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Editorial

Assessing the Use of BotulinumtoxinA for Hyperactive Urinary
Tract Dysfunction a Decade After Approval

Heinrich Schulte-Baukloh 1,2,3

1 Department of Urology, Charité—University Hospital, 12203 Berlin, Germany;
heinrich.schulte-baukloh@charite.de

2 Urologic Practice Turmstrasse, 10551 Berlin, Germany
3 Department of Urology, University Hospital Brandenburg, 14770 Brandenburg, Germany

Botulinum toxin was approved by the Food and Drug Administration in 2011 for
neurogenic bladder and in 2013 for idiopathic overactive bladder (OAB). In this Special
Issue, we address the question of where we stand with this therapy a decade later. Has
it prevailed and been proven useful? Which techniques have become established, and
how were they optimized? Are more practical ways of distribution on the way? What
acceptance problems or obstacles to long-term use might exist among patients or doctors?
What are the risks? Has the therapy gained a foothold in the outpatient sector?

We are pleased to present you with diverse, largely practical aspects of botulinum
toxin-A detrusor injections (BoNT/A-DI).

A review by E. Enemchukwu et al. (1) summarizes interesting aspects of various injec-
tion techniques from 43 seminal articles. Ongoing debate exists on whether 20 injections
are necessary (as recommended in the AbbVie package insert) or fewer would achieve the
same results. Based on this work, evidence suggests that fewer injections (comparing 1–10
vs. 20–40) maintain efficacy while reducing treatment time and the associated discomfort
and pain. Various injection sites in the bladder lead to different levels of effectiveness,
seemingly higher for detrusor (although this may result in an increased risk of urinary
retention) than suburothelial injections. These authors believe that including the trigone is
safe and effective without increasing the risk of vesicoureteral reflux. This will likely lead
to widespread adoption of co-injection of the trigone as a standard procedure, and maybe
10-15 injections might become standard as well.

K.S. Eilber et al. (2) summarize the practical experience of a panel of experts (each
with a high weekly patient throughput of 10–20 BoNT/A-DI), who discussed how and
when BoNT/A-DI should be introduced to patients as an option for OAB treatment. They
also discussed effective procedures for the day of treatment and follow-up care to ensure
a positive treatment experience for patients and improve compliance with this long-term
therapy. Important best practices include providing patients with clear advice on available
OAB therapies, including BoNT/A-DI, during the initial consultation. A practice setting is
preferable to an inpatient hospital setting for performing the procedure. Staff involvement
(including scheduling through to follow-up treatment) is essential for a positive patient
experience and compliance with this repeated therapy. The panel favored viscous lidocaine
bladder instillation (diluted with 5 to 10 mL of normal saline) as an anesthetic. Room for
improvement may exist to my opinion. According to the experts, up to 20 injection sites
are acceptable, but fewer is preferable. Subsequent treatments should be scheduled in a
standardized manner from the outset at six-month intervals, with the option of repeating
the treatment earlier (at least 12 weeks) if symptoms recur. I suppose, this rigid six-month
interval is likely open to discussion.

Toxins 2025, 17, 351 https://doi.org/10.3390/toxins17070351
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A practical discussion is presented in the article by M. Oelke (3): Is much of the
BoNT/A possibly lost when injected “non-functionally” through the bladder wall into
the perivesical tissue? The bladder wall becomes thinner with increasing filling and has a
thickness of just 2 mm at a bladder filling of 100 mL—but only in healthy volunteers. Any
injection with a longer injection needle of >2 mm and greater bladder filling than 100 mL
thus appears to be ineffective into the “periphery”. The author’s main recommendations
are to (1) perform pretreatment ultrasound imaging of the bladder to estimate bladder wall
thickness and adjust the injection depth accordingly; (2) fill the bladder as little as possible,
ideally below 100 mL(my opinion: makes it difficult to inject the flaccid bladder); (3) use
short needles, ideally 2 mm; and (4) provide sufficient anesthesia and pain management to
avoid patient movements during the injection therapy.

Time and again, colleagues and researchers have tried to identify predictors of good
BoNT/A outcomes to inform patients about the expected success. A wide variety of
literature exists on this topic, including men and women. The study presented here by M.
Manso et al. (4) presents the results of 368 female patients only. The predictors of efficacy
included lower pre-treatment pad usage and the absence of prior sling placement. Repeat
injections (at least one) were required by 60.3% of the patients. Thus, only just over half
appear to stick with the therapy or repeat it at least once. The average injection interval in
this study was 18 months, due to logistical challenges (which raises the question of how
patients bridge the interval when the effect of the BoNT/A-DI wears off). Of all patients,
74.5% reported a complete discontinuation of pad usage after treatment, so the rate of 100%
continence is outstanding. Importantly, patients who had undergone sling placement were
less likely to achieve continence. The low rate of urinary retention (1.1%) and urinary tract
infections requiring antibiotics (7.9%) reflects the low-adverse-effect nature of the therapy.

A systematic review and meta-analysis by P.H. Yu et al. (5) of 26 randomized controlled
trials and 3,876 patients addresses the adverse effects (especially urinary tract infections
[UTIs] and urinary retention) of BoNT/A-DI in neurogenic bladder and OAB patients. The
incidence of UTIs in the onabotulinumtoxinA 100 U group of OAB patients was 22.7%,
compared with 9.4% in the placebo group (relative risk [RR], 2.53; p < 0.00001), with a trend
to a higher incidence of UTI with higher BoNT/A doses. The pooled incidence of UTIs in
the onabotulinumtoxinA group of neurogenic patients was 48.4% (RR, 1.54), regardless
of the dosage used. The optimal regimen of antibiotic prophylaxis within the context
of BoNT/A injection seems to require further studies. The most feared adverse effect
among patients was urinary retention. Ten studies investigated urinary retention in the
context of iOAB. The pooled retention rates were approximately 1.0% in the placebo group,
6.7% in the onabotulinumtoxinA-100U group, and 20.1% in the onabotulinumtoxinA-200U
group. The risk of urinary retention was 7.32 times higher in the BoNT/A group than in
the placebo group. This is a surprisingly high value, which is unlikely to be reflected in
the everyday practice of high-volume centers. Again, the topic of urinary retention thus
remains a topic for future research.

Our working group addressed two topics (6 and 7)—the question of pain reduction
through the use of thinner needles and the patient-preferred anesthesia method: local
versus general. The overall pain score for BoNT/A injections was 2.5 ± 0.3, which is in
the very moderate range, and the use of thinner needles could be preferred (assuming
otherwise equal quality and practicality criteria). Despite the higher anxiety and pain
burden, patients still preferred local over general anesthesia overall.

A completely different use of BoNT/A injections is presented by W.C. Huang et al.
(8)—not for the overactive but for the underactive bladder with chronic urinary reten-
tion, a condition that we regularly encounter in everyday practice. The treatment of this
condition receives too little attention, so this article is worth reading. The authors per-
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formed a transvaginal ultrasound-guided external sphincter injection and a simultaneous
transurethral bladder neck incision in 16 patients, with good therapeutic results.

Finally, H. Ibrahim et al. (9) present highly interesting and, based on previous knowl-
edge, unexpected results. To investigate the role of SNAP-25 cleavage in the previously
known BoNT/A-dependent inhibition of sensory signals, they developed a recombinant
form of BoNT/A with an inactive light chain (rBoNT/A (0)), which cannot induce muscle
paralysis. They also developed recombinant proteins consisting only of the light chain
(LC) domain to better understand the uptake mechanisms, since the heavy chain of the
protein is responsible for the internalization of the light chain. They showed that, despite
lacking catalytic activity, rBoNT/A (0) inhibited the afferent signaling pathways even more
strongly than catalytically active rBoNT/A. This was also evident in the studies of LC-only
proteins, where the inactive rLC/A (0) protein inhibited afferent signaling pathways signif-
icantly more than the active rLC/A protein. Consequently, immunohistochemistry did not
detect cleaved SNAP-25, and purinergic and nitrergic antagonists partially and completely
reversed the sensory inhibition, respectively. These data suggest that BoNT/A inhibition
of sensory nerve activity in this assay is not due to the classic, well-characterized “dual
receptor” mechanism of BoNT/A since it is, at least partially, independent of SNAP25
cleavage and involves previously explored nitrergic and purinergic signaling mechanisms.

We hope that this Special Issue will provide you with an interesting and up-to-date
compilation of important topics in urological BoNT/A therapy.

Funding: This research received no external funding.

Conflicts of Interest: HSB is an consultant for AbbVie and regularly conducts workshops for the
BoNT/-DI.
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Article

A Novel Catalytically Inactive Construct of Botulinum
Neurotoxin A (BoNT/A) Directly Inhibits Visceral
Sensory Signalling

Hodan Ibrahim 1,2, Kevin Retailleau 3, Fraser Hornby 2, Jacquie Maignel 3, Matthew Beard 2

and Donna Marie Daly 1,*

1 School of Pharmacy and Biomedical Sciences, University of Central Lancashire, Preston Campus,
Preston PR1 2HE, UK

2 Ipsen, Abingdon OX14 4RY, UK; fraser.hornby@ipsen.com (F.H.); matthew.beard@ipsen.com (M.B.)
3 Ipsen, 5 av Canada, 91940 Les Ulis, France; kevin.retailleau@ipsen.com (K.R.);

jacquie.maignel@ipsen.com (J.M.)
* Correspondence: ddaly3@uclan.ac.uk

Abstract: Botulinum neurotoxin A (BoNT/A) is a potent neurotoxin that silences cholinergic neuro-
transmission through the cleavage of the synaptic protein SNAP-25. Previous studies have shown
that, in addition to its paralytic effects, BoNT/A can inhibit sensory nerve activity. The aim of this
study was to identify how BoNT/A inhibits afferent signalling from the bladder. To investigate
the role of SNAP-25 cleavage in the previously reported BoNT/A-dependent inhibition of sensory
signalling, we developed a recombinant form of BoNT/A with an inactive light chain, rBoNT/A (0),
unable to paralyse muscle. We also developed recombinant light chain (LC)-domain-only proteins to
better understand the entry mechanisms, as the heavy chain (HC) of the protein is responsible for
the internalisation of the light chain. We found that, despite a lack of catalytic activity, rBoNT/A (0)
potently inhibited the afferent responses to bladder distension to a greater degree than catalytically
active rBoNT/A. This was also clear from the testing of the LC-only proteins, as the inactive rLC/A
(0) protein inhibited afferent responses significantly more than the active rLC/A protein. Immunohis-
tochemistry for cleaved SNAP-25 was negative, and purinergic and nitrergic antagonists partially and
totally reversed the sensory inhibition, respectively. These data suggest that the BoNT/A inhibition
of sensory nerve activity in this assay is not due to the classical well-characterised ‘double-receptor’
mechanism of BoNT/A, is independent of SNAP25 cleavage and involves nitrergic and purinergic
signalling mechanisms.

Keywords: botulinum toxin; sensory; bladder; nerve; mechanosensitivity

Key Contribution: This study suggests that the ability of BoNT/A to inhibit sensory nerves is not
dependent on SNARE cleavage but rather related to some other activity of the light chain region of
the molecule. This unexpected discovery may have important implications regarding the efficacy
and potency of BoNT/A when used clinically for conditions in which sensory inhibition may be
beneficial (i.e., pain and/or hypersensitivity).

1. Introduction

Botulinum neurotoxin serotype A (BoNT/A) is a member of a family of potent neu-
rotoxins produced by the bacteria Clostridium botulinum (see [1] for review). These
neurotoxins are the cause of botulism, a potentially lethal disease resulting in muscle
paralysis and asphyxiation [2]. The BoNT/A protein is composed of a heavy chain (HC)
of 100 kDa and a light chain (LC) of 50 kDa, each with functionally distinct properties.
The HC contains two functional domains, a receptor-targeting domain and a translocation
domain. The receptor-targeting domain preferentially targets cholinergic neurons, and,

Toxins 2024, 16, 30. https://doi.org/10.3390/toxins16010030 https://www.mdpi.com/journal/toxins5
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once bound, the translocation domain translocates the LC into the cytoplasm. The paralytic
effect of BoNT/A has been well documented and is primarily due to the ability of the LC
to bind to and cleave the intracellular SNAP-25 protein, a crucial member of the soluble
N-ethylmaleimide-sensitive fusion protein (NSF) attachment protein receptor (SNARE)
complex that mediates neurotransmitter release. This leads to the inhibition of the release of
acetylcholine (ACh) at the neuromuscular junction, resulting in sustained muscle paralysis.
Despite its prominence as a potent toxin, BoNT/A has been used widely in the clinic
for cosmetic and medical indications, where its paralytic effects are exploited to provide
targeted inhibition of muscle contraction [3,4].

In recent years, BoNT/A formulations have been approved as a treatment for over-
active bladder syndrome (OABS), a condition characterised by the symptoms of urinary
urgency with or without incontinence and frequent urination. BoNT/A was initially be-
lieved to provide relief for OABS by inhibiting the contractility of the bladder smooth
muscle via an effect at the presynaptic/parasympathetic level. However, the diagnostic
criteria for OABS are largely dependent on the presence of urinary urgency [5], a symptom
that is believed to be caused by the hyperactivity of peripheral afferent pathways or by
central sensitisation leading to a heightened perception of peripheral input to the brain,
rather than muscle contraction [6].

Clinical studies investigating the efficacy of BoNT/A in the treatment of OABS have
shown significant reductions in the incidence of urgency [7–11], indicating that, in the
lower urinary tract (and potentially elsewhere), BoNT/A may work via a non-classical
mechanism, which might not involve the perturbation of ACh release. An experimental
study using mouse tissue has shown that BoNT/A can directly inhibit the sensory responses
of intramural afferent nerves from the mouse bladder [12]. Antinociceptive effects unrelated
to muscle paralysis have also been reported in the literature, where BoNT/A treatment
caused a significant reduction in formalin- or carrageenan-evoked pain responses of the
rat [13,14].This has been further confirmed by experimental findings that show a significant
inhibition of trigeminal neurons following BoNT/A treatment [15,16]. While the effect of
BoNT/A on muscle contractility is well documented and understood, evidence from these
studies points to a direct sensory effect of BoNT/A that is not sufficiently explained by the
inhibition of ACh release at neuromuscular junctions.

The aim of this study was to understand the mechanisms involved in the BoNT/A-
mediated modulation of sensory signalling. For the first time, we show that the significant
inhibition of afferent nerve signalling was achieved without evidence of cleaved SNAP-25
and by molecules that did not include the receptor binding or translocation domains of
BoNT/A. These findings propose a novel mechanism by which BoNT/A may inhibit
visceral hypersensitivity without causing muscle paralysis.

2. Results

2.1. AboBoNT-A Directly Inhibited Sensory Nerve Firing from the Bladder

To investigate the effect of 100 U/mL aboBoNT-A on the ability of intramural afferent
nerves to detect physiological and nociceptive levels of bladder distension, we used a well-
characterised ex vivo preparation that facilitated the concomitant recording of intravesical
pressure and afferent nerve firing. The distension of the bladder to 50 mmHg caused a
graded increase in afferent nerve discharge consistent with the recruitment of a number of
mechanosensitive pelvic and hypogastric afferent nerve units. This typical afferent response
was significantly blunted following treatment with 100 U/mL aboBoNT-A. Figure 1A
shows a reduction in the mechanosensitive responses to filling 90 min after treatment
with 100 U/mL aboBoNT-A. AboBoNT-A significantly reduced mechanosensitive afferent
firing over the 90 min protocol (Figure 1B). To explore whether there was a temporal
element in the aboBoNT-A-induced inhibition, the levels of inhibition at the measured
time points were compared. It was found that, 30 min after treatment, peak nerve firing at
50 mmHg was reduced by 18.2% (±6.23%), while by 90 min post-treatment, nerve firing
was reduced by 32.5% (±10.7%). However, the data showed no difference between the
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action of aboBoNT-A on units firing at physiological pressure (15 mmHg) and at nociceptive
pressure (50 mmHg) (Figure 1C). Bladder compliance appeared to be slightly increased
following aboBoNT-A treatment (Figure 1D).

Figure 1. aboBoNT-A directly inhibited mechanosensitive firing. (A) A representative trace show-
ing the response of afferent nerves to distension prior to (control) and 90 min after application of
100 U/mL aboBoNT-A. (B) Afferent responses to distension were significantly reduced in prepa-
rations that received intravesical aboBoNT-A (n = 9) compared to vehicle-treated (n = 13) prepa-
rations (p < 0.0001; two-way ANOVA). (C) Percentage change in peak firing at 15 and 50 mmHg
showed no difference between the early and later time points (p = 0.1003; n = 9; two-way ANOVA).
(D) The pressure–volume relationship was significantly lower in preparations that received intrav-
esical aboBoNT-A (n = 9) than in vehicle-treated (n = 13) preparations (**** = p < 0.0001; two-way
ANOVA).

2.2. Investigation of the Presence of SNAP-25 and cSNAP-25 within the Bladder Wall

Using immunohistochemistry, the expression of SNAP-25 and the cleaved form of
SNAP-25 (cSNAP-25) that remains following BoNT/A cleavage was investigated.

As shown in Figure 2, SNAP25 immunoreactivity (SNAP-25-IR) was found throughout
the detrusor smooth muscle layers of the bladder wall in a staining pattern reminiscent
of nerve fibres. The level of staining was similar between the vehicle-treated control
preparations and the aboBoNT-A-treated preparations, which suggests that aboBoNT-A
did not affect the expression of the full-length SNAP-25 protein.

7
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Figure 2. SNAP-25 immunoreactivity in the bladder wall. A representative figure showing vehicle-
treated (a,b) and aboBoNT-A-treated (c,d) bladder samples labelled with anti-SNAP-25 antibody.
SNAP-25 immunoreactivity is labelled by black arrowheads, found predominantly in the suburothe-
lial and detrusor layers. Images labelled as U—urothelium, SU—suburothelium and D—detrusor
smooth muscle.

There was no detectable cSNAP25 immunoreactivity in either the aboBoNT-A-treated
or vehicle-treated control bladder tissue (Figure 3). The cSNAP-25 antibody was validated
as being able to detect cleaved SNAP25 in tissue sections, against sections of rat skeletal
muscle from animals previously treated with the aboBoNT-A toxin (see Supplementary
Figure S1).

 

Figure 3. cSNAP-25 immunoreactivity within the bladder wall. A representative figure showing
vehicle-treated (a,b) and aboBoNT-A-treated (c,d) bladder samples labelled with anti-cSNAP-25
antibody. No positive staining was found in vehicle- or aboBoNT-A-treated samples. Images labelled
as U—urothelium, SU—suburothelium and D—detrusor smooth muscle.

8
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2.3. Catalytically Inactive BoNT/A Significantly Inhibited Sensory Nerve Firing from the Bladder

To further investigate whether SNAP-25 cleavage was necessary for the BoNT/A effect
on bladder sensory nerves, recombinant catalytically active (rBoNT/A) and catalytically
(rBoNT/A(0)) forms of the toxin were generated; rBoNT/A(0) contains the point mutations
E224Q and H227Y, which disrupt the coordination of the active site zinc ion and abolish
measurable endopeptidase activity [17,18]. We first tested the recombinant toxins on mouse
skeletal muscle contractility, using the well-established phrenic nerve hemidiaphragm assay.
After incubation with the catalytically active rBoNT/A, the contraction amplitude of the
diaphragm was completely inhibited, with a t50 of 24.1 (+/− 0.1) minutes consistent with a
cholinergic blockade of the neuromuscular junction caused by SNAP25 cleavage, which has
been well documented. In contrast, the application of the catalytically inactive construct
rBoNT/A (0) had no effect on skeletal muscle contractility, as there was no difference in
contraction amplitude to the buffer control, which was similar to preincubation contraction
(Figure 4).

Figure 4. The mouse phrenic nerve hemidiaphragm assay characterising the effects of rBoNT/A and
rBoNT/A (0). (A) A schematic diagram showing the experimental setup of the preparation. (B) The
effects of rBoNT/A (n = 3) and rBoNT/A (0) (n = 6) on hemidiaphragm contractility. rBoNT/A1 sig-
nificantly and completely blocked the developed force after 20 min, which did not recover (p < 0.0001
2-way ANOVA).

Preincubation developed force was inhibited by 99.45% (+/−0.06%) by rBoNT/A1.
After three hours of incubation, there was no difference between the effect of rBoNT/A (0)
and the buffer control (n = 3) on contraction.

The recombinant toxins were then tested in a bladder assay. The representative traces
in Figure 5A,B show that, in the extracellular afferent nerve recordings, rBoNT/A produced
a moderate inhibition of nerve firing, similar to that achieved by aboBoNT-A (Figure 1A).
This was reflected in the analysis, which showed that 71.5% (+/−9.8%) of afferent firing
remained 90 min after treatment with rBoNT/A; this was significant compared to the
vehicle-treated preparations (Figure 5C). Remarkably, however, the catalytically inactive
rBoNT/A (0) construct induced a profound reduction in the mechanosensitive afferent
responses to distension, with 26.02% (+/−5.72%) of the afferent response remaining 90 min
after treatment (Figure 5B,C). Rather than showing an attenuated effect (as might be
reasonably expected due to the inability of rBoNT/A (0) to cleave SNAP-25), rBoNT/A
(0) inhibited sensory responses more potently than its catalytically active counterpart
rBoNT/A (Figure 5C).
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Figure 5. The effects of recombinant active rBoNT/A and inactive rBoNT/A (0) on distension-
induced afferent signalling. (A) A representative trace showing the response of afferent nerves to
distension prior to (control) and 90 min after rBoNT/A treatment. (B) A representative trace showing
the response of afferent nerves to distension prior to (control) and 90 min after rBoNT/A (0) treatment.
(C) Distension-induced afferent responses were significantly reduced by rBoNT/A (**** p < 0.0001;
n = 6; two-way ANOVA) and rBoNT/A (0) (**** p < 0.0001; n = 8; two-way ANOVA) compared to
vehicle-treated preparations (n = 13). The distension-induced firing in preparations treated with
rBoNT/A (0) was significantly lower than in those treated with rBoNT/A (**** p < 0.0001) (** p < 0.01).
(D) The pressure–volume relationship of rBoNT/A-treated preparations was not different to that of
vehicle-treated preparations (p = 0.8765; n = 6; two-way ANOVA), while rBoNT/A (0) significantly
reduced the pressure–volume relationship (**** p < 0.0001; n = 8; two-way ANOVA).

While the rBoNT/A-treated preparations did not affect the compliance of the bladder
compared to the vehicle-treated preparations, rBoNT/A (0) caused a small but significant
reduction in bladder compliance (Figure 5D).

2.4. The Light Chains of rBoNT/A and rBoNT/A(0) Alone Inhibited Sensory Signalling from
the Bladder

Following the finding that mechanosensory signalling was significantly reduced
without the cleavage of SNAP-25, we further explored the role of the structure of the
BoNT/A molecule by testing the light chain alone. The catalytically active (Figure 6A)
and inactive (Figure 6B) LC proteins inhibited distension-induced firing 90 min after
treatment. Like the full-length proteins characterised in Figure 6, the rLC/A (0) protein
inhibited afferent firing significantly more potently than the rLC/A protein (Figure 6C).
There appeared to be a differential effect on the pressure–volume relationship, as rLC/A
(0) was not different to the vehicle-treated preparations, while rLC/A significantly reduced
the pressure–volume relationship (Figure 6D). These findings suggest that the receptor
binding and translocation domains of BoNT/A (HC/A) are not necessary for the sensory
inhibition produced by BoNT/A, and they suggest that the sensory effect is dependent
solely on the light chain of the toxin.
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Figure 6. The effect of active (LC/A) and inactive (LC/A (0)) light chains on distension-induced
afferent signalling. (A) A representative trace showing the response of afferent nerves to distension
prior to (control) and 90 min after rLC/A treatment. (B) A representative trace showing the response
of afferent nerves to distension prior to (control) and 90 min after rLC/A (0) treatment. (C) Distension-
induced afferent responses were significantly reduced by rLC/A (**** p < 0.0001; n = 5; two-way
ANOVA) and rLC/A (0) (**** p < 0.0001; n = 5; two-way ANOVA). The distension-induced firing
in preparations treated with rLC/A (0) was significantly lower than in those treated with rLC/A
(**** p < 0.0001 two-way ANOVA). (D) The pressure–volume relationship of rLC/A-treated prepara-
tions was significantly lower than that of vehicle-treated preparations (**** p < 0.0001; n = 5; two-way
ANOVA), while rLC/A (0) was not significantly different (p = 0.065; n = 5; two-way ANOVA)
(** p < 0.01; *** p < 0.001).

To confirm that the observed effect on bladder mechanosensation was due to the
activity induced by the light chain domain of BoNT/A, we next investigated the effect
of the heavy chain only (HC/A). The application of 3.6pM HC/A did not alter bladder
mechanosensitivity (as shown in Figure 7), as after 90 min post-treatment, 89.03% (+/−3.032%)
of distension-induced nerve firing remained (p = 0.9819; n = 4). The pressure–volume relation-
ship also remained unchanged 90 min after treatment with HC/A (p = 0.0513; n = 4). Peak
firing at 15 and 50 mmHg did not appear to be altered over time (p = 0.0927; n = 4).

2.5. The Inhibitory Effect of rBoNT/A (0) Was Reversed by Nitrergic and Purinergic Antagonists

We applied the non-selective nitric oxide synthase (NOS) inhibitor L-NAME at 1mM
prior to and alongside rBoNT/A (0) to assess its effect on bladder mechanosensation
(Figure 8A). L-NAME alone did not alter distension-induced firing; however, when applied
alongside BoNT/A (0), L-NAME reversed the potent BoNT/A (0) inhibition and led to a
slight (ns) increase in mechanosensory nerve firing (Figure 8B). With regard to the pressure–
volume relationship, L-NAME alone had no effect (Figure 8C), while co-application with
BoNT/A (0) revealed a significant increase in bladder compliance (Figure 8D).
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Figure 7. HC/A had no effect on distension-induced firing. (A) Afferent responses to distension
were unchanged 30, 60 and 90 min after treatment (p = 0.9819, n = 4, two-way ANOVA. (B) There
was no difference in the pressure–volume relationship after intravesical HC/A compared to control
(p = 0.0513; n = 4; two-way ANOVA).

Figure 8. The effect of L-NAME pre-treatment on the inhibitory effect of rBoNT/A (0). (A) L-
NAME treatment alone did not alter distension-induced afferent firing, as the response to intravesical
L-NAME was not different to that of control (p = 0.475; n = 5; two-way ANOVA). (B) Afferent
responses to distension of the bladder following treatment with L-NAME alongside rBoNT/A (0)
were not different to the afferent response to controlled distension of the bladder (p = 0.3881; n = 5;
two-way ANOVA). (C) The pressure–volume relationship was not altered by intravesical L-NAME
alone (p = 0.475; n = 5; two-way ANOVA). (D) The pressure–volume relationship was significantly
increased following treatment with L-NAME alongside rBoNT/A (0) compared to control responses
(**** p < 0.0001; n = 5; two-way ANOVA). Sidak’s multiple comparisons test revealed significant
increases in volume from 10 mmHg (**** p < 0.0001) to 50 mmHg (**** p < 0.0001).
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The P2X receptor antagonist 2′,3′-O-(2,4,6-Trinitrophenyl) adenosine-5′-triphosphate
tetra (triethylammonium) salt (TNP-ATP) at 30 μM did not affect distension-induced
afferent signalling (Figure 9A) or the pressure–volume relationship (Figure 9C). When TNP-
ATP was applied alongside rBoNT/A(0), the potent BoNT/A(0) inhibition was partially
dampened. Afferent firing was significantly lower than that of the control but not reduced
to the same degree as when reduced by BoNT/A (0) alone (Figure 9B). The pressure–
volume relationship was significantly increased by the presence of TNP-ATP alongside
BoNT/A (0) (Figure 9D).

Figure 9. The effect of TNP-ATP pretreatment on the inhibitory effect of rBoNT/A (0). (A) The
afferent response to intravesical TNP-ATP was not different to that of control (p = 0.4396; n = 6;
two-way ANOVA). (B) The afferent response to distension following TNP-ATP applied alongside
rBoNT/A (0) was significantly lower than that of control (* p = 0.0301; n = 6; two-way ANOVA).
(C) The pressure–volume relationship was not altered by intravesical TNP-ATP alone (p = 0.2868;
n = 6; two-way ANOVA). (D) The pressure–volume relationship was significantly increased by
TNP-ATP applied alongside rBoNT/A (0) (**** p < 0.0001; n = 6; two-way ANOVA).

3. Discussion

In the present study, we show that a catalytically inactive BoNT/A construct caused a
profound inhibition of sensory nerve firing from the bladder. Strikingly, we show that the
magnitude of the inhibitory effect was greater than that produced by a catalytically active
recombinant BoNT/A toxin (rBoNT/A) or the full BoNT/A complex (i.e., aboBoNT-A).
This unexpected discovery may have important implications regarding the clinical efficacy
and potency of BoNT/A, particularly in conditions where sensory inhibition is beneficial
(i.e., pain and/or hypersensitivity). Moreover, we also show that both the recombinant light
chain (rLC/A) and the catalytically inactive recombinant light chain (rLC/A (0)) exhibited
the capability to significantly reduce afferent signalling, despite the absence of the typical
heavy chain responsible for cell binding and entry. This suggests that the inhibition of
sensory nerves by BoNT/A may not be solely dependent on SNAP25 cleavage but may
involve other activities within the light chain region of the molecule.
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3.1. Abobotulinumtoxin A Directly Inhibited Sensory Nerve Signalling

Abobotulinumtoxin A (aboBoNT-A) is a clinically available formulation of the BoNT/A
complex that has been shown to be effective in reducing the incidence of urgency and fre-
quency in clinical studies of OAB patients [9,19];. However, it is not clear whether aboBoNT-
A can act directly on afferent nerves innervating the bladder to inhibit mechanosensation,
an important component of micturition regulation, the disruption of which is thought
to be involved in the development of urgency. In this study, we show that the intraves-
ical instillation of aboBoNT-A into the mouse bladder resulted in a notable decrease in
distension-induced afferent firing, consistent with previous findings reported [12]. How-
ever, the precise mechanisms underlying the BoNT/A-mediated modulation of bladder
sensory signalling remain elusive [12].

As SNAP-25 is the best described target of BoNT/A, we performed immunohisto-
chemistry to look at SNAP-25 immunoreactivity in aboBoNT-A-treated bladders. Our
experiments revealed abundant SNAP-25 immunoreactivity throughout the sub-epithelial
and intramuscular nerve fibres of the bladder. This is in agreement with previous stud-
ies and confirms the presence of SNAP-25 in the mouse bladder [20–22];. Interestingly,
however, we found no immunoreactivity for cleaved SNAP-25 (cSNAP-25) in bladders
that received the intravesical instillation of aboBoNT-A, despite seeing a clear inhibition
of nerve firing; this suggests that either SNAP-25 was not cleaved in these experiments or
any cleavage was below the level of detection of this method. The method of aboBoNT-A
application might go some way in providing an explanation for this. When aboBoNT-A
is used clinically, it is typically injected into the treatment site; however, in this study, we
intravesically infused the toxin into the bladder. In a comparative study of BoNT/A appli-
cation methods, Chuang, (2009), also found that instillation within the bladder did not lead
to the immunostaining of cSNAP-25, whereas an injection into the bladder wall did [21].
The lack of cSNAP-25 immunoreactivity within deeper structures within the bladder wall
such as the area under the epithelium (known as the suburothelium) and the nerve fibres
that lie within the muscle layers following instillation might suggest that aboBoNT-A was
restricted to the superficial areas of the bladder wall (i.e., the apical epithelial cells) or
that it was working via a non-canonical pathway. It is important to emphasise that these
data do not exclude the possibility that SNAP-25 cleavage did occur but that the level was
below the limits of detection for our antibody. Further studies are required to irrefutably
confirm that aboBoNT-A did not cleave SNAP-25 in this assay using other more sensitive
methodologies.

3.2. The Effect of Catalytically Inactive BoNT/A on Bladder Mechanosensitivity

The catalytic activity of BoNTs is dependent on the Zn2+ endopeptidase HEXHH
motifs within the light chain [23], which have been targeted in previous studies to produce
BoNT constructs with little to no catalytic activity [23–25]. Enzymatic activity within
the light chain was disrupted through the substitution of essential residues within the
HEXHH motif that interact with the Zn2+ ion [26]. In the present study, the E224Q/H227Y
mutations were made to render the rBoNT/A (0) and rLC/A (0) proteins catalytically
inactive [17], which was confirmed using a phrenic nerve hemidiaphragm assay (Figure 4).
Contrary to what might be expected, rBoNT/A (0) was significantly more effective at
inhibiting afferent firing than active rBoNT/A. This suggests that, when BoNT/A has
been rendered catalytically inactive, not only is it able to inhibit sensory nerves, but also
the inhibition produced is greater than that for the catalytically active protein. This is
particularly surprising given that the only difference between the two compounds was the
aforementioned mutation (E224Q/H227Y).

It is possible that rBoNT/A (0) may still be able to enter nerves and disrupt the activity
of SNAP-25 despite its inability to cleave it, resulting in a reduced exocytotic release of
sensory mediators. However, this does not explain the gulf between the efficacy of the two
compounds, especially as the cleavage induced by the active neurotoxin would presumably
arrest the function of SNAP-25 more effectively. Previous studies have shown SNAP-25
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activity to be unaffected by inactive forms of BoNT/A. Baskaran et al. (2013) found that,
while the deactivated recombinant BoNT/A (drBoNT/A) was able to enter motor nerve
terminals, it did not affect the release of acetylcholine nor did it inhibit the mouse toe
spread reflex [24]. Ravichandran et al. (2015) conducted an in vivo LD50 toxicity assay to
characterise their inactive BoNT/A construct (E224A/E262A), finding that it was unable to
cleave SNAP-25, as well as being 1.2 million times less toxic than wild-type BoNT/A [27].
These findings suggest that the function of SNAP-25 is unaffected by an inactive form of
BoNT/A and that any effects are more likely due to SNAP-25-independent activity.

Although SNAP-25 is BoNT/A’s preferential target, it has been shown to cleave
murine SNAP-23 at high concentrations in a proteomic cleavage assay and in rat kidney
cells [28,29]. In the bladder, Hanna-Mitchell et al. (2015) reported a decrease in SNAP-
23 staining post-BoNT/A treatment in rat uroepithelial cells, suggesting the cleavage of
SNAP-23 [30]. Thus, one possibility is that, on the apical surface of the bladder, aboBoNT-
A targets SNAP-23 rather than SNAP-25, resulting in sensory inhibition. However, the
mutation in rBoNT/A (0), which prevents the molecule from cleaving SNAP-25, disrupts
the coordination of the catalytic Zn2+ ion and removes any proteolytic cleavage ability;
thus, it is reasonable to assume that rBoNT/A (0) would therefore also not be able to cleave
SNAP-23.

The potent inhibition induced by rBoNT/A (0) was reversed by co-application with
purinergic and nitrergic antagonists.

As the rBoNT/A and rBoNT/A (0) compounds are near-identical apart from the
substitution of two amino acids, it is reasonable to assume that any effects aside from SNAP-
25 cleavage and proteolytic activity may remain in rBoNT/A (0). In the bladder, sensory
mediators such as adenosine triphosphate (ATP) and nitric oxide (NO) have been shown to
play a role in the modulation of the afferent responses to stretch [31–34]. In the presence
of BoNT/A, the release of these mediators has been shown to be altered [12,30,35]. While
the release of ATP in the bladder has been shown to occur partly via exocytosis through
vesicles and partly through pannexin/connexin hemichannels and other means [36–38],
NO release is wholly non-vesicular [34].

By investigating these sensory pathways using purinergic and nitrergic antagonists,
we aimed to better understand the SNAP-25-independent actions of rBoNT/A (0). While
L-NAME alone did not have any effect on distension-induced afferent firing, when co-
applied with rBoNT/A (0), the potent inhibitory effect of BoNT/A(0) was reversed to the
point where a slight hypersensitivity to distension was seen. Increased NO release has been
shown to be inhibitory to afferent firing [39], while in the present study, L-NAME alone
did not affect distension responses. This finding is supported by Yu & De Groat (2013),
who found that L-NAME alone did not alter afferent firing in basal conditions but reversed
L-arginine-dependent inhibition [40]. It may be possible that rBoNT/A (0) caused NO to
be released at a level great enough to potently inhibit afferent firing, which would explain
the reversal following L-NAME co-application.

To investigate the purinergic pathway, we tested the P2X antagonist TNP-ATP and its
effect on rBoNT/A (0)-dependent afferent inhibition. Again, TNP-ATP alone did not affect
distension-induced afferent firing, a finding similar to that reported by Yu & De Groat
(2008), who found that both TNP-ATP and PPADS did not influence afferent firing under
basal conditions [40]. When co-applied with rBoNT/A (0), TNP-ATP partially reversed
the effect, as the afferent firing was significantly lower than the control but not reduced to
the extent achieved by rBoNT/A (0) alone. These findings are tentative pharmacological
explorations of the potential mechanisms behind the rBoNT/A (0)-dependent effects on
sensory signalling, and, while interesting, we recognise that further studies are necessary
to confirm these links; however, the data collected do suggest that the sensory inhibition
produced by the inactive toxin can be manipulated pharmacologically and may involve the
nitrergic and purinergic signalling pathways, raising the possibility that rBoNT/A (0) could
also be utilised for the treatment of conditions where nitrergic and/or purinergic signalling
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is disrupted, including erectile dysfunction (see [41] for a review on use of botulinum toxins
as a treatment option for ED), pain and inflammation.

3.3. The Effect of Light Chains of rBoNT/A and rBoNT/A (0) without Cell Binding or Translocation
Activities

Another important finding of this study was the inhibitory activity of the BoNT light
chains, rLC/A (catalytically active LC) and rLC/A (0) (catalytically inactive LC), on the
distension responses of afferent nerves. Both rLC/A and rLC/A (0) inhibited sensory firing
from the bladder, but, similar to the full-length proteins, we also found that the rLC/A
(0) fragment caused a greater inhibition in nerve firing than the rLC/A fragment. This
suggests that the silencing of sensory signalling by BoNT/A involves a mechanism(s) that
lies within the light chain of BoNT/A and is not dependent on the full-length molecule.

When used clinically, BoNT/A preparations are normally injected into the site of inter-
est, and the heavy chain of the toxin binds selectively and irreversibly to high-affinity re-
ceptors on the presynaptic surface. A ‘double-receptor’ mechanism has been described [42],
where BoNTA initially interacts with glycolipids, such as gangliosides, concentrating the
toxin on the presynaptic membrane. Once anchored close to the membrane, the toxin
interacts with a second glycolipid and/or protein co-receptor, triggering receptor-mediated
endocytosis. For BoNTA, this is the synaptic vesicle protein SV2 (isoforms A, B and C).
The necessity of a receptor binding region for cellular entry has been well documented in
the literature, with Chaddock et al. (2000) reporting that the removal of the Hc domain
in an LHn/A compound led to the loss of internalisation and subsequent reductions in
intracellular SNAP-25 cleavage compared to that of LHn/A conjugated to wheat germ
agglutinin [43]. However, interestingly, the evidence in the present study reveals that not
only is the receptor binding region not necessary, but also the translocation domain is not
required to see the inhibition in sensory nerve firing. This finding opens up many potential
questions regarding how the rLC/A and rLC/A (0) fragments may have interacted with
cells and where they work. It is also unclear how the fragments could have traversed the
epithelial barrier of the bladder, which is well recognised as the most impermeable barrier
in the mammalian body.

It is possible that distending the bladder beyond a physiological pressure (i.e., to
50 mmHg) causes disruption to the bladder wall, enabling the fragments to reach structures
in the sub-epithelial space (i.e., nerve terminals, interstitial cells and blood vessels) or
deeper, and that the mechanism of action could be extracellular. For example, the light
chain could act as a ligand, binding to a receptor on the surface of a cell to induce a
downstream change in NO or ATP release. Over the past few years, interest in novel
receptors for the botulinum toxin has grown. Fibroblast growth factor receptor 3 (FGFR3)
has previously been identified as another receptor for BoNT/A, with studies showing that
a higher FGFR3 expression in neuronal cells can lead to increased toxin internalisation [44].
However, the available evidence to date indicates that it is the heavy chain of BoNT/A
that interacts with FGFR rather than the light chain [45]. Moreover, in our current studies,
the heavy chain of BoNT/A when applied alone had no significant effect on nerve firing,
suggesting that it was not able to either activate a neuronal signalling mechanism or enter
a cell.

It is also possible that the LC fragments took advantage of the compensatory endocy-
tosis process, which is initiated during bladder emptying to recover plaques expressed on
the surface of the epithelial cell membranes to enter the cells and work intracellularly [46].
However, once internalised, how the LC fragments enter the cytosol or how they exert an
effect is unknown.

3.4. Clinical Implications of the Sensory Effects of rBoNT/A (0)

The concept of a non-paralytic BoNT/A that causes the direct inhibition of sensory
afferent signalling has significant potential, most importantly in tackling the lack of vi-
able non-addictive treatments for chronic pain. Over the last 20 years, the opioid crisis
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has spread worldwide, and, often, people struggling with addiction were introduced to
opioids following injury or surgery [47]. This illustrates the necessity for the continued
development of non-addictive analgesic drugs to stem the growth of opioid dependency
in patients, as it is associated with a high risk of overdose and death [48]. The current
use of BoNT/A for a host of conditions usually provides long-term therapeutic benefits
(i.e., 1–6 months) for patients. While this currently study was limited to a few hours for
logistical reasons and, of course, used animal rather than human tissues, if the sensory
inhibition identified in this study were to be long-lasting and translatable, then the use of
rBoNT/A (0) to treat pain and a host of other hypersensitivity conditions would be a really
exciting prospect.

With regard to the treatment of bladder disorders, rBoNT/A (0) offers the potential
to provide relief from urgency without the risk of bladder retention, which is an adverse
effect reported by patients following an injection of conventional BoNT/A [10]. As there is
currently no BoNT/A formulation approved by the FDA for interstitial cystitis/painful
bladder syndrome (IC/PBS), further development of rBoNT/A (0) may provide a route to
another potential treatment for this indication.

4. Conclusions

This study explored the effect of a novel recombinant BoNT/A construct that has no
catalytical activity on the firing of visceral sensory nerves. These data provide evidence
indicating that SNAP-25 cleavage activity may not be the driver behind the sensory effects
of BoNT/A reported in the literature, as losing that ability did not preclude the rBoNT/A
(0) construct from potently inhibiting afferent signalling in this assay. Following continued
development and research, rBoNT/A (0) may potentially be used to treat sensory disorders
and pain, providing an answer for the lack of non-addictive analgesic drugs currently
available for patients.

5. Materials and Methods

5.1. BoNTs

AbobotulinumtoxinA (aboBoNT-A) was provided by Ipsen (Milton Park, UK). Recom-
binant forms of BoNT/A were produced as described below.

5.2. BoNT/A1 Gene Synthesis

The BoNT/A1 protein sequence (UPI0000001386) underwent reverse translation and
optimisation for expression in E. coli (DNA 2.0, Menlo Park, CA, USA). The DNA sequence
was synthesised in two parts for safety and then combined at a silent KpnI restriction site
to form the coding sequence for the full-length neurotoxin. Silent 5′ NdeI and 3′ HindIII
sites were incorporated and used to insert the open reading frame into a pJ401 expression
plasmid (DNA2.0) to create pJ401-BoNT/A1. The amino acid numbering of the mentioned
protein sequences was based on the predicted sequence of the encoded protein, including
the initiating methionine.

5.3. Expression and Purification of BoNT/A1

The handling of all materials containing full-length neurotoxins occurred in microbio-
logical safety cabinets situated within restricted-access Containment Level II laboratories.
pJ401-BoNT/A1 was transformed into BLR (DE3) cells, expressed as 1L cultures and grown
in an animal-component-free culture medium (AF, 12 g/L phytone peptone animal free,
24 g/L yeast extract, 10 g/L glycerol, 76 mM potassium phosphate dibasic and 14 mM
potassium phosphate monobasic, 0.2% glucosamine, 30 μg/mL kanamycin) in 2.5 L shake
flasks. Expression cultures were inoculated with a 1:100 dilution from an overnight starter
culture and incubated at 37 ◦C with shaking until OD600 0.5–0.6 was reached. The temper-
ature was then lowered to 16 ◦C, and after equilibrating for 1 h, IPTG (final concentration
of 1 mM) was introduced to induce further growth for 20 h.
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Cells were harvested via centrifugation (4300× g, 10 min), and cell pellets were stored
at −20 ◦C. The cell pellets were thawed at room temperature and resuspended (3 mL/g) in
lysis buffer (35 mM NaCl in 50 mM Tris pH 8.0) supplemented with 10 μL of Benzonase.
Cells were lysed via ultrasonication at 4 ◦C (Misonix 3000 sonicator, 1 cm diameter probe,
10 × 30 s pulses, power setting 4.5, output 60–80 W). The resultant lysate was clarified via
centrifugation (4300× g, 1 h, 4 ◦C), and the supernatant was retained. This supernatant was
adjusted to 17.5 mM NaCl, 1.1 M (NH4)2SO4 and 50 mM Tris pH 8.0 by adding an equal
volume of 2.2 M (NH4)2SO4 in 50 mM Tris pH 8.0; centrifuged (4300× g, 60 min, 4 ◦C);
and loaded (4 mL/min flow rate) onto three stacked 5 mL HiTrap™ Butyl HP columns
(pre-equilibrated with 1.1 M (NH4)2SO4 in 50 mM Tris pH 8.0). The columns were washed
with 15 column volumes (CV) of 1.1 M (NH4)2SO4 in 50 mM Tris pH 8.0, then eluted over a
20 CV linear gradient (1.1 to 0 M (NH4)2SO4 in 50 mM Tris pH 8.0) and collected as 10 mL
fractions.

Fractions were monitored by SDS-PAGE (NuPAGE™ 4–12% Bis-Tris gels) stained
for total protein (SimplyBlue™ SafeStain, Fisher Scientific UK LTD, Loughborough, UK),
and those containing the target protein were pooled and stored at 4 ◦C overnight. Pooled
material was desalted (HiPrep 26/10 Desalting column) into 50 mM Tris pH 8.0 as a series
of 11 mL batches. Each batch was collected until the conductivity surpassed 3.0 mS/cm,
at which point the column was re-equilibrated until the conductivity dropped back below
3.0 mS/cm for the next batch. This process was repeated until the entire pooled fraction had
been buffer-exchanged. The desalted sample was loaded at 5 mL/min onto a 5 mL itrap™ Q
HP column (previously washed and charged following the manufacturer’s guidelines and
pre-equilibrated with 50 mM Tris pH 8.0). The column was washed with 15 CV (50 mM
Tris pH 8.0) and eluted at 5 mL/min, 15 CV linear gradient (0 to 300 mM NaCl in 50 mM
Tris pH 8.0), and 2.5 mL fractions were collected. Fractions were monitored by SDS-PAGE
(NuPAGE™ 4–12% Bis-Tris gels) stained for total protein (SimplyBlue™ SafeStain, Fisher
Scientific UK LTD, Loughborough, UK), and those containing the target protein were
pooled and stored overnight at 4 ◦C.

The protein concentration was determined using a Bradford assay, and the sample was
concentrated to 9 mL in a Vivaspin 20 centrifugal concentrator (MwCO 5000 Da, 4300× g,
20 min cycles at 4 ◦C); the protein concentration was measured again using a Bradford
assay and adjusted to 0.5 mg/mL with 125 mM NaCl in 50 mM Tris pH 8.0. Endoproteinase
Lys-C was added (final Lys-C concentration 0.8 μg/mL), and the sample was incubated
for 20 h at 4 ◦C. The sample was adjusted with an equal volume of 2 M (NH4)2SO4 and
50 mM Tris pH 8.0 and loaded onto two stacked 1 mL HiTrap™ Phenyl HP columns at
1.0 mL/min (pre-equilibrated with 1 M (NH4)2SO4 in 50 mM Tris pH 8.0).

The column was washed with 10 CV of the same buffer and then eluted over a 15 CV
linear gradient (from 1 M to 0 M (NH4)2SO4 in 50 mM Tris pH 8.0) at 2 mL/min, and
1 mL fractions were collected. Fractions were monitored by SDS-PAGE (NuPAGE™ 4–12%
Bis-Tris gels) stained for total protein (SimplyBlue™ SafeStain, Fisher Scientific, UK, LTD
Loughborough UK), and those containing the target protein were pooled, concentrated and
diafiltered into phosphate-buffered saline (KH2PO4 1 mM, Na2HPO4 3 mM, NaCl 155 mM,
pH 7.4) (Vivaspin 20 centrifugal concentrator MwCO 5000 Da, 4300× g, 20 min cycles at
4 ◦C); the concentration was again determined using a Bradford assay and adjusted to
0.1 mg/mL before storage in aliquots at −80 ◦C.

5.4. BoNT Constructs Tested in This Study

All of the constructs used in the study were purified using the same protocol as above.
For the inactivated toxins, a mutation was made that rendered them inactive in the HEXXH
region of the light chain; this involved the substitutions of glutamic acid to glutamine
(E224Q) and histidine to tyrosine (H227Y).

Table 1 below outlines the BoNT constructs used in this study. In a series of pilot
studies using aboBoNT-A, 100 units/mL was shown to be the dose with the most robust
and reproducible response. The concentration of BoNT/A in 100 U/mL was calculated to
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be 3.6 pM, so this concentration was used in the experiments with other toxins to facilitate
comparison ([49]). All BoNTs were dissolved in PBS and applied to the bladders using an
infusion pump to fill the bladder to a pressure of 50 mmHg.

Table 1. A diagram describing the composition of all of the BoNT/A constructs used in this study.

Name Structure Description
Method of
Production

aboBoNT-A

 

Whole BoNT/A
complex, including

the non-toxic
accessory proteins

(NAPs)

Purified from C.
botulinum

rBoNT/A

 

Full-length BoNT/A
Recombinant;

expressed in E. coli
and purified

rLC/A
 

Light chain only
Recombinant;

expressed in E. coli
and purified

rHC/A  Heavy chain only
Recombinant;

expressed in E. coli
and purified

rBoNT/A (0)

 

Full-length mutated
BoNT/A, catalytically

inactive

Recombinant;
expressed in E. coli

and purified

rLC/A (0)
 

Mutated light chain
only, catalytically

inactive

Recombinant;
expressed in E. coli

and purified

5.5. Animals

These studies were performed using adult C57BL/6J mice between 8 and 12 weeks
old (Jackson Laboratory, obtained from Charles River, Harlow UK). The mice were sacri-
ficed in accordance with Schedule 1 of the Animals (Scientific Procedures) Act UK 1986.
Experiments performed were in accordance with the ethical approval obtained from the
UCLan Animal Welfare and Ethics Review Board (AWERB) (reference RE/16/11).

5.6. Mouse Phrenic Nerve Hemidiaphragm Preparation

Hemidiaphragm recordings were performed as previously described [50]. Briefly,
the left hemidiaphragm and phrenic nerve were dissected and transferred into an organ
bath (Emka Technologies, Paris, France). The muscle was connected to a transducer to
facilitate the recording of muscle contraction. Electrical stimulation was applied to the
phrenic nerve (frequency = 1 Hz; width = 20 μs; 10 V) so as to generate a sustained force
of contraction of at least 0.5 g. Following stabilisation and control steps, the sample was
incubated with 100 pM recombinant BoNT/A (0) (rBoNT/A (0)), 100 pM recombinant
BoNT/A1 (rBoNT/A1) or a buffer control (0.1% BSA in PBS, Sigma-Aldrich, Gillingham,
UK) for three hours. Potency is expressed as the time taken to reach half paralysis (t50)
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using a non-linear regression analysis (GraphPad Prism v8.3). All data are expressed as
mean +/− SEM; N corresponds to the number of animals.

5.7. Ex Vivo Mouse Bladder Electrophysiology

Nerve recordings were performed as previously described [12,51–57]. Briefly, the
whole pelvic region of the mouse, including the lower vertebrae and urinary tract (kid-
neys, ureters, bladder, pelvic nerves, urethra), was dissected and placed in an organ bath
continually perfused with Krebs solution (NaCl 118.4 mmol/L, NaHCO3 24.9 mmol/L,
CaCl2 1.9 mmol/L, MgSO4 1.2 mmol/L, KCl 4.7 mmol/L, KH2PO4 1.2 mmol/L, glucose
11.7 mmol/L; obtained from Sigma-Aldrich), gassed with carbogen (95% O2, 5% CO2)
and kept at ~35 ◦C. Ureters were tied with suture, and the urethra and the dome of the
bladder were catheterised and tied with suture. The urethral catheter was attached to an
infusion pump to allow the graded filling of the bladder with phosphate-buffered saline
(PBS; Sigma-Aldrich) to 50 mmHg. Ramp distension to a maximal 50 mmHg pressure was
chosen, as it has been previously documented to activate both low- and high-threshold
afferents, which respond to both innocuous and noxious stimuli [51]. Once that pressure
was reached, the tap attached to the dome catheter was opened to allow the evacuation of
fluid. The pelvic and hypogastric nerve fibres emerging from the bladder were dissected,
cut and inserted into a suction glass electrode connected to a Neurolog headstage and AC
amplifier. The signals were amplified and filtered and sent to a spike processor, which
discerned signals from noise through a threshold set by the researcher. The spike processor
counted the nerve impulses induced by bladder distension.

5.8. Experimental Protocols

The distension protocol followed in the bladder preparations is shown below in
Figure 10. At the beginning of each experiment, the bladder was distended three times
using PBS to ensure reproducibility, after which the infusion syringe was changed to one
containing BoNT solution, and three more distensions were performed. After this, the
syringe was replaced with one containing PBS, and distensions continued for 90 min to
assess the effect of BoNT on pelvic and hypogastric sensory nerve firing. Any BoNT within
the intraluminal fluid was deactivated using Presept (Advanced Sterilization Products) as
it came out of the dome catheter.

Figure 10. A schematic diagram of the distension protocol. The bladder was distended to 50 mmHg
every 10 min throughout the protocol. ‘Control’ distensions were performed using intravesical
PBS; BoNT was applied for three distensions (in PBS, shaded), after which time bladders were then
distended again with PBS. The filled distensions in blue correspond to the time points analysed.

5.9. Drugs

N(G)-Nitro-L-arginine methyl ester (L-NAME) and 2′,3′-O-trinitrophenyl ATP (TNP-ATP)
were obtained from Tocris (Oxford, UK), diluted in distilled water and stored at −20 ◦C.

5.10. Data Analysis

The afferent nerve activity recorded from multi-fibre nerve bundles was captured
and counted using a Digitimer D130 spike processor, which detected the number of field
potentials that crossed a pre-set threshold. Distension responses were analysed using a
Spike2 script, and nerve activity at baseline was subtracted from peak firing at 50 mmHg. To
analyse the effect of BoNT on distension-induced firing, responses at 30, 60 and 90 minutes
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post-BoNT treatment were normalised to the control distension before the addition of BoNT.
Afferent nerve data are expressed as normalised afferent firing in impulses per second
(imps/sec), and bladder compliance was assessed from the pressure–volume relationship
during the distension of the bladder. All data are expressed as mean +/− SEM and n
number, which refers to the number of animals. A statistical analysis was conducted
using GraphPad Prism v.8.0.1, using Student’s t tests and one-way and two-way ANOVA
where appropriate, with a Bonferroni post hoc test. A p value <0.05 was designated to be
statistically significant.

5.11. Immunohistochemistry

At the end of the nerve recording, the bladders treated with the vehicle and abobo-
tulinumtoxinA (aboBoNT-A) were fixed at room temperature (~20 ◦C) in 4% paraformalde-
hyde (VWR Chemicals, Luton UK) and then kept in 1% PFA/PBS solution at 4 ◦C.
Four aboBoNT-A-treated and four PBS-treated bladders were included in this analysis,
dissected from separate mice. The bladder samples were sent to be processed, blocked
and sectioned to 8 μm at the University College London pathology lab. Once received,
the slides were blinded with tape and numbered so that corresponding sections could be
compared between bladders.

Immunohistochemical staining was performed using an avidin–biotin–peroxidase
protocol as previously described [18,58]. Sections to be incubated with the anti-SNAP-25
antibody did not receive antigen retrieval, whereas those to be stained with the anti-
cleaved SNAP-25 (anti-cSNAP-25) antibody were immersed in EDTA buffer (pH 9, Sigma-
Aldrich, Gillingham, UK, E9884) at 98 ◦C. All sections were first blocked with 3% hydrogen
peroxide (Sigma-Aldrich, Gillingham, UK, 1.07209), followed by 10% horse serum (Sigma-
Aldrich, H1270) in Dako buffer. The sections were incubated at room temperature for
one hour with anti-SNAP-25 (rabbit, 1/1000, Sigma-Aldrich, Gillingham, UK, S9684) and
overnight with anti-cSNAP-25 (rabbit, 1/1000, provided by the research Pathology & Safety
Biomarker Department, Ipsen Bioinnovation, Les Ulis, France). All sections (both primary
antibodies) were incubated with a secondary biotinylated antibody (horse, 1/400, Vector
Labs, Peterbrough, UK, BA-1100) for 30 min at room temperature. To amplify signals,
Vectastain Elite ABC HRP Reagent (Vector Labs, PK-7100) was applied for 30 min at room
temperature, followed by haematoxylin (Sigma-Aldrich, Gillingham, UK, H2126). Finally,
slides were dehydrated with ethanol and xylene substitute Histochoice Clearing Agent
(Sigma-Aldrich, Gillingham, UK, H2779). All slides were imaged using a light microscope,
and the resulting image files were analysed in quadrants but not quantified, as preliminary
analyses showed no cSNAP-25 staining in any of the bladders tested.

6. Patents
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Abstract: Introduction: Transurethral injections into the bladder wall with botulinum toxin are an
established treatment for refractory overactive bladder or detrusor overactivity. With the current
injection technique, an average of approx. 18% and up to 40% of botulinum toxin is injected next to the
bladder wall, potentially causing reduced efficacy or non-response. The article aims to evaluate the
reasons for incorrect injections and propose strategies for complete delivery of the entire botulinum
toxin fluid into the bladder wall. Material and Methods: Unstructured literature search and narrative
review of the literature. Results: Incorrect injection of botulinum toxin fluid next to the bladder wall is
caused by pushing the injection needle too deep and through the bladder wall. Bladder wall thickness
decreases with increasing bladder filling and has a thickness of less than 2 mm beyond 100 mL in
healthy individuals. Ultrasound imaging of the bladder wall before botulinum toxin injection can
verify bladder wall thickness in individual patients. Patient movements during the injection therapy
increase the chance of incorrect placement of the needle tip. Conclusions: Based on the literature
search, it is helpful and recommended to (1) perform pretreatment ultrasound imaging of the bladder
to estimate bladder wall thickness and to adjust the injection depth accordingly, (2) fill the bladder as
low as possible, ideally below 100 mL, (3) use short needles, ideally 2 mm, and (4) provide sufficient
anesthesia and pain management to avoid patient movements during the injection therapy.

Keywords: botulinum toxin; overactive bladder; detrusor overactivity; neurogenic bladder dysfunc-
tion; detrusor wall thickness; injection

Key Contribution: For complete injection of the botulinum toxin fluid into the bladder wall, it is
essential to know bladder wall thickness, fill the bladder with saline solution as low as possible, use
short injection needles, and use sufficient anesthesia to avoid patient movements.

1. Introduction

Transurethral injections of botulinum toxin into the bladder wall are a recommended
and well-accepted treatment option for female or male patients with treatment-refractory
overactive bladder or (neurogenic or non-neurogenic) detrusor overactivity with or without
urinary urgency incontinence [1–4]. Therefore, transurethral botulinum toxin injections
should be considered when previous treatments have failed, such as conservative treatment
(e.g., behavioral modifications, lifestyle advice), pelvic floor muscle exercise with or without
biofeedback, drug treatment with muscarinic receptor antagonists and/or β3-adrenoceptor
agonists, and electrostimulation. Although not licensed for this indication, botulinum
toxin may also be applied as a fourth-line treatment for interstitial cystitis/bladder pain
syndrome, as recommended by the AUA guidelines [5,6].

Botulinum toxin is a bacterial neurotoxin with 1296 amino acids and a molecular
weight of 146 kDa produced by several clostridium species, of which clostridium botulinum,
clostridium butyricum, clostridium baratii, or clostridium argentinense are the most important [7].
Of the seven known subtypes of botulinum toxin, only types A and B are commercially avail-
able, of which onabotulinum toxin A since 2013 (Botox®; Allergan Pharmaceuticals, Dublin,
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Ireland) and abobotulinum toxin A since 2022 (Dysport®; Ipsen, Boulogne-Billancourt,
France) are licensed for the treatment of overactive bladder or (neurogenic) detrusor over-
activity. In comparison, Botox® has a total molecular weight of approx. 900 kDa (146 kDa
neurotoxin + approx. 750 kDa protein chains) and Dysport® has a molecular weight of ap-
prox. 500 kDa (146 kDa neurotoxin + approx. 350 kDa protein chains) [8]. Botulinum toxin
from both companies is stored as white crystalline powder (lyophilizates) in vacuum-sealed
glass bottles and must be dissolved in sterile saline solution before use. Because of the high
molecular weight of both botulinum toxin formulations and the impermeable urothelial
layer, botulinum toxin must be injected into the bladder wall to reach the target tissue, i.e.,
the parasympathetic nerve terminals of the detrusor and/or submucosa, thereby inhibiting
acetylcholine release into the synaptic cleft [9] and, finally, decreasing bladder sensations as
well as detrusor muscle contractions [10]. Submucosal injections of botulinum toxin have
been shown to be as effective as intradetrusor injections [11]. Consequently, the botulinum
toxin solution must be injected into the submucosal layer and/or detrusor, whereas injec-
tions outside these tissue layers (perivesical space) do not reach the parasympathetic nerve
terminals and, therefore, do not show clinical effects.

Mehnert et al. noted that a standardization of the injection technique is still missing
and, with the help of magnetic resonance imaging (MRI) and contrast media, demonstrated
that an average of approx. 18% of the injected botulinum toxin solution was eventually
injected into the perivesical fatty tissue (average of 53 U of the 300 U Botox®) [12]. The
authors investigated six adult patients aged 18 to 82 years with neurogenic detrusor
overactivity incontinence due to spinal cord injury at levels Th6 to Th11. They used rigid
cystoscopes and 22G needles with a length of 8 mm, which were retracted by approx. half
of the length (i.e., 4 mm) after pricking the bladder wall at the dome and base. Immediately
after the injections, MRI was performed, the contrast media inside and outside the bladder
wall visualized, and the volume of contrast media in both locations calculated. In men,
8.2–15.9 cm3 (14.6%) of the injected contrast media was detected lateral of bladder walls
(i.e., 44 U Botox®) and, in women, 2.5–14.4 cm3 (20.8%; i.e., 62 U Botox®). One female
patient had spastic limb contractions during the operation, and the injection procedure with
withdrawing the needle by approx. half of the length for bladder wall injections was more
difficult; consequently, 40% of the total injected contrast media solution was located lateral
of the bladder walls (120 U Botox®). The majority of perivesical contrast media was seen
lateral to the bladder dome and, in one patient, beyond the bladder base. Unfortunately, the
authors did not report on the bladder filling volume during the botulinum toxin injections.

Based on the results of this study, it becomes evident that perivesical injections of
botulinum toxin were caused by pushing the tip of the injection needle through the bladder
wall. Although the needle was retracted by approx. half of its length (4 mm), this maneuver
did not prevent false injections. The question arises: how deep can the injection needle
be inserted into the bladder wall to safely deliver the total botulinum toxin fluid to the
target location? This article deals with theoretical and practical considerations of the
injection technique for safe delivery of (nearly) 100% of the botulinum toxin dose into the
bladder wall.

2. Bladder Wall Thickness in Relation to Bladder Filling Volume

The bladder wall can be imaged well with high-frequency ultrasound probes (e.g.,
7.5 MHz) by the suprapubic or transrectal route in men as well as the suprapubic, tran-
srectal, transvaginal, or transperineal route in women [13,14]. The technique of ultrasound
detrusor wall thickness (DWT) measurements has been described earlier [15]. The mucosa
and adventitia of the bladder wall appear hyperechogenic (white), while the detrusor
in between these two layers appears hypoechogenic (black, Figure 1) [14,16,17]. Initial
studies in healthy, young adult women and men focused on the relationship between blad-
der/detrusor wall thickness and bladder filling volume and demonstrated a decreasing
thickness with increasing bladder filling [17]. In this study, detrusor wall thickness (DWT)
was measured every 50 mL until 300 mL of bladder filling volume and, afterwards, every
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100 mL until maximum bladder capacity. The study showed in both women and men a
rapidly decreasing DWT during the bladder filling until approx. 100 mL and a slower
decrease until bladder capacity (Figure 2). DWT was measured at approx. 2.5–4.5 mm
at low bladder filling and reached an average DWT of 1.2 mm (women) to 1.4 mm (men)
at capacity.

 

Figure 1. Imaging of the anterior bladder wall with a suprapubically positioned ultrasound probe in
a patient aged 46 years with overactive bladder/detrusor overactivity, both images 6-times enlarged.
The detrusor appears hypoechogenic (black) and is sandwiched between the mucosa and adventitia,
which both appear hyperechogenic (white). The detrusor (upper three measurements, i.e., detrusor
wall thickness) and the entire bladder wall (lower three measurements, i.e., bladder wall thickness)
were measured. (A) Bladder wall of the bladder filled with 50 mL and (B) with 250 mL (source:
private image collection M. Oelke).

Figure 2. Relationship between bladder filling (x-axis) and detrusor wall thickness (y-axis) in four
different healthy women (left) and four healthy men (right). Measurements of the same person at
different bladder fillings were connected with lines. Detrusor wall thickness rapidly decreases during
the first 100–150 mL of bladder filling but only decreases slightly thereafter [17].

This study on the relationship between DWT and bladder filling shows that it is
crucial to know and control the bladder filling volume during botulinum toxin injections.
Consequently, botulinum toxin fluid is correctly and completely delivered into the bladder
wall when the physician uses a short needle and the bladder is only filled with a low
volume (e.g., 50–100 mL), whereas the needle with the same length is pushed through the
entire bladder wall and botulinum toxin fluid is injected outside the bladder wall when the
bladder is filled with a higher volume (e.g., 300–400 mL).

3. Adjustments to the Injection Technique

The author of this current article modifies his injection technique by pretreatment
ultrasound imaging of the bladder wall in all patients because bladder wall thickness,
compared to healthy individuals, can be increased in patients with bladder outlet obstruc-
tion [15,18] (Figure 3) as well as in some patients with neurogenic bladder dysfunction (e.g.,
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low compliance due to myelomeningocele/spina bifida or paraplegia) [19,20] or decreased
in patients with detrusor underactivity [21]. Routine ultrasound imaging of the bladder
wall provides useful information about how deep the needle can be inserted into the blad-
der wall for safe delivery of the entire botulinum toxin fluid, especially in patients with
suspected thinner bladder walls, e.g., younger patients (children or teenagers), women,
and those with suspicion of detrusor underactivity.

Figure 3. Relationship between bladder capacity (x-axis) and detrusor wall thickness (y-axis) in men
with benign prostatic hyperplasia: without (dark blue), equivocal (light blue), and with bladder outlet
obstruction (red). In contrast to Figure 2, bladder filling (ml) was changed to % bladder capacity to
adjust for the differences in bladder capacity in the individual patients. Measurements of the same
person at different bladder fillings were connected with lines. Like healthy individuals, detrusor wall
thickness rapidly decreases during the first phase of bladder filling but only slightly thereafter. The
extent of bladder wall hypertrophy (detrusor wall thickness) is dependent on the degree of bladder
outlet obstruction (source: private image collection, M. Oelke).

The injection technique must be further modified when using rigid cystoscopes be-
cause the bladder dome (cranial part of the bladder) is usually penetrated by the needle in
a perpendicular (orthograde) fashion, whereas the lateral bladder walls and the bladder
base are usually penetrated in a tangential direction, the latter locations providing a longer
distance of the injection route (Figure 4). Therefore, the author of this current article fills
the bladder only with low volume (<100 mL), uses 4 mm needles that are retracted by
approx. half of their length (2 mm) after pricking the bladder wall and before injection of
the botulinum toxin fluid, and prefers tangential injections wherever possible.
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Figure 4. Illustration of perpendicular (e.g., at the bladder dome) and tangential insertion of the
injection needle (e.g., at the lateral bladder wall or bladder base). In this figure, a needle length
of 4 mm was chosen. Tangential insertion provides a longer distance within the bladder wall and,
therefore, a higher chance to inject botulinum toxin at the correct location (source: private image
collection, M. Oelke).

4. Discussion

The authors of the MRI-based study demonstrated that an average of 18% (and up
to 40%) of the botulinum injection fluid was delivered next (laterally) to the bladder after
pricking the bladder wall and inserting the needle by approx. 4 mm [12]. Their study was
conducted in patients with paraplegia who usually have thickened bladder walls due to
the underlying disease [19,20]. It can be hypothesized that a larger and more substantial
amount of botulinum toxin fluid would have been injected beyond the bladder wall when
using the identical injection technique and treating patients without thickened bladder
walls (e.g., women with non-neurogenic overactive bladder). This may be one reason why
transurethral botulinum toxin treatment remains ineffective in some patients.

For safe and complete delivery of the botulinum toxin fluid into the bladder wall, it is
important to minimize the bladder filling, which, however, should be high enough to see
all parts of the bladder during the procedure. This situation is usually achieved when the
bladder has been filled with 50–100 mL. The penetration depth of the needle should also be
adjusted to the location of the bladder wall injections (dome vs. lateral walls). The shorter
the needle or the lower the penetration depth of the needle, the higher the chance of correct
and complete injections of botulinum toxin fluid. The industry has lately provided short
needles for this purpose (e.g., injeTAK® cystoscopy needles with an adjustable injection
depth between 2 and 5 mm with 1 mm increments; Laborie, Portsmouth, NH, USA). These
needles must not be retracted after pricking of the bladder wall, especially when bladder
wall thickness is known in the individual patient by ultrasound investigation before the
procedure. Although superficial injections are more likely with these needles, previous
studies and a meta-analysis have shown similar efficacy of submucosal vs. intradetrusor
injections [11]. Submucosal injections can be visualized by bulking of the mucosa into the
bladder lumen at the injection site, whereas this bulking is missing with intradetrusor (or
perivesical) injections.

Adequate anesthesia for painless injections is another factor contributing to the correct
placement of the botulinum toxin dose into the bladder wall. It was demonstrated in
the study by Mehnert et al. that patient movements during pricking of the bladder wall
and/or retracting the needle before the injections can result in perivesical placement of the
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botulinum toxin solution of up to 40% of the total injected dose [12]. Sufficient anesthesia
of the bladder can be achieved by transurethral instillation of (alkalized) lidocaine or
related anesthetics, regional, or general anesthesia. Local anesthesia has the advantage
of avoiding the presence of anesthesiologists, intra- and postoperative screening of the
patient’s vital parameters, and anesthesia-related risks. The author of this current article
has been using local anesthesia for the last 4 years in approx. 300 patients without or only
minimal pain (visual analog pain 0–2 on a Likert scale reaching from 0 to 10). He uses
transurethral bladder installations with 50 mL lidocaine 2% in combination with 50 mL
sodium bicarbonate 8.4% at a temperature of approx. 5 ◦C (refrigerator) 20 to 30 min
before the botulinum toxin injection treatment. Pereira e Silva et al. demonstrated in a
double-blind, randomized, controlled study that lidocaine and sodium bicarbonate together
significantly decrease pain scores better than lidocaine alone [22]. Immediately before
cystoscopy and bladder wall injections, the author of this current article additionally injects
half (women) or one syringe (men) with 11 mL lidocaine-chlorhexidine gel (InstillaGel®;
Farco Pharma, Cologne, Germany) at a temperature of approx. 5 ◦C (refrigerator) into the
urethra for lubrication, disinfection, and anesthesia. Electromotive drug administration
(EMDA) with lidocaine 4% has also been shown to significantly decrease pain during
botulinum toxin injections compared to lidocaine instillations alone [23]. In rare cases,
reduction in the injection sites (without decreasing the total botulinum toxin dose) [24,25] or
oral phenazopyridine, which is excreted via the kidneys and has a local anesthetic effect on
the urinary tract, can also significantly reduce pain during botulinum toxin treatment [26].

Intravesical instillation of liposome-encapsulated botulinum toxin A (lipo-botulinum
toxin) could overcome the issues of perivesical injections, bladder filling, and pain man-
agement in the future. Liposomes are small lipophile two-layer phospholipid vesicles that
can fuse with cell membranes, pass the usually impermeable urothelial layer, and release
the content of the aqueous core with botulinum toxin for safe delivery of the drug into
the target tissue in the submucosa or detrusor [27,28]. Despite promising pilot studies,
lipo-botulinum toxin has not yet become commercially available.

5. Conclusions

Physicians aim to inject the intended botulinum toxin dose completely into the bladder
wall, thereby avoiding perivesical injections and reducing the clinical effects. A summary
of the methods supporting complete injection of the botulinum toxin fluid is visualized in
Figure 5. Preoperative visualization of the bladder wall helps judge bladder wall thickness
in individual patients. Because bladder wall thickness decreases with increasing bladder
filling volume, it is necessary to fill the bladder as low as possible but high enough to see all
parts of the bladder. This situation is usually achieved when the bladder has been filled with
a physiological saline solution of <100 mL. In addition, physicians should use short needles
(e.g., 2 mm) for safe injections of the botulinum toxin fluid into the submucosal layer of the
bladder and/or detrusor. Adequate pain management during the injection therapy (e.g.,
lidocaine-sodium bicarbonate instillations 20–30 min before) further contributes to the safe
and predictable application of botulinum toxin. The proposed strategies are important for
predictable, reliable, and reproducible clinical results, especially during re-injections and
up- or down-titration of the botulinum toxin dose in patients with too low or too large
effects during the first botulinum toxin treatment(s).
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Figure 5. Summary of the four methods to minimize the chance of perivesical injections of botulinum
toxin fluid into the bladder wall.
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Abstract: Urgency urinary incontinence (UUI) refractory to medical treatment poses significant
challenges despite advancements. This study evaluates the efficacy of intravesical botulinum toxin for
UUI and identifies factors influencing treatment outcomes. Among 368 women receiving botulinum
toxin injections, 74.5% achieved a complete discontinuation of pad usage. Predictors of efficacy
included lower pre-treatment pad usage and the absence of prior sling placement. Patients often
required repeat injections (60.3%), with younger age and satisfaction correlating with treatment
repetition. The interval between injections averaged 18 months, influenced by logistical challenges
and patient preferences. Despite concerns about diminishing efficacy, subjective perceptions did
not align with objective findings. Limitations include retrospective analysis and heterogeneous
clinical records. In conclusion, intravesical botulinum toxin is effective for UUI, with pre-treatment
pad usage and sling placement history influencing outcomes and patient characteristics influencing
treatment repetition.

Keywords: female urinary incontinence; urgency urinary incontinence; overactive bladder; bladder
botulinum toxin; Botox®

Key Contribution: UUI treatment with botulinum toxin type A bladder injection maintains a long-
term constant efficacy, and intervals between treatment cycles are wider than expected from pivotal
trials. Patients with a more severe condition and a history of previous slings procedures should be
informed about their lower likelihood of success.

1. Introduction

While urgency urinary incontinence (UUI) may not be the most common form of
incontinence, it often prompts individuals to seek medical attention more frequently than
other types. Most cases are idiopathic, and it is generally assumed to be associated with
the aging process, although other risk factors are identified [1,2].

According to European Association of Urology guidelines, the first-line treatment
of UUI, whether included or not in the overactive bladder (OAB) syndrome, relies on
lifestyle interventions and bladder training, with second-line being pharmacotherapy.
Anticholinergics have revolutionized the treatment of UUI, but the associated side effects
and the need for continuous medication lead many patients to discontinue treatment.
Despite valuable additions such as beta-3 agonists, a substantial number of cases either
do not improve or show only limited progress. When pharmacotherapy fails or cannot be
tolerated, a bladder wall injection of botulinum toxin is one of the third-line therapies [2,3].

However, it is essential to acknowledge that even with this therapy, there are both
refractory patients and individuals who, over the long term, discontinue treatment despite
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initially positive responses. The reasons for such discontinuation remain unclear and
cannot be determined by pivotal studies. Therefore, in this study, we aim to clarify if
we can predict which patients will respond favorably or unfavorably, if there are factors
influencing the efficacy and duration of the treatment, and which patients are more likely
to request repeated injections, as well as the efficacy of botulinum toxin in treating UUI in
real-life conditions.

2. Results

The study involved 368 women diagnosed with UUI between 2010 and the last quarter
of 2023, all of whom underwent bladder injections of botulinum toxin. Patients injected
after that date were not included due to the inability to properly analyze the duration of
the treatment. Of the 368 patients analyzed, the mean age at diagnosis was 60.4 years
(SD ± 14.1) and had an average BMI of 30.3 (SD ± 5.4). In this cohort, 27.7% had undergone
a previous mid-urethral sling placement. Among those with available information, 67.7%
had a transobturator tape, 25% had a single incision sling, and 7.3% had a retropubic sling.

Among the 306 patients with complete information concerning pad usage, the median
number of pads used per day before botulinum toxin injection was 3 (p25–p75: 2–5), which
subsequently decreased to 0 (p25–p75: 0–1) post injection. The majority (74.5%) of patients
reported a complete discontinuation of pad usage after treatment, while 25.5% continued to
use one or more pads. In this group are included 7.2% of patients who had no improvement.

In 60.3% of cases, additional injections were deemed necessary, with a median of 1
(p25–p75: 0–2) additional treatment (Table 1) and a median time until the second injection
of 18 months (p25–p75: 11–29).

Table 1. Number of patients by number of treatments requested after the first procedure.

Number of Treatments Number of Patients (%)

0 146 (39.7)
1 114 (30.9)
2 61 (16.6)
3 24 (6.5)
4 8 (2.2)
5 7 (1.9)
6 6 (1.6)
7 1 (0.3)
8 1 (0.3)

The number of pads used at baseline predicted the chance of being dry after botulinum
toxin injection. As a matter of fact, it was observed that the lower the number of pads used
before the treatment, the higher the likelihood of achieving a pad-free situation. Specifically,
women who discontinued pads after onabotulinumtoxinA (onabotA) had an average of
3.5 pads pre-OnabotA while those who still required pads had an average of 4.8 pads
pre-OnabotA (p < 0.05). Additionally, patients who had undergone sling placement were
less likely to achieve continence. Among those without previous sling placement, 77.9%
achieved pad-free status after OnabotA treatment compared with 65.8% among those with
prior sling placement (p < 0.05). No statistically significant relationship was identified
between BMI and the number of pads before and after injection.

Regarding the request for new treatments, women who repeated the injection at least
twice were, on average, younger at the time of diagnosis (57.3 years, SD ± 16.1) compared
to those who did not repeat injections (61.7 years, SD ± 13.1) (p < 0.05). Furthermore,
patients who reported satisfaction were more likely to undergo repeated treatment than
those who expressed dissatisfaction (p < 0.05).

In the multivariate analysis model, which included the variables age, BMI, previous
slings, and the previous number of pads, only the previous number of pads was an
independent predictor of having zero pads after injection (adjusted OR 1.12; p = 0.042).
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The complications associated with the treatments were mild. There were 4 patients
with urinary retention requiring temporary urethral catheterization (1.1%) and 29 (7.9%)
with symptoms of urinary tract infection treated with oral antibiotics.

3. Discussion

Only onabotulinumtoxinA (Botox®, Allergan, Inc., Irvine, CA, USA) 100U is licensed
in Europe to treat UUI/OAB, and it is relevant to note that it is more effective in curing
UUI than antimuscarinics, being a third-line treatment based on the assumption that
intervention therapy should follow oral medication [2,3]. Sacral nerve stimulation is also a
third-line treatment; however, so far, the trials demonstrated that the neuromodulation is
comparable not with 100 U but with 200 U of the same toxin. Additionally, the increasing
invasiveness, more serious complications, and higher costs of the two-stage implantation
procedure should be mentioned, despite the potential need for just one (two, in fact)
intervention [4,5]. However, that is beyond the scope of this paper.

The introduction of intravesical botulinum toxin treatment has been a significant
advancement. It began to be used to treat medical conditions by the end of the 1970s,
but it was only applied in urology in 1988, being used to treat urinary incontinence a few
years later [6]. The first significant studies and clinical applications of botulinum toxin for
treating UUI emerged around the early 2000s, and by 2009, substantial evidence supported
its efficacy for this condition, leading to broader use in clinical practice. It is a neurotoxic
protein produced by Clostridium botulinum, with seven subtypes. Subtype A has the longest
duration of action, which makes it the most clinically relevant [2,6].

Botulinum toxin subtype A consists of a heavy and a light chain linked by a disulfide
bond. When it is injected, it infiltrates the nerve terminals and enters the presynaptic
neuron membrane through binding of the heavy chain to the synaptic vesicle protein
(SV2). The heavy chain of the toxin exhibits an affinity for polygangliosides located on
the surface of neuronal terminals, thereby augmenting the toxin’s concentration on the
neuronal membrane. This heightened concentration enhances the likelihood of the heavy
chain encountering the protein acceptor SV2 predominantly expressed within synaptic
vesicles. After toxin endocytosis, acidification within the synaptic vesicles precipitates the
elimination of the disulfide bond and the dissociation of the two chains. The light chain
protein, which is the true active part, is then linked to the synaptosomal nerve-associated
protein 25 (SNAP-25). When the light chain links to SNAP-25, it cleaves it and inactivates
it [2,6]. By cleaving SNAP-25, it hinders the proper formation of the SNARE (Soluble NSF
Attachment Protein Receptor) complex. As the SNARE complex mediates the binding of
neurotransmitters vesicles to the plasma membrane of the nerve terminals, so they can
fuse and release acetylcholine (Ach), and, consequently, this prevents Ach exocytosis from
the vesicles. Why is this Ach blockage so essential? Because if during the voiding phase it
plays a crucial role in bladder contraction to facilitate urine evacuation, during the storage
phase, its effect is undesirable since there is no physiological parasympathetic input to the
lower urinary tract. However, ACh can be spontaneously released from nerves and non-
neuronal structures, including the urothelium and suburothelium, during this phase. This
release can activate afferent nerves innervating the bladder, potentially causing urgency
and UUI. When the cascade of events due to botulin toxin bladder injection occurs, as
Ach is not released, it cannot bind to muscarinic receptors on the bladder detrusor muscle,
thereby averting undesired contractions [2,7,8]. Furthermore, adding to this motor/efferent
modulation, botulinum toxin reduces the expression of sensory receptors in bladder nerves
by hampering their transfer from intracellular vesicles to the neuronal membrane, also
modulating the sensory/afferent component of the disease [9].

What sets different commercial forms apart is the molecular weight of the acces-
sory protein that covers the toxin. Xeomin® (Merz Pharmaceuticals GmbH, Frankfurt,
Germany), Dysport® (Ipsen Biopharm Ltd., Wrexham, UK), and especially Botox® (Aller-
gan, Inc., Irvine, CA, USA) are the best known. Xeomin® (Merz Pharmaceuticals GmbH,
Frankfurt, Germany) has a molecular weight of only 150 kDa, Dysport® (Ipsen Biopharm
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Ltd., Wrexham, UK) around 400 kDa, and Botox® (Allergan, Inc., Irvine, CA, USA) 900 kDa.
Consequently, posology, the potency per weight of each brand, is unique and not inter-
changeable [10]. This was the reason behind the FDA introducing the non-proprietary
names of incobotulinumtoxinA (incobotA) for Xeomin® (Merz Pharmaceuticals GmbH,
Frankfurt, Germany), abobotulinumtoxinA (abobotA) for Dysport® (Ipsen Biopharm Ltd.,
Wrexham, UK), and, as previously mentioned, onabotulinumtoxinA (onabotA) for Botox®

(Allergan, Inc., Irvine, CA, USA) [2].
Despite the dose depending on the chosen toxin brand, the preparation method is

similar. It is important to note that during reconstitution, vials should be gently stirred
rather than shaken, as vigorous agitation may disrupt the delicate disulfide bond linking
the light and heavy chains of the botulinum toxin molecule [10]. Regarding its admin-
istration, it requires the injection of a toxin solution into the bladder wall, as the toxin
fails to cross the urothelium upon instillation into the bladder. Efforts to facilitate this
process have so far yielded limited success or await a definitive validation of efficacy. For
patients with OAB undergoing a bladder injection of onabotA, the standard administration
implies 20 injections of 0.5 mL each, classically sparing the trigone. However, despite
these recommendations regarding the number of injection sites, many clinicians opt for a
reduced number of injection points. Non-randomized controlled studies have utilized one
or three injection sites, each receiving 1–5 mL of solution, in the posterior bladder wall, or
alternatively, three to four injections of 2 mL each at the equatorial line of the bladder, with
no apparent compromise in efficacy [11–13]. Investigations into injections in the trigone
have been predicated on the premise that this region of the bladder harbors the highest
density of sensory fibers. It is hypothesized that a combination of injections in the bladder
walls and trigone may yield greater effectiveness than injections confined solely to the
bladder walls in cases of OAB [14,15]. More recently, some studies explored further the
reduced number of injections and a different location, offering reassurance that fewer injec-
tions seem equally effective, and that trigone inclusion could be as, or even more, effective,
as targeting the lower bladder could reduce the urinary retention by maintaining upper
bladder function [16–18]. The depth of injections, whether intradetrusor or suburothelial,
has been the subject of a meta-analysis, which found no discernible differences in efficacy
or safety. Large-scale clinical trials have not detected antibody formation following initial
administration. However, to mitigate the risk of immunosensitization, a 12-week interval
between injection cycles is recommended [9,10].

This treatment has successfully addressed a significant percentage of patients who
did not respond to previous interventions, with effects lasting for an average of 6 months,
according to pivotal trials [14,19]. The primary complications of intradetrusor injections of
botulinum toxin A are urinary tract infections and urinary retention. Patients should be
informed that they might require temporary (self-)catheterization. Yet, the treatment offers
the advantage of virtually no systemic side effects [20].

As UI prevalence is high and its impact on women’s lives is substantial, it is imperative
to conduct a comprehensive examination of all facets related to its treatment to ensure the
delivery of increasingly efficacious care [21,22]. Notwithstanding this, probably because its
efficacy has already been established, recent studies analyzing it are scarce, especially in
an idiopathic context and even more specifically in the female population. This scarcity is
even more pronounced if we consider it from a patient-reported-outcomes perspective, or
with apparently less objective measures such as the number of pads, which may actually
be the best surrogates for a patient’s quality of life. Furthermore, the latest evaluations
available focus on urodynamic parameters. Notably, one of the key urodynamic markers
for OAB is detrusor hyperactivity, which is not always necessary for diagnosis.

Therefore, when we say that the primary objective of this study is to assess the efficacy
of botulinum toxin, we are addressing something directly applicable to real-life practice:
this can inform a patient about the probability of no longer needing to use pads following
the treatment. It is remarkable that 74.5% of patients reported a complete discontinuation
of pad usage post treatment, but it is essential to acknowledge that this rate includes only
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those achieving complete dryness, as there were women still employing pads but who
experienced significant improvements, leading to great changes in their quality of life. As
such, of the remaining 25.5% patients, some exhibited a positive response to Botox; and
some, with a negative response in the first treatment, underwent a second treatment to
address dosage and technical issues as potential causes of the initial failure.

As the main determinants of efficacy, we identified the number of pads used before
treatment and a history of sling placement, both exerting influence on treatment outcomes.
The former is inherently predictable, given the association between the severity of UI and
treatment challenges. Furthermore, certain patients not responsive to conservative man-
agement, due to antimuscarinic intolerance, may signify a more easily treatable condition,
correlating with a higher success rate [23]. However, the latter finding deviates from prior
reports demonstrating similar efficacy in women with or without a history of previous
sling surgery [24]. In the present investigation, there appears to be a trend towards a less fa-
vorable clinical outcome in patients with a history of prior sling procedures. Despite timely
reassessment for obstruction in patients upon UUI development, one could argue that sling
surgery often augments bladder outlet resistance, yielding functional consequences even in
cases with low post-void residual and high flow rates. Supporting this contention, urinary
NGF, elevated in female rats with bladder outlet obstruction, was similarly elevated in
reports of patients after sling placement, comparable to levels previously described in pa-
tients with overactive bladder [25]. Moreover, some studies suggest that increased bladder
outlet resistance after a sling procedure may significantly contribute to the rise of urinary
neurotrophins, promoting the sensitization of bladder primary afferents and inducing de
novo urgency in susceptible patients [26]. This finding could prompt a new line of inquiry
into whether patients with a sling truly have idiopathic UUI or if the sling itself was the
cause. In both cases (high number of pads used before treatment and a history of sling
placement), we should be more emphatic explaining to the patient the lower probability
of success, as expectations are decisive in the therapeutic process. These will be the most
challenging patients, but also the ones more in need for a solution.

Despite an average interval of approximately 6 months, pivotal trials indicate the need
for repeat injections with intervals ranging from 3 months to over a year [27,28]. Patients
received a second injection after a median duration of 18 months. Although surprisingly
long, it is important to note that this interval does not necessarily equate to the duration
of therapeutic effect. Over nearly 15 years, various factors contributed to this timeframe,
albeit some no longer relevant today. Logistical challenges, including temporary follow-up
losses and delayed post-Botox evaluations, contributed to this timeframe, with patients
often waiting excessively to consult their urologist. Additionally, some patients were still
pleased with the tail effect of the previous toxin injection, which means that, although
lacking the full influence from the treatment, they were still satisfied, not seeking a new
one. It is also noteworthy that some women opted to defer a second treatment even when
the initial one was no longer effective, primarily due to the invasiveness of the procedure,
carried out in the operating room under sedation, prompting a desire to avoid it.

This highlights the necessity of finding a novel method of botulinum toxin administra-
tion. To date, the administration requires the injection of a toxin solution in the bladder
wall since the toxin does not traverse the urothelium if instilled in the bladder [29]. Various
facilitators for enhancing the transurothelial passage of the toxin have been explored, in-
cluding liposomes, the reverse thermal gelation TC-3 hydrogel, low-energy shock waves,
and electromotive administration [30–33]. However, botulinum toxin encapsulated in
liposomes did not produce results robust enough to pursue its development in OAB. It
also failed when mixed in reverse thermal biodegradable hydrogel that increases viscosity
at body temperature. Three thousand low-energy shock waves delivered during 10 min
to the bladder half-filled with a solution containing 100U onabotA provided short-lasting
effects. Electromotive administration has also been investigated without success. Facilita-
tors for the passage of the toxin through the urothelium have so far failed or did not show
irrefutable efficacy. The use of the needle in a flexible cystoscope, with a local anesthetic
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agent such as lidocaine, may also allow to perform an in-office procedure, which is simpler
for the patients to repeat [34].

This phenomenon is interconnected with the repetition of the procedure across the
years. While age at diagnosis and satisfaction emerged as determinants for procedure
repetition, certain patients, even those young and satisfied with the results, opted to
postpone it even when already losing efficacy. We attribute it to the aforementioned reasons.

Although older patients of the cohort appeared to request fewer treatments, the issue
of age prompts further reflection. While the safety of onabotulinumtoxinA administration
in elderly patients has been established, the same is not entirely true for previous treatment
lines such as anticholinergics. In fact, the chronic use of anticholinergic drugs is increas-
ingly being challenged due to growing evidence that prolonged exposure may lead to
cognitive deterioration, particularly among elderly patients already at risk of dementia [35].
Moreover, a systematic review has shown that botulinum toxin injections are significantly
more effective in curing UUI compared to any form of oral medication [36]. Given these
considerations, should intravesical botulinum toxin be contemplated or even prioritized
before anticholinergics, in an aging population?

Another matter of concern is the loss of efficacy over time. While subjective patient
perceptions in clinical practice suggest diminishing efficacy with subsequent injections, our
findings did not corroborate this observation. Furthermore, studies indicate a reduction in
urgency severity associated with long-term therapeutic effects, aligning with real-world
practice observations [37].

The principal limitations of our results stem from the retrospective nature of the study
and the heterogeneity of clinical records among urologists, including the absence of stan-
dardized questionnaires or bladder diaries, which complicates the objective quantification
of patient improvement without introducing biases. There are several points where this
could be more evident. First, as the number of pads used is not consistently reported in
clinical practice, the magnitude of improvement with the injections is probably higher than
indicated. Conversely, complications from the treatment are likely underreported, as some
are resolved before patients contact their urologist or are not detailed in clinical records.
Additionally, demographics such as BMI, which we did not find to correlate with outcomes,
might have shown correlations if we had a larger dataset, as analyses from randomized
studies showed that a higher BMI is associated with a decreased time to recurrence [38].
Finally, regarding patient selection, it is possible that relevant information from patient
clinical history was not recorded, preventing us from excluding women with identified
causes of UUI.

As we acknowledge that many of the limitations of this study are due to its retrospec-
tive nature, future research should ideally be conducted prospectively, with all research
questions defined in advance. Women for whom the treatment is effective but still decide
to discontinue are intriguing. Does the procedural context—typically performed in an
operating room—play a significant role? Do they never return to their baseline status and
feel good enough? These are questions that remain to be addressed.

4. Conclusions

Intravesical botulinum toxin is a highly effective treatment. A clear correlation exists
between a lower pre-procedural pad usage and a higher likelihood of achieving continence.
Contrarily, patients with a history of sling placement for stress urinary incontinence who
developed UUI exhibited a reduced likelihood of attaining continence. Furthermore,
younger women at the time of diagnosis demonstrated an increased inclination to seek
repeated injections, a trend mirrored in patients expressing greater satisfaction with the
initial procedure. Surprisingly, in real-life conditions, patients often delayed the next
injection longer than anticipated.
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5. Materials and Methods

This is a retrospective observational cohort study. Women over 18 years old with
a diagnosis of UUI, included or not in the OAB syndrome, were included if they were
refractory to conservative treatment. All eligible patients had not been adequately managed
with one or more anticholinergics and/or b3-adrenergic receptor agonists for UUI treatment,
due to insufficient efficacy or intolerable side effects. Patients underwent treatment with
botulinum toxin injection between 2010 and 2023. Women with an identified cause for their
clinical condition were excluded, as well as those whose first treatment was performed in
the last quarter of 2023, as it was deemed insufficient time for a proper reassessment of the
need for new injections.

OnabotulinumtoxinA (Botox®, Allergan, Inc., Irvine, CA, USA) was the administered
toxin in all patients. It was administered under light sedation using a rigid cystoscope and a
22-gauge needle. The product was injected at 20 sites, with each injection delivering 0.5 mL,
distributed throughout the bladder [11]. In recent years, more injections were positioned
below the equatorial line. To enhance the distribution area of onabotulinumtoxinA, the
bladder was filled with 200 mL of saline. Prophylactic antibiotics were administered con-
currently with sedation using a third-generation cephalosporin. Following the procedure,
the patient was catheterized, and the catheter was removed a few hours later. However,
in recent years, no bladder catheter was left in place post procedure, and the bladder was
merely emptied.

Post-operatively, patients were assessed by different doctors, at various time intervals.
The primary outcome was efficacy, evaluated through the cessation of the need for

pads. Secondary outcomes included the time between injections, determinants of efficacy,
and patient satisfaction assessed through an affirmative response to the question “Are you
satisfied?”. Variables such as age at diagnosis, BMI, prior suburethral sling placement
before UUI diagnosis, the number of pads used before and after the intervention, the
number of botulinum toxin treatments, the time between each treatment, and patient
satisfaction were assessed. Complications were also measured.

The statistical analysis was conducted using IBM SPSS Statistics version 26.0 (IBM
Corp., Armonk, NY, USA). A descriptive analysis of the sample was performed. Frequencies
were expressed in percentages, and continuous variables were presented as means and
medians, with their respective standard deviation and interquartile range. Student’s t-test
and chi-square tests were used, considering a p-value < 0.05 as statistically significant.
Binary logistic regression was used to evaluate the independent predictive value of the
number of pre-injection pads and the previous use of a sling, adjusted for age and BMI, as
predictors of the primary outcome.
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Abstract: Despite the efficacy of onabotulinumtoxinA, its safety profile remains a concern. This
meta-analysis reviewed the major adverse events (AEs) associated with intravesical onabotulinum-
toxinA treatment in patients with neurogenic detrusor overactivity (NDO) and idiopathic overactive
bladder (iOAB). Randomized controlled trials (RCTs) conducted between January 2000 and December
2022 were searched for adult patients administered different onabotulinumtoxinA dosages or onabo-
tulinumtoxinA vs. placebo. Quality assessment was performed using the Cochrane Collaboration
tool, and statistical analysis was performed using Review Manager version 5.3. A total of 26 RCTs
were included in the analysis, including 8 on NDO and 18 on iOAB. OnabotulinumtoxinA vs. placebo
significantly increased the urinary tract infection (UTI) incidence in patients with NDO (relative risk,
or RR, 1.54) and iOAB (RR, 2.53). No difference in the RR with different onabotulinumtoxinA dosages
was noted. Urinary retention was frequent with onabotulinumtoxinA use in the NDO (RR, 6.56) and
iOAB (RR, 7.32) groups. Similar observations were made regarding the risks of de novo clean inter-
mittent catheterization (CIC). The risk of voiding difficulty increased with onabotulinumtoxinA use
in patients with iOAB. Systemic AEs of onabotulinumtoxinA, including muscle weakness (RR, 2.79)
and nausea (RR, 3.15), were noted in patients with NDO; most systemic AEs had a low incidence and
were sporadic.

Keywords: adverse effects; neurogenic detrusor overactivity; idiopathic overactive bladder;
onabotulinumtoxinA; meta-analysis

Key Contribution: The risk of urinary tract infection, urinary retention, and de novo clean intermit-
tent catheterization increased after intravesical onabotulinumtoxinA injection in the NDO and iOAB
groups but did not vary with increasing dosages. Most AEs were localized to the urinary tract and
were controlled well.

1. Introduction

Overactive bladder (OAB) is defined as urinary urgency with or without urgency
urinary incontinence, along with other storage symptoms such as daytime frequency and
nocturia, without evidence of urinary tract infection (UTI) or other pathological entities [1,2].
Based on the existence of underlying neurological diseases, OAB can be further classified
into two different types: neurogenic detrusor overactivity (NDO) and idiopathic overactive
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bladder (iOAB). NDO generally results from multiple sclerosis (MS) or spinal cord injury
(SCI) [3,4]. The prevalence of OAB ranges from 12% to 19%, and it is a common health
problem that has a negative impact on many patients physically, mentally, and socially [3,5,6].

Multiple approaches have been applied for the treatment of OAB, ranging from
non-pharmacological treatments, such as behavioral modifications and pelvic floor muscle
training, to medications, including antimuscarinics and beta-3 adrenoreceptor agonists [7,8].
However, some patients still exhibit refractory symptoms with oral medications, while oth-
ers may be intolerant to a high rate of adverse effects (AEs), including xerostomia, blurred
vision, constipation, cognitive dysfunction, or high blood pressure [9,10]. In such circum-
stances, intravesical onabotulinumtoxinA injection, posterior tibial nerve stimulation, and
sacral neuromodulation are invasive but feasible alternative treatment options [11,12].

OnabotulinumtoxinA, a specific formulation of botulinum toxin A, is a neurotoxin
produced by the anaerobic bacterium Clostridium botulinum [13]. It inhibits acetylcholine
release from presynaptic neurons by binding to synaptic vesicle glycoprotein 2A, thereby
paralyzing muscle contraction [14,15]. The use of intravesical onabotulinumtoxinA injection
was first reported by Schurch in 2000 in patients with NDO to reduce excessive detrusor
spasticity [16]. After injection with onabotulinumtoxinA, the treatment effects can last for at
least 6 months [17]. Gradually, onabotulinumtoxinA treatment has been widely accepted for
patients with NDO and iOAB. Intravesical onabotulinumtoxinA injections were approved
by the Food and Drug Administration in 2011 to treat urinary incontinence associated
with NDO. Currently, the American Urological Association and European Association of
Urology guidelines recommend intravesical onabotulinumtoxinA injection as a third-line
treatment for OAB [18,19].

Although its efficacy and duration of effectiveness are well recognized, the safety
profile of onabotulinumtoxinA remains a concern. Intravesical onabotulinumtoxinA in-
jection causes AEs, particularly a substantially high incidence of UTI and urinary reten-
tion [20,21]. Injection of onabotulinumtoxinA inevitably increases the post-void residual
volume, thereby increasing the risk of urine retention, de novo clean intermittent catheteri-
zation (CIC), and UTI [22]. In addition to AEs localized to the urinary tract, other systemic
AEs such as muscle weakness, fatigue, and autonomic dysreflexia have been occasionally
reported [23,24].

In this study, we primarily focused on the major AEs associated with intravesical
onabotulinumtoxinA treatment, including localized and systemic AEs, in patients with
NDO or iOAB. The incidence of each AE under onabotulinumtoxinA injection was recorded,
and the increasing risk between different dosages and placebo treatment was evaluated
using a meta-analysis.

2. Results

2.1. Study Selection, Characteristics, and Risk of Bias

This review was performed in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Initially, 1526 literature
sources were identified, and 260 were eliminated owing to duplication. After screening
the titles and abstracts, 1185 articles were excluded, leaving only 81 articles for full-text
reading. Finally, 26 articles were included in this meta-analysis (Figure 1) [23–48].

This review encompassed 26 literature sources pertaining to randomized controlled
trials (RCTs) on bladder onabotulinumtoxinA injections (Table 1). These studies involved
3876 patients diagnosed with NDO or iOAB. Eighteen RCTs, comprising 2904 patients,
were related to iOAB (1113 in the placebo group and 1640 in the onabotulinumtoxinA
group, with the 151 in the solifenacin group not being analyzed), whereas eight RCTs,
including 972 patients, were related to NDO (379 in the placebo group and 593 in the
onabotulinumtoxinA group). The etiologies of NDO included MS (n = 550) and SCI
(n = 422).
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Figure 1. Flow diagram of the study participant selection process.

In the OAB literature, the studies by Dmochowski et al. [35] and Rovner et al. [38]
were related to the same cohort in a phase II dose-ranging trial. Since most AEs were
detailed in the study by Dmochowski et al., we listed all the literature in Table 1 but only
performed an analysis of the study by Dmochowski et al. In addition, Chapple et al. [41]
and Nitti et al. [42] studied two cohorts from the EMBARK study group, and Sievert
et al. [44] presented the combined data from these two cohorts. We listed the three literature
sources; however, most of the analyses focused on the first two articles. Similar conditions
existed in the NDO literature, with the studies by Cruz et al. [23], Ginsberg et al. [24],
Ginsberg et al. [27], and Rovner et al. [28] all related to the DIGNITY study. This analysis
was primarily carried out on the studies by Cruz et al. [23] and Ginsberg et al. [24]. The
OAB study by Herschorn et al. [46] included onabotulinumtoxinA, solifenacin, and placebo
treatment arms. Our analysis compared the onabotulinumtoxinA arm with a placebo.

Regarding the dose of onabotulinumtoxinA, the onabotulinumtoxinA units in the
iOAB trials ranged from 50 U to 300 U, with 100 U being the most commonly administered
dose, followed by 200 U. In the NDO trials, most doses were between 200 U and 300 U,
except for one RCT in which 100 U botulinum toxin was injected into patients with MS [29].
The AEs have been monitored at different time points in various studies. The incidence of
AEs analyzed in this study was mainly focused on the first 24 weeks after the injection.

The risk of bias in all the studies was assessed by two reviewers using the Cochrane
Collaboration tool. Table 2 presents the results of the studies.
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2.2. Adverse Effects Localized to Urinary Tract

In all the articles, most AEs were localized to the urinary tract, with minimal or
no systemic effects. In addition, most AEs were transient and reversible. UTI, urinary
retention, and voiding difficulties were the most prevalent AEs.

2.2.1. Urinary Tract Infections

UTI was the most frequently mentioned AE in all the studies. The definition of UTI
varied among the studies. The most common definition was bacteriuria, along with more
than five white blood cells in the high-power field. Some studies defined UTI based solely
on urine strip tests or urine cultures, whereas others did not provide a clear definition.

All eight articles involving patients with NDO reported the incidence of UTI. At
baseline, the pooled UTI rate in the NDO placebo group was higher than that in the iOAB
placebo group (29.2% vs. 9.4%). With increased treatment dosages for NDO, the pooled
incidence of UTI in the onabotulinumtoxinA group was 48.4% (relative risk [RR], 1.54;
confidence interval [CI], 1.30–1.83; p < 0.00001) (Figure 2). The RRs for the 200 U vs. placebo
and 300 U vs. placebo groups were similar (1.47 and 1.46). Consequently, no significant
difference in the incidence of UTI was observed between the 300 U and 200 U groups (RR,
1.06; CI, 0.89–1.26; p = 0.51) (Figure S1a).

 
Figure 2. Forest plots of the incidence of urinary tract infection in patients with neurogenic detrusor
overactivity due to all causes, multiple sclerosis, spinal cord injury, and idiopathic overactive bladder.
iOAB: idiopathic overactive bladder; MS: multiple sclerosis; NDO: neurogenic detrusor overactivity;
SCI: spinal cord injury; UTI: urinary tract infection.
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When comparing the two etiologies of NDO, most patients with SCI had already
regularly undergone CIC. Therefore, we analyzed the incidence of UTI among the two
etiologies separately. The RR of the incidence of UTI in patients with MS treated with
onabotulinumtoxinA was 2.08 (CI, 1.58–2.75; p < 0.00001), which was higher than the RR of
all the patients with NDO and patients with SCI (Figure 2). The incidence of UTI between
the 300 U and 200 U dosages in patients with MS showed no significant difference (RR, 1.10;
CI, 0.88–1.37; p = 0.40) (Figure S1b). On the contrary, in patients with SCI, no difference
in risk between the onabotulinumtoxinA and placebo groups was observed (RR, 1.17; CI,
0.91–1.50; p = 0.23) (Figure 2).

Regarding the patients with iOAB, we analyzed 14 studies that evaluated the UTI
incidence following onabotulinumtoxinA treatment. The incidence of UTI between the
combined onabotulinumtoxinA and placebo groups showed a significant difference (RR,
2.53; CI, 2.05–3.11; p < 0.00001) (Figure 2). The incidence of UTI in the onabotulinumtoxinA
100 U group was 22.7%, compared with 9.4% in the placebo group. The incidence of UTI in
the onabotulinumtoxinA 200 U group was 32.1%. Although a dose-dependent rising trend
was observed, the RR when comparing 200 U to 100 U did not reach a significant difference
(RR, 1.44; CI, 0.94–2.20; p = 0.09) (Figure S1c).

Acute pyelonephritis (APN) is a relatively severe AE that can develop even after
treatment. APN was mentioned in two studies on iOAB and three studies on NDO, and it
appeared to be more sporadic than drug-related APN. One patient in the onabotulinumtox-
inA 100 U group and another patient in the 50 U group experienced APN after treatment
for iOAB. Three patients in the placebo group for NDO and one patient in the 300 U group
were diagnosed with APN after treatment.

Urosepsis is worth noting because of its potentially lethal nature. This issue was
addressed in two main studies on NDO [23,24], and it appeared to be more related to
the invasive procedure than to onabotulinumtoxinA. Two patients in the placebo group
experienced urosepsis, with an incidence of 0.9%.

2.2.2. Urinary Retention

Urinary retention was another major AE commonly reported after treatment with
onabotulinumtoxinA. In some studies, urinary retention was defined as a post-void residual
volume of >200 mL requiring CIC. However, some studies have defined urinary retention
based solely on clinical judgment. The proportion of male patients in each study may have
led to distinct results.

Regarding NDO, two articles related to the DIGNITY study [23,24], Tullman et al. [29]
and Honda et al. [30], investigated the incidence of urinary retention. The incidence of
urinary retention was 20.4% in the onabotulinumtoxinA group, compared with 2.8% in the
placebo group (RR, 6.56; CI, 3.43–12.54; p < 0.00001) (Figure 3). It is likely that many patients
with SCI already underwent CIC (84.8% of patients with SCI underwent CIC at baseline,
according to the data of the DIGNITY study [23,24,27,28]). Therefore, the evaluation of
urinary retention in this patient group was not straightforward.

By focusing only on patients with MS, the RR could reach 7.82 (CI, 3.71–16.49;
p < 0.00001) (Figure 3). The combined incidence of urinary retention in patients with
SCI was 1.7%, 7.4%, and 4.0% in the placebo, 200 U, and 300 U groups, respectively,
whereas the combined incidence of urinary retention in patients with MS was 3.4%, 15.2%,
29.5%, and 39.3% in the placebo, 100 U, 200 U, and 300 U groups, respectively. Although a
dose-dependent increasing trend in risk was observed, there was no significant difference
between the 200 U and 300 U treatments in all the patients with NDO or the MS-only
patients (Figures S2a and S3a).

Although most patients with SCI already undergo regular CIC, the incidence of de
novo CIC in patients with SCI who are yet to undergo CIC and in patients with MS remains
a concern in terms of higher onabotulinumtoxinA injection doses. For all the patients
with NDO without a history of CIC, the risk of de novo CIC for all causes was 2.61 times
higher than that for the placebo group; for the MS-only patients, the risk was 2.92 times
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higher than that for the placebo group (Figure 3). However, the difference in the treatment
dose did not affect the risk in all the patients with NDO or the patients with only MS
(Figures S2b and S3b).

Figure 3. Forest plots of the incidence of urinary retention and de novo clean intermittent catheteri-
zation in patients with neurogenic detrusor overactivity due to all causes and neurogenic detrusor
overactivity due to multiple sclerosis. CIC: clean intermittent catheterization; MS: multiple sclerosis;
NDO: neurogenic detrusor overactivity.

Regarding iOAB, ten studies addressed urinary retention. Accordingly, the pooled
retention rates were approximately 1.0% in the placebo group, 6.7% in the onabotulinum-
toxinA 100 U group, and 20.1% in the onabotulinumtoxinA 200 U group. The risk of urinary
retention for all the onabotulinumtoxinA doses was 7.32 times higher than that for the
placebo group (CI, 3.95–13.58; p < 0.00001) (Figure 4). When comparing 200 U to 100 U,
the increased risk of urinary retention was not significant (RR, 1.34; CI, 0.66–2.72; p = 0.42)
(Figure S4a). Several studies including patients with iOAB have objectively evaluated the
volume of residual urine before and after treatment. Using a cutoff value of 200 mL for
residual urine, only 0.3% of patients in the placebo group had residual urine exceeding
200 mL after treatment. After treatment with onabotulinumtoxinA, the incidence of residual
urine exceeding 200 mL was 9.6% (10.09 times the risk; CI, 3.80–26.81; p < 0.00001).
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Figure 4. Forest plots of the incidence of urinary retention and clean intermittent catheterization in
patients with idiopathic overactive bladder. CIC: clean intermittent catheterization; iOAB: idiopathic
overactive bladder.

We also evaluated the possibility of de novo CIC in patients with iOAB. The combined
de novo CIC rate in the placebo group was 1.0%. With 100 U onabotulinumtoxinA treat-
ment, the incidence of de novo CIC increased to 6.8% and further increased to 21.0% with
200 U onabotulinumtoxinA treatment. The risk of de novo CIC with onabotulinumtox-
inA treatment was 6.63 times higher than that with placebo (CI, 3.80–11.57; p < 0.00001)
(Figure 4). Dmochowski et al. [35] compared the incidence of de novo CIC between the
200 U onabotulinumtoxinA and 100 U onabotulinumtoxinA groups. The RR was 1.94 with
a CI of 0.77–4.86, which still lacked significance (Figure S4b).

2.2.3. Voiding Difficulty

Although not as severe as urinary retention, difficulty in voiding caused inconvenience
to patients undergoing onabotulinumtoxinA treatment. Four articles on NDO reported the
incidence of voiding difficulty after onabotulinumtoxinA injection. The risk of voiding dif-
ficulty with onabotulinumtoxinA injection did not significantly increase, possibly because
many patients underwent regular CIC (Figure 5). Eight iOAB studies addressed this issue.
The combined incidence of voiding difficulties was approximately 5.3% in the placebo
group, including patients with iOAB. The incidence increased to 8.8% in the 100 U group
and 21.9% in the 200 U group. We observed not only an increased risk within the combined
onabotulinumtoxinA group compared with the placebo group (RR, 1.82; CI, 1.32–2.52;
p = 0.0003) but also within the 200 U group compared with the 100 U group (RR, 2.25; CI,
1.08–4.71; p = 0.03) (Figures 5 and S5).
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Figure 5. Forest plots of the incidence of voiding difficulty in patients with neurogenic detrusor over-
activity and idiopathic overactive bladder. iOAB: idiopathic overactive bladder; NDO: neurogenic
detrusor overactivity.

2.2.4. Hematuria

Hematuria was another potential AE. Generally, the risk of hematuria did not increase
with onabotulinumtoxinA treatment in patients with NDO or iOAB (Figure S6). Eight articles
on iOAB and six articles on NDO discussed this AE. In the iOAB studies, the combined
incidence of hematuria was approximately 3.4% in the placebo group and 4.3% in the 100 U
group. In the patients with NDO, the combined incidence of hematuria was approximately
4.3% for the placebo group, 5.5% for the 200 U group, and 6.8% in the 300 U group.

2.2.5. Bladder Pain

Despite the fact that an increasing trend of bladder pain was observed with on-
abotulinumtoxinA injection in patients with NDO, the incidence of bladder pain in the
onabotulinumtoxinA group was not significantly higher than that in the placebo group
(RR, 2.72; CI, 0.94–7.87; p = 0.07) (Figure S6). Four NDO articles reported the incidence of
bladder pain. The pooled incidences were 0.9% in the placebo group, 1.2% in the 200 U
group, and 5.1% in the 300 U group.

2.3. Systemic Adverse Effects

The incidence of systemic AEs was generally low and these AEs usually manifested
sporadically. The following were some of the most prevalent systemic AEs.

2.3.1. Muscle Weakness

Because of the muscle-relaxing effects of onabotulinumtoxinA, there are concerns
about its systemic effects and the potential for muscle weakness in the extremities. Four
studies on NDO and two on iOAB addressed this AE. For the patients with NDO, the
combined incidences of muscle weakness were 1.8% in the placebo group, 4.6% in the
200 U group, and 6.6% in the 300 U group. The risk in the onabotulinumtoxinA group was
2.79 times higher than that in the placebo group (CI, 1.18–6.62; p = 0.02) (Figure 6). In the
iOAB studies, the incidence of muscle weakness was generally low across the different
treatment dosages. It was 0.8% in the placebo group and 0.7% in the 200 U group (Figure 6).
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Figure 6. Forest plots of the incidence of muscle weakness in patients with neurogenic detrusor over-
activity and idiopathic overactive bladder. iOAB: idiopathic overactive bladder; NDO: neurogenic
detrusor overactivity.

2.3.2. Fatigue

The articles from the DIGNITY study [23,24,27,28] evaluated the fatigue rate after
injection in patients with NDO. The incidence of fatigue was higher in the patients with MS
than in those with SCI who were treated with onabotulinumtoxinA (200 U: 11.6% vs. 1.0%,
p = 0.001; 300 U: 6.0% vs. 0%, p = 0.016). The combined incidences of fatigue were 3.0% in
the placebo group, 7.1% in the 200 U group, and 3.2% in the 300 U group. No difference in
risk was observed between the onabotulinumtoxinA and placebo groups (Figure S7).

2.3.3. Symptoms Related to the Digestive System (Nausea, Diarrhea, and Constipation)

AEs related to digestive symptoms, including nausea, diarrhea, and constipation, were
reported in numerous NDO studies. The risk of diarrhea and constipation did not increase
with onabotulinumtoxinA injection (diarrhea: RR, 1.11; CI, 0.59–2.09; p = 0.75, constipation:
RR, 1.67; CI, 0.72–3.86; p = 0.23). However, the risk of nausea significantly increased with
onabotulinumtoxinA injection (RR, 3.15; CI, 1.27–7.81; p = 0.01). The combined incidences
of nausea were 1.9% in the placebo group, 4.0% in the 200 U group, and 7.0% in the 300 U
group (Figure S7).

2.3.4. Pyrexia

The articles from the DIGNITY study [23,24], Schurch et al. [25], and Honda et al. [30]
evaluated the incidence of pyrexia. Among the patients with NDO, the pooled risk of
pyrexia after treatment was 3.0% in the placebo group, 6.6% in the 200 U group, and 2.6%
in the 300 U group. This incidence appeared to be unrelated to the treatment dosage
(Figure S7).

2.3.5. Autonomic Dysreflexia

With an increasing possibility of urinary retention, the risk of autonomic dysreflexia
may also increase after onabotulinumtoxinA treatment, especially in patients with SCI.
Four NDO articles were used to evaluate the risk. The pooled incidence of autonomic
dysreflexia was 0.4% in the placebo group. When treated with 200 U onabotulinumtoxinA,
the risk increased to 2.0%. In the 300 U group, the risk was 1.7%. The RR of autonomic
dysreflexia did not increase significantly when comparing onabotulinumtoxinA treatment
with placebo (Figure S7).

3. Discussion

Patients with NDO and iOAB have frequent urinary incontinence and other storage
symptoms, which significantly reduce their quality of life [8,9,22]. Behavioral therapy,
biofeedback, pharmacotherapy, electrical stimulation, onabotulinumtoxinA injection, and
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surgical intervention have been considered as effective modalities [7,8,49]. The pharma-
cotherapeutic agents for NDO and iOAB include muscarinic receptor antagonists and
beta-3 agonists such as solifenacin, tolterodine, oxybutynin, and mirabegron. Nevertheless,
a certain proportion of patients may complain of suboptimal efficacy or may not tolerate
the related AEs [50–52]. Thus, researchers continue to search for other therapeutic options
that provide long-term treatment efficacy with few AEs. In recent decades, intravesical
onabotulinumtoxinA injections have been widely administered to patients with NDO and
iOAB. While the application of onabotulinumtoxinA injection improves urinary symptoms
and quality of life, onabotulinumtoxinA injection itself has corresponding AEs [20,53].

In this meta-analysis, we focused on the AEs related to intravesical onabotulinum-
toxinA injections in patients with either iOAB or NDO in various RCTs. The AEs were
mainly limited to the urinary system and were well tolerated. In the urinary system, the
incidence of UTI, urinary retention, and de novo CIC induced by onabotulinumtoxinA
treatment was higher than that by placebo in the patients with NDO and iOAB; however,
the risk of each AE did not vary with an increase in dosage. An increasing incidence of
voiding difficulty was observed solely in the patients with iOAB and tended to increase
with increasing dosages. The risks of hematuria and injection pain were unrelated to
onabotulinumtoxinA. Regarding the systemic AEs, increased risks of muscle weakness
and nausea were observed in the patients with NDOs. Other systemic safety parameters,
including autonomic dysreflexia, showed no clinically relevant changes.

Because intravesical onabotulinumtoxinA injection inhibits excessive neural signals, it
reduces the strength of the detrusor muscle [14,15]. Although this decreases the symptoms
of OAB, it results in incomplete bladder emptying, leading to urinary retention and some-
times necessitating catheterization for urine drainage. In the patients with either NDO or
iOAB, an increase in urinary retention was observed following onabotulinumtoxinA treat-
ment, along with a high proportion of patients who had never undergone CIC previously
requiring CIC.

A phase II study involving patients with iOAB investigated multiple doses of onabo-
tulinumtoxinA injections, including 50 U, 100 U, 150 U, 200 U, and 250 U [35,38]. It was
found that any dose of onabotulinumtoxinA exceeding 100 U demonstrated a higher risk of
urinary retention than that with the placebo. However, no statistically significant difference
in the risk was observed among the higher doses. Surpassing a certain dosage threshold
increases the likelihood of urinary retention; however, increasing the dose does not further
increase the risk. Our meta-analysis, which compared the commonly used doses of 100 U
and 200 U across multiple studies, yielded similar results.

Regarding NDO, the patients with MS and SCI comprised two distinct groups. Ac-
cording to the DIGNITY study, 29.4% of patients with MS had already undergone CIC
before onabotulinumtoxinA treatment, whereas the proportion of patients with SCI was as
high as 84.8%, making it worthwhile to investigate the two groups separately [23,24,27,28].
After onabotulinumtoxinA treatment, the patients with MS, many of whom lacked CIC,
showed a significant increase in the risk of urinary retention and de novo CIC, similar to
that in patients with iOAB. However, in the patients with SCI, the majority had already
undergone CIC at baseline, and no increase in the related risk of CIC was observed.

Customarily, patients with MS, similar to patients with SCI, are treated with 200 U
or 300 U of onabotulinumtoxinA to improve urinary incontinence. Tullman et al. treated
patients with only 100 U of onabotulinumtoxinA [29]. When observing the incidence of
urinary retention alone, the patients treated with 100 U of onabotulinumtoxinA had a
slightly lower incidence than that of the patients treated with 200 U or 300 U of onabo-
tulinumtoxinA. However, when compared with patients receiving placebo, the increased
RR of urinary retention with 100 U was not less than that observed with 200 U or 300 U.

UTI was the most common AE after intravesical onabotulinumtoxinA injection. The
incidence of UTI correlated with whether patients with NDO or iOAB experienced urinary
retention after treatment. Among the patients with NDO, those with SCI underwent CIC
at baseline at an increased proportion, which differentiated their RRs of UTI from those
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of the patients with MS. The DIGNITY study showed significantly different incidences
of UTI with onabotulinumtoxinA vs. placebo in patients with MS compared to patients
with SCI (MS: 56.1% vs. 29.2%; SCI: 51.0% vs. 44.8%) [23,24,27,28]. Notably, the increased
incidence of UTI was more related to the increased post-void residual volume and urine
retention than to the treatment dose. Therefore, the different treatment doses did not show
a difference in the incidence of UTI in this analysis.

Although urinary retention increased the risk of UTI, intravesical onabotulinumtoxinA
injection might have protected patients with OAB from developing complicated UTIs. One
reason for this was that onabotulinumtoxinA treatment reduced the maximum detrusor
pressure, thereby decreasing the occurrence of vesicoureteral reflux, which protected the
kidneys from pyelonephritis [54]. Giannantoni et al. observed that after 6 years of onabo-
tulinumtoxinA treatment, patients showed significant improvement in vesicoureteral reflux
and renal pelvic dilatation [54]. Another reason was that lower bladder pressure could
enhance the bladder blood flow and tissue oxygenation, which might prevent UTIs [55].
Overall, UTIs were primarily confined to the lower urinary tract, which is consistent with
the findings of other meta-analyses [56–58].

However, some RCTs did not clearly address whether patients already had UTIs or
whether bacteria were cultured from their urine before onabotulinumtoxinA injection. This
may distort the evaluation of the incidence of UTI after onabotulinumtoxinA injection.
Additionally, different studies had varying protocols regarding whether to maintain the
use of antimuscarinic agents before and after onabotulinumtoxinA injection, which could
also affect the incidence of UTIs. According to our meta-analysis, the patients with NDO
treated with onabotulinumtoxinA or placebo generally had a higher UTI risk than that of
the patients with iOAB. Therefore, it is recommended that patients with NDOs receive
prophylactic antibiotics before injection to prevent post-treatment UTIs.

Next, we discuss the potential systemic AEs associated with onabotulinumtoxinA
injection. The patients with NDO generally required higher treatment doses, leading to
greater concerns regarding systemic AEs. Most studies describing these systemic AEs were
based on NDO. In our meta-analysis, the patients with NDO showed an increased risk of
muscle weakness after intravesical onabotulinumtoxinA injection, whereas the patients
with iOAB did not exhibit this phenomenon.

The effects of onabotulinumtoxinA spread from the primary injection site to the
distal organs and produce related symptoms. Using onabotulinumtoxinA to treat muscle
spasticity in children with cerebral palsy might carry a highest risk of muscle weakness,
and symptoms could also occur in adults for other indications, such as NDO [21]. In
addition to the potentially difficult patient transfer caused by muscle weakness, difficulties
in swallowing or breathing can be life-threatening [21]. Nevertheless, when evaluating
muscle weakness, other potential reasons for weakness should also be considered, including
MS exacerbation, syringomyelia in SCI, and new-onset cerebrovascular accidents.

Nuanthaisong et al. retrospectively reviewed 13 patients with neurogenic bladder
injected with cumulative doses of >360 U of onabotulinumtoxinA within a 3-month in-
terval [59]. Four patients experienced general or extremity weakness without any life-
threatening AEs, which were eventually resolved. In our meta-analysis, the doses of choice
were 200 U and 300 U for the patients with NDO. The incidence of muscle weakness was
low in general compared with that reported by Nuanthaisong et al. [59].

Autonomic dysreflexia may occur in patients with SCI with injuries at T6 or above.
Noxious stimuli, such as instrumentation, bladder distention, or the injection itself, can
induce autonomic dysreflexia. During the procedure, monitoring of the blood pressure
and other vital signs is necessary for patients with high-level SCI, as “silent autonomic
dysreflexia” may develop in approximately 40% of these patients [60,61]. However, in
the long term, intravesical onabotulinumtoxinA injection had a positive effect on auto-
nomic dysreflexia. Schurch et al. reported that three patients with tetraplegia and severe
autonomic dysreflexia benefited from the resolution of autonomic dysreflexia with 300 U
onabotulinumtoxinA injection [62].
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This meta-analysis had several advantages. First, it included some recent studies
published after 2015 in the analysis. This not only increased the number of patients
analyzed but also ensured that the data reflected contemporary practice. Second, we
systematically evaluated the literature for both NDO and iOAB. In addition to comparing
the AEs between the treatment and control groups within each population, it allowed us
to cross-examine the incidence of AEs between the NDO and iOAB groups. Finally, we
compared whether different doses within the treatment group resulted in varying rates
of AEs.

However, this study had some limitations. First, some of the included RCTs might
have been terminated early owing to slow or difficult recruitment, resulting in a small
sample size and high risk of bias. Second, only a few RCTs on NDO have assessed the
safety profile of onabotulinumtoxinA injection. One reason for this is that the population
of patients with NDO is inherently small, making it challenging to conduct related RCT
studies. Additionally, the proportion of male and female patients in each study could
affect the baseline status of whether patients have benign prostatic hyperplasia and further
bladder outlet obstruction, which might influence the severity of the storage symptoms [63].
However, these RCTs did not separately report the incidence of AEs according to sex; thus,
it was impossible to perform further subgroup analyses.

The heterogeneity in the reporting and definition of each AE is worth noting. The
definition of a specific AE may vary across studies, and some studies may not provide
a clear definition. For instance, in the case of UTI, the EMBARK study [41,42,44], which
had the largest number of patients, and some other studies defined UTI as bacteriuria
combined with more than five white blood cells per high-power field. However, some
studies defined UTI based on patients’ self-reported symptoms [40], whereas others did
not provide a precise definition. Finally, our meta-analysis focused on short-term AEs after
intravesical onabotulinumtoxinA injection. Although repeated injections are pivotal for
maintaining persistent therapeutic results, the effects of repeated injections or potential
long-term AEs over a period longer than 1 year are beyond the scope of this meta-analysis.
In view of this, as the articles by Chen et al. and Kennelly et al. primarily discussed
repeated onabotulinumtoxinA treatments, they were not included in the analysis [64,65].

4. Conclusions

The risk of UTI, urinary retention, and de novo CIC increased after intravesical onabo-
tulinumtoxinA injection in patients with either iOAB or NDO. The risks did not vary with
increasing onabotulinumtoxinA doses. Most AEs after intravesical onabotulinumtoxinA
injection were localized to the urinary tract and were controlled well.

5. Materials and Methods

This systematic review and meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [66].

5.1. Search Strategy

The PubMed, Ovid MEDLINE, Ovid Embase, and Cochrane Central Register of
Controlled Trials databases were searched for relevant articles from 1 January 2000 to 31
December 2022 to evaluate the safety profiles of suburothelial or intradetrusor botulinum
toxin injection treatment. RCTs related to onabotulinumtoxinA treatment in patients with
NDO and iOAB were reviewed. The references listed in the retrieved studies were also
searched. The search keywords included botulinum, botulinum toxin, Botox, botulinum
neurotoxin A, onabotulinumtoxinA, neurogenic bladder, neurogenic detrusor overactivity,
overactive bladder, and idiopathic overactive bladder.

5.2. Inclusion and Exclusion Criteria

The following criteria were used to include studies in the meta-analysis: (1) patients
diagnosed with NDO (including SCI and MS) or iOAB who were refractory to oral an-
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timuscarinics or beta-3 agonists or who were intolerant to the AEs; (2) adult patients aged
>18 years; (3) randomized controlled design comparing onabotulinumtoxinA with placebo
or onabotulinumtoxinA at different dosages; and (4) outcomes including AEs after the
intervention, such as UTI, urinary retention, and hematuria.

The exclusion criteria were as follows: (1) non-study participants, (2) single-arm
studies, (3) studies not using onabotulinumtoxinA (e.g., abobotulinumtoxinA, rimabo-
tulinumtoxinB, or incobotulinumtoxinA), (4) studies not evaluating AEs, and (5) studies
focusing on repeated treatment instead of primary treatment. If multiple studies were
related to the same cohort, all the studies presenting AEs were listed; however, the same
patient group was analyzed only once.

5.3. Quality Assessment

To assess the methodological quality of the included RCTs, two reviewers (P.-H.Y.
and C.-C.W.) employed the Cochrane Collaboration tool. The following seven domains
were evaluated: blinding of participants and personnel, sequence generation, allocation
concealment, blinding of outcome assessment, selective outcome reporting, incomplete
outcome data, and other potential sources of bias. Each item was graded as “high risk”,
“low risk”, or “unclear”.

5.4. Data Extraction

After the two reviewers reviewed the studies, the following details were collected from
each article: first author, region, year of publication, population size, sex distribution, mean
age, background diseases, study design, onabotulinumtoxinA treatment dosage, and follow-
up intervals. The incidence of various AEs was recorded, including localized symptoms,
such as UTI, urinary retention, incidence of CIC, voiding difficulty, and hematuria. Other
systemic symptoms, such as muscle weakness and autonomic dysreflexia, were also noted.
This study emphasized the short-term AEs following injection. In most studies, AEs were
primarily observed within 6 months of injection. If the AEs were reported at multiple time
points, priority was assigned to those that occurred within the first 12 weeks of treatment.

5.5. Statistical Analysis

The statistical analyses were conducted using Review Manager v. 5.3 (Cochrane
Collaboration, Oxford, UK). Because the incidence of AEs was assessed as a dichotomous
parameter, the data were expressed as RRs with 95% CIs [67,68]. A significance level of
p < 0.05 was set for statistical significance. Forest plots were used to illustrate the outcomes.
The I2 statistic provided an estimate of the percentage of heterogeneity, possibly due to
chance [69], with the significance level set at p < 0.1. A fixed-effects model was used if the
heterogeneity was not significant (I2 < 50%). In contrast, a random-effects model was used
for the meta-analysis when heterogeneity was detected.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/toxins16080343/s1, Figure S1: Forest plots of the incidence of
urinary tract infection in patients with neurogenic detrusor overactivity due to all causes, neuro-
genic detrusor overactivity due to multiple sclerosis, and idiopathic overactive bladder at different
doses; Figure S2: Forest plots of the incidence of urinary retention and de novo clean intermittent
catheterization in patients with neurogenic detrusor overactivity at different doses; Figure S3: Forest
plots of the incidence of urinary retention and de novo clean intermittent catheterization in patients
with neurogenic detrusor overactivity due to multiple sclerosis at different doses; Figure S4: Forest
plots of the incidence of urinary retention and de novo clean intermittent catheterization in patients
with idiopathic overactive bladders at different doses; Figure S5: Forest plots of the incidence of
voiding difficulty in patients with idiopathic overactive bladders at different doses; Figure S6: Forest
plots of the incidence of localized adverse effects; Figure S7: Forest plots of the incidence of systemic
adverse effects.
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Abstract: Overactive bladder (OAB) has a significant impact on the quality of life; thus, it requires
treatment that can be adhered to over a long period without undue side effects. The current treatment
which uses an anticholinergic or β-3 agonist may fail to improve symptoms and has side effects,
leading to high discontinuation rates. OnabotulinumtoxinA (OnabotA) detrusor injection has been
approved for idiopathic OAB as a second-line treatment with good effectiveness and tolerability. This
study used a visual analog scale (VAS) to assess the impact of the type of needle used for OnabotA
detrusor injections under local anesthesia on the pain levels after each injection. This study included
68 female patients. We used three different needles with thicknesses ranging from 22 to 27 gauge,
lengths between 4 and 5 mm, and different cuts. The sensation of pain was rated at each standardized
injection location. Regardless of the needle used, the patients’ perceptions of pain at the beginning of
the procedure were rated as being less than the subsequent injections. Most pain sensations were
rated as low to moderate. The mean pain sensation on the VAS was 2.5 ± 0.3 overall, i.e., for all
patients and needles used. Statistically significant differences in pain sensation were rated only at
some locations of the bladder (on the back wall and the right side of the bladder). The single needles
averaged the following pain scores: 2.8 ± 0.3 for needle A (20 G, 4 mm), 2.1 ± 0.3 for needle B
(27 G, 5 mm), and 2.6 ± 0.4 for needle C (20 G, 4 mm, sharp cut 15◦). The 27-gauge needle caused
significantly less pain, and it had no negative impact due to its length, which was 1 mm longer than
the other needles. Thus, the needle thickness was a decisive factor in the patients’ perceptions of pain.

Keywords: overactive bladder; botulinumtoxinA detrusor injection; needle thickness; pain;
local anesthesia

Key Contribution: The thickness of the injection needle is a relevant factor in the pain perceptions of
patients undergoing botulinumtoxinA detrusor injection with local anesthesia.

1. Introduction

Overactive bladder (OAB) is characterized by symptoms of urinary urgency, with
or without urgency urinary incontinence, usually with frequency and/or nocturia, in the
absence of a proven infection or other pathology [1]. The symptoms can be considerable
and can significantly limit the quality of life for both sexes in many areas of life [2,3].
Additionally, the economic costs are enormous [4].
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Accordingly, there is a wide range of approaches to treat OAB syndrome therapeuti-
cally. Conservative therapeutic measures include behavioral therapeutic approaches, such
as weight reduction, caffeine reduction, smoking cessation, or fluid management, and
pelvic floor therapy, such as pelvic floor training and electrical stimulation including tibial
nerve stimulation [5].

Drug therapy is a primary approach to the treatment of OAB [6]. First-line pharmaco-
logical approaches to OAB consist of anticholinergic drugs, such as oxybutynin, trospium
chloride, tolterodine, solifenacin, darifenacin, and fesoterodine (in chronological order).
These act by competitively inhibiting the activation of muscarinic receptors of the detrusor
muscle by acetylcholine [7]. Although usually effective, these drugs have many side effects
(e.g., dry throat, blurred vision, constipation, and other gastrointestinal complaints), which,
in addition to possible ineffectiveness, lead to a significant proportion of therapy discontin-
uations. They have been demonstrated to cause cognitive limitations and the development
of dementia in older patients [8]. The discontinuation rate of these medications increases to
80% after one year [9].

Alternatively, mirabegron or vibegron, strong and selective β3-adrenoceptor agonists,
have been available for several years and have good efficacy, a lower rate of side effects, and
correspondingly better adherence to therapy [9]. OnabotulinumtoxinA detrusor injection
(OnabotA-DI) has been approved for idiopathic OAB (iOAB) for a decade as a second-line
treatment after unsuccessful anticholinergic or β3-mimergic therapy and is recommended
in the EAU guidelines [5], becoming firmly established in patient settings. OnabotA
effectively blocks the release of various neurotransmitters, such as acetylcholine, ATP, or
substance P, and leads to a reduction in certain ion channels and pain receptors (TRPV1
and P2X3), which explains the reduction in contractility, urinary bladder desensitization, a
reduction in urgency, and also a reduction in pain [10]. A number of studies have proven
the effectiveness of OnabotA detrusor injections (DIs). Initial studies found the injection
of 200 U OnabotA to be effective [11], but Dmochowski et al. conducted a first optimized
dose-finding study, which led to the dosage of 100 U OnabotA that is used to this day [12].

The approval study with 100 U of OnabotA demonstrated good effectiveness in
alleviating OAB symptoms and urinary incontinence, in quality of life, and in urodynamic
parameters with good tolerability [13–15].

Since then, the medication has been applied to the lateral and posterior walls of the
bladder at 20 different points, each with 0.5 mL of OnabotA reconstituted with NaCl
(equivalent to 5 U per injection site), excluding the trigone. Most users, however, include
the trigone as an injection site, and scientific data support this approach. For example,
a review by Jo et al. [16] summarizes comparisons of trigone-including versus trigone-
sparing injections, which indicate that including the trigone reduces the detrusor pressure
and increases the volume at first desire to void. The depth of injection, intradetrusor or
suburothelial, does not influence the efficacy or safety of OnabotA, as described by Jo et al.
and in other studies [16,17].

For many experts, a challenge in outpatient use seems to be the fear of pain and an
insufficient effect of local anesthesia [18]. Several working groups have addressed the
problem of pain reduction, and protocols such as adding sodium bicarbonate to local
anesthesia, reducing the number of injection sites, or exposure to EMDA (electromotive
drug administration) therapy have resulted in better acceptance of the therapy [19]. The
use of a rigid instrument versus a flexible instrument may also influence pain, although to
our knowledge, there are no study data in this regard.

The important topic of patients’ acceptance of OnabotA injections through reduced
pain has been addressed not only in urology, but also in several therapeutic areas, e.g., by
Nasser et. al. [20] in dermatology for the treatment of palmar and plantar hyperhidrosis.
For this indication, topical anesthesia, ice, and vibration are the safest and most conve-
nient noninvasive methods to relieve pain associated with botulinum detrusor injection.
Aesthetic medicine faces similar problems: Athadeu et al. compared the effectiveness of
topical anesthesia cream, vibratory stimulus, cryotherapy, pressure, and no intervention for
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reducing pain during and immediately after injections into the forehead [21]. There was
no real “break-through” favorite in esthetics and dermatology to make the therapy more
pleasant; no analgesic method to reduce pain was superior to any others. In contrast, Sezgin
et al. [22], again in esthetic medicine, were able to achieve at least partial pain relief by using
different needle gauges; in their study, an assessment of the multiple-injection process
demonstrated a significant difference in pain level, favoring their very thin 33 G needle.

Motivated by such studies to transfer these insights to our urology field, our study
aims to evaluate whether diverse levels of pain occur when using different injection needles.
Therefore, our main hypothesis is that in the context of OnabotA-DI, there is a different
degree of pain when using different needles available on the international urology market
with different needle thicknesses, needle lengths, and needle cut shapes. The degree of
pain should be determined using a VAS pain score. The needles examined in our study
are listed anonymously because the user’s acceptance does not depend exclusively on the
pain experienced by the patient, but also on practicality and handling in use; the length,
elasticity, and maneuverability of the cannula; and the cost of the needles, to name a few.

2. Results

This study included 68 female patients. The patients’ characteristics in the individual
randomized needle groups showed no statistical differences with regard to age, diagnosis,
and frequency of injections (Table 1). Eighty-eight percent of patients suffered from iOAB.
In eight patients, the injection was carried out despite a positive urine culture because
the pronounced urge incontinence was the cause of the recurrent urinary tract infections.
However, in these patients, there were no relevant symptoms (fever/pain) that would
otherwise have been exclusion criteria.

Table 1. Age, diagnoses, and first/repeat injections of patients.

Characteristic
Overall
n = 68

Needle A
(22 G, 4 mm)
n = 33 3

Needle B
(27 G, 5 mm)
n = 20 3

Needle C
(22 G, 4 mm,
Sharp Cut 15◦)
n = 15 3

p-Value 2

Age 0.6

Mean (SD) 64.0 (15.9) 62.1 (15.3) 64.8 (15.3) 66.9 (18.4)

Median 66.0 64.0 67.5 76.0

Range 27.0–86.0 27.0–86.0 36.0–83.0 29.0–85.0

Diagnose 0.3

iOAB 1 60 (88.2%) 28 (84.8%) 17 (85.0%) 15 (100.0%)

nDO in MS 1 8 (11.8%) 5 (15.2%) 3 (15.0%) 0 (0.0%)

Injection 0.6

First injection 40 (58.8%) 21 (63.6%) 10 (50.0%) 9 (60.0%)

Repeat injection 28 (41.2%) 12 (36.4%) 10 (50.0%) 6 (40.0%)
1 Idiopathic overactive bladder; neurogenic detrusor overactivity (nDO) in patients with multiple sclerosis. 2 One-
way ANOVA; Fisher’s exact test; Pearson’s chi-squared test. 3 Different frequencies of needles due to delivery
bottlenecks during and after COVID-19 pandemic (see text).

Regardless of the needle used, there was a trend in the patients’ perceptions of pain,
where the pain at the beginning of the procedure (first 1–3 injections) was classified as less
intense than the subsequent injections, which had a sense of an increasing sensation of
pain or pain aggravation. Otherwise, the sensation of pain could generally be classified
as low to moderate regardless of the needle used; the mean pain sensation on the VAS
(scale of 1–10) was 2.5 ± 0.3, and the single needles averaged the following pain scores:
2.8 ± 0.3 for needle A, 2.1 ± 0.3 for needle B, and 2.6 ± 0.4 for needle C. Although there
appeared to be consistent differences in pain sensation between needles (see Table 2),
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statistically significant differences were found only in some areas of the urinary bladder
(see Tables 2 and 3). The needle that caused significantly less pain was the 27-gauge needle,
whose 1 mm longer length compared to the other needles had no negative impact. Needle
thickness was the decisive factor in the patients’ perceptions of pain. The different pointed
15◦ cut of the 22-gauge needle (needle C) also contributed to pain reduction (see comparison
to the 22-gauge needle (needle A) in Table 3). Needle B (27-gauge needle) showed a very
mild advantage in comparison to needle C (22 gauge, pointed 15◦ cut).

Table 2. Pain scales (VAS 1–10) at the individual locations of the urinary bladder.

Characteristic
Overall
n = 68

Needle A
(22 G, 4 mm)
n = 33 2

Needle B
(27 G, 5 mm)
n = 20 2

Needle C
(22 G, 4 mm,
Sharp Cut 15◦)
n = 15 2

p-Value 1

LS1 0.3
Mean (SD) 1.7 (1.1) 1.9 (1.2) 1.5 (0.7) 1.6 (1.1)
Range 1.0–5.0 1.0–5.0 1.0–3.0 1.0–5.0

LS2 0.15
Mean (SD) 2.2 (1.5) 2.5 (1.6) 1.7 (0.8) 2.4 (1.6)

Range 1.0–7.0 1.0–7.0 1.0–4.0 1.0–7.0
LM1 0.15

Mean (SD) 2.6 (1.8) 2.8 (2.1) 1.9 (1.1) 2.8 (1.7)
Range 1.0–9.0 1.0–9.0 1.0–5.0 1.0–6.0

LM2 0.14
Mean (SD) 2.9 (1.7) 3.0 (1.9) 2.4 (1.3) 3.5 (1.6)
Range 1.0–9.0 1.0–9.0 1.0–5.0 1.0–6.0

LM3 0.5
Mean (SD) 2.7 (1.7) 2.9 (1.9) 2.4 (1.3) 2.5 (1.6)
Range 1.0–10.0 1.0–10.0 1.0–4.0 1.0–7.0

M1 0.030
Mean (SD) 2.6 (1.9) 3.3 (2.3) 2.2 (1.3) 1.9 (1.2)
Range 1.0–10.0 1.0–10.0 1.0–5.0 1.0–5.0

M2 0.2
Mean (SD) 2.7 (1.7) 2.9 (2.0) 2.2 (1.1) 3.0 (1.5)
Range 1.0–8.0 1.0–8.0 1.0–5.0 1.0–6.0

M3 0.4
Mean (SD) 2.5 (1.7) 2.5 (1.6) 2.2 (1.4) 3.0 (2.4)
Range 1.0–8.0 1.0–6.0 1.0–6.0 1.0–8.0

Top 0.4
Mean (SD) 2.5 (1.5) 2.7 (1.5) 2.2 (1.2) 2.6 (1.6)
Range 1.0–7.0 1.0–6.0 1.0–5.0 1.0–7.0
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Table 2. Cont.

Characteristic
Overall
n = 68

Needle A
(22 G, 4 mm)
n = 33 2

Needle B
(27 G, 5 mm)
n = 20 2

Needle C
(22 G, 4 mm,
Sharp Cut 15◦)
n = 15 2

p-Value 1

RM1 0.6
Mean (SD) 2.6 (1.7) 2.7 (1.7) 2.3 (1.3) 2.7 (2.1)
Range 1.0–7.0 1.0–7.0 1.0–6.0 1.0–7.0

RM2 0.7
Mean (SD) 2.5 (1.6) 2.7 (1.6) 2.3 (1.6) 2.5 (1.7)
Range 1.0–7.0 1.0–7.0 1.0–7.0 1.0–6.0

RM3 0.2
Mean (SD) 2.5 (1.6) 2.8 (1.8) 1.9 (1.4) 2.5 (1.3)
Range 1.0–8.0 1.0–8.0 1.0–6.0 1.0–6.0

RS1 0.057
Mean (SD) 2.4 (1.7) 2.7 (1.7) 1.7 (1.1) 2.9 (2.2)
Range 1.0–9.0 1.0–7.0 1.0–4.0 1.0–9.0

RS2 0.3
Mean (SD) 2.4 (1.6) 2.7 (1.7) 2.0 (1.6) 2.4 (1.3)
Range 1.0–8.0 1.0–7.0 1.0–8.0 1.0–5.0

RBB 0.7
Mean (SD) 2.2 (1.7) 2.4 (1.8) 2.0 (1.4) 2.3 (1.8)
Range 1.0–8.0 1.0–8.0 1.0–7.0 1.0–6.0

LBB 0.4
Mean (SD) 2.6 (2.0) 3.0 (2.3) 2.2 (1.5) 2.4 (1.7)
Range 1.0–10.0 1.0–10.0 1.0–7.0 1.0–6.0

Trigone 0.12
Mean (SD) 2.8 (2.1) 3.3 (2.5) 2.1 (1.2) 3.0 (2.2)
Range 1.0–9.0 1.0–9.0 1.0–6.0 1.0–9.0

The injection locations and the associated pain sensations (mean, standard deviation, and range) on the VAS
(1 to 10) (for the injection scheme, please see Figure 1): left side (LS) 1 + 2, left-middle (LM) 1 + 2 + 3,
middle (M) 1 + 2 + 3, top right-middle (RM) 1 + 2 + 3, right side (RS) 1 + 2, right bladder base (RBB), left
bladder base (LBB), trigone (TRI). 1 Based on one-way ANOVA. 2 There were different frequencies of needles due
to delivery bottlenecks during and after the COVID-19 pandemic (see text).

Table 3. Pairwise comparisons of significant scales.

Characteristic
Needle A
(22 G, 4 mm)
N = 33 1

Needle B
(27 G, 5 mm)
N = 20 1

Needle C
(22 G, 4 mm, Sharp Cut 15◦)

N = 15 1

Needle A
vs.
Needle B

Needle A
vs.
Needle C

Needle B
vs.
Needle C

M1 0.045 0.019 0.6

Mean (SD) 3.29 (2.33) 2.20 (1.28) 1.86 (1.23)

RM3 0.050 0.6 0.3

Mean (SD) 2.80 (1.83) 1.90 (1.45) 2.50 (1.29)

RS1 0.040 0.7 0.036

Mean (SD) 2.70 (1.68) 1.70 (1.08) 2.93 (2.16)

The injection locations where the differences in pain sensation reached statistical significance, marked in bold
letters (middle M1, right-middle RM3, right side RS 1); for injection scheme, please see Figure 1. 1 There were
different frequencies of needles due to delivery bottlenecks during and after the COVID-19 pandemic (see text).
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Figure 1. Injection scheme, which was reduced to 17 injections: left side (LS) 1 + 2, left-middle
(LM) 1 + 2 + 3, middle (M) 1 + 2 + 3, top right-middle (RM) 1 + 2 + 3, right side (RS) 1 + 2, right
bladder base (RBB), left bladder base (LBB), trigone (TRI).

3. Discussion

Many studies have shown the effectiveness of OnabotA detrusor injection for the
treatment of neurogenic and non-neurogenic urinary bladder dysfunction with an accept-
able pattern of side effects [23,24]. One drawback, however, is the level of pain caused by
injection therapy, which varies greatly from person to person.

In our study protocol, 17 injections were carried out instead of the 20 injections
recommended in the package insert, with the knowledge that a smaller number of injections
might lead to an overall lower level of pain. As discussed in the following paragraph,
the potential pain-relieving influence of sodium bicarbonate when added to the lidocaine
solution was not yet considered in our protocol (although we followed this recommendation
after this study). The injection pattern included the injection of the trigone. Among these
injection parameters mentioned, the mean pain sensation in our study was 2.5 on the VAS
of 1–10, and there were significant differences between the needles used at some injection
sites. At first glance, the pain intensities in Table 2 appear (for example, between needles A
and B) fairly constant in favor of needle B. However, the differences were only statistically
significant at a few injection sites, which we can best explain by the underpowered study
due to the supply restraints of some needles during and after the COVID-19 pandemic.
However, the differences appear to be of moderate clinical importance because the inter-
needle range between the average values was relatively small, namely VAS 2.1 to 2.8. In
contrast, the range of individual pain perception is substantial. Pain levels between 1 and
the maximum of 10 were reported, although high pain levels were reported only selectively.
This is probably related to hitting a highly innervated pain point. Nevertheless, for patients
who repeatedly rated the pain as being severe and stressful, the implementation of this
therapy under local anesthesia should be carefully reconsidered and, if necessary, general
anesthesia should be offered for the procedure.

An important question arises from our experiences and those of other users: how can
we reduce the pain of OnabotA detrusor injection and thus increase the acceptance of this
therapy? The literature discusses different approaches to this.

In neurology, Dressler et al. were able to show in the treatment of blepharospasm
that the pain level depends significantly on the pH values of the injection fluid: by us-
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ing Ringer’s acetate solution instead of normal saline when reconstituting OnabotA, the
sensation of pain could be significantly reduced [25].

Accordingly, similar approaches to influencing the pH of the anesthetic solution in
particular have been chosen in urology, and quite different results were obtained: Pereira e
Silva et al. performed a double-blind, randomized controlled trial comparing pre-injection
intravesical instillations of 20 mL 2% lidocaine + 10 mL 8.4% sodium bicarbonate with 20 mL
2% lidocaine + 10 mL 0.9% saline solution. The study was carried out in women (86.2%)
and men, with idiopathic detrusor overactivity (73.3%) and with neurogenic detrusor
overactivity (18.1%) and, to a small extent, in patients with bladder pain syndrome. Subjects
who received alkalinized lidocaine (AL) solution reported lower pain scores immediately
after the procedure than those who received lidocaine solution with saline (numeric rating
scale [NRS], 2.37 ± 0.31 and 4.44 ± 0.36, respectively; p < 0.01) [26].

Other authors were unable to demonstrate this beneficial effect of alkalinization. A
randomized comparison between AL solution (10 mL 8.4% sodium bicarbonate + 20 mL
2% lidocaine solution + 22 mL sterile Aquagel) and lidocaine gel (LG) (22 mL standard
2% lidocaine gel + 30 mL 0.9% normal saline solution) showed that using AL solution for
anesthesia is not superior to lidocaine gel during intra-vesical OnabotA injections [27].

Kocher et al. compared different lidocaine instillations including AL in a prospective
study involving 25 patients regarding the effect on pain. There was no statistically sig-
nificant change in patient-reported discomfort (using the visual analog scale [VAS]) for
different lidocaine instillations (p = 0.913) nor for the instillation dwell time (p = 0.14) [28].

Another study by Steward et al. showed that oral analgesia alone with 200 mg of oral
phenazopyridine taken 1–2 h before the procedure was non-inferior for procedural pain
control compared to intravesical instillation with 50 mL of 2% lidocaine instilled 20 min
before the procedure [29].

An interesting approach to reduce pain through intravesical OnabotA treatment
was described by Ladi-Seyedian et al. in children with neurogenic urinary bladder. A
comparison was made between the application of 10 U/kg body weight of AbobotA
(Dysport/Ipsen) via either injection therapy at 40 sites of the detrusor muscle and leaving
the drug in the same dosage in the urinary bladder for 20 min via an EMDA. The authors
concluded that the EMDA group showed greater improvement with better sustained effects.
AbobotA/EMDA was shown to be a feasible, reproducible, cost-effective, and pain-free
method on an outpatient basis with no need for anesthesia [30]. Schurch et al. used a similar
technique to improve analgesia by increasing the analgesic effect of the pretherapeutic
intravesical lidocaine solution with EMDA. This procedure reduced the pain level from an
average of 4 (on a 10-point rating scale) to an average of 0.5 [31].

Reducing the number of injections should reduce the pain during this procedure and
lead to better acceptance of the therapy. However, Chang et al. found different results in a
study attempting to reduce postprocedural pain associated with 5 versus 20 intradetrusor
injections. Other than shortening the operation time, the authors found no advantages for
the patients. The average pain score was not statistically significant between groups [32].
Similarly, Zdroik et al. found no significant difference in the mean pain score when compar-
ing 10 vs. 20 injections (4 (1.5–5) for 10 injections vs. 3 (1–4) for 20 injections) [33]. Miceli
et al. found that procedural discomfort related to botulinumtoxinA injection for idiopathic
OAB did not differ between groups administered 5 mL/5 injections and 10 mL/10 injec-
tions [34]. This differed from the study by DiCarlo-Meacham, which found that patients’
willingness to undergo OnabotA-DI again was influenced by a reduced number of injec-
tions (odds ratio = 3.8 (p = 0.004)) [35]. Overall, after reviewing the results in the literature,
the reduction in patients’ perceptions of pain through a reduced number of injections ap-
pears to be relatively small. In order to generally reduce patients’ fear of the consequences
of this procedure, a current meta-analysis in this journal confirms that the therapy has a
low and only temporary rate of side effects [36].
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To our knowledge, there are currently no studies on the influence of different needle
thicknesses, lengths, and bevels on pain during botulinumtoxinA detrusor injection. Our
study shows a statistically significant advantage in favor of using a thinner needle.

In summary, our study shows the following:

• The overall pain of the OnabotA-DI is mild to moderate; the VAS pain score is, on
average, between 2.1 and 2.8.

• However, there are patients for whom the procedure should be performed under
general anesthesia. This is shown by isolated patients who reported pain in the upper
third of the VAS.

• A rising pain sensitization during the procedure appears to occur quickly, so the
procedure should be kept short (via a reduction in injection sites).

• The choice of needle is of (at least moderate) importance regarding the sensation
of pain.

The difference in the pain score is not a groundbreaking factor for the clinical decision
regarding needle selection, as other user aspects such as length, handling, cannula thickness
(which must fit through the cystoscope used), the stiffness of the cannulas, and price aspects
also influence the choice of the most suitable injection needle.

However, if medical professionals have two or more injection needles of the same
quality and no other advantages, they might consider to use the injection cannula with the
thinnest needle according to this study.

4. Summary

The pain caused by the OnabotA-DI remains an issue that needs to be mitigated
to make the procedure less stressful and increase patient acceptance. There is no clear
answer, but there are a variety of nuances that may lead to a less painful procedure.
The personal perception of pain among patients should not be underestimated; this is
certainly important in all of the optimization efforts carried out. Factors that might make
the procedure less unpleasant include the alkalinization of the anesthetic instillation, a
reduction in the number of injection sites, concomitant systemic analgesia, and using the
smallest possible needle gauge.

5. Material and Methods

Female patients with iOAB or spontaneously voiding patients with multiple sclerosis
whose standard treatment had failed decided to undergo OnabotA-DI. They were asked
to take part in this single-blind study. Each patient’s written consent for the procedure
was obtained. These were first or repeat injections. The study protocol was approved by
the ethics committee of the Charité Universitätsmedizin Berlin (number EA4/203/22 from
9 January 2023). In accordance with current EAU guidelines, in addition to the general
medical history, a sonographic residual urine determination was carried out preoperatively,
a urinary tract infection was ruled out using urine sediment and culture, and a vaginal
examination and a cystoscopic examination ruled out a tumor, stone, or other pathology of
the pelvic floor or vagina [5].

Anticoagulant medication was stopped two days before the procedure according to
the OnabotA medication information sheet. An antibiotic, generally trimethoprim 200 mg,
was administered perioperatively on the evening of the injection day and the next morning.
After the urinary bladder was emptied on the toilet immediately before the procedure,
the procedure was carried out in the lithotomy position; after disinfection of the urethral
opening, the urinary bladder was emptied with a disposable catheter (thus excluding
residual urine), and anesthesia was carried out by instilling lidocaine solution 2%, 50 mL.
This solution was left for 20 min.

The injection was carried out using a standardized 21 Char rigid cystoscope from Wolf
with an Albaran insert and under optical control via a digital monitor, which could also be
viewed by the patient if desired. The choice of needle was randomized based on availability
due to supply restraints during and after the COVID-19 pandemic. Three different products
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were used for injection cannulas or needles, which differed in cannula length and needle
length, thickness, or company-specific cut (needle A: length 4 mm, thickness 22 G; needle
B: length 5 mm, thickness 27 G; needle C: length 4 mm, thickness 22 G, sharp cut 15◦). The
preparation used was OnabotA (Botox®, AbbVie, Irvine, CA, USA) in doses between 100
and 200 units. Regardless of the number of units, the vials were drawn up to 10 mL sodium
chloride solution 0.9% in a 10 mL syringe. After 20 min of exposure to local anesthesia,
the urinary bladder was filled to about 2/3 of its maximum capacity, enough to create
sufficient wall resistance but not so much as to cause discomfort or pain due to excessive
filling. The needles were systematically injected into the detrusor muscle at 17 locations
(side walls, posterior wall, bladder roof, bladder base, and co-injection of the trigone, as
shown in Figure 1). The reduction in the number of injections from 20, as described in
the package leaflet, to 17, which was standardized in this study, was carried out to reduce
the patients’ pain burden [35]. This procedure was performed in exactly the same way in
neurogenic and non-neurogenic patients.

For each injection, patients rated their pain on a VAS of 1–10 (1 = no pain; 10 = worst
pain imaginable). After the procedure, the urinary bladder was emptied, and the patients
were observed for half an hour post-intervention for well-being, pain, or hematuria. We did
not measure the duration of effect and satisfaction with the injection in these patients as this
was not the objective of this study. For statistical analyses, the mean, standard deviation,
median, and range were calculated for metrically scaled variables (age, blood pressure,
etc.). Absolute and relative frequencies were calculated for nominally scaled variables.

To test the three needle types for differences in the variables examined, one-way
analysis of variance (with prior testing for normality), Fisher’s exact test, or chi-squared
tests were used depending on the variable level. For pairwise comparisons, the resulting
p-value was adjusted according to Bonferroni.
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Abstract: Background: Treating an underactive bladder (UAB) is challenging. Previously, we
introduced a more precise method of transvaginal ultrasound-guided botulinum toxin A (BoNT-A)
injection into the external urethral sphincter as a treatment option for patients with UABs. Although
many patients experience good results, those with an UAB and excessive residual urine still require
catheterization. Therefore, we developed a new method that combines transvaginal ultrasound-
guided BoNT-A injection with a transurethral bladder neck incision. Methods: A prospective study
was conducted on 16 patients who experienced symptoms of UAB and chronic urine retention.
The treatment consisted of a combination of transvaginal ultrasound-guided BoNT-A injection
and a transurethral incision of the bladder neck (TUI-BN). The primary objective was to assess
the efficacy of this combined treatment in improving symptoms in women with UABs. Results:

Our study demonstrated significant improvements after treatment, including increased voiding
volume, decreased post-void residual (PVR) urine, and improved voiding efficiency. The frequency
of clean intermittent catheterization (CIC) decreased at 1 and 3 months post-surgery, along with
improvements in the AUA symptoms score and the Patient Perception of Bladder Condition (PPBC)
score. Conclusions: Our study showed significant improvements in the surgical treatment of UABs
using a combination of transvaginal ultrasound-guided BoNT-A and TUI-BN.

Keywords: underactive bladder; chronic urine retention; botulinum toxin A; transvaginal ultrasound
guidance; external sphincter injection; transurethral incision of the bladder neck

Key Contribution: This study proposes a promising treatment option for patients with UABs and
chronic urine retention, aiming to fulfill their dream of improving voiding and being free from CIC
without increasing adverse events.

1. Introduction

An underactive bladder (UAB) is defined by the International Continence Society
as a symptom complex characterized by a slow urinary stream, hesitancy, and straining
to void, with or without a feeling of incomplete bladder emptying and sometimes with
storage symptoms [1]. It is a lower urinary tract symptom (LUTS) occurring in up to 45% of
females [1]. Clinically, a patient with a UAB primarily presents with symptoms during the
voiding phase, including decreased urine flow rate, dribbling, hesitancy, and a sensation of
incomplete bladder emptying. In recent years, there has been an increasing interest among
physicians owing to its significant impact on patients’ quality of life and the complexity of
its management. Despite this, a definitive treatment that is capable of fully curing UAB
and substantially improving patients’ quality of life remains elusive.
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An untreated UAB can lead to acute and chronic urine retention, hydronephrosis,
urinary tract infections, and even renal failure, posing a substantial threat to patient
well-being [2,3]. Therefore, current UAB management primarily focuses on reducing
residual urine and protecting the urinary tract from further damage [4,5]. According to
the 2023 European Association of Urology (EAU) guidelines, existing therapies include
conservative treatment, pharmacotherapy, electrical stimulation, and surgery [6,7]. Among
these treatment methods, botulinum toxin A (BoNT-A) injections into the urethral sphincter
are often chosen [8–10]. However, the duration of the effect of this treatment is short,
lasting only 3–9 months, necessitating repeated treatments to maintain efficacy [11,12].
Another surgical option is a transurethral incision of the bladder neck (TUI-BN); however,
satisfactory outcomes have been reported in only 48.8% of cases [13]. This highlights the
need for more effective treatments that can offer better relief and improve patient outcomes,
especially for those with more severe symptoms. The limitations of current therapies
underscore the importance of continued research and innovation in UAB treatment.

This study aimed to identify treatments for patients with UABs and chronic urine
retention to achieve better outcomes while minimizing complications. Specifically, we
investigated a novel approach that combined transvaginal ultrasound-guided BoNT-A and
injection with TUI-BN.

2. Results

The patient characteristics are presented in Table 1. The average age of the patients
was 66.1 ± 11.5 years. The mean PVR volume was 358.1 ± 192.3 mL, and the VE was
approximately 24.6 ± 20.5%. Preoperatively, the VUDS was conducted, and all patients’
findings revealed detrusor underactivity.

Table 1. Patient characteristics.

Patient (n = 16)

Age (years) 66.1 ± 11.5
BMI (kg/m2) 22.3 ± 3.1

Diabetes Mellitus 3
Recurrent urinary tract infection 0

Neurogenic disease 1
Abdominal operation history 2

Voiding volume (VV) (mL) 127.8 ± 172.0
PVR (mL) 358.1 ± 192.3

VE(%) 24.6 ± 20.5
Cystometry

First sensation of filling (FSF) (mL) 155.8 ± 94.3
Cystometric bladder capacity (CBC) (mL) 442.5 ± 181.6

Pdet (cmH2O) 24.8 ± 14.2
Pabd (cmH2O) 11.6 ± 12.9

Qmax 3.3 ± 3.6
Bladder contractility index (BCI) 40.2 ± 25.1

Table 2 presents the outcomes, comparing the preoperative and postoperative profiles.
The PVR urine volume, VE, and frequency of CIC all showed significant improvements at
both 1 month and 3 months after surgery compared to preoperative values.

Regarding the questionnaires, both the AUA symptoms score and PPBC scores showed
statistically significant improvements at both 1 and 3 months postoperatively, whereas
the AUA symptoms score—QoL demonstrated a significant enhancement 3 months after
surgery. Our study indicated that 88% of the patients experienced improved voiding by
more than 50% at both 1 and 3 months after surgery.
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Table 2. Parameters before and after the TUI-BN plus ultrasound-guided external sphincter BoNT-A
injection.

Preoperation
1 Month after

Operation
p Value

3 Months after
Operation

p Value

Voiding volume (VV) (mL) 127.8 ± 172.0 192.6 ± 99.0 0.019 * 189.3 ± 133.6 0.009 *
PVR urine amount (mL) 358.1 ± 192.3 118.3 ± 75.0 <0.001 * 76.7 ± 73.8 <0.001 *

VE (%) 24.6 ± 20.5 61.7 ± 17.6 <0.001 * 73.1 ± 23.7 <0.001 *
CIC (times/day) 3.4 ± 2. 1.3 ± 1.1 0.002 * 0.5 ± 1.1 0.002 *

AUA symptoms score 24.6 ± 5.3 12.3 ± 6.9 0.001 * 8.0 ± 5.9 <0.001 *
Storage symptoms 8.7 ± 2.7 7.9 ± 5.1 0.23 3.8 ± 3.1 0.001 *
Voiding symptoms 15.9 ± 3.9 2.8 ± 1.1 <0.001 * 4.2 ± 3.7 <0.001 *

QoL on AUA symptoms score 4.9 ± 1.1 4.9 ± 2.4 0.804 1.3 ± 0.9 0.001 *
PPBC 4.4 ± 1.0 2.1 ± 1.2 0.001 * 0.7 ± 0.9 <0.001 *

* means statistically significance (p < 0.05).

The subgroup analysis of the AUA symptoms score revealed that voiding symptoms
improved at both 1 and 3 months after surgery, whereas storage symptoms improved only
at 3 months postoperatively. None of the 16 patients experienced major adverse events or
complications following the surgery. One patient had mild stress urinary incontinence (SUI)
preoperatively, which progressed to more severe SUI during the outpatient department
follow-up 3 months after surgery. Conservative treatment was attempted for 3 months,
but the outcomes were unsatisfactory. We then performed retropubic sling surgery, which
resulted in good voiding outcomes without obvious incontinence. There were no reports of
genitourinary tract injury, major bleeding, or vesicovaginal fistulae in any patient.

3. Discussion

Currently, there is no definitive treatment for a UAB. According to the EAU guidelines,
CIC is the recommended standard of care for patients who cannot effectively empty their
bladders [2,6,14]. Previous reviews have highlighted conservative methods, pharmacother-
apy, and surgical interventions; however, all have shown limited effectiveness in improving
voiding function [2,15,16].

According to the guidelines of the EAU, surgical intervention involving BoNT-A inter-
sphincteric injections into the external urethral sphincter can improve voiding by reducing
the outlet resistance and suppressing the guarding reflex. BoNT-A inhibits neurotrans-
mitter release at neuromuscular junctions, leading to muscle paralysis [17]. However, a
drawback of this method is its relatively short duration of effectiveness, typically between
3 and 9 months, necessitating repeated injections to maintain efficacy [11,12]. Furthermore,
several studies have compared the outcomes of different doses of BoNT-A injected into the
external urethral sphincter. Previous research has suggested that the recommended doses
for urethral sphincter injections range from 50 to 200 units, depending on the underlying
condition [18,19]. Nevertheless, determining the optimal dose of BoNT-A injections into
the external sphincter remains a persistent and unresolved challenge.

Reviewing previous research, a 100-unit dose of BoNT-A has been widely recom-
mended and utilized to reduce urethral resistance and facilitate effective voiding [20–23].
Kuo et al. reported that injecting 100 units of BoNT-A into the urethral sphincter of patients
with detrusor underactivity resulted in an average efficacy duration of 8.4 months, with
68% of patients achieving excellent outcomes [12]. In contrast, Jiang et al. found a lower
overall success rate of 43.5% for BoNT-A 100 U injections into the external sphincter in
patients with non-neurogenic voiding dysfunction [24]. Tsai et al. introduced a precise
method involving the ultrasound-guided injection of 200 units of BoNT-A into the external
sphincter in patients with UABs. Postoperative improvements were observed in AUA
symptoms score, PPBC, and QoL on AUA symptoms score. Additionally, patients experi-
enced significantly reduced PVR volumes and frequencies of CIC. Despite the effectiveness
of this inspiring method, some patients still suffer from excessive urine retention and
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require CIC. This has sparked our interest in combining this surgical technique with other
procedures to determine whether the surgical outcomes can significantly reduce the need
for catheterization or improve CIC outcomes for patients.

Successful surgical outcomes of TUI-BN for female patients with detrusor under-
activity and urinary retention have been previously documented [13,24–28]. In video
urodynamic studies, Lee et al. observed that approximately 20% of women diagnosed with
detrusor underactivity and urinary retention demonstrated inadequate bladder neck open-
ing when attempting to void with abdominal straining [13]. In their study, they conducted
the TUI-BN at the 5 o’clock and 7 o’clock positions. The postoperative results showed that
48.8% of the patients had satisfactory outcomes after a single TUI-BN procedure, and 60.9%
of the patients were able to void spontaneously with abdominal straining, eliminating the
need for catheterization. Regarding adverse events, 6.1% of patients experienced SUI, and
2.4% had vesicovaginal fistula [13].

The mechanisms underlying the efficacy of TUI-BN in the treatment of UABs remain
unclear and controversial. One proposed mechanism suggests that the bladder neck is
innervated by the sympathetic adrenergic nerves, which play a crucial role in the guarding
reflex during the micturition cycle [29]. Previous studies have indicated that terminal nerves
are densely distributed at the 4 o’clock and 8 o’clock positions in the bladder neck [30].
Additionally, urethral sphincter contraction inhibits bladder contraction [31]. Damage to
the bladder neck may disrupt this reflex pathway and attenuate sympathetic overactivity,
potentially reducing the detrusor muscle contractions in the spinal cord. Patients with
idiopathic detrusor underactivity might experience improved voiding owing to this effect,
suggesting that TUI-BN could trigger a reflex facilitating micturition [27,32,33].

Therefore, we propose treating patients with detrusor underactivity using a combina-
tion of transvaginal ultrasound-guided BoNT-A injection and TUI-BN. In the current study,
the surgical approach aimed to achieve relaxation of the external urethral sphincter through
BoNT-A injections and to alleviate bladder outlet pressure via TUI-BN. Our purpose in
combining these two treatments was to effectively reduce the pressure at the bladder outlet,
allowing female patients to void using abdominal pressure, rather than focusing on en-
hancing the bladder contractility. It should be noted that the effects of botulinum toxin may
take 1–2 weeks to manifest after surgery; therefore, effectiveness should not be expected
immediately after treatment [11]. Patients may still need to perform self-catheterization
initially; therefore, it is essential for them to learn this procedure before undergoing surgery.
If self-catheterization is not mastered, it is recommended to leave the catheter in place for
2–3 weeks before attempting spontaneous urination. Alternatively, the use of a suprapubic
catheter is a viable option for bladder rehabilitation.

In our study, 88% of the patients achieved voiding capacity of more than 50% 1 month
after surgery, and this efficacy was maintained at 3 months postoperatively. The PVR urine
volume decreased significantly from 358.1 ± 192.3 to 118.3 ± 75.0 (p ≤ 0.001 *) at 1 month
and to 76.7 ± 73.8 (p ≤ 0.001 *) at 3 months after surgery. Additionally, the average number
of CIC sessions per day improved from 3.4 ± 2.4 before surgery to 1.3 ± 1.1 (p = 0.002 *) at
1 month and 0.5 ± 1.1 (p = 0.002 *) at 3 months post-surgery. Only four patients continued
to require self-catheterization, while the remaining patients with detrusor underactivity
were able to void spontaneously without CIC. These results are remarkable compared to
previous findings. Furthermore, improvements were observed in questionnaire scores:
the AUA symptoms score decreased from 24.6 ± 5.3 initially to 12.3 ± 6.9 (p = 0.001 *) at
1 month and to 8.0 ± 5.9 (p ≤ 0.001 *) at 3 months post-surgery; the PPBC score decreased
from 4.4 ± 1.0 to 2.1 ± 1.2 (p = 0.001 *) at 1 month and to 0.7 ± 0.9 (p ≤ 0.001 *) at 3 months
post-surgery. The AUA symptoms score—QoL also showed improvement 3 months after
surgery, decreasing from 4.9 ± 1.1 to 1.3 ± 0.9 (p = 0.001 *).

We also analyzed the AUA symptoms score subgroup, focusing on storage and void-
ing symptoms. Storage symptoms improved from 8.7 ± 2.7 to 3.8 ± 3.1 at 3 months
postoperatively, whereas voiding symptoms improved from 15.9 ± 3.9 to 2.8 ± 1.1 (p
≤ 0.001 *) at 1 month and to 4.2 ± 3.7 (p ≤ 0.001 *) at 3 months after surgery. These
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findings are consistent with our hypothesis that our approach did not primarily enhance
bladder contractility in the short term but rather reduced urethral resistance and facilitated
spontaneous voiding through abdominal straining.

No instances of bleeding, hematoma, or vesicovaginal fistula formation occurred
after surgery. Moreover, most patients did not have any significant issues with urinary
incontinence, while most of them experienced only very mild SUI, which can be greatly
improved through pelvic floor muscle training, and no special medication is required for
treatment. However, in our study, one of the patients had relatively obvious SUI before
surgery. The patient was a 39-year-old woman who worked as a nanny and needed to
commute frequently to care for infants. The patient was able to void with abdominal
straining at 1 month postoperatively. Although she was very satisfied and free from
urine retention, she complained of more noticeable urinary incontinence and needed
5–6 pads per day. In this particular case, after 3 months of conservative treatment with
unsatisfactory results, we proceeded with retropubic sling surgery [8]. Sling surgery was
performed in the mid-urethra. Under normal conditions, this does not significantly increase
urethral resistance. However, when the intra-abdominal pressure increases, such as during
coughing, sneezing, or lifting heavy objects, it can instantly elevate the outlet resistance,
thereby alleviating the symptoms of urinary incontinence. This implies that even if patients
with exacerbated SUI following our treatment for a UAB undergo any sling surgery, it
will not negate the benefits of our previous treatment efforts. This is because transvaginal
ultrasound-guided BoNT-A urethral injection relaxes the external sphincter, whereas TUI-
BN reduces the resistance from the internal sphincter. If patients have noticeable SUI
before surgery, they should be informed beforehand that urinary incontinence may worsen
after surgery.

Our study has several limitations that must be acknowledged. First, the study was
conducted at a single center with a small sample size, which inherently restricts the
generalizability of the findings. The limited sample size may not adequately represent
the broader population, potentially biasing the results. Second, the follow-up period was
relatively short, which may not have provided a comprehensive overview of the long-term
outcomes of the surgical interventions. Longer follow-up periods are necessary to fully
understand the long-term effects and potential complications of the treatment.

Additionally, our data collection relied on face-to-face questionnaires during outpa-
tient follow-up. This method has the potential to introduce bias, as patients may overes-
timate their improvements owing to the presence of healthcare providers or recall bias.
Moreover, most patients in this study had complex and severe voiding dysfunctions that
were resistant to conventional treatments, which could have led to a selection bias. This
variability may have impacted the study outcomes, as these patients responded differently
to surgical intervention than those with less severe conditions. Whether patients with mild
UAB would benefit from this surgical approach remains unclear, highlighting the need for
further investigations.

Finally, this was a single-arm study and did not include a placebo or control group.
This design makes it challenging to determine whether the combined treatment is superior
to BoNT-A 100U or TUI-BN alone. The absence of a comparative group restricts our ability
to establish the relative efficacy of the combined treatment conclusively. Future studies
should address this aspect by including a placebo group or comparing combined treatment
with each intervention separately.

4. Conclusions

Our study demonstrated significant improvements in the surgical treatment of UABs
using a combination of transvaginal ultrasound-guided BoNT-A injection and TUI-BN. This
approach resulted in a notable decrease in PVR urine, improved VE, and nearly eliminated
the need for CIC 3 months after the intervention. Additionally, patients showed improved
AUA symptoms score, AUA symptoms score—QoL, and PPBC scores at 3 months post-
surgery. No major complications were observed after surgery, highlighting the safety of
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this combined surgical method. These results suggest that the dual approach addresses
both the mechanical and functional aspects of bladder dysfunction and provides significant
benefits to patients. Although promising, these data must be strengthened by randomized
blind-controlled clinical trials comparing the double treatment with each single treatment.
The combination of transvaginal ultrasound-guided BoNT-A injection and TUI-BN appears
to offer substantial improvements in both objective bladder function measures and patients’
subjective experience. Future studies should further explore this treatment to confirm its
long-term efficacy and safety in larger cohorts.

5. Material and Methods

This study was conducted as a prospective study of 16 women with UAB symptoms
and chronic urine retention (Table S1). These patients underwent transvaginal ultrasound-
guided BoNT-A injection combined with TUI-BN as a surgical intervention for UABs
at China Medical University Hospital between January 2023 and December 2023. All
patients had experienced urine retention for at least 1 year and were dissatisfied with
previous conventional treatments, including alpha-blocker and bethanechol therapies. All
the patients exhibited either detrusor underactivity or an acontractile detrusor. Patients
with pelvic organ prolapse, severe systemic diseases (such as uncontrolled cancer, coronary
artery disease, or end-stage renal disease), and an Eastern Cooperative Oncology Group
Performance Status >3 were not considered candidates for surgery and excluded from the
study. Additionally, patients with a documented history of previous anti-incontinence
surgical interventions or spinal cord injury were excluded.

Our study received approval from the Institutional Review Board and the Ethics
Committee of China Medical University Hospital, Taichung, Taiwan (DMR-94-IRB-083).

Informed consent was obtained from all the participants. All patients underwent a
video urodynamic study (VUDS) in accordance with the recommendations of the Interna-
tional Continence Society. Age, body mass index, underlying diabetes mellitus, recurrent
urinary tract infections, and surgical history were also recorded. Voiding diaries were
maintained to analyze the patients’ preoperative and postoperative voiding conditions. We
also assessed the patients’ voiding improvement using questionnaires, including the AUA
symptoms score, AUA symptoms score—QoL index, and PPBC, through direct interviews
conducted by the doctor before and after surgery. There were no missing values in the
baseline characteristics, VUDS, or questionnaires. The primary objective of this study was
to evaluate the efficacy of the combination of transvaginal ultrasound-guided BoNT-A
injection and TUI-BN.

5.1. Video Urodynamics Study

A C-arm fluoroscope and a multichannel urodynamic system were used [34]. The
VUDS was repeated at least twice to ensure a reproducible pressure flow trace. Data
collected included the first sensation of filling, cystometric bladder capacity, maximum
flow rate (Qmax), detrusor pressure at Qmax (PdetQmax), PVR—urine amount, sphincter
electromyography activity, voided volume, bladder contractility index (BCI, defined as BCI
= PdetQmax + 5 Qmax), and voiding efficiency (VE, defined as voided volume/bladder
capacity × 100%) [35]. During the VUDS, voiding cystourethrography was performed
using a C-arm fluoroscope positioned at a 45-degree angle from the buttocks to optimize
the visualization of the bladder neck, urethral sphincter, and distal urethra by elongating
the urethra.

5.2. A Novel Treatment: Surgical Treatment with a Combination of Transvaginal
Ultrasound-Guided BoNT-A Injection and TUI-BN

Currently, according to the EAU guidelines, surgical intervention with BoNT-A ure-
thral sphincter injections into the external urethral sphincter and TUI-BN has been approved
for the treatment of UAB, although it has shown limited improvement [6,36].
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Our previous study in 2023 proposed transvaginal ultrasound-guided BoNT-A injec-
tion as a more precise method for targeting the external urethral sphincter, which yielded
excellent results [37]. This approach is considered more accurate, because the external
urethral sphincter in women is very thin (approximately 2 mm thick) and surrounded
by connective tissue [38,39]. Using ultrasound guidance, we can dynamically adjust the
injection site and increase the BoNT-A dosage accuracy to the external urethral sphincter.

This study evaluated the efficacy of the described combination treatment. Additionally,
these patients were monitored for postoperative adverse events using the Clavien–Dindo
classification system.

The patient was placed in the lithotomy position under laryngeal mask airway anes-
thesia. The external genitalia were sterilized using povidone-iodine. We first performed a
70-degree cystoscopy to check for the presence of vesical stones, bladder tumors, or other
lesions. An Olympus 26 F transurethral resectoscope with a needle-type electrode was used,
utilizing a monopolar energy of 135 W for cutting and 80 W for coagulation. After fully
distending the bladder, three incisions were made at the 4, 8, and 12 o’clock positions on the
bladder neck (Figures 1 and 2). Using diathermy, incisions were made deep into the circular
fibers of the bladder neck, extending distally by approximately 1.5 cm. We identified the
location of the external sphincter to avoid damage. Following the TUI-BN procedure, we
proceeded with the transvaginal ultrasound-guided BoNT-A injection according to the
surgical steps described by Tsai et al. (Figure 3). A single 16 Fr. Foley catheter was inserted
into the urethra, and 150 mL of saline solution was infused to enhance the visibility of the
external sphincter. We then administered 100 units of BoNT-A into the external sphincter
under ultrasound guidance, targeting the 2–4 o’clock and 8–10 o’clock positions, with
1 cc per site. Using transvaginal ultrasonography, we precisely injected diluted BoNT-A
(100 units in 4 cc saline) into various parts of the external sphincter.

Figure 1. Transurethral incision of bladder neck (A–C). Incisions are made at the 4, 8, and 12 o’clock
positions of the bladder neck, extending deeply into the circular fibers without perforation. The distal
part of the incisions is carefully made to avoid injury to the external sphincter.

The patient retained the Foley catheter for one day post-surgery. We educated the
patients on the number of CICs required based on the catheterization amount.

During outpatient follow-up, we re-evaluated the parameters using the following
questionnaires: AUA symptoms score, QoL on the AUA symptoms score, and PPBC at
1 month and 3 months after surgery.
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Figure 2. Schematic diagram of the TUI-BN site. We make three incisions at the 4, 8, and 12 o’clock
positions on the bladder neck.

Figure 3. Transvaginal ultrasound-guided botulinum toxin A external urethral injection. (A,B). The
external urethral sphincter’s (dark area, marked as *) precise location can be identified through
transvaginal ultrasound; injection of BoNT-A; the tip of the needle is marked by a red arrow.
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5.3. Data Analysis

Demographic and VUDS parameters were recorded as either categorical or continuous
variables. Additionally, questionnaire assessment scores, PVR urine volume, VE, and CIC
data before and after the combination of transvaginal ultrasound-guided BoNT-A injection
and TUI-BN were evaluated. Statistical analyses were performed using SPSS for Windows
(version 22.0). The paired Wilcoxon rank-sum test was used to determine the statistical
differences for continuous variables, whereas categorical variables were compared using
Fisher’s exact test. Statistical significance was set at 0.05. Postoperative complications
following the surgery were documented in this study.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/toxins16100441/s1; Table S1. Primary data of the 16 women with
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Abstract: Background: The onabotulinumtoxinA detrusor injection (OnabotA DI) was approved a
decade ago for the treatment of patients with idiopathic overactive bladder (iOAB) or neurogenic
detrusor overactivity (nDO) dysfunction who had not been treated successfully otherwise. The
procedure is usually performed under local anesthesia (LA), and various approaches have been
investigated to make the procedure as painless as possible. We examined the level of anxiety and pain
experienced by patients who wanted to have the procedure performed under LA or general anesthesia
(GA). Material and Methods: Patients scheduled for OnabotA DI were able to choose the anesthesia
procedure (LA or GA). The Amsterdam Preoperative Anxiety and Information Scale (APAIS) was
used to grade anxiety before anesthesia or before the procedure itself. Intra- and postoperative
pain was determined using the Visual Analogue Scale (VAS). Various established questionnaires
(including the Urinary Distress Inventory UDI-6), as well as a postoperative satisfaction questionnaire,
were used to evaluate the success of the therapy. Results: In total, 104 patients (93 F, 11 M; age
64.0 (22–89) years; 80× iOAB, 24× nDO) were evaluated. OnabotA-DI was performed with LA in
72 patients and GA in 32. Stratified by first versus repeat injection in the LA group, there was a
significant decrease in the Anxiety Score in the first vs. repeat injection group (p = 0.038). The LA
group showed higher concerns in the anesthesia questions of the Amsterdam Preoperative Anxiety
and Information Scale (APAIS) than the GA group (OR: 0.29, 95%CI: 0.02–1.74). The VAS Pain Score
during the procedure was significantly lower in the GA group compared to the LA group (LA:
3.3 ± 2.2, GA group 1.5 ± 1.5; p < 0.001). There were no differences in the success of therapy. Despite
the fear and pain, patients preferred LA to GA. Conclusions: This study shows that the anxiety and
pain burden of patients undergoing OnabotA-DI under LA is significant in comparison to GA during
the first injection, but insignificant for following injections. Overall, LA is favored over GA.

Keywords: overactive bladder; neurogenic bladder; botulinumtoxinA detrusor injection; pain;
anxiety; local anesthesia; general anesthesia

Key Contribution: Despite higher levels of fear and pain, the botulinumtoxinA detrusor injection
carried out under local anesthesia is preferred over the procedure under general anesthesia.

1. Introduction

OnabotulinumtoxinA detrusor injection (OnabotA-DI) is used for various disorders
associated with an hyperactive lower urinary tract, such as idiopathic overactive bladder
(iOAB) and neurogenic detrusor overactivity (nDO) in multiple sclerosis or spinal cord
patients, as well as nDO of other origins, such as post-stroke or Parkinson’s disease [1],
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and children with spina bifida [2], or lower urinary tract symptoms due to benign prostatic
hyperplasia [3], interstitial cystitis [4], and dysfunctional voiding [5]. The Food and Drug
Administration (FDA) approved OnabotA-DI for nDO in multiple sclerosis (MS) patients
or subcervical spinal cord patients adults or children >5 years of age and as a second-line
treatment of iOAB with symptoms of urge urinary incontinence, urgency, and frequency
in adults who have an inadequate response to or are intolerant of an anticholinergic
medication [6].

Briefly, Botulinum-neurotoxinA (BoNT/A) cleaves SNAP-25 (synaptosomal-associated
protein with a molecular weight of 25 kDa), which is, together with synaptobrevin (a
vesicle-associated membrane protein) and syntaxin, an essential component of the SNARE
(soluble N-ethylmaleimide-sensitive fusion attachment protein receptor) complex of the
neuronal end plate. This leads to blockage of the fusion of the transmitter-containing
vesicles with the presynaptic membrane. By inhibiting the release of various transmitters
(e.g., acetylcholine, adenosine-triphosphate (ATP), calcitonin gene-related peptide (CGRP),
or glutamate), this has an inhibitory effect on the signal transduction of efferent and afferent
neuronal pathways. When injected in the bladder, both the motor cholinergic—via detrusor
muscarinic receptors—and the sensory purinergic (via P2X3 receptors) signaling pathways
are hindered, further to a decrease in the suburothelial afferent receptor transient receptor
potential vanilloid 1 (TRPV1). An indirect way of reducing the latter receptors through
inhibition of the bladder nerve growth factor is suspected. This afferent desensitization
effect explains the good impact not only in patients with detrusor overactivity but also in
patients with increased bladder sensation or bladder pain in interstitial cystitis/bladder
pain syndrome [7]. Retrograde transfer of the toxin to the central nervous system after
bladder injection also seems plausible, and thus a central effect on bladder control has been
proposed as an additional mechanism of action [8].

After an initial dose-finding study [9], relief of hyperactive bladder dysfunction by
OnabotA-DI for iOAB and nDO was shown in several studies [10–15]. In the approval
studies [10], as well as in follow-up studies [11], regarding OnabotA-DI for iOAB, there was
a reduction in daily incontinence episodes in the OnabotA group compared to the placebo
group, a corresponding reduction in the mean number of daily micturition, urgency,
and nocturia episodes, and a significant, positive influence on the patients’ quality of
life [15]. Recent data (GRACE-study [16]) also confirm these results in the real world,
as well as impacting the use of incontinence aids and medication [17]; there was also a
significantly lower incidence of urinary retention requiring catheterization, in contrast
to 5.8% in the approval study [10]. Patients with nDO showed a significant reduction in
urinary incontinence, an increase in bladder capacity, an increase in urodynamic reflex
volume, and a reduction in detrusor overactivity after 200 or 300 U of OnabotA DI [13].
Side effects in both nDO and iOAB were summarized in a recent meta-analysis [18].

The procedure of OnabotA-DI is carried out cystoscopically, usually under local
anesthesia (LA), by injecting OnabotA dissolved in sodium chloride into approximately
20 locations of the detrusor muscle, including the side walls, the posterior wall, and the
base of the bladder. Most surgeons include the trigonum, contrary to the manufacturer’s
instructions. A needle with a length of 4–5 mm and a diameter usually of 22–27 gauge is
used for the injection.

However, for many patients, a major hurdle to choosing this therapy to relieve their
symptoms is fear of the invasive procedure, cystoscopy, multiple injections, and side effects
such as urinary retention. In particular, pain is an obstacle for patients who may undergo
this therapy for the first or repeated times, and surgeons alike might have concerns about
inadequate local anesthesia [19]. Accordingly, there are a number of approaches to pos-
itively influence the pain of injection therapy. For example, fewer injections are carried
out than the 20 injections specified by the manufacturer, apparently without any loss of
effectiveness [20] (but there are also contradictory results in terms of pain diminution by
reducing the injection number [21]). Sodium bicarbonate may be added to the anesthesio-
logical lidocaine solution because increasing the pH value increases the permeability of the
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urinary bladder mucosa for the LA, thus contributing to a reduction in pain [22]. In rare
cases, electromotive drug administration has also been used successfully [23].

Due to the fear of pain during the procedure, there are patients who prefer the proce-
dure to be carried out under general anesthesia (GA). In order to obtain a clearer picture of
the stress on patients under LA versus GA, we examined whether patients generally prefer
to undergo OnabotA DI under LA or GA, what the different levels of anxiety are before
anesthesia or before the surgical procedure, what the different levels of pain are, whether
there are differences in the treatment outcome, and which form of anesthesia is preferred
by patients who experienced both forms of anesthesia.

2. Results

In total, 104 patients (93 F, 11 M; mean age: 64.0 (22–89) years, median 68 years) were
evaluated (Figure 1); 80 patients had iOAB and 24 had nDO. OnabotA DI was performed
in 72 patients with LA and in 32 with GA. The groups were comparable with regard to age
and type of bladder dysfunction. Male patients decided significantly more often to have
the procedure performed under GA (Table 1).

Figure 1. Overview of the study protocol (1 difference to 104: n = 3 unknown whether first or
repeated injection).

Table 1. Basic demographics, diagnosis, and dosage of OnabotulinumtoxinA (OnabotA);
GA = general anesthesia, LA = local anesthesia; standard deviation (SD); male (M), female (F); idio-
pathic overactive bladder (iOAB), neurogenic detrusor overactivity (nDO); 1 n; 2 Wilcoxon rank-sum
test; Fisher’s exact test; Pearson’s Chi-squared test.

Characteristic Overall, n = 104 1 GA, n = 32 1 LA, n = 72 1 p-Value 2

Age 0.2
Mean (SD) 64.0 (13.9) 61.9 (12.6) 65.0 (14.4)
Median 67.5 62.0 68.0
Range 22.0–89.0 32.0–80.0 22.0–89.0

Gender <0.001

M 11 (10.6%) 10 (31.2%) 1 (1.4%)
F 93 (89.4%) 22 (68.8%) 71 (98.6%)

Diagnosis 0.8
OAB 80 (76.9%) 24 (75.0%) 56 (77.8%)
nDO 24 (23.1%) 8 (25.0%) 16 (22.2%)

Dosage 0.9
100 79 (76.7%) 25 (78.1%) 54 (76.1%)
150 9 (8.7%) 2 (6.2%) 7 (9.9%)
200 15 (14.6%) 5 (15.6%) 10 (14.1%)

The following results were found regarding undergoing OnabotA DI under LA versus
GA. The preoperative APAIS showed no significant differences in the sum score between
the two groups in the category of anxiety in the overall cohort (initial and repeat injections
together; total score LA group 6.5 ± 3.5 vs. GA group 6.0 ± 3.6; p = 0.4). However,
individual questions in the APAIS questionnaire showed that the question about fear
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of anesthesia in the LA group was given a score ≥ 4 (very great or extreme fear) by
one in ten patients (10.3%), in contrast to 3.2% in the GA group (odds ratio (OR): 0.29,
95% CI: 0.02–1.74). The situation was similar (score ≥ 4) for “being concerned about the
anesthesia” (LA vs. GA: 7.8% vs. 3.2%; OR: 0.39, 95% CI: 0.02–2.58). The “Desire for
Information Score”, a query in the APAIS questionnaire that assesses the need for the extent
of explanation/information, was not significantly different (Table 2). Similarly, fear of the
OnabotA-DI procedure itself was not different between groups.

Table 2. Anxiety Score and Desire for Information Score of the APAIS Questionnaire (Amsterdam
Preoperative Anxiety and Information Scale).

Characteristic Overall, n = 104 GA, n = 32 LA, n = 72 p-Value

Anxiety Score 0.4
Mean (SD) 6.3 (3.6) 6.0 (3.6) 6.5 (3.5)
Median 5.0 4.0 5.0
Range 4.0–16.0 4.0–16.0 4.0–16.0
Missing 18 3 15

Desire for
Information Score

0.5

Mean (SD) 4.2 (2.4) 4.5 (2.6) 4.1 (2.4)
Median 4.0 4.0 4.0
Range 0.0–9.0 0.0–9.0 0.0–8.0
Missing 1 1 0

However, when stratified according to whether the procedure was performed for the
first time (LA group: 30; GA group: 10) or the repeated time (LA group: 40; GA group: 21;
unknown: 3), the Anxiety Score in the LA group at the first injection was significantly higher
than in the GA group (8.7 ± 4.2 vs. 5.9 ± 3.0; p = 0.038; Table 3, visualized in Figure 2). In
the LA group, the Anxiety Score for the repeat injection was highly significantly lower than
at the first injection (8.7 ± 4.2 vs. 4.8 ± 1.7; p < 0.001). The Anxiety Score for the repeat
injection did not differ significantly between the LA and GA groups (p = 0.2; Table 3).

Table 3. Anxiety Score and Desire for Information Score of the APAIS Questionnaire (Amsterdam
Preoperative Anxiety and Information Scale) stratified for first versus repeat injection. Significant
differences are shown in bold numbers.

First Injection Repeated Injection

Characteristic GA, n = 10 LA, n = 30 p-Value GA, n = 21 LA, n = 40 p-Value

Anxiety Score 0.038 1 0.2
Mean (SD) 5.9 (3.0) 8.7 (4.2) 2 6.2 (4.0) 4.8 (1.7) 2

Median 4.0 8.0 4.0 4.0
Range 4.0–13.0 4.0–16.0 4.0–16.0 4.0–12.0

Desire for
Information Score

0.6 0.7 1

Mean (SD) 5.0 (2.6) 4.4 (2.6) 4.3 (2.7) 3.9 (2.1)
Median 5.0 4.0 4.0 4.0
Range 2.0–8.0 0.0–8.0 0.0–9.0 0.0–8.0

1 Wilcoxon rank sum test. 2 Difference in LA group Anxiety Score first vs. repeat injection: p < 0.001.

In the GA group, fear scores were not significantly different between the first and
repeated injections (5.9 ± 3.0 vs. 6.2 ± 4.0, p = 0.816). However, there was a significant
difference in the Pain Score during the procedure (Figure 3). Patients in the GA group
tended to report that the procedure was more unpleasant within the first 24 h after the
procedure than those in the LA group (GA group: 2.9 ± 2.4 vs. LA group: 2.2 ± 1.7, n.s.).
Information about the most severe postoperative pain or the use of painkillers was not
significantly different between groups.
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Figure 2. Anxiety Score of the APAIS Questionnaire (Amsterdam Preoperative Anxiety and Informa-
tion Scale), stratified for first versus repeat injection in the LA and GA groups.

The incontinence questionnaires 4 weeks after the procedure were completed by
55% of the patients (n = 57; therapy outcome was no primary variable). All changes in
the questionnaires showed highly significant (p < 0.001) improvements in symptoms but
without significant differences between the LA and GA groups. The changes in this cohort
showed a decrease in the Urinary Distress Inventory-6 (UDI-6) score (0–100) from 56.6 to
22.8, in the Incontinence Impact Questionnaire-7 (IIQ-7) score (0–100) from 64.9 to 23.4,
in the Symptom Severity Index (SSI) score (0–20) from 11.7 to 5.5, and in the Symptom
Impact Index (SII) score (0–12) from 5.1 to 1.5. “Complications from the injection” were
not reported by patients in the LA or GA groups. Overall satisfaction with the injection
(score 0–10) showed scores of 7.3 ± 3.2 (LA) vs. 8.2 ± 2.6 (GA) (p = 0.24). An all-over better
bladder/urine control was reported by 86.5% in the LA group and 94.7% in the GA group
(p = 0.77). Of patients who underwent OnabotA-DI, 84.2% (LA) vs. 94.7% (GA) stated
that they would choose this therapy for bladder dysfunction again; the difference was not
significant (p = 0.54).

Of patients who stated that they had had the procedure performed with both anes-
thesia methods in the past (n = 56), 37 (66%), patients stated that they preferred LA to GA,
whereas 19 (34%) preferred GA to LA.
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Figure 3. Pain Score on Visual Analog Scale (VAS, can be marked from 1 (no pain) to 10 (worst pain
imaginable)) during OnabotA detrusor injection in general anesthesia (GA) and local anesthesia (LA)
patients. Values are given in mean (±standard error).

3. Discussion

The OnabotA-DI procedure is well-established in the treatment of hyperactive urinary
bladder dysfunction of neurogenic and non-neurogenic origin. The GRACE study was able
to report real-world data that documented high patient satisfaction [17].

These results were confirmed in our study using incontinence and quality of life
questionnaires 4 weeks after OnabotA-DI. All incontinence scores reflected highly signifi-
cant improvements. The results did not differ depending on whether the procedure was
performed under LA or GA. The results of a satisfaction questionnaire, including questions
about complications and choosing this therapy again, also did not differ between groups.
As a result, we propose that centers delivering OnabotA-DI can give patients more freedom
to choose the type of anesthesia with regard to the expected therapeutic success.

A major obstacle for patients to trust OnabotA-DI is the fear of the procedure, cys-
toscopy, and especially pain from the injection.

In our study, patients were able to decide for themselves which type of anesthesia they
would prefer, LA or GA. Of course, this presents a bias, as GA was primarily chosen by
patients who are either very sensitive to pain or have a particular fear of potential pain. To
measure this fear before anesthesia or before the procedure, we used the APAIS score. The
analysis of the reliability of the APAIS score revealed that the scales were reliable despite
their brevity [24] and that the APAIS is also reliable and valid in the German language [25].

In patients who underwent both anesthesia procedures, approximately two-thirds
preferred LA and one-third GA. Contrary to popular belief that this procedure is almost
always carried out under LA, the frequency with which it is carried out under LA or GA
depends on which procedures the patient can choose from. Not all institutions, especially
outpatient practices, have an anesthesiologist on staff. In Germany, the procedure under
inpatient conditions (where anesthesiologists will always be available) is not reimbursed
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(with exceptions), so that in the outpatient setting, one has to rely almost exclusively on
LA. However, the fear of pain and the different levels of perceived pain should, if possible,
be addressed individually by an operating doctor.

An important result of this study is that the Anxiety Score depends on whether the
procedure is being carried out for the first time or for a second (or more) time. This finding
may contribute to persuading the patient in the primary information discussion to have
the procedure carried out under LA, especially since the effort involved in GA is, both for
the patient (e.g., fasting before the GA and being accompanied home after the procedure)
as well as for the department carrying out the work (e.g., providing an anesthesiologist,
operating theater capacity, and costs), much higher.

It is important that the goal must be to allay the fear of significant pain in LA patients,
especially before the first injection. The average pain in the LA group in this patient cohort
was 3.3 ± 2.2 on the Visual Analogue Scale (VAS), which corresponds to mild to moderate
pain. Further effort should be made to make the procedure more comfortable for patients.
One possibility would be to allay the patient’s fear of “the uncertain procedure”. There are
successful measures for this in urology. Karalar et al. [26] recently reported a significantly
lower feeling of fear and pain in patients during ureteroscopy after presenting the patient
with a video of the procedure instead of just verbal communication and information.
The group of patients who were presented with an educational video exhibited lower
anxiety levels than the patients who only received an educational interview, as reflected
by the APAIS scores for anesthesia (p = 0.02), surgery (p < 0.001), overall (p < 0.001), and
information needs (p < 0.001). An educational video of the OnabotA-DI would be an easy
tool to set up in outpatient practice.

Pain-relieving measures also include reducing the number of injection sites while
maintaining the same effect, alkalinizing the lidocaine solution [27], reshaping the injec-
tion needle [28], and, if necessary, administering further analgesia that has already been
applied preoperatively.

4. Conclusions

This study shows significantly different levels of anxiety and pain in patients undergo-
ing OnabotA-DI under LA or GA. Patients’ concerns about the perhaps insufficient effect
of LA, especially when it is carried out for the first time, should be posed and reflected on
by the doctor. In patients who underwent repeated OnabotA-DI, there were no differences
in preoperative anxiety levels between LA and GA. However, the different pain levels
between LA and GA remained at repeated injections. Since patients prefer LA despite
the higher stress level in comparison to GA, future attention must be paid to reducing
anxiety before the initial treatment (e.g., through demonstration videos) and to reducing
pain through a variety of approaches.

5. Materials and Methods

Patients: Patients who were scheduled for an OnabotA-DI decided for themselves
which anesthesia procedure should be used, resulting in two groups: the local anesthesia
group (LA) and the general anesthesia group (GA). The indication was for iOAB or nDO,
usually due to multiple sclerosis and an expanded disability symptom score of <6, but
always with preserved bladder sensitivity and spontaneous bladder emptying (no self-
catheterizing patients). In accordance with the requirements of the European guidelines [29],
a specific history was carried out including a urine test using urine sediment and a culture
to rule out a urinary tract infection or hematuria; an ultrasound with a full bladder to
rule out stone disease or a tumor; and a residual urine measurement post micturition. In
addition, a vaginal examination was carried out in women to rule out a localized anatomical
pathology, such as prolapse, cystocele, or stress incontinence. A digital rectal examination
was carried out in men and the Prostate Specific Antigen (PSA) value was measured to rule
out prostate cancer.
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Measures I: To evaluate the level of anxiety and pain, the APAIS score (4–20; [24,25])
was given during the consultation and the completed form was brought on the day of
the operation. To calculate the fear and information score of the APAIS, only completed
questionnaires were evaluated.

Procedure: Anticoagulant medication was discontinued in a timely manner according
to the information in the package insert; acetylsalicylic acid was continued if necessary. On
the day of the injection, the patients remained fasting under GA following the anesthesiolo-
gist’s instructions. Antibiotic prophylaxis was given preoperatively, usually trimetoprim,
which was continued on the evening of the day of the operation and the next morning.
Regardless of the anesthesia procedure, the operation was carried out in an outpatient
setting. The injection was carried out in the lithotomy position after disinfection and sterile
draping. A 21 Char. cystoscope was used with the help of an Albaran (Storz Endoskope,
Knittlingen, Germany). According to the study protocol, the injection needle used was
a standardized 22-gauge 4 mm needle with a 35 cm long cannula, matching the length
of the cystoscope. BotulinumtoxinA was administered in doses of 100, 150, or 200 U of
the preparation OnabotulinumtoxinA (Botox®), which was dissolved in 10 mL NaCl. For
patients in the GA group, the procedure was carried out immediately after the general
anesthetic. In the LA group, the urinary bladder was emptied via a single-use catheter;
then, 50 mL lidocaine 2% was instilled, and this lasted for 20 min. The injection scheme
included the side walls, posterior wall, bladder base, and trigone. Any minor bleeding
that may have occurred was resolved before the procedure was completed. The patients
remained in the recovery room of the outpatient clinic for 30–60 min before they were able
to leave the practice in the presence of an accompanying person.

Measures II: To record pain, the VAS pain score from 1 to 10 was marked. This VAS
score was asked twice in writing to represent intraoperative pain and pain within 24 h after
the procedure. The success of the therapy was measured by incontinence questionnaires
administered preoperatively and 4 weeks postoperatively (Urinary Distress Inventory
UDI-6 (score 0–100): Incontinence Impact Questionnaire IIQ-7 (score 0–100), Symptom
Severity Index SSI (score 0–20), and Symptom Impact Index SII (score 0–12)), as well as a
general postoperative satisfaction questionnaire, which was aimed, among other things, at
pain treatment and the use of painkillers.

The study protocol was approved by the ethics committee of the Universitätsmedizin
Berlin (ethics vote number EA4/203/22, ethics committee of the Universitätsmedizin
Charité Berlin, Benjamin Franklin Campus).

6. Statistical Tests

Continuous variables such as age were analyzed by calculating the mean, median,
standard deviation, and range. Tests for differences between groups were based on either
t-tests (normally distributed variables) or Wilcoxon’s rank-sum test. Categorical variables
were characterized by calculating absolute and relative frequencies. Corresponding statisti-
cal tests used were Fisher’s exact test or the Chi-square test. All analyses were performed
with R Core Team (2023). _R: A Language and Environment for Statistical Computing_.
R Foundation for Statistical Computing, Vienna, Austria. “R version 4.3.1 (16 June 2023
ucrt)”, RStudio Team (2020). RStudio: Integrated Development for R. RStudio, PBC, Boston,
MA, USA.
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Abstract

OnabotulinumtoxinA is an FDA-approved treatment for adults with overactive bladder (OAB)
who have an inadequate response to, or are intolerant of, oral pharmacotherapies including
anticholinergics or beta-3 agonists. However, procedural practices of onabotulinumtoxinA
intradetrusor injection vary among practitioners and can affect patient experience. To address
this, a panel of six high-volume intravesical onabotulinumtoxinA providers with 100 years
of combined experience convened to discuss the best office practices when treating patients
with OAB. These key best practices include counseling patients on available OAB therapies,
including onabotulinumtoxinA, at the initial consultation in accordance with established AUA
and SUFU guidelines in a way that is easily understood. An office setting is preferred over a
hospital or surgery center when performing the procedure. Staff involvement, from scheduling
to post-procedure, is essential for establishing the relationships necessary to optimize patient
experience and encourage compliance and retreatment. Experts generally recommend using
a viscous lidocaine bladder instillation for an anesthetic 15 min prior to the reconstitution
of onabotulinumtoxinA with 5 to 10 mL of normal saline. A range of one to 20 injection
sites is acceptable, with a smaller number preferred. Starting in the lower bladder, experts
recommend using a slower speed of injection to improve distribution and decrease patient
discomfort. Subsequent treatments should be regularly scheduled at six-month intervals with
the option of re-treating earlier if symptoms return, but no sooner than 12 weeks. For office
intravesical onabotulinumtoxinA procedures, optimization of the patient experience by the
physician and their staff, starting with the initial visit through the post-treatment follow-up, is
key to long-term patient compliance.

Keywords: overactive bladder; onabotulinumtoxinA; urge incontinence; botox; procedure
considerations; minimally invasive therapy

Key Contribution: After a decade since approval, clear recommendations for onabotA use
in overactive bladder are lacking. These best practices, based on opinions from experts,
provide additional guidance for clinical practice.
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1. Introduction

Overactive bladder (OAB) is defined by the International Continence Society as urinary
urgency usually accompanied by frequency and nocturia, with or without urge urinary
incontinence [1]. OAB is a chronic condition that impacts patients’ quality of life and
requires long-term management. The available treatment options for the treatment of
OAB include non-invasive (mainly behavioral) therapies, oral pharmacotherapy, minimally
invasive intravesical therapy, tibial or sacral neuromodulation, and surgical intervention
(bladder augmentation). The American Urological Association (AUA) and the Society of
Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction (SUFU) emphasize
the importance of shared decision-making to select the best therapy or therapies based
on the patient’s needs, desires, and tolerance of side effects over the concept of “step
therapy” [2].

OnabotulinumtoxinA (onabotA) is an FDA-approved, minimally invasive option for
the treatment of adult patients with OAB and symptoms of urge urinary incontinence,
urgency, and frequency [3]. The AUA guidelines recommend onabotA in patients who
have failed an oral pharmacotherapy or for those who are unable or unwilling to undertake
behavioral or pharmacological treatments. Studies have demonstrated that onabotA is safe
and effective over repeated treatments that are typically readministered between 4 and
7.6 months [4–6].

While the clinical trials performed for the FDA approval of onabotA provide a frame-
work for the procedure, individual practices vary [7]. Similar rates of clinical efficacy
and adverse events have been reported for different injection paradigms, without clear
recommendations [8–10]. Multiple non-inferior bladder analgesic options are available
for procedural pain control [11], and there are few evidence-based recommendations re-
garding peri-procedural antibiotic prophylaxis surrounding onabotA treatment to reduce
the risk of procedure-related urinary tract infection (UTI) [12]. While many clinicians
embrace practice variability, this same variability may deter many practitioners from of-
fering onabotA to their OAB patients. As a result, an expert panel including urologists
and urogynecologists with high office volumes (10 to 20 intravesical onabotA patients
per week) and with 100 years of combined experience convened to discuss their personal
experiences and current research through moderator-led questions on focused topics in
an effort to provide additional guidance for clinical practice. The experts were selected
based on their credentials, years of experience, involvement in research, and reputations as
experts amongst their peers. This paper summarizes the discussion from this group of six
experts who routinely use onabotA to treat adults with OAB and describes best practices
based on their opinions. The experts reviewed when and how to introduce onabotA to
patients, effective approaches for the procedure day, and post-procedural care to allow for
a positive treatment experience and improve long-term compliance.

2. Pre-Procedural Considerations

2.1. Introducing the Care Pathway

By the time a patient visits a specialist, they have typically tried one or more oral
agent(s) that have been prescribed by another provider. After assessing and confirming the
diagnosis of OAB, the health care professional (a physician or advanced care practitioner
such as a physician assistant or nurse practitioner) should spend time introducing the OAB
care options. The non-invasive (behavioral modification), pharmacologic, and minimally
invasive therapies as recommended by the AUA/SUFU OAB guidelines should be dis-
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cussed [2]. Patients and clinicians should talk openly about medication side effects, the
potential risks of the various therapies, and issues such as accessibility and cost for patients
in the US. It is important to start the conversation on the available therapies, including
minimally invasive options such as onabotA, at the initial visit so that the patient is aware
of the many therapeutic options for OAB to provide hope for finding a successful treat-
ment [13]. Introducing onabotA early allows for patients’ familiarity with this treatment
option and prepares them to more readily discuss it—if and when the time comes. It should
be reinforced that regardless of the treatment a patient chooses, behavioral modification
and fluid restriction are always important.

When initially explaining minimally invasive therapies, provide patients with key
points and avoid making the discussion too complicated. The goal is to introduce the
treatment options while keeping the explanations simple in order to give patients a sense
of hope and a reason to return. For example, explain that there are effective options beyond
diet and behavioral changes that, in some cases, may work more effectively than oral
medications. Of the available minimally invasive therapies and taking into consideration
patients’ preferences along with the therapy’s efficacy, ease of administration, mechanism
of action, concomitant conditions, and cost, the experts view onabotA as a simple way
to provide effective treatment for their patients. OnabotA is also a popular option with
patients: when patients were asked to rank their preferences of minimally invasive therapies
after being provided with the risks and benefits of each option, most chose onabotA as
their first choice based on its long-term efficacy [14].

When introducing onabotA, highlight the therapy’s efficacy to give patients hope and
expectations of success. In two Phase 3 clinical trials, onabotA significantly decreased the
daily frequency of urinary incontinence episodes and improved all other overactive bladder
symptoms compared to placebo [4,15]. Up to 31% of patients became completely continent,
and the patient health-related quality of life was significantly improved [4,6,15]. Empower
the patient not to settle—OAB is common, but it is not merely a normal part of aging [2].
Discussing the patient’s quality of life is important, especially for those who have a difficult
time making treatment decisions. Focus on lifestyle improvements: Are they living their
best possible life? There is always an opportunity for improvement. Experts typically set
a realistic expectation of relieving patients’ symptoms by at least 75%, with the goal of
becoming symptom-free. For patients in the US, explain that onabotA is typically covered
by most insurance plans and that additional assistance can be provided for commercial
insurance patients.

Move on to how it is administered, while using non-technical phrases that are easily
understood, such as “it is placed in your bladder” [3]. When counseling on the risk of
post-procedure incomplete bladder emptying, make sure to use patient-friendly language,
such as “Nearly all patients could still urinate when they needed to, but some patients may
not be able to fully empty their bladder” [3,16]. In the rare case of a patient needing to
catheterize, explain that they do not need to have a “bag,” and describe self-management
using clean intermittent catheterization (CIC) as an alternative way to drain the bladder
with a small tube about the size of a coffee stirrer. Educate the patient that retreatment
is usually every six months to prevent symptoms from returning, but it can be flexible
depending on their schedule [3–5]. Most importantly, assure them that the provider and
the staff at the practice will be with them through the entire treatment process to provide
counsel at every step of the way. It is a partnership and not a journey for the patient alone.
If the patient is not satisfied with onabotA or if they decide to move on to something else,
other minimally invasive treatments can be considered as an alternative [2].
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2.2. Shared Decision-Making: Determining Whether OnabotA Is the Right Therapy for the Patient

The patient’s preferences and logistical considerations can be critical to the treatment
choice [2]. Non-medical factors often play a role in making recommendations for the
patient. The provider should pose questions to understand their concerns, which may
rule out alternative minimally invasive options such as neuromodulation: What is their
lifestyle like? Is it feasible to return weekly for 12 weeks and then monthly for percutaneous
tibial nerve stimulation (PTNS)? Are they technologically savvy enough to interact with a
neuromodulation device that is implanted? How do they feel about a procedure that can
require sedation or anesthesia? Are they willing to undergo repeated office procedures?
OnabotA is a good option for patients unwilling to have minimally invasive surgery or
staged treatment phases, which often have lifestyle restrictions. Many patients also tend to
like that onabotA is not permanent. OnabotA should be an obvious choice for patients who
absolutely do not want surgery, are not surgical candidates, and/or cannot return regularly
for the maintenance of a neuromodulation device.

OnabotA is contraindicated in patients who have an active urinary tract infection, a
known allergy to botulinum toxin or its components, or a post-void residual (PVR) over 200
mL who are not routinely performing CIC [3]. There are certain patient populations that
may require special considerations, such as those who may be at a higher risk for incomplete
bladder emptying and who are not performing CIC at baseline, including patients with
diabetes or neurogenic bladder, those over 70 years old, and male patients with benign
prostatic hyperplasia [3,17–19]. Body dystocia, arthritis, or any other physical disability
resulting in the patient’s inability to physically catheterize should also be taken into
consideration [3,4]. A summary of the benefits, potential side effects, and contraindications
is provided in Table 1.

Table 1. Benefits, potential side effects, and contraindications of onabotA for OAB.

Benefits

• Most patients have at least 75% relief of symptoms
• Up to 31% of patients became completely continent in clinical trials
• Long-term safety and efficacy
• Significant improvements in QOL
• Reversible
• Infrequent (average twice yearly) office treatments

Potential Side Effects

• UTI
• Temporary inability to void
• Dysuria
• Increased residual urine volume

Absolute Contraindications

• PVR > 200 mL in those not routinely performing CIC
• Active UTI
• Hypersensitivity to botulinum toxins or any of the components in the formulation

CIC = clean intermittent catheterization; OAB = overactive bladder; PVR = post-void residual; QOL = quality of
life; UTI = urinary tract infection.

Using a holistic approach (Box 1), the provider should carefully assess each individual
situation, be able to clearly explain why the therapy is being recommended, and use shared
decision-making to determine what is best for the patient [2]. Most patients have already
tried and failed other OAB treatments (including multiple medications) and are looking to
you for guidance.
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Box 1. A holistic approach to prescribing treatments for OAB.

A holistic approach to prescribing treatments for OAB considers not only the medical condition
but also the patient’s unique circumstances [2]. Consider the patient’s viewpoint when evaluating
the options, given their unique circumstances, including psychosocial, economic, social support,
and educational factors.Psychosocial Factors.

• Patient Preferences: Involve patients in decision-making when discussing treatment options.
• Cultural Beliefs: Cultural context may affect acceptance of and/or adherence to certain

therapies.
• Social Support: Consider the patient’s support system and ability to manage medications

and appointments.

Economic Factors for US Patients

• Affordability: Assess whether the patient can afford the prescribed medication.
• Insurance Coverage: Check whether the drug is covered by the patient’s insurance plan.

Practical Considerations

• Route of Administration: Choose an appropriate form (oral, injectable, topical).
• Frequency: Consider dosing frequency and convenience for the patient.
• Storage: Ensure patients can store and handle the medication properly.

Adherence and Education

• Patient Education: Provide clear instructions, potential side effects, and warnings.
• Monitoring: Regularly assess treatment effectiveness and address any issues.

The experts have felt that onabotA is their “go-to,” as it does very well with the holistic approach,
taking all of these factors into account.

2.3. Where Should the Procedure Take Place?

OnabotA procedures can be performed in the office, an ambulatory surgery center, or
a hospital surgery suite; however, the experts feel that for the optimal patient acceptability
of long-term onabotA treatment, the procedures should be performed in the office [20].
Establishing a well-run, office-based onabotA practice ensures efficiency for both patients
and providers. It considers the patient’s perspective regarding cost, time management, and
adherence. As the actual time spent by the physician on the onabotA injection is typically
only a few minutes, time can be lost by traveling to another location and/or by surgical
delays. For the provider, best practices are easier to tailor in an office setting and makes
post-procedural follow-up more practical.

For a minority of patients, there may be exceptions or mitigating circumstances that
make a location other than the office preferable. Office procedures may be impractical
for some patients due to their pain intolerance or inability to position themselves without
significant pain or because of a physical disability. Using a facility that offers sedation
may be more desirable for patients who have medically complicated situations or those
with OAB caused by a neurological condition. Moreover, not all providers can perform the
procedure in the office; for example, they may lack equipment such as cystoscopes. The use
of an ambulatory surgery center or hospital operating room not only accommodates these
situations but also offers providers who are new to injecting onabotA the opportunity to
build this skill set. Performing the first few onabotA procedures with sedation is a great
way to gain experience and help transition the provider to the office setting.

2.4. Logistics of Practice: Are You Set Up for Success?

The logistics of practice are essential for providers who are just starting to use ona-
botA. Regarding access, is your office set up to accommodate a certain volume of patients in
a timely manner? Can your office or procedure room handle repeat procedures? Regarding
the equipment and setup, consider the number of cystoscopes available. Single-use, dis-
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posable cystoscopes can be an effective, safe, and affordable alternative to reusable scopes
to accommodate a high volume of patients [21,22]. Single-use cystoscopes also reduce the
need for the staff to process equipment or to delay or limit procedures based on availability.
Regarding onabotA inventory, consider the financial and storage capacities of your practice.
Assess the need for a buy-and-bill process and the ability to properly store onabotA, which
also extends to inventory management and expiration date tracking.

3. Day of Procedure Considerations

3.1. Emphasizing the Patient Experience

The experts emphasize that the force driving the overall success of repeat treatments
is the patient’s experience. The atmosphere should be comfortable and appealing from
the moment the patient walks into the office to the conclusion of the procedure. There are
several considerations that can help with patients’ comfort and anxiety, such as dimming
the lights, letting the patient choose the music, and offering a blanket and/or aromatherapy.
A recent study on the use of aromatherapy and music during magnetic resonance imaging
procedures suggested these could reduce anxiety and improve patients’ comfort [23].
Anxiety can also be reduced by keeping items used for the procedure, such as the cystoscope,
out of the patient’s view. Distracting the patient with ongoing dialogue is also useful [24].
Encourage patients to keep their eyes open during the procedure, as it requires greater
central nervous system processing of vision, which can decrease pain perception [25].
It may be beneficial to encourage patients to take an over-the-counter oral analgesic or
nonsteroidal anti-inflammatory medication upon leaving their residence for the procedure.

Be consistent in your procedural flow, as patients will become used to the process
and have proper expectations. Having a favorable environment and a relaxed patient also
benefits the medical assistants. Soliciting patients’ feedback is a great way to keep finding
new ideas for process improvements and to incorporate patients’ preferences for repeat
visits. Patients appreciate when providers make an obvious effort to ensure their comfort.
They value the personal touches. Interpersonal interactions are important, and continuity
with regard to staff is key. According to the experts, they estimate that approximately 70%
of their patients come back for retreatment based on a positive experience with the staff,
which may be challenging for practices that have high turnover or different staff members
on irregular schedules. When consistency in the staff is not possible, additional staff
training or referencing documented patient feedback for procedural preferences may be an
alternative. Patients like to feel that the staff are their friends and that they can see a familiar
face at each visit. Demonstrated care for patients’ wellbeing and comfort by the front desk
staff and schedulers can help with the feeling that appointments are transactional. For
example, having the same nurses perform the follow-up and the two-week post-procedure
check-in not only allows the staff to assess how the patients are doing but also enables
the patient to experience a true connection. These interpersonal relationships add to the
sense of lifestyle improvement. When you get to know the patient, the resulting trust and
care they feel play a major role in giving them a reason to return for all procedures in your
office, not just for the onabotA treatments.

Regarding staff retention, when staff members feel connected, they are also more likely
to stay. In a larger organization, a sense of ownership by the staff members can become lost
if there is no clear direction on individual responsibility. Physicians have a true leadership
responsibility in this area, taking the reins and outlining the expectations. These can be
verbalized or written down. While care maps are frequently utilized for patients, they are
also needed for the staff. How does your staff fit into the overall process? Make their roles
clear. During staff training or when onboarding new staff members, emphasize the focus on
the patient experience over efficiency. The staff truly shapes the experience, so encourage
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them to have a sense of ownership and make them feel empowered. Allow your staff to take
control of setting up the procedure room, informing patients about antibiotics, and being
there to hold their hands during the procedure. The physician may be the injector providing
the treatment, but it is the staff that sustains the positive, service-based experience.

3.2. Obtaining Consent

In the US, state and local requirements may vary, but patient consent should be
obtained before each procedure. After the original consent form is signed, some experts
suggest obtaining an abbreviated consent by having patients re-initial and date the original
consent on each subsequent visit. Others prefer to require renewed consent with each
round of onabotA and a review of the risks and benefits, which allows patients to have their
questions answered prior to the procedure. This step should be individualized to satisfy
the requirements and balanced with efficiency to ensure that providers have sufficient time
to maximize their productivity.

3.3. Pre-Procedure Urinalysis

The expert opinions vary on the use of pre-procedure urinalysis (UA), and it is ul-
timately left to the discretion of the clinician. Performing a UA prior to the procedure
day when a patient has no acute urinary tract infection (UTI) complaints can lead to an
unnecessary cancellation if there are UA findings but the patient is asymptomatic. How-
ever, for some clinicians, the presence of asymptomatic bacteriuria may deserve further
discussion and/or intervention. Some experts recommend performing a dipstick test on
the day of the procedure, but this could potentially lead to aborted procedures, so experts
who recommend this also prescribe pre-procedure antibiotics (see next section). Some
suggest following the AUA guidelines for asymptomatic bacteriuria screening [26]. Others
simply check whether the patient is symptomatic by asking, “Do you have burning with
urination?” Symptoms suggestive of a UTI would prompt a UA before the procedure.
Some experts who do not perform a UA will delay reconstituting onabotA until they have
visualized the bladder by cystoscopy and will only proceed if the bladder mucosa has
a normal appearance, which can rule out a local inflammation suggestive of an active
infection. The experts agree that the procedure must be cancelled if there is an active
infection.

3.4. Prophylactic Periprocedural Antibiotics

The experts agree that some form of a prophylactic antibiotic may be beneficial to
ensure the patient does not arrive on the procedure day with a UTI, resulting in an aborted
procedure, or that a subclinical UTI does not progress after the procedure is performed.
The choice of an antibiotic can be made based on the patient’s allergies and the AUA
guideline for a cystourethroscopy with manipulation that recommends a single dose of
either a fluoroquinolone, trimethoprim-sulfamethoxazole, aminoglycoside, first- or second-
generation cephalosporin, or amoxicillin-clavulanate [26]. However, caution is warranted
for the concomitant use of onabotA and aminoglycosides [3]. One expert recommends
giving a 3-day course of antibiotics starting on the day before the procedure, while others
administer an oral antibiotic right before or immediately after the procedure as one dose
with success. This single dose is convenient for patients, saving them a trip to the pharmacy.
For patients with a history of recurrent UTIs, or for those traveling a greater distance who
could be impacted by cancellation/rescheduling, antibiotics could be considered at least
one day before the procedure. Antibiotic stewardship should be considered, especially in
older patients. Taken together, there is some variability in the timing of the prophylactic
antibiotic course used by the experts based on the individual patient circumstances since
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the data varies on whether antibiotic use, regimen, and route impact the post-procedure
UTI rates [27].

3.5. Discontinuation of Anticoagulants and Antiplatelets

Anticoagulants and antiplatelets may be discontinued prior to the onabotA procedure,
but it is not required [28]. The experts agree that the use of smaller gauge needles and the
proper direct visualization of the blood vessels allow for safe procedures when patients are
on blood thinners. Ultimately, it is left to the discretion of the provider and the consideration
of the bleeding risk.

3.6. Local Analgesia or Anesthesia for the OnabotulinumtoxinA Procedure

Oral phenazopyridine may be administered the night before and the morning of
the procedure, as a substitute or in addition to topical intravesical lidocaine to enhance
patient comfort [11]. Patients using phenazopyridine should be instructed to anticipate
orange urine that may stain clothing. Experts recommend using a viscous lidocaine
bladder instillation at least 15 min before the onabotA procedure. One expert recommends
pre-packaging supplies ahead of time and having everything pre-mixed to allow for the
lidocaine instillation as quickly as possible after the initial intake. During the instillation
dwell time, vitals can be taken, the UA may be processed if a sample was taken, and a
patient preference sheet can be completed to recreate or improve the experience for the
next appointment. The experts proceed with the onabotA procedures with the lidocaine
remaining in the bladder to improve the procedure’s overall efficiency and based on a lack
of evidence to the contrary.

3.7. Type of Cystoscope

Both rigid and flexible cystoscopes are appropriate for use in onabotA procedures,
with different advantages for each [4,29]. The flexible cystoscope is a two-person procedure,
while the rigid cystoscope is a one-person procedure. With a rigid cystoscope, the medical
assistant can be focused on ensuring patient comfort, such as by holding the patient’s hand
while having an engaging conversation. If an assistant is needed for the injection process,
seamless communication is required for the proper injection timing. If you have a new
medical assistant or other personnel requiring verbal communication, set the expectation
with the patient ahead of time so that they are comfortable with the verbal exchange.

3.8. Injection Paradigms: Dose, Location, Volume, and Number of Injection Sites

Over the years, many injection paradigms have been explored. The onabotA United
States Prescribing Information (USPI) details a 20-injection site paradigm using a total
dose of 100 Units (U) as 0.5 mL (5 U) injections across 20 sites into the detrusor [3]. The
Phase 4 LO-BOT study evaluated an alternative injection paradigm using 100 U of onabotA
reconstituted with 5 mL of normal saline and administered as 10 injections of 0.5 mL—two
in the trigone and eight distributed evenly across the posterior wall of the bladder around
the trigonal area [30]. The use of this paradigm resulted in improved treatment benefits
over placebo with a low incidence of incomplete bladder emptying requiring CIC.

The optimal number of injections maximizes the distribution while minimizing the
number of injection sites. The experts recommend a range from one to 20 injection sites
based on experience and available data, balancing the number of injections with efficacy
and patients’ comfort [3,10,30–32]. Most of the experts recommend fewer injections while
balancing the fact that onabotA must be adequately taken up by the peripheral nerve
terminals. The expert panel agrees that the number and location of injections can be
customized for each patient. Based on a meta-analysis, trigonal-involved onabotA injections
were more effective compared with trigone-sparing injections [33], likely due to the dense
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innervation of the trigone [34]. Ultimately, the decision should be made at the time of the
injection based on the patient’s comfort and technical considerations such as the patient’s
anatomy and the ease of reaching all of the intended injection sites.

When performing a minimal injection paradigm, the experts recommend initiating
the first dose of onabotA at 100 U, with a reconstitution volume of 5 to 10 mL and using 0.5
to 5.0 mL per injection site, based on diffusion [3,35]. A dose titration up to 200 U may be
considered in patients who have an inadequate response and minimal side effects [2]. When
patients return, information on symptomatology can be correlated with the dose, volume,
and number of injections, and adjustments can be made accordingly. This will allow for
the reevaluation of optimal diffusion, with the objective of reaching more presynaptic
nerve terminals.

3.9. Depth and Rate of Injections

The experts agree that the depth or plane of injection is important for the efficient
lateral distribution of onabotA, especially when attempting to use fewer injection sites.
The afferent nerves are located in the superficial suburothelium and are appropriate to
target for OAB dry (without urge incontinence) [36], while the efferent nerves are in
the deeper detrusor section of the urothelium and are appropriate for OAB wet (with
urge incontinence) [37]. Adding a drop of dye such as sodium fluorescein is an off-label
suggestion to optimize the technique, and it may help visualize the outline of the injection
and enable a better determination of the correct injection depth that is not too superficial [38].
A “groundswell” should be visible with minimal pressure. Adjust the needle if necessary
to maintain an optimal depth, as too superficial of an injection results in a bleb [29], which
is not desirable. The rate of infiltration is also an important consideration; the slower the
rate, the greater the dispersion, with less pain experienced. Force should never be used
since it generates more pressure. A slower infiltration also allows for easier adjustments if
the needle is at the wrong depth, as evidenced by a loss of the onabotA out of the injection
site and/or the development of a bleb.

4. Post-Treatment Considerations

4.1. Management of Adverse Events

Incomplete bladder emptying leading to an elevated PVR has been observed following
onabotA treatment, and in some cases, this may require temporary treatment using CIC [3,
17]. Most of the experts recommend only performing a PVR test once, two weeks after the
initial treatment. A post-procedure PVR after subsequent treatments is considered generally
unnecessary unless the patient has had a dose increase, if there is a lack of improvement
in OAB symptoms following the procedure, or if the patient had a significantly elevated
PVR (generally with symptoms of incomplete emptying) after their first treatment. In
consideration of the age-based risk stratification for the incidence and duration of post-
procedural CIC [39], some of the experts tend to be more liberal with younger patients but
more conservative with older patients when determining the need for a post-procedural
PVR. The experts agree that patients with a PVR >250 mL do not necessarily need to
perform CIC, but the ultimate decision can be made based on the patient’s symptoms and
the overall clinical picture [16].

The onset of onabotA is approximately 1–2 weeks [40]; therefore, any OAB medications
can be discontinued after one week of the procedure with a minimal risk of retention. However,
patients should be instructed to discontinue them sooner if voiding difficulty ensues.
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4.2. Retreatment

Make a conscious effort to set up follow-up appointments. The office staff can help
navigate the patient back for additional treatments. Most experts agree that patients should
be proactively scheduled for their next procedure before leaving the office rather than
waiting until they have symptoms to avoid a significant delay for subsequent procedures
and/or the return of symptoms. There is variability in the duration of patients’ responses;
for some, symptoms may return in four months, and for others, they do not return for eight
months to a year [3–6]. Regardless of when symptoms return, most of the experts schedule a
follow-up treatment six months following the first procedure to avoid having time without
effective therapy. Setting up retreatment visits every six months is common practice,
and appointments can be rescheduled earlier if symptoms return sooner. Six months is
consistent with the retreatment paradigms of the pivotal onabotA clinical trials and the
open label extension studies [3–5,41]. Patients who are traveling or have an upcoming
special event to attend may receive reinjections earlier, but no sooner than 12 weeks after
their last procedure [3].

5. Final Thoughts

While onabotA was approved by the FDA in 2013 for the treatment of adults with
OAB, procedural practices still vary among practitioners, and clinicians often seek advice
on how to appropriately manage patients with OAB using onabotA. Table 2 summarizes the
recommendations of an expert panel of providers with 100 years of combined intravesical
onabotA experience in an effort to provide additional guidance and recommendations for
clinical practice.

Table 2. Summary of expert recommendations.

Category Recommendations

Pre-procedural considerations • Discuss OAB care pathway using simple language
• Perform the onabotA procedure in an office, not a hospital
• Ensure practice is set up for success

Day of procedure considerations • Emphasize patient experience
• Check for UTI symptoms, perform UA if needed
• Use prophylactic antibiotics
• Use lidocaine gel 15 min before procedure
• Reconstitute 100 U vial with 5 to 10 mL
• 1 to 20 injection sites, balance comfort and diffusion
• Slow instillation reduces pain

Post-procedural considerations • Perform 2-week PVR once after initial treatment unless dose is increased
• Proactively schedule next procedure every 6 months
• Move up appointments if symptoms return sooner

OAB = overactive bladder; PVR = post-void residual; U = units; UA = urinalysis; UTI = urinary tract infection.

Author Contributions: All authors were responsible for conceptualization, original draft preparation,
reviewing, and editing. All authors have read and agreed to the published version of the manuscript.

Funding: AbbVie provided organizational and logistical support for the expert consensus and funded
independent medical writing support according to the Good Publication Practice guideline.

Institutional Review Board Statement: This panel was deemed exempt from Institutional Review
Board review.

104



Toxins 2025, 17, 207

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: Medical writing/editorial assistance was provided by Jaime S. Horton of CD
Chunn & Associates.

Conflicts of Interest: A.P.: Consultant for AbbVie and Neuspera, Investigator for Axonics; B.M.B.:
Speaker, Advisor, and/or Investigator for AbbVie, Axonics, Sumitomo Pharma, Provepharma, and
Watkins Conti Medtronic. Education grant recipient of Medtronic and Axonics; K.B.: Consultant
for AbbVie, Boston Scientific, and Medtronic; K.S.E.: Consultant for AbbVie and Boston Scientific,
Investigator for Abbvie and Coloplast; M.J.K.: Advisory Board and/or Grant/Research support from
AbbVie, Axonics, Becton Dickinson, Coloplast, Cook Myosite, Medtronic, SpineX, and Urovant; V.L.:
Speaker, Consultant, and Investigator for AbbVie.

References

1. Abrams, P.; Cardozo, L.; Fall, M.; Griffiths, D.; Rosier, P.; Ulmsten, U.; Van Kerrebroeck, P.; Victor, A.; Wein, A. The standardisation
of terminology in lower urinary tract function: Report from the standardisation sub-committee of the international continence
society. Urology 2003, 61, 37–49. [CrossRef] [PubMed]

2. Cameron, A.P.; Chung, D.E.; Dielubanza, E.J.; Enemchukwu, E.; Ginsberg, D.A.; Helfand, B.T.; Linder, B.J.; Reynolds, W.S.;
Rovner, E.S.; Souter, L.; et al. The aua/sufu guideline on the diagnosis and treatment of idiopathic overactive bladder. J. Urol.
2024, 212, 11–20. [CrossRef]

3. Abbvie. Botox [Package Insert]. U.S. Food and Drug Administration Website. Revised August 2023. Available online: https:
//www.accessdata.fda.gov/drugsatfda_docs/label/2023/103000orig1s5325correctedlbl.pdf (accessed on 21 June 2024).

4. Nitti, V.W.; Dmochowski, R.; Herschorn, S.; Sand, P.; Thompson, C.; Nardo, C.; Yan, X.; Haag-Molkenteller, C. Onabotulinumtoxina
for the treatment of patients with overactive bladder and urinary incontinence: Results of a phase 3, randomized, placebo
controlled trial. J. Urol. 2013, 189, 2186–2193. [CrossRef]

5. Nitti, V.W.; Ginsberg, D.; Sievert, K.D.; Sussman, D.; Radomski, S.; Sand, P.; De Ridder, D.; Jenkins, B.; Magyar, A.; Chapple, C.
Durable efficacy and safety of long-term onabotulinumtoxina treatment in patients with overactive bladder syndrome: Final
results of a 3.5-year study. J. Urol. 2016, 196, 791–800. [CrossRef]

6. Chapple, C.; Sievert, K.D.; MacDiarmid, S.; Khullar, V.; Radziszewski, P.; Nardo, C.; Thompson, C.; Zhou, J.; Haag-Molkenteller,
C. Onabotulinumtoxina 100 u significantly improves all idiopathic overactive bladder symptoms and quality of life in patients
with overactive bladder and urinary incontinence: A randomised, double-blind, placebo-controlled trial. Eur. Urol. 2013, 64,
249–256. [CrossRef] [PubMed]

7. Liao, C.H.; Kuo, H.C. Practical aspects of botulinum toxin-a treatment in patients with overactive bladder syndrome. Int.
Neurourol. J. 2015, 19, 213–219. [CrossRef] [PubMed]

8. Liao, C.H.; Chen, S.F.; Kuo, H.C. Different number of intravesical onabotulinumtoxina injections for patients with refractory
detrusor overactivity do not affect treatment outcome: A prospective randomized comparative study. Neurourol. Urodyn. 2016, 35,
717–723. [CrossRef]

9. Avallone, M.A.; Sack, B.S.; El-Arabi, A.; Guralnick, M.L.; O’Connor, R.C. Less is more-a pilot study evaluating one to three
intradetrusor sites for injection of onabotulinumtoxina for neurogenic and idiopathic detrusor overactivity. Neurourol. Urodyn.
2017, 36, 1104–1107. [CrossRef]

10. DiCarlo-Meacham, A.M.; Dengler, K.L.; Welch, E.K.; Brooks, D.I.; Gruber, D.D.; Osborn, D.J.; Scarlotta, L.; Vaccaro, C.M. Reduced
versus standard intradetrusor onabotulinumtoxina injections for treatment of overactive bladder. Neurourol. Urodyn. 2023, 42,
366–374. [CrossRef]

11. Stewart, L.E.; Siddique, M.; Jacobs, K.M.; Raker, C.A.; Sung, V.W. Oral phenazopyridine vs intravesical lidocaine for bladder
onabotulinumtoxina analgesia: A randomized controlled trial. Am. J. Obstet. Gynecol. 2022, 227, 308.e1–308.e8. [CrossRef]

12. Bickhaus, J.A.; Vaughan, M.; Truong, T.; Li, Y.J.; Siddiqui, N.Y. A comparison of antibiotic prophylaxis regimens to decrease
the risk of post-procedure urinary tract infection after onabotulinum toxin a injection. Int. Urogynecol. J. 2020, 31, 1907–1912.
[CrossRef] [PubMed]

13. White, N.; Iglesia, C.B. Overactive bladder. Obstet. Gynecol. Clin. N. Am. 2016, 43, 59–68. [CrossRef]
14. Kapur, A.; Harandi, A.A.; Cohen, T.; Ruan, H.; Dabrowski, C.; Anderson, R.; Hwang, K.; Lee, E.; Weissbart, S.; Kim, J. An analysis

of factors that influence patient preference of third-line therapy for overactive bladder. Neurourol. Urodyn. 2022, 41, 1906–1913.
[CrossRef]

105



Toxins 2025, 17, 207

15. Chapple, C.; Sievert, K.; MacDiarmid, S.; Khullar, V.; Radziszewski, P.; Nardo, C.; Thompson, C.; Zhou, J.; Haag-Molkenteller,
C. Pivotal phase 3 study in overactive bladder (oab) patients with urinary incontinence confirms onabotulinumtoxina 100u
significantly improves all oab symptoms and patients’ quality of life. Eur. Urol. Suppl. 2013, 1, e741–e742. [CrossRef]

16. Kennelly, M.; Chapple, C.; Hale, D.; Sand, P.; Khullar, V. Expert consensus guidance on appropriate management of incomplete
voiding of the bladder post-onabotulinumtoxina injection in patients with idiopathic overactive bladder. EMJ Urol. 2020, 8, 2–12.

17. Dmochowski, R.; Chapple, C.; Gruenenfelder, J.; Yu, J.; Patel, A.; Nelson, M.; Rovner, E. The effects of age, gender, and postvoid
residual volume on catheterization rates after treatment with onabotulinumtoxina for overactive bladder. Eur. Urol. Open Sci.
2023, 57, 98–105. [CrossRef]

18. Cruz, F.; Herschorn, S.; Aliotta, P.; Brin, M.; Thompson, C.; Lam, W.; Daniell, G.; Heesakkers, J.; Haag-Molkenteller, C. Efficacy
and safety of onabotulinumtoxina in patients with urinary incontinence due to neurogenic detrusor overactivity: A randomised,
double-blind, placebo-controlled trial. Eur. Urol. 2011, 60, 742–750. [CrossRef] [PubMed]

19. Nitti, V.W.; Kohan, A.; McCammon, K.; Jenkins, B.; Ifantides, K.B.; Yushmanova, I.; Chapple, C. Efficacy and safety of onabo-
tulinumtoxina for the treatment of overactive bladder in men and women: A pooled analysis. Neurourol. Urodyn. 2024, 43,
1765–1775. [CrossRef]

20. Bianchi, D.; Ricci, M.; Iacovelli, V.; Pletto, S.; Rosato, E.; Miano, R.; Agrò, E.F. Bladder onabotulinum toxin a injections and
patients: Office-based vs. Operating room setting. Continence 2024, 10, 101227. [CrossRef]

21. Holmes, A.; O’Kane, D.; Wombwell, A.; Grills, R. Clinical utility of a single-use flexible cystoscope compared with a standard
reusable device: A randomized noninferiority study. J. Endourol. 2023, 37, 80–84. [CrossRef]

22. Assmus, M.A.; Krambeck, A.E.; Lee, M.S.; Agarwal, D.K.; Mellon, M.; Rivera, M.E.; Large, T. Cost-effectiveness of 90-day
single-use flexible cystoscope trial: Single center micro-costing analysis and user satisfaction. Urology 2022, 167, 61–66. [CrossRef]
[PubMed]

23. Wen, X.; Shi, J.; Tan, W.; Jiang, H.; Wang, D.; Su, J.; Yang, G.; Zhang, B. Effects of aromatherapy and music therapy on patients’
anxiety during MRI examinations: A randomized controlled trial. Eur. Radiol. 2023, 33, 2510–2518. [CrossRef]

24. Gange, S.N.; Baum, N. Verbal anesthesia: How and when to use it in urological procedures. JOJ Urol. Nephrol. 2018, 4, 555647.
25. Zargari Marandi, R.; Fjelsted, C.A.; Hrustanovic, I.; Dan Olesen, R.; Gazerani, P. Eye movements in response to pain-related

feelings in the presence of low and high cognitive loads. Behav. Sci. 2020, 10, 92. [CrossRef] [PubMed]
26. Lightner, D.J.; Wymer, K.; Sanchez, J.; Kavoussi, L. Best practice statement on urologic procedures and antimicrobial prophylaxis.

J. Urol. 2020, 203, 351–356. [CrossRef]
27. Eckhardt, S.E.; Takashima, Y.; Handler, S.J.; Tenggardjaja, C.; Yazdany, T. Antibiotic regimen and route of administration do not

alter rates of urinary tract infection after intravesical botulinum toxin injection for overactive bladder. Int. Urogynecol. J. 2022, 33,
703–709. [CrossRef]

28. Mensah, E.E.; Toia, B.; Nguyen, L.; Hamid, R.; Pakzad, M.; Ockrim, J.L.; Walker, R.; Greenwell, T.J.; Nitkunan, T.; Sharma, D.; et al.
Intravesical onabotulinumtoxina injections in patients on antiplatelet and anticoagulation therapy. Neurourol. Urodyn. 2021, 40,
1829–1833. [CrossRef]

29. Shenot, P.J.; Mark, J.R. Intradetrusor onabotulinumtoxina injection: How I do it. Can. J. Urol. 2013, 20, 6649–6655.
30. MacDiarmid, S.; Glazier, D.B.; McCrery, R.J.; Kennelly, M.J.; Nelson, M.; Ifantides, K.B.; McCammon, K.A. Efficacy and safety

of an alternative onabotulinumtoxina injection paradigm for refractory overactive bladder. Neurourol. Urodyn. 2024, 43, 31–43.
[CrossRef]

31. Bernstein, S.; Schwartz, M.; Ifantides, K.B. Patient persistence to onabotulinumtoxina treatment for overactive bladder using a
reduced-injection-site paradigm: A retrospective chart review study. Toxicon 2024, 237, 107368. [CrossRef]

32. Ton, J.; Downing, P.; Versi, E.; van Uem, S.; Ephraim, S.; Murphy, M.; Lucente, V. Outcomes of a single trigone-only vs. 20
trigone-sparing injections of onabotulinumtoxina for refractory overactive bladder (oab). Int. Urol. Nephrol. 2021, 53, 1067–1072.
[CrossRef] [PubMed]

33. Cui, Y.; Cai, T.; Dong, T.; Zhang, X.; Zhou, Z.; Lu, Y.; Zhang, Y.; Wu, J.; Gao, Z.; Wang, Y.; et al. Trigonal-sparing vs. Trigonal-
involved onabotulinumtoxina injection for the treatment of overactive bladder: A systematic review and meta-analysis. Front.
Neurol. 2021, 12, 651635. [CrossRef]

34. Purves, J.T.; Spruill, L.; Rovner, E.; Borisko, E.; McCants, A.; Mugo, E.; Wingard, A.; Trusk, T.C.; Bacro, T.; Hughes, F.M., Jr. A
three dimensional nerve map of human bladder trigone. Neurourol. Urodyn. 2017, 36, 1015–1019. [CrossRef] [PubMed]

35. Ramirez-Castaneda, J.; Jankovic, J. Long-term efficacy, safety, and side effect profile of botulinum toxin in dystonia: A 20-year
follow-up. Toxicon 2014, 90, 344–348. [CrossRef]

36. Osman, N.I.; Chapple, C.R. Overactive bladder syndrome: Current pathophysiological concepts and therapeutic approaches.
Arab. J. Urol. 2013, 11, 313–318. [CrossRef] [PubMed]

37. Chapple, C.; Patel, A. Botulinum toxin--new mechanisms, new therapeutic directions? Eur. Urol. 2006, 49, 606–608. [CrossRef]

106



Toxins 2025, 17, 207
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Abstract

Introduction and Objectives: Onabotulinum toxin A (BTXA) is an effective treatment
for refractory idiopathic overactive bladder (iOAB). Given the wide spectrum of patient
factors and combination of symptoms, a tailored approach to management is needed. This
scoping review assesses injection paradigms for iOAB. Prior studies have established the
safety and efficacy of BTXA injections, and this review focuses on exploring variations in
injection techniques that may inform more tailored approaches and support future research
toward optimizing patient outcomes. Methods: We conducted a systematic literature
search. Inclusion criteria included full-text English language and primary research studies
assessing outcomes in adults undergoing BTXA for iOAB. Findings are summarized using
narrative synthesis. Results: Forty-three articles were identified. Key findings include fewer
injections (1–10 vs. 20–40) maintains efficacy while reducing procedure time, discomfort,
and retreatment hesitancy. Durability appears to be lower with suburothelial and bladder
base injections and higher with detrusor and bladder body injections, though these may
carry an increased risk of urinary retention requiring clean intermittent catheterization.
Trigone inclusion appears safe and effective without increased vesicoureteral reflux risk.
Conclusions: Study heterogeneity and inconsistent reporting limit strong conclusions.
Included injection paradigms demonstrated efficacy, high tolerability, symptom relief, and
quality-of-life improvements with few adverse events. Further research is needed to refine
optimal injection strategies to enhance patient comfort, maximize efficacy, and minimize
adverse events. Future studies should ensure comprehensive data collection to clarify
these associations.

Keywords: onabotulinumtoxinA intravesical injection; urge urinary incontinence; overactive
bladder; idiopathic; injection paradigm; trigone; suburothelial

Key Contribution: This study highlights an opportunity to leverage our knowledge of
BTXA’s mechanism of action to optimize outcomes, with an emphasis on the need for
further exploration of the impact of injection number, site, and depth. Additionally, it calls
for investigating how these factors impact specific patient populations, considering factors
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such as age, gender, comorbidities, urodynamic parameters, and prior BTXA therapy. Based
on our findings, we recommend that future research focus on tailoring injection doses,
number, and sites to specific iOAB subgroups to balance treatment efficacy, adverse events,
and tolerability, potentially reducing patient hesitancy. We also propose the development
of a minimum data set to guide and standardize future investigations and reporting.

1. Introduction

Overactive bladder (OAB) is a chronic, debilitating condition characterized by urinary
urgency, frequency, and nocturia with or without urgency urinary incontinence (UUI)
occurring in the absence of other pathology [1]. The reported prevalence of OAB varies
widely, between 16.5% and 43% in the United States [2–5], and increases with age [4,6,7]. It
negatively impacts health-related quality of life (QOL), productivity, sleep, sexual health,
and mental well-being [8,9].

Evidence-based guideline-recommended treatments, include behavioral therapy, pelvic
floor exercises, pharmacotherapy, and minimally invasive therapies. The recent 2024 Amer-
ican Urological Association (AUA) and Society of Urodynamics, Female Pelvic Medicine
and Urogenital Reconstruction (SUFU) OAB guidelines emphasize shared decision-making
to incorporate patient goals and identify the most appropriate therapy or combination of
therapies for each patient [10]. This encourages a more tailored approach to OAB manage-
ment by considering the patient’s specific symptoms, needs, values, and preferences. This
paradigm shift highlights the need for rigorous study of tailored OAB therapies to optimize
outcomes and minimize adverse effects.

1.1. BTXA Mechanism of Action

Our understanding of onabotulinum toxin A’s (BTXA) mechanism of action offers
a unique opportunity to tailor therapy based on idiopathic OAB (iOAB) phenotype and
other individual patient factors. BTXA acts on synaptic vesicle glycoprotein (SV2), present
on over 90% of parasympathetic nerve fibers in the detrusor muscle and approximately
half of the sensory nerve fibers in the suburothelium [11,12]. When BTXA binds SV2 at
the neuromuscular junction, it inhibits the release of acetylcholine and reduces ATP and
substance P release, reducing bladder contractility and the micturition reflex [8,11,12].

The normal bladder wall is 3–6 mm thick and consists of the urothelium, suburothe-
lium, detrusor muscle, and adventitia, each supporting its function [13]. The layers of the
bladder play a key role in function by integrating sensory and motor signaling. Presynaptic
nerve terminals for sensory function are primarily in the suburothelium, which contains a
dense network of afferent fibers mediating bladder filling and urgency. Motor function is
controlled by parasympathetic efferent nerves in the detrusor muscle, where acetylcholine
release activates muscarinic receptors to facilitate detrusor contraction. Understanding the
precise location of these presynaptic nerve fibers is key to optimizing BTXA placement,
allowing us to target sensory and motor components of bladder function. Once BTXA is
internalized by a presynaptic nerve, it can only affect that specific nerve, concentrating
its effects within that nerve. However, if BTXA spreads across multiple nerve terminals,
therapeutic outcomes are expected to be more significant.

While trigone-sparing techniques were initially employed to minimize extravesical
spread and the theoretical risk of vesicoureteral reflux (VUR), studies have not shown an
increased risk of VUR with trigonal injections [14,15]. This is particularly relevant given the
unique anatomy of the trigone. Unlike the bladder walls, the trigone lacks detrusor muscle
fibers, but it contains a dense network of sensory fibers expressing SV2 that contribute to the
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sensory arm of the micturition reflex. Targeting these sensory nerves in the trigone may en-
hance efficacy while reducing the risk of urinary retention in high-risk iOAB populations [16].
Additionally, the number, volume, and location of injections may impact pain, tolerability,
and therapy adherence rates [17].

1.2. Rationale for Injection Paradigms

BTXA is an effective, Food and Drug Administration (FDA)-approved therapy for
the management of idiopathic OAB (iOAB) that has demonstrated clinical efficacy and
safety in two pivotal phase III trials that utilized an intradetrusor, low-volume (0.5 mL),
20-injection, trigone-sparing injection paradigm [8,11]. This injection technique has been
shown to significantly reduce urinary urgency and UUI episodes, with meaningful im-
provements in QOL and a low risk of transient urinary retention, hematuria, and urinary
tract infection (UTI).

Many injection paradigms have been described, varying in injection depth (suburothe-
lium vs. detrusor), site (trigone vs. trigone-sparing vs. bladder base vs. detrusor), number,
volume, BTXA concentration, and needle size. Currently, there is no consensus on the
optimal injection paradigm, and previous reviews have been limited by the exclusion of
males and the inclusion of mixed populations with idiopathic overactive bladder (iOAB)
and neurogenic detrusor overactivity (NDO) [18–20]. This scoping review provides an
overview of the current literature on the efficacy of various intravesical BTXA injection
paradigms for adults with iOAB, focusing on clinical outcomes and adverse events. It aims
to clarify the impact of different injection parameters, identify research gaps, and propose
suggestions for future investigation.

2. Results

Of 1991 records, 43 studies met the inclusion criteria (Table 1) and were included
(Figure 1), representing 6740 study participants, avoiding duplication from secondary
analyses. Of these, 82.4% were women, with a mean age of 62.7. Supplemental Table S1
provides an overview of the injection paradigm characteristics and outcomes. Supplemental
Table S2 details the following parameters: site and depth of injection, number of injections,
and volume/concentration.

Table 1. Inclusion and Exclusion Criteria.

Inclusion Criteria Exclusion Criteria

Human Subjects, Adults (>18 years), Male
and Female Non-English language

Idiopathic Overactive Bladder Neurogenic bladder

OnabotulinumtoxinA Other types of botulinum toxins

Primary research articles

Case studies, Systematic reviews,
Meta-analysis, Scoping reviews, Abstracts,
Conference Abstracts, Case studies
and Editorials

Outcomes: Efficacy, Adverse Events Full text is not available or retrievable

Injection Protocols: The majority of included studies used a 100–200 U dose (range:
50 U–300 U) of BTXA, administered in 0.5 mL (range: 0.2–10 mL) aliquots across 20 injection
sites (range: 1–40) into the detrusor wall, sparing the trigone, under local anesthesia with a
rigid or flexible cystoscope and a 23-gauge needle (Supplemental Tables S1 and S2).
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Figure 1. PRISMA flow diagram depicting the study selection process. * Jiang et al. (2017) [21] were
excluded as duplicates due to the identical patient population, treatment, outcomes, and findings of
Hsiao et al. (2016) [22].

2.1. Dose Efficacy and Adverse Events

The current FDA-approved starting dose for intravesical BTXA is 100 U, which can
be increased to 200 U with inadequate response [23]. This recommendation is based on a
phase II randomized trial by Dmochowski et al. (2010), which identified a dose–response
relationship in UUI rates with minimal improvement beyond 150 U and reduced efficacy
at 50 U. Most studies (35 of 43, or 81.4%) included in this review assessed the 100 U dose
of BTX alone or as a treatment arm [8,9,11,14,22,24–54]. Three studies assessed the impact
of 50 U (3/43; 6.9%) [9,24,52], six assessed 150 U (6/43: 14%) [9,24,26,38,51,52], fourteen
assessed 200 U (14/43: 32.5%) [9,15,24,25,29,39,40,44,45,52,55–58], and six included doses
exceeding 200 U (4/43; 9.3%) [9,24,29,38,52,56] (Supplemental Table S1).

50 U Dose: In a phase II placebo-controlled, randomized, dose-ranging trial
(n = 313) [24,52], changes in UUI episodes/week and urodynamic parameters were as-
sessed in placebo, 50 U, 100 U, 150 U, 200 U, and 300 U groups. The 50 U dose outper-
formed the placebo in UUI resolution (15.9% vs. 29.8%), but demonstrated both reduced
and less sustained efficacy outcomes compared to the 100 U or higher doses (37–57%).
However, the 50 U dose exhibited the lowest rates of adverse events, including urinary
retention with the need for clean intermittent catheterization (CIC) (5.4% vs. 10.9–12.2%).
(Supplemental Table S1) Patient-reported outcomes highlight this limited efficacy [9], with
no significant benefit in health-related QOL improvements when compared to placebo,
while higher doses (>100 U) demonstrated significant improvements [9]. Overall, the 50 U
dose reduced adverse events, but provided poorly sustained, limited urodynamic efficacy
and HRQOL improvements.
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100 U Dose: The dose–response relationship observed in the phase II trials identified
100 U as the optimal balance of symptom improvement and adverse events [9,24,52]. The
100 U dose offered superior efficacy in UUI resolution compared to 50 U (50 U: 29.8%
vs. 100 U: 37%), with minimal additional benefit observed at the 150 U dose (40.8%).
Similarly, adverse events, such as elevated PVR requiring CIC, were dose-dependent, but
less frequent at 100 U (10.9%) compared to higher doses (150 U: 20%, 200 U: 21.2%, 300 U:
16.4%) [52]. Phase III and IV trials confirmed the safety and efficacy of 100 U, with high
UUI resolution rates (28.9–32%) and low CIC rates (6.1–6.9%) [8,11,12].

150 U Dose: In a small RCT (n = 42), Cohen et al. (2009) observed no differences
between 100 U and 150 U doses in clinical outcomes, including dry rates, urodynamic
parameters, QOL, urinary retention requiring CIC (n = 2, 1 in each group), or UTI [38].
Similarly, in a 3.5-year extension of the phase II and III BTXA trials, Nitti et al. (2016)
(n = 829) observed equivalent outcomes in the 286 patients who received 150 U and
the remainder of the cohort who received 100 U [26]. These studies support prior find-
ings that 150 U offers no additional benefit over 100 U, demonstrating similar improve-
ments in OAB symptoms, urodynamic parameters, and QOL, but with a higher risk
of CIC.

200 U Dose: In an RCT, Amundsen et al. (2016) compared BTX-A, 200 U, and sacral
neuromodulation (SNM) for refractory UUI in women [57]. At 6 months, BTX-A showed a
significant reduction in UUI episodes (−3.9 vs. −3.25, p < 0.01) and higher UUI resolution
rates (20% vs. 4%, p < 0.001) vs. SNM. Both groups reported similar patient-perceived
improvement (71% vs. 68%, p = 0.82). Adverse events were more frequent with BTX-A,
including UTI (35% vs. 11%, p < 0.001) and elevated PVR requiring CIC (2.1% vs. 0%,
p = 0.04). Other studies also demonstrated significant reductions in UUI at the 200 U
dose vs. placebo (−57.5 vs. 9.3%) (p < 0.01) [56], with low (4.5%) CIC rates. CIC rates
(18–21.2%) vary across studies, often depending on how urinary retention requiring CIC
was defined [39,52].

Special Populations: Older Adults: BTXA 100 U is effective in older adults. In a
retrospective study (n = 192), Ou et al. (2023) reported similar subjective cure rates: 66.9%
in younger (<75 years) and 60% in older (≥75 years) patients with iOAB. Adverse event
rates, including urinary retention (8.7% vs. 12.3%, p = 0.42) and UTI (14.2% vs. 9.2%,
p = 0.33), were comparable between groups [41].

Summary: The 100 U dose of BTXA is optimal, with minimal additional improvement
at 150 U and reduced efficacy at 50 U. Higher doses, such as 200 U, offer higher symp-
tom relief, but carry a higher risk of CIC, while 100 U appears to be equally effective in
both “younger” and “older” adults. Further studies are needed to determine which iOAB
population may benefit from the alternative doses (e.g., 50 U dose) to reduce AE risk.

2.2. Site and Depth of Injection
2.2.1. Outcomes Based on the Depth of Injection (Suburothelial vs. Detrusor)

There is a paucity of studies evaluating the impact of injection depth on treatment
outcomes, with only two studies meeting the inclusion criteria for this review. In an RCT of
refractory iOAB (n = 45), Kuo (2007) compared three injection techniques using 100 U BTXA:
trigone-sparing detrusor, trigone-sparing suburothelial, and trigone-including bladder base
suburothelial injections [14] (Figure 2). At 3 months, there were no statistically significant
differences in efficacy (p = 0.07) or QOL improvement (p = 0.56) between groups (Figure 3).
However, detrusor injections were more durable than suburothelial bladder body injections,
followed by suburothelial bladder base injections (Figure 3). Urinary retention requiring
CIC occurred more frequently in the detrusor (n = 2, 13.3%) and suburothelial bladder
body (n = 2, 13.3%) groups than the suburothelial bladder base group (0%). No VUR
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was observed. In a subsequent study (n = 105), Kuo (2011) compared trigone-sparing
detrusor, bladder body/trigone, and bladder base/trigone injections, finding no significant
difference in success rates at 3, 6, or 9 months. At 12 months, the bladder base/trigone
group had numerically lower success rates (37%) than the bladder body (49%) and bladder
body/trigone (50%) groups, though these differences were not statistically significant. CIC
rates were 0% for bladder base, 5% for bladder body, and 11% for bladder body/trigone,
though the study was underpowered [53].

Figure 2. Three types of intravesical botulinum toxin A injections. Intravesical injections at 40 sites
with trigone sparing (A) using suburothelial injection (D) and/or detrusor injection (C). Bladder base
and trigonal injections (B) were performed at 10 sites.

 

Figure 3. Comparison of clinical outcomes in detrusor, suburothelial, and bladder base injections.
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Overall, BTXA demonstrates efficacy independently of the injection depth [31,33,51].
Suburothelial and bladder base injections may be less durable but have lower CIC rates
than detrusor or bladder body injections. Bladder base/trigone injections may also be
less durable than bladder body injections, regardless of trigone involvement, but with the
benefit of lower CIC rates.

Summary: Detrusor injections are likely more durable than suburothelial injections,
though they were associated with higher rates of urinary retention requiring CIC. In
contrast, suburothelial injections improved symptoms with a lower risk of CIC.

2.2.2. Trigone-Sparing vs. Trigone-Including Injection Paradigms

Most studies in this review focused on the impact of trigone-sparing injection tech-
niques, with only eight (8/43; 18.6%) examining trigone-including injections in patients
with iOAB [14,15,32,35,37,48,53,57].

2.2.3. Trigone-Sparing Detrusor Injections vs. Trigone-Including Detrusor Injections

El-Hefnawy et al. (2021) conducted an RCT (n = 103) comparing trigone-sparing
(n = 52) and trigone-including (n = 51) injections, administering 100 U BTXA in 20 (0.5 mL)
sites via a 7-gauge needle [37]. Both groups demonstrated significant reductions in OABSS
scores, with UI episodes reduced by 93% in the trigone-sparing group and 85% in the
trigone-inclusive group (p = 0.38). Adverse events were more common in the trigone-
inclusive group, with 19.6% reporting voiding difficulties and 3.9% requiring CIC for PVR
>200 mL, but there were no differences in UTI rates or VUR between groups [37].

In a retrospective cohort study (n = 45), Ton et al. compared 100 U BTXA administered
as a single 10 mL trigone-only injection (n = 19) vs. 20 trigone-sparing 0.5 mL injections
(n = 26) [48]. Both groups had similar durability and adverse event rates, but the trigone-
only group had a lower PVR (113 mL vs. 160 mL, p < 0.02), a lower CIC rate (5.3% vs. 17.4%,
p < 0.02), and shorter procedure times (4.3 min vs. 5.7 min, p < 0.01). No VUR was observed.
In an RCT, Kuo (2007) (see Section 2.2.1) observed superior durability in outcomes in the
trigone-sparing bladder body (detrusor and suburothelial) group compared to the trigone-
inclusive bladder base group (p = 0.01, Figure 3, Supplemental Table S2). However, CIC
rates were lower in the trigone-inclusive group (0% vs. 13.3%), with no VUR observed [14].

2.2.4. Trigone-Inclusive Detrusor Injections vs. Placebo

MacDiarmid et al. (2023) explored an alternative injection paradigm using ten injec-
tions (1.0 mL), eight administered to the posterior wall and two to the bladder trigone [35].
In this phase IV multicenter, randomized, double-blind, placebo-controlled trial (n = 120),
the BTXA group demonstrated significantly greater reductions in daily UI episodes at week
12 (−2.9) vs. placebo (−0.3) (p < 0.0001). Trigonal injections were generally well tolerated,
with low adverse events rates in both groups (UTI: 15.4% vs. 5.1%, CIC: 2.6% vs. 0%,
dysuria: 5.1% vs. 2.6%, in BTXA vs. placebo, respectively). VUR was not reported [35].

2.2.5. Trigone-Inclusive Injections vs. No Comparator

Onem et al. (2018) conducted a multicenter, prospective single-arm study (n = 80) to
investigate the efficacy and safety of administering 100 U BTXA in 20 injections (0.5 mL),
including the trigone [32]. At 3 months, bladder diary parameters (UUI, urgency, and
urinary frequency) and urinary incontinence QOL (I-QOL) scores showed significant
improvements from baseline (p < 0.05). The treatment satisfaction rate was 82.5%. Adverse
events included uncomplicated UTI (6.25%) and hematuria (6.25%), and CIC was initiated
in three patients (3.8%). VUR was not reported.

Summary: Trigone-inclusive protocols demonstrate good efficacy, no VUR, and low
adverse event rates. One study suggests that patients are more likely to experience subjec-
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tive voiding difficulties with trigone inclusion, while two others indicate that retention rates
are lower when the trigone is included. However, the heterogeneity in trigone injection
techniques across studies (e.g., trigone only, trigone with bladder base, or trigone with
detrusor) limits the ability to draw meaningful differences in adverse events.

2.3. Number of Injections

Studies have explored pain reduction strategies for the administration of BTXA, in-
cluding minimizing injection sites [17]. Thirty-eight studies (90.5%) reported the number
of BTXA injections administered. Most (n = 22/43; 51.2%) used a standard 20-injection
technique [8,9,11,14,22,25–32,34,36–38,42,45,52,56,57], which consistently improved out-
comes (frequency, nocturia, urgency, dry rates, and QOL) compared to baseline or
placebo [8,9,22,25–32,34,36–38,42,45,52,53,56,57]. Seven studies reported significant im-
provements in QOL [8,9,12,26,27,32,40]. Alternative injection regimens (e.g., 10, 30, 40 in-
jections) were also evaluated, with some directly comparing injection paradigms (e.g., 5 vs.
20 injection sites) [42,43,47]. Pain scores were assessed in only three studies [42,47,49].

2.3.1. 10 vs. 40 Injections

In an RCT (n = 45), Kuo (2007) (see Section 2.2.1) compared 100 U BTXA administered
via 40 detrusor, 40 suburothelial, and 10 suburothelial bladder base injections [14]. The
40-injection groups had more durable success rates, but also experienced higher CIC rates
compared to the 10-injection group (n = 4/30; 13.3% vs. 0%). However, since injection sites
varied across groups, the relative impact of injection number vs. location remains unclear.
Pain scores and procedure duration were not assessed.

2.3.2. 10 vs. 20 vs. 40 Injections

In an RCT, Liao et al. (2016) compared 10, 20, and 40 suburothelial BTXA injections
(100 U dose) [43]. The 10- and 40-injection groups demonstrated significant reductions in
UUI episodes at 6 months, with decreases of 7.24 episodes/day (8.95 ± 10.74 to 1.71 ± 2.34)
and 4.53 episodes/day (9.86 ± 13.11 to 5.33 ± 12.17), respectively, while the 20-injection
group showed no significant change (decrease of 0.15 from 5.29 ± 7.64 to 5.44 ± 16.66).
UTI rates were higher in the 20-injection group (31.8%) compared to the 10 (12.5%) and
40-injection groups (9.5%), with no significant differences in other adverse events. Pain
scores or duration of procedures were not assessed.

2.3.3. 5 vs. 20 Injection Sites (2 Studies)

DiCarlo-Meacham et al. (2023) conducted a randomized noninferiority trial (n = 77)
comparing 100 U BTXA given in 5 “reduced” injections (2 mL/site) vs. 20 “standard”
injections (0.5 mL/site) [42]. There was a significant improvement in both arms on vali-
dated questionnaires (p < 0.001) and overall treatment success of 68% with no statistically
significant difference between groups. Urinary retention requiring CIC was observed in the
5-injection group (n = 2, 4.9%), but not in the 20-injection group. There was no difference
in UTI rates (p = 0.28). Both groups had similar pain scores, but the “reduced” 5-injection
group was more willing to repeat the procedure (odds ratio = 3.8, 95% CI: 1.42–10.67,
p = 0.004).

Chang et al. conducted an RCT (n = 60) comparing pain and procedure time in patients
with iOAB receiving 100 units of BTXA in 5 injections vs. 20 injections [47]. Patients rated
their pain on a 10-point visual analogue scale (VAS), and procedure time was recorded.
Results showed no significant difference in pain scores between the groups (p = 0.27), but
the 5-injection group had a significantly shorter procedure time (76 s vs. 176 s, p < 0.001).
There were no differences in subjective efficacy between the 5- and 20-injection groups (+2
vs. +2 on the Global Response Assessment (GRA) score) or adverse events between groups
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(UTI: 20% vs. 16.7% and CIC: 10% vs. 6.7%), respectively [47]. VAS scores were also similar
between treatment-naïve and repeat-treatment patients (p = 0.27).

2.3.4. 10 vs. 20 Injection Sites

In a single-blinded randomized trial, Zdroik et al. evaluated the effect of BTXA in-
jection number and volume (100 U delivered as ten 1 mL injections vs. twenty 0.5 mL
injections) on procedural pain using an 11-point numerical pain rating scale (NPRS) imme-
diately after the procedure [49]. Local anesthesia was administered pre-procedurally via
bupivacaine and NaHCO3 bladder instillation. The median pain scores were reported as 4
(interquartile range: 1.5–5) for the 10-injection group and 3 (interquartile range: 1–4) for the
20-injection group, with no statistically significant difference observed between the two
groups (p = 0.82) [49]. There were no significant differences in efficacy (success rates: 46.7%
vs. 40%, p = 0.8) or safety (UTI: 2/19 (10.5%) vs. 2/21 (9.5%), CIC: 1/21 (4.8%) vs. 2/19
(10.5%) in the 10- and 20-injection group, respectively).

2.3.5. 1 Injections vs. 20 Injections

In a retrospective cohort study, Ton et al. (see Section 2.2.3) assessed differences
in outcomes for BTXA 100 U given in a single trigonal injection vs. 20 trigone-sparing
injections [48]. The authors observed no significant differences in inter-injection intervals
or UTI rates between groups. However, the single-injection (trigone only) group had lower
rates of urinary retention requiring catheterization (5.3% vs. 17.4%, (p = 0.014)). Procedure
time was lower in the single-injection group (4.3 ± 2.02, 5.7 ± 2.9, p = 0.003). Differences in
pain scores were not assessed or reported [48].

2.3.6. 30 Injections

In a prospective cohort study, Okamura et al. (2013) evaluated (n = 17) participants
with idiopathic OAB who were treated with 100 U BTXA reconstituted in 15 mL of 0.9%
normal saline and injected 0.5 mL for a total of 30 submucosal injections. They observed
a significant reduction in urinary frequency, urgency, and urgency urinary incontinence,
with no adverse events reported [33]. No episodes of urinary retention or catheterization
were observed. Pain was not assessed.

Summary: While injection number alone does not appear to impact efficacy, it is
important to consider BTXA’s mechanism of action, as other factors such as volume,
distribution, depth, and location all contribute to efficacy. Given that injection volume
and number are interconnected, caution is warranted in attributing efficacy solely to the
number of injections. One study found that five injections were associated with a greater
willingness to repeat the procedure, even though pain scores were similar for higher
numbers of injections.

2.4. Dilution and Volume
2.4.1. Dilution

Among the 43 studies, 34 (79%) reported data on the volume and dilution of BTXA
injections, of which 13 administered 0.5 mL per injection with 10 U/mL concentrations.
Studies employing this volume and concentration demonstrated significant improvements
in OAB symptoms, including reductions in urgency, micturition episodes, nocturia, and im-
proved QOL scores compared to baseline or placebo groups [8,11,12,14,25–27,37,41–44,52].
Adverse events commonly reported in these studies included UTIs, dysuria, bacteriuria,
urinary retention, hematuria, and the need for CIC.

One study with an alternative BTXA dilution strategy met the inclusion criteria for
this review (see Section 2.3.6). In a prospective cohort study with no comparison group,
Okamura et al. (2013) evaluated (n = 17) participants treated with 100 U BTXA reconstituted
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in 15 mL (6.6 U/mL) and injected 0.5 mL (3.3 U/injection) for a total of 30 submucosal
injections. They observed a significant reduction in urinary frequency, urgency, and urgency
urinary incontinence, with no urinary retention reported [33].

2.4.2. Volume
2.4.2.1. mL vs. 2 mL Injection Volume

Chang et al. (see Section 2.3.3) compared the 100 U BTXA dose (n = 40) administered
as either 2 mL (5 injections) or 0.5 mL (20 injections) aliquots. Pain scores were similar
between groups (p = 0.27), but procedure time was significantly shorter with higher volume
injections (fewer injections) (76 s vs. 176 s; p < 0.001). No differences in GRA score (efficacy)
or adverse events were observed [47].

2.4.2.2. mL vs. 1 mL Injection Volume

In a single-blinded randomized trial, Zdroik et al. (see Section 2.3.4) compared the
outcomes of 100 units of BTXA administered in 1 mL (10 injections) vs. 0.5 mL (20 injections)
aliquots. There was no difference in efficacy (p = 0.82), adverse events, or NPRS scores
immediately after the procedure (p = 0.84) [49].

2.4.2.3. mL vs. 10 mL Injection Volume

In a single-institution, retrospective chart review, Ton et al. (see Section 2.2.3) compared
outcomes for 100 U BTXA administered in a single 10 mL injection into the trigone vs.
0.5 mL (20 injections) in a trigone-sparing injection pattern. However, in the trigone-only
group, the needle was tunneled intramurally towards the dome, and methylene blue was
used for visualization and observation of spread in both groups, though the degree of
spread was not measured. The procedure setting or method of anesthesia was not reported.
While there were no differences in GRA scores, the high-volume (10 mL), single-injection
group had significantly shorter procedure time (4.3 min vs. 5.7 min, p < 0.01). However,
anesthetic details and pain scores were not reported. In addition, the differences observed
in PVR outcomes were not clinically significant (113 ± 111(0–500) vs. 160 ± 134(0–850);
however, it is unclear if these observed differences were the result of the location (trigone)
or localization (volume/number) of the injection [48].

Summary: There are no head-to-head studies comparing different injection volumes
with the same dose and number of injections, but BTXA has proven effective at various
volumes and concentrations. While using higher volumes with fewer injections reduces
procedure time, the 1.4 min difference may not be clinically significant and should be
weighed against patient tolerability, which was not formally assessed or reported.

2.5. Needle Size

Needle size has traditionally been discussed in the context of safety. In more con-
temporary literature, needle size has been explored as a potential contributor to pain and
tolerability of BTXA therapy under local anesthesia [17].

There is limited literature available assessing the impact of injection needle size on
intradetrusor BTXA outcomes and adverse events. Current recommendations are for
an ultrafine needle (22 to 27 gauge and 4 mm long) to mitigate the risk of bladder wall
perforation or inadvertent extravesical administration of BTXA [19,59,60]. The normal
bladder wall is 4–6 mm, and consequently most commercially available needles are 2–5 mm
in length. Retractable needles are available to help compress and tamponade any areas of
significant bleeding.

However, few studies report needle size or length, and none of the studies included in
this review directly compared needle sizes, with only 8 out of 42 studies (19%) specifying
the injection needle used [14,28,36–38,43,45,56]. Various sizes were reported, including
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7 gauge by El Hefnawy et al., performed under sedation (n = 1) [37]. Other sizes included
18-gauge (n = 1), 22-gauge (n = 2), 23-gauge (n = 3), and 27-gauge (n = 1) needles. Despite
the variance in needle size, all eight studies reported a significant improvement in clinical
and QOL endpoints compared to baseline or placebo groups. Notably, there were no
discernible differences in adverse events, such as hematuria or UTI, relative to injection
needle size. Pain scores were not routinely reported in these studies.

Summary: Needles come in several sizes and lengths, flexible vs. rigid and retractable
vs. fixed. Overall, needle size does not appear to directly impact efficacy or safety, though
the studies available are too few in number to draw any meaningful conclusions on the
impact of needle size on efficacy outcomes.

2.6. Scope Type

In the literature, flexible cystoscopy is reported to be more comfortable and generally
preferred [61,62] compared to rigid cystoscopy for both men [63,64] and women [65] of all
age groups. Other studies report negligible differences in pain perception between the two
methods, suggesting that differences in tolerance may be minimal [66–68]. However, rigid
scopes are generally easier to use, have a lower learning curve, and offer better control, im-
proved visualization, and greater precision. They are also typically less expensive and have
lower maintenance costs. All studies included in this review used rigid, flexible, or a com-
bination of both cystoscope types. Recorded cystoscope sizes ranged from 14 to 23 French.
None of the included studies investigated the effect of scope type (rigid vs. flexible) or
size on ease of therapy administration, therapy outcomes, or patient tolerability (e.g., pain
scores). However, several studies utilizing only rigid (n = 6) cystoscopes [14,27,40,41,43]
or only flexible (n = 3) cystoscopes [25,36,38] reported high therapeutic success and low
adverse event rates.

Summary: The tolerability of a flexible vs. rigid cystoscopy during intravesical BTXA
administration has not been directly studied, though both types are associated with good
efficacy and low adverse rates.

3. Discussion

The variation in published BTXA injection techniques makes it difficult to effectively
evaluate the impact of individual parameters. This challenge is further compounded by
the heterogeneity of iOAB, which includes OAB-wet, characterized by UUI, and OAB-dry,
defined by urgency and frequency without incontinence. Study outcomes also vary, with
some focusing on UUI, urgency, or frequency and others on QOL parameters, making it
difficult to compare efficacy and treatment outcomes across studies. These factors make
it necessary to establish standardized injection protocols and consistent patient outcome
reporting to allow for meaningful comparisons across studies.

Early dose-escalation studies established the dose–response relationship for reductions
in UUI, leading to FDA approval of 100–200 U for iOAB due to its optimal balance of efficacy
and safety [52]. While urinary retention, CIC, and UTI rates increase with higher doses, the
benefits of dose escalation plateau above 200 U. In comparison to the 100 U dose, lower
doses (50 U) reduce adverse events, but lack efficacy, whereas doses of 150 U provide
marginal gains with a greater risk of complications. However, in select patients at higher
risk of urinary retention, incremental dose adjustments may help optimize the balance
between efficacy and adverse events. Dose selection should be individualized, considering
patient-specific factors such as baseline post-void residual volume, risk of urinary retention,
and tolerance for CIC. Further studies are needed to assess the role of lower doses (e.g.,
50 U) in select patients at increased risk of urinary retention (e.g., males, frail, older adults,
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low Qmax and bladder contractility index [69], and to determine baseline factors (e.g.,
urodynamic parameters) that may predict success with the 50 U dose.

Similarly, trigone-sparing injections may offer potential benefits for iOAB patients
at increased risk of retention. Studies comparing trigone-sparing and trigone-inclusive
approaches suggest that including the trigone is safe and does not increase the risk of VUR.
While trigone-including injections are effective, the addition of detrusor injections may
increase the risk of voiding difficulty due to BTXA’s impact on both motor and sensory
neural pathways. In one study, the authors reported higher rates of subjective voiding
difficulty and CIC with trigone-including detrusor injections compared to trigone-sparing
detrusor injections [37]. However, CIC rates remained low (3.9%), and this difference
was not observed in other studies included in our review. In contrast, trigone-inclusive
bladder base injections without detrusor injections may result in lower rates of urinary
retention requiring CIC compared to trigone-sparing detrusor injections, but they may
be less durable [14,53]. This suggests that the trigone itself is not the critical factor, but
rather that the distribution of motor neurons (e.g., detrusor vs. bladder base injections)
is more important. Further adequately powered studies are needed to determine which
iOAB patient populations would benefit most from detrusor, bladder base, or combination
injection approaches.

Published studies use various combinations of injection depths, sites, numbers, and
volumes, limiting our ability to draw clear conclusions on outcomes and adverse events.
Individually, these variations do not appear to impact efficacy or adverse event rates.
While the 20-injection regimen was most commonly used, alternative paradigms (1, 5,
10, 30, 40 injections) show similar efficacy and adverse events. One study (Liao 2016)
found reduced efficacy with the 20-injection regimen compared to the 10- and 40-injection
paradigms; however, the 20-injection group had less severe UUI at baseline [43]. In two
mixed IDO and NDO cohort studies that did not meet the criteria for the current review,
the authors found that fewer injections (1–4) had similar efficacy and duration of effect
compared to 30 injection sites [70,71]. Overall, the literature on iOAB patients suggests
that reducing the number of injections (1–10 injection) reduces procedure time, improving
patient comfort and increasing willingness to repeat therapy [47,48]. Further adequately
powered studies are needed to confirm these findings.

While the variations in injection numbers do not appear to impact efficacy or adverse
event rates, further exploration into alternative injection approaches is warranted. One
such approach, submucosal injections, may offer a promising alternative for tailored
therapy in iOAB-dry patients by targeting sensory nerve activity while minimizing impact
on detrusor contractility, as some residual BTXA likely diffuses across layers. A study
by Kuo et al. suggests that suburothelial injections may be less durable than detrusor
injections [53]. These findings suggest that injection depth may influence treatment efficacy,
with detrusor injections showing greater durability compared to suburothelial injections.
Adverse events, such as urinary retention, were more common in the detrusor and bladder
body groups (13.3%, n = 2/15) than in the trigone-inclusive bladder base group (0%, n =
0/15), suggesting that the injection site may be more important than injection depth for
urinary retention outcomes. In summary, injection depth (detrusor > suburothelial) appears
to influence treatment durability, while injection site (bladder walls > base) appears more
closely associated with urinary retention. However, this conclusion is based on two studies,
and thus adequately powered studies are needed to clarify the impact of injection depth on
both efficacy and urinary retention.

While injection depth and site may impact durability and retention rates, volume
and distribution of injections (local vs. diffuse) are also critical for the spread of BTXA
to presynaptic nerve terminals, located in the suburothelium and within the detrusor
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muscle. However, data on the impact of injection volume on efficacy and adverse events
are limited due to the heterogeneity in injection site (e.g., trigone-only vs. non-trigone
sparing approaches) and other interconnected parameters such as number of injections. The
impact of volume on pain scores and tolerability remains underexplored in iOAB. Ton et al.
evaluated 0.5 mL vs. 10 mL injection volumes, but did not assess pain or tolerability [48].
Similarly, there are limited data on how needle size affects BTXA outcomes or tolerability.
The available literature suggests that ultrafine needles improve patient safety and comfort.
A mixed IDO and NDO cohort study, which did not meet our scoping review inclusion
criteria, utilized three needle sizes (22–27 gauge, 4–5 mm length) based on supply chain
availability. VAS scores showed that the 27-gauge needle caused significantly less pain
compared to larger needles [31]. Additionally, factors such as the number of injections (the
first three were less painful than subsequent injections) and injection location (the posterior
and right bladder wall were the most painful) also contributed to pain levels. One study
investigated intravesical instillation of a BTXA + hydrogel admixture to see if injection
can be avoided; however, there was no improvement over placebo [72]. No studies have
directly compared BTXA tolerability, ease of administration, or efficacy between rigid and
flexible scopes. While flexible scopes are assumed to be more comfortable [61,62], rigid
scopes generally offer better control, are easier to use, and are generally lower in cost
and maintenance.

Limitations of this scoping review include heterogeneity in BTXA injection paradigms,
vague or inadequate reporting of study details, underpowered studies, heterogeneous
patient populations (e.g., mixed cohorts of OAB-wet and OAB-dry), and non-standardized
outcome measures. The variability in outcome definitions and measurement tools across in-
cluded studies, particularly for QOL assessments, may affect the comparability of findings.
However, this review offers potentially practice-altering insights, particularly regarding the
impact of fewer injections and improved tolerability. Previously published recommenda-
tions for injection paradigms based on a combination of patient factors, available literature,
and expert opinion may provide hypotheses to guide future studies (Table 2) [73]. The
exclusion of non-English literature is also a limitation of this study, as it may have omitted
relevant studies from the review.

Table 2. Proposed Botulinum Toxin Injection Paradigm Based on Patient Factors (Courtesy of Dr.
Michael Kennelly, based on an assimilation of the literature and clinical practice on the use of BTXA
over 20 years in the bladder for iOAB and Neurogenic Detrusor Overactivity).

OAB Wet * OAB Wet OAB Wet OAB Dry NDO w CIC NDO w/o CIC

BTX-A Naïve? Yes Yes No N/A N/A N/A

Dose (Units) 100 100 100–200 100 200–300 100

Location
Detrusor vs. Submucosal Detrusor Detrusor Detrusor Submucosal Submucosal Submucosal

Trigone vs. Non-trigone Both Both Both Trigone Non-trigone Both

Distribution
Local vs. Diffuse Local Diffuse Diffuse Local Diffuse Local

Number of injections 10 20 20 10 30 10

Dilution volume (mL) 0.5 0.5 1.0 0.5 1.0 1.0

* Patients at highest risk for incomplete bladder emptying (Diabetes Mellitus (DM), age > 70, Detrusor Hyperac-
tivity with Impaired Contractile Function (DHIC), CIC averse).

4. Conclusions and Future Directions

Despite substantial evidence on dose–response relationships for UUI in managing
refractory iOAB, significant gaps remain in individualizing therapy. Patient-specific factors,
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such as age, gender, comorbidities, urodynamic parameters, baseline bladder function,
OAB subtype, and treatment history (e.g., BTXA-naïve patients), are insufficiently studied.
Addressing these factors is essential for objectively assessing quality and outcomes in BTXA
injection paradigms, ultimately informing clinical practice and patient counseling. The
literature would benefit from future RCTs that assess the comparative impact of the number,
volume, and site of Botox injections on treatment efficacy, tolerability, and the incidence of
adverse events. Further research is needed to identify subgroups that may benefit from
tailored doses, injection numbers, and scope types while balancing treatment effectiveness,
adverse events, and tolerability. Establishing a standardized minimum dataset for this
research (Table 3) would be beneficial. Similarly, future trials should focus on randomized
controlled designs to assess individualized dosing strategies considering patient-specific
factors. Exploring the economic impact of individualized therapy could yield health-
care savings, further supporting the optimization of treatment strategies. Additionally,
establishing real-world data registries to track and evaluate long-term patient outcomes
could provide valuable insights into the effectiveness and tolerability of botulinum toxin
treatments across diverse populations.

Table 3. Proposed checklist for future Onabotulinum toxin A injection paradigm studies to ensure
adequate reporting of study details.

Category Details to Collect/Report

Methods Study Design (e.g., RCT, Prospective Cohort, Retrospective Cohort)
Study Population

Demographics (e.g., Age, Sex, Race/Ethnicity, Frailty status)
OAB-wet vs. OAB-dry
Other special populations

Primary outcome
Sample Size Calculation
Follow up time

Procedure
Details

Anesthesia Details (choose 1 or more)
Local anesthesia technique
General Anesthesia
Sedation details

Dose (Units)
Details of dilution strategy) (Units/mL)
Anatomical location

Trigone-inclusive
Trigone sparing

Number of injections
Volume of injections
Distribution of Injections

Bladder base
Bladder walls
Both

Spread of Injections
Local
Diffuse

Procedure duration
Needle gauge and length
Scope type and sheath size
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Table 3. Cont.

Category Details to Collect/Report

Outcomes Therapy Success
Subjective Outcomes

Validated questionnaires (PROs e.g., PGI-I, TBS, OAB-q,
ICIQ-SF, OABSS, other relevant tools)

Objective Outcomes
Urgency, Urgency Incontinence, Micturition Episodes (e.g.,
Bladder diary)
UDS parameters

Other outcomes:
Pain/Tolerability (e.g., VAS, NPRS)
Willingness to repeat therapy
Time to next injection

Adverse
Events

Urinary retention requiring CIC
UTI
Hematuria

CIC: Clean Intermittent Catheterization, ICIQ-SF: International Consultation on Incontinence Questionnaire Short
Form, NPRS: 11-point Numerical Pain Rating Scale, OABSS: Overactive Bladder Symptom Score, PGI-I: Patient
Global Impression of Improvement, PROs: Patient Reported Outcomes, RCT: Randomized Controlled Trial, TBS:
Treatment Benefit Scale, UDS: Urodynamic Study, UTI: Urinary Tract Infection. VAS: 10-point visual analog scale

5. Methodology

Given the heterogeneity of the available data, scoping review methodology was uti-
lized. The standard methodology outlined in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) extension for Scoping Review checklist guide-
lines [74] was followed. The aim was to gain an overview of the current state of knowledge.
We included studies that focused on idiopathic OAB patients receiving BTXA injection
interventions without a comparison group, placebo, or alternative injection paradigm and
reported efficacy and safety outcomes. This scoping review is not registered in PROSPERO,
as scoping reviews are not currently accepted for registration under their criteria.

5.1. Study Selection

Inclusion Criteria: Our inclusion criteria were designed to encompass a broad range
of studies relevant to the use of botulinum toxin, specifically BTXA, in treating idiopathic
OAB in adult (>18 years) populations. We included studies involving idiopathic OAB and
considered participants of both sexes without geographical restrictions. As this review
was primarily focused on exploring the efficacy and safety of botulinum toxin, no specific
comparison or control groups were mandated for inclusion. All papers published up until
February 2024 were included (Table 1).

Exclusion Criteria: To ensure a comprehensive overview of the available literature,
we considered all study designs except for systematic reviews, meta-analyses, scoping
reviews, literature reviews, conference abstracts, case studies, and editorials. These criteria
were established to prioritize primary research studies that provided substantive data
relevant to the objectives of this review. Non-English language studies were excluded, as
were those specifically addressing neurogenic detrusor overactivity. Furthermore, studies
investigating botulinum toxin types other than BTXA were also excluded. Articles with no
full-text accessibility were also excluded from the review.
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5.2. Outcomes

The outcomes of interest included efficacy, including success rate, dry rate, and quality-
of-life outcomes, and adverse events such as urinary tract infections, urinary retention,
clean intermittent catheterization, and hematuria.

5.3. Search Strategy

Electronic databases, including PubMed, Embase, and Web of Science, were system-
atically searched by a trained librarian (AW) to identify relevant studies. Two reviewers
manually removed 122 papers on neurogenic bladder during the full-text review.

A manual search of reference lists and relevant journals was conducted to supplement
the electronic searches. Search terms were selected to encompass the breadth of relevant
literature. They included phrases such as “overactive bladder”, “idiopathic overactive blad-
der”, “botulinum toxins”, “Clostridium Botulinum”, “Botulinum Neurotoxin”, “Botox”,
and “OnabotulinumtoxinA”. The Boolean operators AND, NOT, and OR were used to
combine the search terms effectively.

5.4. Data Collection and Analysis

Four reviewers were engaged in the review process and independently assessed titles
and abstracts using the Covidence platform. Full-text articles were then obtained and
independently assessed for inclusion by two independent reviewers, and discrepancies
were resolved through discussion with a third reviewer. Data extraction was conducted
using Covidence to ensure systematic and organized collection of relevant information.
A narrative synthesis approach was employed to summarize findings and identify key
themes across the included studies.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/toxins17050211/s1. Table S1: Data Extraction Table; Table S2:
Injection Volume, Number, Depth and Location.
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