrome
was 0.53% (Signorelli et al., 2005). However in case
of isolated mild pyelectasis and in the absence of
other sonographic features or maternal risk factors,
the risk of aneuploidy is not increased (Coco et al.,
2005; Chudleigh et al., 2001).

Fetuses with a prenatal diagnosis of moderate to
severe hydronephrosis, will need additional postnatal
invasive radiological examinations and an intensive
follow up. Most authors agree that an antero-poste-
rior diameter of the pelvis of more than 10 mm and
certainly more than 15 mm is predictive of signifi-
cant pathology of the urinary tract. More than 30%
of fetuses with an APPd ≥ 10 mm in the third
trimester, require surgical intervention and have an
increased risk for urinary tract infections with the
need for antibiotic profylaxis (Sairam et al., 2001;
broadley et al., 1999; Wollenberg et al., 2005). A
15mm threshold might be helpful to differentiate
 between those cases requiring surgery from those
where conservative management will be sufficient
(Coelho et al., 2007; Coplen et al., 2006). The
 predictive value for postnatal outcome for a third
trimester scan is better than for a the second trimester
ultrasound investigation (Ismaili et al., 2003).

The degree of antenatal hydronephrosis may
change during the prenatal period, and the pre-and
postnatal evolution of pyelectasis might be more
 predictive for outcome than the pyelectasis itself.
The initial degree of pelvic dilatation is related to the
prenatal evolution. A decrease in dilatation that sets
off in the prenatal period is predictive of spontaneous
resolution in the early neonatal period, whereas
 progression of hydronephrosis is directly related to
a worse outcome. even for cases resolving before
birth, a short non-invasive postnatal follow-up to
avoid a delay in medical or surgical treatment is
 recommended (Signorelli et al., 2005).

besides the degree and the prenatal evolution of
hydronephrosis, other relevant sonographic para -
meters determine its prognosis: uni- or bilateral renal
involvement, features of renal dysplasia (hyper -
echoic renal parenchyma and cortical cysts), oligo-
hydramnios and lunghypoplasia and the detection of
associated malformations. 

e. Management of antenatal hydronephrosis

The objective of prenatal ultrasound is to be as
 accurate as possible in describing the type of
 anomaly, to exclude associated malformations and
to screen for parameters predictive of bad renal
 function. Therefore, karyotyping and further inva-
sive testing may be indicated. based on the gathered
 information, prognosis and perinatal management
can be discussed with the parents.

In the presence of extra-renal malformations or
soft markers, amniocentesis for karyotyping is indi-
cated. In the presence of oligo- or anhydramnios and
other signs predictive of deteriorated renal function
(hyperechogenic renal parenchyma and cortical
cysts), invasive testing to further evaluate renal func-
tion by means of β2-microglobulin or cystatin-C
concentration in fetal serum or biochemistry of fetal
urine can be performed. Urinary electrolytes and
osmolality   are indicators of fetal tubular function,
whereas urinary β2-microglobulin represents the
fetal glomerular function. While fetal serum cystatin
C and β2-microglobulin concentrations may be use-
ful predictors of postnatal renal function, the accu-
racy of fetal urine analysis is insufficient to predict
poor postnatal renal function (bökenkamp et al.,
2001; Morris et al., 2007). 

In cases of isolated hydronephrosis and absence
of poor prognostic factors, ultrasound follow-up is
scheduled on a regular basis to evaluate the evolu-
tion of the hydronephrosis and to assess the amount
of amniotic fluid and fetal well-being. If the volume
of the hydronephrotic kidney increases rapidly with
 additional compression of the surrounding organs or
elevation of the diaphragm, prenatal aspiration or
pyelo-amniotic shunting can be considered. In case
of bilateral renal involvement with evolution to
oligo- or anhydramnion, induction of labor should
be considered after lung maturition is achieved.
 earlier in pregnancy, fetal interventions for lower
urinary tract obstruction improve perinatal survival
but have not yet shown to ameliorate renal function
on the long term (Morris et al., 2010). 

Bladder anomalies

Anomalies of the bladder can be suspected when the
bladder is enlarged or when the bladder is not visible
during the entire ultrasound examination. Megacys-
tis is defined as a bladder with longitudinal diameter
> 7 mm in the first trimester (Sebire et al., 1996). In
the second and third trimesters no clear definitions
exist. It is rather a subjective impression of a persist-
ently large bladder without apparent bladder cycle.
The differential diagnosis of mega-cystis includes
lower urinary tract obstruction, vesico-ureteral
 reflux, the megacystis-microcolon-hypoperistalsis
syndrome- almost always occurring in female
 fetuses- and a pseudo-enlarged bladder in the female
fetus in the third trimester of pregnancy. because
megacystis (longitudinal bladder diameter of 7-
15 mm) in the first trimester of pregnancy is associ-
ated with a 25% risk of chromosomal defects,
karyotyping is recommended (Liao et al., 2003).

When the bladder is repetitively not visible at all,
the amount of amniotic fluid can help in making the
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differential diagnosis. In association with oligo-or
anhydramnios, bilateral renal pathology should be
suspected (e.g.bilateral multicystic kidney disease,
severe bilateral UPJ-obstruction, bilateral renal
 agenesis or ARPKd). In severe intra-uterine growth
restriction and twin-to-twin transfusion syndrome,
the bladder can also be small. If the amniotic fluid
volume is normal, a bladder anomaly should be con-
sidered. bladder exstrophy is a very rare anomaly,
occuring with a 2:1 male:female ratio. no bladder
can be seen between the umbilical arteries, some-
times a soft tissue mass (bladder mucosa) is visible
below the umbilicus. The genitalia are usually af-
fected as well. differential diagnosis should include
cloacal extrophy and if an omphalocoele is present,
the OeIS-complex (omphalocoele- exstrophy-
 imperforate anus) should be considered. bladder
rupture in the prenatal period is another very rare
condition.

Conclusions

Prenatal diagnosis of renal and urinary tract malfor-
mations improves perinatal management and the
prognosis of the affected child. The objective of pre-
natal ultrasound is to describe the type of anomaly
as accurately as possible, to exclude associated mal-
formations and to screen for parameters predictive
of bad renal function, allowing for a multidiscipli-
nary perinatal approach.
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