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ABSTRACT

Objective To evaluate the effect on perinatal and
postnatal survival of vesicoamniotic shunt (VAS) as
treatment for fetal lower urinary tract obstruction
(LUTO).

Methods An electronic search of Ovid MEDLINE,
Ovid EMBASE, Ovid Cochrane Central Register of
Controlled Trials, Ovid Cochrane Database of Systematic
Reviews and Scopus using relevant search terms was
conducted from inception to June 2015 to identify
studies comparing outcomes of VAS vs conservative
management for treatment of LUTO. Cohort studies
and clinical trials were considered eligible. Single-arm
studies and studies that did not report survival were
excluded. Sample size and language were not criteria for
exclusion. Two reviewers extracted independently data in
a standardized form, including study characteristics and
results. Primary outcomes were perinatal and postnatal
survival. Secondary outcome was postnatal renal function.
Data on fetal survival were expressed as odds ratio (OR)
and 95% CI.

Results Of the 423 abstracts retrieved, nine studies
were eligible for inclusion. These studies included 112
fetuses treated with VAS and 134 that were managed
conservatively. There was heterogeneity in study design.
Although the data demonstrated a difference in effect
estimates between the study arms in terms of perinatal
survival (OR, 2.54 (95% CI, 1.14–5.67)), there was no
difference in 6–12-month survival (OR, 1.77 (95% CI,
0.25–12.71)) or 2-year survival (OR, 1.81 (95% CI,
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0.09–38.03)). In addition, there was no difference in
effect on postnatal renal function between fetuses that
underwent intervention and those that did not (OR, 2.09
(95% CI, 0.74–5.94)).

Conclusions Available data seem to support an advan-
tage for perinatal survival in fetuses treated with VAS com-
pared with conservative management. However, 1–2-year
survival and outcome of renal function after VAS proce-
dure remain uncertain. Further studies are necessary to
evaluate the effectiveness of fetal intervention for LUTO
based on different severity of the disease, due to the very
low quality of the studies according to GRADE guide-
lines. Copyright © 2016 ISUOG. Published by John Wiley
& Sons Ltd.

INTRODUCTION

Congenital lower urinary tract obstruction (LUTO) occurs
in approximately 2.2 per 10 000 live births1. It is more
common in males than in females. The most common
cause of LUTO is a posterior urethral valve (PUV), which
occurs almost exclusively in male fetuses2. Other less
common causes include mid-urethral hypoplasia, anterior
urethral valve, urethral stenosis, ureterocele and urethral
agenesis and strictures which can occur in females and
present clinically as similar to PUV2.

LUTO is often associated with severe oligohydramnios,
which can lead to pulmonary hypoplasia and, ultimately,
neonatal death3. Furthermore, 25–30% of those who
survive develop end-stage renal disease requiring dialysis
and renal transplantation by the age of 5 years4. LUTO

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. SYSTEMATIC REVIEW
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is usually diagnosed by ultrasound at the time of the
routine second-trimester fetal anatomical assessment5

by the classic features of megacystis with keyhole sign
(due to dilated proximal urethra), hydronephrosis and
oligohydramnios, with or without cystic renal changes5.
The most severe forms of LUTO can be diagnosed during
the first trimester6,7.

Although postnatal correction of LUTO relieves the
urinary obstruction, it is usually too late to rescue the
renal and respiratory consequences of the obstruction3.
In-utero percutaneous vesicoamniotic shunt (VAS) is the
most common antenatal treatment in these cases. VAS
uses a double pigtail catheter, inserted under ultrasound
guidance, to relieve the urinary obstruction by providing
bladder drainage and restoring amniotic fluid volume8.
However, its use is not free from complications, which
can occur in up to 40% of cases9, and the effect on
long-term renal function is uncertain10, despite reported
improved survival10,11.

The objective of this meta-analysis was to investigate
the effectiveness of VAS on survival in cases of congenital
LUTO, and to update the previously published systematic
reviews10,11 following the publication of the PLUTO trial5

and other recent studies.

METHODS

Electronic search and information sources

A search was conducted for publications comparing
outcomes in fetuses with LUTO that were treated with
VAS or by conservative management. A comprehensive
search of several databases was conducted in any
language from inception of the database to 29 June
2015. The databases were Ovid MEDLINE In-Process
and Other Non-Indexed Citations, Ovid MEDLINE,
Ovid EMBASE, Ovid Cochrane Central Register of
Controlled Trials, Ovid Cochrane Database of Systematic
Reviews and Scopus. The search strategy was designed
and conducted by an experienced librarian with input
from the study’s principal investigator. Controlled
vocabulary, supplemented with keywords, was used
to search for studies on antenatal intervention for
the treatment of congenital LUTO, using the terms
‘fetal’ OR ‘congenital’ AND ‘lower urinary tract
obstruction’ OR ‘posterior urethral valves’ OR ‘urethral
agenesis’ AND ‘vesicoamniotic shunt’ OR ‘bladder
drainage’ OR ‘fetal therapy’ OR ‘fetal intervention’. A
secondary search of references of relevant research and
review articles was conducted. References from previous
systematic reviews/meta-analyses were included in the
initial selection. Details of the search strategy are provided
in Appendix S1.

Eligibility criteria and study selection

Studies that reported perinatal and postnatal outcomes
after VAS, in comparison with conservative management,
were selected initially. Principally, cohort studies and

clinical trials were included. However, case series were
also included if both intervention and conservative
management could be identified after exclusion of cases
that underwent elective termination of pregnancy (TOP).
Single-arm studies and studies that did not report survival
were excluded. Neither sample size nor language was a
criterion for exclusion. We included studies that clearly
defined LUTO by the presence of an enlarged fetal bladder
and bilateral hydronephrosis12,13. No attempt was made
to include or exclude studies according to fetal gender.
The primary outcomes of the study were perinatal and
postnatal survival rates. The secondary outcome was the
effect of VAS on postnatal renal function compared
with conservative prenatal management. Screening of
retrieved abstracts for selection of eligible studies was
achieved independently by two reviewers from different
institutions. Discrepancies were minor and were resolved
by consensus between reviewers.

Data collection

A standardized form was used to abstract data from
selected studies. The form included the author name,
study setting, year of publication, type of study, time
frame during which the study was conducted, sample size,
criteria of fetuses that underwent intervention (gestational
age at intervention, presence of fetal anomalies, renal
function at time of intervention), gestational age at
delivery, renal function and survival. Survival in the
perinatal period up to 6 months of age, at 6–12 months
and at 2 years of age was reported as odds ratios
(ORs). Selected studies were evaluated for risk of
bias; the Newcastle–Ottawa Scale (NOS) was used for
observational studies and Jadad scoring (Oxford Quality
Scoring System) for randomized clinical trials14–16.
Overall quality of evidence was evaluated using the
GRADE scoring system17.

Statistical analysis

Data were expressed as OR and 95% CI, and were
illustrated in forest plots. A random-effects model was
applied due to anticipated heterogeneity among selected
studies18. Significant heterogeneity was considered if I2

was > 50% or Q-test P-value was < 0.1019. For analyses
pooling more than 10 studies, a funnel plot was
used to assess publication bias. Statistical analysis was
performed using Review Manager (RevMan) v5.3 (The
Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen)20.

RESULTS

A total of 423 abstracts were retrieved initially and 390
did not meet study inclusion criteria. The remaining
abstracts underwent full manuscript review, of which
17 studies were not eligible based on consensus between
the reviewers (studies were case reports or case series).

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2017; 49: 696–703.
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Abstracts from references
of related research articles

or meta-analyses
(n = 19)

Abstracts from EMBASE,
MEDLINE and SCOPUS

databases
(n = 404)

Abstracts excluded (irrelevant
or non-comparative studies)

(n = 407)

Full articles excluded
by reviewers’ consensus

(n = 7)

Eligible articles (n = 9)

Abstracts screened for eligibility
(n = 423)

Initially eligible articles (n = 16)

Figure 1 Flowchart summarizing study selection.

Of the remaining 16 studies describing cohorts of fetuses
that underwent VAS placement, seven were excluded due
to lack of adequate reporting of outcomes or loss of
one study arm after exclusion of elective TOP. Nine
studies5,9,21–27 were pooled for meta-analysis (Figure 1).

The nine studies were conducted between 1990
and 2015. Four were retrospective9,21,25,26 and one
was prospective27 in design, one contained combined
prospective and retrospective cohorts24 and one was a
randomized trial5. The other two studies did not specify
the method of data collection22,23. In terms of study
setting, three studies were conducted in the USA21,24,25,
two in the UK22,23, one in Canada26 and three in more
than one country5,9,27. Gestational age at intervention
varied within the second trimester. A total of 246 fetuses
were included after exclusion of elective TOP, of which
112 were treated with VAS and 134 were managed
conservatively. Characteristics of the included studies are
summarized in Table 1.

Perinatal survival was reported in all selected studies.
Sixty-four of the 112 fetuses in the VAS arm survived
compared with 52 of the 134 fetuses in the conservative
arm (57.1% vs 38.8%, P < 0.01). The pooled estimate
of survival was different in the two arms, favoring VAS
(OR, 2.54 (95% CI, 1.14–5.67)). Heterogeneity among
studies was not significant (Q-test P = 0.13, I2 = 33%).
On subgroup analysis among fetuses with non-favorable
fetal urinary chemistry, the VAS arm yielded higher
perinatal survival compared with the conservative arm
(OR, 9.72 (95% CI, 1.89–50.09)). Improved perinatal
survival in the VAS arm was less evident among fetuses
with favorable fetal urinary chemistry (OR, 2.24 (95% CI,
0.89–5.67)). Heterogeneity in both analyses was absent
among studies (Q-test P = 0.96 and P = 0.98, I2 = 0%).
Forest plots for this analysis are illustrated in Figure 2.

Four studies provided information on postnatal survival
6–12 months after birth5,9,22,27. Survival was reported in
19 (44.2%) of the 43 fetuses treated with VAS and in 38
(41.8%) of the 91 fetuses managed conservatively. Pooled
analysis did not reveal a significant difference (OR, 1.77
(95% CI, 0.25–12.71)). For this analysis, I2 was 78%
and Q-test P-value was 0.004 (Figure 3). Three studies
provided 2-year follow-up of fetuses in both arms5,22,27,
including a total of 86 fetuses (30 treated with VAS vs 56
managed conservatively). Two-year survival was reported
in 12 (40.0%) cases in the VAS arm and in 25 (44.6%) in
the conservative arm. Pooled analysis of survival was not
statistically significant (OR, 1.81 (95% CI, 0.09–38.03)).
For this analysis, I2 was 83% and Q-test P-value was
0.002 (Figure 4).

A subgroup analysis of five studies5,9,21,25,27 that
assessed postnatal renal function in both VAS and
conservatively managed cases was conducted. The pooled
OR of good postnatal renal function at 6 months to 2 years
of age was higher in cases that had prenatal intervention
with VAS, although the difference was not significant (OR,
2.09 (95% CI, 0.74–5.94), Q-test P = 0.73, I2 = 0%;
Figure 5). Details of postnatal renal function among the
included studies are given in Table 2.

According to quality assessment scores (Appendix S2),
the quality of selected studies was satisfactory in most
studies; the scores ranged from 4 to 7 of a total of 7 points.
Prospective and more recent studies had generally higher
scores. GRADE assessment for the quality of evidence for
each outcome assessed ranged from moderate to very low.

DISCUSSION

This study demonstrates improvement in perinatal
survival among fetuses with congenital LUTO that are
treated with VAS. However, there was no evidence of
improvement in survival and renal function at 6 months
to 2 years among infants that had prenatal VAS.

Previous reviews suggested some improvement in
perinatal survival with VAS. However, these reviews
usually involved studies with small cohorts or case
series that reported no survival advantage after excluding
pregnancies with elective TOP or intrauterine fetal
death. To avoid potential bias anticipated by previous
systematic reviews28, we excluded from the pooled
analysis cases that underwent elective TOP. We included
pregnancies with intrauterine fetal death since they could
represent poor outcome of the natural disease process or
intervention procedure. Fetal chromosomal abnormalities
were excluded from all studies by either prenatal or
postnatal karyotyping.

The survival advantage in the VAS group in our study
is mainly attributed to its impact on fetal renal func-
tion and/or lung development; evidence supports that
pulmonary hypoplasia could be fatal even after normal-
ization of amniotic fluid following shunt placement. It
is important to note that, while correction of oligohy-
dramnios through VAS is expected to prevent pulmonary
morbidities, it has been reported that oligohydramnios

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2017; 49: 696–703.
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complicating pregnancy during the critical period of
16–24 weeks of gestation (canalicular phase) may cause
irreversible pulmonary hypoplasia29. The VAS design
and procedure of insertion is not without risks, and
complications have been reported in a significant number
of cases (Table 3).

Several sonographic and biochemical (urine analytes)
parameters have been used to evaluate fetal renal function
and, consequently, to select adequate candidates for
fetal intervention. However, none of the ultrasound
parameters has been proven to be highly sensitive4. More-
over, considering normal amniotic fluid as an exclusion
criterion for VAS placement has been challenged by the
fact that some cases develop renal failure later in gestation
or postnatally. A meta-analysis that evaluated the utility
of urine analytes for prediction of poor renal function
demonstrated limited clinical accuracy30. Therefore, a
combination of fetal urinary biochemistry and ultrasound
evaluation of fetal renal parameters (fetal renal cortical
cysts, echogenicity or signs of renal dysplasia), as well as
amniotic fluid assessment, could be used to select fetuses
that would benefit most from intrauterine VAS placement.

The main strength of this meta-analysis is the inclusion
of a randomized controlled trial and recent studies that
included relatively large cohorts, as opposed to the small
studies in earlier reviews. This analysis also excluded cases
of elective TOP that could be a potential source of bias
in previous reports. In addition, the present systematic
review provides new information to the current literature
as we evaluated the effectiveness of VAS considering the
estimated fetal renal function at the time of indication for
the procedure. Our results suggest that cases with poor
prognostic features may still benefit from VAS since the
mortality rate without fetal intervention is extremely high
due to severe pulmonary hypoplasia. This fact indicates
that further prospective studies are necessary to confirm
the benefits according to the severity of LUTO. Recently,
Ruano et al. proposed a new classification of LUTO based
on the severity and estimated renal function (Stages
I–III), which may be useful to guide further studies
in the evaluation of the effectiveness of fetal therapy
in LUTO31.

Another aspect that is unique to the present systematic
review is that only confirmed LUTO cases were included

in the analysis, i.e. fetuses with confirmed enlarged
bladder associated with bilateral hydronephrosis. Pre-
vious systematic reviews included cases with unilateral
hydronephrosis, which does not meet the definition for
LUTO10. We also reported survival rates up to 2 years
of age.

The main limitation of this systematic review is that all
of the included studies, except one, were not randomized
trials. Unfortunately, performing a randomized controlled
trial with a large sample size to evaluate the effectiveness
of VAS for LUTO is extremely challenging because of
difficulties in recruitment, ethical concerns, low frequency
of the disease and the large spectrum of prognosis3,5.
Non-randomized studies can create severe bias of selection
and clinical interpretation, for example, if the non-treated
group has less severe LUTO than the treated group,
the study could give the false impression that VAS is
associated with worse outcome than is prenatal expectant
management25.

A further limitation is the lack of consistency in
fetal selection criteria for intervention or conservative
management. Estimation of postnatal renal function in
both groups was not feasible in all studies as data were
either lacking or reported inconsistently, particularly in
terms of time of assessment. In addition, another difficulty
in evaluating the effectiveness of fetal therapy for LUTO
is that studies usually consider different methods to define
normal/abnormal renal function (Table 2). It is recom-
mended, for future studies, to standardize the method for
evaluation of postnatal renal function using the Schwartz
formula to estimate the glomerular filtration rate in the
infant32. Finally, due to the lack of strong evidence
from included studies (quality of evidence ranged from
moderate to very low according to GRADE guidelines)33,
the findings of this review should be interpreted with
caution until appropriate-level evidence from adequate
multicenter randomized controlled trials is available.

A consideration when evaluating fetal VAS for LUTO
is cost-effectiveness. It has been reported that VAS is not a
cost-effective procedure as it can improve survival without
preventing perinatal morbidity34. However, these findings
were based on a cost-analysis model of a single study in
which no selection criteria based on the severity of LUTO
were considered (some fetuses already had abnormal
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Table 2 Postnatal assessment of renal function after delivery in fetuses with vesicoamniotic shunt (VAS) or conservative management (CM)
for lower urinary tract obstruction

Normal renal function/survivors (n/N)

Study
Age at

assessment VAS CM Method of assessment

Ruano (2015)9 6 months 6/10 11/28 Serum creatinine (normal renal function: < 50 μmol/L ± 2 SD on
average of last 5 samples) and need for dialysis

Morris (2015)27 28 days 1/7 9/24 Serum creatinine (normal renal function: < 50 μmol/L), renal
ultrasound appearance and need for medical treatment,
dialysis or transplantation

1 year 1/3 12/24
2 years 1/2 13/23

Morris (2013)5 28 days 2/8 0/4 Serum creatinine (normal renal function: < 50 μmol/L), renal
ultrasound appearance and need for medical treatment,
dialysis or transplantation

1 year 2/7 0/3
2 years 2/7 0/3

Crombleholme (1990)21 Serum creatinine (normal renal function: < 0.3 mg/dL)
Poor prognosis 16 months 1/3 0/0
Good prognosis NS 8/8 3/5

Johnson (1994)24 Serum creatinine (good outcome: ≤ 1.0 mg/dL at 1 year)
Poor prognosis 2 years 0/2 0/0
Good prognosis 2 years 6/6 3/3*

Freedman (1996)25 Serum creatinine (renal failure: < 2 SD above adjusted normal
mean), development of CRF and need for renal replacement
therapy

Poor prognosis NS 1/3 0/0
Good prognosis NS 11/14 4/5

McLorie (2001)26 Creatinine clearance calculated by Shwartz equation (normal
renal function: > 70 mL/min), need for renal replacement
therapy, dialysis or renal transplantation

Good prognosis NS 3/6 0/0

Nicolini (1991)22 NS 2/2 0/0 NS
Lipitz (1993)23 NS 1/6 0/0 GFR (renal impairment: below expected for age and weight),

serum creatinine (renal impairment: > 70 mmol/L after first
week of age), dimercaptosuccinic acid scan (renal
impairment: < 40% differential function and decreased
uptake) and need for dialysis

Only first author given for each study. *Obstruction resolved after vesicocentesis. CRF, chronic renal failure; GFR, glomerular filtration
rate; NS, not specified.

Table 3 Complications of vesicoamniotic shunt (VAS) reported in the literature

Study
Spontaneous

ROM

Miscarriage
following

shunt insertion
Dislodgment

of shunt
Blockage
of shunt

Chorio-
amnionitis

Bladder rupture
following shunt

insertion
Failed shunt

insertion

Morris (2015)27 3/10 (30) 1/10 (10) 4/10 (40) 2/10 (20)
Morris (2013)5 3/15 (20) 3/15 (20) 1/15 (6.7)
Ruano (2015)9 5/16 (31.3)*
Anumba (2005)1 1/5 (20) 1/5 (20)
McLorie (2001)26 2/9 (22.2) 1/9 (11.1)
Freedman (1996)25 1/28 (3.6) 1/28 (3.6)
Johnson (1994)24 2/15 (13.3),

1 week after
procedure

9/15 (60):
6 displaced

into amniotic
space,

3 displaced
intraperi-
toneally

Lipitz (1993)23 1/12 (8.3),
7 days after
procedure

Nicolini (1991)22 1/8 (12.5)
with signs of
chorioam-

nionitis
Crombleholme (1990)21 3/19 (15.8)
Wilkins (1987)35 1/2 (50) 1/2 (50)

Data are given as n/N (%). *Includes cases of dislodgment or blockage of shunt. ROM, rupture of membranes.

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2017; 49: 696–703.



Vesicoamniotic shunt for LUTO 703

renal function before shunt placement). In addition, the
cost-effectiveness of fetal therapy for LUTO needs to be
investigated on the basis of long-term survival, initially,
and then morbidity, including long-term outcomes of
pediatric dialysis and renal transplant.

ACKNOWLEDGMENT

We thank Larry J. Prokop, the expert librarian, for his
contribution and effort throughout the search process.

REFERENCES

1. Anumba DO, Scott JE, Plant ND, Robson SC. Diagnosis and outcome of fetal lower
urinary tract obstruction in the northern region of England. Prenat Diagn 2005; 25:
7–13.

2. Pinette MG, Blackstone J, Wax JR, Cartin A. Enlarged fetal bladder: Differential
diagnosis and outcomes. J Clin Ultrasound 2003; 31: 328–334.

3. Van Mieghem T, Ryan G. The PLUTO trial: a missed opportunity. Lancet 2013;
382: 1471–1473.

4. Morris R, Malin G, Khan K, Kilby M. Antenatal ultrasound to predict postnatal
renal function in congenital lower urinary tract obstruction: systematic review of test
accuracy. BJOG 2009; 116: 1290–1299.

5. Morris RK, Malin GL, Quinlan-Jones E, Middleton LJ, Hemming K, Burke D,
Daniels JP, Khan KS, Deeks J, Kilby MD. Percutaneous vesicoamniotic shunting
versus conservative management for fetal lower urinary tract obstruction (PLUTO):
a randomised trial. Lancet 2013; 382: 1496–1506.

6. Ruano R, Yoshisaki C, Salustiano E, Giron A, Srougi M, Zugaib, M. Early fetal
cystoscopy for first-trimester severe megacystis. Ultrasound Obstet Gynecol 2011;
37: 696–701.

7. Kagan K, Staboulidou I, Syngelaki A, Cruz J, Nicolaides K. The 11–13-week
scan: diagnosis and outcome of holoprosencephaly, exomphalos and megacystis.
Ultrasound Obstet Gynecol 2010; 36: 10–14.

8. Morris R, Khan K, Kilby M. Vesicoamniotic shunting for fetal lower urinary
tract obstruction: an overview. Arch Dis Child Fetal Neonatal Ed 2007; 92:
F166–F168.

9. Ruano R, Sananes N, Sangi-Haghpeykar H, Hernandez-Ruano S, Moog R,
Becmeur F, Zaloszyc A, Giron A, Morin B, Favre R. Fetal intervention for severe
lower urinary tract obstruction: a multicenter case–control study comparing fetal
cystoscopy with vesicoamniotic shunting. Ultrasound Obstet Gynecol 2015; 45:
452–458.

10. Morris R, Malin G, Khan K, Kilby M. Systematic review of the effectiveness of
antenatal intervention for the treatment of congenital lower urinary tract obstruction.
BJOG 2010; 117: 382–390.

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

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

13. Grignon A, Filion R, Filiatrault D, Robitaille P, Homsy Y, Boutin H, Leblond R.
Urinary tract dilatation in utero: classification and clinical applications. Radiology
1986; 160: 645–647.

14. Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF; QUOROM Group.
Improving the quality of reports of meta-analyses of randomised controlled trials:
the QUOROM statement. Lancet 1999; 354: 1896–1900.

15. Wells G, Shea B, O’connell D, Peterson J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised stud-
ies in meta-analyses. http://www.ohri.ca/programs/clinical&uscore;epidemiology/
oxford.Asp. [Accessed 15 October 2015].

16. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJM, Gavaghan DJ,
McQuay HJ. Assessing the quality of reports of randomized clinical trials: is blinding
necessary? Control Clin Trials 1996; 17: 1–12.

17. Guyatt GH, Oxman AD, Kunz R, Vist GE, Falck-Ytter Y, Schünemann HJ; GRADE
Working Group. What is ‘‘quality of evidence’’ and why is it important to clinicians?
BMJ 2008; 336: 995–998.

18. Simonian R. Meta-analysis in clincial trials. Control Clin Trials 1986; 7: 177–188.
19. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med

2002; 21: 1539–1558.
20. Review Manager (RevMan) [Computer program], Version 5.3. The Nordic Cochrane

Centre, The Cochrane Collaboration: Copenhagen, 2014.
21. Crombleholme TM, Harrison MR, Golbus MS, Longaker MT, Langer JC, Callen

PW, Anderson RL, Goldstein RB, Filly RA. Fetal intervention in obstructive uropathy:
Prognosticindicators and efficacy of intervention. Am J Obstet Gynecol 1990; 162:
1239–1244.

22. Nicolini U, Tannirandorn Y, Vaughan J, Fisk NM, Nicolaidis P, Rodeck CH.
Further predictors of renal dysplasia in fetal obstructive uropathy: bladder pressure
and biochemistry of ‘fresh’ urine. Prenat Diagn 1991; 11: 159–166.

23. Lipitz S, Ryan G, Samuell C, Haeusler MC, Robson SC, Dhillon HK, Nicolini U,
Rodeck CH. Fetal urine analysis for the assessment of renal function in obstructive
uropathy. Am J Obstet Gynecol 1993; 168: 174–179.

24. Johnson MP, Bukowski TP, Reitleman C, Isada NB, Pryde PG, Evans MI. In utero
surgical treatment of fetal obstructive uropathy: a new comprehensive approach
to identify appropriate candidates for vesicoamniotic shunt therapy. Am J Obstet
Gynecol 1994; 170: 1770–1779.

25. Freedman AL, Bukowski TP, Smith CA, Evans MI, Johnson MP, Gonzalez R. Fetal
therapy for obstructive uropathy: specific outcomes diagnosis. J Urol 1996; 156:
720–724.

26. McLorie G, Farhat W, Khoury A, Geary D, Ryan G. Outcome analysis of
vesicoamniotic shunting in a comprehensive population. J Urol 2001; 166:
1036–1040.

27. Morris R, Middleton L, Malin G, Quinlan-Jones E, Daniels J, Khan K, Deeks J,
Kilby M. Outcome in fetal lower urinary tract obstruction: a prospective registry.
Ultrasound Obstet Gynecol 2015; 46: 424–431.

28. Kilby MD, Morris RK. Fetal therapy for the treatment of congenital bladder neck
obstruction. Nat Rev Urol 2014; 11: 412–419.

29. Williams O, Hutchings G, Hubinont C, Debauche C, Greenough A. Pulmonary
effects of prolonged oligohydramnios following mid-trimester rupture of the
membranes–antenatal and postnatal management. Neonatology 2012; 101: 83–90.

30. Morris R, Quinlan-Jones E, Kilby M, Khan K. Systematic review of accuracy of fetal
urine analysis to predict poor postnatal renal function in cases of congenital urinary
tract obstruction. Prenat Diagn 2007; 27: 900–911.

31. Ruano R, Sananes N, Wilson C, Au J, Koh CJ, Gargollo P, Shamshirsaz AA, Espinoza
J, Safdar A, Moaddab A, Meyer N, Cass D, Olutoye O, Olutoye O, Welty S, Roth D,
Braun M, Belfort M. Fetal lower urinary tract obstruction: proposal for standardized
multidisciplinary prenatal management based on disease severity. Ultrasound Obstet
Gynecol 2016; 48: 476–482.
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