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Introduction
Botulinum toxin A (BoNT-A) injections have 
become a well established therapy in the manage-
ment of refractory overactive bladder (OAB). 
There are increasing numbers of patients receiv-
ing repeat injections on a regular basis. 
OnabotulinumtoxinA (BOTOX; Allergan, Inc., 
Irvine, USA)  has been approved for the treat-
ment of refractory OAB. It has been shown to be 
effective and well tolerated in phase III multicen-
tre randomized, double-blind, placebo-controlled 
trials utilizing a 100 U dose [Chapple et al. 2013; 
Nitti et al. 2013].

This review discusses the current literature on 
BoNT-A as a medium- to long-term treatment 
for idiopathic OAB. This review covers the effi-
cacy, quality of life, injection intervals, immuno-
logical aspects and longer term safety reported 
across the published literature in this group 
treated with BoNT-A.

Methods
A search of the PubMed database was performed 
using the MeSH terms ‘Botulinum A toxin’ or 

‘overactive bladder’ and keywords ‘botulinum 
neurotoxin’, ‘idiopathic detrusor overactivity’. 
The inclusion criteria were papers reporting the 
medium- to long-term outcomes in adults with 
idiopathic OAB. These studies generally reported 
follow up in terms of number of treatment cycles. 
Therefore medium-term outcomes were defined 
as more than one treatment cycle and long-term 
outcomes as more than five treatment cycles. The 
term ‘refractory OAB’ includes patients who had 
an inadequate response or were unable to tolerate 
first-line medical and behavioural treatments. No 
language exclusions were applied. The bibliogra-
phies of the papers were examined for additional 
studies meeting the inclusion criteria. Overall 12 
published papers were identified and underwent 
full review.

Efficacy

Levels of evidence
There have been two phase III placebo-controlled 
trials which have provided level 1 evidence for the 
short-term efficacy of a single injection of onabot-
ulinumtoxinA 100 U in OAB [Chapple et  al. 
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2013; Nitti et  al. 2013]. The only longitudinal 
randomized controlled trial [Gousse et al. 2011] 
was a dose-ranging study comparing six injections 
of onabotulinumtoxinA 100 U and 150 U admin-
istered at 24-week intervals up to 3 years. Sixty 
patients were randomized but there was a signifi-
cant dropout rate with only nine patients (15%) 
completing the study. This demonstrates the chal-
lenge of investigating medium- to long-term out-
comes in a randomized controlled trial setting.

The remaining published studies comprised level 
2 or 3 evidence divided into prospective longitu-
dinal studies and retrospective case series (Table 
1). The standard follow up across these studies is 
on average around 3 years, although the maxi-
mum for an individual patient is up to 7 years 
[Veeratterapillay et  al. 2014]. The number of 
repeat injections ranges from 2 to 10 [Dowson 
et al. 2012], with the majority of studies providing 
data on approximately three to four repeat injec-
tions (Table 2). Given that patients have been 
receiving repeat BoNT-A injections for over a 
decade, longer-term data are still required to fully 
evaluate the outcomes of BoNT-A injections 
beyond 3–4 years.

The largest cohort is from the phase III extension 
study in which patients from the pivotal rand-
omized controlled trials (RCTs) were invited to 
participate in a 3.5-year follow-up period [Nitti 
et al. 2016]. The other studies are smaller cohorts 
and they have significant variability in methodol-
ogy, follow up and outcome measures. Some 
studies report efficacy data for a set duration of 
follow up [Granese et  al. 2012; Kuschel et  al. 
2008; Mohee et  al. 2013], others compare effi-
cacy across the first and subsequent injections 
[Dowson et al. 2012; Game et al. 2011; Gousse 
et al. 2011; Khan et al. 2009; Sahai et al. 2010] 
and others select patients who have undergone a 
set number of injections but do not comment on 
the size of the original cohort [Abeywickrama 
et al. 2014]. All these methods bias the outcome 
data and skew it towards a positive effect as 
patients discontinuing treatment are not included 
in the efficacy outcome measures.

A range of efficacy outcomes have been used, 
including urodynamic parameters, voiding diaries 
and quality of life scores. There are limited stud-
ies which evaluate the effect of repeat injections 
on urodynamic parameters [Granese et al. 2012; 
Sahai et  al. 2010]. The majority of studies use 
quality of life scores as the primary outcome 

measure [Game et al. 2011; Gousse et al. 2011; 
Khan et al. 2009] and some combine these with 
voiding diaries to provide objective data on symp-
toms [Dowson et al. 2012; Nitti et al. 2016; Sahai 
et  al. 2010; Veeratterapillay et  al. 2014]. A few 
studies do not report any specific efficacy out-
comes but it is inferred from discontinuation rates 
across treatment cycles [Frohme et al. 2010; Irwin 
et  al. 2013; Kuschel et  al. 2008; Mohee et  al. 
2013; Veeratterapillay et al. 2014].

Urodynamic outcomes
There are two studies which assess changes in 
urodynamic parameters after repeat injections. 
Sahai and colleagues showed a significant 
improvement in maximum cystometric capacity 
(MCC), a decrease in maximum detrusor pres-
sure and no reduction in bladder compliance 
(BC) across three injections Sahai et al. [2010]. 
This was confirmed by Granese and colleagues 
who found a persistent improvement in MCC 
and BC after the second treatment cycle and an 
average duration of urodynamic efficacy of 
9 months [Granese et al. 2012].

Voiding diaries
Voiding diaries following repeat injections have 
been analysed by four studies [Abeywickrama 
et al. 2014; Dowson et al. 2012; Nitti et al. 2016; 
Sahai et  al. 2010]. These studies have demon-
strated an improvement in frequency, urgency, 
and urgency incontinence (UI) compared with 
baseline. The phase III extension study showed an 
absolute reduction of UI episodes of around three 
per day which was sustained across six treatment 
cycles [Nitti et al. 2016]. This was combined with 
a consistent increase in volume voided, a reduc-
tion in urgency episodes and a decrease in fre-
quency episodes. Abeywickrama and colleagues 
reported an improvement in nocturia which was 
constant across three injections [Abeywickrama 
et al. 2014].

Quality of life and patient satisfaction scores
The early studies evaluated quality of life using 
the Urinary Distress Inventory 6 (UDI-6) and 
Incontinence Impact Questionnaire (IIQ-7) 
[Dowson et  al. 2012; Game et  al. 2011; Sahai 
et al. 2010]. Dowson and colleagues and Game 
and colleagues have shown a consistent improve-
ment in both scores following up to five injections 
[Dowson et al. 2012; Game et al. 2011].
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Recent studies have included global satisfaction 
scores and alternative questionnaires such as  
the International Consultation on Incontinence 
Questionnaire Short Form (ICIQ-SF) 
[Abeywickrama et al. 2014], Incontinence Quality 
of Life questionnaire (I-QOL) and Treatment 
Benefit Scale (TBS) [Nitti et  al. 2016]. These 
show that high quality of life scores and satisfac-
tion rates, up to 90%, are consistent across treat-
ment cycles.

Different preparations
AbobotulinumtoxinA (Dysport, Ipsen Biopharm 
Ltd, Slough, UK) and onabotulinumtoxinA are 
both type A serotypes but they are manufac-
tured using different isolation, purification and 
extraction processes [Brin et  al. 2014]. This 
results in different dosing units and they cannot 
be used interchangeably [Mangera et al. 2011]. 
The majority of published studies use onabotu-
linumtoxinA (BOTOX) as the only licensed 
preparation for refractory IDO [Dowson et  al. 
2012; Game et  al. 2011; Gousse et  al. 2011; 
Granese et al. 2012; Khan et al. 2009; Kuschel 
et al. 2008; Mohee et al. 2013; Nitti et al. 2016; 
Sahai et al. 2010; Veeratterapillay et al. 2014]. 
There are three studies which report the out-
comes for abobotulinumtoxinA [Abeywickrama 
et  al. 2014; Frohme et  al. 2010; Irwin et  al. 
2013]. These are smaller cohorts with fewer 
repeat injections and shorter follow up. They 
are spread across a range of doses for abobotuli-
numtoxinA from 250 to 750 U. This wide range 

of doses makes comparisons between prepara-
tions challenging. The recommended dose con-
version ratio is 3:1 (Dysport:BOTOX) [Irwin 
et al. 2013; Sampaio et al. 2004]; however, this 
ratio has been controversial, with some studies 
suggesting the true ratio lies between 2 and 
2.5:1 [Ravindra et al. 2013].

The most extensive study is a prospective case 
series including 33 women who had more than 
three injections of Dysport 500 or 750 U 
[Abeywickrama et al. 2014]. This study found a 
significant and sustained improvement in urinary 
frequency and quality of life scores across three 
treatment cycles. Given the limited data and 
uncertainties around dosage of abobotulinumtox-
inA, it appears that more studies are needed to 
confirm the long-term efficacy and safety profile 
of abobotulinumtoxinA.

Duration of effect
The duration of effect is an important factor for 
counselling patients and planning clinical ser-
vices. High-volume centres have increasing num-
bers of patients undergoing multiple repeat 
injections and need to plan availability of reinjec-
tion resources. The majority of studies report the 
‘reinjection interval’ and there is a wide range in 
the published data from 6 months to 26.7 months 
[Frohme et al. 2010; Irwin et al. 2013]. Two stud-
ies report a significant increasing interval with 
each injection [Abeywickrama et al. 2014; Irwin 
et  al. 2013], two studies report a decreasing 

Table 2. Number of repeat injections.

Study Number of injections

 1 2 3 4 5 6 7 8 9 10

Kuschel et al. [2008] 26 11 1 – – – – – – –
Khan et al. [2009] 81 24 13 6 4 1 – – – –
Sahai et al. [2010] 34 20 9 9 – – – – – –
Frohme et al. [2010] (in German) 40 15 4 1 – – – – – –
Game et al. [2011] 42 42 16 12 10 – – – – –
Gousse et al. [2011] 60 36 23 16 12 9 – – – –
Dowson et al. [2012] 100 53 20 13 10 5 3 1 1 1
Granese et al. [2012] 68 20 – – – – – – – –
Veeratterapillay et al. [2014]*$ – 125 60 28 14 3 3 2 – –
Nitti et al. [2016] 829 608 388 273 185 139 – – – –

*Includes patients with idiopathic detrusor overactivity and NDO.
$All patients received repeat injections.
NDO, neurogenic detrusor overactivity; NR, not reported.
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interval [Dowson et al. 2012; Sahai et al. 2010] 
and two did not find any change in interval across 
each injection [Khan et al. 2009; Veeratterapillay 
et al. 2014].

The variability of results is likely because the rein-
jection interval is not an accurate method of eval-
uating duration of effect as it can be confounded 
by multiple local factors such as waiting lists, 
minimum injection intervals [Sahai et  al. 2010; 
Veeratterapillay et al. 2014] and concomitant use 
of antimuscarinics to delay retreatment [Dowson 
et  al. 2012; Sahai et  al. 2010; Veeratterapillay 
et al. 2014]. A more reliable definition is used by 
the phase III extension study that reports the 
reinjection request time [Nitti et al. 2016]. The 
mean time between requests for reinjection was 
7.6 months but this was equally distributed 
between patients requesting retreatment before 
6 months, from 6 to 12 months, and beyond 
12 months. The longitudinal analysis showed that 
this request time either increased or remained sta-
ble across the six treatment cycles [De Ridder 
et  al. 2015]. A mean duration of efficacy of 
approximately 7–8 months is consistent with 
reports in neurogenic overactive bladder 
[Apostolidis et al. 2009] and in urodynamic stud-
ies showing return of detrusor contractility after 
BoNT-A injection [Rovner et al. 2011].

Adverse events

Urinary tract infection
Urinary tract infections (UTIs) are common after 
any endoscopic procedure but are more common 
following BoTN-A injection. The combined 
safety data from the two pivotal RCTs reported a 
rate of 25.5% with onabotulinumtoxinA and 
9.6% with placebo. The definition of UTI was a 
positive urine culture with bacteriuria count of 
more than 105 colony-forming units/ml, together 
with leukocyturia of over five per high power 
field, even in the absence of symptoms [Sievert 
et al. 2014].

The long-term extension study for one to six 
injections reported UTI rates as 17.0%, 16.1%, 
17.5%, 14.7%, 13.5% and 14.4%, respectively 
[Nitti et al. 2016]. Problems with recurrent UTIs 
post BoNT-A have been identified as the primary 
reason for cessation of treatment in 16.7% of 
patients undergoing repeat injection [Mohee 
et al. 2013].

Voiding dysfunction and clean intermittent self-
catheterization use
The risk of clean intermittent self-catheterization 
(CISC) due to voiding dysfunction is particularly 
concerning for patients with OAB who are less 
likely to have prior experience with catheteriza-
tion. Mohee and colleagues found that the need 
for CISC was the most common reason for cessa-
tion of treatment in a cohort in which two-thirds 
of patients had discontinued treatment at 3-year 
follow up [Mohee et al. 2013]. The rate of CISC 
is dose dependent. The phase III extension study 
has reported a CISC rate of 6.5% [Sievert et al. 
2014] for 100 U. However, earlier studies have 
suggested higher rates and have had different cri-
teria to instigate CISC [Brubaker et  al. 2008; 
Sahai et al. 2007].

Following a repeat injection, the risk of CISC is 
highly dependent on whether CISC has been 
required in previous treatment cycles. Khan and 
colleagues showed that the need for CISC 
remained stable over multiple injections and 
patients who required CISC after the first injec-
tion generally needed it with repeat injections 
[Khan et al. 2009].

Other adverse events
Other side effects of botulinum toxin include hae-
maturia, dysuria, complicated UTI and general-
ized muscle weakness. No study has reported 
worsening risk of haematuria or significant pain 
that persists after repeated injections. There are 
individual reports of patients with IDO experi-
encing general muscle weakness which is tran-
sient and resolves within a few weeks after the 
injection [Jeffery et al. 2007]. This rare side effect 
is more common in neurological patients but is 
seen in IDO at higher doses [Kuo et al. 2010]. No 
study has shown that this side effect occurs more 
frequently with repeat injections in IDO, although 
in patients with neurogenic overactive bladder 
there have been reports of cases of generalized 
muscle weakness which reoccurred with repeat 
injections [Pannek et al. 2009].

Histological and immunological effects

Histological effects
Although the action of single BoNT-A injections 
is reversible, there have been theoretical concerns 
that multiple injections could cause irreversible 
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histological changes, such as bladder fibrosis 
leading to reduced BC. Early animal studies sug-
gested BoNT-A injections led to apoptosis of the 
bladder urothelium and other studies have shown 
that it causes prostate atrophy by activating apop-
totic pathways in rats [Watanabe et al. 2010].

The results from animal experiments have not 
been replicated in human subjects [Kessler et al. 
2010]. Histological analysis of bladder biopsies 
from patients who received up to four injections 
has shown no significant evidence of fibrosis, 
hyperplasia or dysplasia [Apostolidis et al. 2008]. 
Other histological studies have shown a reduction 
in bladder fibrosis [Comperat et  al. 2006] and 
improved BC after up to four injections [Sahai 
et  al. 2010]. Although the medium-term histo-
logical results are positive, supplementary data 
are needed to confirm the long-term effects of 
exposure to BoNT-A injections.

Immunological effects
As BoNT-A injections are formed of nonhuman 
proteins, they have the potential to act as anti-
gens, leading to the formation of neutralizing 
antibodies [Naumann et al. 2013]. If produced in 
sufficient concentrations, these antibodies can 
inhibit the activity of botulinum toxin, leading to 
treatment resistance. The antigenicity of BoNT-A 
preparations depends on the amount of nonhu-
man protein which is presented to the immune 
system. The current formulations, on the market 
since 2001, have a reduced protein content with 
the aim of reducing the immunogenic potential of 
the toxin [Yablon et al. 2007].

A phase II dose-ranging randomized controlled 
trial in patients with OAB found antibodies in two 
patients (6.6%) receiving 150 U but their pres-
ence had no significant impact on efficacy [Denys 
et  al. 2012]. Antibody formation has been more 
extensively studied in patients with neurogenic 
detrusor overactivity (NDO) and these studies 
have produced equivocal results depending on the 
detection method used. One study used a mouse 
diaphragm assay to demonstrate the formation of 
antibodies in 8 out of 25 patients with NDO up to 
three months following a repeat injection [Schulte-
Baukloh et  al. 2008]. In contrast, a prospective 
study of children with NDO used an enzyme-
linked immunosorbent assay technique and 
found that while antibody titres may temporarily 
increase, they returned to baseline after 3 months 
and the presence of antibodies did not correlate 

with treatment failure [Kajbafzadeh et al. 2010].  
A meta-analysis of five studies investigating anti-
body conversion across multiple BoNT-A indica-
tions showed that the risk of developing antibodies 
was 0.49% (11 out of 2240 patients) and only 
three patients became clinically unresponsive to 
treatment [Naumann et al. 2010].

None of the studies evaluating medium- to long-
term outcomes in patients with OAB have specifi-
cally tested for the development of antibodies 
(Table 1). There are a few reports of nonresponse 
to treatment but it is important to distinguish 
between immunogenicity and other factors caus-
ing a poor response. There are multiple reasons 
for treatment failure, including improper vial 
storage, incorrect toxin reconstitution or poor 
administration techniques. Therefore, the long-
term potential for antibody formation is not fully 
established and to reduce the potential for anti-
body formation it is recommended that patients 
on long-term treatment continue to receive the 
lowest effective dose at the longest dose interval.

Conclusion
The current literature shows that repeated 
BoNT-A injections are safe and efficacious in 
patients with OAB. There is high-quality evi-
dence that efficacy following the first injection 
persists across multiple treatment cycles. Repeat 
injections do not appear to cause bladder fibrosis, 
antibody formation or increasing incidence of 
adverse events. There are no additional safety 
concerns from repeat injections although urinary 
tract infection and risk of clean intermittent self-
catheterization remain an issue and high discon-
tinuation rates outside of clinical trials require 
further investigation. The long-term outcomes 
are not as extensively reported, although medium-
term results are encouraging with reasonable data 
up to six injections. Supplementary data from 
larger cohorts are required to confirm significant 
and sustained long-term efficacy and safety.
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