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Abstract

Purpose—To systematically review the evidence for the efficacy and safety of botulinum toxin
in the management of OAB.

Materials and Methods—We performed a systematic review of the literature to identify
articles published between 1985 and March 2009 on intravesical botulinum toxin A (BTX)
injections for the treatment of refractory idiopathic overactive bladder in both men and women.
Database searched included MEDLINE, CENTRAL, and EMBASE. Data were tabulated from
case series and from randomized controlled trials (RCTs). Data were pooled where appropriate.

Results—Our literature search identified 432 titles. Twenty-three full articles were included in
the final review. Three randomized placebo-controlled trials addressing the use of botulinum
toxin-A were identified (99 patients total). The pooled random effects estimate of effect across all
three studies was 3.88 (95% C.I. -6.15, -1.62), meaning that patients treated with BTX had 3.88
fewer incontinence episodes per day. UDI data revealed significant improvements in quality of life
compared with placebo, with a standardized mean difference of -0.62 (ClI -1.04, -0.21). Data from
case series demonstrated significant improvements in OAB symptoms and quality of life, despite
heterogeneity in methodology and case mix. However, based on the randomized controlled trials,
there was a nine-fold increased risk of elevated post-void residual after BTX compared with
placebo (8.55, 95% CI 3.22-22.71).

Conclusions—Intravesical injection of botulinum toxin resulted in improvement in medication-
refractory OAB symptoms. However, the risk of elevated post-void residual and symptomatic
urinary retention was significant. Several questions remain concerning the optimal administration
of BTX for the OAB patient.
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Introduction

Methods

Poor outcomes of overactive bladder (OAB) treatments have lead to a search for better
therapies. Intravesical injection of botulinum toxin-A (BTX) has shown promise in the
treatment of medication-refractory OAB. BTX is a neurotoxin produced by the bacterium
Clostridium botulinum that prevents acetylcholine release at the neuromuscular junction,
resulting in flaccid muscle paralysis! 2. Schurch and colleagues first reported the efficacy of
Botulinum toxin-A in the treatment of refractory neurogenic detrusor overactivity3. Since
then, although its use is off-label, there have been numerous case series and observational
studies which have documented its application in the treatment of a wide range of
dysfunctional voiding disorders.

A previous systematic review published in 2007 by Duthie et al. included studies that
chiefly involved participants with neurogenic detrusor activity4. Of the eight studies
analyzed in their systematic review, only one included participants with idiopathic OAB
only. Since the publication of their review, there have been several new studies published,
including three randomized controlled trials: > 6. This systematic review is an attempt to
extend this work and summarize the evidence for the efficacy and safety of Botulinum
toxin-A in the management of refractory non-neurogenic (idiopathic) OAB.

Literature Search and Selection

We performed a systematic review of the literature in order to identify articles published
between 1985 and March 2009 on intravesical botulinum toxin A (BTX) injections for the
treatment of refractory idiopathic overactive bladder in both men and women. Search terms
included botulinum toxin, Botox, overactive bladder, and urge urinary incontinence. We
began with an electronic search of MEDLINE on January 30, 2009 followed by a search of
the Cochrane Central Register of Controlled Trials (CENTRAL) on February 4, 2009 as
well as EMBASE on March 4, 2009 at which point our search ended. Abstracts presented
but not yet published were also included. Article titles, abstracts and finally full articles were
captured and analyzed from this literature review. Two independent reviewers, (JA and
AW), reviewed each study title and abstract. One reviewer abstracted the data from the full
articles while the second reviewer verified and modified the corresponding data tables.
Disagreements were resolved by consensus’. Data presented in abstract form but not yet
published in manuscript form was also included®.

Study Inclusion

The literature search included review articles, randomized controlled trials, prospective
observational studies and large case series. To be included, studies had to be an original
research article and discuss the use of Botulinum toxin-A in adult men and women with
refractory idiopathic OAB. We excluded studies that reported data for pediatric patients and
neurogenic detrusor overactivity only, analyses of botulinum toxin-B, as well as basic
science articles, case reports, and non-systematic review articles.

Data Abstraction, Quality Assessment and Synthesis of Results

Study results were abstracted separately into randomized controlled trials and case series
data tables. Each table summarizes the patient population baseline characteristics,
interventions, comparisons, outcomes assessed, and study timeline of follow-up and duration
(Table 1 8). We assessed the methodological quality of the three identified randomized
studies using the method described by Jadad et al°. To avoid double counting of subjects,
multiple analyses of the same patient population were included only once.
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We pooled data on incontinence episodes from the randomized studies. For each study, the
mean difference between the botox and placebo group at followup was used. If a study did
not report the mean difference at followup, then it was estimated by subtracting the mean at
followup for the placebo group from the mean at followup for the BTX groupC. Post-void
residual urine volume data was also pooled similarly between the three randomized placebo-
controlled trials. Because zero PVR events were often observed in the placebo group, we
calculated odds ratios (ORs) by using the Peto methodl. We also pooled data on health-
related quality of life because two of the three available randomized trials utilized the short
form of the urogenital distress inventory (UDI-6)1: , and one used the 28-item long form
(UDI)8. The standardized effect size was calculated by taking the difference between the
follow-up mean for the placebo group from that of the BTX group. This estimate was then
divided by the weighted average standard deviation of the two means.

Pooled estimates were calculated using the DerSimonian & Laird random effects model2. A
test of heterogeneity was performed using the I-squared statistic13. Publication bias was
examined using Begg's funnel plot, Begg rank correlationl4 and Egger regression
asymmetry test'>. All analyses were conducted in Stata 10.016,

Description of the Studies Identified by the Literature Search

Our literature search identified 432 titles, from which we selected 37 for more detailed
review. Of these, twenty-three full articles were included in the final review (Figure 1).
Three randomized controlled trials addressing the use of Botulinum toxin-A were identified
and included in our review. Reasons for article exclusion are shown in Figure 1. Overall,
across all 23 studies included, 951 patients were enrolled.

Across the studies, mean or median patient age was between 44 and 81 years. Sample size
ranged from 7 to 110 patients and the proportion of women was 40%-100%, with seven
studies including women only. BTX was injected transurethrally in all cases, but was given
in varying doses, concentrations, and locations in the bladder. Some series included
injections into both the bladder neck and external sphincter. Follow-up ranged from four
weeks to 6 years, with average follow-up typically between six and nine months8. Outcome
measures, such as incontinence (leakage) episodes, pad use, leakage severity, voiding
frequency, and urodynamic parameters, were recorded, but not in a standardized or
consistent fashion.

Efficacy of Botulinum-toxin A in Randomized control trials (RCTS)

We identified three randomized placebo-controlled trials that assessed the efficacy of BTX
(Table 1). Brubaker et al. compared 200U of BTX vs. placebo in women with urge urinary
incontinence (UUI) refractory to at least two first line therapies. Participants had to have
documented detrusor overactivity on urodynamics, and at least six UUI episodes in a 3-day
voiding diary. Flynn et al. compared 200U or 300U to placebo in men and women with
more than two daily UUI episodes on voiding diary and 24-hour pad weights of greater than
100 grams. Patients were not required to have urodynamically proven detrusor overactivity.
Anticholinergics were stopped at least ten days prior to the procedure. The study by Sahai et
al. included men and women with urodynamically proven DO with or without urge
incontinence. The studies by Brubaker and Sahai allowed for the continuation of established
anticholinergic use during the study®: ¢ 17. Botox injections were performed similarly
between studies: 15-20 sites in 6 cc of solution were given in Brubaker's study, 20 cc were
distributed in 20 sites in Sahai's study, and in Flynn's study 10-12 sites were each injected
with 0.2 cc per site.
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Brubaker et al. found that 60% of patients receiving BTX had a clinical response, as
measured by the Patient Global Impression of Improvement scale. The median duration of
response was 373 days (vs. 62 days for placebo, p <0.0001)%. Flynn et al. also found
statistically significant decreases in pad usage among BTX recipients at six weeks, but
found no difference in nocturia, urinary frequency, peak flow or detrusor pressure between
groups®. Sahai found significant decreases in urinary frequency and UUI episodes in the
BTX arms at 4 and 12 weeks?.

Data on the daily number of incontinence episodes were pooled from these RCTs, and are
presented in Figure 2. The pooled random effects estimate of effect across all three studies
was -3.88 (95% C.I. -6.15, -1.62), meaning that patients treated with BTX had 3.88 fewer
incontinence episodes per day compared to patients treated with placebo. I-squared statistic
for heterogeneity was zero, indicating no heterogeneity. Neither the Begg's test nor the
Egger's test for publication bias was statistically significant (p = 1.00 and p = 0.725,
respectively), indicating no publication bias.

Efficacy of Botulinum-toxin A in Case Series

Eleven large case series included 749 patients, or 70% of of the total number of patients in
all the case series 8. Changes in voiding frequency were assessed in sixteen studies 8. In ten
of these studies, the decrease in mean number of daily voids from baseline was statistically
significant (p<0.05), with absolute reductions in voiding frequency of 1.2 to 7.0 (decrease by
12% to 50%). The overall leakage frequency ranged from 0.8 to 7.0 episodes daily at
baseline and 0.1 to 3.0 at 4-6 weeks follow-up after Botox-A injection (p<0.05). Among the
seven studies that assessed pad usage, the average number of pads decreased from a range of
3.9 to 5.0 at baseline evaluation, to 0 to 3.0 pads/day at follow-up 8.

QOL Summary

Quality-of-life (QOL) was assessed with standardized instruments in all three of the
randomized controlled clinical trials identified® 6. Flynn et al. and Sahai demonstrated
significant improvements in 11Q-7 and UDI-6 scores®, and Brubaker et al. identified
significant improvements in QOL using the long form of the UDI. The pooled estimate was
an improvement in QOL with an effect size of 0.6 (Figure 3)18. An effect size of 0.6
translates into a 15 point improvement on the UDI-6. Egger's and Begg's tests revealed no
publication bias (p=0.587 and p = 1.00, respectively), and I-squared statistic for
heterogeneity was zero, indicating no heterogeneity. Overall, the case studies analyzed
demonstrated significant improvements in quality of life after Botox injection.

Adverse events summary

Urinary retention was the most commonly reported adverse event that occurred after BTX
injection. In fact, the trial by Brubaker et al. was terminated early due to an elevated PVR of
at least 200cc in twelve of 28 (43%) patients. All patients with a PVR of 200cc were placed
on clean intermittent catheterization (CIC). Nine of the twelve women with an elevated PVR
developed a UTI. The study by Flynn et al also reported a higher PVR in the patients treated
with BTX toxin, but only one patient required CIC for symptomatic voiding difficulty. Six
of sixteen patients (37.5%) treated with botulinum toxin in Sahai's study developed
symptomatic retention of at least 150cc, resulting in the need for CIC. The pooled PVR
using odds ratios is shown on Figure 411. The overall pooled analysis shows that the BTX
group has almost 9 times the odds of having a PVR complication than the placebo group
(8.55, 95% ClI 3.22-22.71). Rates of post-procedure CIC varied among the case series from 0
to 41% and lasted up to 6 months. Other adverse events reported included UTIs, hematuria,
dysuria. UTIs were associated with an elevated PVR and the need for CIC.
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Discussion

We identified three published randomized controlled clinical trials, and the pooled estimate
of effect across all three was a statistically and clinically significant reduction in
incontinence episodes and improvement in quality of life for patients treated with BTX
compared with those treated with placebo. These findings suggest that BTX results in a
significant improvement in OAB symptoms and quality of life among patients who fail or do
not tolerate medical therapy. BT X expands treatment options for patients with medication-
refractory OAB, and provides a feasible alternative to sacral modulation. In addition, BTX
can be offered as an adjunct to sacral neuromodulation to maximize patient response.

The benefits of intravesical BTX must be balanced against a nearly 9-fold increase in the
odds of urinary retention. In fact, the study by Brubaker et al. was terminated early because
43% of patients undergoing BTX had an elevation of PVR. Six of sixteen patients (37.5%)
treated with Botox in Sahai's study developed symptomatic retention of at least 150cc,
resulting in the need for CIC. In Flynn's study, four of 15 subjects (26%) receiving BTX had
PVR2> 200 ccs, but only one subject (7%) required intermittent catheterization. Since
retention is not a rare consequence, patients should be willing to perform CIC or maintain an
indwelling catheter before undergoing intravesical BTX. Given these estimates of benefits
and harms, BTX deserves more study as a potential treatment option for those who do not
desire, are not candidates for, or fail sacral neuromodulation, and who understand and are
willing to accept the potential for an increased risk of urinary retention.

This study was limited by the relative lack of randomized controlled trials of intravesical
Botox injection. There was extreme heterogeneity in the manner in which the case series
document their outcome measures, and the case mix of each of these studies was variable,
with significant differences in baseline OAB severity between studies. Of the three RCTs
analyzed, only the study by Flynn et al. stopped anticholinergic therapy before undergoing
BTX treatment. Hence, the studies by Brubaker and Sahai may be comparing BTX in
addition to anticholinergic (rather than only placebo) in many patients. This may have
changed the magnitude of any associations identified. However, the I-squared test for
heterogeneity was not significant, indicating that the differences between groups seen in the
three studies were similar, so any effect of anticholinergic drugs does not seem to be
interactive with the effect of BTX. Some studies only provided mean changes from baseline
values, others report a percentage change without any absolute value, and few included
estimates of the variance (SD). This inconsistency in data reporting made it very difficult to
synthesize the evidence. There was also significant variability in the dose of BTX used and
in the location of the injections given. In some studies, BTX was injected into both the
bladder and the bladder neck in order to decrease the risk of post-operative retention.

It is clear that many gaps remain in our knowledge of the optimal use of BTX for OAB. A
European expert panel consensus conference recently convened to evaluate the evidence for
the use of BTX in pelvic floor disorders!®. They recommended placebo-controlled
comparative trials to evaluate the safety and efficacy of both single and repeat injections, the
duration of effect of BTX, and the timing for repeat injections'9. Standardizing procedures
will allow for formal comparisons to be made between studies. These include the dosage of
drug, pattern of intravesical injections, and concomitant injection of the bladder neck and
trigone. Anticholinergic use should be stopped well in advance of BTX injection.
Management and monitoring of post-void residuals after BT X should also be standardized in
order to detect clinically meaningful levels of retention between studies. Standaridizing
outcomes would involve an expert panel meeting of clinicians to review and select the
outcomes measures to be used. Such outcomes should involve domains of relevance to

J Urol. Author manuscript; available in PMC 2011 August 8.
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tients and that should have available measurement tools with adequate psychometric

properties.

Conclusions

Intravesical injection of botulinum toxin resulted in significant improvement in OAB

sy
an

mptoms. The risk of post-operative urinary retention requiring CIC was significant, with
even higher number of patients experiencing an elevation in PVR. Several questions

remain concerning the optimal administration of BTX for the OAB patient. Clearly more
level | data from randomized controlled trials are needed to guide management.
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395 Excluded
346 topic not botulinum toxin, or
not original research
39 primary neurogenic focus
10 pediatric patient focus

A 4

37 abstracts reviewed

10 Excluded based on abstract review
6 discussed Botulinum toxin-B
2 Did not focus on topic of interest
1 Dysport preparation/alternate
dosing of Botox
1 treatment of neurogenic DO only
3 duplicate studies

\ 4

23 articles included in review
3 randomized, controlled studies
20 observational/case studies

1 systematic review
referenced for background
information

Figure 1. Literature Flow (Flow of Eligible Studies of Botulinum toxin-A for OAB)
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Effect size

Study (95% CI)

Brubaker -5.00 (-8.94,-1.06)

Flynn — — -5.39 (-9.31,-1.47)

Sahai -1.27 (-5.19, 2.65)
Overall <\> -3.88 (-6.15,-1.62)

I [ [ I
-10 -5 0 5 10
Mean Difference
Favors Botox Favors Placebo

Figure 2. Reduction in number of daily incontinence episodes after BTX
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Standardised mean difference

Study (95% Cl)

Brubaker -0.53 (-1.16, 0.11)

Flynn -0.60 (-1.52, 0.32)
Sahai | -0.76 (-1.45,-0.06)
Overall e -0.62 (-1.04,-0.21)

\ T \ \ \ T \
2 15 -1 -5 0 5 1 1.5 2

Standardised mean difference
Favors Botox Favors Placebo

Figure 3. Improvement in QOL (standardized mean difference in scores for UDI-6 and UDI)
after BTX
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Figure 4. Risk of post-operative PVR >150cc after BTX
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