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Abstract

Congenital lower urinary tract obstruction (cLUTO) describes a heterogeneous spectrum of congenital lower urinary tract
defects with variable postnatal outcomes, ranging from high morbidity and mortality to spontaneous resolution. In the
past, fetal intervention studies aimed at mitigating the disease sequelae of cLUTO have yielded inconclusive results, which
contributed to the current heterogeneous antenatal management of fetuses with cLUTO across fetal surgery centers. The
recent development of first-trimester diagnostics and early vesico-amniotic shunting (VAS) (i.e., < 17 weeks of gestation)
in Germany to decompress the urinary tract and preserve amniotic fluid volume throughout pregnancy has added another
dimension to this heterogeneity, as retrospective studies suggest a potential benefit of this procedure for overall survival
as well as postnatal pulmonary and kidney function. Despite these promising results, many questions remain unanswered
before early VAS can be implemented as a standard antenatal treatment for cLUTO. These questions need to be addressed by
large-scale, multidisciplinary prospective studies, which are difficult to conduct for various reasons. Here, we describe the
current state of the art in cLUTO management, providing a multidisciplinary perspective that includes risks and benefits of
early fetal medicine approaches in the clinical management of affected newborns. Furthermore, we outline future directions
to overcome challenges in optimizing our approach to improve outcomes for children with cLUTO.

Keywords Lower urinary tract obstruction - Fetal medicine - Vesico-amniotic shunting - Precision medicine -
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Introduction

Congenital lower urinary tract obstruction (cLUTO)
refers to a heterogeneous spectrum of congenital condi-
tions characterized by subvesical obstruction of variable
severity [1]. The estimated incidence of cLUTO is 2-3
per 10,000 live births [2], with posterior urethral valves
(PUV) accounting for approximately 60% of cases [3].
Other rare causes of LUTO are urethral hypoplasia/atre-
sia/duplication, megalourethra, and prolapsing ureterocele,
as well as more complex congenital defects such as Prune
Belly Syndrome (PBS), Megacystis Microcolon Intestinal
Hypoperistalsis Syndrome (MMHIS), and uro-ano-genital
(cloacal) malformations. Unlike PUYV, all of these latter
phenotypes can also occur in females.

Although the exact etiology of cLUTO remains largely
unknown [4—10], the clinical consequences are well docu-
mented. Oligohydramnios or anhydramnios before 20 weeks
of gestation leads to aberrant canalicular lung development
and pulmonary hypoplasia, making it a strong second-tri-
mester predictor of neonatal death [11]. Several biomark-
ers have shown promise for predicting postnatal kidney
function, but their clinical use is currently limited due to
insufficient validation in prospective cohorts [12—16]. Since
approximately 60% of children with cLUTO will develop
chronic kidney disease (CKD) stage 3 or higher [17], expect-
ant parents of a fetus diagnosed with cLUTO, as well as their
healthcare providers, are faced with a severe diagnosis with
distressing uncertainty about the prognosis.

Previous second-trimester fetal interventions to decom-
press the bladder and urinary tract and preserve amniotic
fluid volume by vesico-amniotic shunting (VAS) have not
robustly shown improvement in the postnatal prognosis of
affected individuals [18, 19], contributing to the current
European recommendation that VAS should be offered in
selected cases [1]. Proposed indication criteria for VAS
mainly encompass findings suggestive of abnormal fetal
kidney function, e.g., oligo/anhydramnios, hyperechogenic
kidneys, and cortical cysts [20], but have not been vali-
dated by prospective studies [20]. The recent development
of early VAS (i.e., before the 17th gestational week) intro-
duces another dimension to the desire for accurate outcome
prediction in cLUTO. For example, fetuses with cLUTO
often have complex lower urinary tract phenotypes, which
cannot always be identified at the time of intervention, but
severely impact the overall prognosis [21]. This could make
the determination of who will benefit from early VAS, who
will not, and at what cost problematic. Hence, we, as multi-
disciplinary health care professionals, are now compelled to
reconsider our approach to managing fetuses with cLUTO.

In this review, we describe the current state of the art
in the management of children with cLUTO, providing
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a balanced multidisciplinary perspective that includes
potential benefits and complications of first trimester
diagnosis and VAS for the postnatal outcome of affected
newborns. We also highlight the associated challenges
that accompany clinical decision-making regarding early
VAS of children with cLUTO, which should be based on
individualized risk—benefit ratios, ethical considerations,
and stratified longitudinal follow-up on pulmonary, kidney,
and urinary tract outcomes [20]. Accordingly, we call for
international prospective initiatives aimed at improving
clinical outcomes for these children.

Antenatal management of cLUTO
Diagnostic criteria and natural course of cLUTO

Fetal megacystis, the prenatal hallmark ultrasonographic
finding of LUTO, is defined as an abnormal enlargement of
the urinary bladder. Up to 80% of cases of megacystis can
be already detected at the first-trimester scan [22], when
fetal megacystis is defined by a Longitudinal Bladder Diam-
eter (LBD), measured in the midsagittal plane alongside the
crown—-rump length, of >7 mm (Fig. 1). It is important to
consider that the implementation of the first-trimester scan
in population screening programs still varies across coun-
tries (Table 1) [23].

In the second and third trimesters, the diagnosis of
megacystis has long been more subjective, and only more
recently, reference charts for normal fetal bladder dimen-
sions have been developed [24]. The suspicion of cLUTO is
generally based on a persistently enlarged bladder that does
not empty during the scan and appears disproportionately
large relative to fetal abdominal size. Associated findings
such as the keyhole sign (dilated bladder neck and posterior
urethra), bilateral hydronephrosis, oligo-/anhydramnios, or
bladder wall thickening support the diagnosis of LUTO.

The results of retrospective studies that have evaluated
the postnatal outcome of conservatively treated cases with
a first-trimester LBD > 15 mm are summarized in Table 2,
demonstrating that, while spontaneous resolution may occur
in isolated cases, neonatal survival rates are extremely low
and pregnancy termination rates are high [25-30]. In con-
trast, fetuses with LBD 12—15 mm have a much more vari-
able outcome, including spontaneous resolution [31-33].
The latter dimensions indicate a “grey zone,” where LBD
appears to not be a reliable sole prognostic indicator.

Fetal interventions to improve the prognosis
of cLUTO

For decades, fetal surgeons have sought to alter the natural
course of severe cLUTO by introducing VAS systems with
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Fig.1 Fetal ultrasonography in congenital lower urinary tract
obstruction. A Measurement of longitudinal bladder diameter in a
first-trimester fetus with megacystis. B Image of two commonly used
vesico-amniotic shunt systems: Harrison Fetal Bladder Stent (HFBS;
left) and Somatex® intrauterine shunt (IUS; right). The shunts are

two primary aims: (1) to restore amniotic fluid to promote
lung maturation and prevent pulmonary hypoplasia to reduce
mortality; and (2) to preserve kidney function by reliev-
ing urinary tract pressure during nephrogenesis. The first
available shunt systems include the double-pigtail Harrison
Fetal Bladder Stent (HFBS; used in the second trimester
and the PLUTO trial [19] (Fig. 1)), which was placed using

deployed in the picture. C Ultrasound picture of a fetus with first-tri-
mester megacystis (image courtesy of Eva C. Weber). D Ultrasound
picture of a fetus after first-trimester vesico-amniotic shunting with
the Somatex® IUS showing a completely drained bladder (image
courtesy of Eva C. Weber)

a 13G trocar and suitable for VAS in the second trimester.
Since 2014, the double-umbrella Somatex® Shunt, inserted
via a 50% smaller 18G needle, enables earlier interven-
tion (114 weeks vs. 17+ weeks) with fewer complications
than HFBS (Fig. 1) [34]. Somatex® shunt placement can
be performed under ultrasound guidance as the megacys-
tis is relatively easily accessible. The needle containing the
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Table 1 First trimester screening for megacystis across European countries (adapted from [23])

Country Timing (gestational weeks) Reimbursement
Denmark 10 to 14 Fully paid by insurance or government
Finland 13 to14 Fully paid by insurance or government
France 10 to 14 Partially covered by the national health insurance system
Germany 9 to 12 (covered) Partially covered by the national health insurance system, partially self-paid

12 to 14 (self-paid)
Italy 10to 14 Public sector paid by government, private sector fully self-paid, or by insurance
Netherlands 12to 14 Fully paid by insurance or government (implementation decision pending)
Poland 11to 14 Public sector paid by government, private sector fully self-paid, or by insurance
Spain 10to 14 Fully paid by insurance or government
Sweden 11to 14 Public sector paid by government, private sector fully self-paid, or by insurance
United Kingdom 10to 12 Fully paid by insurance or government

NB. These timelines are general guidelines and may vary based on individual circumstances, healthcare provider practices, and regional policies

Table2 Overview of published cohorts reporting outcomes in conservatively treated fetuses with a first-trimester longitudinal bladder diam-

eter> 15 mm

Reference Cases Cohort charac-

Time period Cases with 1 st

Prenatal death Liveborns Neonatal sur- Isolated 1 st

teristics trimester mega- vivors trimester mega-
cystis> 15 mm cystis> 15 mm
and favourable
outcome?

[31] 43 Retrospective 2009-2020 14 12 2 2 Not available
single center

[27] 27 Retrospective 20152023 2 2 0 0 None
single center

[25] 145 Retrospective 1992-2002 31 31 0 0 None
single center

[94] 23 Retrospective 20112016 11 11 0 0 None
single center

[29] 5 Retrospective 2007-2015 2 0 2 2 None
multi-center

[95] 98 Retrospective 2010-2020 22 20 2 Not available Not available
single center

[96] 1 (others with Retrospective 2008-2012 1 0 1 0 None

VAS) single center
[28] 2 (others with Retrospective 2008-2012 2 1 1 1 1
VAS) single center

[97] 46 Retrospective 2003-2008 9 8 1 1 None
study

Total 390 Not applicable 1992-2023 94 85 9 6 1

This table summarizes retrospective studies assessing fetuses with an LBD > 15 mm diagnosed during the first trimester of gestation, who were
not treated with vesico-amniotic shunting. Reported outcomes include prenatal death, live birth, and neonatal survival. The final column indi-
cates whether any evidence of isolated first-trimester megacystis with LBD> 15 mm and a favorable outcome (i.e., survival without severe
postnatal morbidity) was identified in the respective cohort. The data illustrate that spontaneous resolution and favorable postnatal outcomes in

fetuses with isolated megacystis and a first-trimester LBD > 15 mm are exceedingly rare

LBD Longitudinal bladder diameter, VAS vesico-amniotic shunting

shunt punctures the fetal bladder via the maternal abdomen,
uterus, amniotic cavity, and fetal abdominal wall [34, 35].
Once the preloaded needle is positioned intravesically, the
proximal umbrella is relieved using a pusher. As the needle
is withdrawn, the distal end is relieved into the amniotic
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cavity. Adequate amniotic fluid is needed for distal posi-
tioning, which is usually still present in the first trimester.
However, in cases of oligo-/anhydramnios, amnioinfusion
may be necessary to enable adequate placement. Successful
decompression causes immediate urinary drainage visible



Pediatric Nephrology

on ultrasound. Because the Somatex® introduction needle is
blocked by the shunt, fetal urine cannot be aspirated before
placing the shunt. After the shunt is deployed from the nee-
dle, which is then located in the amniotic cavity, amniotic
fluid can be sampled. Worth mentioning, the newly devel-
oped Vortex shunt, that has been designed to decrease dis-
lodgement rates and improve shunt deployment via a 7 Fr
trocar, has recently been tested in a pre-clinical model of
LUTO in fetal lambs and demonstrated short-term safety and
functionality [36], indicating a promising first step towards
the use of this device in human cLUTO.

Clinical outcomes after VAS

Several trials and cohort studies have assessed the safety and
efficacy of VAS [19, 22, 37], with the randomized controlled
PLUTO trial showing a statistically non-significant improve-
ment in neonatal survival following second-trimester VAS
[19]. Howeyver, recruitment challenges, mainly due to paren-
tal reluctance to continue the pregnancy and/or to participate
in a randomized trial, led to premature termination and lim-
ited the study’s power [19, 38]. Meta-analyses of second-
trimester VAS studies reported survival rates of 30-60%,
with poor long-term renal outcomes [37, 98], which may
be an indication that the intervention was performed at too
advanced a stage to be beneficial for many cases. Moreover,
data from animal studies have demonstrated an association
between the severity of postnatal kidney dysfunction and the
duration of urinary obstruction, with early decompression
preserving kidney function [39—41].

Based on these findings, some centers have explored
earlier VAS using the Somatex® shunt [34, 42-44]. Retro-
spective analyses from German centers report better survival
and kidney outcomes in fetuses with cLUTO diagnosed and
treated with VAS before 17 weeks compared to those diag-
nosed and treated later than 17 weeks [34, 44, 45]. Strizek
and co-workers compared the perinatal outcomes of VAS
before the 17th gestational week with the HFBS vs. Soma-
tex® shunt in 57 fetuses with isolated cLUTO and identified
normal kidney function in 7/8 (88%) of children in the HFBS
group (median age at last follow-up 7.3 years) and 17/25
(68%) in the Somatex® group (median age at last follow-up
2.9 years; P=0.39) [34]. Two (25%) children in the HFBS
group had kidney failure compared to 6 (24%) children in
the Somatex® group. Kohl et al. performed VAS using the
Somatex® shunt or a pigtail catheter (Cook medical®) and
calculated an odds ratio of 7.9 (95% confidence interval
2.0-30.8) for normal kidney function at last follow-up when
VAS was performed before vs. after the 17th gestational
week (P=0.003) [44]. An observational study of 9 fetuses
that were treated with VAS between gestational weeks
14 + 6 and 27 + 6 reported survival of 6 fetuses at follow-up
(median age 1.8 years), of whom 1 child was treated before

the 17th gestational week and had moderately impaired kid-
ney function [45]. Overall, kidney failure rates after early
VAS range from 0-24% [34, 42, 43, 45]. Gottschalk et al.
did not find differences in restricted kidney function after
birth between groups treated < 14 (0%), 14— <17 (14%),
and> 17 (38%) weeks of gestation, but a numerical trend
favoring earlier intervention was observed (P =0.089)
[43]. Preliminary data from the prospective IUS1st trial
(DRKS00017779), studying first-trimester megacystis with
LBD> 15 mm treated at a median of 13.8 gestational weeks,
suggest improved postnatal kidney outcomes despite persis-
tent urological issues (data unpublished).

As all of the current studies describe retrospective case
series with relatively short follow-up periods, differences in,
e.g., procedure and timing of the intervention as well as ter-
mination of pregnancy rates, larger-scale prospective studies
are needed to confirm these results. However, randomized
trials of fetal interventions face extreme challenges due to
selection bias, high dropout rates, lack of adequate controls,
treatment cross-over, and the need for long-term follow-up
(i.e., multiple decades in the case of cLUTO) [19]. Given
these difficulties, the current introduction of early VAS high-
lights the need to better define which fetuses would benefit
most from a fetal intervention [20]. Of note, the Somatex®
shunt has been currently used in a limited number of coun-
tries across Europe and Asia [46—48]. Overcoming this lim-
ited availability of fetal shunting systems will be essential
to answer this pivotal question in the treatment of fetuses
with cLUTO.

Risks and complications of early VAS

Like any intrauterine intervention, VAS carries risks such as
fetal loss, premature rupture of membranes, amniotic fluid
leakage, preterm labor and birth, although hazard risks have
not yet been substantiated for early VAS. VAS-specific com-
plications include shunt dislocation and occlusion, which
may require re-shunting. The dislocation rate varies by shunt
type, with the Somatex® Shunt showing lower rates than the
Harrison Fetal Bladder Stent (27% vs. 63%) [34]. Rare com-
plications include fetal bleeding, skin defects from mechani-
cal abrasion, intestinal injury, and iatrogenic fetal abdominal
wall defects at the insertion site [35, 49]. Premature rupture
of membranes has been described in 8% of pregnancies,
while others have identified higher rates (30%) of preterm
delivery before the 32nd gestational week [43, 49].
Particularly for first-trimester VAS, selection of an opti-
mal shunt insertion site caudal of the umbilicus is important.
As the fetus grows and the bladder remains decompressed,
the bladder and abdominal wall puncture sites diverge over
time. Once the distance between these sites exceeds the
shunt length, the amniotic umbrella may slip into the peri-
toneal cavity, leading to urinary ascites. This complication
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typically occurs > 20 weeks of gestation and may require
additional abdomino-amniotic shunt placement.

Postnatal complications of VAS with a Somatex® shunt
have been recently described by several retrospective case
series [34, 35, 49]. Messling et al. reported that postnatal
surgical removal of the shunt was indicated in 13/23 (56%)
fetuses who underwent early VAS [49]. For five neonates,
this procedure was described as “complex.” Kohaut et al.
identified similar proportions of postnatal shunt removal
(10/17 (58%) neonates with cLUTO after early VAS) [35].
Other shunt-related complications include dislocation
(15/23, 65%), dysfunction (3/23, 13%), abdominal wall
defects (3/23, 3%), intestinal adhesions (4/23, 17%), blad-
der adhesions (1, 4%), urinary ascites (2/23, 9%), and aplasia
cutis (1/23, 4%) [49]. Although the published complication
rates of early VAS appear substantial, these must be weighed
against the outcome of conservatively treated children with
severe LUTO and the improved kidney function compared
to later VAS. Nevertheless, until larger prospective cohorts
further uncover the complication rates of early VAS, indi-
vidualized clinical decision-making is warranted for fetuses
with LBD > 15 mm.

Alternative prenatal management strategies

In 2024, an international Delphi consensus panel reaffirmed
VAS as the primary intervention for fetuses with megacys-
tis [30]. Some centers have explored a curative approach,
targeting PUV as the commonest cause of cLUTO in male
fetuses. While postnatal PUV is treated by cystoscopic inci-
sion or resection, prenatal fetoscopic cystoscopy with ante-
grade laser fulguration has largely been abandoned due to
the high severe complication rate and technical challenges
[50].

Serial vesicocentesis, performed with a thin needle,
was also considered but abandoned as it only temporarily
reduced urinary pressure, while it may lead to urinary ascites
and does not prevent pulmonary hypoplasia. Other risks of
this procedure include premature rupture of membranes,
preterm labor, and infection.

Serial amniotic fluid infusion aims to prevent pulmonary
hypoplasia by maintaining amniotic fluid volume but does
not relieve urinary pressure and carries high prenatal com-
plication risks. The Renal Anhydramnios Fetal Therapy
Trial showed that serial amnioinfusions reduced lethal pul-
monary hypoplasia in fetuses with bilateral kidney agenesis,
but led to a high rate of preterm delivery and mortality unre-
lated to lung function [51].

Finally, healthcare providers should always consider and
discuss with the expectant parents the option of foregoing
antenatal or postnatal intervention in favor of providing opti-
mal comfort care after birth.

@ Springer

Postnatal clinical management of children
with cLUTO

Management of infants with cLUTO requires specialized
and multidisciplinary care due to the broad spectrum of
pulmonary and kidney dysfunction, which depends on the
timing, duration, and severity. Over recent decades, neona-
tologists, pediatric nephrologists, and urologists have inte-
grated the complex management of patients with cLUTO
into their practice [1]. An example of the current antena-
tal and postnatal management for children with cLUTO
treated with early VAS is summarized in Fig. 2.

The neonatological management of cLUTO

While neonatal care for very preterm infants has dramati-
cally improved over the past years, this does not particu-
larly concern term or preterm infants with pulmonary
hypoplasia due to cLUTO.

As of now, no systematic study has been published that
evaluated the optimal pulmonary management of newborns
born with cLUTO in the first days or weeks of life [52].
Hence, current neonatal management recommendations are
extrapolated from experience with infants having pulmo-
nary hypoplasia due to kidney dysfunction by other causes.
Here, the initial postnatal care depends on expected pul-
monary function, which is mainly assessed based on the
amniotic fluid volume. Adequate amniotic fluid until at least
22 weeks’ gestation allows for sufficient lung maturation to
support gas exchange at birth [53]. In fetuses with normal
amniotic fluid, vaginal delivery and regular postnatal bond-
ing may still be pursued, even with a VAS in place. Pulmo-
nary management in the case of pulmonary hypoplasia as a
consequence of oligo-/anhydramnios should be as minimally
invasive as possible to avoid early pulmonary shear trauma
or pneumothoraces but may include high-frequency oscilla-
tion (with or without the need for nitric oxide and milrinone)
and extracorporeal membrane oxygenation as a bridge treat-
ment for severe postnatal pulmonary failure. Given this high
interindividual variability of postnatal pulmonary function,
we strongly advocate for the prenatal involvement of dedi-
cated neonatologists in the clinical management of every
child with cLUTO (Fig. 2).

In addition to pulmonary management, achieving opti-
mal nutritional status and growth after birth is essential
to ensure neurocognitive development and may be com-
plicated in children with cLUTO due to acid-base dis-
orders, electrolyte imbalances, and chronic dehydration
associated with decreased postnatal kidney function. As a
consequence, many children with cLUTO require gastric
tube feeding and caloric supplementation after birth [54].
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O VAS OAB/Low Compliance
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Prenatal follow-up (every 4 weeks):
1. Monitor for VAS-related complications, confirm
correct VAS placement, assess decompression Potential treatment options
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2. Assess postnatal respiratory and kidney function
prognosis and screen for associated organ
malformations.
3. Plan a full organ screening around GW22 and
explicitly exclude anal atresia at approximately Emerging Life Concems
GW26. Continence Sexuality Fertility
4. Offer repeated prenatal multidisciplinary
counseling if new findings arise.
Postnatal Nephrology follow-up (risk-adapted):
Assess kidney function, growth/nutritional status, proteinuria, hypertension.
N J Consider RAS-inhibitors.
GW11  GW14 GW20 GW30 birth PW1 PW10 1Y Toddler 6-10Y Adolescent Adult

Fig.2 Multidisciplinary management of congenital lower urinary
tract obstruction following early vesico-amniotic shunting. For details
about the antenatal and postnatal follow-up, see the respective sec-
tions in the manuscript. The recommended prenatal counseling team
should at least include medical specialists trained in obstetrics, fetal
surgery, medical ethics, clinical genetics, neonatology, pediatric

With regard to early VAS, it remains to be determined
whether this will alter specific aspects of the abovemen-
tioned neonatal care for children with cLUTO, making this
truly different from non-shunting or late VAS. According to
our own clinical experience, this change has been limited
to the removal of the shunt system and preventing urinary
outflow obstruction, as will be described below.

The nephrological management of c(LUTO

Postnatal nephrological management of children with
cLUTO ranges from supportive treatment (i.e., increased
fluid intake, electrolyte supplementation) to kidney replace-
ment therapy, e.g., peritoneal dialysis. Severe volume and

nephrology, and pediatric urology. CIC =clean intermittent catheteri-
zation; FU =follow-up; GW = gestational week; MCUG = micturating
cystourethrogram; OAB =overactive bladder; RAS =renin—angioten-
sin—aldosterone system; UAB =underactive bladder; VAS =vesico-
amniotic shunting

electrolyte imbalances—such as hyponatremia, hyper-
kalemia, and acidosis, commonly associated with impaired
kidney function in non-shunted or late-shunted cLUTO
cases [55, 56]—are less often observed in neonates with
early VAS. However, the long-term effects of early VAS
placement on CKD remain unclear due to limited long-
term follow-up data [57], and it is reasonable to assume
that many affected children still have a more or less reduced
nephron endowment, increasing their risk for CKD-related
complications later in life. Still, this would mean a signifi-
cant decrease in the complexity of nephrological manage-
ment compared to a child born with kidney failure result-
ing from cLUTO (Fig. 2). For children treated with early
VAS who have normal kidney function after birth, general
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management recommendations established for both patients
with cLUTO and patients with reduced nephron number are
likely applicable [1, 58]. Preventing obesity and treatment
with renin—angiotensin—aldosterone system inhibition in
cases of hypertension and/or proteinuria may be indicated
to slow down glomerular filtration rate deterioration [59].
Children with cLUTO are also at higher risk for kidney
injury from urinary tract infections and persistent lower
urinary tract dysfunction, which can worsen long-term kid-
ney prognosis. Importantly, children initially showing well-
preserved kidney function face risks of loss to follow-up and,
consequently, delayed detection of these modifiable CKD
progression factors.

The urological management of fetal cLUTO

All newborns with cLUTO should undergo postnatal blad-
der drainage following initial stabilization. In VAS-treated
infants, shunt removal is generally non-urgent and should
not take precedence over necessary pulmonary management
or early bonding [60]. If a Somatex® shunt is still func-
tional after birth, a “stent-in-stent” procedure (e.g., using a
5 French tube) can be employed to maintain bladder drain-
age without an additional invasive procedure. If the shunt is
not functional or inaccessible and the bladder is distended,
placement of a suprapubic catheter is advised, particularly if
transurethral catheterization is unsuccessful [60]. If concom-
itant anal atresia is present, shunt removal and suprapubic
catheter placement may be performed in conjunction with
first-day colostomy.

Once bladder drainage is secured and the infant is clini-
cally stable, a micturating cystourethrogram is performed to
determine the underlying cause and guide further manage-
ment [61], e.g., early endoscopic valve ablation in at term
boys with PUV or (temporary) urinary diversion in prema-
ture infants (< 3.0 kg) or children with urethral hypoplasia
or atresia [62—64]. Early VAS may impair urethral develop-
ment due to lack of urinary flow in the first trimester, which
is believed to maintain lumen patency and elasticity [21,
65]. This might contribute to the high incidence of urethral
hypoplasia reported in patients with early VAS [21]. Dif-
ferentiating between PUV, urethral atresia, and congenital
urethral stenosis or hypoplasia as the underlying cause of
bladder outlet obstruction can be challenging in such cases.
Moreover, early attempts at urethral dilation may induce
iatrogenic stenosis, which could later be misclassified as
congenital urethral hypoplasia. Therefore, early diversion
by suprapubic catheter placement or vesicostomy is advised
in such cases until definitive treatment is feasible. Vesicos-
tomy offers easier home management and avoids repeated
anesthesia compared to a suprapubic catheter, though some
argue it may alter bladder function [66—68].
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Data on achieving daytime and nighttime urinary conti-
nence are conflicting and missing for patients with cLUTO
treated by VAS. Some reported comparable results to their
peers [69], while others show delays, particularly in those
with long-term diversions or urethral reconstruction [70]. In
addition, a subset of patients may require appendico-vesicos-
tomy for bladder emptying in the long-term [71]. Circumci-
sion is often beneficial for UTI prevention [72], but should
be deferred in patients where the foreskin may be needed for
urethral reconstruction [73].

The latest EAU pediatric guidelines recommend life-
long monitoring of bladder and kidney function in patients
with cLUTO [74] (Fig. 2). Overnight bladder drainage via
catheter has shown benefits in improving kidney function-
related outcomes, continence, hydronephrosis, and reflux
[75]. Anticholinergics and alpha-blockers are effective for
managing detrusor overactivity, low bladder compliance,
and functional outflow obstruction [76]. A recent meta-
analysis found no significant differences in long-term kidney
or bladder outcomes between primary valve ablation and
urinary diversion, although data for patients with early VAS
are lacking [77]. Extended follow-up data will be crucial to
determine whether patients with early VAS behave similarly
to non-shunted patients with subsequent long-term diver-
sions. Sexual function and fertility outcomes in patients with
PUYV remain poorly studied, with limited, non-representative
data on semen parameters [78]. Preliminary reports suggest
that sexual function is not significantly impaired [79-81].
In line with the nephrological management, the urological
follow-up of children who have undergone early VAS is rec-
ommended to be lifelong.

Ethical aspects of fetal intervention in cLUTO

Antenatal treatment of cLUTO has been debated since it
became technically feasible. The ethical dilemma surround-
ing fetal interventions in cLUTO centers on balancing poten-
tial benefits and harms, respecting parental autonomy and
informed consent, and considering the duties of healthcare
professionals toward both the pregnant woman and the
fetus. Noble et al. suggest that fetal therapy may be justifi-
able when: (1) there is a high likelihood that the fetus will
experience significant and irreversible harm without inter-
vention; (2) the intervention is proven effective; (3) the risk
to the pregnant woman’s health and well-being is minimal;
and (4) the pregnant woman is capable of providing valid
informed consent for the intervention [82]. Broader ethi-
cal and societal considerations, including quality of life and
the acceptability of pregnancy termination, also shape this
discussion.

Prenatal therapy in cLUTO is not routine and must be
tailored to each individual case, taking into account the
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severity of cLUTO, the likelihood of a poor prognosis with-
out intervention, the potential benefits of the procedure,
minimal and acceptable risk to the expectant mother, the
ability to obtain fully informed and voluntary consent from
the parents, and support for the intervention by the multidis-
ciplinary team. This individualized approach is reflected in
the recommendations of ERKNet and NICE (https://www.
nice.org.uk/guidance/ipg202/resources/fetal-vesicoamniotic-
shunt-for-lower-urinary-tract-outflow-obstruction-pdf-18998
65151221957) to consider VAS in carefully selected cLUTO
cases [1]. Still, differences in actions after the PLUTO trial
results illustrate the complexity of this selection. Although
the trial did not demonstrate clear benefits of VAS placement
over non-intervention [19], it led to the abandonment of the
procedure in The Netherlands, while Germany continued
research supporting earlier intervention enabled by advances
in VAS systems. This has resulted in a growing—although
retrospective and uncontrolled—body of evidence indicat-
ing relatively high neonatal and kidney function survival in
high-risk cases (e.g., LBD > 15 mm) with minimal maternal
risk [34, 44, 45].

Clinicians now face a dilemma: to proceed without defini-
tive trial data relying on high-risk cohort observations or to
delay intervention until better evidence is available, despite
untreated cLUTO frequently resulting in a severe prognosis.
For some parents, survival justifies fetal intervention, while
others may opt for pregnancy termination based on personal
perceptions of their child’s quality of life, even when kid-
ney replacement therapy after birth might be avoidable. For
example, early VAS is currently performed more reluctantly
in females with complex cloacal malformations that are diffi-
cult to repair [43]. Identification of such complex anomalies
after early VAS independently worsens the prognosis and
is often undetectable in the first trimester [21]. Therefore,
it is crucial that parents are counseled about the possibility
of pregnancy termination or postnatal palliative care after
VAS. Decisions become even more complex in milder cases
(e.g., LBD 12—15 mm), where the benefits of intervention
are less clear and spontaneous resolution is more likely,
or when the diagnosis is made after the first trimester. We
therefore strongly recommend including medical ethicists
as members of the multidisciplinary team that participates
in clinical decision-making regarding early VAS in fetuses
with cLUTO (Fig. 2).

Future perspectives to advance
the treatment of cLUTO

Conducting randomized controlled trials (RCTs) in cLUTO
is hindered by the rarity of the condition, expectant parents
who do not consent for randomization, and frequent preg-
nancy terminations, while long-term follow-up is necessary

to assess kidney, urinary tract, and pulmonary outcomes.
Despite very similar barriers, RCTs and prospective stud-
ies with antenatal interventions in other conditions—such
as twin-to-twin transfusion syndrome, congenital diaphrag-
matic hernia, and spina bifida—have been conducted and led
to changes in clinical management [38, 83, 84]. However,
the natural course of these conditions as well as the trial
design and circumstances under which they were conducted
were not one-to-one comparable to the cLUTO perspective.
Van Mieghem et al. cautioned that long-standing uncer-
tainty about the indications and efficacy of a fetal interven-
tion may drive practitioners to form strong opinions based
on personal experience—a concern increasingly relevant in
the light of early VAS [38]. Therefore, we urgently advo-
cate for a well-designed large-scale prospective observa-
tional study with matched controls (e.g., from centers that
currently do not perform fetal interventions) and long-term
nephro-urological follow-up (ideally into adulthood) as the
next best option to optimize our approach for cLUTO. We
propose that these studies will be carried out in specialized
fetal intervention centers that are integrated within larger
research consortiums. Conducting research in this way
would most effectively address the central challenge of iden-
tifying fetuses who genuinely benefit from early VAS, while
carefully weighing the associated risks and complications.
Better understanding of the molecular basis for cLUTO
could aid in selecting optimal candidates for VAS. While a
few monogenic causes have been described [4, 8], insights
into the exact etiology remain limited for most cLUTO cases
[85] and impede genetic counseling of expectant parents.
Genetic testing (e.g., for MMIHS) may influence postnatal
treatment and should be considered, especially when extra-
renal malformations are present in the fetus. Rapid genomic
testing via amniocentesis (e.g., for trisomies 21/18/13 or
22q11.2 microdeletions) can provide critical prognostic
insight. Emerging research suggests cLUTO may repre-
sent a continuum of phenotypes related to diverse genetic
mechanisms—monogenic, structural, or multifactorial [9,
86—89]. Despite that the identification of pathogenic vari-
ants by research will likely take decades, this may eventually
enhance prenatal counseling and treatment decision-making.
To predict postnatal kidney outcomes, fetal urine pep-
tides, cytokines, and metabolomic biomarkers (identified in
the second trimester) show promise [16, 90, 91]. Applying
and validating these approaches before 17 weeks could be
transformative for early VAS decision-making in cLUTO.
The Somatex® shunt prevents fetal urine sampling during
intervention, but amniotic fluid can be aspirated. Recently,
amniotic fluid peptides, but not cytokines, were demon-
strated to accurately predict postnatal kidney function in 12
children with CAKUT phenotypes (including PUV) [15, 16],
indicating the need for future validation studies to establish
biomarker profiles for postnatal kidney function when early
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VAS is used. Establishing international and multicenter
data- and biobank initiatives is the first step to come towards
such objective postnatal outcome prediction in cLUTO.

Hence, we strongly support the expansion of international
registries that integrate prenatal and postnatal data, includ-
ing long-term follow-up and antenatal losses, as exemplified
by the IUSIst trial (DRKS00017779). Although scientific
networks such as ERKNet, eUROGEN, and ESPN-ERA-
EDTA are well positioned to lead these efforts, current regis-
tries often fail to capture terminations or intrauterine deaths
as well as multidisciplinary data end-points.

To address this gap, we highlight the CaRE for LUTO
Registry (www.careforluto.de), which was specifically estab-
lished to combine prenatal data with multidisciplinary post-
natal long-term follow-up. We also support the RESUME
Registry [92], a global retrospective registry focused on
fetuses with cLUTO treated antenatally. We encourage the
continued development and expansion of such large-scale
collaborations to improve the clinical management of chil-
dren with cLUTO.

Conclusions

In conclusion, cLUTO is a potentially severe and unpre-
dictable condition, imposing an extreme emotional burden
on expectant parents and complex challenges for healthcare
providers. Previous attempts to decompress the urinary tract
using VAS in the second trimester have yielded inconsistent
results, contributing to varied clinical practices across fetal
intervention centers. However, with the advent of routine
first-trimester ultrasound screening and advances in shunt
technology, recent retrospective data suggest that early VAS
placement may reduce postnatal morbidity and mortality.

Despite these advances, critical uncertainties remain
regarding long-term outcomes, optimal patient selection, and
the risks of complications associated with early intervention.
To address these gaps and improve clinical management,
large-scale, multidisciplinary studies must be urgently initi-
ated. These should aim to develop personalized treatment
strategies that optimize care for children with cLUTO and
provide meaningful support for their families.

Key summary points

1. Congenital LUTO is a severe, unpredictable condition
often diagnosed early in pregnancy, creating significant
challenges for both parents and healthcare professionals.

2. Results from previous second-trimester VAS studies
were inconclusive, contributing to inconsistent manage-
ment across fetal intervention centers.

@ Springer

3. Advances in early ultrasound screening and improved
shunt technology suggest that early VAS (<17 weeks of
gestation) may reduce postnatal morbidity and mortality.

4. Significant gaps remain regarding long-term outcomes,
optimal patient selection, and complication risks after
early VAS, and these must be addressed through pro-
spective studies.

5. Large-scale, multidisciplinary research is urgently
needed before personalized, evidence-based care for
fetuses with an early diagnosis of cLUTO can be devel-
oped.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00467-025-06994-w.

Acknowledgements The authors would like to thank Monique Haak,
MD, PhD (Fetal Therapy Expertise Center, Leiden University Medical
Center, Leiden, Leiden, the Netherlands) for reviewing the manuscript.

Funding RW and JM receive funding from the Dutch Kidney Foun-
dation. RW receives funding from the PNRC-ESPN Joint Research
Grant award. SK received a “Cologne clinician-scientist stipend” from
the Medical Faculty, University of Cologne. FF received a personal
research grant—Mandema stipendium—from the University Medical
Center of Groningen, the Netherlands. ACH was partially funded by
the Else Kroner-Fresenius-Stiftung and the Eva Luise und Horst Kéhler
Stiftung — Project No: 2019_KollegSE.04, and further by the Interdisci-
plinary Center for Clinical Research (IZKF) at the University Hospital
of the Friedrich-Alexander-Universitdt (FAU) Erlangen (project J98
and CSP).

Declarations

Competing interests All authors are affiliated with different German
and Dutch University Medical Centers, both where vesico-amniotic
shunting for fetuses with cLUTO is currently performed and where it is
not. These centers are part of the European Rare Kidney Disease Refer-
ence Network (ERKNet). They have been trained in different regions
worldwide (incl. North-America) and are actively involved in global
research collaborations. ECW designed a currently ongoing, prospec-
tive, and multidisciplinary trial on early diagnosis and treatment of
fetuses with cLUTO (IUS1st, DRKS00017779) that includes patients
from Germany, The Netherlands, Austria, and Uruguay. We here aim
to present an unbiased, global, and multidisciplinary perspective on
the current and future clinical management of cLUTO. SK is a board
member of the ERKNet Working group on CAKUT and Ciliopathies.
RW and ACH are board members of the Working Group on CAKUT,
urinary tract infection, and bladder dysfunction of the European Soci-
ety of Pediatric Nephrology (ESPN). RW and JM are members of the
NL research consortium Kidnie, which is supported by the Dutch Kid-
ney Foundation.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not


http://www.careforluto.de
https://doi.org/10.1007/s00467-025-06994-w

Pediatric Nephrology

permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1.

Capone V, Persico N, Berrettini A, Decramer S, De Marco EA,
De Palma D, Familiari A, Feitz W, Herthelius M, Kazlauskas V,
Liebau M, Manzoni G, Maternik M, Mosiello G, Schanstra JP,
Vande Walle J, Wuhl E, Ylinen E, Zurowska A, Schaefer F, Mon-
tini G (2022) Definition, diagnosis and management of fetal lower
urinary tract obstruction: consensus of the ERKNet CAKUT-
obstructive uropathy work group. Nat Rev Urol 19:295-303
Malin G, Tonks AM, Morris RK, Gardosi J, Kilby MD (2012)
Congenital lower urinary tract obstruction: a population-based
epidemiological study. BJOG 119:1455-1464

Taghavi K, Sharpe C, Stringer MD (2017) Fetal megacystis: a
systematic review. J Pediatr Urol 13:7-15

Kolvenbach CM, Dworschak GC, Frese S, Japp AS, Schuster P,
Wenzlitschke N, Yilmaz O, Lopes FM, Pryalukhin A, Schierbaum
L, van der Zanden LFM, Kause F, Schneider R, Taranta-Janusz
K, Szczepanska M, Pawlaczyk K, Newman WG, Beaman GM,
Stuart HM, Cervellione RM, Feitz WFJ, van Rooij I, Schreuder
MF, Steffens M, Weber S, Merz WM, Feldkotter M, Hoppe B,
Thiele H, Altmuller J, Berg C, Kristiansen G, Ludwig M, Reut-
ter H, Woolf AS, Hildebrandt F, Grote P, Zaniew M, Odermatt
B, Hilger AC (2019) Rare variants in BNC2 are implicated in
autosomal-dominant congenital lower urinary-tract obstruction.
Am J Hum Genet 104:994-1006

Young HH, Frontz WA, Baldwin JC (2002) Congenital obstruction
of the posterior urethra. J Urol 167:265-267 (discussion 268)
Krishnan A, de Souza A, Konijeti R, Baskin LS (2006) The
anatomy and embryology of posterior urethral valves. J Urol
175:1214-1220

Ebach F, Wagner P, Stein R, Dolscheid-Pommerich R, Reutter H,
Hilger AC (2024) Familial congenital lower urinary tract obstruc-
tion (LUTO) suggested by screening for lower urinary tract dys-
function in parents of patients: a descriptive study. Health Sci Rep
7:¢1935

Chiaramonte C, Bommarito D, Zambaiti E, Antona V, Li Voti
G (2016) Genetic basis of posterior urethral valves inheritance.
Urology 95:175-179

Verbitsky M, Westland R, Perez A, Kiryluk K, Liu Q, Krithivasan
P, Mitrotti A, Fasel DA, Batourina E, Sampson MG, Bodria M,
Werth M, Kao C, Martino J, Capone VP, Vivante A, Shril S, Kil
BH, Marasa M, Zhang JY, Na YJ, Lim TY, Ahram D, Weng PL,
Heinzen EL, Carrea A, Piaggio G, Gesualdo L, Manca V, Masnata
G, Gigante M, Cusi D, Izzi C, Scolari F, van Wijk JAE, Saraga
M, Santoro D, Conti G, Zamboli P, White H, Drozdz D, Zach-
wieja K, Miklaszewska M, Tkaczyk M, Tomczyk D, Krakowska
A, Sikora P, Jarmolinski T, Borszewska-Kornacka MK, Pawluch
R, Szczepanska M, Adamczyk P, Mizerska-Wasiak M, Krzemien
G, Szmigielska A, Zaniew M, Dobson MG, Darlow JM, Puri P,
Barton DE, Furth SL, Warady BA, Gucev Z, Lozanovski VJ,
Tasic V, Pisani I, Allegri L, Rodas LM, Campistol JM, Jeanpierre
C, Alam S, Casale P, Wong CS, Lin F, Miranda DM, Oliveira
EA, Simoes ESAC, Barasch JM, Levy B, Wu N, Hildebrandt F,
Ghiggeri GM, Latos-Bielenska A, Materna-Kiryluk A, Zhang F,
Hakonarson H, Papaioannou VE, Mendelsohn CL, Gharavi AG,
Sanna-Cherchi S (2019) The copy number variation landscape of
congenital anomalies of the kidney and urinary tract. Nat Genet
51:117-127

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kupferman JC, Stewart CL, Kaskel FJ, Fine RN (1996) Posterior
urethral valves in patients with Down syndrome. Pediatr Nephrol
10:143-146

Fontanella F, van Scheltema PNA, Duin L, Cohen-Overbeek TE,
Pajkrt E, Bekker MN, Willekes C, Oepkes D, Bilardo CM (2019)
Antenatal staging of congenital lower urinary tract obstruction.
Ultrasound Obstet Gynecol 53:520-524

Elder JS, O’Grady JP, Ashmead G, Duckett JW, Philipson E
(1990) Evaluation of fetal renal function: unreliability of fetal
urinary electrolytes. J Urol 144:574-578 (discussion 593-574)
Dommergues M, Muller F, Ngo S, Hohlfeld P, Oury JF, Bidat L,
Mabhieu-Caputo D, Sagot P, Body G, Favre R, Dumez Y (2000)
Fetal serum beta2-microglobulin predicts postnatal renal function
in bilateral uropathies. Kidney Int 58:312-316

Klein J, Lacroix C, Caubet C, Siwy J, Zurbig P, Dakna M, Mul-
ler F, Breuil B, Stalmach A, Mullen W, Mischak H, Bandin F,
Monsarrat B, Bascands JL, Decramer S, Schanstra JP (2013)
Fetal urinary peptides to predict postnatal outcome of renal dis-
ease in fetuses with posterior urethral valves (PUV). Sci Transl
Med 5:198ral06

Klein J, Buffin-Meyer B, Boizard F, Moussaoui N, Lescat O,
Breuil B, Fedou C, Feuillet G, Casemayou A, Neau E, Hindry-
ckx A, Decatte L, Levtchenko E, Raaijmakers A, Vayssiere C,
Goua V, Lucas C, Perrotin F, Cloarec S, Benachi A, Manca-Pel-
lissier MC, Delmas HL, Bessenay L, Le Vaillant C, Allain-Lau-
nay E, Gondry J, Boudailliez B, Simon E, Prieur F, Lavocat MP,
Saliou AH, De Parscau L, Bidat L, Noel C, Floch C, Bourdat-
Michel G, Favre R, Weingertner AS, Oury JF, Baudouin V, Bory
JP, Pietrement C, Fiorenza M, Massardier J, Kessler S, Lounis
N, Auriol FC, Marcorelles P, Collardeau-Frachon S, Zurbig P,
Mischak H, Magalhaes P, Batut J, Blader P, SaulnierBlache JS,
Bascands JL, Schaefer F, Decramer S, Schanstra JP; BIOMAN
Consortium (2021) Amniotic fluid peptides predict postnatal
kidney survival in developmental kidney disease. Kidney Int
99:737-749

Geraud N, Casemayou A, Alves M, Breuil B, Tkaczyk M,
Stanczyk M, Szaflik K, Talar T, Decramer S, Klein J, Schanstra
JP, Meyer BB (2025) Evaluation of predictive performance of
fetal urinary inflammatory markers of postnatal kidney func-
tion in fetuses with posterior urethral valves. Pediatr Nephrol
40:1023-1032

Lewis MA (2008) Demography of renal disease in childhood.
Semin Fetal Neonatal Med 13:118-124

Harrison MR, Golbus MS, Filly RA, Nakayama DK, Callen PW,
de Lorimier AA, Hricak H (1982) Management of the fetus with
congenital hydronephrosis. J Pediatr Surg 17:728-742

Morris RK, Malin GL, Quinlan-Jones E, Middleton LJ, Hemming
K, Burke D, Daniels JP, Khan KS, Deeks J, Kilby MD (2013) Per-
cutaneous vesicoamniotic shunting in Lower Urinary Tract
Obstruction (PLUTO) Collaborative Group. Percutaneous vesi-
coamniotic shunting versus conservative management for fetal
lower urinary tract obstruction (PLUTO): a randomised trial. Lan-
cet. 382(9903):1496-506. https://doi.org/10.1016/S0140-6736(13)
60992-7.

Farrugia MK, Braun MC, Peters CA, Ruano R, Herndon CD
(2017) Report on the society for fetal urology panel discussion
on the selection criteria and intervention for fetal bladder outlet
obstruction. J Pediatr Urol 13:345-351

Kohaut J, Holtkamp G, Fischer-Mertens J, Schulten D, Kohl S,
Habbig S, Weber EC, Gottschalk I, Berg C, Dubbers M (2024) A
new spectrum of neonatal urethral pathologies in the era of early
vesicoamniotic shunting? World J Urol 42:589

Ruano R, Sananes N, Sangi-Haghpeykar H, Hernandez-Ruano S,
Moog R, Becmeur F, Zaloszyc A, Giron AM, Morin B, Favre R
(2015) Fetal intervention for severe lower urinary tract obstruc-
tion: a multicenter case-control study comparing fetal cystoscopy

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(13)60992-7
https://doi.org/10.1016/S0140-6736(13)60992-7

Pediatric Nephrology

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

with vesicoamniotic shunting. Ultrasound Obstet Gynecol
45:452-458

Bronsgeest K, Lust EER, Henneman L, Crombag N, Bilardo CM,
Stemkens D, Galjaard RH, Sikkel E, van der Hout SH, Bekker
MN, Haak MC (2023) Current practice of first-trimester ultra-
sound screening for structural fetal anomalies in developed coun-
tries. Prenat Diagn 43:873-880

Salomon LJ, Alfirevic Z, Berghella V, Bilardo CM, Chalouhi GE,
Da Silva Costa F, Hernandez-Andrade E, Malinger G, Munoz
H, Paladini D, Prefumo F, Sotiriadis A, Toi A, Lee W (2022)
ISUOG practice guidelines (updated): performance of the routine
mid-trimester fetal ultrasound scan. Ultrasound Obstet Gynecol
59:840-856

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

Bornes M, Spaggiari E, Schmitz T, Dreux S, Czerkiewicz I, Del-
ezoide AL, El-Ghoneimi A, Oury JF, Muller F (2013) Outcome
and etiologies of fetal megacystis according to the gestational age
at diagnosis. Prenat Diagn 33:1162-1166

Mandaletti M, Cerchia E, Ruggiero E, Teruzzi E, Bastonero S,
Pertusio A, Della Corte M, Sciarrone A, Gerocarni Nappo S
(2024) Obstructive or non-obstructive megacystis: a prenatal
dilemma. Front Pediatr 12:1379267

Pellegrino M, Visconti D, Catania VD, Doria L, Manzoni C,
Grella MG, Caruso A, Masini L, Noia G (2017) Prenatal detection
of megacystis: not always an adverse prognostic factor. Experi-
ence in 25 consecutive cases in a tertiary referral center, with
complete neonatal outcome and follow-up. J Pediatr Urol 13:486
e481-486 €410

Girard N, Viaris de Lesegno B, Bussiere P, Egoroff C, Cordier
AG, Benachi A (2017) Prognosis of isolated first-trimester
fetal megacystis with spontaneous resolution. Fetal Diagn Ther
42:271-277

Mustafa HJ, Khalil A, Johnson S, Gordijn SJ, Ganzevoort W,
Melling C, Koh CJ, Mandy GT, Kilby MD, Johnson A, Quintero
RA, Ryan G, Shamshirsaz AA, Nassr AA, LUTO Working Group
(2024) Fetal lower urinary tract obstruction: international Del-
phi consensus on management and core outcome set. Ultrasound
Obstet Gynecol 64:635-650

Ormonde M, Carrilho B, Carneiro R, Alves F, Cohen A, Mar-
tins AT (2023) Fetal megacystis in the first trimester: comparing
management and outcomes between longitudinal bladder length
groups. J Gynecol Obstet Hum Reprod 52:102503

Fontanella F, Duin L, Adama van Scheltema PN, Cohen-Overbeek
TE, Pajkrt E, Bekker M, Willekes C, Bax CJ, Bilardo CM (2017)
Fetal megacystis: prediction of spontaneous resolution and out-
come. Ultrasound Obstet Gynecol 50:458-463

Kagan KO, Staboulidou I, Syngelaki A, Cruz J, Nicolaides KH
(2010) The 11-13-week scan: diagnosis and outcome of holo-
prosencephaly, exomphalos and megacystis. Ultrasound Obstet
Gynecol 36:10-14

Strizek B, Spicher T, Gottschalk I, Bockenhoff P, Simonini C,
Berg C, Gembruch U, Geipel A (2022) Vesicoamniotic shunting
before 17 + 0 weeks in fetuses with lower urinary tract obstruction
(LUTO): comparison of Somatex vs. Harrison shunt systems. J
Clin Med 11:2359

Kohaut J, Fischer-Mertens J, Cernaianu G, Schulten D, Holtkamp
G, Kohl S, Habbig S, Klein R, Kribs A, Gottschalk I, Berg C,
Dubbers M (2023) Postnatal surgical treatment and complica-
tions following intrauterine vesicoamniotic shunting with the
SOMATEX(R) intrauterine shunt. A single center experience. J
Pediatr Urol 19:567 e561-567 566

Danzer E, Blumenfeld YJ, Arai T, Scuglia M, Johnson E, Wall
JK, Tianthong W, Basurto D, Devlieger R, Deprest J, Russo FM,

Springer

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Sheth KR (2025) The vortex shunt: short-term feasibility studies
in the fetal lamb model of lower urinary tract obstruction and
pleural effusion. J Pediatr Urol. https://doi.org/10.1016/j.jpurol.
2025.04.027

Clark TJ, Martin WL, Divakaran TG, Whittle MJ, Kilby MD,
Khan KS (2003) Prenatal bladder drainage in the management
of fetal lower urinary tract obstruction: a systematic review and
meta-analysis. Obstet Gynecol 102:367-382

Van Mieghem T, Ryan G (2013) The PLUTO trial: a missed
opportunity. Lancet 382:1471-1473

Kitagawa H, Pringle KC, Zuccolo J, Stone P, Nakada K, Kawagu-
chi F, Nakada M, Wakisaka M, Furuta S, Koike J, Seki Y (1999)
The pathogenesis of dysplastic kidney in a urinary tract obstruc-
tion in the female fetal lamb. J Pediatr Surg 34:1678-1683
Kitagawa H, Pringle KC, Koike J, Zuccollo J, Nakada K (2001)
Different phenotypes of dysplastic kidney in obstructive uropathy
in fetal lambs. J Pediatr Surg 36:1698—1703

Glick PL, Harrison MR, Adzick NS, Noall RA, Villa RL
(1984) Correction of congenital hydronephrosis in utero I'V: in
utero decompression prevents renal dysplasia. J Pediatr Surg
19:649-657

Strizek B, Gottschalk I, Recker F, Weber E, Flock A, Gembruch
U, Geipel A, Berg C (2020) Vesicoamniotic shunting for fetal
megacystis in the first trimester with a Somatex((R)) intrauterine
shunt. Arch Gynecol Obstet 302:133—-140

Gottschalk I, Berg C, Menzel T, Abel JS, Kribs A, Dubbers M,
Kohaut J, Weber LT, Taylan C, Habbig S, Liebau MC, Boem-
ers TM, Weber EC (2024) Single-center outcome analysis of 46
fetuses with megacystis after intrauterine vesico-amniotic shunt-
ing with the Somatex(R)intrauterine shunt. Arch Gynecol Obstet
309:145-158

Kohl T, Fimmers R, Axt-Fliedner R, Degenhardt J, Bruckmann
M (2022) Vesico-amniotic shunt insertion prior to the completion
of 16 weeks results in improved preservation of renal function in
surviving fetuses with isolated severe lower urinary tract obstruc-
tion (LUTO). J Pediatr Urol 18:116-126

Keil C, Bedei I, Sommer L, Koemhoff M, Axt-Fliedner R, Kohler
S, Weber S (2022) Fetal therapy of LUTO (lower urinary tract
obstruction) - a follow-up observational study. J] Matern Fetal
Neonatal Med 35:8536-8543

Norgaard LN, Sogaard K, Jensen LN, Ekelund C, Kahrs BH,
Tabor A, Sundberg K (2019) New intrauterine shunt for treat-
ment of fetal fluid accumulation: single-center experience of first
17 cases. Ultrasound Obstet Gynecol 53:418—-420

Chan VYT, Tse WT, Chan MC, Wong KKY, Leung WC, Leung
TY (2025) Pneumothorax associated with a displaced thoracoam-
niotic Somatex shunt in an infant with congenital pulmonary air-
way malformation: a case report. Hong Kong Med J 31:68-71
Sago H, Wada S (2020) Fetal therapies as standard prenatal care
in Japan. Obstet Gynecol Sci 63:108-116

Messling A, Ziegler AM, Hubertus J, Berg C, Nissen M, Hey-
dweiller A, Weber E (2025) Postnatal surgical complications in
lower urinary tract obstruction following fetal vesico-amniotic
shunting. BMC Pediatr 25:132

Ruano R, Duarte S, Bunduki V, Giron AM, Srougi M, Zugaib M
(2010) Fetal cystoscopy for severe lower urinary tract obstruc-
tion—initial experience of a single center. Prenat Diagn 30:30-39
Miller JL, Baschat AA, Rosner M, Blumenfeld YJ, Moldenhauer
JS, Johnson A, Schenone MH, Zaretsky MV, Chmait RH, Gon-
zalez JM, Miller RS, Moon-Grady AJ, Bendel-Stenzel E, Keiser
AM, Avadhani R, Jelin AC, Davis JM, Warren DS, Hanley DF,
Watkins JA, Samuels J, Sugarman J, Atkinson MA (2023) Neona-
tal survival after serial amnioinfusions for bilateral renal agenesis:
the renal anhydramnios fetal therapy trial. JAMA 330:2096-2105
Clayton DB, Brock JW 3rd (2014) Lower urinary tract obstruction
in the fetus and neonate. Clin Perinatol 41:643-659


https://doi.org/10.1016/j.jpurol.2025.04.027
https://doi.org/10.1016/j.jpurol.2025.04.027

Pediatric Nephrology

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Jelin EB, Hooper JE, Duregon E, Williamson AK, Olson S, Voegt-
line K, Jelin AC (2021) Pulmonary hypoplasia correlates with the
length of anhydramnios in patients with early pregnancy renal
anhydramnios (EPRA). J Perinatol 41:1924-1929

El-Ghoneimi A, Harper L, Pierucci UM, Blanc T, Rosenblatt J,
Sananes N, Dreux S, Alison M, Avni F, Decremer S, Baudouin V,
Oguchi S, Baruch D, Rolland-Santan P, Nadafi-Stoeffel H, Bon-
net C, Paye-Jaouen A, Raffet E, Natio L, Desprez B, Demede D,
Leclair MD, Peycelon M (2025) Management of patients with
posterior urethral valves “from the fetus to adolescence”: French
national diagnostic and care protocol (NDCP). Orphanet J Rare
Dis 20:225

Kumar N, Yadav P, Jain S, Kumar GA, Kaushik VN, Ansari MS
(2021) Evaluation of polyuria and polydipsia along with other
established prognostic factors in posterior urethral valves for pro-
gression to kidney failure: experience from a developing country.
Pediatr Nephrol 36:1817-1824

Dinneen MD, Duffy PG, Barratt TM, Ransley PG (1995)
Persistent polyuria after posterior urethral valves. Br J Urol
75:236-240

Riehle N, Sutterlin M, Wakerlin S, Kohl T (2025) Intermediate
outcomes of children (4-10 years) with postnatally preserved
renal function after vesico-amniotic shunt insertion for lower
urinary tract obstruction (LUTO). J Pediatr Urol. https://doi.org/
10.1016/j.jpurol.2025.03.004

La Scola C, Ammenti A, Bertulli C, Bodria M, Brugnara M,
Camilla R, Capone V, Casadio L, Chimenz R, Conte ML, Con-
versano E, Corrado C, Guarino S, Luongo I, Marsciani M, Mar-
zuillo P, Meneghesso D, Pennesi M, Pugliese F, Pusceddu S,
Ravaioli E, Taroni F, Vergine G, Peruzzi L, Montini G (2022)
Management of the congenital solitary kidney: consensus rec-
ommendations of the Italian Society of Pediatric Nephrology.
Pediatr Nephrol 37:2185-2207

ESCAPE Trial Group, Wuhl E, Trivelli A, Picca S, Litwin M,
Peco-Antic A, Zurowska A, Testa S, Jankauskiene A, Emre S,
Caldas-Afonso A, Anarat A, Niaudet P, Mir S, Bakkaloglu A,
Enke B, Montini G, Wingen AM, Sallay P, Jeck N, Berg U,
Caliskan S, Wygoda S, Hohbach-Hohenfellner K, Dusek J, Ura-
sinski T, Arbeiter K, Neuhaus T, Gellermann J, Drozdz D, Fis-
chbach M, Moller K, Wigger M, Peruzzi L, Mehls O, Schaefer
F (2009) Strict blood-pressure control and progression of renal
failure in children. N Engl J Med 361:1639-1650

Jank M, Stein R, Younsi N (2021) Postnatal management in con-
genital lower urinary tract obstruction with and without prenatal
vesicoamniotic shunt. Front Pediatr 9:635950

Gnech M, van Uitert A, Kennedy U, Skott M, Zachou A, Burgu
B, Castagnetti M, Hoen L, O’Kelly F, Quaedackers J, Rawash-
deh YF, Silay MS, Bogaert G, Radmayr C (2024) European
association of urology/european society for paediatric urology
guidelines on paediatric urology: summary of the 2024 updates.
Eur Urol 86:447-456

Danzig MR, Kryger JV, Groth TW, Roth EB, Ellison JS (2023)
Technical details and long-term outcomes of P.A.D.U.A. for
congenital urethral narrowing; a case series and review of the
literature. J Pediatr Urol 19:90 €91-90 98

Overland MR, Srinivasan AK (2024) Case of urethral hypo-
plasia in prune belly syndrome successfully managed with vesi-
coamniotic shunts and a progressive augmentation by dilation
urethra anterior procedure. Urology 185:84-87
Passerini-Glazel G, Araguna F, Chiozza L, Artibani W, Rabi-
nowitz R, Firlit CF (1988) The P.A.D.U.A. (progressive aug-
mentation by dilating the urethra anterior) procedure for the
treatment of severe urethral hypoplasia. J Urol 140:1247-1249
Hadidi AT, Roessler J, Coerdt W (2014) Development of the
human male urethra: a histochemical study on human embryos.
J Pediatr Surg 49:1146-1152

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

Hofmann A, Haider M, Cox A, Vauth F, Rosch WH (2022) Is
vesicostomy still a contemporary method of managing posterior
urethral valves? Children (Basel) 9:138

Kim SJ, Jung J, Lee C, Park S, Song SH, Won HS, Kim KS
(2018) Long-term outcomes of kidney and bladder function in
patients with a posterior urethral valve. Medicine (Baltimore)
97:¢11033

Pellegrino C, Capitanucci ML, Forlini V, Zaccara A, Lena F,
Sollini ML, Castelli E, Mosiello G (2022) Posterior urethral
valves: role of prenatal diagnosis and long-term management
of bladder function; a single center point of view and review of
the literature. Front Pediatr 10:1057092

Paraboschi I, Marinaro M, Mishra P, Solomon E, Clothier JC,
Garriboli M (2025) Toilet training achievements in children born
with posterior urethral valves. Arch Dis Child 110:737-741
Jalkanen J, Heikkila J, Kyrklund K, Taskinen S (2016) Controlled
outcomes for achievement of urinary continence among boys
treated for posterior urethral valves. J Urol 196:213-218
Godlewski K, Tekgul S, Gong E, Vanderbrink B, Srinivasan A
(2024) Clinical considerations in adults with history of posterior
urethral valves. J Pediatr Urol 20:176-182

Harper L, Blanc T, Peycelon M, Michel JL, Leclair MD, Garnier
S, Flaum V, Arnaud AP, Merrot T, Dobremez E, Faure A, Four-
cade L, Poli-Merol ML, Chaussy Y, Dunand O, Collin F, Huiart
L, Ferdynus C, Sauvat F (2022) Circumcision and risk of febrile
urinary tract infection in boys with posterior urethral valves: result
of the CIRCUP randomized trial. Eur Urol 81:64-72

Norton SM, Joshi PM, Bhadranawar S, Kulkarni SB (2025)
Management of bulbar strictures in boys following previous
endoscopic treatment of posterior urethral valves. J Pediatr Urol
21:519-521

Gnech M, t Hoen L, Radmayr C, Burgu B, Bogaert G, O’Kelly
F, Castagnetti M, Quaedackers J, Silay MS, Kennedy U, van Uit-
ert A, Skott M, Pakkasjarvi N, Bujons A, Yuan Y, Rawashdeh
YF (2025) Congenital lower urinary tract obstruction: update
and summary of the European Association of Urology and Euro-
pean Society for Paediatric Urology Guidelines. Eur Urol Focus.
https://doi.org/10.1016/j.euf.2025.01.012

Elkashef A, Abdelhalim A, Dawaba MS, Hafez AT (2025) Effect
of overnight bladder drainage on posterior urethral valve sequelae:
a randomized controlled trial. J Pediatr Urol 21:528-531

Bade R, Mahajan JK, Kalavant A, Behera S, Singhai P, Saxena
A (2025) Comparison of the role of anticholinergics and alpha-1
adrenergic blockers in bladder management in posterior urethral
valves: a pilot randomized control trial. Urol Int 109:120-127
Khondker A, Chan JY, Malik S, Kim JK, Chua ME, Henderson B,
Yadav P, Santos JD, Brownrigg N, Viteri B, Tasian GE, Rickard
M, Lorenzo AJ (2023) Primary ablation versus urinary diversion
in posterior urethral valve: systematic review and meta-analysis.
J Pediatr Urol 19:408-417

Della Corte M, Gerocarni Nappo S, Aversa A, La Vignera S, Por-
piglia F, Fiori C, Mondaini N (2025) Posterior urethral valves and
fertility: insight on paternity rates and seminal parameters. Dis
Markers 13:21

Zohrer PI, Vauth F, Jaekel AK, Rosch WH, Hofmann A (2024)
Navigating life with posterior urethral valves — sexual health and
lower urinary tract symptoms. J Clin Med 13:4380

Taskinen S, Heikkila J, Rintala R (2012) Effects of posterior ure-
thral valves on long-term bladder and sexual function. Nat Rev
Urol 9:699-706

Lopez Pereira P, Miguel M, Martinez Urrutia MJ, Moreno JA,
Marcos M, Lobato R, Jaureguizar E (2013) Long-term bladder
function, fertility and sexual function in patients with posterior
urethral valves treated in infancy. J Pediatr Urol 9:38—41

. Noble R, Rodeck CH (2008) Ethical considerations of fetal ther-

apy. Best Pract Res Clin Obstet Gynaecol 22:219-231

@ Springer


https://doi.org/10.1016/j.jpurol.2025.03.004
https://doi.org/10.1016/j.jpurol.2025.03.004
https://doi.org/10.1016/j.euf.2025.01.012

Pediatric Nephrology

83.

84.

85.

86.

87.

88.

89.

90.

Senat MV, Deprest J, Boulvain M, Paupe A, Winer N, Ville Y
(2004) Endoscopic laser surgery versus serial amnioreduction
for severe twin-to-twin transfusion syndrome. N Engl J Med
351:136-144

Adzick NS, Thom EA, Spong CY, Brock JW 3rd, Burrows PK,
Johnson MP, Howell LJ, Farrell JA, Dabrowiak ME, Sutton LN,
Gupta N, Tulipan NB, D’Alton ME, Farmer DL, MOMS Inves-
tigators (2011) A randomized trial of prenatal versus postnatal
repair of myelomeningocele. N Engl J Med 364:993-1004
Vendrig LM, Ten Hoor MAC, Konig BH, Lekkerkerker I, Ren-
kema KY, Schreuder MF, van der Zanden LFM, van Eerde AM,
Groen In 't Woud S, Mulder J, Westland R; ArtDECO consortium
(2025) Translational strategies to uncover the etiology of con-
genital anomalies of the kidney and urinary tract. Pediatr Nephrol
40:685-699

Wu CW, Mann N, Nakayama M, Connaughton DM, Dai R, Kol-
venbach CM, Kause F, Ottlewski I, Wang C, Klambt V, Seltzsam
S, Lai EW, Selvin A, Senguttuva P, Bodamer O, Stein DR, El
Desoky S, Kari JA, Tasic V, Bauer SB, Shril S, Hildebrandt F
(2020) Phenotype expansion of heterozygous FOXC1 pathogenic
variants toward involvement of congenital anomalies of the kid-
neys and urinary tract (CAKUT). Genet Med 22:1673-1681
Brockschmidt A, Chung B, Weber S, Fischer DC, Kolatsi-Joan-
nou M, Christ L, Heimbach A, Shtiza D, Klaus G, Simonetti
GD, Konrad M, Winyard P, Haffner D, Schaefer F, Weber RG
(2012) CHDI1L: a new candidate gene for congenital anoma-
lies of the kidneys and urinary tract (CAKUT). Nephrol Dial
Transplant 27:2355-2364

Chan MMY, Sadeghi-Alavijeh O, Lopes FM, Hilger AC, Stanescu
HC, Voinescu CD, Beaman GM, Newman WG, Zaniew M, Weber S,
Ho YM, Connolly JO, Wood D, Maj C, Stuckey A, Kousathanas A,
Genomics England Research C, Kleta R, Woolf AS, Bockenhauer D,
Levine AP, Gale DP (2022) Diverse ancestry whole-genome sequenc-
ing association study identifies TBXS and PTK?7 as susceptibility
genes for posterior urethral valves. Elife 11:¢74777

Schierbaum LM, Schneider S, Herms S, Sivalingam S, Fabian J,
Reutter H, Weber S, Merz WM, Tkaczyk M, Miklaszewska M,
Sikora P, Szmigielska A, Krzemien G, Zachwieja K, Szczepanska
M, Taranta-Janusz K, Kroll P, Polok M, Zaniew M, Hilger AC
(2021) Genome-wide survey for microdeletions or -duplications in
155 patients with lower urinary tract obstructions (LUTO). Genes
(Basel) 12:1449

Buffin-Meyer B, Klein J, Breuil B, Muller F, Moulos P, Groussol-
les M, Bouali O, Bascands JL, Decramer S, Schanstra JP (2018)
Combination of the fetal urinary metabolome and peptidome for

@ Springer

91.

92.

93.

94.

95.

96.

97.

98.

the prediction of postnatal renal outcome in fetuses with PUV. J
Proteomics 184:1-9

Buffin-Meyer B, Tkaczyk M, Stanczyk M, Breuil B, Siwy J, Szaf-
lik K, Talar T, Wojtera J, Krzeszowski W, Decramer S, Klein J,
Schanstra JP (2020) A single-center study to evaluate the efficacy
of a fetal urine peptide signature predicting postnatal renal out-
come in fetuses with posterior urethral valves. Pediatr Nephrol
35:469-475

Fontanella F, Weber EC, Brinkman LAM, van Scheltema PA,
Kohl S, Stein R, Verweij EJT, Berg C, Bilardo CM (2025) Clarify-
ing the role of vesicoamniotic shunt in fetal medicine: three key
lessons from the past and call for international registry. Ultra-
sound Obstet Gynecol 66:11-13

Lesieur E, Barrois M, Bourdon M, Blanc J, Loeuillet L, Delteil C,
Torrents J, Bretelle F, Grange G, Tsatsaris V, Anselem O (2021)
Megacystis in the first trimester of pregnancy: prognostic factors
and perinatal outcomes. PLoS One 16:¢0255890

Tuculano A, Peddes C, Monni G (2018) Early fetal megacystis: is
it possible to predict the prognosis in the first trimester? J Perinat
Med 46:1035-1039

Kao C, Lauzon J, Brundler MA, Tang S, Somerset D (2021) Peri-
natal outcome and prognostic factors of fetal megacystis diag-
nosed at 11-14 week’s gestation. Prenat Diagn 41:308-315
Debska M, Kretowicz P, Oledzka A, Gastol P, Dangel J, Swiat-
kowska-Freund M, Debski R (2017) Early vesico-amniotic
shunting - does it change the prognosis in fetal lower urinary
tract obstruction diagnosed in the first trimester? Ginekol Pol
88:486-491

Peyriere MP, Roth P, Combourieu D, Vavasseur C, Bouvier R,
Guibaud L, Gaucherand P (2010) Aetiology and prognosis of
prenatally diagnosed megacystis regarding gestational age at
discovery. A six-year retrospective study. Gynecol Obstet Fertil
38:663-667

Nassr AA, Shazly SAM, Abdelmagied AM, Araujo Junior E,
Tonni G, Kilby MD, Ruano R (2017) Effectiveness of vesicoam-
niotic shunt in fetuses with congenital lower urinary tract obstruc-
tion: an updated systematic review and meta-analysis. Ultrasound
Obstet Gynecol 49:696—703. https://doi.org/10.1002/uog.15988

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1002/uog.15988

	Early diagnosis and intervention in congenital lower urinary tract obstruction: time to revise our approach?
	Abstract 
	Introduction
	Antenatal management of cLUTO
	Diagnostic criteria and natural course of cLUTO
	Fetal interventions to improve the prognosis of cLUTO
	Clinical outcomes after VAS
	Risks and complications of early VAS
	Alternative prenatal management strategies


	Postnatal clinical management of children with cLUTO
	The neonatological management of cLUTO
	The nephrological management of cLUTO
	The urological management of fetal cLUTO

	Ethical aspects of fetal intervention in cLUTO
	Future perspectives to advance the treatment of cLUTO
	Conclusions
	Key summary points
	Acknowledgements 
	References


