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Introduction

Abnormalities of the kidneys and urinary tract
are the most common abnormalities detected
during routine antenatal ultrasound imaging and
obstructive uropathies account for the majority
of cases [1, 2].

The fetal urinary tract was first displayed by ul-
trasound in the late 1960s, and the first patholog-
ical ultrasound abnormality was reported in 1970.

The overall prevalence of the renal tract anom-
alies is estimated at 5/1000 births [3, 4]. The per-
centage is likely higher when considering tran-
sient anomalies. Anomalies involving the urinary
tract are numerous and variable, and can be iso-
lated or appear in association with other organ
system's anomalies. Over the last decade, recom-
mendations for postnatal evaluation of these ab-
normalities have been under intense scrutiny.

Antenatal renal abnormalities

There is a variety of renal abnormalities that
may be detected on antenatal sonogram. Com-
monly found renal abnormalities are listed in Ta-
ble 1, and common pathologic diagnoses in neo-
nates are listed in Table 2.

Table 1.

ties of the kidneys and urinary

ectable on antenatal sonogram

Table 2.

imon renal abnormalities detected

Mul.tllc\fﬂlc dvtplntlc kidney [MCDK]
~ Prune belly m (PBs] Mljr‘“f’
Dupln:at-d :nlhctinq swum wnh ummn:th

Obstruction uropathy may be at different lev-
els, at the ureteropelvic junction [upper level] or
ureterovesical junction [mid-level] or urethral [low-
er level], lower urinary tract obstruction LUTO.

The upper and mid-urinary tract obstructions
may be unilateral or bilateral with different con-
sequences depending on the laterality. When the
obstruction is bilateral or at the level of urethra,
lower urinary tract obstruction [LUTO] , (bladder
outflow obstruction), the prognosis is poor as a
result of reduced fetal urine production and urine
retention, leading to severe oligohydramnios or
anyhydramnios and renal damage [5].

The most common renal abnormality is hy-
dronephrosis [also known as renal pelvic dilata-
tion] with an incidence estimated between 0.5
and 1% [3, 4, 5].

Various ultrasound criteria are used in order
to objectively evaluate renal dilatation using, ax-
ial [transverse] scan through the spine and fetal
abdomen, and longitudinal [sagittal and coronal]
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view [6]. The first is being the best sight for eval-
uation of the renal pelvis diameter or antero-
posterior diameter [APD] of the renal pelvis and
the second is representing the best view for eval-
uation of renal length and ruling out calicectasis.

Two grading systems exist for fetal hydrone-
phrosis:

1. Society of fetal urology grading system of
congenital hydronephrosis [table 3] [Figure 1]

2. Measurement of APD of the renal pelvis in
fetuses of 20 weeks gestation or greater - Gri-
gnon's criteria [table 4]

Upper urinary tract obstruction
[UUTO]

1. MILD PYELECTASIS [MP]

Mild pyelectasis is a term used to describe an
ultrasound finding on the fetal kidney which
comprises only dilated renal pelvis below signifi-
cant threshold, with no concomitant calyceal dil-
atation. [Figure 2], [Figure 3]

Several classification systems have been sug-
gested for determination of the degree of pyelec-
tasis, mostly through measurement of the AP di-

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Normal Renal pelvis Renal pehvis Dilation of the Calyceal dilation
dilation only dilation and mild renal pelvis and renal
B / calyceal dilation and all calyces parenchymal thinning

Figure 1. [lustration demonstrating the ultrasound grading system of hydronephrosis from the Society of
Fetal Urology (Ilustration by James A. Cooper, MD, San Diego. CA)

Table 3. Society of fetal urology grading system of congenital hydronephrosis

Central renal complex Renal parenchyma thickness
0 Intact Normal
| Mild splitting of pelvis [dilatation) Normal
1] Moderate splitting of pelvis and calyces, but complex, confined within renal border Mormal
m Marked splitting, pelvis dilated outside renal borders and calyces dilated Normal
v Further pelvicalyceal dilatation Thinned

Table 4. Grignon's classification of hydronephrosis

Criteria

Gr. | [physiological]
Gr. Il

Gr. 1
br. IV

Gr.¥

Many studies use an APD greater than or
equal to 5 mm at any gestational age as ab-
normal [7, 8, 9], necessitating postnatal evalu-
ation.

Pelvis APD up to 10 mm

Pelvis APD 10 - 15 mm with normal calyces
Pelvis APD > 15 mm, slight calyceal dilatation
Pelvis APD > 15 mm, moderate calyceal dilatation

Pelvis APD > 15 mm, severe calyceal dilatation with atrophic cortex

ameter of the renal pelvis in transverse view [ta-
ble 5] including AP diameter of the kidney and
their mutual ratio, but most commonly used is
given in table 6.
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Table 5.

AP diameter * 10 mm

Arger et al Ratio of AP diameter of pelvis/kidney > 0,5

AP diameter * 7 mm at < 33 weeks

Corteville, BraY. .o of AP diameter of pelvis/kidney > 0,28

AP diameter * 5 mm at < 20 weeks
AP diameter * B mm at 20 to 30 weeks
AP diameter * 10 mm at > 30 weeks

Mandell et al

Table 6. Renal pelvis diameter criteria for diagnosis
of Mild pyelectasis

First trimester >3mm
> &4 mm

22-32gw >5 mm
After 32 g.w >7 mm

Any gestation > 10 mm [pathologic finding]

Figure 2. Transverse sonographic scan through both
kidneys (k) demonstrating a midly distended renal
pelvis and method of measuring the renal pelvis
(arrows). Ab, fetal abdomen; Sp, spine.

Figure 3. 11l degree bilateral hydronephrosis

The sonographic criteria for diagnosis of hydro-
nephrosis in a fetus differ from those in children
and adults because pyelectasis is relatively common
in normal fetuses [5-8%)]. But one should be alert-
ed by the possibility of the concomitant presence
of other structural anomalies. Mild pyelectasis is
referred as a minor marker for anuploidy, mostly
trisomy 21. Approximately 1,7% of all fetuses
with MP have aneuploidy, and 0,46% of fetuses
with isolated MP have aneuploidy.

Most common etiological factors for MP are:

= Mild obstruction of the uretero-pyelic

junction

» Vesicoureteral reflux

= Maternal hyper hydration

= Extra renal pelvis

» Hormonal effect on the smooth muscle of

the urinary tract

The likelihood of significant renal abnormality
correlates with the severity of APD dilatation [7,
10, 11). A meta-analysis of 17 studies reported the
risk of renal abnormality for three classifications
of antenatal hydronephrosis: mild, moderate, and
severe [11]. Mild hydronephrosis [APD =7 mm in
the second or <9 mm in the third trimester] had
an 11.9% risk of postnatal abnormality. The risk of
postnatal abnormality increased to 45.1% in the
moderate hydronephrosis group [APD 7-10 mm
in the second or 9-15 mm in the third trimester],
and the risk further increased to 88.3% in the se-
vere hydronephrosis group [APD =10 mm in the
second or =15 mm in the third trimester] [12].
[Figure 4]. The probability of ureteropelvic junc-
tion [UPJ] obstruction increased with increasing
APD, and there was no association of vesicoure-
teral reflux [VUR] with APD measurement

Figure 4. Severe dilatation of the renal pelvis with
caliceal involvement

FETAL OBSTRUCTIVE UROPATHY DIAGNOSIS AND TREATMENT .



2. URETEROPELVIC JUNCTION OBSTRUCTION
[UP]]

Ureteropelvic junction obstruction has an in-
cidence of 1 in 1000-1500 newborns and is the
most common cause of antenatal hydronephro-
sis [12, 13). Bilateral obstruction is present in
20-25% of cases, and it is three times more com-
mon in males [7].

Many potential causes have been proposed for
UP] obstruction [11}:

= intrinsic stenosis,

= insertion anomaly of the ureters,

= peripelvic fibrosis,

= peristaltic abnormalities, and

= blood vessels crossing the ureter

The diagnosis of UPJ] obstruction in utero is
based on the following criteria: presence of one
of the described criteria for pyelectasis, there is
no evidence of ureterectasis, ectopic ureterocele
or bladder or posterior urethral dilation. Obvious-
ly the diagnosis of UP] obstruction in utero is
based more heavily on negative than on positive
observations. Ultrasound has a good record of
identifying the degree of obstruction. Quite help-
ful is the shape of dilated pelvis - rounded cau-
dal end of the pelvis. [Figure 5]

When obstruction is incomplete and occurs
later in pregnancy, varying degrees of pelvocali-
ectasis are present without histologic evidence
of renal dysplasia. Incomplete obstruction earlier
in gestation may result in dysplastic parenchy-
mal changes with or without cyst formation.
Multicystic dysplastic kidney is thought to result
from complete obstruction at the level of the UP]
before 8 to 10 weeks.

In the praxis, the progressive hydronephrosis
occur in fewer than 50 % of kidney diagnosed as
having UPJ obstruction in utero. However, post-
natal surgical intervention is likely in a kidney
that shows progression of the dilation in utero.
The progression of hydronephrosis is a very rare
cause for preterm delivery.

The volume of amniotic fluid may be normal,
but there may be poly- or olygohydramnios.
Olygohydramnios secondary to UP] obstruction
is rare and usually a symptom of renal damage
because of the secondary development of the bi-
lateral renal dysplasia. The cause for dilation of
the fetal collector system may be a high level of
mother hormones that leads to dilation of the
smooth muscles. There were several cases in
which hydronephrosis detected in utero demon-
strated no evidence of hydronephrosis in the first

days of life. This phenomenon is due to the rela-
tive neonatal dehydration. Thus, the sonograms
to confirm and evaluate in utero findings should
be delayed at least the third and preferably the
seventh postnatal day. The most severe compli-
cation is paranephritic urinoma that is result of
the rupture of the collector system. In such cas-
es, the evaluation must focus on the contralater-
al kidney because the associated urinoma will be
functionless. Ex utero evaluation often discloses
that the obstruction does not warrant surgical
intervention. The most of the cases with this
anomaly and AP diameter < 10 mm does not
warrant surgical intervention. But the cases cat-
egorized as mild, may in the future progress to a
more severe state. Thus we recommend exten-
sive monitoring. The problem of discriminating
between physiologic dilation, vesicoureteral re-
flux and morphological obstructions is multifac-
eted. These false-positive diagnoses result in pa-
ternal anxiety, numerous in utero sonographic
follow-up, extensive postnatal urologic evalua-
tion and potentially long-term follow-up.

Prophylactic coverage with systemic antibiot-
ic was traditionally used pending the results of
the workup. However most recent recommenda-
tions do not advocate routine administration of
antibiotics. Instead, families should be coun-
selled on signs and symptoms of urinary tract in-
fections in order to allow prompt diagnosis and
treatment [14].

Figure 5. Moderate dilatation and eversion of calices
typical for UPJ obstruction

3. URETEROVESICAL JUNCTION
OBSTRUCTION [UVT]]
Ureterovesical obstruction occurs more fre-
quently on the left and four times more frequent-
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ly in males. Twenty-five percentage of cases are
bilateral. Ultrasound findings include ureteral
dilatation [megaureter] and dilated renal pelvis.
UV] obstruction results from an aperistaltic seg-
ment of the distal ureter, near the UV]. Many
urologists promote conservative management
[15, 16], but surgical repair may be necessary.
Reference to a pediatric urologist is recommend-
ed to determine surgical need which typically in-
cludes excision of the distal ureteric segment, ta-
pering, and reimplantation of the ureter [17).

4. VESICOURETERAL REFLUX [VUR]

Vesicoureteral reflux is an upward flow of the
urine out of the bladder into the ureters during
voiding. VUR is a common cause of antenatal hy-
dronephrosis. It is found in 38% of infants even
in the settings of normal postnatal US. [7, 1] VUR
is graded in V degrees by the International Re-
flux Study in Children [Table 7]

Table 7.

Gr. | Reflux of the urine into a nondilated ureter
Gr. Il Reflux of the urine into a nondilated renal pelvis
Gr. Il Reflux of the urine into a dilated ureter up to the renal
pelvis with possible blunting of the calyceal fornices
Gr. IV Reflux of the urine into a grossly dilated ureter with
moderate blunting of the calyces
Gr.V Reflux of the urine into a massively dilated and

tortuous ureter with loss of the papillary impression

It is expected that 78-90% of cases with VUR,
grades I-I1I, will resolve spontaneously. On the
other hand, most of the cases with grade IV and
V VUR will require surgical intervention, al-
though spontaneous resolution can be seen in
some of the patients. Current recommendations
for treatment of VUR do not include routine pro-

Antenatal Hydronephrosis
(APD > 5 mm)

h

Postnatal Ulirasound
48-72 hours afier birth

/\

No H)’dm;cphrosi.s » Prophylactic amibiorics are Hg.'dmncph:osis Detected
(APD < 7 mm) not indicared (APD > 7 mm)
* Counsel all families on UTT
signs and symproms
A 4 lr
Repeat Ultrasound VCUG
4-6 weeks of age /\
/\ . VUR Present VUR Absent
No Hydronephrosis Hy Detected
(APD < 7 mm) (APD > 7mm)
r k4
+ v Monitor for Diuretic
No furth S ired VCUG UTI Renography
(isolated antenatal
hydronephrosis) /\
VUR Present VUR Absent
" L 4
Monitor for Diuretic
un Renography

Algorithm 1. Algorithm for postnatal evaluation of antenatal hydronephrosis gr I APD, anterior-posterior
diameter, VCUG, voiding cystourethrogram, VUR, vesicoureteral reflux.
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phylactic antibiotics. Instead, parents should be
counselled on signs and symptoms of urinary
tract infections [UTIs] such as fever, irritability,
and foul-smelling urine.

Postnatal evaluation

The postnatal evaluation of an infant with an-
tenatally detected renal abnormalities should al-
ways begin with a physical examination.

Radiologic evaluation of all infants with ante-
natal renal abnormalities begins with a postna-
tal renal ultrasound. Results of the postnatal so-
nogram will dictate subsequent evaluations. In-
fants with severe bilateral hydronephrosis or se-
vere unilateral hydronephrosis in a single func-
tioning kidney warrant immediate postnatal
evaluation with a renal sonogram and voiding
cystourethrogram [VCUG]. [Algorithm 1)

Traditionally, all infants with antenatal hy-
dronephrosis [APD 25 mm|] received prophylactic
antibiotics and underwent postnatal radiologic
evaluation with a renal ultrasound and VCUG,
even in the setting of a normal postnatal renal
ultrasound [19, 20, 21]]. The VCUG was included
because VUR can be present in the setting of a
normal ultrasound [9, 11, 19, 20, 22]. Recent
studies suggest that VUR is typically mild and
self-limited in infants with normal postnatal ul-
trasounds [10]. Because routine prophylactic an-
tibiotics are no longer recommended [23), ‘miss-
ing’ the diagnosis of mild VUR may have no clin-
ical significance. Instead of routine prophylactic
antibiotics, families should be counseled on signs
and symptoms of UTIs in infants to allow prompt
diagnosis and treatment should UTI occur. Pro-
phylactic antibiotics are still recommended in in-
fants with severe obstruction [24].

Lower urinary tract obstruction [LUTO]

Bladder outflow obstruction, known as lower
urinary tract obstruction [LUTO), may be second-
ary to a variety of causes such as posterior ure-
thral valves [PUV] and urethral stenosis or atre-
sia [UA] [25]. In complete bladder obstruction,
which is observed in cases with total PUV and
UA, the perinatal mortality and morbidity are
very high as a consequence of anhydramnios and
renal damage which can cause pulmonary hypo-
plasia and neonatal death, and postrenal failure
and renal impairment. On the basis of these

facts, fetal intervention has been proposed for
severe LUTO. Different therapeutic surgical
methods have been performed for LUTO such as
vesicocentesis, vesico-amniotic shunting, and fe-
tal cystoscopy [26-30].

There is very little information regarding the
incidence of LUTO, It is estimated to account for
less than 10% of congenital uropathies diag-
nosed in utero. Despite the low incidence, LUTO
has a significant impact on perinatal and child
health among the congenital uropathies [30].

The natural history of LUTO is dependent on
the degree of bladder outflow obstruction [com-
plete or partial] and gestational age at presentation.
These two facts are probably related since com-
plete bladder obstruction is associated with ear-
lier manifestations of the obstructive uropathy.

LUTO is associated with a high mortality rate
which is predominantly due to severe oligohy-
dramnios which can cause severe pulmonary hy-
poplasia leading to neonatal death. The perinatal
mortality rate is estimated to be as high as 90%,
and survivors have significant risk of renal im-
pairment [higher than 50%] necessitating dialy-
sis or renal transplantation [31, 32].

Complete obstructive uropathy, which is
caused by either PUV or UA in approximately 60
and 40% of cases, respectively, may manifest as
early as in the first trimester of pregnancy [25].
This presentation is known as first-trimester
megacystis [33, 34, 35]. [Figure 6]. The severe
forms of first-trimester megacystis, where the
largest longitudinal diameter of the bladder is
higher than 15 mm, are associated with a high
risk [around 10%)] of chromosomal anomalies,
with severe ‘isolated’ LUTO in the remaining fe-

Figure 6. Megacystis, early second trimester (case of
uretheral atresia). Frontal view through the fetal
head and abdomen. The abdomen is filled by the

distended urinary bladder (B). H. fetal head
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tuses [36,37]. Pathological studies suggest that
the frequency of the diagnosis of UA increases in
earlier gestational age a condition that has been
considered lethal until now [38].

Besides pulmonary hypoplasia due to severe
oligohydramnios, experimental and clinical stud-
ies have demonstrated that urine retention may
cause severe bladder and renal damage and im-
pairment. The bladder becomes dilated with a
thick wall [megacystis], and progressive bilateral
hydroureter and severe hydronephrosis. This pre-
sentation is associated with renal dysplasia and
impairment of renal function [39].

However, a very few fetuses may have sponta-
neous resolution of LUTO, which may be related
to other diagnosis such as ‘prune belly syndrome’
or commencement of spontaneous voiding,
which may occur as a consequence of the in-
creased pressure in the urinary bladder that
overcomes the resistance of PUV [[38]

J

Prenatal diagnosis

LUTO can be accurately diagnosed by prenatal
ultrasonography, with a high sensitivity [95%)
and specificity [80%]. The characteristic ultra-
sound findings are a dilated bladder [DB] with a
thick wall, bilateral hydroureter, and hydrone-
phrosis, which are often associated with oligohy-
dramnios or anyhydramnios. The dilated posteri-
or urethra can be recognized by the characteris-
tic 'keyhole sign’ [Figure 7]. However, the defini-
tive diagnosis of the underlying etiology causing
LUTO is impossible using prenatal ultrasonogra-
phy alone [40].

Prenatal ultrasonography is also essential to
determine the presence or absence of associated
anomalies as well as to evaluate the renal appear-
ances which are important prognostic factors.
However, it has significant limitations when se-
vere oligohydramnios or anyhydramnios is pres-
ent, and sometimes amnioinfusion is necessary
to complete the assessment of fetal anatomy.

Fetal MRI, using single-shot fast-spin echo
techniques, may be considered as a complemen-
tary method to prenatal ultrasonography, mainly
when severe oligohydramnios/anyhydramnios is
present. In addition, MRI may provide more de-
tailed analysis of the urethral obstruction, al-
though it has not been demonstrated to date that
this method can determine the underlying etiol-
ogy of the LUTO [41].

Figure 7. Dilated posterior urethra [PU), distended
bladder [Bl] and characteristic keyhole sign’

Assessment of fetuses with obstructive
uropathy for in utero therapy

The correct selection of potential subjects for
fetal therapy is important to avoid unnecessary
intervention in those unlikely to survive as well
as complications related to the procedure in
those that are likely to survive without any in-
tervention

Today definition of, a suitable candidate for
fetal intervention in LUTO is a fetus with normal
karyotype without any other associated anoma-
ly, with ultrasound findings of bladder obstruc-
tion [DB with the ‘keyhole sign’ and bilateral hy-
dronephrosis], the presence of oligohydramnios
or anyhydramnios and ‘favorable’ urine analysis.
There is no consensus regarding the value of sur-
gical intervention in a fetus with ultrasound
findings of LUTO and normal amniotic fluid.
These cases may have ‘prune belly syndrome’
particularly if the bladder is dilated and floppy
rather than thick-walled and tense. However,
early presentations of severe LUTO [before 18
weeks] are often associated with normal amniot-
ic fluid volumes initially and will develop severe
oligohydramnios or anyhydramnios as the preg-
nancy progresses. Only time and the progression
of signs [oligohydramnios] in those cases will al-
low the definition of severe LUTO and the neces-
sity of surgery.

‘Favorable’ urine analysis is considered when
urinary sodium is < 100 mEg/L, chloride < 90 mEg/L,
osmolarity < 200 mOsm/L and p2-microglobulin
< 6 mg/L [42]. And therefore, these values have

FETAL OBSTRUCTIVE UROPATHY DIAGNOsIS AND TREATMENT [
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been considered for the selection of cases for fe-
tal therapy. However, fetal urinary biochemistry
should be interpreted with extreme caution since
these values cannot predict prognosis if they are
measured early in gestation [before 19 weeks].
Thus fetal urinary biochemistry should not be
considered in the evaluation of cases presenting
before 20 weeks, particularly those with first-tri-
mester megacystis. Furthermore, stagnate urine
in the bladder may not represent the true fetal
renal function, thus serial bladder sampling for
repeated assessment of fresh urine is ideal but
this increases the matemal and fetal risks
[42,43] Finally, a recent meta-analysis showed
low sensitivity of the urine analysis in determin-
ing prognosis [43].

Table 8. Fetal urinary markers of renal function-

favorable urin parameter
ETTEEETTTEE
Chloride < 90 mEg/dl
Calcium < 8 mEg/dl
B2 microglobulin <10/7 mg/L
Osmolality < 210 mOsm/L
Total protein < 20 meg/dL

Other urinary parametrer include: phosphate
and N-acetyl-beta-D-glucosaminidase.

Fetal renal function status may also be as-
sessed from fetal serum via cordocentesis. [43]
Potential advantages of this approach over fetal
vesicocentesis include performance of a single
procedure and faster karyotype results. Beta
2-microglobulin and creatinine are both serum
markers of renal function.

Fetal therapeutic options

Experimental studies have suggested that re-
versing the obstruction in LUTO allows the in-
crease in amniotic fluid quantity, by improving
renal function and preventing pulmonary hypo-
plasia Therefore, the rationale for in utero thera-
py for LUTO is to permit restoration of the amni-
otic fluid volume. Open fetal surgery has been al-
most completely abandoned because of the in-
creased maternal and fetal risks. Minimally inva-
sive procedures, performed under ultrasound
guidance, have been proposed with the objective
of decompressing the bladder obstruction and

therefore improving survival rates and avoiding
renal impairment. These fetal procedures should
be considered as other options than termination
of pregnancy for severe LUTO and should be of-
fered in a specialized center with access to a
multidisciplinary team including fetal medicine
consultants, pediatric nephrologist and urologist.
Therapeutic surgical methods that have been
performed for LUTO are vesicocentesis, vesico-
ammniotic shunting, and fetal cystoscopy [26-30].

VESICOCENTESIS

The simplest procedure consists of puncturing
the bladder and aspirating the urine. Many in-
vestigators have suggested that vesicocentesis in
fetuses with severe megacystis in the first tri-
mester may relieve the urethral obstruction. This
approach is probably only effective in fetuses
with no anatomical bladder obstruction in which
the spontaneous resolution of the megacystis is
highly likely to occur even in the absence of fetal
intervention. Besides, in order to obtain sus-
tained decompression, vesicocentesis should be
performed several times per week, which in-
creases significantly the risks of infection, abor-
tion, preterm rupture of membranes and preterm
labor. Therefore, vesicocentesis is considered a
diagnostic method for fetal urinalysis with ma-
ternal-fetal risk almost similar to an amniocen-
tesis.

VESICO-AMNIOTIC SHUNTING

The most common method to relieve urinary
tract obstruction is to perform an ultrasound-
guided percutaneous vesico-amniotic shunt [Fig-
ure 8]. The classical technique consists of placing
a double pig-tailed catheter [Figure 9] under ul-
trasound guidance and local anesthesia, with the
distal end inside the fetal bladder and the proxi-
mal part in the amniotic cavity. This procedure
allows drainage of fetal urine. Before inserting
the trochar and cannula, it is recommended that
the entry site is examined using color-Doppler
ultrasonography to prevent vascular traumas.
Severe oligohydramnios and anhydramnios rep-
resent the main technical difficulty to place a
catheter in severe LUTO.

For this reason, amnioinfusion immediately
before placing the vesico-amniotic shunt usually
becomes necessary. It is also important to place
the shunt as low as possible in the bladder, in or-
der to prevent the catheter displacement after
bladder decompression.
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Figure 8. Technique for vesico-amniotic

Vesico-amniotic shunting has been very wide-
ly performed for at least 25 years. There have
been more than 300 cases of shunts reported in
the literature. Overall, neonatal survival rates af-
ter vesico-amniotic shunting is approximately
40%, with about 50% of survivors having renal
impairment [4, 26, 27, 28]

Vesico-amniotic shunting is associated with
many complications. Complications related to
bladder shunts occur in up to 45% of cases which
include shunt blockage [25%], and shunt migra-
tion [20%] as well as urinary ascites, preterm la-
bor, chorio-amnionitis, and iatrogenic gastroschi-
sis. The most serious maternal complication re-
lated to vesico-amniotic shunting is infection
which increases the risk for fetal death. Shunt
displacement from the bladder may cause urine
ascites, massive fetal abdomen distention, dia-
phragmatic elevation, intra-abdominal and in-
tra-thoracic hemodynamic changes, and even fe-
tal hydrops. With those complications, re-shunt-
ing of the bladder or even placing an abdominal-
amniotic shunt may become necessary.

FETAL CYSTOSCOPY

Because of the limitations of percutaneous
vesico-amniotic shunting, fetal cystoscopy was
introduced by Quintero et al. in 1995[44, 45] The
advantages of fetal cystoscopy may be to permit
a more physiological drainage of the obstructed
bladder and an endoscopic examination of the
dilated bladder and posterior urethra allowing
the direct diagnosis of the cause of the obstruc-
tive uropathy [Posterior Urethral Valve or Ure-
thral Artesia). A further clinical advantage over
bladder shunting is the fact that there is no need
for amnioinfusion prior to the procedure.

It is recommended that the procedure should
be done under maternal and fetal anesthesia. [38,
46] The trochar needs to be inserted in the upper
part of the fetal bladder under ultrasound guid-

Figure 9. Double pig-tail catheter shunt shunting
under ultrasound guidance

ance. If a membrane-like obstruction of the ure-
thral lumen is seen, the diagnosis of PUV is con-
firmed and at this time the valves can be treated.
Different methods are used to perforate the
valves using hydroablation, guide-wire or laser
fulguration. However, if a non-membrane-like
structure is found, even with the fluid injection,
the UA is diagnosed and no attempt to perforate
this structure is performed. Therefore, percuta-
neous fetal cystoscopy is useful for diagnostic as
well as therapeutic purposes in LUTO. [Figure 10]

Disruption of the valves was achieved by laser
fulguration in 50% [10/20] of fetuses with a neo-
natal survival rate of 70% [7/10], hydroablation
in 20% [4/20] of cases with a survival rate of
75% [3/4], guide-wire in 20% [4/20] with no sur-
vival, monopolar fulguration of the valves in one
[5%)] fetus and ‘urethral probe’ in another one
[5%] both with no survivors. Therefore, it seems
that laser fulguration and hydroablation are the
best option for urethra disruption, with neonatal
survival rate of approximately 70 to 75%. Fur-
ther studies with larger series and perhaps with
randomized comparison between fetal cystosco-
Py and vesico-amniotic shunting are still neces-
sary to confirm these findings. [47]
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Figure 10. Technique for fetal cystoscopy
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Since there are few reports in the literature,
there are no specific data concerning the compli-
cations of fetal cystoscopy. Possible risks include
maternal infection, premature rupture of the
membranes and peripheral bladder damage.

Fetal cystoscopy requires greater skilling com-
parison to vesicoamniotic shunting. Further
studies with long-term follow-up are still neces-
sary to compare both surgical methods for the
treatment of severe LUTO. Ideally this should be
evaluated by a randomized controlled trial with
stratification of cases based on the prenatal ul-
trasound findings, fetal urine biochemistry, and
the etiological diagnosis of the obstruction.

References

1. Carvalho MH, Brizot ML, Lopes LM, et al. Detection
of fetal structural abnormalities at the 11-14 week
ultrasound scan. Prenat Diagn 2002;22:1-4.
[PubMed: 11810640]

2. Dillon E, Walton SM. The antenatal diagnosis of
fetal abnormalities: a 10 year audit of influencing
factors. Br ] Radiol 1997;70:341-346. [PubMed:
9166068]

3. Kerecuk L, Schreuder MF, Woolf AS. 2008. Renal
tract malformations: perspectives for nephrologists.
Nat Clin Pract Nephrol 4: 312-325.

4. Lissauer D, Morris RK, Kilby MD. 2007, Fetal lower
urinary tract obstruction. Semin Fetal Neonatal
Med 12: 464-470.

5. Vanderheyden T, Kumar S, Fisk NM. 2003, Fetal
renal impairment. Semin Neonatol 8: 279-289.

6. Grignon A, Filion R, Filiatrault D, et al. 1986.
Urinary tract dilatation in utero: classification and
clinical applications. Radiology 160: 645-647.

7. Woodward M, Frank D. Postnatal management of
antenatal hydronephrosis. BJU Int 2002;89:149-
156. [PubMed: 11849184]

8. Shokeir AA, Nijman RJ. Antenatal hydronephrosis:
changing concepts in diagnosis and subsequent
management. BJU Int 2000;85:987-994. [PubMed:
10792193]

9. Aksu N, Yavascan O, Kangin M, et al. Postnatal
management of infants with antenatally detected
hydronephrosis. Pediatr Nephrol 2005;20:1253-
1259. [PubMed: 16025288

10. Coelho GM, Bouzada MC, Pereira AK, et al.
Outcome of isolated antenatal hydronephrosis: a
prospective cohort study. Pediatr Nephrol
2007;22:1727-1734. [PubMed: 17653772]

11. Lee RS, Cendron M, Kinnamon DD, Nguyen HT.
Antenatal hydronephrosis as a predictor of
postnatal outcome: a meta-analysis. Pediatrics
2006;118:586-593. [PubMed: 16882811)

12. Williams B, Tareen B, Resnick MI.
Pathophysiology and treatment of ureteropelvic

junction obstruction. Curr Urol Rep 2007;8:111~
117, [PubMed: 17303015]

15. Chevalier RL. Perinatal obstructive nephropathy.
Semin Perinatol 2004;28:124-131. [PubMed:
15200251]

14. Becker Amy M. Postnatal evaluation of infants
with an abnormal antenatal renal sonogram Curr
Opin Pediatr. 2009 April ; 21[2]): 207-213,
doi:10.1097/MOP.0b013e32832772a8,

15, Oliveira EA, Diniz JS, Rabelo EA, et al. Primary
megaureter detected by prenatal ultrasonography:
conservative management and prolonged follow-
up. Int Urol Nephrol 2000;32:13-18,
[PubMed:11057766)

16. Keating MA, Escala ], Snyder HM III, et al.
Changing concepts in management of primary
obstructive megaureter, ] Urol 1989;142:636-640.
[PubMed: 2664231]

17. Shenoy MU, Rance CH. Is there a place for the
insertion of a J] stent as a temporizing procedure
for symptomatic partial congenital vesico-ureteric
junction obstruction in infancy? BJU Int
1999;84:524-525. [PubMed: 10468774]

18, Zerin JM, Ritchey ML, Chang AC. Incidental
vesicoureteral reflux in neonates with antenatally
detected hydronephrosis and other renal
abnormalities, Radiology 1993;187:157-160.
[PubMed: 8451404]

19. Alconcher L, Tombesi M. Mild antenatal
hydronephrosis: management controversies.
Pediatr Nephrol 2004;19:819-820. [PubMed:
15127283)

20. Tibballs M, De BR. Primary vesicoureteric reflux:
how useful is postnatal ultrasound? Arch Dis
Child 1996;75:444-447. [PubMed: 8957961]

21. Ek S, Lidefeldt KJ, Varricio L. Fetal
hydronephrosis; prevalence, natural history and
postnatal consequences in an unselected
population. Acta Obstet Gynecol Scand
2007;86:1465-1466. [PubMed: 17943467

22, Phan V, Traubici J, Hershenfield B, et al.
Vesicoureteral reflux in infants with isolated
antenatal hydronephrosis. Pediatr Nephrol
2003;18:1224-1228. [PubMed: 14586679]

23. Pennesi M, Travan L, Peratoner L, et al. [s
antibiotic prophylaxis in children with
vesicoureteral reflux effective in preventing
pyelonephritis and renal scars? A randomized,
controlled trial. Pediatrics 2008;121:¢1489-e1494,
£1494 [PubMed: 18490378]

24, Mallik M, Watson AR. Antenatally detected
urinary tract abnormalities: more detection but
less action. Pediatr Nephrol 2008;23:897-904.904
[PubMed: 18278521]

25. Robyr R, Benachi A, Daikha-Dahmane F,
Martinovich ], Dumez Y, Ville Y, 2005. Correlation
between ultrasound and anatomical findings in
fetuses with lower urinary tract obstruction in
the first half of pregnancy. Ultrasound Obstet
Gynecol 25: 478-482

198 . ULTRASOUND IN OBSTETRICS AND GYNECOLOGY - WHAT IS NEW?




26. Golbus MS, Harrison MR, Filly RA, Callen PW, Katz

M. 1982. In utero treatment of urinary tract
obstruction. Am J Obstet Gynecol 142: 383-388,

27. Harrison MR, Golbus MS, Filly RA, et al. 1982a.
Fetal surgery for congenital hydronephrosis. N
Engl ] Med 306: 591-593,

28. Harrison MR, Golbus MS, Filly RA, et al. 1982b.
Management of the fetus with congenital
hydronephrosis. J Pediatr Surg 17: 728-742.

29. Harrison MR, Golbus MS, Filly RA, Nakayama DK,
Delorimier AA. 1982c. Fetal surgical treatment.
Pediatr Ann 11: 896-899, 901-903

30. Agarwal SK, Fisk NM. 2001. In utero therapy for
lower urinary tract obstruction. Prenat Diagn 21:
970-976.

31. Parkhouse HF, Barratt TM. 1988. Investigation of
the dilated urinary tract. Pediatr Nephrol 2: 43-47,

32. Freedman AL, Johnson MP, Smith CA, Gonzalez R,
Evans MI. 1999. Longterm outcome in children
after antenatal intervention for obstructive
uropathies. Lancet 354: 374-377

33. Favre R, Kohler M, Gasser B, Muller F, Nisand I.
1999. Early fetal megacystis between 11 and 15
weeks of gestation. Ultrasound Obstet Gynecol 14:
402-406.

34. Jung E, Won HS, Shim JY, Lee PR, Kim A, Kim KS.
2005. Successful outcome following prenatal
intervention in a female fetus with bladder outlet
obstruction. Prenat Diagn 25: 1107-1110.

35. Sepulveda W. 2004. Megacystis in the first
trimester. Prenat Diagn 24:144-149,

36. Jouannic JM, Hyett JA, Pandya PP, Gulbis B,
Rodeck CH, Jauniaux E. 2003, Perinatal outcome
in fetuses with megacystis in the first half of
pregnancy. Prenat Diagn 23: 340-344.

37. Liao AW, Sebire NJ, Geerts L, Cicero S, Nicolaides
KH. 2003. Megacystis at 10-14 weeks of
gestation: chromosomal defects and outcome
according to bladder length. Ultrasound Obstet
Gynecol 21: 338-341.

38. Ruano R, Duarte S, Bunduki V, Giron AM, Srougi
M, Zugaib M. 2010. Fetal cystoscopy for severe
lower urinary tract obstruction—initial experience
of a single center. Prenat Diagn 30: 30-39,

39. Shimada K, Matsumoto F, Tohda A, Ueda M. 2003,
Histological study of fetal kidney with urethral
obstruction and vesicoureteral reflux: a
consideration on the etiology of congenital reflux
nephropathy. Int J Urol 10: 518-524,

40. Bernardes LS, Aksnes G, Saada J, et al. 2009,
Keyhole sign: how specific is it for the diagnosis
of posterior urethral valves? Ultrasound Obstet
Gynecol 34: 419-423,

41. Miller OF, Lashley DB, Mcaleer IM, Kaplan GW.
2002. Diagnosis of urethralobstruction with prenatal
magnetic resonance imaging. J Urol 168:1158-1159.

42. Morris RK, Quinlan-Jones E, Kilby MD, Khan KS,
2007b. Systematic review of accuracy of fetal
urine analysis to predict poor postnatal renal
function in cases of congenital urinary tract
obstruction. Prenat Diagn 27: 900-911.

45. Nicolini U, Spelzini F. 2001. Invasive assessment
of fetal renal abnormalities: urinalysis, fetal blood
sampling and biopsy. Prenat Diagn 21: 964-969

44, Quintero RA, Hume R, Smith C, et al, 1995a.
Percutaneous fetal cystoscopy and endoscopic
fulguration of posterior urethral valves. Am J
Obstet Gynecol 172: 206-209.

45. Quintero RA, Johnson MP, Romero R, et al, 1995b,
In-utero percutaneous cystoscopy in the
management of fetal lower obstructive uropathy.
Lancet 346: 537-540,

46. Ruano R, Pimenta EJ, Duarte S, Zugaib M. 2009,
Four-dimensional ultrasonographic imaging of
fetal lower urinary tract obstruction and guidance
of percutaneous cystoscopy. Ultrasound Obstet
Gynecol 33: 250-252,

47. Ruano R[2011)], Fetal surgery for severe lower
urinary tract obstruction Prenat Diagn 2011; 31:
667-674. DOI: 10.1002/pd.2736

FETAL OBSTRUCTIVE UroPATHY DIAGNOSIS anD TReaMENT ] 109




