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Purpose: Children with neurogenic bladder and poor bladder compliance are usually treated with bladder catheterization
and oral anticholinergic medication. They may become nonresponders to the drug or present with severe side effects. We
evaluated the effectiveness and tolerability of intravesical oxybutynin in children with poorly compliant neurogenic bladder.
Materials and Methods: We conducted a search of MEDLINE®, EMBASE®, CINAHL®, SciELO, dissertations/theses in
ProQuest®, LILACS, the Cochrane Library, protocol registries and the gray literature. Two reviewers independently assessed
study quality and extracted data.
Results: Eight studies (2 prospective, 6 retrospective) assessed the effectiveness and side effects of intravesical
oxybutynin in children with neurogenic bladder. A total of 297 children started treatment, of whom 22% (66 patients)
discontinued therapy, with 9% (28) quitting due to systemic side effects. Mean change in bladder compliance (primary
outcome) was reported in only 2 studies (�7.4 and �7.5 ml/cm H2O). The pooled mean change in pressure at maximum
bladder capacity was �16.4 cm H2O (95% CI �22.8 to �10.0). Incontinence improved significantly in most studies, with
“dry and improved” rates ranging from 61% to 83%. The funnel plot of pressure at maximum bladder capacity suggested
no publication bias.
Conclusions: Adjunctive intravesical oxybutynin therapy increased mean maximum bladder capacity and decreased bladder
pressure in children with neurogenic bladder. However, identified studies offered a low level of evidence, with most being
poorly reported retrospective case series with potential biases. Although the incidence of side effects was lower with the
intravesical route, side effects are still possible and should be discussed with patients and families. The evidence available
is insufficient to recommend this therapy. Research of more sound study design such as a randomized controlled trial should
be conducted to assess the efficacy and side effects of intravesical oxybutynin in children.
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C
hildren with various types of lesions in the spinal cord
can present with neurogenic bladder, a condition in
which the bladder partly or completely loses its abil-

ity to store urine and to void at low pressure. A poorly
compliant bladder may cause urinary incontinence, which
impacts negatively on quality of life.1 In the long term a high
pressure neurogenic bladder poses risks to the kidneys.

Children with neurogenic bladder are usually treated
with intermittent bladder catheterization and oral anticho-
linergic drugs, with oxybutynin being the most commonly
used. A number of these children may become nonre-
sponders to the drug, or may present with significant side
effects such as dry mouth, facial flushing, dizziness and
constipation. To overcome these problems, an alternative
regimen is the combination of intravesical and oral oxybu-
tynin, which can improve effectiveness while minimizing
side effects. Transcutaneous use of oxybutynin is an alter-
native way of delivering the drug, and it also decreases
undesired anticholinergic effects.

Submitted for publication January 18, 2008.
* Correspondence and requests for reprints: 401 Smyth Rd., K1H
8L1, Department of Urology, Children’s Hospital of Eastern On-
tario, Ottawa, Ontario, Canada (e-mail: lguerra@uottawa.ca).

0022-5347/08/1803-1091/0
THE JOURNAL OF UROLOGY®

Copyright © 2008 by AMERICAN UROLOGICAL ASSOCIATION

1091
Objectives and Outcomes
The objective of this review was to evaluate the effectiveness
and safety of intravesical oxybutynin in children younger
than 18 years with poorly compliant neurogenic bladder who
had an unsatisfactory response to oral oxybutynin (became
refractory to oral oxybutynin or discontinued the oral drug
due to side effects). The primary outcome was bladder com-
pliance. Secondary outcomes were MBC, detrusor pressure
at MBC, DLPP, neurogenic detrusor overactivity, UTI, epi-
sodes of urinary incontinence and side effects (dry mouth,
blurred vision, dizziness, constipation).

Eligibility Criteria
Studies were considered relevant if they met the following
inclusion criteria. Study design included RCTs, nonrandom-
ized controlled trials, quasi-experimental studies and non-
comparative case series. Participants included children
younger than 18 years with poorly compliant neurogenic
bladder that was refractory to oral oxybutynin or who had
experienced severe side effects. Interventions included oxy-
butynin instilled into the bladder, with or without oral oxy-
butynin. Exclusion criteria consisted of case-control studies,
age 18 years or older, intravesical treatment using a drug

other than oxybutynin and animal studies.
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Search Strategy for Identification of Studies
The databases that were searched included MEDLINE
(1966 to July 2007), EMBASE (1980 to week 39, 2007), the
Cochrane Library (1981 to July 2007), CINAHL (1982 to
July 2007), SciELO (1997 to July 2007), ProQuest Nursing
and Allied Health Source (1961 to July 2007) and LILACS
(1982 to July 2007). The search was restricted to articles
published in English. Search strategy consisted of the search
terms 1) Bladder, Neurogenic/; 2) neuro$ bladder.mp.;
3) or/1-2; 4) limit 3 to “all child (0 to 18 years)”; 5) oxybutyn-
in.mp.; 6) 5633-20-5.rn.; 7) (oxibutinin or oxybutinin).mp.;
8) or/5-7; 9) Administration, Intravesical/; 10) intravesi-
cal.tw.; 11) 8 and (9 or 10); and 12) 4 and 11.

Specialized journals and relevant conference proceeding
abstracts were hand searched. Reference lists of the re-
trieved articles were reviewed for additional relevant cita-
tions. Corresponding authors and drug industry represen-
tatives were contacted to obtain additional information.
Two clinical trial registries were searched for studies on
intravesical oxybutynin, namely “ClinicalTrials” (www.
clinicaltrials.gov) and “Controlled-trials” (www.controlled-trials.
com).

METHODS

All potentially relevant records were imported into an elec-
tronic database (RefWorks®). Two assessors screened the
records independently to exclude those considered irrele-
vant. Full copies of potentially relevant records were ob-
tained and a more focused screening excluded additional
documents.

Assessment of Quality and Data Collection
Two reviewers independently assessed the quality of reports
of the included studies. Noncomparative case series were
evaluated using a quality assessment instrument developed
for this study, including criteria used on previous published
instruments.2–4 A calibration exercise using 3 separate
studies was conducted before quality assessment. Any un-
resolved disagreement between the reviewers was submit-
ted to a third expert opinion and decided by consensus. This
report follows the Quality of Reporting of Meta-Analyses
statement guidance.5 Authors were contacted to obtain
missing information.

Assessment of Heterogeneity and Publication Bias
Heterogeneity was assessed graphically by examining the
forest plot and statistically using the I2 test.6 We evaluated
clinical heterogeneity by looking at parameters such as pop-
ulation characteristics and methods of administration of the
intervention. Publication bias was assessed visually using a
funnel plot.7

Data Analysis
Effectiveness was assessed based on the change in bladder

compliance, MBC and detrusor pressure at MBC. Tolerabil-
ity and side effects were evaluated as functions of compli-
ance with treatment. Meta-analysis using weighted mean
difference (random effects model) was conducted using Co-
chrane RevMan® software, version 4.2.

RESULTS

Literature Search
Electronic searching identified 739 records, of which 38
were identified for a closer examination after obtaining
hard copies. Eight studies met the inclusion criteria and
were included in this review (fig. 1).8 –15 The reasons for
study exclusion were age older than 18 years (9 studies),
language other than English (6), assessment of different
outcomes (6), review or editorial articles (3) and failure to
meet the inclusion criteria (6). The hand search of special-
ized journals, reference lists of the articles retrieved and
protocol registries uncovered no study that met the inclu-
sion criteria.

Study Characteristics and Quality Assessment
The general characteristics of the studies are outlined in
table 1. Seven studies were retrieved from the journal liter-
ature and 1 was a thesis manuscript. No RCT was identified.
Ferrara et al14 compared intravesical to oral oxybutynin,
and this was the only study using a comparison group. All 8
studies used the same inclusion criteria that were used for
this review. Intervention, dose and means of administration
were reported in detail in almost all studies. Although side
effects were well reported, several articles did not include or
were unclear about the results of primary and some second-
ary outcomes.

Population and Intervention Characteristics
A total of 297 children were treated with intravesical oxy-
butynin. Patient gender, age and clinical diagnoses are out-
lined in table 1. Participants included in the studies received
a mean dose of 10 mg oxybutynin daily instilled into the
bladder with a urethral catheter. The duration of treatment
across studies varied from 3 to 36 months. Only Buyse13 and
Guerra15 et al used a pharmacy prepared oxybutynin solu-
tion. In all other series patients used crushed pills diluted in
sterile water.

Outcomes
Mean change in bladder compliance was reported by Fer-
rara14 and Guerra15 et al, and improved 88% and 260%,
respectively. Mean change in bladder compliance was calcu-
lated for the study by Kaplinsky et al,11 and improved 370%
(table 2).

Most studies included pre-intervention and post-inter-
vention mean values of MBC and pressure at MBC (table 3).
There was moderate inconsistency across the studies for
MBC (I2 � 62%) and pressure at MBC (I2 � 69%). The
pooled mean difference for MBC showed an improvement of
78 ml (95% CI 55.7 to 103.7). The pooled mean difference for
pressure at MBC demonstrated an improvement of �16
cm H2O (95% CI �22.8 to �10.0, fig. 2).

Ferrara14 and Guerra15 et al reported on DLPP, and both
groups found statistically significant improvements. Detru-
sor neurogenic overactivity improved in 33% to 77% of the

patients across studies. Detrusor-sphincter dyssynergia was
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addressed only by Buyse et al, who observed the condition in
11 children but did not report the change after treatment.13

Incontinence and improvement in UTI are outlined in table 4.
The percentage of patients “continent and improved” after
treatment ranged from 36% to 83%.

The most commonly reported side effects were those
secondary to the anticholinergic effect on the muscarinic
receptors, namely dry mouth, facial flushing, constipa-
tion, blurred vision and orthostatic hypotension or dizzi-
ness (table 5). Constipation secondary to or worsened by
intravesical oxybutynin was not reported as a common
occurrence in most studies.

A total of 297 children were initially treated with intra-
vesical oxybutynin, of whom 22% (66) discontinued treat-
ment, leaving 231 patients for analysis. Side effects were
responsible for 9% of the discontinuations (28 patients), and
the most common effects were those secondary to anticho-
linergic effects. “Other causes” were responsible for 13% of
the withdrawals (38 patients), with the most frequent being
inconvenience of the procedure, including crushing the oxy-
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FIG. 1. Quality of Reporting of Meta-Analy
butynin pills to prepare the solution. Among the 66 patients
who discontinued therapy, side effects and “other causes”
were responsible for 42% (28 patients) and 58% (38) of the
discontinuations, respectively. A graphical assessment of
publication bias revealed little asymmetry when examining
pressure at MBC (data not shown).

DISCUSSION

Most studies failed to include data on bladder compliance.
Since it was largely unreported, no inference could be made
about the effectiveness of this intervention based on bladder
compliance. However, since pressure at MBC is an impor-
tant clinical indicator of kidney safety,16 it was elected as
the outcome for the assessment of effectiveness, and the
pooled estimate demonstrated a statistically significant im-
provement of –16 cm H2O. This improvement may be a
result of the antimuscarinic action on the cholinergic recep-
tors and the local analgesic effect on the sensitive C fiber
afferents in the detrusor.17

In general, a marked improvement in urinary inconti-
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improved” rates. Urinary continence improves quality of life
in patients with neurogenic bladder.18 However, this per-
spective was not addressed by the studies.

Although the optimum dose for intravesical instillation
has not been determined, published studies suggest that an
oral dose of 0.2 mg/kg daily can be safely used intravesi-
cally.19,20 Haferkamp et al reported improved urodynamics
and urinary continence as the intravesical dose was in-
creased from 0.3 to 0.9 mg/kg daily, with no significant
increase in side effects.21 Most studies in this review used
0.2 mg/kg daily (average 10 mg daily), and recommended
leaving the drug in the bladder until the “next catheteriza-
tion” or “3 to 4 hours.” However, this approach does not
appear to influence the effectiveness (or reported side ef-

TABLE 1. Population demographics, clinic

Greenfield
and Fera8

Connor
et al9

Kasabian
et al10

Sex:
M 7 9 Not reported
F 3 4 —

Mean yrs age (range) Not reported
(4–18)

8.7 (1–18) 7.7 (4–12)

No. clinical diagnosis:
Myelomeningocele 9 28 11
Imperforate anus 1 0 0
Lipomyelomeningocele 0 0 0
Caudal dysplasia 0 0 0
Spinal cord injury 0 0 0
Sacral agenesis 0 0 0
VATER syndrome* 0 0 0
Tethered cord 0 0 0
Myelitis 0 0 0
Trisomy 0 0 0

Assessment objective† Effectiveness Continence,
effectiveness,
bladder
compliance

Effectiveness

Study group
(intravesical
oxybutynin):
No. pts 10 28 11
Dose 10 mg/day 10 mg/day 10–20 mg/

day
Time left in bladder Until next

CIC
Not reported 30–180 Mins

Control group (oral
oxybutynin):
No. pts. 0 0 0
Dose — — —

Treatment duration
(mos)

3 6.5 6

* Vertebral defects, imperforate anus, tracheoesophageal fistula, and radial
† Effectiveness was measured as maximum bladder capacity and pressure

TABLE 2. Bladder compliance change a

References
Before Treatment

(mean ml/cm H2O � SD) (m

Greenfield and Fera8 Not reported
Connor et al9,* Not reported
Kasabian et al10 Not reported
Kaplinsky et al11 2.0
Painter et al12 Not reported
Buyse et al13 Not reported
Ferrara et al14 8.5 � 6.1

Control group (oral oxybutynin) 8.1 � 6.3
Guerra et al15 5.3 � 3.7
* Of 13 patients 12 had improvement but no values were given.
fects) of the drug.22 There was no specific recommendation
for the timing of followup urodynamics. At our institution we
routinely use 0.2 to 0.3 mg/kg daily intravesically, divided
into 2 or 3 instillations, and urodynamics are repeated at
least 3 months after starting this regimen.

Six of the 8 studies reviewed (75%) used intravesical
oxybutynin in the form of diluted crushed pills in sterile
water. However, “inconvenience of the procedure” was indi-
cated in 4 studies as being the cause of dropout from the
treatment, and it was responsible for 68% of all dropouts (26
of 38) not related to side effects. Although not on the market,
the prepared solution (154 mEq/l purified oxybutynin and
sodium chloride dissolved in sterile water, 5 mg/5 ml and pH
5.85) used by Buyse13 and Guerra15 et al makes the process

agnosis and intervention characteristics

plinsky
t al11

Painter
et al12

Buyse
et al13

Ferrara
et al14

Guerra
et al15

15 18 6 Not reported 31
13 12 9 — 31

eported
8)

8.6 (1–17) 6.1 (0.3–14) 4.2 (0.25–10) 9.5 (2–17)

27 42 12 101 47
1 0 0 0 0
0 0 1 0 6
0 0 1 0 1
0 0 1 0 2
0 0 0 0 2
0 0 0 0 1
0 0 0 0 1
0 0 0 0 1
0 0 0 0 1

ar
ctiveness,
term)

Long-term
effect on
MBC,
pressure
at MBC,
continence

Effectiveness,
harms,
treatment
compliance

Harms/efficacy
between oral/
intravesical
oxybutynin

Effectiveness,
harms

28 42 15 67 62
g/day 10 mg/day 0.2 kg/day 0.1–0.2 kg/day 10 mg/day

next CIC Until next
CIC

Not reported Not reported Until next
CIC

0 0 0 34 0
— — — 0.1–0.2 mg/kg/

day
—

35 13 24 36 6
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easier and more convenient. This solution can be readily
prepared in pharmacies, and it may enhance compliance
with treatment. The concern that the glucose contained in
the syrup form of oxybutynin available for oral use may
promote bacterial growth and infection led some centers to
use crushed pill.8 However, the pharmacy prepared solution
is easier to use and is sugar-free.

Length of treatment ranged from 3 to 36 months across
the studies. Kaplinsky et al believe that the pharmacological
effect is durable in patients with an initial response on
urodynamics, and in their experience MBC markedly in-
creases during extended followup.11 On the other hand,
Painter et al observed only a 53% durable long-term re-
sponse.12

Neurogenic detrusor overactivity improved from 33% to
77% in the reviewed studies. Such improvement can hypo-
thetically be secondary to the aforementioned topical anal-
gesic effect on the sensitive C fibers of the detrusor muscle,
increasing their threshold for activation. Detrusor-sphincter
dyssynergia and DLPP were addressed in only 1 and 2
studies, respectively, and there was insufficient information
to draw conclusions.

It has been reported that oxybutynin has an anticholin-
ergic effect on the intestinal muscle fibers,23 and that this

TABLE 3. Changes in MBC and pressure at M

References Before Treatment

Max bladder cap
Greenfield and Fera8 Not reported
Connor et al9 Not reported
Kasabian et al10 159.3 � 113.4
Kaplinsky et al11 99.7 � 85.5
Painter et al12 209.0 � 103.0
Buyse et al13 114.0 � 54.7
Ferrara et al14 132.0 � 103.0

Control group (oral oxybutynin) 128.0 � 107.0
Guerra et al15 200.5 � 100.5

Pressure at max bladder
Greenfield and Fera8 Not reported
Connor et al9 Not reported
Kasabian et al10 47.3 � 22.5
Kaplinsky et al11 60.1 � 31.8
Painter et al12 63.0 � 24.0
Buyse et al13 57.0 � 25.6
Ferrara et al14 53.0 � 30.0

Control group (oral oxybutynin) 49.0 � 28.0
Guerra et al15 47.7 � 25.6

Rev iew: Intrav esical oxy buty nin f or children with poorly  compliant neur
Comparison: 01 Intrav esical Oxy buty nin - Bef ore-and-af ter comparison      
Outcome: 02 Pressure at TBC (mL/cmH2O)                                         

Study Mean Dif
or sub-category Mean Dif f erence (SE)

Greenf ield SP          0.0000 (0.0000)

Connor JP             0.0000 (0.0000)

Kasabian NG          -10.7000 (21.4000)

Kaplinsky  R         -24.5000 (6.3100)

Painter KA           -7.0000 (2.8400)

Buy se G            -26.2000 (6.7500)

Ferrara P           -19.0000 (2.3500)

Guerra LA            -13.2400 (3.5000)

Total (95% CI)
Test f or heterogeneity : Chi² = 16.14, df  = 5 (P = 0.006), I² = 69.0%
Test f or ov erall ef f ect: Z = 5.04 (P < 0.00001)

-100 -50

Pressure at MBC mL/cmH2O 
FIG. 2. Forest plot of change in pressu
effect is also observed in patients with bladder augmented
with gastrointestinal segments.24 However, there are no
clinical trials addressing this issue in children.

Our results indicate that 22% of the participants (66 of
297) discontinued intravesical therapy, with 9% (28) with-
drawing secondary to systemic side effects. The incidence of
side effects with the intravesical route was lower than the
published incidence with oral administration, in keeping
with the rationale for its use. Weese et al reported that the
published incidence of significant side effects with oral ther-
apy ranges from 57% to 94%.25 N-desethyl oxybutynin is the
first pass hepatic metabolite of oxybutynin, and it is associ-
ated with anticholinergic effects. Avoiding the oral route
with drug absorption via the portal venous system decreases
this problem. However, even when it is administered intra-
vesically side effects are still possible, probably secondary to
drug absorption through the bladder mucosa.26

Pharmacokinetic studies have revealed adequate plasma
levels for different formulations of oxybutynin, and its
plasma half-life is approximately 2 hours.27 Amark et al
reported that a mean intravesical dose of 0.1 mg/kg is asso-
ciated with minimum plasma levels of 0.3 to 7.2 ng/ml for
oxybutynin and 0.8 to 14 ng/ml for its metabolite N-desethyl
oxybutynin.19 However, there is no clear relationship be-

after treatment with intravesical oxybutynin

fter Treatment Mean Change % Mean Change

(mean ml � SD)
Not reported 10–140 11–335
Not reported Not reported 41

246.0 � 128.70 86.7 � 19.7 54.4
199.6 � 97.3 99.9 � 25.7 100.0
282.0 � 148.0 73.0 � 28.5 34.9
214.0 � 78.1 100.0 � 25.7 87.7
226.0 � 118.0 94.0 � 12.7 71.2
214.0 � 110.0 86.0 � 15.7 67.2
243.6 � 118.9 43.1 � 10.7 21.5
ity (mean cm H2O � SD)

Not reported �15–�75 �33–�66
Not reported Not reported �47
36.6 � 21.4 �10.7 � 6.25 �22.6
35.6 � 20.0 �24.4 � 6.31 �31
56.0 � 31.0 �7.0 � 2.84 �11.1
30.8 � 15.8 �26.2 � 6.75 �46.0
34.0 � 11.0 �19.0 � 2.4 �35.8
30.0 � 13.0 �19.0 � 2.9 38.8
34.4 � 22.9 �13.3 � 3.5 �29.1

bladders: a sy stematic rev iew (Version I)
                             
                    

 (random)  Weight Mean Dif f erence (random)
I % 95% CI Year

       Not estimable         1991

       Not estimable         1994

  2.14   -10.70 [-52.64, 31.24]     1994

 13.90   -24.50 [-36.87, -12.13]    1996

 23.88    -7.00 [-12.57, -1.43]     1996

 12.93   -26.20 [-39.43, -12.97]    1998

 25.33   -19.00 [-23.61, -14.39]    2001
 21.82   -13.24 [-20.10, -6.38]     2006

100.00   -16.40 [-22.77, -10.02]

50  100
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tween plasma levels and their clinical effects. Massad et al
compared intravesical to oral oxybutynin in 8 children and
found a markedly higher plasma level with intravesical use
after 3 hours of administration (14.4 vs 2.76 ng/ml).26 Trans-
dermal administration of oxybutynin reaches an average
maximum plasma level concentration of 3 ng/ml for oxybu-
tynin and 4 ng/ml for N-desethyl oxybutynin.28

Although the level of evidence in the literature is low,
intravesical oxybutynin exhibits a decrease in detrusor
activity, an increase in cystometric bladder capacity and a
reduction in detrusor pressure in children with neuro-
genic bladder.27 The funnel plot showed a symmetrical
distribution around the mean effect, suggesting no publi-
cation bias. This surprising finding should be interpreted
with caution. This finding may be the result of the small
number of studies available to construct the funnel plot,
so this interpretation should be tempered by its limita-
tions. This series of studies may have a heterogeneous
population, which could bias and threaten the external
validity of the conclusions.

Since intravesical oxybutynin is relatively under stud-
ied in pediatric urology, the lack of experience with this
therapy and the small number of published reports limit
the available evidence. Thus, restricting the inclusion
criteria to age less than 18 years may have precluded a

TABLE 4. Urinary incontinence and UTI chan

References
% Dry or Improved
(No. pts/total No.) Comm

Greenfield and Fera8 80 (8/10) 5 Pts (50%) became com
became dry during day

Connor et al9 61.5 (8/13) 5 Pts (38.5%) became dr
reduction in pads

Kasabian et al10 83 (5/6) 5 Pts became continent,
minimal incontinence

Kaplinsky et al11 81 (17/21) 12 Pts (57%) became dr
only during day

Painter et al12 76 (22/29) 3 Pts (10%) became dry
pad use

Buyse et al13 61.5 (8/13) 8 Pts achieved “social co

Ferrara et al14 Not reported Continence was not add

Guerra et al15 36 (17/47) 17 Pts became dry betw
catheterizations (p �0.

TABLE 5. Incidence of side effects re

References Constipation

Greenfield and Fera8 Not reported “N
Connor et al9 None observed 1

w
Kasabian et al10 None observed 1
Kaplinsky et al11 2 Pts had severe constipation but were also

taking oral oxybutynin
7/
c

Painter et al12 Not reported “N
Buyse et al13 None observed 7

o
t
r

Ferrara et al14 None observed 11
d
c

6
fl
b

Guerra et al15 22 Pts had constipation before therapy, 26 had
constipation after therapy (difference not

A
b

significant)
more comprehensive assessment of this treatment, and
adding adults could have enriched the results. However,
drug metabolism in children has different behavior and
features, and they should not be analyzed together with
adult cases. Although language restriction has been re-
ported as not significantly changing the results of meta-
analyses, it is a limitation of this review since, due to
constraints of resources, 6 studies published in languages
other than English were excluded.

CONCLUSIONS

This systematic review suggests that intravesical oxybuty-
nin is a potential alternative treatment for children with
neurogenic bladder refractory to oral oxybutynin therapy,
and those who experience severe side effects with oral oxy-
butynin. In general, this therapy increases mean MBC and
decreases pressure at MBC. However, the level of evidence
of the studies is low. Therefore, based on the current col-
lected information, there is insufficient evidence to recom-
mend this therapy for children with neurogenic bladder.
Research using a more sound study design, such as RCT,
should be conducted to assess the efficacy of this interven-
tion in children.

after treatment with intravesical oxybutynin

UTI

y dry, 3 (30%) Not addressed

23%) reported Not addressed

%) still had Not addressed

4%) were dry Not addressed

6%) decreased Not addressed

nce” (not defined) No UTI related to procedure but pretreatment and
posttreatment changes were not reported

69% Improvement in UTI episodes (70% oral, 68%
intravesical treatment)

ladder 5 Pts with UTI (36%) had decreased episodes but
difference was not significant (p � 0.58)

to intravesical oxybutynin therapy

Systemic Side Effects

al or systemic side effect observed”
ing home oxygen had significant decrease in partial tension of oxygen and
rew, 1 had facial flushing, 1 had dry mouth, 1 had hematuria � UTI
d facial flushing, 1 had dry mouth, 1 had hematuria � UTI
s (33%) had anticholinergic side effects (dry mouth, dizziness,
pation, hyperactivity, seizures)
tient had systemic side effects”
ad intolerable side effects of oral oxybutynin which resolved in 3, 4 had
inimal facial flushing � xerostomia, 1 had transient supraventricular
ardia that started shortly after beginning intravesical therapy but did not
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Abbreviations and Acronyms

CIC � clean intermittent catheterization
DLPP � detrusor leak point pressure
MBC � maximum bladder capacity
RCT � randomized controlled trial
UTI � urinary tract infection

REFERENCES

1. MacDiarmid SA: Overactive bladder: improving the efficacy of
anticholinergics by dose escalation. Curr Urol Rep 2003; 4:
446.

2. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds JM,
Gavaghan DJ et al: Assessing the quality of reports of
randomized clinical trials: is blinding necessary? Control
Clin Trials 1996; 17: 1.

3. Wells G, Shea B, O’Connell D, Robertson J, Peterson J, Welch
V et al: The Newcastle-Ottawa Scale (NOS) for assessing
the quality of non-randomized studies in meta-analysis.
Presented at 3rd Symposium on Systematic Reviews: Be-
yond the Basics—Improving Quality and Impact, Oxford,
United Kingdom, July 2000.

4. Ophthalmology Study Design Worksheet #3. Noncomparative
(nonrandomized, noncontrolled) Interventional Case Se-
ries. Available at http://www.elsevier.com/framework_
products/promis_misc/620418w3.htm.

5. Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D and Stroup
DF: Improving the quality of reports of meta-analyses of
randomised controlled trials: the QUOROM statement.
Quality of Reporting of Meta-analyses. Lancet 1999; 354:
1896.

6. Higgins JP, Thompson SG, Deeks JJ and Altman DG: Measur-
ing inconsistency in meta-analysis. BMJ 2003; 327: 557.

7. Sterne JA and Egger M: Funnel plots for detecting bias in
meta-analysis: guidelines on choice of axis. J Clin Epide-
miol 2001; 54: 1046.

8. Greenfield SP and Fera M: The use of intravesical oxybutynin
chloride in children with neurogenic bladder. J Urol 1991;
146: 532.

9. Connor JP, Betrus G, Fleming P, Perlmutter AD and Reitel-
man C: Early cystometrograms can predict the response to
intravesical instillation of oxybutynin chloride in myelome-
ningocele patients. J Urol 1994; 151: 1045.

10. Kasabian NG, Vlachiotis JD, Lais A, Klumpp B, Kelly MD,
Siroky MB et al: The use of intravesical oxybutynin chloride
in patients with detrusor hypertonicity and detrusor hyper-
reflexia. J Urol 1994; 151: 944.

11. Kaplinsky R, Greenfield S, Wan J and Fera M: Expanded
followup of intravesical oxybutynin chloride use in children
with neurogenic bladder. J Urol 1996; 156: 753.

12. Painter KA, Vates TS, Bukowski TP, Fleming P, Freedman
AL, Smith CA et al: Long-term intravesical oxybutynin
chloride therapy in children with myelodysplasia. J Urol

1996; 156: 1459.
13. Buyse G, Verpoorten C, Vereecken R and Casaer P: Intraves-
ical application of a stable oxybutynin solution improves
therapeutic compliance and acceptance in children with
neurogenic bladder dysfunction. J Urol 1998; 160: 1084.

14. Ferrara P, D’Aleo CM, Tarquini E, Salvatore S and Salvaggio
E: Side-effects of oral or intravesical oxybutynin chloride in
children with spina bifida. BJU Int 2001; 87: 674.

15. Guerra LA, Raju G, Milks J, Fang M, Pike J and Leonard M:
Review of experience with intravesical oxybutynin at the
Children’s Hospital of Eastern Ontario. Ottawa, Ontario,
Canada: Department of Clinical Epidemiology and Commu-
nity Health, University of Ottawa 2007; master’s thesis,
chapt 2.

16. Madersbacher H, Muertz G, Alloussi S, Domurath B, Henne T,
Koerner I et al: Efficacy, tolerability and safety of propiv-
erine hydrochloride in comparison to oxybutynin in chil-
dren with neurogenic detrusor overactivity—a multicenter
observational cohort study. Presented at annual meeting of
International Continence Society, Montreal, Quebec, Can-
ada, August 31, 2005.

17. De Wachter S and Wyndaele JJ: Intravesical oxybutynin: a
local anesthetic effect on bladder C afferents. J Urol 2003;
169: 1892.

18. Vaidyananthan S, Soni BM, Brown E, Sett P, Krishnan KR,
Bingley J et al: Effect of intermittent urethral catheteriza-
tion and oxybutynin bladder instillation on urinary conti-
nence status and quality of life in a selected group of spinal
cord injury patients with neuropathic bladder dysfunction.
Spinal Cord 1998; 36: 409.

19. Amark P, Eksborg S, Juneskans O, Bussman G and Palm C:
Pharmacokinetics and effects of intravesical oxybutynin on
the paediatric neurogenic bladder. Br J Urol 1998; 82: 859.

20. Madersbacher H and Knoll M: Intravesical application of oxy-
butynine: mode of action in controlling detrusor hyperre-
flexia. Preliminary results. Eur Urol 1995; 28: 340.

21. Haferkamp A, Staehler G, Gerner HJ and Dorsam J: Dosage
escalation of intravesical oxybutynin in the treatment of
neurogenic bladder patients. Spinal Cord 2000; 38: 250.

22. Szollar SM and Lee SM: Intravesical oxybutynin for spinal
cord injury patients. Spinal Cord 1996; 34: 284.

23. Sheldon CA, Reeves D and Lewis AG: Oxybutynin administra-
tion diminishes the high gastric muscular tone associated
with bladder reconstruction. J Urol 1995; 153: 461.

24. Mohler JL: Relaxation of intestinal bladders by intravesical
oxybutynin chloride. Neurourol Urodyn 1990; 9: 179.

25. Weese DL, Roskamp DA, Leach GE and Zimmern PE: Intra-
vesical oxybutynin chloride: experience with 42 patients.
Urology 1993; 41: 527.

26. Massad CA, Kogan BA and Trigo-Rocha FE: The pharmacoki-
netics of intravesical and oral oxybutynin chloride. J Urol
1992; 148: 595.

27. Lose G and Norgaard JP: Intravesical oxybutynin for treating
incontinence resulting from an overactive detrusor. BJU
Int 2001; 87: 767.

28. Dmochowski RR, Starkman JS and Davila GW: Transdermal
drug delivery treatment for overactive bladder. Int Braz

J Urol 2006; 32: 513.


	Intravesical Oxybutynin for Children With Poorly Compliant Neurogenic Bladder: A Systematic Review
	Objectives and Outcomes
	Eligibility Criteria
	Search Strategy for Identification of Studies
	METHODS
	Assessment of Quality and Data Collection
	Assessment of Heterogeneity and Publication Bias
	Data Analysis

	RESULTS
	Literature Search
	Study Characteristics and Quality Assessment
	Population and Intervention Characteristics
	Outcomes

	DISCUSSION
	CONCLUSIONS
	REFERENCES


