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Abstract: Overactive bladder (OAB) is a symptom syndrome including urgency, frequency,
and nocturia — with or without incontinence. It is a common manifestation of detrusor
overactivity (DO). DO is a urodynamic observation of spontaneous or provoked contractions of
the detrusor muscle is seen during the filling phase of the micturition cycle. OAB is, therefore,
both a motor and sensory disorder. Botulinum toxin is a purified form of the neurotoxin from
Clostridium botulinum and has been used in medicine for many years. Over the last 10 years,
it has been used for the treatment of DO and OAB when standard treatments, such as bladder
training and oral anticholinergic medication, have failed to provide symptom relief. Botulinum
toxin acts by irreversibly preventing neurotransmitter release from the neurons in the motor
end plate and also at sensory synapses, although the clinical effect is not permanent due to the
growth of new connections within treated tissues. It is known that botulinum toxin modulates
vanillioid, purinergic, capsaicin, and muscarinic receptor expression within the lamina propria,
returning them to levels seen in normal bladders. Clinically, the effect of botulinum toxin on
symptoms of OAB and DO is profound, with large effects upon the symptom of urgency, and
also large effects on frequency, nocturia, leakage episodes, and continence rates. These effects
have been seen consistently within eight randomized trials and numerous case series. Botulinum
toxin appears safe, with the only common side effect being that of voiding difficulty, occurring
in up to 10% of treated patients. Dosing regimens are variable, depending on which prepara-
tion is used, but it is clear that dose recommendations have fallen over the last 5 years. There
is limited evidence about the efficacy of repeat treatments. Botulinum toxin is an effective and
safe second-line treatment for patients with OAB and DO.
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Introduction to overactive bladder

Definitions

Overactive bladder (OAB) is a descriptive term, defined by the International Continence
Society as the urinary symptoms of urgency, with or without urge urinary incontinence,
usually associated with frequency and nocturia.' Detrusor overactivity (DO), although
associated with OAB, is a urodynamic observation characterized by involuntary
contractions during the filling phase, which may be spontaneous or provoked.! DO
is further divided into idiopathic DO (IDO), ie, DO with no clear cause, and neuro-
genic DO (NDO), which is DO in a patient with an underlying neurological condition
(commonly multiple sclerosis, or after spinal injury). It should be emphasized that
OAB is a symptom syndrome, not a diagnosis, although many patients will show

submit your manuscript
Dove

http:

Research and Reports in Urology 2014:6 51-57 51
© 2014 Tincello et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/RRU.S44665
mailto:dgt4@le.ac.uk

Tincello et al

Dove

underlying DO if investigated. However, clinicians should
remember the importance of screening for bacteriuria, frank
infection, renal tract calculi, or tumors in patients with other
risk factors or clinical signs.

Botulinum toxin is administered via a cystoscope and
injected into the detrusor from within the bladder lumen,
usually at 20-30 sites across the dome of the bladder, usu-
ally avoiding injections to the trigone. It can be adminis-
tered under local or general anesthesia via rigid or flexible
cystoscopy.

Prevalence

OAB is highly prevalent; 0.3%—75% of adults may be affected
with variations in prevalence determined by the definition of
OAB, the presence or absence of urge urinary incontinence,
sex, and age.” OAB costs are related to pad use, pharmaco-
therapy, catheters, physician visits, outpatient and inpatient
attendances as well as intangible costs, such as time and loss
of productivity.* The economic burden is significant and is
comparable to the cost of breast cancer, osteoporosis, and
diabetes* with one study in Germany demonstrating the cost
of OAB to be 3.57 billion Euros per year, close to the 5.1
billion Euros per year cost of diabetes and 5.6 billion Euros
per year cost of dementia.’

Overview of OAB management,

including available therapy

Conservative treatment options for OAB and/or DO include
lifestyle modification and pelvic floor exercises. Additional
treatment options include oral and transdermal medication
(anticholinergics and the newer beta-three agonists) and
percutaneous posterior tibial nerve stimulation.

A Cochrane Database Systematic Review of published
studies has demonstrated the effectiveness of bladder training
in reducing urgency or urge urinary incontinence symptoms
(relative risk 17; 95% confidence interval 1.13-256).° If
conservative treatment is ineffective, medical and surgical
treatments are considered. Anticholinergic drugs are the
first-line medications to treat symptoms of OAB. They block
muscarinic receptors in the bladder, reducing detrusor con-
tractions and modifying bladder sensation by interfering with
afferent pathways, reducing urinary urgency and the related
symptoms of urgency incontinence, frequency, and nocturia.
Available preparations include oxybutynin, tolterodine, tro-
spium, propiverine, and solifenacin.’

Mirabegron is a B-three receptor agonist and is used
for treating the symptoms of OAB when anticholinergic
drugs are contraindicated or clinically ineffective or have

unacceptable side effects. Recent trials have been reviewed,
and it appears that mirabegron is a potentially useful second-
line agent.® Recommendation on the use of these drugs has
been published by the UK National Institute of Clinical
Excellence (NICE).’

Percutaneous posterior tibial nerve stimulation involves
percutaneous stimulation of the posterior tibial nerve in the
ankle using a fine-gauge needle. The exact mechanism is
unclear, but it is thought to be mediated by retrograde stimula-
tion of the sacral nerve plexus. Currently, there is not enough
evidence to recommend its use over alternative treatments,
and it is not recommended for use in the UK by NICE.

Surgical management of OAB/DO includes intravesical
botulinum toxin, sacral neuromodulation, with augmentation
cystoplasty and urinary diversion being reserved for end-stage
disease. Sacral neuromodulation consists of the implantation
of a permanent sacral nerve root stimulator, which is designed
to provide chronic stimulation to the third sacral nerve root.
Its use is recommended for patients with refractory OAB
who have failed conservative measures (including drugs)
and who cannot perform self-catheterization or who have
failed botulinum toxin treatment.” Augmentation cystoplasty
increases the functional bladder capacity by incorporating a
“clam patch” of bowel (usually ileum, but ileocecum may be
used) into a bivalved bladder. Although 50% of patients may
be cured, the morbidity with this surgery is high and should
be reserved for patients who have failed other less-invasive
measures. Urinary diversion is an end-stage operation offered
to those in whom all other alternatives have either failed or
are inappropriate. Further description of these operations and
their outcomes is beyond the scope of this article.

Botulinum toxin, mode
of action, preparations

available, administration

Botulinum toxin serotype A (BoNT-A) is a purified neuro-
toxin from Clostridium botulinum. Its use was first described
by Dysktra et al'® in 1988, who identified benefit in spinal-
injured patients with detrusor-sphincter dyssynergia. Since
then, BoNT-A has been used in the urological setting for
DO, bladder outlet obstruction (in men), and painful blad-
der syndrome/interstitial cystitis. Other nonurological uses
include blepharospasm, cervical dystonia, chronic migraine,
strabismus, hyperhidrosis, and upper limb spasticity.

Mode of action
BoNT-A blocks the presynaptic release of acetylcholine at
the neuromuscular junction by permanently inactivating the
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synaptosomal-associated protein 25 (SNAP-25), a SNARE
protein component, by enzymatic cleavage.'' The resulting
flaccid paralysis of the injected muscle is permanent, and
regrowth of the new motor end plate units is required to
reestablish neuromuscular connection. In clinical terms, this
can take anywhere between 3-24 months, at which point
retreatment is required.

Apostolidis et al'? have proposed that BoNT-A inhibits the
release of acetylcholine, adenosine triphosphate, substance
P, and reduces the expression of capsaicin and purinergic
receptors on motor nerves. This results in desensitization by
decreasing the central uptake of substance P and other neu-
rotrophic factors, with the ultimate inhibition of the afferent
and efferent pathways responsible for DO. In addition, Datta
et al’® have demonstrated an increase in immunoreactivity of
muscarinic receptors in the suburothelium of patients treated
successfully with BoNT-A with the number of receptors
being inversely proportional to patient-reported frequency
and urgency.

BoNT-A also specifically modulates the sensory functions
of the bladder. Biopsies from BoNT-treated bladders suggest
that the neurotoxin results in a reduction in the number of
expressed sensory vanilloid (transient receptor potential
cation channel subfamily V member 1 [TRPV1]), purinergic
(P2X3), capsaicin, and muscarinic (M1, M2, and partly M3)
receptors in the suburothelium of patients with DO, in whom
these receptors are upregulated.'*

This combined motor and sensory effect translates into
measurable clinical effects: reduced detrusor pressure;
increased bladder capacity; reduced incontinence episodes;
and reductions in the sensation of urgency, with a degree of
impaired bladder emptying (greater in patients with NDO'
compared with IDO'®).

BoNT-A preparations

Seven serotypes of BoNT exist — type A—G — with the most
common being type A for lower urinary tract symptoms.
Currently, the pharmaceutical industry markets five different
preparations of BoNT-A, but only two of these have been
studied in any detail for the treatment of OAB/DO. These
are: Botox® (Allergan Pharmaceuticals, Irvine, CA, USA);
and Dysport® (Ipsen Biopharm Ltd, Slough, UK). Most of the
published literature has used Botox®. Botox® is available in
ampules of 100 units (U) or 200 U each; Dysport® is available
in ampules of 500 U each. The units are not interchangeable;
1 U of Botox® is equivalent to 3—5 U Dysport®.!"!¥ Botox® is
now referred to as onabotulinum toxin A (onaBoNT-A), and
Dysport® as abobotulinum toxin A (aboBoNT-A).!”

Administration

BoNT-A is stored at 2°C—8°C as a dry powder that must
be reconstituted in 0.9% normal saline without agitation,
which may denature the neurotoxin. It may be administered
under local or general anesthesia using the 5 French 35 cm
injection needle, with a tip length of 4 mm. Prior to BoNT-
A administration, patients must be free of urinary tract
infection. Aminoglycoside antibiotics are relatively con-
traindicated, because they can potentiate the neuromuscular
blockade effect of BONT-A. Anticoagulants, such as aspirin,
clopidogrel, and warfarin, do not need to be stopped prior
to treatment.

The optimum injection protocol (ie, number and place-
ment of injections) has yet to be standardized. Most authors
inject 10 U of onaBoNT-A per injection site (diluted in
0.5-1.0 mL) and will inject 20 sites, sparing the trigone,
for idiopathic DO or OAB. Most clinicians have avoided
the injection of the trigone because of the concerns about
paralysis of the muscle near the ureteric orifices leading to
vesicoureteric reflux. However, Manecksha et al'® demon-
strated that trigone-including injections were superior to
trigone-sparing injections for the treatment of refractory
IDO with no increase of vesicoureteric reflux. This was a
prospective randomized controlled trial (RCT), but it only
included 22 patients. There is some evidence suggesting that
these injections may offer some improvement but perhaps
not affect the duration of action.?

Efficacy data from studies

on patients with neuropathic DO
onaBoNT-A was first studied as a treatment for neurogenic
detrusor overactivity (NDO) after spinal injury or multiple
sclerosis. The main problem here is detrusor-sphincter dys-
synergia, incontinence, and enuresis. The majority of NDO
patients are catheterized, and very often they are troubled by
catheter expulsion or catheter bypassing.

Initially, onaBoNT-A was administered at 300 U for NDO,
but there has been a move toward using 200 U in more recent
trials. A placebo-controlled RCT, comparing 200 U or 300 U
of onaBoNT-A, reported 50% improvement in incontinence
episode frequency and urodynamic measurements in either
dosage group, which confirmed that either dose was effec-
tive and safe.?!

Cruz et al®® randomized NDO patients (multiple scle-
rosis or spinal injury) to receive either 200 U or 300 U of
onaBoNT-A, or placebo. Both doses reduced weekly incon-
tinence episode frequency within 6 weeks (mean reduc-
tion of —21.8 and —19.4, respectively), and urodynamic

Research and Reports in Urology 2014:6

submit your manuscript 53

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Tincello et al

Dove

variables improved in parallel, suggesting the doses were
equally effective.

Ginsberg et al?? conducted a very similar RCT that
recruited 416 patients and demonstrated analogous
improvements with a clear-dose response in the risk
of postinjection voiding dysfunction and so concluded
that 300 U had no clinical benefits over a dose of 200 U.
Now the usual starting dose for treatment of patients
with NDO is 200 U.

Efficacy data from studies
on patients with IDO or OAB

There was a need for caution when considering the potential
benefits of BoNT-A for patients with IDO compared to the
outcomes in NDO. Patients with IDO have different trouble-
some symptoms, which are mainly of urgency, frequency, and
nocturia. In contrast to NDO, where many patients use long-
term catheterization, the onset of voiding difficulties after
treatment would be a more troublesome adverse outcome.
Thus, most authors began with a lower dose for treatment
(eg, 200 U of onaBoNT-A or 300 U of aboBoNT-A). Early
work demonstrated that treatment of IDO patients resulted in
symptom improvement and changes in urodynamic measure-
ments, which were very similar to those seen in NDO.?

As mentioned earlier, OAB is closely related to DO, but
not all patients will show detrusor contractions during the
urodynamic investigation. This distinction between OAB
and DO discussed above becomes relevant when analyzing
the available literature on the efficacy of botulinum toxins,
because some of the first RCTs only included patients with
proven DO;*%¢ whereas, some cohort studies and later
RCTs!'%?2 recruited patients with OAB (without urodynamic
confirmation) as a mixed sample, or — in some studies — as
only patients with OAB. The latter studies have shown that
symptomatic improvement from BoNT-A in patients with
OAB is equivalent to that with demonstrable DO. BoNT-A
is increasingly offered to patients with OAB symptoms alone
on the basis of these studies, but it should be remembered
that not all these patients will have DO.

Many nonrandomized studies have reported the effects
of BONT-A in patients with IDO and demonstrated improve-
ments in OAB symptoms, such as urgency and frequency of
urination, incontinence, use of continence pads, and disease-
specific quality-of-life (QOL) outcome measures. However,
there are now eight RCT studies assessing the efficacy of
BoNT-A as a treatment for IDO. The first RCT compared the
effect of 200 U of onaBoNT-A with placebo in a mixed-sex
sample of 34 participants.?* Significant increases in bladder

capacity occurred with symptomatic improvement, which
was maintained for 6 months by 16 patients treated with
active drug. The second RCT investigated the effects of 200
U or 300 U of onaBoNT-A in comparison to the placebo.?
At 6 weeks, all 15 women treated with active drug showed:
a 50% reduction in the frequency of incontinence episodes;
24% improvement in nocturia; and 12% improvement in void-
ing frequency compared to placebo. However, there were no
longer follow-up assessments of the participants.

Brubaker et al'® conducted an RCT and showed that 72%
of the treatment group (28 women) reported a minimum
of 75% reduction in incontinence episodes. However, the
trial was prematurely terminated, due to an excess of reten-
tion in the treatment group (albeit asymptomatic) and was,
therefore, underpowered. Tincello et al?® have completed the
largest single-dose RCT comparing 200 U of onaBoNT-A
to placebo in a group of 240 females over a 6-month period;
they reported highly statistically significant positive changes
in frequency, incontinence, and urgency episodes. In addi-
tion, 30% of the treated women became continent, and QOL
measures also improved by large amounts. Also, one in six
women showed some voiding dysfunction during follow-up,
and approximately 30% were diagnosed with a urinary tract
infection at some point during the study.

There are four RCTs of botulinum toxin in OAB alone.
A dose-ranging phase III randomized study?*® recruited
313 men and women with a diagnosis of OAB (funded by
Allergan) and used a mixed-sex sample of 272 participants
to compare doses of onaBoNT-A (50 U, 100 U, 150 U, 200 U,
300 U). onaBoNT-A showed better outcomes at every dose
compared to the placebo (urgency and weekly incontinence
episodes). However, no clear dose response effect was found,
although it was suggested that a dose of 150 U was optimal.
More recently, Denys et al?’ reported a dose-ranging study
(100 U or 150 U versus placebo) on 107 patients (mostly
women), but this was stopped before recruiting the planned
sample of 152. Both doses showed benefits in OAB symptom
improvement: 65% and 58% patients in the 100 U or 150 U
dose group, respectively, reported at least 50% improvement
in symptoms; for 75% improvement, these proportions were
42%. Differences in urgency and frequency episodes were
significantly different from placebo in only the 150 U group.
Also, 50% of patients achieved continence at 3 months with
150 U. Urinary retention requiring catheters and infection
both occurred in 10% or fewer subjects.

Nitti et al®® reported results from a large placebo-
controlled RCT of 100 U onaBoNT-A on 557 patients with
OAB. At 3 months, treated patients had greater reduction in
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daily incontinence episodes than placebo (2.65 versus 0.87;
P=0.001). Also, 22.9% of treated patients became continent
(6.5%, placebo patients). All other OAB symptom outcomes
and health-related QOL scores also improved. Urinary reten-
tion was seen in 5% of subjects. Chapple et al* randomized
548 patients who were refractory to oral medication to receive
100 U or a placebo and reported essentially identical data.
onaBoNT-A has recently been granted a license for the treat-
ment of OAB in most European countries and in the US.

Controversies

Dose

It remains unclear what the optimum dose of BONT-A is. For
IDO, recent trials show that 100 U may be as effective as
200 U but with a lower rate of adverse events and a lower rate
of urinary retention.?”? Whether this is offset by a more rapid
return of bothersome symptoms is unclear. Some authors
suggest that 150 U may be the ideal dose to balance long
efficacy with fewer adverse effects.’**! It is not possible to
comment on doses of aboBoNT-A other than 500 U because
of the lack of published evidence.

Different preparations

The majority of published data on BONT-A for OAB/DO use
the Allergan product (onaBoNT-A). It is possible that the dif-
ferent preparations have a different clinical profile, although
there is no evidence to date to support this. There is very
scant data on other available preparations of BoNT-A, such
as rimabotulinum toxin B (rimaBoNT-B; Myobloc®, Solstice
Neurosciences, Inc., South San Francisco, CA, USA) and
incobotulinum toxin A (incBoNT-A; Xeomin®, Merz GmbH
& Co. KGaA, Frankfurt am Main, Germany).

Repeat treatment and dosing interval
Research into repeat BONT-A injections suggests that there is
no loss of treatment efficacy using this method,*>** but data are
limited. The optimum interval between injections is yet to be
elucidated, with current practice depending on resource avail-
ability and patient symptoms. It is currently unclear whether
patients will require repeat injections for life or whether a
proportion of patients will achieve a cure after treatment.

Cost effectiveness

Given that it is unlikely that treatment with onaBoNT-A is
curative, it is important to examine the cost-effectiveness to
consider whether single or, more importantly, repeat treat-
ments will provide acceptable cost-benefit ratios. Only one
study is available to inform this question, which calculated

a cost of £617 per year of symptom improvement for IDO
patients.’* The calculated cost-effectiveness was £30,000
per quality adjusted life year, based upon the calculated
estimates of treatment frequency, rather than a direct com-
parison with actual costs, since there was no comparator
group. These findings need to be confirmed by prospec-
tively collected comparative data against standard care.

Conclusion and place in therapy

BoNT-A is a highly effective treatment for symptoms of OAB
and DO. The bulk of available evidence published relates to
onabotulinum toxin A (BOTOX®, Allergan), with some data
on abobotulinum toxin A (Dysport®, Ipsen). Current advice
from NICE,’ the European Urological Association,** and the

36 recommends

Sth International Consultation on Incontinence
that BONT-A be reserved for patients who fail to improve with
conservative treatment and medical management with two
different anticholinergic drugs. Women should be counseled
about the likely effect resulting in 6-9 months of symptom
relief, the risk of urinary tract infection, and voiding difficulty.
It may be prudent to teach self-catheterization in advance of
treatment. Initial treatment of IDO can be with either 100 U or
200 U of onaBoNT-A. The lower dose appears to carry similar
efficacy with lower rates of retention, but anecdotal evidence
suggests that troublesome symptoms will return more quickly
with the lower dose. The majority of patients who commence
treatment with onaBoNT-A will require long-term repeat
treatments. Cost-effectiveness cannot be estimated with any
certainly at present, due to the lack of agreement about treat-
ment intervals, or whether patients may achieve long-term
symptom relief after a number of treatments.

This is a key issue, both for service providers and clini-
cians. In view of the lack of data on long-term outcomes after
repeat treatment, there is currently no evidence demonstrating
that repeat treatment is cost-effective, compared to sacral-
nerve stimulation or other second-line treatments.

Disclosure

Professor Tincello has received an honorarium for teaching
related to botulinum toxin from Allergan UK. The authors
report no other conflicts of interest in this work.
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