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Purpose: Endoscopic treatment with high-pressure balloon dilatation (HPBD)
has been proposed as a feasible, safe and minimally invasive procedure for
primary obstructive megaureter, but the level of evidence is still low. This
systematic review aims to evaluate the efficacy and safety of HPBD and its
long-term results in paediatric population.

Methods: The review was conducted following the PRISMA guidelines.
Systematic research of available literature in the English language from 1995
until June 2022 was conducted through EMBASE, MEDLINE, Cochrane Library
and NIH Registry of Clinical Trials. For each relevant study, information was
gathered regarding the study design, the inclusion/exclusion criteria, the
indications for treatment, the success rate and the complications.

Results: The final set included 13 studies. Median age of the patients ranged
from 4 months to 7 years (full range 15 days-15 years). The indications for HPBD
varied in different studies, however most authors included patients with
increasing dilation, obstructive patterns found at diuretic renogram scan,
decreased renal function or symptoms. All the studies analysed reported a
success rate ranging from 69 to 100% for the treatment of POM with HPBD.
This approach may avoid surgery in up to 77% of cases and is thought to be a
less invasive, definitive and safe treatment for this disorder. The complication
rate ranged from 0 to 50% and it was mostly infectious or associated to the
stent placement or both.

Conclusion: HPBD demonstrated to be safe for the treatment of POM in
infants, with effective long-term results and can be a definitive treatment in a
considerable subset of patients. Nevertheless, the overall level of evidence for
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HPBD is still low and further comparative studies or randomized clinical trials

are needed.
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Introduction

Megaureter is defined as a congenital dilated ureter larger
than 7 mm (1). A different classification was made by Smith,
who identified four categories of megaureters: refluxing,
obstructive, refluxing and obstructive, or non-refluxing and
non-obstructive. King subdivided these categories into primary
and secondary (2).

Primary obstructive megaureter (POM) is due to terminal
ureter anomaly creating a functional obstruction (adynamic
ureteral segment). This anomaly is thought to be caused by a
delay in smooth muscle differentiation, and the process of
differentiation may last up to a couple of years, explaining the
possible spontaneous resolution of primary obstructive
megaureter in approximately 80% of cases (3). For this reason,
most of megaureters are treated conservatively, especially in
children under one year of age. Indications for surgical
management are: progressive increase in ureteral diameter,
impairment of split renal function, or symptoms (recurrent
UTIs, pain, stones or haematuria) (4).

The traditional surgical approach of POM consists of distal
ureteral reimplantation with or without ureteral remodelling
(tapering or tailoring), which is reported to have a success rate of
90-96%. However, it has high complication and morbidity rates,
especially during the first year of life, when reimplantation of a
dilated ureter in a tiny bladder can be technically challenging
and may lead to several complications such as vesicoureteral
reflux (VUR), secondary obstruction or bladder dysfunction (3,
5, 6).

POM treatment with HPBD was first described in 1998 by
Angulo et al. (7). From then on, many authors have shown the
feasibility and safety of this minimally invasive procedure, even
for children under 1 year of age (6, 8-10). During the last years,
authors have been focused their interest on long-term
effectiveness of this procedure. However, its validity as a
definitive treatment is uncertain, since only small case series
have been reported.

This systematic review aims to evaluate the efficacy and safety of
HPBD and its long-term results in paediatric population.

Frontiers in Urology

Patients and methods

The review was conducted following the PRISMA guidelines.
A comprehensive search of terms (megaureter, endoscopic
dilation, endoscopic dilatation, balloon, high-pressure balloon,
POM, primary megaureter, endourological treatment) was
conducted through EMBASE, MEDLINE, Cochrane Library
and NIH Registry of Clinical Trials in the English language
from 1995 until June 2022. For each relevant study, information
was gathered regarding the study design, the inclusion/exclusion
criteria, the indications for treatment, the success rate and the
complications. Two authors (AM and MB) undertook the study
selection, screening the titles and abstracts of articles found in
the search and discarding those which did not meet the eligibility
criteria. Full text copies of the eligible articles were obtained.

Overall, after initial screening, 29 studies were retrieved,
after removing duplicates and irrelevant findings 20 studies were
eligible for full text evaluation. The final set included 13 studies.
The complete process selection is shown in Figure 1.

Evidence synthesis
Patients’ characteristics and indications

Characteristics of the included studies are summarized in
Table 1. All studies were retrospective, no RCTs nor prospective
comparative studies were found.

Median age of the patients ranged from 4 months to 7 years
(full range 15 days-15 years). The indications for HPBD varied
in different studies, however most authors included patients with
increasing ureteral dilation, symptoms, and decreased split renal
function or obstructive patterns found at diuretic renogram
scan. Two studies (13, 14) included patients with differential
renal function impairment and symptoms; one study (10)
included patients with dilated ureter larger than 15 mm,
increasing dilation, urinary tract infections or alterations
at MAG-3 diuretic renogram scan, in particular an
obstructive pattern.
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FIGURE 1
Flow diagram of the study.

Procedure

HPBD was performed in all studies under general anaesthesia. In
one study (10) a cutting balloon ureterotomy was performed in three
patients when HPBD alone was not sufficient for the resolution of the
stenosis. In Christman et al. study (14), if the narrowed segment was
shorter than 20 mm, HPBD was performed, while if it was 20 to
30 mm in lenght, the authors performed a laser incision followed by
HPBD. The laser incision was performed using a holmium:YAG laser
at the 12 o’clock position within the ureter. A DJ stent was positioned
after the balloon dilation and left in place for 6 to 8 weeks. In one study
(21), the authors did not use the DJ stent at the end of the procedure
and compared the results with the control group with the stent
positioned after dilation.

Casal et al. (15) excluded all patients with ureter >25 mm, while
Chiarenza et al. (19) identified patients with poor prognosis by
evaluating their anatomical features,which include an ostium placed
in a bladder diverticulum or with a very tight diameter, and a
narrowed segment longer than 10 mm: these subgroups of patients
were in fact excluded from endoscopic treatment and required an
open surgical procedure. For short narrowed segments, HPBD proved
to be more effective, with the chance of repeating the dilation in the
group with intermediate narrow segment (5 mm - 10 mm).

Outcomes

Success was defined in various manners, as resolution of the
obstruction, ureterovesical junction (UV]) patency at stent
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removal, improvement on ultrasound or renal scan at the
follow up visit performed at 3, 6 and 12 months post-
operative. A satisfactory follow-up was conducted in patients
who underwent surgical correction in almost all studies. The
median follow-up ranged between 21 months and 10.3 years.
All the studies reported a success rate ranging from 69 to
100% for the treatment of POM with HPBD. This approach is
thought to be a definitive, less invasive, and safe treatment for
this disorder that may avoid surgery in up to 77% of cases (22).
Some authors also reported the definitive success rate after a
second endoscopic dilation (9, 12, 13, 16, 19) when needed.
Angerri et al. (23), in 2007, reported their first experience
with a small case series of 6 patients, who had resolution of the
urinary obstruction without any complications with a mean
follow-up of 31 months. Torino et al. (11) presented a series of 5
patients treated below 1 year of age with resolution of the
obstruction and a median follow up of 23.8 months. In 2012,
Christman et al. (14) reported their experience with 17 children
and a follow-up of 3.2 years. These authors, in addition, a laser
incision in cases of narrowed segment longer than 20 mm and
placed two DJ stents together in the ureter, reporting good long-
term outcomes with resolution of hydroureteronephrosis
(HUN) in 71% of cases, while those with moderate
improvement on ultrasound had no obstruction on MRI. The
authors hypothesized that movement of the two DJs, combined
with ureteral peristalsis, allows for a durable dilation of the
adynamic segment at the UV] and prevent scar tissue formation.
Garcia-Aparicio et al. (24) reported their experience with 13
patients with resolution of the obstruction in 84.6% (11 out of
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TABLE 1 Characteristics and outcomes of the included studies.

10.3389/fruro.2022.1042689

Author, year Design PTS Median Inclusion Indications for Outcome  Follow-  Results  Complications
age treatment up
treatment
Torino Swiss Retro 12 14 m (5-61) >7 mm Worsening dilation, Obstruction ? 100% ?
Med WKkly. 2021 Obstructive ~ decrease RF, symptoms
(1) MAG3
Romero J. Retro 23 (29 4m (1.6-39) > 10 mm Worsening dilation, 1. UV] patency at 47 m 1. 59% 1/29
Endourol 2014 units) Obstructive  decrease RF, symptoms stent removal 2.69% Reimplantation 7/
(12) MAG3 2.Improvement 29 - 34%
US and
renography
Kassite Prog Urol  Retro 12 14.5m (9-84) >5 mm DRF impairment, symptoms Diameter 26.5m 2° procedure in  Post UTI 25% (DJ)
2017 (13) reduction 2/12 Reimplantation 1/
12
Christman J Urol  Retro 12 7y (3-12) Non DRF impairment, symptoms US improvement 3.2y 71% ?
2012 (14) refluxing
POM
Casal Beloy ] Ped  Retro 13 9m (2-24) > 5 mm Worsening dilation, MAG3 47y 100% 1 stent
Urol (15) Obstructive  decrease RF, symptoms improvement at 6 replacement
MAG3 m 4 UTI
Capozza ] Retro 12 8 m (6-12) POM Ureter >15 mm, increasing ~ US and MAG3 2l m 10/12 83% No ()?
Endourol 2014 dil, UTT, MAG3 obstruction improvement
(10)
Bujons J Ped Retro 19 17m (1-44) > 14 mm Worsening dilation, Unobstructed 69y 90% 1 No
Urol 2015 (9) (20u) Obstructive  decrease RF, symptoms MAG3 959 2™
MAG3
Aparicio WJU Retro 20 14.2m (3- > 10 mm Worsening dilation, Unobstructed 49 m 86.4% IDUN 20% UTI
2015 (16) (22u)  103) Obstructive  decrease RF, symptoms MAG3 improvement
MAG3 22.7% needed
ond
procedure
13.6%
reimplantation
Ortiz Front Ped  Retro 73 4m (15d- > 10 mm Worsening dilation, — 64y 87% 5.1% intraop
2018 (17) (79u)  3.6y) Obstructive  decrease RF, symptoms 7.8% periop
MAG3
Kassite Front Ped Retro 33 14m (3m- > 5 mm Worsening dilation, Improvement of ~ ? 86% 50%
2018 (18) (44u)  15y) decrease RF, symptoms dilation (degree)
Chiarenza Ped Retro 23 23m (3m- > 7 mm Worsening dilation, — 65y 43% 1% ?
Med Chir 2019 5.5y) decrease RF, symptoms 74% 2™
(19)
Destro Ped Med ~ Retro 30 3.6y (0.4y- <10 mm Worsening dilation, % reimplantation 3.3y 84% (no 0% intraop
Chir 2020 (20) 12.2y) Obstructive  decrease RF, symptoms reimplantation) 6% post
MAG3
Faraj ] Ped Urol  Retro 42 (46 12.5m (2- Non Worsening dilation, % reimplantation  15.5 m 79% overall 31% overall
2022 (21) u) 128) refluxing decrease RF, symptoms -75% DJ group  -15% no DJ
POM -81% no DJ -56% DJ
group

13) in the mid-term. In this series 3 patients required ureteral
reimplantation(2 patients had persistence of HUN and 1 patient
had a high-grade VUR). Casal et al. (15) presented good
outcomes in a small series of 13 patients, with a consistent
mean follow-up of 10.3 years [4.7-12.2], supporting the key role
of HPBD as a definitive approach for primary obstructive
megaureter. They registered a success rate of 100%, without
re-interventions or secondary treatment. However, all patients
with ureter >2,5 cm were excluded, and this can explain the high
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success rate. Capozza et al. (10) described the use of a cutting-
balloon for dilation of VU] in 3 patients in which persisted the
stenotic ring during the previous HPBD. Using this technique
they obtained a complete resolution of the stenosis and good
mid-term outcomes. Overall, they reported a success rate of 83%
and no complications were registered.

Other endourologic procedures proposed for POM included
endoureterotomy with stenting. Kajbafzadeh et al. (25) described
this approach in patients with ‘intravesical ureteral obstruction’
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and a narrowed segment length less than 15 mm. Their case
series of 47 patients included infants as young as 1.5 months,
although the mean age at intervention was 3.7 years. The authors
reported a 90% success rate with a median follow-up of 39
months, including 71% complete resolution of HUN, with self-
limiting haematuria as the only complication. Romero et al. (12)
reported in 2014 their experience with 23 patients (29 ureters)
with a median age at surgery of 4 months and a mean follow-up
of 47 months, treated until 2010 using a high-pressure balloon,
followed by placement of a DJ stent. Their results suggested that
patients with a favourable evolution at 18 months with
resolution of the HUN and adequate renal drainage confirmed
by MAG-3 renogram, remained stable and asymptomatic during
the subsequent follow-up. Secondary VUR occurred in five
patients and three of them were successfully treated
endoscopically, while 1 patient required ureteral
reimplantation. Overall, the endourological management of the
POM, including HPBD of the VU] and treatment of secondary
VUR, reported a success rate of 86%. Bujons et al. (9) registered
excellent results in 19 children, with a 90% long-term success
rate after the initial dilation and a follow-up of 6.9 years. One
patient required a second dilation due to re-stenosis, and
another patient needed endoscopic treatment of secondary
VUR, both with good outcomes.

Destro et al. (20) reported a success rate of 84% and
compared results in patients under 1 year of age and in older
children. The statistical analysis (p-value modified by Yates for
small numbers) showed no significant difterence between these
two groups.

Complications

DJ stenting

The complication rate ranged from 0 to 50% and it was
mostly infectious or associated to the stent placement or both
(13, 18). Four studies registered no complications (9, 10, 15, 20).
The use of a DJ stent has been reported to be associated with 70%
morbidity (26): abdominal pain, haematuria, stent migration or
encrustation, intracorporeal knotting, lower urinary tract
symptoms, infections. Kassite et al. (13) focused their interest
on the infectious morbidity of the DJ stenting in patients
undergoing HPBD. They registered infectious stent-related
complication rate 0f25%, despite antibiotic prophylaxis. In one
study (13), infectious stent-related complications occurred in
50% of cases, despite antibiotic prophylaxis. This incidence was
higher than other studies and may potentially be accounted for
the longer duration of stenting in that series. No other risk factor
for infection was identified. The high complication rate due to
ureteral stenting raised the question of theactual need of ureteral
stenting following HPBD. Stent placement after balloon dilation
has been questioned for a long time (27). In general, the use of a
stent is suggested only for a short period in order to drain the
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upper urinary tract preventing the possible obstruction due to
oedema, epithelial hyperplasia, or inflammatory cell reaction
and the subsequent renal failure. However, some authors
suggested that the ureteral stent is not necessary at all in
uncomplicated procedures (28, 29). For this reason, Kassite
et al. (18) did not place any stent in the last 4 cases of their
series after dilation and no complication occurred at follow-up.
Faraj et al. (21) compared in their series the group with DJ stent
positioned after the endoscopic procedure and the group
without stent. They noted that there was a significantly higher
rate of post-operative complications in the group with DJ
stenting compared to the group without the stent, including all
Clavien-Dindo grades (56% vs 15%, p Z 0.014) and Clavien-
Dindo grade III alone (31% vs 0%, p Z 0,0051). The five Clavien-
Dindo III complications in the “DJ group” were: one severe
sepsis requiring urinary diversion (ureterostomy), two
migrations of the DJ associated with pain, and two
encrustations of the DJ stent needing early intervention to
remove the stents using laser lithotripsy. Grade I Clavien-
Dindo complications were painful episodes needing
supplementary analgesics treatment. In the “no-DJ group”,
there were one episode of acute urinary retention and one
stone migration after the procedure. In the DJ group, three
patients needed opioid treatment including one patient who had
to be readmitted the week after surgery. Clavien-Dindo grade II
complications were symptomatic and febrile urinary tract
infections with prompt resolution under intravenous antibiotic
treatment (2 in the no DJ group and 1 in the DJ group). Overall,
success rate (defined by the absence of further ureteral
reimplantation) was 79% with a median follow-up of 35.5
months [12-101]. The authors did not register any statistical
difference between the success rate of the two groups: 75% with a
double J stent in situ(median follow up: 70 months [13-101])
and 81% when no DJ stent was positioned after HPBD (median
follow up: 26 months [12-95]) (13).

VUR

Another frequent complication was secondary VUR, with an
incidence between 5% and 27% (9, 16), but it was endoscopically
treated with high success rate (17). According to Garcia-
Aparicio et al. (22) postoperative VUR after HPBD might be
transient. In addition, they identified two elements related to
postoperative VUR: the presence of periureteral diverticula in
the preoperative VCUG and bilateral POM (P < 0.05). Most of
the authors suggest not to perform systematic VCUG to assess
VUR after surgery, and they recommend it only in case of UTIs
(10, 12, 23). However, Aparicio et al. performed VCUG in all the
patients of their study 6 months after balloon dilation to evaluate
VUR. They reported a 27.2% postoperative VUR rate (6 of 22
ureters) (16)., which was higher than other series.However, only
one patient with bilateral high-grade VUR needed endoscopic
treatment. The other VURs spontaneously resolved during
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follow-up. Overall, they concluded that postoperative VUR was
not clinically significant, but a transient condition after balloon
dilation. For that reason, systematic VCUG after ureteral
dilation is not necessary. Ortiz et al. (17) found post-operative
secondary VUR during long-term follow-up in 17 patients
(21.5%), being diagnosed in 12 cases after UTT and in 5 cases
after a routine cystogram suggested for contralateral VUR
previously diagnosed in the initial workup of the POM. Only 1
out of 11 patients who needed HPBD of the VU] at time of stent
removal, presented post-operative reflux. Endoscopical injection
of subureteral Deflux " (dextramer copolymer in hyaluronic
acid) was successful in 13 children (76.4%), and failed in 4
(23.6%) who underwent to open ureteral reimplantation. In the
same study long-term re-stenosis occurred in 9 cases (12.2%). A
new HPBD was performed with good long-term outcome in 8
patients (88.9%). One patient developed recurrent re-stenosis
and finally required ureteral reimplantation.

Discussion

The management of POM is conservative in the majority of
cases, particularly in the first year of life. The indications for
active treatment include at least one of the following clinical
conditions or instrumental findings: i) initial split renal function
<40% with an obstructive excretion pattern at MAG-3 renogram
or > 10% loss of differential renal function during follow-up; ii)
progressive significant increase of HUN at ultrasound; iii) febrile
UTIs not controlled by antibiotic prophylaxis. In these patients
an operative treatment is required, even in the first months
of life.

The gold-standard procedure for these patients has been, so
far, ureteral reimplantation with or without ureteral tapering,
with a success rate between 90 and 95%. However,
reimplantation of a grossly dilated ureter in a small infantile
bladder could be challenging and may lead to potential
complications such as VUR, secondary obstruction and
bladder dysfunction (4, 30, 31). In some studies morbidity rate
ranging from 4 to 25% and reoperation rate of 12% have been
registered (30, 32). For such reasons, temporary urinary
diversions could be suggested during the first months of life,
but they are not exempt of complications. External
ureterostomies may present problems such as infections, skin
irritations, and stenosis. The placement of a DJ ureteral stent as a
temporary solution for the initial treatment of POM has been
described by many authors. Castagnetti et al. (26) registered
efficient ureteral drainage after DJ stent placement, avoiding
further treatments. However, they recurred to open surgery for
the 50% of double-J stent placements, and more than half of the
patients required ureteral reimplantation.

Unlike open surgery, HPBD avoids traumatizing the bladder
and the distal ureteral blood supply is left intact (14). There is
also no violation of the bladder or abdomen, and no urinary
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catheter is required postoperatively. Moreover, reimplantation
can still be performed in case of failure of the endoscopic
treatment. Since the first descriptions, several publications
with limited numbers of patients and variable follow-up
periods suggested that HPBD is a feasible, safe, and
minimallyinvasive procedure for the initial management of
POM with surgical criteria even for very young patients.

Several aspects deserve further discussion. Christman et al.
(14) is innovative for two reasons: the adjunct of laser incision in
cases stenotic tracts of 20 to 30 mm long and the use of double
stenting. However, in the absence of comparative data the role of
each of these interventions on the final success of treatment
remains unclear. Kassite et al. (13) reported that the morbidity of
this approach is mostly infectious and exclusively related to the
use of a DJ stent. Faraj et al. (21) compared the “DJ group” (75%,
follow-up of 70 months) and the “no DJ group” (81%, follow-up
of 26 months), supporting the hypothesis that DJ stenting is not
necessary after HPBD for POM, with no influence on the success
rate of the procedure. No statistical difference was registered.

The presence of a pseudo-ureterocele at the orifice or long
ureteral stenosis may interfere with the ureteral stenting and
seems to be associated with worse outcomes (20). Casal Beloy
et al. (15) considered a ureter diameter >25 mm one of the main
contraindications for HPBD. In these cases, and according with
the current literature, an open approach with ureteral tapering
should be performed to improve peristalsis and achieve better
outcomes. Some authors recommended an open reimplantation
in cases of ureteral diameter >15 mm identified during
endoscopic procedure (33).

A great concern is the associated to the ionizing radiation
used during this technique, since the risk of radio-induced
secondary effects is particularly relevant in the paediatric age.
Despite the radiation dose administered during HPBD of POM
is very low, some authors (17) did not use fluoroscopic guidance
except in selected cases.

Success of the procedure was defined during follow up in
case of improvement or stabilization of renal function,
elimination of the UTIs episodes, and reduction of the degree
of HUN and was mainly based on US findings at 3, 6, and 12
months post-operative. VCUG was performed only in cases
of UTIs.

The present study is not without limitations. The nature of
the studies (mainly retrospective case series, without
comparative studies or RCTs) constitutes an important
drawback. Moreover, the lack of homogeneity in the indication
for HPBD between different studies is certainly one of the main
limitations of the present review. This hinders any generalizable
and definitive conclusion about the efficacy of the procedure.
Since it is known that most POMs resolve spontaneously, it is
possible that missing inclusion criteria may have influenced the
results in some studies. The large differences in median age
between studies (and the wide age ranges within each study) are
another source of bias, potentially interfering with the
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comparison of homogeneous populations. Finally, the definition
of success and the follow-up modalities showed considerable
discrepancies in the included series, thus limiting the possibility
of meaningful comparison between different experiences.

Conclusion

The results of this systematic review show that HPBD may
be a safe and effective long-term option for the treatment of
POM in infants and can be a definitive treatment in a
considerable subset of patients. Nevertheless, the overall level
of evidence for HPBD is still low and further comparative studies
or randomized clinical trials with standardized inclusion criteria
and sound follow-up would be useful to confirm these findings.
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