Me-mail: valentina.capone@
policlinico.mi.it
https://doi.org/10.1038
s41585-022-00563-8

CONSENSUS

M) Check for updates

Definition, diagnosis and
management of fetal lower urinary
tract obstruction: consensus of the
ERKNet CAKUT-Obstructive Uropathy

Work Group

Valentina Capone

"= Nicola Persico?, Alfredo Berrettini®, Stéephane Decramer*>57,

Erika Adalgisa De Marco®, Diego De Palma®, Alessandra Familiari®?®, Wout Feitz®'°,

Maria Herthelius
Michal Maternik

1. Vytis Kazlauskas'?, Max Liebau
4. Giovanni Mosiello'®, Joost Peter Schanstra

15, Gianantonio Manzoni®?,
45 Johan Vande Walle's,

Elke Wiih!'’, Elisa Ylinen'8, Aleksandra Zurowska'®, Franz Schaefer?° and

Giovanni Montini® "2’

Abstract | Fetal lower urinary tract obstruction (LUTO) is associated with high mortality and
postnatal morbidity caused by lung hypoplasia and impaired kidney function. Specific diagnostic

features that can guide clinical approach and decisions are lacking; thus, the European Reference
Network for Rare Kidney Diseases established a work group to develop recommendations
regarding the clinical definition, diagnosis and management of prenatally detected LUTO.

The work group recommends the use of antero-posterior diameter of renal pelvis as the most
reliable parameter for suspecting obstructive uropathies and for suspecting prenatal LUTO in
the presence of fetal megacystis. Regarding prenatal and postnatal prognosis of fetuses with
LUTO, the risk of fetal and neonatal death depends on the presence of oligohydramnios or
anhydramnios before 20 weeks’ gestation, whereas the risk of kidney replacement therapy
cannot be reliably foreseen before birth. Parents of fetuses with LUTO must be referred to a
tertiary obstetric centre with multidisciplinary expertise in prenatal and postnatal management
of obstructive uropathies, and vesico-amniotic shunt placement should be offered in selected

instances, as it increases perinatal survival of fetuses with LUTO.

Fetal lower urinary tract obstruction (LUTO) affects
~2-3 out of 10,000 fetuses with a wide spectrum of
severity'. LUTO diagnosis can be either prenatal or post-
natal, with a 1:1 ratio, as described in a population-based
study from 2005 (REF"). Fetal LUTO aetiopathogenesis is
related to an outflow obstruction of the bladder during
fetal urinary tract development, which leads to progres-
sive bladder dilation and bladder wall thickening, and
subsequent hydro-ureteronephrosis, kidney parenchy-
mal compression and reduced amniotic fluid production
(oligohydramnios and anhydramnios)>*.The reduction
of amniotic fluid causes lung hypoplasia’, which can
lead to fetal and perinatal mortality (combined mortal-
ity 60-80% when oligohydramnios or anhydramnios is
diagnosed during the second trimester of gestation"”)

or to postnatal morbidity. Kidney hypodysplasia, another
important complication of fetal LUTO, is part of the wide
spectrum of congenital anomalies of the kidneys and of
the urinary tract®. Kidney damage in LUTO is primarily
caused by the direct effect of urine flow obstruction on
glomeruli development®. Acute urinary flow obstruc-
tion has been shown to cause a 50% loss of functioning
nephrons after 6 days and a complete loss of nephrons
after 6 weeks’. In this experimental setting of urinary
flow obstruction, kidney damage is, therefore, secondary
to a primary defect in the development of the entire uri-
nary tract, which is caused by fetal urine flow obstruction
and leads to a compression of kidney parenchyma?®**-'°.
Moreover, kidney hypodysplasia can be caused by
mutations in genes known to have an important role in
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CONSENSUS STATEMENT

urinary tract and kidney parenchymal development''.
A single mutation in one of those genes can, therefore, be
responsible for both LUTO and kidney hypodysplasia''.

The high rate of termination of pregnancy, the
various degrees of severity of the obstruction and
the possibility of neonatal kidney replacement therapy
all contribute to the difficulty in establishing the actual
life expectancy in LUTO. Among patients who survive,
the lifetime risk of developing end-stage kidney disease
(ESKD) is ~30%".

The most common causes of LUTO are posterior
urethral valves (PUVs) and urethral atresia’’; less com-
mon causes are anterior urethral valves, megalourethra,
cloacal malformations and prolapsing ureterocele'".
Typical sonographic features of fetuses with LUTO
are enlarged bladder (megacystis) (FIC. 1), unilateral or
bilateral hydronephrosis (FIC. 2), dilated ureters (FIG. 3)
and oligohydramnios or anhydramnios® (FIG. 3). Prenatal
differential diagnosis of the cause of the LUTO can be
challenging because different forms of LUTO present
with similar findings on ultrasonography and, in up to
one-third of suspected cases, a non-obstructive cause of
the prenatal findings that are suggestive of LUTO (which
is most often vesico-ureteral reflux) might be found at
postnatal follow-up assessment®®. However, the ability
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to predict postnatal kidney function from fetal assess-
ment is crucial to provide parents with adequate infor-
mation on postnatal outcome, both in terms of mortality
and risk of chronic kidney disease, and on the potential
benefits and limitations of fetal intervention.

In 2018, the European Reference Network for Rare
Kidney Diseases (ERKNet, which is endorsed and spon-
sored by the European Commission) established a work
group to develop recommendations regarding the clini-
cal definitions, diagnosis and management of prenatally
detected LUTO, in collaboration with other European net-
works, in particular the European Reference Network on
Urogenital Diseases and Conditions (ERN eUROGEN).
Here, we present a Consensus Statement on the prena-
tal definition, diagnosis and management of obstructive
uropathies, based on published information, as well as on
the opinions of ERKNet and ERN eUROGEN experts.
These recommendations are addressed to paediatric
nephrologists, paediatric urologists and obstetricians
dealing with prenatally suspected obstructive uropathies.

Methods

The Consensus Statement was developed following the
Reporting Items for Practice Guidelines in Healthcare
statement for practice guidelines'é; the Delphi method'”
was used to determine the extent of agreement and
the areas of disagreement among the experts, in order
to achieve a consensus opinion. The members of the
ERKNet obstructive uropathy and kidney dysplasia
work group and the experts on urinary tract obstruc-
tions from ERN eUROGEN formed the core work
group, composed of eight paediatric nephrologists, four
paediatric urologists, two fetal surgeons, one kidney
biochemical researcher, one radiologist and one nuclear
medicine physician. The core work group performed the
literature search, discussed the main results and wrote
the draft of the consensus paper. The first draft was dis-
cussed by the core group during a hybrid meeting held
in February 2020 in Heidelberg and online (sponsored
by the European Community through ERKNet), and was
subsequently evaluated by a voting panel of 60 mem-
bers from ERKNet, ERN eUROGEN and other net-
works with expertise in CAKUT, such as the European
Society of Paediatric Nephrology and the Italian Society
of Pediatric Nephrology. The voting panel was asked to
provide a level of agreement with the recommendations
from the core group using a four-point scale: strongly
disagree, rather disagree, rather agree and strongly agree.
Recommendations that did not reach a consensus of at
least 75% of agreement (strongly plus rather agree) were
discussed again by the working group, modified accord-
ingly and reviewed again by the voting panel until a con-
sensus level of at least 75% was achieved. The results of
the present Consensus Statement will be periodically
revised and updated by the group, possibly every 5 years.

PICO questions

Patients or Population covered, Intervention, Comparator,
Outcome (PICO) questions were developed for the
Consensus Statement'®. The population of interest was
fetuses with a suspicion of obstructive uropathy on ultra-
sonography. The intervention was prenatal treatment
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Fig. 1| Fetal megacystis. Ultrasonography image of a
12-week-old fetus with megacystis, shown by the abnormally
enlarged bladder (asterisk).

and the comparators were either no treatment or other
treatment. The outcomes were kidney and fetal survival.

Literature search

The following key words were used to identify relevant
studies published before the end of 2020: “urinary tract
dilation”, “urinary tract obstruction”, “hydronephrosis,
“hydroureteronephrosis’, “megaureter’, “posterior ure-
thral valves”, “ureterocele”, “megacystis”. The search
retrieved 1,496 results. After excluding papers dealing
with postnatal diseases, we retained 67 publications for
analysis, 62 of which are referenced in the present paper,
whereas 5 were excluded because they contained results

already mentioned in other studies.

Prenatal ultrasonography parameters to define
urinary tract obstruction

First, the work group discussed which prenatal ultra-
sonography parameters should be used to define urinary
tract obstruction.

The most reliable parameter for suspecting the
presence of obstructive uropathy

The presence of unilateral or bilateral hydronephro-
sis on prenatal fetal ultrasonography usually alerts the
clinician to the possible presence of a congenital ano-
maly of the kidney and urinary tract". Several grading
systems have been proposed to stratify the severity of

Bladder

hydronephrosis in order to identify fetuses at high risk
of morbidity who will need further imaging and possibly
a prenatal or neonatal therapeutic procedure. Some of
these grading systems are descriptive®, others quanti-
tative (usually measuring the antero-posterior diameter
(APD) of the renal pelvis)*' or semi-quantitative®>*,
and different thresholds based on the trimester of preg-
nancy have been proposed***. Additional ultrasonogra-
phy findings have been proposed to define and stratify
the severity of prenatal urinary tract dilation (UTD),
including the extent of calyceal dilation, the presence of
parenchymal alterations (such as kidney hypoplasia and
dysplasia), bladder and ureteral abnormalities, fetus gen-
der and amniotic fluid volume (AFV)'. In 2014, eight
scientific societies (The American College of Radiology,
the American Institute of Ultrasound in Medicine, the
American Society of Pediatric Nephrology, the Society
for Fetal Urology, the Society for Maternal-Fetal
Medicine, the Society for Pediatric Urology, the Society
for Pediatric Radiology and the Society of Radiologists in
Ultrasound) agreed to collaborate on the development of
a unified grading system of prenatal and postnatal UTD,
with the aim of selecting the most reliable parameters
for a correct definition of UTD'. The scientific societies
developed the UTD classification system, which strati-
fies the severity of UTD on the basis of gestational age
(before and after 28 weeks’ gestation) and of the most
reliable sonographic parameters: APD of the renal pel-
vis; calyceal dilation; kidney parenchymal thickness and
appearance; bladder and ureteral abnormalities. Pelvic
dilation is defined by an APD of renal pelvis 27 mm
at 16-27 weeks’ gestation and 210 mm at 228 weeks.
According to the classification system, low-grade APD
(4-6mm at 16-27 weeks and 7-9 mm at =28 weeks’ ges-
tation) should be given clinical consideration prenatally
only if associated with one of the other radiological fea-
tures mentioned'. Likewise, the presence of peripheral
calyceal dilation alone should not be used for the defini-
tion of obstructive uropathy, but as an additional finding
suggestive of a more severe obstruction'*.

Recommendation 1. The most reliable parameter for
suspecting the presence of obstructive uropathy is the
antero-posterior diameter (APD) of the renal pelvis,
as proposed by the Urinary Tract Dilatation (UTD)

Bladder

Fig. 2 | Fetal posterior urethral valves and hydronephrosis. Ultrasonography images of a 20-week-old fetus with posterior
urethral valves, showing the typical findings of enlarged bladder with dilation of the bladder neck (the keyhole sign, asterisk

in panel a) and bilateral hydronephrosis (asterisks in panel b).
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Fig. 3 | Fetal posterior urethral valves and anhydramnios. Ultrasonography image of a
fetus with anhydramnios and a dilated ureter.

classification. Pelvic dilation is defined by an APD
>7mm at 16-27 weeks and 210 mm at >28 weeks’ ges-
tation. An APD of 4-6 mm at 16-27 weeks and 7-9mm
at 228 weeks’ gestation should be given clinical consider-
ation prenatally only if associated with other signs of
obstructive uropathy (BOX 1).

Parameters for prenatal suspicion of LUTO
The presence of an enlarged bladder (megacystis)
is essential to distinguish lower from upper urinary
tract obstructions. Megacystis in the first trimester
of pregnancy is defined as a longitudinal bladder dia-
meter 27 mm (FIG. 1). Longitudinal bladder diameter
between 7mm and 12mm is often a transient finding
that resolves in ~90% of fetuses in the second trimester,
whereas a measurement of >15mm is strongly sugges-
tive of LUTO, as resolution over the subsequent weeks
of pregnancy is unlikely®. Evidence suggests that addi-
tional first trimester ultrasonography findings, such as
nuchal translucency >95° percentile and umbilical cord
cyst, might be useful in differentiating isolated PUV
from complex megacystis (secondary to chromosomal
abnormalities with multiple structural defects) and
from urethral atresia, which is an unfavourable condi-
tion for antenatal treatment”. The finding of megacys-
tis at any stage of pregnancy should prompt a detailed
sonographic assessment of the fetal anatomy to exclude
associated major extrarenal defects and to monitor
the evolution of bladder enlargement”’. Additionally,
prenatal invasive testing (by chorionic villous sam-
pling or amniocentesis with microarray analysis) or
non-invasive prenatal testing (by prenatal cell-free DNA
screening) should be offered when megacystis is found,
to exclude associated chromosomal abnormalities .
In the second trimester of pregnancy, megacystis
is commonly defined subjectively as an enlarged blad-
der that fails to void over a period of 40 min during
ultrasonographic examination, but no standardized
measurement cut-offs defining the degree of bladder
enlargement associated with obstruction are available®.

Prenatal LUTO has classically been suspected on the
basis of three ultrasonographic findings: megacystis,
dilated posterior urethra (known as the keyhole sign’)*!
and hydronephrosis® (FIC. 2). A clinical score to differ-
entiate LUTO from non-obstructive megacystis (mostly
secondary to vesico-ureteral reflux, which can be diag-
nosed postnatally in 15-30% of prenatally suspected
LUTO®"”) during the second trimester of gestation has
been developed on the basis of antenatal multivariate
analysis of 143 fetuses with megacystis (defined as an
enlarged bladder failing to empty during a 40-min
observation) diagnosed from the 18th week onwards®.
The score is based on five antenatal variables: bladder
volume measurement >35 cm? or ascites at referral; bilat-
eral ureteral dilation; reduced amniotic fluid (expressed
as a single deepest pocket <2 cm); male fetal sex; and
gestational age at referral <28 weeks. This score shows
good discriminative capacity from non-obstructive mega-
cystis (area under the curve (AUC) =0.84, P<0.001), and
better diagnostic accuracy than the classic ultrasono-
graphy triad (megacystis, dilated posterior urethra and
hydronephrosis) (AUC=0.63, P=0.07)".

Future studies are needed to validate these results, in
order to adopt a reliable and reproducible quantitative
ultrasonographic definition of megacystis during the
second and third trimesters of pregnancy and to enable
appropriate prenatal counselling and improved selection
of candidates for fetal intervention.

In addition, selected instances, especially when ultra-
sonographic examination is difficult to perform because
of oligohydramnios, can benefit from fetal magnetic
resonance imaging, particularly after 20 weeks of ges-
tation and when extrarenal manifestations have to be
ruled out™.

Recommendation 2. Prenatal suspicion of LUTO
requires the presence of an enlarged fetal bladder (mega-
cystis) on obstetric ultrasound scan at any stage during
pregnancy. In the first trimester, fetal megacystis
(defined as a longitudinal bladder diameter of >7 mm) is
strongly suggestive of LUTO if the longitudinal bladder
diameter is 215 mm. Further research is needed to objec-
tively define bladder enlargement during the second
and third trimesters and to differentiate between
obstructive and non-obstructive causes of prenatal mega-
cystis through the development of a reliable severity
scoring system (BOX 1).

Survival and kidney outcome prediction in
fetuses with LUTO

The work group discussed the parameters of outcome
prediction, in terms of survival and kidney function, in
fetuses with LUTO.

Outcome prediction

The presence of oligohydramnios or anhydramnios
(respectively defined as the deepest vertical pocket of
amniotic fluid <2 cm and as complete absence of amni-
otic fluid) before 20 weeks gestation is a strong predictor
of pulmonary hypoplasia and of fetal’’** and neonatal
death’. Amniotic fluid acts as a protective cushion for
the fetus and is essential for fetal lung development™.

www.nature.com/nrurol
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Fetal and perinatal survival of fetuses with oligohydram-
nios or anhydramnios is reported to be 15-24% and the
high mortality is caused by lung hypoplasia and conse-
quent pulmonary failure™'’. By contrast, the assessment
of AFV as a predictor of postnatal kidney function is still
debated". Appearance on ultrasonography of the renal
cortex (hyperechogenic parenchyma and/or presence
of cysts) and oligohydramnios or anhydramnios have
both shown limited performance as individual predic-
tors of postnatal kidney failure in fetuses with LUTO,
with a sensitivity and false-positive rate of 57% and 16%,
respectively, for renal cortical appearance, and of 63%
and 24%, respectively, for oligohydramnios®. A major
drawback for the use of kidney echogenicity to assess fetal
kidney function in the context of obstructive uropathy is
the poor standardization of the definition and grading
of echogenic kidneys, which might lead to substantial
inter-observer variation in the interpretation of findings”.
Several biomarkers from fetal urine, fetal blood and
amniotic fluid have been investigated as potential pre-
dictors of postnatal kidney function in fetuses with

Box 1| ERKNet recommendations for prenatal definition, diagnosis and
management of LUTO

Recommendation 1

The most reliable parameter for suspecting the presence of obstructive uropathy is the
antero-posterior diameter (APD) of the renal pelvis, as proposed by the Urinary Tract
Dilation (UTD) classification. Pelvic dilation is defined by an APD 27 mm at 16-27 weeks
and 210 mm at =28 weeks’ gestation. An APD of 4-6 mm at 16-27 weeks and 7-9 mm at
>28 weeks’ gestation should be given clinical consideration prenatally only if associated
with other signs of obstructive uropathy.

Recommendation 2

Prenatal suspicion of lower urinary tract obstruction (LUTO) requires the presence

of an enlarged fetal bladder (megacystis) on obstetric ultrasound scan at any stage
during pregnancy. In the first trimester, fetal megacystis (defined as a longitudinal
bladder diameter of 27 mm) is strongly suggestive of LUTO if the longitudinal bladder
diameter is 215 mm. Further research is needed to objectively define bladder enlarge-
ment during the second and third trimesters and to differentiate between obstructive
and non-obstructive causes of prenatal megacystis through the development of a
reliable severity scoring system.

Recommendation 3

The risk of fetal and neonatal death has to be based on the presence of
oligohydramnios or anhydramnios before 20 weeks’ gestation, which is a strong
predictor of pulmonary hypoplasia.

Recommendation 4

The risk of kidney replacement therapy cannot be foreseen before birth, as amniotic
fluid volume, kidney parenchymal echogenicity and fetal urine biomarkers are not
reliable predictors. Normal postnatal kidney function is also not predictable by a
normal amount of amniotic fluid.

Recommendation 5

Multi-parameter scoring systems to stage the severity of LUTO and to predict
postnatal outcome have been proposed, but have not yet been clinically adopted.
Further clinical validation and the adoption of standardized assessment across
prenatal centres are needed.

Recommendation 6

Fetuses with prenatal LUTO must be referred to a tertiary obstetric centre with
multidisciplinary expertise in prenatal and postnatal management of obstructive
uropathies.

Recommendation 7

Based on existing evidence that vesico-amniotic shunt placement increases perinatal
survival in fetuses with LUTO, fetal intervention should be offered in selected cases.
However, parents should be made aware of the residual risk of long-term mortality
and kidney function impairment.

ERKNet, European Reference Network for Rare Kidney Diseases.

LUTO**, Fetal blood and/or urine biomarkers includ-
ing sodium, chloride, calcium, osmolarity and low
molecular weight proteins, such as ,-microglobulin
(B,m), have been proposed as predictors of postnatal
kidney function in fetuses with LUTO***. However,
none of these biomarkers is able to reliably predict post-
natal kidney function®’. A particular effort has been
invested in measuring fetal urine and blood levels of
B,m, a protein that, unlike creatinine, does not cross
the placenta and is not cleared by the mother?, theor-
etically providing a good marker of fetal kidney func-
tion; results from studies investigating B,m levels in fetal
serum showed good sensitivity (80-100%) and speci-
ficity (66-99%) of B,m in predicting postnatal kidney
function®*. In particular, fetal serum {3,m levels meas-
ured late in gestation (week 32) displayed high sensitivity
(96%) and specificity (86%) in predicting postnatal kid-
ney function®. Fetal urine ,m levels showed correlation
with a decreased number of glomeruli in fetuses with
obstructive uropathy**. However, variable f,m cut-off
values were used in these studies, and a large-scale vali-
dation study exploring the optimal p,m cut-off for both
fetal blood and urine values is needed. A novel approach
to predicting postnatal kidney function is proteome
analysis of fetal urine in order to identify a spectrum of
peptides able to predict postnatal kidney function*>"’.
Proteomics analysis of fetal urine in fetuses with PUV
(used as the prototypic LUTO)* showed a 12-peptide
signature (12PUV), which is specifically expressed
in fetuses who would develop ESKD before the age of
2 years'. These results have been validated in an inde-
pendent, blinded cohort of 38 patients with PUV*® and
in an independent, small, single-centre validation study
of 14 fetuses with PUV*. In the first study, the 12PUV
signature showed high sensitivity (88%) and specific-
ity (95%) in predicting the occurrence of ESKD before
the age of 2 years™, whereas, in the second study, the
12PUYV signature showed high accuracy 90% (95% CI
78-100) in predicting kidney failure (defined by an esti-
mated glomerular filtration rate <60 ml/min/1.73 m?) at
6 months”. Interestingly, in both studies®, the 12PUV
signature outperformed ultrasonography features such
as AFV and kidney parenchymal appearance (presence
of cysts or increased parenchymal echogenicity). The
signature also predicted postnatal kidney function bet-
ter than fetal urine p,m levels*. To further refine the
molecular signature of PUYV, fetal urinary metabolites
were analysed in two populations of fetuses with PUV
(group 1: 13 fetuses who developed ESKD at 2 years post-
natally; group 2: 12 fetuses who did not develop ESKD at
2 years postnatally)*, identifying 24 metabolites highly
expressed in group 1 only. The combination of metab-
olomics (24 metabolites) and peptidomics (12PUV) was
then validated in an independent cohort of 35 fetuses
with PUYV, showing better accuracy than metabolomics
alone (86% versus 60%, P=0.002) but not of peptdid-
omics alone (86% versus 80%, P=0.344) in predicting
ESKD at the age of 2 years*. The final validation of the
12PUYV signature is currently ongoing in the first clinical
proteomics study in prenatal medicine (NCT03116217
(REF*)), which aims to include 400 patients with PUV. In
conclusion, fetal biomarkers showed promising results
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and can potentially complement clinical evaluation in
LUTO, but require more extensive validation before
being applied in clinical practice.

Recommendation 3. The risk of fetal and neonatal death
has to be based on the presence of oligohydramnios or
anhydramnios before 20 weeks’ gestation, which is a
strong predictor of pulmonary hypoplasia (BOX 1).

Recommendation 4. The risk of kidney replacement
therapy cannot be foreseen before birth, as amniotic
fluid volume, kidney parenchymal echogenicity and fetal
urine biomarkers are not reliable predictors. Normal
postnatal kidney function is also not predictable by a
normal amount of amniotic fluid (BOX 1)

Staging

In total, two staging systems have been proposed to grade
the severity of prenatal LUTO in relation to postnatal
survival and residual kidney function®>' (TABLE 1). In
the first staging system*’, LUTO is graded using several
parameters, such as AFV, kidney echogenicity, cortical
cysts, kidney dysplasia and fetal urinary biochemistry.
According to this staging, stage I (or mild LUTO) pre-
sents with normal amniotic fluid levels from 18 weeks’
gestation onwards and normal fetal kidney function
defined as no evidence of kidney dysplasia, kidney cysts
and normal fetal urine biochemistry; stage II (or moder-
ate LUTO) presents with oligohydramnios or anhydram-
nios and normal fetal kidney function; stage III (or severe
LUTO) presents with oligohydramnios or anhydramnios
along with abnormal fetal kidney function, defined as
kidney dysplasia and/or cysts and abnormal fetal urine
biochemistry. In the study introducing this staging sys-
tem™, two fetuses with stage I LUTO survived with nor-
mal kidney function (with serum creatinine <0.5mg/dl
at 6 months of age)*’. Fetal vesico-amniotic shunt
(VAS) placement was done in 14/16 moderate instances
of LUTO (stage II), and survival was 75%, with 33% of
ESKD at 6 months™; among the 7 fetuses with stage III
LUTO, who were not offered any fetal intervention, only
1 survived, with a need for kidney replacement therapy*.
These results suggest that patients with stage II LUTO
are the ones who are most likely to benefit from fetal
intervention, both in terms of survival and prevention of
kidney damage™. The second staging system for LUTO*!

(TABLE 1) is simple and is based on the combination of
bladder volume (measured using ultrasonography) and
gestational age at first onset of oligohydramnios. In this
study, fetuses with normal AFV at 26 weeks’ gestation
have low postnatal mortality (9%) and are classified
as having mild LUTO"'. Fetuses with bladder volume
>5.4 cm® and/or oligohydramnios or anhydramnios at
20 weeks’ gestation have increased perinatal mortality
(55%) and are classified as severe LUTO"'. All the other
instances with bladder volume <5.4 cm® and/or normal
AFV at 20 weeks’ gestation are classified as moderate
LUTO, with a perinatal mortality of 26%°'. Similar to
perinatal mortality, severe impairment of kidney func-
tion (assessed by estimated glomerular filtration rate
<30ml/min/1.73 m?) was also shown to correlate with
LUTO severity, and was reported in 11% of 36 fetuses
with mild LUTO, 31% of 16 fetuses with moderate LUTO
and 44% of 9 fetuses with severe LUTO"".

A general agreement on the importance of staging
the severity of LUTO to improve the prediction of post-
natal outcome and to select patients who would benefit
from fetal surgical intervention has been reached, but
the current evidence is still insufficient to recommend
one staging system over the other. Moreover, the first
staging system is difficult to apply in clinical practice
as it requires three consecutive fetal urine collections.
An international consensus aiming to define a standard
set of prenatal parameters for severity staging of LUTO
and to agree on the type, frequency and duration of
postnatal follow-up monitoring is urgently needed. This
approach would enable a more meaningful comparison
between fetal intervention and conservative manage-
ment results across different studies than can currently
be performed.

Recommendation 5. Multi-parameter scoring systems
to stage the severity of LUTO and to predict postnatal
outcome have been proposed, but have not yet been clin-
ically adopted. Further clinical validation and the adop-
tion of standardized assessment across prenatal centres
are needed (BOX 1).

Indications, timing and outcome of fetal surgical
intervention in fetuses with LUTO

The work group revised the indications and benefits of
fetal surgical intervention in fetuses with LUTO.

Table 1 | Proposed classifications of fetal lower urinary tract obstruction according to severity

Total LUTO severity stage

number o

of fetuses Stage I/mild Stage ll/moderate

25 Normal AFV, normal Oligohydramnios or
echogenicity of fetal anhydramnios, hyperechogenic
kidneys, no renal cysts,no  kidneys, no renal cysts, no renal
renal dysplasia, favourable dysplasia, favourable urinary
fetal urinary biochemistry  biochemistry (on 3 consecutive
(n=2 fetuses) evaluations) (n=16 fetuses)

141 Normal AFV at 26 weeks”  Bladder volume <5.4cm?

gestation (n=70 fetuses)
(n=38 fetuses)

AFV, amniotic fluid volume; LUTO, lower urinary tract obstruction.

and/or normal AFV at 20 weeks

Ref.

Stage lll/severe

Oligohydramnios (but usually
anhydramnios), hyperechogenic
kidneys, possible renal cysts, possible
renal dysplasia, unfavourable urinary
biochemistry (on 3 consecutive
evaluations) (n="7 fetuses)

Bladder volume >5.4 cm? and/or
oligohydramnios or anhydramnios
before 20 weeks’ gestation (n=33
fetuses)
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Fig. 4 | Prenatal vesico-amniotic shunt placement. A fetus
with megacystis undergoes vesico-amniotic shunt place-
ment under ultrasound guidance. A trocar (needle) is intro-
duced through the mother’s abdominal and uterine wall
into the amniotic cavity and then into the bladder of the
fetus. A drainage catheter is introduced through the trocar,
with one end in the bladder and the other in the amniotic
cavity. The correct position of the catheter is confirmed

by ultrasonography. Adapted from REF*, Springer Nature
Limited.

Fetal intervention: vesico-amniotic shunt placement
Potential outcomes of fetal LUTO include fetal and neo-
natal mortality, preterm delivery, poor postnatal kidney
function, neonatal dialysis requirement, poor postnatal
pulmonary function, prolonged mechanical ventilation
and long-term bladder dysfunction'®. The presence of
anhydramnios early in the second trimester results in a
fetal mortality rate close to 100%'~** and untreated fetal
LUTO can lead to death in up to 80% of fetuses*’, as this
gestational period (canalicular phase) is crucial for lung
development™®.

LUTO is usually diagnosed at 20 weeks’ gestation,
when a detailed fetal anomaly scan is performed*’. VAS
placement is the most common prenatal intervention
in fetuses with LUTO and consists of placing a shunt
into the bladder of the fetus to enable continuous drain-
age into the amniotic cavity and bypass the blockage,
to decompress the obstructed fetal bladder and restore
AFYV, preventing oligohydramnios and pulmonary
hypoplasia® (FIC. 4). Procedure-related complications
after VAS placement can occur in ~ 40% of patients and
include shunt dislocation or retraction, shunt migra-
tion, shunt blockage, fetal ascites, premature rupture of
membranes, preterm labour, shunt site abdominal wall
herniation and, in some instances, fetal demise®>**~.

The challenge after LUTO diagnosis is deciding
whether or not VAS placement is needed”’. The currently
available data used to guide clinicians and parents in
the decision include one randomized controlled trial
(the PLUTO Trial)*, one prospective registry™ and
numerous single-institution retrospective series inclu-
ded in a meta-analysis®. All the available studies are

burdened by selection biases and the number of patients
is still relatively limited, with high heterogeneity in the
method of assessing postnatal kidney function®>*>-%.
In particular, the PLUTO trial, which aimed to compare
VAS placement with the conservative approach, only
recruited 31 patients because of the high number of
pregnant women who did not want to receive prenatal
VAS, resulting in unpowered conclusions™.

In 2017, a meta-analysis was performed including
246 fetuses from 9 large datasets (including the PLUTO
trial)™, who either underwent VAS placement between
20 and 27 weeks’ gestation or were treated conservatively
with amnio-infusions or simply received ultrasonogra-
phy, with up to 2 years’ postnatal follow-upmonitoring™.
Results from this analysis showed that VAS placement
improved perinatal survival, defined as survival up to
6 months of age (57% in fetuses with VAS versus 39%
in fetuses managed conservatively, P<0.01, OR 2.54),
but did not affect survival at 6-12 months in four stud-
ies (44.2% in fetuses with VAS versus 41.8% in fetuses
managed conservatively) or at 2 years in three studies
(40.0% in fetuses with VAS versus 44.6% in fetuses man-
aged with conservative treatment)**. Moreover, in three
studies with 2-year follow-up data, VAS did not improve
postnatal kidney function, with abnormal kidney
function reported in 47% of children®.

In conclusion, it seems that VAS placement between
20 and 27 weeks’ gestation is associated with a higher
perinatal survival than expectant management, although
benefits for 1-year survival and for kidney function are
currently uncertain®.

A useful tool for selecting patients who could most
benefit from prenatal surgical treatment could be the
three-stage classification system of LUTO (stage I, II,
and IIT)*™, based on which, patients with stage Il LUTO
(characterized by oligohydramnios or anhydramnios,
hyperechogenic kidneys but absent renal cortical cysts
or apparent signs of kidney dysplasia and favourable fetal
urinary biochemistry) would most benefit from prenatal
treatment of LUTO to prevent pulmonary hypoplasia
and kidney failure™. In stage IIl LUTO (characterized by
oligohydramnios or anhydramnios with hyperechogenic
kidneys, cortical cysts and kidney dysplasia, as well as
unfavourable fetal urinary biochemistry after serial
evaluation), fetal intervention could prevent severe
pulmonary hypoplasia but not kidney failure®*”.

Nevertheless, the available severity scoring systems
are either based on very few patients or have not yet been
validated; thus, we suggest careful and cautious use by
clinicians, to select patients who can most benefit from
prenatal intervention.

Fetal intervention: cystoscopic laser ablation of PUVs
Fetal cystoscopic laser ablation of PUVs, consisting of
the identification and fulguration of the PUV with a
diode laser through fetal cystoscopy under local anaes-
thesia, has been proposed as an alternative to VAS®.
A 2011 systematic review of existing literature report-
ing on fetal cystoscopy in LUTO retrieved four papers
describing 63 fetuses treated with either fetal cystos-
copy or VAS placement, or expectant management®.
The review concluded that fetal cystoscopy laser valve
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ablation improved perinatal survival (OR 20.51, 95% CI
3.87-108.69) compared with no treatment, but no dif-
ferences in perinatal survival were observed between
fetal cystoscopy and VAS placement (OR 1.49, 95% CI
0.13-16.97). In addition, urological fistulas have been
reported in ~10% of fetuses undergoing cystoscopic laser
ablation®', probably owing to the difficulty in directing
the laser energy in alignment with the urethral canal in
some instances, depending mostly on fetal and placen-
tal position®'. Technological improvement and develop-
ment of new devices that will enable improved flexibility
in visualizing the urethral outlet and directing the laser
energy might reduce the occurrence of this type of
complication®.

In conclusion, fetuses with LUTO should be evalu-
ated by a multidisciplinary team consisting of a gynae-
cologist, a neonatologist, a paediatric nephrologist and a
paediatric urologist, to select the fetuses who could most
benefit from prenatal intervention, according to the
available staging systems. When the multidisciplinary
team decides that prenatal intervention is indicated, we
recommend VAS placement, ideally performed before
27 weeks’ gestation.

Recommendation 6. Fetuses with prenatal LUTO must
be referred to a tertiary obstetric centre with multidisci-
plinary expertise in prenatal and postnatal management

Recommendation 7. Based on existing evidence that
vesico-amniotic shunt placement increases perinatal
survival in fetuses with LUTO, fetal intervention should
be offered in selected cases. However, parents should be
made aware of the residual risk of long-term mortality
and kidney function impairment (BOX 1).

Conclusions

Prenatal diagnosis, severity assessment and correct
management of LUTO are challenging, given the lack
of specific diagnostic features that can guide clinical
approaches and decisions. Fetuses with prenatal mega-
cystis need to be referred to a tertiary obstetric centre
with multidisciplinary expertise in prenatal and post-
natal management of obstructive uropathies. If prena-
tal treatment is indicated, parents must be informed
about the potential benefits for postnatal survival, but
they should also be made aware of the residual risk
of postnatal kidney failure, despite fetal intervention.
Further studies are needed to improve standardization
of ultrasonographic diagnostic parameters, validate
prenatal biomarkers and improve staging systems to
optimize prenatal care and to provide a more accurate
selection of patients who might benefit most from fetal
intervention, in terms of long-term survival and kidney
function.

of obstructive uropathies (BOX 1)
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