Appendix S3 Proposed work-up, staging, and scoring systems suggested in literature for suspected fetal lower urinary tract obstruction (LUTO)

Workup

1. Detailed ultrasonography
2. Fetal echocardiography, if yes then which trimester 
3. Fetal MRI, if yes then which trimester 
4. Genetic screening: first trimester screen, cell free DNA, 
5. Diagnostic genetic testing: 
· Modality: CVS, amniocentesis, amnioinfusion then amniocentesis, cordocentesis, placental biopsy, bladder tap
· Assessment: FISH, karyotype, microarray, overgrowth syndromic panel, BWRS panel, exome sequencing.
6. Assessment of fetal renal function via
· Ultrasound: appearance of renal cortex: cortical cysts, echogenicity, cortico-medullary differentiation, kidney size, urinary ascites, perinephric abscess 
· Amniotic fluid volume or deepest vertical pocket
· No, one, two, three pre-intervention bladder taps: assess for bladder refill and/or biochemistry
· Urine or blood biochemistry: sodium, chloride, calcium, osmolarity, B2- macroglobulin, peptidome (12PUV)
· Bladder refill: ultrasound bladder volume via VOCAL or urine volume after one or two or three bladder taps. Definition of bladder refill: Ruano et al 2016 suggested <27% reduction after the 48 hr bladder tap, Nassr et al 2021 suggested 48 hr bladder tap volume>80% of the initial volume.

Staging and scoring systems: 

1) Staging system proposed by Ruano et al 2016. 
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2) Staging system suggested by Fontanella et al 2019
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3) Nassr et al 2021 proposed scoring system to choose candidates for intervention, in which those with score >3 are associated with 0% chances for survival at 6 months of life. 
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chromosomal or major structural anomalies, cases with pregnancy  evaluated at our Fetal Center during the study period. Forty-eight
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loss before viability, cases who underwent elective termination of
pregnancies, or if the parents chose comfort care at any point of
care and if there is lack of documented standardized prenatal
evaluation or postnatal follow up (up to 6 months of age).

A scoring system consisting of urine biochemistry, ultrasound
evidence of renal dysplastic changes, initial fetal bladder volume
and percent refill after 48 h, was created. The details of the scoring
system are summarized in Table 1. The following cut-off values for
fetal urine biochemistry are considered normal at or after 18
weeks’ gestation [13,14]: Calcium (<8 mg/L), Sodium (<100 mmol/
L), Chloride (<90 mmol/L), Osmolarity (<200 mOsm/L) and beta-2
microglobulin (<6 mg/L). Similar cut off points were retrospec-
tively considered for the group of fetuses presented earlier (from
16 to 18 weeks’ gestation) based on the study by Abdennardher
et al. [15].

Table 1
Details of the scoring system for determining the candidacy for fetal intervention.
Scoring item Details Score
Fetal urine biochemistry <3 tested markers are abnormal 0
>3 tested markers are abnormal 2
Ultrasound morphology No renal cortical cysts 0
Renal cortical cysts present 4
Initial bladder volume >40 cc 0
<40 cc 1
Percent bladder refill >80 % of the initial volume 0
<80 % of the initial volume 1
Final score [

Fetal urine biochemistry markers and their normal cut-offs are: Calcium (<8 mg/L),
Sodium (<100 mmol/L), Chloride (<90 mmol/L), Osmolarity (<200 mOsm/L), b2
microglobulin (<6 mg/L).

Initial bladder volume is measured by 3D ultrasound.

Cut-offs for initial bladder volume (40 cc) and percent bladder refill (80 %) were
calculated using ROC analysis.
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patients were excluded from our study (21 patients with
incomplete data, 19 patients with normal mid-gestational amni-
otic fluid volume, 3 patients with pregnancy loss before viability, 3
patients with termination of pregnancies, and 2 patients with
abnormal prenatal karyotype). Thirty-one of these patients met
our study eligibility criteria and all the included patients had the
same standardized evaluation including measurement of the
bladder volume before and after vesicocentesis. Among 31
included patients, 19 underwent one vesicocentesis, 11 underwent
2 and only one patient underwent 3 vesicocenteses. Overall, the 6-
month survival was 20 (64.5 %; 95 % CI: 45.4-80.1). Twenty-two
patients with severe LUTO underwent vesico-amniotic shunt
placement after favorable assessment. Shunt placement was
repeated due to displaced or malfunction in 12 patients (once in
7 patients, twice in 4 patients, and 4 times in one patient). Among
patients who underwent fetal intervention, 5 were complicated by
preterm premature rupture of the membranes (PPROM) and 13
delivered preterm (<37 weeks). The antenatal evaluation of the
other 9 patients was unfavorable and they were not offered fetal
intervention.

Relevant demographic characteristics and pregnancy courses
are illustrated in Table 2. None of the study subjects with evidence
of fetal renal cortical cysts and lack of cortico-medullary
differentiation on fetal ultrasound survived beyond 6 months of
age; Table 3 shows the details of the scoring related parameters
among all the study subjects. Given the difference in gestational
age at delivery between the groups who survived at 6 months of
age and those who did not, the final model was adjusted for
gestational age at delivery.

The ROC curve for the scoring system in determining the
postnatal mortality had an AUC of 0.82 (95 % CI 0.65-0.99)
(Fig. 3a). A score greater than 3 was found to be the best coordinate
on the ROC curve which was associated with a sensitivity of 54.5 %
(95 % CI 23.4-83.2) and specificity of 100 % (95 % CI 83.2-100.0).
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renal failure, defined by an eGFR <60 mL/min/1.73 m*
before 6 months of age or pre- or perinatal death. Results
confirmed that the peptide signature predicted postnatal
renal outcome in postnatally confirmed PUV fetuses with an
accuracy of 90%; and in suspected PUV cases with an ac-
curacy of 84% [19]
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3. Staging of fetal LUTO with the aim of selective
intervention

‘The PLUTO trial was the first prospective open-labelled

randomized controlled trial designed to evaluate the
effectiveness of VAS compared to conservative
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monitoring, and re-assessment if there is progression to
Stage Il [23].

Stage Il LUTO is associated with decreasing amniotic
fluid levels or established oligo/anhydramnios, after 18
weeks of gestation. Typical ultrasound findings are echo-
genic kidneys without renal cortical cysts. Results from
fetal urine biochemistry (3 samples over 2448 h) should
fall into the ‘favorable’ category (urinary
sodium < 100mEq/L, chloride < 90mEq/L, osmolarity
<200mOsm/L and beta2-microglobulin <6 mg/L). The au-
thors recommend fetal intervention for this stage of LUTO,
with the objective of preventing both severe pulmonary
hypoplasia and ESRD (Fig. 3).

M.K. Farrugia, M.D. Kilby

Table 2 _Staging system proposed by Ruano et al. [22].

Stage | (mild Stage Il (severe LUTO,
LuTO) with prenatal findings
ive of preserved
fetal renal function)

Stage Il (severe LUTO, with _ Stage IV (severe LUTO, with
prenatal findings suggestive of prenatal findings suggestive
fetal abnormal renal function)  of fetal renal failure)

Amount of amniotic Normal

fluid or anhydramnios
Echogenicity of fetal Normal "echogenic”
Renal cortical cysts Absent Absent
Renal dysplasia  Absent sent
Fetal urinary Favorable  Favorable within
biochemistry three consecutive
evaluations
Fetal intervention  Not indicated Indicated to prevent
pulmonary hypoplasia
and severe renal
impairment (VAS or
cystoscopy)

but usually anhydramnios

"echogenic” “echogenic”

Can be present Present

Can be present Present

Not favorable after three Unfavourable, poor bladder

consecutive evaluations re-filling after
vesicocentesis

May be indicated to prevent  Not indicated/amino

pulmonary hypoplasia but not  -infusion only’

postnatal renal impairment (VAS
‘with amino-infusion); further
studies are necessary

Stage Ill LUTO is characterized by severe ougorvy
dramnios/anhydramnios, and “echogenic” kidneys wi
cysts. Urine biochemistries demonstrate poor renal .
tion with minimal bladder filling rate after vesicocentesis.
Although VAS may improve perinatal survival, it would not
affect renal function outcomes or longer-term survival.
Fetal cystoscopy is not indicated due to the relatively small
size of the fetal bladder [23].

Stage IV represents in-utero renal failure and carries a
poor prognosis. Ultrasound findings are that of severe renal
dysplasia with anuria and a bladder filling rate <27%. No
intervention is recommended for these cases; instead,
palliative care or termination of pregnancy is the current
management option [22].

A retrospective study from eight centres in the
Netherlands proposed an alternative staging of fetal LUTO
(Table 3) [24]. Al cases were managed conservatively, and
the first year eGFR assessed — with the aim of predicting
postnatal survival and renal function. The authors found
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evaluation, so that intervention would only be indicated
where lungs are still immature [25]. The authors propose
early delivery where lung maturity permits, although evi-
dence for this approach is not currently available.

4. Postnatal Outcomes of fetal intervention

Following implementation of the Ruano classification
system, the Texas Children’s Hospital group performed a
retrospective review evaluating the relationship between
LUTO stage and postnatal outcome [22]. The authors spe-
cifically explored the outcome of VAS in Stage Il LUTO be-
tween 18 and 30 weeks' gestation; 14 patients met the
criteria. Mean gestational age at deivery was 33-+-4 weeks.
At 6 months follow-up, survival was 86%, and 67% had
normal renal function. Multivariate analysis revealed that
fetal intervention, absence of anhydramnios or renal
cortical cysts, and favourable fetal urine biochemistry,
were the best predictors of survival.
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LUIU were cassinea prenatauy n Stage: ea
in's developmental domains (physical, adaptive behaviour,

\, cognitive, and No dif-
ferences in GA at delivery were detected between the
groups. Outcomes were correlated with need for dialysis or
transplantation postnatally. Mean age at testing was
20.3  12.3 months. Fifteen of the 20 patients (75%) had no
ND delays. Of the 5 patients with ND delays, 4 received
dialysis. No d|"erenus in ND outcomes between infants
with LUTO Stage | and those with Stages II and il were
detacted. Infants who recened dialyss showed. 15.fod
increased risk for delayed socio-emotional development
[28).
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Fetal intervention is not a risk-free endeavour. Four of
15 pregnancies were lost in the PLUTO trial: an Intrauterine
death at 16 weeks’ gestation; termination of pregnancy at
17 and 22 weeks due to chorioamnionitis; and a blocked
shunt at 19 weeks [20]. Preterm labour occurred in 7/12
livebirths, but the incidence of prematurity did not differ
from the conservative management group. A retrospective
study of 48 procedures (23 FC, 25 VAS) reported a striking
complication rate (74 vs. 92%) for both procedures. The
main maternal complication was premature rupture of
membranes (25% with FC, 33% with VAS). Fetal

Table 3 Staging system proposed by Fontanella et al.
24,

wro
Severe Bladder volume >5.4 cm® and/or oligo-
LUTO  anhydramnios before 20 weeks
Moderate ~ Bladder volume <5.4 cm” and/or Normal AF at
ks

LUTO 20 weel
Mild LUTO Normal AF at 26 weeks
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5. Defining a gestational age intervention "window"

The ideal gestational window of opportunity is not well-
defined. Fetal pulmonary and renal development are co-
dependent: normal lung development requires amniotic
fluid, perhaps as a mechanical stenting force, or as a source
of growth factors. During the canalicular phase of lung
development (17-26 weeks’ gestation), the airway
branching pattern is complete and the prospective gas-
exchange region starts to develop. Respiratory bronchiole
appear, interstitial tissue decreases, vascularisation of pe-
ripheral mesenchyme increases, and the differentiation of
the cuboidal epithelium into type I and type Il cells signals
the start of surfactant production. In the saccular (terminal
sac) phase (24-36 weeks) the growth of the pulmonary
parenchyma and further maturation of the surfactant sys-

m are the most important steps towards ex-utero life
[30]. Oligohydramnios before 26 weeks’ gestation will
result i pulmonary hypoplasia and a poor prognosis
[24,31). Therefore, intervention before 26 weeks would
give the best potential of lung preservation.

The ideal timing for renal functional preservation is
difficult to determine. It is well established in the fetal
lamb model, that even a reproducible degree of partial
urethral obstruction will cause a huge variation in kidney
pathology within days. Whereas some kidneys may suffer
little or no change, in others, the cortex contained cysts,
some with glomerular tufts, and dilated medullary ducts
[4]. Samnakay et al. looked into renal histology at different
stages post-urethral obstruction in the fetal lamb model
[32]. Early cystic changes, with dilatation of ureteric buds
and glomerular spaces, were evident in fetal kidneys two
days after bladder outflow obstruction. By five days post-
obstruction, cystic dilatation was more prominent; and

M.K. Farrugia, M.D. Kilby

after 10 days, there was architectural disorganization of
the renal cortex — with progression to cystic renal dysplasia
[32]. It is not known whether these changes could be
reversed by stopping the obstructive process. Therefore,
the only recommendation that can be given is to intervene
before signs of cystic renal dysplasia and fetal renal failure
ensue.

6. Current technology and future directions

Fetal cystoscopy using a flexible fetoscope, has been
utilized for both diagnosis and treatment if LUTO. The
procedure can be technically challenging due to the axis
of the fetal bladder and urethra which makes navigation
of the fetoscope difficult. In an elegant study using fetal
MRI, Vinit et al. found that the bladder neck angle is
approximately 15 higher in LUTO fetuses and the angle
between the posterior urethra and the bladder axis av-
erages 117°. The development of a customized fetal
cvetncrnne should haln avercome. the current. tachnical
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