World Journal of Urology
https://doi.org/10.1007/s00345-018-2456-7

ORIGINAL ARTICLE

@ CrossMark

Modifications to Botulinum toxin A delivery in the management
of detrusor overactivity recalcitrant to initial injections: a review

A.Doherty' - D. B. Hennessey' - J. R. Onggo? - W. Ranasinghe? - J. Gani*3

Received: 25 July 2018 / Accepted: 16 August 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Purpose One quarter of patients will not respond to initial intra-detrusor Botulinum toxin A (BTX) injections for detrusor
overactivity. Alternative treatment options include long-term catheterization, sacral neuromodulation, urinary diversion or
bladder augmentation. Some of these procedures are invasive. This review explores modifications to BTX delivery that can
improve outcome.

Methods A search of Medline, Embase and Cochrane Library to December 2017 was performed according to Preferred
Reporting Items for Systematic Review and Metaanalysis (PRISMA) guidelines. Search criteria included, dose escalation,
increasing injection site number, trigone injection, switching preparation and alternative methods of BTX delivery.
Results Several modifications to BTX delivery may improve response. There is moderate evidence that increasing the dose
from 100 U to 200 U results in statistically better symptom control. Trigone-including injections were associated with sig-
nificantly improved patient-reported symptom scores, as well as superior results in urodynamic outcomes without risking
urinary retention and vesico-ureteric reflux. Switching from onabotulinum (OTA) or abobotulinum (ATA) or vice versa may
also improve response in over 50% of patients as shown in limited studies. Increasing the number of injection sites is not
beneficial. Indeed, decreasing the number of injections to as low as three sites does not result in decreased clinical outcomes.
Injection-free delivery is associated with lower efficacy compared to conventional intradetrusor injections.

Conclusion Before contemplating alternative treatments, practitioners can try to improve on BTX delivery. Firstly, the dose
can be increased to 200 U; the trigone included in the injection sites and switching brands may also be helpful.

Keywords Bladder botox® - Intradetrusor botox® - Number of injection sites - Number of injections - BTX brand -
Treatment failure

Introduction

Refractory detrusor overactivity (DO) can cause consider-
able morbidity; in the case of neurogenic detrusor overac-
tivity (NDO), it can put the upper tracts at risk. When con-
servative treatments such as intra-detrusor Botulinum toxin
A (BTX) and sacral neuromodulation (SNM) have failed, the
last recourse for treatment is to surgically increase functional
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bladder capacity and decrease maximal detrusor pressure
[1]. In select patients, augmentation cystoplasty is a suit-
able procedure for recalcitrant DO. However, augmentation
cystoplasty can be considered major surgery and is not for
everyone. Patients who undergo the procedure must be pre-
pared to perform lifelong intermittent catheterization and
be aware of problems such as bladder stones, metabolic and
nutritional abnormalities, renal insufficiency and malignancy
[2]. In addition to this, one in three patients having the pro-
cedure will have a complication [3].

Instead of augmentation cystoplasty or SNM when initial
BTX has failed, various modifications to BTX administra-
tion have been reported to improve efficacy and outcome.
To date, no review exists regarding BTX modifications to
improve treatment outcome. Therefore, this review aims
to summarise current data regarding the impact of these
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modifications in patients with recalcitrant DO to initial BTX
treatments to aid urologists in treating these patients.

Methods
Systematic review

A review was performed in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) statement. This included pre-publication of our
intended analysis on PROSPERO, registration number is:
CRD42018090399. Criteria for considering studies for this
review were: Studies published in English in a peer-reviewed
journal. Only human patients of all ages with recalcitrant
DO of any type and at least one intervention of any sort. The
primary outcome is patient outcome with intervention(s).
The following electronic databases were explored; Cochrane
Central Register of Controlled Trials (CENTRAL) (1946-30
December 2017), EMBASE (1974-30 December 2017) and
MEDLINE (194630 December 2017). Separate searches
were carried out for each sub-topic of the review. Searches
utilised the Boolean operators as follows; (OR items #1-—#2)
AND (OR items #3—#8), searching for terms within abstracts
of English language studies, with items of 1. Bladder
Botox®, OR 2. Intradetrusor Botox®, AND 3. Dose, 4. Num-
ber of injection sites, 5. Number of injections, 6. Technique,
7. BTX brand, and 8. Treatment failure.

Data collection and analysis

Eligible studies measured the compliance of patients with
recalcitrant DO to modifications to intra-detrusor BTX and
SNM. Two independent authors screened the titles and
abstracts of identified studies and selected those that met
the pre-defined inclusion criteria. Identified studies were
screened by title and abstract, followed by a full-text review.
Articles were then progressed to data extraction, including
review of references. Uncertainty was resolved with dis-
cussion. A flow-chart was planned to illustrate sequential
screening of identified titles and is shown in Fig. 1.

Data extraction and synthesis

Two authors extracted data onto a pre-designed extraction
form. Data were recorded regarding:

Author, year of publication, journal, language, country,
study design and methodology, population, follow-up dura-
tion, compliance rates and other outcomes. The risk of bias
was assessed with the Newcastle—Ottawa Scale, in accord-
ance with the Cochrane Handbook [4]. Data extraction
was performed twice, to confirm accuracy. The final list of
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CENTRAL
1946-2017
33 Citation (s)

EMBASE
1946-2017
231 Citation (s)

PUBMED
1946-2017
239 Citation (s)

127 Non
duplicate
Citations
Screened

Inclusion/Exclusion
criteria applied

54 Articles
Reviewed

Inclusion/Exclusion
criteria applied
38 Articles
Included

Fig.1 PRISMA flow diagram of citations reviewed in the course of
a systematic review of treatment options for when initial intradetru-
sor Botox® fails. PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

73 Articles Excluded
After Title/Abstract screening
16 Articles Excluded
After Title/Abstract screening

included articles was determined by compliance with the
inclusion criteria and with the consensus of all authors.

Intra-detrusor Botulinum toxin A injections
Why does treatment fail?

Currently, there is no consensus decision as to what signi-
fies the failure of bladder BTX treatment. Peyronnet et al.
Studies examining [5] surveyed 21 experts in neuro-urology
in France, who suggested that BTX failure in neurogenic
detrusor overactivity should be defined both by clinical
parameters (e.g., persistence of urinary incontinence) and
urodynamic outcomes (e.g., persistence of a maximum det-
rusor pressure >40 cm H,0).

Limited studies have been carried out to try to predict
which patients are more likely to fail treatment. Makovey
et al. [6] suggested that patients with idiopathic detrusor
overactivity were more likely to fail on BTX if they had not
seen any improvement with anticholinergic medications, as
opposed to patients who could not tolerate anticholinergics
due to their side effects. Data from the RELAX study exam-
ined by Owen et al. [7] suggested that among female patients
with refractory detrusor overactivity, 23.8% had no change
in urgency episodes at 6 weeks, and 23% self-reported their
symptoms to be no better or worse. In this group, smoking
status and increased number of leakage episodes at baseline
were associated with a higher risk of failure.

Similar rates of treatment failure were quoted among
NDO patients by Leitner et al. [8] who pointed out that
over 10 years, 40% of the patients studied discontinued
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treatment with BTX. Around half of these (21%) stopped
due to lack of clinical effect. Joussain et al. [9] also exam-
ined long-term outcomes in NDO patients and found that
predictive factors for treatment failure included the pres-
ence of pre-treatment of urinary incontinence, higher max-
imum detrusor pressure, a higher number of febrile urinary
tract infections (UTIs) and decreased bladder compliance.
Additionally, Lacout et al. [10] suggested that longer dura-
tion of symptoms before commencing BTX for NDO was
predictive of primary failure.

New data are emerging on the role of antibody pro-
duction in BTX treatment failure. Neutralising antibodies
directed against Botulinum Toxin proteins can lead to loss
of clinical effect. However, in the past, this has been more
commonly associated with patients receiving frequent
high doses of onabotulinum toxin A for the treatment of
cervical dystonia [11]. A more recent meta-analysis by
Naumann et al. [12] analysed 2240 patients receiving
onabotulinum toxin A for various indications including
non-urological ones. Only 0.49% of patients who were not
antibody positive at the start of treatment converted into
antibody positive during treatment. In the 22 patients with
overactive bladder (OAB) who had BTX, none produced
antibodies. Additionally, the effects of antibody positivity
on treatment efficacy were considered clinically negligible.

Although the failure of BTX for OAB is still relatively
poorly understood, it can be concluded that it is likely
multi-factorial. Patients with more severe disease before
treatment commencement seem to have a higher likelihood
of treatment failure, and while this should not necessar-
ily deter the clinician from using BTX, this would be an
essential counselling point for these patients.

Approaches when initial treatment fails

Current guidelines recommend the use of BTX when
symptoms of overactive bladder (OAB) are refractory to
therapy with conservative or lifestyle measures, and oral
medications [13]. Unfortunately, a subset of patients fail
to achieve adequate improvement in their symptoms with
standard administration of intra-detrusor BTX injections
[14]. The purpose of this review was to examine how a bet-
ter outcome could be achieved for a patient who initially
had a poor result with BTX, to avoid them progressing to
more invasive surgical options. In particular, the following
approaches were assessed: dose escalation, injection site
variation, injection number variation and differences in
outcome due to changing brand. Additional to this, novel
data regarding BTX tolerance and injection-free delivery
were examined.

Dose escalation

The recommended initial starting treatment dose of
Onabotulinum Toxin A for idiopathic DO is 100 units (U)
[13, 15, 16]. A number of dose-ranging studies have been
performed, which compare low/standard doses of Botox®
(50 U/100 U) of onabotulinum toxin A to higher doses
(150 U/200 U/300 U) [14, 17-25]. Several general conclu-
sions can be drawn from the data. Compared to placebo,
onabotulinum toxin A injections result in a statistically sig-
nificant improvement in symptoms [17, 21-24]. 150 U and
200 U doses resulted in statistically better symptom control
compared to lower doses [14, 21, 22]. Dmochowski et al.
suggested further benefit from a dose of 150 U, however
minimal additional benefit beyond this [22] and Cohen
et al. suggested a non-significant trend that patients with
idiopathic DO and incontinence tended to be drier when
given a higher dose of 150 U as opposed to 100 U [14].

Higher doses tended to be more durable and lasted longer
than lower doses too. Kuo et al. [25] reported a shorter
duration of action with 100 U, compared with 150 U and
200 U, however, no difference in urodynamic parameters
and a reduced risk of urinary retention. The highest dose of
onabotulinum toxin A (300 U) was not statistically superior
to 200 U. It was associated with a higher incidence of uri-
nary retention and urinary tract infection (UTI) among the
group treated with the higher dose of 200 U [17, 22].

Little evidence exists regarding alteration of an already
established dose of intra-detrusor Botox® to a lower dose. A
study by Malki et al. [26] reported retrospective data on 44
patients (both neurogenic and idiopathic DO) who had been
receiving a dose of 300 U Onabotulinum toxin A but were
switched to 200 U to comply with new guidelines. Although
the majority of patients continued to note similar sympto-
matic improvement with the lower dose, a subset of patients
did report subjective worsening of their symptoms — 18% of
the idiopathic DO group. Of the neurogenic detrusor overac-
tivity (NDO) group, 25% of patients reverted to the higher
dose of 300 U with good effect.

In reality, there is a lack of high-quality evidence exam-
ining the effects of up-titrating the dose of intra-detrusor
Botox®. But several studies suggest that some patients may
respond to a higher dose of 200-300 U. However, this comes
with an increased risk of adverse effects such as UTI and
urinary retention. Data on randomised control trials report-
ing on dose escalation of Botox® are summarised in Table 1.

Injection site variation
Conventional wisdom regarding the administration of blad-
der BTX has been to avoid the bladder base and trigone,

in an attempt to avoid vesico-ureteric reflux (VUR) [13].
However, the evidence base for this is limited, and it has
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Table 1 Studies examining BTX dose escalation

Study type Pathology ~ Agent Dose(s) N  Results
Rovner et al. [17] Multicentre, double-blind NDO OTA  Placebo/200 U/300 U 691 A significant difference
RCT between OTA and placebo.
No difference between
doses
Ginsberg et al. [18] Multicentre, double-blind NDO OTA  Placebo/200 U/300 U 416 Significant difference with
RCT OTA, no improvement with
300. Higher risk of ISC/
large PVR
Cruz et al. [19] Multicentre, double-blind NDO OTA  Placebo/200 U/300 U 275 Significant difference
RCT between OTA and placebo.
No difference between
doses
Grise et al. [20] Multicentre, double-blind NDO ATA 500 U/750 U 78 No significant difference
RCT between 500 and 750 U
Apostolidis et al. [21] Double-blind, RCT, NDO OTA  Placebo/50 U/100 U200 U 73 Significant improvement
parallel group study with 200 U compared to
lower doses
Dmochowski et al. [22] Multicentre, double-blind IDO OTA  Placebo/50 U/100 313 OTA better than placebo, no
RCT U/150 U/200 U/300 U improvement with doses
over 150 U
Schurch et al. [23] Double-blind, RCT, NDO OTA  Placebo/200 U/300 U 59 No significant difference
parallel group study between 200 U and 300 U
Sussman et al. [24] Multicentre, double-blind NDO OTA  Placebo/200 U/300 U 275 No significant difference
RCT between 200/300
Cohen et al. [14] Randomised, prospective IDO OTA 100 U/150 U 44 No statistical difference
study though patients who were

Kuo, et al. [25] Randomised, prospective, IDO and

single-blind study NDO

wet tended to be drier with
150

OTA 100 U/150 U/200 U 75 Significantly shorter duration

of action with 100 U, how-
ever also fewer side effects

N number, RCT randomised control trial, /DO idiopathic detrusor overactivity, NDO neurogenic detrusor overactivity, U units, OTA onabotuli-

num toxin A, ATA abobotulinum toxin A

more recently been suggested that inclusion of the trigone
may lead to improved efficacy without an increase in com-
plications [27]. It has been identified that the suburothelial
afferent nerve plexus is particularly dense in the bladder base
and trigone; therefore, it would follow that injection of BTX
to these regions would lead to higher efficacy [28].

A comprehensive systematic review on this topic was
recently undertaken by Jo et al. [27]. Overall, 334 patients
were included in five trials. Trigone-including injections
were associated with significantly improved patient-reported
symptom scores, as well as superior results in urodynamic
outcomes (detrusor pressure, volume at first desire to void)
compared to the trigone-sparing approach. The five studies
analysed did not report rates of VUR post-procedure. How-
ever, the adverse effects that were reported (urinary tract
infection, haematuria, general weakness, and high post-void
residual) did not vary between the groups. Furthermore, Jo
et al. also examined suburothelial Vs intradetrusor injection
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and found that there was no difference in outcome between
these techniques [16].

Emerging data suggest that injection technique for blad-
der BTX should include the base and trigone, and that to
do so does not increase the risk of VUR. For a patient with
suboptimal outcomes using the conventional trigone-sparing
approach, a switch to trigone-including could lead to better
results.

Injection site number variation

Although techniques vary, the standard method of admin-
istration of 100 U of onabotulinum toxin A is to dilute to
10 ml and deliver in 0.5 ml aliquots to 20 sites around the
bladder wall [13]. As this procedure is now increasingly per-
formed under local anaesthetic, there has been some interest
in decreasing the number of injections to improve tolerabil-
ity under local anaesthetic.
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Mehnert et al. performed a small study of six patients,
who received an injection of onabotulinum toxin A, partly
diluted with a contrast agent, in either 10 or 30 injections
[29]. Shortly after Botox® administration, the patients
underwent MRI scanning. The MRI results showed similar
amounts of contrast agent found within the detrusor mus-
cle and a comparable percentage cover of detrusor volume
between the two injection techniques.

Three more recent studies examining different numbers
of injection sites are summarised below. Although overall
patient numbers are low, results between these studies are
consistent. The most extensive study performed by Liao
et al, who examined 67 patients with either idiopathic DO or
NDO, randomised to receive 100 U of onabotulinum toxin A
in 10, 20 or 40 injections [30]. No significant difference was
found regarding patient-reported or urodynamic outcomes
between the three groups. However, they did not demon-
strate any benefit for reduced injection sites regarding patient
tolerability or adverse effects. Similarly, Karsenty et al.
noted no difference between 30 and 10 injection sites [31].
Most recently, Avallone et al. reported the efficacy of one
Vs. three injection sites in a less-is-more study and found
similar efficacy and side effect profile compared to published
data for the standard 20 injection site technique [32].

Thus, the number of injection sites may be safely reduced
and appears to give similar results compared to standard
regimes. Although this may be advantageous regarding
reduction in operating time and patient comfort, it is unlikely
that altering this variable will improve outcomes for patients
with a suboptimal response to BTX treatment. Data on trials
reporting on number of injection sites of BTX are summa-
rised in Table 2.

Brand variation
In the United Kingdom, the only licensed preparation for
treatment of idiopathic DO and NDQO is onabotulinum toxin

A (Botox®, Allergan). Abobotulinum toxin A (Dysport®
Ipsen Biopharmaceuticals Inc.) is also used but is used

Table 2 Trials reporting on Injection site number

off-license. A small but potentially useful body of data exists
regarding switching patients who have previously failed on
one of these brands on to the other.

A paper by Peyronnet et al. [33] retrospectively analysed
the charts of 58 patients for whom initial intra-detrusor
injection (either onabotulinum (OTA) or abobotulinum
(ATA) treatment) was unsuccessful. Failure was defined
broadly as the persistence of urinary urgency, inconti-
nence or urodynamic detrusor overactivity. Half of these
patients had a second treatment with the same brand, while
the other half received treatment with the other agent. The
success rate in the group that switched toxins was 51.7%,
significantly higher than the 24.1% of patients who had suc-
cess with a second injection of the same agent. Treatment
outcomes were the same regardless of the direction of the
change (abobotulinum to onabotulinum or vice versa).

Two similar studies have subsequently been published,
one again by Peyronnet et al. [34] examining the switch from
ATA to OTA, and Bottet et al. [35] studying the switch from
onabotulinum to abobotulinum. Although these studies were
small (26 and 57 patients, respectively), non-randomised and
without controls, they demonstrated consistent results. In
both trials, just over 50% of patients saw improvement in
clinical or urodynamic outcomes after the switch to the sec-
ond agent. Crucially, while the work by Peyronnet and his
team focussed on patients with primary treatment failure, the
work by Bottet et al. included patients with secondary treat-
ment failure, and success rates after a switch to ATA were
shown to be similar between these two groups. Bottet et al.
also found lower rates of success after switching agents with
patients whose bladder compliance was recorded as <20 ml/
cm H20, possibly suggesting that for this subset of patients,
earlier consideration of surgical options may be appropriate.
The work of both of these groups focussed solely on neu-
rogenic detrusor overactivity and no data were found per-
taining to switching agent in patients with idiopathic DO.
For either primary or secondary treatment failure, there is
evidence that switching to a different agent may be of ben-
efit. However, all trial data come from patients with NDO.

Study Type Pathology Number of sites N Results
Mehnert et al. [29] Experimental prospective NDO 10 vs. 30 6 On MRI, comparable cover of detrusor
volume
Avallone et al. [32] Prospective, non-randomised cohort NDO and IDO 1-3 45 Similar results for efficacy and side
study effect profile compared to published
data for the standard technique
Karsenty et al. [31] Prospective, randomised, single- NDO 10 vs 30 30 Similar rates of efficacy and complica-
blind study tions between the two groups
Liao et al. [30] Randomised, single-blind, parallel, =~ NDO 10 vs 20 vs. 40 67 Similar rates of efficacy and complica-
actively controlled trial and IDO tions between all groups

N number, vs versus, /DO idiopathic detrusor overactivity, NDO neurogenic detrusor overactivity
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Fig.2 Suggested treatment
algorithm for recalcitrant DO.
U units

Urodynamically proven
detrusor overactivity

v

’ 100 U intradetrusor onabotulinum toxin A ‘

¥
’ No clinical response |

\

200 - 300 U intradetrusoronabotulinum
toxin A trigone sparing

I

No clinical response |

I

Augmentation
cystoplasty

neuromodulation

200 - 300 U intradetrusoronabotulinum
toxin A inject trigone

Sacral

For a certain subset of patients (e.g. those with poor bladder
compliance) there may be a lower likelihood of success.

Figure 2 shows a treatment algorithm for the management
of patients who have refractory DO to initial 100 U BTX
injections. When a patient fails initial treatment, subsequent
treatment options include increasing BTX dose, involving
the trigone in BTX injections and switching brands. Should
the patient remain refractory to BTX still, SNM and aug-
mentation cystoplasty are treatment options that could be
considered at any stage.

Injection-free delivery

A drawback of bladder BTX treatment is the mode of deliv-
ery. The procedure is often performed under local anaesthe-
sia and is well tolerated, but is still unacceptable to some
patients. Additionally, maintaining position for cystoscopy
may be challenging for patients with underlying neurologi-
cal disorders. Recent interest has turned to the possibility of
injection-free delivery. Not only would this improve accept-
ability and ease of delivery, but also theoretically should
lower the risk of urinary retention, as penetration should be
limited to the sensory nerves in the urothelium and not to
the deeper detrusor.

Kuo et al. and Chuang et al. have performed small-
scale placebo-controlled studies of liposome-encapsulated
onabotulinum toxin A on patients with proven idiopathic
overactive bladder [36, 37]. In both studies, the formula-
tion used contained 200 U onabotulinum toxin A with 80 g
sphingomyelin liposomes. This formulation was instilled
into the bladder with a 6Fr catheter and left in situ for 1 h.
Both studies demonstrate a short-term reduction in urinary
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No clinical response |

Consider switching to Abobotulinum
toxin A

)

No clinical response |

frequency episodes compared to placebo; results regarding
urinary urgency were inconclusive, and there is no signifi-
cant improvement of urge urinary incontinence episodes.
There were significant exclusion criteria including patients
with neurological disorders, previous radiotherapy and a
PVR > 150 ml. Importantly, there were no episodes of uri-
nary retention demonstrated in either study. Additional stud-
ies showed similar results [38].

Liposome-encapsulated delivery probably has lower
efficacy compared to conventional intradetrusor injections.
However, it may be appropriate in some patients, for exam-
ple, those at high risk of urinary retention, patients who can-
not tolerate traditional treatment, and those who find it dif-
ficult to maintain position for cystoscopy. Work in this area
is in its early stages, and more data are needed, particularly
with regards to neurogenic patients, and long-term efficacy.

Conclusion

If a patient with DO fails their initial treatment of 100 U
intradetrusor BTX, various modifications to BTX deliv-
ery exist that can be utilised prior to considering invasive
options. There is evidence that increasing the injected dose
from 100 to 150-200 U can be beneficial. If the initial treat-
ment spared the trigone, injecting the trigone on subsequent
treatments may also help. Additionally, switching the brand
from onabotulinum to abobotulinum may also be valuable.
Increasing the number of injection sites does not increase
clinical response and liposome-encapsulated delivery is an
emerging option but evidence for its efficacy is lacking.
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