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Functional urology involves a large scale of lower urinary tract dysfunctions (LUTDs),
including bladder dysfunctions and bladder outlet dysfunctions. The LUTDs can be
neurogenic, inflammatory, or anatomical etiologies in male or female patients, and in elderly
or pediatric patients. Currently, we can treat bladder overactivity by antimuscarinics and
beta-3 adrenoceptor agonists and manage bladder outlet dysfunction by alpha-blocker,
phosphodiesterase inhibitor, and 5-alpha-reductase inhibitors. However, there are still
several LUTDs in the shadows of functional urology that are difficult to treat by currently
available medications. Botulinum toxin A (BoNT-A) has been approved for treatment of
neurogenic detrusor overactivity (NDO) and idiopathic overactive bladder (OAB) refractory
to conventional medical therapy [1,2]. In addition to these indications, BONT-A has been
widely used in the treatment of several LUTDs which are not adequately treated by surgical
or medical therapies. Currently, the applications of BONT-A on LUTDs other than NDO and
OARB include interstitial cystitis (IC) [3], neurogenic detrusor sphincter dyssynergia (DSD)
in patients with spinal cord injury [4], autonomic dysreflexia in high-level spinal cord
injury [5], adult non-neurogenic voiding dysfunction such as bladder neck dysfunction,
dysfunctional voiding, or poor relaxation of the urethral sphincter [6,7], chronic prostatitis
and pelvic pain [8], and pediatric detrusor overactivity and voiding dysfunction [9,10].
However, these indications have not been approved yet, most likely because of the uncertain
treatment outcome and adverse events. Due to lack of phase 2 and phase 3 clinical trials,
these clinical treatments in functional urology are off-labelled use and cannot be widely
applied. Nevertheless, research is still ongoing because the treatment outcome of BoNT-
A injections is beneficial for several LUTDs that are difficult to treat by conventional
pharmacotherapies or surgical procedures.

In recent decades, clinical and basic research has shown that BONT-A injections into
the detrusor can improve urinary incontinence in elderly patients with OAB but intolerable
to adverse events of antimuscarinics. BONT-A injection into the bladder neck and urethral
sphincter can effectively reduce the bladder outlet resistance and facilitate spontaneous
voiding in patients with neurogenic or non-neurogenic voiding dysfunction. Repeated
intravesical BONT-A injections have been demonstrated to eliminate bladder inflammation
and improve bladder irritative and painful symptoms in patients with IC or ketamine
related cystitis. Moreover, clinical trials have shown that BONT-A encapsulated by lipo-
somes can facilitate BONT-A protein to penetrate the cell membrane of the urothelium,
therefore, the OAB or IC patients might be treated without intravesical injection [11]. Lower
energy shock wave can also increase the permeability of urothelial cell membrane and
help BoNT-A migrate into the suburothelium of the bladder. These preliminary results
provide evidence that the large molecule BONT-A might be efficiently managed to act on
the suburothelial sensory nerves without traumatic injections [12]. In the future, with more
clinical studies, we might have a chance to treat LUTDs in functional urology by the device
of vehicles to carry BONT-A into the bladder or urethral tissue without injections. In the
shadow of functional urology where conventional medical treatment cannot reach, BONT-A
treatment may bring a light to treat LUTDs.
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In this Special Issue, Ou et al. compared the clinical efficacy of BONT-A injections
between young and elderly patients with OAB and analyzed the factors associated with
unfavorable outcome. They discovered that the therapeutic efficacy and safety profile of
BoNT-A injection are comparable between young and elderly patients with OAB refractory
to conventional medication. In the analysis of unfavorable treatment outcome in the elderly
patients with OAB, they determined that female gender, presence of diabetes mellitus,
and the baseline urodynamic parameters are potential factors. Therefore, before BONT-A
injection for the elderly patients with OAB, the possible treatment outcome should be
informed. Hu, et al. reviewed the role of BONT-A injections for OAB in patients with
Parkinson’s disease (PD) and stroke. They determined intravesical injection of 100U of
BoNT-A is feasible for patents with PD and OAB to improve incontinence grade with
acceptable adverse events of large post-void residual and urinary tract infection, while
urethral sphincter BONT-A injection can be used to treat voiding dysfunction in these
patients with OAB due to central nervous lesions. Lee et al. reported the treatment outcome
in male patients with OAB after surgery for bladder outlet obstruction. They determined
that the therapeutic efficacy of BONT-A to improve urgency and urinary incontinence is
similar with that in female patients with OAB.

Chen et al. compared the therapeutic effects of urethral sphincter BONT-A injections
in patients with different non-neurogenic voiding dysfunction subtypes. Among the pa-
tients with detrusor underactivity, poor relaxation of urethral sphincter, and dysfunctional
voiding, patients with dysfunctional voiding benefit most from BoNT-A treatment, both in
subjective and objective parameters, and half of patients with detrusor underactivity and
poor relaxation of urethral sphincter also had a fair response. A post-void residual volume
of >250 mL was a negative predictor in patients with detrusor underactivity. Kao et al. also
analyzed the predictive factors for the successful treatment outcome of BONT-A urethral
sphincter injections in patients with different subtypes of voiding dysfunctions. They deter-
mined that urethral sphincter BONT-A injections provide comparative therapeutic efficacy
in functional voiding dysfunction and non-neurogenic voiding dysfunction. Among the
clinical characteristics of voiding dysfunction, detrusor underactivity and a low voiding
efficiency could predict inferior therapeutic outcomes. For patients with NDO, Chen et al.
compared the results of clinical treatment outcome between spinal cord injured patients
receiving intravesical and urethral sphincter BONT-A injections. Chow et al. analyzed the
therapeutic efficacy of urethral or detrusor BONT-A injections for patients with autonomic
dysreflexia and determined detrusor BoNT-A injections superior to urethral sphincter
BoNT-A injections in terms of symptomatic improvement of autonomic dysreflexia.

Five articles in this Special Issue reported the application of BONT-A in the treatment
of IC. Yu et al. reported the treatment outcomes of BONT-A injections on patients with dif-
ferent subtypes of IC. Pedro Abreu-Mendes et al. reported the long-term real-life follow-up
results of intratrigonal BoONT-A injections for patients with IC, and they discovered that
intratrigonal BoNT-A injection is effective and durable for IC. Jhang et al. analyzed the
therapeutic effects between BoNT-A and platelet-rich plasma (PRP) injections, and deter-
mined that BONT-A injection is superior to PRP injection in reducing bladder pain score.
Li et al. reported the results of a new therapy combining BONT-A injection and Sapylin
instillation and discovered significant superior outcome in the mixed group. Finally, Hung
et al. reviewed the potential efficacy of intravesical instillation of liposomes and mixed
liposomes and BoNT-A in treatment of functional bladder disorders. This treatment might
improve LUTDs by BoNT-A without intravesical injection. These five articles provide excel-
lent review and researches on the clinical application of BONT-A treatment for IC refractory
to conventional therapy. Based on previous basic studies of IC, the anti-inflammatory
therapeutic effects of BONT-A might have a chance to combat the inflammation in IC and
improve the bladder pain symptoms.

This Special Issue collected original and review articles that focus on the novel appli-
cations of BONT-A in LUTDs in functional urology. The collection of this Special Issue of
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Toxins provides updated knowledge on the current and future position of BONT-A in the
shadows of functional urology and LUTDs.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Botulinum toxin A (Botox) had been considered a promising drug that has an effect
on functional disorders of the lower urinary tract. Because Botox exhibits anti-inflammatory and
antispasmodic effects, Botox injection into the bladder can decrease detrusor contractility, reduce
bladder hypersensitivity, and eliminate painful sensations. Injecting Botox into the bladder outlet can
relax the hyperactivity of the bladder neck, and of the urethral smooth and striated muscles. Based
on these therapeutic effects, Botox has been widely applied to treat lower-urinary-tract dysfunctions
(LUTDs) such as overactive bladder and neurogenic detrusor overactivity. However, this treatment
has not been licensed for use in other LUTDs such as interstitial cystitis, voiding dysfunction due
to benign prostatic hyperplasia in men, and dysfunctional voiding in women. Botox has also not
been approved for the treatment of children with overactive bladder and dysfunctional voiding; in
patients with spinal cord injuries with detrusor sphincter dyssynergia and autonomic dysreflexia;
or for poorly relaxed external sphincter in non-neurogenic patients. This article reviews the current
knowledge regarding Botox treatment for LUTDs and discusses the potential clinical applications of
Botox, as well as work that can be conducted in the future.

Keywords: adverse events; lower-urinary-tract dysfunction; therapeutic efficacy; urinary incontinence;
voiding dysfunction

Key Contribution: Botulinum toxin A (Botox) treatment is effective in treating several lower-urinary-
tract dysfunctions (LUTDs) in addition to overactive bladder and neurogenic detrusor overactivity.
Although the clinical applications of Botox on these LUTDs are unlicensed, the careful selection of
patients and diseases and the monitoring of adverse events can improve urinary incontinence or
voiding dysfunction in patients whose LUTDs are refractory to conventional medical therapy.

1. Introduction

In recent decades, botulinum toxin A (Botox) has been widely used for the treatment
of several different lower-urinary-tract dysfunctions (LUTDs), including overactive bladder
(OAB), neurogenic detrusor overactivity (NDO), interstitial cystitis/bladder pain syndrome
(IC/BPS), pediatric urinary incontinence and voiding dysfunction, voiding dysfunction
due to benign prostatic hyperplasia (BPH) in men, dysfunctional voiding (DV) in women,
detrusor sphincter dyssynergia (DSD) in patients with spinal-cord injury (SCI), and poorly
relaxed external sphincter (PRES) in non-neurogenic patients. Despite the fact that Botox
injection has only been licensed to treat OAB and NDO refractory to conventional treatment,
the clinical applications of Botox on other LUTDs have been enthusiastically tried [1].
However, because some clinical experiences of adverse events have limited its widespread
application, Botox injection treatment has not popularly used for LUTDs other than OAB
and NDO. Nevertheless, evidence has shown that Botox has distinguished advantages
related to functional alteration, chronic inflammation, and sensory disorders in some
LUTDs that are difficult to treat with oral pharmacologic medications. Other than OAB

Toxins 2022, 14, 498. https:/ /doi.org/10.3390/ toxins14070498
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and NDO, several other LUTDs can benefit from intravesical Botox injection, intravesical
instillation, or urethral Botox injection. (Table 1) This article focuses on the off-label and
novel applications of Botox on LUTDs. The content of this article may provide updated
knowledge and information regarding the current situation and where Botox may be further
applied in functional urology and LUTDs.

2. Clinical Application of Botox on OAB: Efficacy, Adherence, Adverse Events, and
Novel Treatment without Injection

Botox treatment for OAB and NDO is becoming increasingly recognized as an effective
therapeutic option for patients who are refractory to or cannot tolerate anticholinergic
agents. The results from open-label studies have suggested that this therapy is effective
in both neurogenic and idiopathic detrusor overactivity (DO) [2]. However, undesired
adverse events and the need for repeat injections remain obstacles to the popularity of
this treatment.

Botulinum toxin is a neurotoxin produced by Clostridium botulinum that inhibits signal
transmission at the neuromuscular and neuroglandular junctions [3]. The most popular
current clinical use of Botulinum toxin is onabotulinumtoxinA (Botox®, Allergan, Irvine,
CA, USA). Botox has received regulatory approval for LUTDs, including OAB and NDO.
The approved dose of Botox for NDO due to SCI or multiple sclerosis (MS) is 200 U
by 1 mL for each injection into the detrusor at 30 sites on the bladder wall. For Botox
treatment of OAB, the dose is 100 U by 0.5 mL for each injection into 20 sites on the bladder
wall [4]. Botox has both a motor and sensory effect on the lower urinary tract; therefore, the
therapeutic effects include not only a decrease in striated or smooth muscle contractility,
but also effects on sensory dysfunction, including frequency urgency sensation and bladder
pain [5,6].

Following the initial clinical trials of Botox injection for OAB, the recommended
optimal dose was set at 100 U injected into 20 sites of the bladder wall [7,8]. Adverse events
of this treatment include difficult urination, urinary-tract infection (UTI), and large postvoid
residual (PVR) volume requiring clean intermittent catheterization [9]. For patients who
are frail and old with a PVR > 100 mL, injecting at the bladder base and trigone is safer to
avoid acute urinary retention and subsequent UTI [10]. Phase 3 clinical trials and pooled
analysis have demonstrated that Botox injection is superior to placebo and that patients
may have fewer episodes of urgency and urgency urinary incontinence (UUI) as well as
experiencing an improvement in quality of life [11,12].

2.1. Adherence of Botox Treatment in OAB and Causes of Discontinuation

According to the guidelines of the American Urological Association and recommenda-
tions of the European Urological Association, Botox intravesical injection is the third-line
treatment for OAB [13,14]. Repeated Botox injections have been reported to have a similar
effect, and the interinjection interval has been reported to remain unchanged for up to
five injections [15]. However, increasing age, a Botox dose of 200 U, higher body-mass
index, and baseline UUI episodes were found to be associated with a shorter time to UUI
recurrence after Botox injection [16]. In patients who have diminished Botox effect on
OAB symptoms, adding mirabegron could increase the therapeutic effects, mainly on OAB
symptoms and the Global Response Assessment scale [17].

A long-term follow-up study revealed a low rate of persistence of another brand of bo-
tulinum toxin A, abobotulinumtoxinA, as an injection for OAB. A total of 59.3% of patients
were successfully treated with the first injection. The median number of injections per
patient was only two, and the median reinjection interval was 10.7 months. The estimated
5-year discontinuation-free survival rate was 23.4%. The main cause of discontinuation
was primary failure in 35.5% of patients, 23.7% of patients had persistent symptom im-
provement, and 20.3% stopped the injections because of tolerability issues [18]. In women
with OAB, a significant reduction in the DO rate and an increase in the median maximum
cystometric capacity were noted after Botox injection for idiopathic DO. The maximum
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flow rate (Qmax), detrusor pressure (Pdet), and PVR all showed no significant change, and
no patient required catheterization after Botox injection [19].

2.2. Comparison of Repeat Botox Injections and Percutaneous Tibial Nerve Stimulation and
Sacral-Nerve Neuromodulation

In addition to Botox injections, percutaneous tibial nerve stimulation (PTNS) and
sacral-nerve neuromodulation (SNM) are two options for the treatment of refractory OAB.
Because Botox injection requires local or general anesthesia, and repeated injections are
necessary to maintain the therapeutic effect, patients might consider switching to another
procedure for better convenience. A recent study revealed that PTNS and Botox resulted in
a similar improvement in OAB symptom scores; however, Botox resulted in significantly
greater improvement in urgency and UUI episodes than PTNS [20]. Overall, Botox, PTNS,
and SNM were more efficacious than the placebo. However, the greatest reduction in
UUI episodes and voiding frequency was observed with SNM. Botox resulted in a higher
complication rate, including UTI and urine retention, as compared with PTNS [21].

Although SNM is an invasive procedure and requires a two-stage implantation, the
therapeutic effectiveness is as high as 69%, and the battery lasts for up to 15 years [22]. SNM
has become a well-accepted procedure for refractory OAB, especially in women. However,
the high cost of SNM limits its wide application in treating UUI as compared with 200 U of
Botox [23]. In patients who failed previous Botox treatment and in Botox-naive patients,
the therapeutic efficacy was shown to be similar between the Botox and SNM groups
and similar between patients with a previously different volume of Botox injection [24].
Although the risks of UTI and urinary retention are higher in patients treated with Botox,
the risk of revision or removal of the battery and implant also requires caution [25].

2.3. Potential Vehicle to Carry Botox across the Urothelium without Injection

Liposome-encapsulated Botox intravesical instillation had been demonstrated as ef-
fective in decreasing OAB symptoms without adverse events such as a PVR increase or
the risk of UTI [26,27]. An immunohistochemistry study showed that Botox injection can
effectively cleave the SNAP-25 protein, whereas liposome-encapsulated Botox can decrease
urothelial P2 x 3 expression but does not cleave SNAP-25 [28]. The same formulation of
liposome-encapsulated Botox had been applied in the treatment of patients with IC/BPS,
and the results showed a positive effect on the decrease in IC symptoms, although the
improvement was not superior to the placebo arm [29]. Nevertheless, these pilot studies
demonstrated that, using liposomes encapsulation, the Botox protein can be delivered
across the phospholipid layer of the cell membrane and act on the sensory receptors of the
urothelial cells. However, the depth of Botox penetration might be too superficial to achieve
a longer therapeutic effect. Thus, additional investigation of the treatment frequency and
dosage of Botox are necessary [30].

LESW was shown to be effective for temporarily increasing tissue permeability and
the intravesical delivery of Botox for the treatment of OAB in animal studies and in a
human clinical trial [31]. Our preliminary study using LESW and intravesical BONT-A
instillation every week in OAB patients also demonstrated an improvement in the Global
Response Assessment without any adverse events [32]. A prior immunohistochemistry
study revealed the presence of cleaved SNAP-25 protein in the IC bladder suburothelium,
suggesting that Botox molecules could be carried across the urothelial cell membrane
with the assistance of LESW. These results provide evidence of the efficacy and safety of
this novel treatment using LESW plus Botox instillation without anesthesia or bladder
injection [32].

2.4. Perspectives of Researchers on Botox Injection Related to UTI, Difficult Urination, and
Adverse Events after Treatment

The most common and frustrating adverse events after Botox injection for OAB are
UTI and dysuria [33]. In patients with OAB, previous UTI is the strongest predictor of
UTI after Botox injection. Men have 2.4 times higher odds of incomplete emptying than
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women, and 17% of men and 23.5% of women experience more than one episode of UTT in
the first month following injection [34]. Although researchers have reported that aging is
associated with a higher rate of large PVR and lower long-term success [35], the age-related
outcomes of Botox for the treatment of OAB are significantly understudied [36]. Male
gender, baseline large PVR (>100 mL), comorbidity, and a Botox dose of >100 U are risk
factors for increasing the incidence of adverse events after intravesical Botox injection for
idiopathic detrusor overactivity [37]. Factors that can predict poor response and higher
risk of UTI to Botox injection for OAB include female gender, retained prostate in men, and
clean intermittent self-catheterization [38]. A recent meta-analysis also revealed a positive
effect of Botox treatment on sexual function in patients with OAB. Significant improvement
was observed in desire, arousal, lubrication, orgasm, and satisfaction after Botox injection;
however, there was no improvement in pain [39].

Based on the results of previous studies, several topics of research remain to be
investigated: (1) Can a small dose of Botox injection and combined medications (mirabegron
or antimuscarinics) be used to treat patients with OAB to avoid undesired UTI and urinary
retention? (2) Can the dose of Botox be flexibly adjusted to fit the needs of patients
with different severities of OAB and neurologic lesions? (3) Can we use LESW on the
bladder plus Botox instillation to treat patients with OAB or hypersensitive bladder without
intravesical injection under anesthesia?

3. Clinical Application of Botox on NDO: Efficacy, Adherence, Adverse Events, and
Conversion of Treatment

OnabotulinumtoxinA was first injected into the urethral sphincter to treat patients with
SCI'with DSD who did not desire surgery or were unable to perform self-catheterization [40].
Later clinical trials confirmed the therapeutic effectiveness of 200 U or 300 U of Botox de-
trusor injections on NDO due to SCI and MS [41,42]. In patients with Parkinson’s disease
and SCI, Botox detrusor injection can modulate bladder afferent activity, which explains
why Botox can improve DO [43]. The therapeutic duration is about 6 to 9 months, and the
significant reduction in detrusor pressure, increase in bladder capacity, improvement in
hydronephrosis, and reduction in UTI episodes are remarkable after Botox injection [42,44].
After several repeated detrusor Botox injections, the therapeutic efficacy remains the
same [45]. Currently, Botox detrusor injections are widely applied in the treatment
of patients with chronic SCI or MS refractory to antimuscarinic therapy for NDO and
UUI [46-48].

3.1. Therapeutic Efficacy, Adverse Events, and Tolerability of Botox Injection for NDO

In a post-market survey, intradetrusor Botox injections were reported to be safe and to
be able to improve subjective measures related to NDO [49]. A meta-analysis also revealed
that Botox can result in a significant reduction in UUI frequency and improvement in
urodynamic parameters in patients with NDO at 6 weeks after treatment. No statistical
or clinical difference in efficacy has been reported between 300 U and 200 U dosages of
Botox [50]. Patients treated with 300 U of Botox had similar therapeutic efficacy after
200 U of Botox treatment. The number of episodes of urinary incontinence and daily pad
use were similar between the two dosage phases [51]. However, quality-of-life measures
were significantly improved, and an improvement in end-filling pressure and bladder
compliance was also reported [52]. Although Botox detrusor injections are effective and
tolerable for patients with NDO, adverse events related to Botox injection, including
hematuria, UTIL, urinary retention, urinary bladder hemorrhage, autonomic dysreflexia
(AD), and epididymitis, warrant caution [53]. The results of a long-term follow-up study
showed that only 50% of patients with SCI continuously received intradetrusor Botox
injections for NDO after 10 years [54]. In patients with NDO, repeat Botox injections
allow sustained improvements in UUI, with an acceptable rate of adverse events [55]. The
efficacy of repeat detrusor Botox injections included significant improvement in urinary
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symptoms and bladder compliance in 52% of patients, and 31% of patients had an objective
improvement in bladder compliance [56].

3.2. Switching from Botox to Augmentation Enterocystoplasty

After the initial Botox injections for NDO, some patients might not experience persis-
tent improvement in symptoms, and some might prefer to have definite treatment without
repeated injections. Augmentation enterocystoplasty (AE) is one option for patients with
SCI and NDO and urinary incontinence [57]. Patients receiving AE had a statistically
significant increase in bladder capacity and a decrease in detrusor pressure during voiding.
Patients with SCI receiving Botox injections but who experience few improvements in their
urodynamic parameters should consider switching from repeat Botox injections to AE to
achieve better storage function and functional bladder capacity [58]. In patients who still
have symptoms of NDO or AD after AE, the injection of Botox into the native bladder
was effective in 58% of patients in increasing bladder capacity and decreasing detrusor
pressure [59].

3.3. Causes of Discontinued Botox Injection in OAB and NDO

Although Botox injections are effective for treating urinary incontinence of OAB
and NDO, more than half of patients with NDO discontinue Botox injections within the
first 10 years after their first treatment [60]. Patients with spina bifida have a higher
discontinuation rate. The most common cause of discontinuation is treatment failure
(43.7%). In a long-term follow-up study of the satisfaction rate of patients with SCI and
NDO who received detrusor Botox injections, only 48.4% of patients continued Botox
injections over 7 years [61]. The presence of high detrusor pressure and higher-grade
bladder outlet resistance are predictive of a decrease in incontinence. In total, 69.1% of
patients expressed satisfaction with their current status.

4. Clinical Application of Botox on Interstitial Cystitis/Bladder Pain Syndrome:
Efficacy, Adverse Events, and Perspectives

4.1. Current Strategy of Using Botox Injections on IC/BPS

IC/BPS has been classified into classic ulcer and non-ulcer types based on cystoscopic
findings [30]. Although researchers have proposed many pathogeneses of IC/BPS, the ac-
tual etiology remains unclear. Possible etiologies include (1) the post-infection autoimmune
process; (2) mast-cell activation induced by inflammation, toxins, or stress; (3) urothelial
dysfunction and increased permeability of the urothelium; and (4) neurogenic inflammation
resulting in increased urothelial permeability, mast-cell activation, the up-regulation of
sensory fibers, the release of inflammatory neuropeptide, and bladder pain [62]. In addition,
psychosomatic dysfunction has also been reported to be involved in the pathophysiology
of IC/BPS, especially in the pain phenotype [63,64]. Conventional therapies include oral
pentosan polysulfate [65], intravesical heparin instillation [66], intravesical hyaluronic acid
instillation [67], and oral medications that target suburothelial inflammation. Although
IC/BPS has not received regulatory approval for Botox use, current evidence supports that
Botox injection can improve symptoms and bladder pain for IC/BPS as compared with a
placebo [68].

Intravesical onabotulinumtoxinA injections might not only reduce bladder sensitivity
in patients with IC/BPS but also induce desensitization in the central nervous system
by affecting the overexpression of activated proteins in the dorsal horn ganglia [69]. The
therapeutic effects of Botox on IC/BPS were confirmed by several clinical trials showing
that Botox could effectively reduce bladder pain and urinary frequency and improve psy-
chosocial functioning [70-72]. As compared with cystoscopic hydrodistention, intravesical
Botox injection plus hydrodistention can improve IC symptom scores, reduce bladder pain,
and increase functional bladder capacity [73]. In the first prospective, multicenter, random-
ized, double-blind, placebo-controlled clinical trial, we demonstrated a significantly greater
reduction in pain in the Botox group compared with the normal saline group (—2.6 £ 2.8
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vs. —0.9 +2.2, p = 0.021) at week 8. We also found that the cystometric bladder capacity
was increased significantly in the Botox group. The overall success rates were 63% in the
Botox group compared with 15% in the control group (p = 0.028), with a similar rate of
adverse events between groups [74].

The injection of Botox into the pelvic floor muscles of women has also been shown
to improve chronic pelvic pain syndrome; however, this treatment may worsen preex-
isting pelvic floor conditions such as constipation, stress urinary incontinence, and fecal
incontinence [75,76].

4.2. Predictive Factors for a Successful or Failed Treatment Outcome

In patients with non-ulcer IC/BPS, intravesical Botox injections can effectively im-
prove symptoms and reduce bladder pain, but these injections do not benefit patients
with ulcer IC/BPS [77]. As compared with a single injection, repeat intravesical Botox
injections were associated with a significantly higher success rate in a long-term follow-up.
However, the incidence of adverse events did not increase with a higher number of Botox
injections. A higher pretreatment interstitial cystitis symptom index and interstitial cysti-
tis problem index score were predictive of a successful response to repeated intravesical
Botox injections [78]. Injecting Botox into the bladder body and trigone did not result in a
difference in treatment outcomes or rates of adverse events [79].

In a recently published analysis of factors predictive of successful Botox treatment
outcomes for IC/BPS, patients with a maximal bladder capacity under hydrodistention
of >760 mL had a satisfactory treatment outcome [80]. The improvement in bladder pain
was remarkable in patients with a satisfactory treatment outcome. A maximal bladder
capacity of >760 mL is a predictive factor for satisfactory treatment outcome, whereas
glomerulation grade and urodynamic parameters do not have a predictive value for the
IC/BPS treatment outcome. Only 10% of patients who were treated with Botox injection
complained of difficulty in urination after treatment.

4.3. Comparison of Effects between Different Botox Injection Sites and between Botox and Sacral
Neuromodulation in Treatment of IC/BPS

There has been debate regarding the effectiveness of Botox on IC/BPS between differ-
ent sites of injection. The trigone has been considered to be rich in unmyelinated nociceptive
C-fibers, and it may be a potential target for chemodenervation in patients with IC/BPS [81].
Giannantoni et al. injected Botox at the trigone and lateral bladder wall and reported symp-
tomatic improvement in 86.6% of patients [70]. Pinto et al. injected 100 U of Botox into
10 trigonal sites and found an increase in bladder capacity and a transient reduction in
urinary nerve growth factor and brain-derived neurotrophic factor [82]. However, in our
study, after intravesical Botox injection in the bladder body or trigone, we did not find
any significant difference in improvement in IC symptoms or urodynamic parameters [79].
Evans et al. compared the treatment outcomes between patients with IC/BPS who were
randomly assigned to a trigone-including or trigone-sparing Botox injection template.
They found no significant difference between groups or in the post-treatment complication
profiles [83].

4.4. Perspectives of Future Research on Botox Treatment IC/BPS: Using Instillation with the Aid of
LESW or Liposome but Not Injection

Although intravesical Botox injections of IC/BPS have been shown to be significantly
superior to intravesical Botox instillation, the adverse event of difficult urination after
Botox injection remains a problem to be solved [84]. The delivery of Botox via liposome
encapsulation and gelation hydrogel intravesical instillation provided a potentially less
invasive and more convenient form of application for patients with IC/BPS [85]. However,
a pilot study showed only a short-term effect and limited improvement in IC symptoms
in liposome-encapsulated Botox treatment [29]. Using LESW to increase urothelial per-
meability and facilitate the penetration of Botox intravesical instillation showed an early
promising effect and the presence of cleaved SNAP-25 protein in the suburothelium [28].
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These results provide evidence for the future treatment and safety of this novel treatment
modality for patients with IC/BPS using LESW plus Botox instillation without bladder
injection under anesthesia injection [32].

5. Clinical Applications of Botox on Pediatric OAB and DV: Efficacy, Adherence, and
Adverse Events

5.1. Advantages of Botox Injection for Pediatric Refractory OAB

Although Botox is not licensed for use in children with neurogenic or non-neurogenic
LUTD, this treatment has been widely applied to treat pediatric OAB and DV refractory
to conventional therapy. At a dose of 5 U to 10 U/Kg detrusor injection in patients
with myelomeningocele and NDO, an increase in bladder capacity, and a decrease in
detrusor pressure were noted [86,87]. Vesicoureteral reflux resolved in 73% of patients
after detrusor Botox injections [88]. An additional urethral sphincter Botox injection at a
dose of 2 U/Kg could decrease PVR in children with DSD [89]. Pediatric patients with
non-neurogenic OAB can also benefit from detrusor Botox injection for the reduction of
urinary incontinence [90-92].

In children with urinary incontinence due to NDO or OAB, Botox detrusor injection
results in a significant improvement and is well tolerated [93]. A high rate of urinary conti-
nence can be achieved, with improvements in urodynamic parameters, including a reduc-
tion in detrusor pressure to <40 cmH,O and an increase in compliance to >20 mL/cmH,0,
without major adverse events. In children with NDO, a dose of 200 U of Botox was well
tolerated and showed greater efficacy in bladder pressure reduction and bladder capacity
increase [94]. Children with a high detrusor pressure and low bladder compliance had a
significantly greater improvement in compliance after detrusor Botox injections [95]. It was
reported that the therapeutic effects persisted in the first 6 months after Botox injection in
children with severe OAB symptoms, urodynamic-confirmed DO, and reduced bladder
volume [96]. When children are treated with Botox injections for OAB, mirabegron and
anticholinergics may be used as an exit strategy for recurrent OAB symptoms after the
Botox effect declines [97].

5.2. Do Children with OAB Need Continuous Repeated Botox Injections? Will OAB Resolve
with Aging?

For children with neurogenic or non-neurogenic DO, repeat intravesical Botox in-
jections are required to maintain therapeutic efficacy. In children with NDO, Botox may
provide long-term urinary continence and upper urinary tract protection, and the results
remain effective after up to 11 injections [98]. However, in children with DV or DSD,
the response to Botox was less predictable, with <50% of patients experiencing symp-
tom resolution [98]. In children with myelomeningocele, repeated Botox injections were
found to be safe and effective for keeping the bladder and upper urinary tract in a stable
condition [99]. A systematic review and meta-analysis also confirmed that repeated Botox
injections provided sustainable improvement in children with NDO and an acceptable
rate of adverse events [55]. Nevertheless, the failure rates were reported to be 12.6% after
3 years, 22.2% after 5 years, and 28.9% after 7 years of follow-up with a withdrawal rate of
11.3%. Patients with severe NDO at baseline might experience a less favorable treatment
outcome [100]. For this reason, a prior study reported that, based on long-term follow-up,
a bladder procedure was still required in 35.3% of children with NDO and a severely
contracted bladder that could not be recovered to a stable condition after repeated Botox
detrusor injections [101].

5.3. Therapeutic Efficacy of Urethral Sphincter Botox Injections for Children with
Non-Neurogenic DV

DV is highly prevalent in pediatric patients with NDO or non-neurogenic OAB [102].
Urethral sphincter Botox injection at a dose of 50 to 100 U can normalize the voiding curve
and decrease PVR in children with non-neurogenic DV [103,104]. In children with DV, a
higher dose of Botox may increase the therapeutic efficacy without increasing morbidity.
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Urethral sphincter Botox injection appears to be effective and safe in treating voiding
dysfunction in children with DV or DSD [105].

6. Clinical Applications of Botox on Neurogenic and Non-Neurogenic Voiding
Dysfunction: Efficacy and Perspectives

6.1. Current Treatment Outcome of Urethral Sphincter Botox Injection on DSD

Botox urethral-sphincter injection was first applied in patients with DSD due to SCI
and MS [106]. Despite the lack of a phase 3 clinical trial and of licensed approval for clinical
use, Botox has been widely applied for treating voiding dysfunction due to neurogenic or
non-neurogenic voiding dysfunctions [107,108]. After the urethral sphincter Botox injection,
patients with DSD or DV showed an improvement in voiding efficiency and a reduction in
UTI episodes [109,110]. The dose of Botox for urethral-sphincter injections ranged from
100 U to 200 U for voiding dysfunction in patients with MS, cerebrovascular accident,
or SCI [107,111]. After a urethral injection of 100 U of Botox, the indwelling catheter or
clean intermittent catheterization can be discontinued in most patients [107,112]. In male
patients with SCI with NDO and DSD who have received concomitant detrusor and urethral
sphincter Botox injection, a significant reduction in detrusor pressure and maximal urethral
closure pressure and an increase in maximal cystometric bladder capacity at 3 months
after treatment were noted [113]. A better improvement rate was observed in patients with
cervical SCI, the presence of NDO and DSD, partial hand function, and incomplete SCIL.
However, only 35.6% of patients continually received urethral sphincter Botox injections,
and >60% of patients converted their treatment to another bladder outlet surgery to facilitate
spontaneous voiding [57]. A meta-analysis showed that Botox was effective in 60-78% of
patients with DSD for reducing PVR and lowering detrusor pressure and detrusor leak-
point pressure after treatment. To maintain the therapeutic effect, reinjection is required
after 4-9 months, without significant adverse events [114].

6.2. Current Treatment Outcome of Urethral Sphincter Botox Injection on Non-Neurogenic
Voiding Dysfunction

In neurologically normal women, DV is characterized by an intermittent and/or
fluctuating flow rate due to nonrelaxing or involuntary intermittent contractions of the
periurethral striated or levator muscles during voiding [115]. Non-neurogenic DV may
occur due to an enhanced guarding reflex against uninhibited detrusor contractions during
the storage phase [116,117]. Treatment modalities for female DV include biofeedback pelvic-
floor muscle training, medications such as alpha-blockers and skeletal muscle relaxants to
decrease urethral resistance, antimuscarinic drugs for DO, and urethral Botox injection [118].
However, a urethral sphincter Botox injection can relieve voiding dysfunction in only about
67.9% of patients with DV. Patients with a tight bladder neck or with detrusor underactivity
and low abdominal pressure to void might have a poor therapeutic result [119]. Multivariate
analysis also revealed that narrowing of the bladder neck and history of catheterization
were predictive factors for a negative outcome [120]. Another study reported a successful
outcome in 59.4% of patients. There was no difference in treatment outcome between
the different genders, voiding dysfunction subtype, bladder dysfunction, or sphincter
dysfunction subtypes. In patients with DV, a significantly higher detrusor pressure might
predict a successful treatment outcome of urethral sphincter Botox injection [121].

6.3. Perspectives of Urethral Sphincter Botox Injections for Patients with DSD or DV

Although urethral sphincter Botox injections comprise a safe and effective treatment
for patients with urethral sphincter hyperactivity, the success rate has not been satisfactorily
high. Currently, only 60% of patients with neurogenic DSD or non-neurogenic DV have
benefited from this treatment [57,119]. No study has investigated whether an increase
in Botox dose might result in a higher treatment success rate. In addition, because the
pathophysiology of DV remains unclear, repeat urethral sphincter Botox injections could
eliminate chronic inflammation in the central nervous system via the mechanism of afferent
desensitization. Based on previous clinical trials of Botox injection at the trigone for
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eliminating bladder pain and sensory frequency in patients with IC/BPS [70,82], we might
hypothesize that in patients with DV, injecting Botox into the trigone and bladder neck
results in better therapeutic success than injecting into the urethral sphincter. Therefore,
the following topics are of interest and could be investigated in the future: (1) whether
the dose of Botox (100 U) and injection interval (once every 6 months) are enough to treat
voiding dysfunction; (2) the adherence of urethral Botox injection for voiding dysfunction;
and (3) whether voiding dysfunction improves with Botox injections into the trigone and
bladder base, rather than into to the urethral sphincter.

7. Clinical Applications of Botox on Male LUTS and BPH: Efficacy and Perspectives
7.1. Current Evidence of Botox Injection in Treating Male LUTS/BPH

BPH is one of the main contributing diseases to LUTS in older men. However, not all
men with LUTS are treated satisfactorily with BPH medication. Transurethral resection
of the prostate is an established surgery for the rapid relief of LUTS in patients with BPH
and bladder outlet obstruction (BOO). However, because of potential complications such
as erectile dysfunction or urinary incontinence, patients might not accept this procedure.
Therefore, minimally invasive procedures have been developed and tried in men with
LUTS suggestive of BPH.

Several preliminary clinical trials have been reported. The injection of 200 U of Botox
into the prostate has been shown to be effective with minimal side effects in patients with
BPH and BOO who are poor surgical candidates [122]. Further clinical trials also revealed
that Botox could relieve LUTS in patients with a small BPH of <30 mL [123]. Another
study showed that an injection of 200 U of Botox into the prostate could improve LUTS
and reduce the prostate volume by 50% in patients with large BPH, and the effect lasted for
12 months [15]. The transurethral injection method has been recommended as a preferable
technique [124].

Several nonrandomized clinical studies have shown that Botox injection to the prostate
can relieve LUTS in men with a small or large BPH. Intraprostatic Botox-A injection can
reduce prostate volume, increase maximum flow rate and voided volume, and decrease
PVR [125,126]. Patients with an International Prostate Symptom Score (IPSS) of <22, a
Qmax < 10 mL/min, and a prostate volume < 56.5 mL had better treatment outcomes [127].
These results indicated that in patients with BPH, intraprostatic Botox injection is safe and
effective for improving LUTS and quality of life. However, a randomized, double-blind,
placebo-controlled clinical trial revealed an effect on LUTS/BPH symptoms, including IPSS,
total prostate volume, transition zone volume, and Qmax, in both the Botox and placebo
groups at week 12. Therefore, this study concluded that the therapeutic effects of Botox
on BPH/LUTS are merely a placebo effect [128]. The results of a systematic review and
meta-analysis of Botox injection for LUTS/BPH also showed no difference in the efficacy
between Botox and a placebo. Thus, current evidence does not support the use of Botox
injection for LUTS/BPH in real clinical practice [129].

7.2. Myth or Truth of Botox on BPH: Are We Treating Urethral Smooth Muscle or Prostatic Gland?

A previous study in patients with urethral sphincter pseudodyssynergia after cere-
brovascular accidents or intracranial lesions reported that urethral sphincter Botox injection
was effective and had no adverse effects [112], suggesting that Botox can relax the urethral
smooth muscle or striated muscle and facilitate spontaneous voiding. Injecting Botox into
the bladder neck and urethra has been shown to improve LUTS and increase Qmax in men
with LUTS and a small prostate [130]. Botox prostatic injection has been demonstrated to be
a promising treatment for patients with small prostates and symptomatic BPH. The mean
prostate volume, symptom score, and quality-of-life index were significantly reduced after
treatment. Because LUTS in men with a small BPH might relate more to urethral smooth
muscle rather than to the prostate gland itself, the therapeutic effect of Botox on LUTS/BPH
might relate to urethral dysfunction more than prostatic obstruction [131]. All of these
pilot studies showed that LUTS does not result solely from BPH and obstruction. The
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functional inhibition of the voiding reflex or obstruction of the bladder outlet might play
important roles in male LUTS, and Botox may eliminate these dysfunctions and improve
LUTS. Despite the diverse results of clinical studies of Botox on LUTS/BPH, based on the
current data, intraprostatic Botox still can be considered as a promising, safe, and minimally
invasive procedure for patients with BPH who are not suitable for surgical intervention
and who have an unsatisfactory response to standard drug therapy [132,133].

7.3. Perspectives of Botox Injections for Male LUTS/BPH

For men with symptomatic BPH, Botox injection into the prostate is a minimally
invasive, safe, and effective procedure. The mechanisms of relief of LUTS might not
depend completely on reducing prostate volume [123]. A previous study of Botox urethral-
sphincter injection in patients with voiding dysfunction revealed that 61.1% of patients
could benefit from this treatment [134]. In women with voiding dysfunction, Botox urethral
injection can significantly improve LUTS without altering Qmax and voiding detrusor
pressure [135]. These results indicate that the inhibitory effect on urethral smooth muscle
or abnormal sensory function might play an important role in the therapeutic effects of
Botox on voiding dysfunction and LUTS [123]. Furthermore, whether the dosage of Botox
can affect therapeutic efficacy has not been well elucidated [136].

Based on the above evidence, there are several critical points that should be addressed
in the future to clarify the therapeutic role of Botox on male LUTS/BPH: (1) the therapeutic
effect of Botox injection to the bladder neck in the treatment of urodynamically proven
bladder neck dysfunction in male LUTS; (2) the therapeutic effect of Botox prostatic injec-
tions between male patients with LUTS and different prostatic volumes and obstructive
severity; (3) the therapeutic efficacy of Botox urethral injection in male patients with LUTS
who have a small prostate volume and urodynamic BOO and non-BOO; and (4) the treat-
ment outcomes of different doses of Botox (100 U or 200 U) and injecting sites (prostate
gland or prostatic urethral smooth muscle) in male patients with LUTS who have a small
prostatic volume.

8. Potential Clinical Applications of Botox on Recurrent UTI, Detrusor Underactivity,
and AD

8.1. Will Botox Injection Reduce Episodes of UTI in Neurogenic LUTD?

Deficits and inflammation in the bladder urothelial barrier have been found to be
increased in patients with chronic SCI, resulting in chronic inflammation and increased
apoptosis and contributing to recurrent UTI in patients with NDO and DSD [137]. The
expressions of the yEpithelial Na(+) channel and the acid-sensing ion channel 1 in the
urothelium of patients with NDO have been found, which might have an impact on
impaired mechanosensory function and low bladder compliance [138]. Because Botox can
reduce detrusor pressure and episodes of involuntary detrusor contractions, intravesical
Botox injections may decrease the incidence of symptomatic UTI in patients with NDO
and low bladder compliance [139]. Women with recurrent UTI may have different voiding
dysfunction due to DO or DV, resulting in damage to the integrity of the urothelial barrier
and invasion by uropathogens [139]. Injecting Botox into the urethral sphincter may also
decrease urethral resistance and voiding detrusor pressure, and patients with OAB and DV
might experience fewer UTI episodes after Botox injections [140].

8.2. Risk of UTI after Botox Injection in Patients with OAB and IC/BPS

UTI is a major complication after intravesical Botox injections for NDO, OAB, and
IC/BPS. Although UTI can be treated with antibiotics, the occurrence of this adverse
event might prohibit patients from receiving this treatment after their first UTI experience
following Botox injection. A recent study reported that the administration of a first Botox
injection within 30 days of a UTI does not increase the risk of post-Botox UTI [141]. Patients
with prior prolapse surgery or with recurrent UTT may have a higher risk of UTI after a
Botox procedure [142]. Actually, Botox injection may improve bladder and bladder outlet
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functions, resulting in a reduction in UTI incidence [143]. In patients with NDO with 20
or 30 sites of Botox injections, the most common bacterium detected was Escherichia coli;
however, the incidence of UTI was similar between groups [144].

8.3. What Are the Predictors for Successful Botox Treatment on DU?

Because Botox injection may decrease urethral resistance, it has been hypothesized
that patients with DU or detrusor acontractility might benefit from urethral Botox injec-
tions. Chinese botulinum toxin A, Prosigne®, had been shown to be effective for treating
an underactive bladder. After Botox injection, the Qmax increased, maximum urethral
pressure decreased, and PVR decreased; however, the therapeutic effect seemed to last
for only 3 months [145]. In a recently published article, female patients with DU showed
improvement in voiding efficiency after urethral Botox injections, but patients with very
low detrusor contractility, an absence of bladder sensation, and a tight bladder neck in a
videourodynamic study showed less-favorable treatment outcomes [146].

Urethral sphincter Botox injections for voiding dysfunction were found to be effective
in 60% of patients with DU, including 74.1% of patients with non-neurogenic DU and
48.5% of patients with neurogenic DU, yet the duration of the therapeutic effect was similar
between patients with non-neurogenic and neurogenic DU [147]. The good treatment
outcome was not related to age, gender, or videourodynamic subtypes. An open bladder
neck during straining to voiding was the key factor in a successful result [147].

8.4. Perspectives of Botox Injections for Autonomic Dysreflexia (AD) in Patients with SCI and
Neurogenic LUTD

Several issues are difficult to treat using medication or surgery. Because Botox has an
anti-inflammatory mechanism of action, LUTDs related to chronic inflammation might be
treated with Botox injection at the target organ or afferent nerves to achieve a satisfactory
result [148]. In patients with chronic SCI, AD is a challenge for urological management,
and Botox injection might reduce AD severity and improve the quality of life of these
patients. There are some important questions to be resolved in future research: (1) Is AD an
indication for Botox injection in patients with spinal cord lesion? (2) What is the optimal
dose of Botox, and how frequently should patients be injected? (3) What is the therapeutic
efficacy of the treatment of AD between injecting Botox into the detrusor and urethral
sphincter? (4) Can Botox injection reduce the severity of AD after AE for patients with SCI
who have a severely contracted bladder and AD?

Table 1 lists the clinical applications of Botox on lower urinary tract diseases or
dysfunctions, and the dose, route, indications, adverse events after Botox injection or
instillations. Although Botox has been launched for treatment of urological diseases for
more than three decades, there should have more we can learn from the past researches
and clinical trials. Through modification of dose adjustment, injection techniques, and the
help of vehicles to carry Botox protein into the tissue, there should have more applications
in the future to solve some urological diseases and dysfunctions that are not appropriately
treated by the conventional medications.
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Table 1. Current application of botulinum toxin A on lower-urinary-tract diseases or dysfunctions.

LUTD

Dose and Route

Indications

Adverse Events

References

Urinary incontinence

Difficult urination

Overactive bladder 100 U detrusor Frequency urgency Urine retention, UTI [2,4,7-12,15,16,18,19,33,35-38]
Overactive bladder 200 U liposome Urinary incontinence [26,27]
encapsulated Frequency urgency
Neurogenic DO 200 U-300 U SCI, MS with UUI Need CIC, UTI [41-51,54-56,61,99]
IC/BPS, Difficult urination ) )
IC/BPS . ketamine cystitis Urine retention, UTI [70-72,74,76-84]
100 U liposome IC/BPS UTI [29,85]
IC/BPS encapsulated
200 U LESW IC/BPS [32]
Pediatric NDO Non-neurogenic OAB,
and OAB 5 U/Kg detrusor Urinary incontinence utt [52,86-98,101]
. 100 U urethral . . . Urinary incontinence, .
Neurogenic DSD sphincter Dysuria, urine retention UTI, AD [40,57,103-106,109-115]
. 100 U bladder neck .
Neurogenic AD 200 U detrusor Dysuria, AD UTI [148]
Male LUTS/BPH 200 U prostate Dysuria, urine retention UTI [122-129,131-133,136]
Bladder n.eck 100 U bladder neck Dysuria, Urinary incontinence [130]
dysfunction
Non-neurogenic 100 U bladder neck, DV, DU, PRES Urinary incontinence, UTI  [107,108,111,116-121,134,135,145-147]

voiding dysfunction

urethral sphincter

9. Conclusions

Botox has been used in functional urology for more than 20 years. The licensed
applications are limited to the treatment of OAB and NDO. However, because the phar-
macologic mechanisms include inhibiting the release of neuropeptides, neuromodulation,
anti-inflammatory effects, and antisense actions, Botox can be used in various LUTDs that
are difficult to treat using conventional medications or surgical procedures. Advancing the
clinical applications of Botox in LUTD necessitates further clinical and basic research to
broaden the scope of its therapeutic effects.
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Abbreviations

AD autonomic dysreflexia

AE augmentation enterocystoplasty

BOO bladder outlet obstruction

Botox botulinum toxin A

BPH benign prostatic hyperplasia

DO detrusor overactivity

DSD detrusor-sphincter dyssynergia

DV dysfunctional voiding

IC/BPS interstitial cystitis/bladder pain syndrome
1PSS International Prostate Symptom Score
LESW  lower-energy shock wave

LUTD  lower-urinary-tract dysfunction
LUTS lower-urinary-tract symptoms
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MS multiple sclerosis

NDO  neurogenic detrusor overactivity
OAB  overactive bladder

Pdet  detrusor pressure

PRES  poorly relaxed external sphincter
PTNS  percutaneous tibial nerve stimulation
PVR post-void residual

Qmax maximum flow rate

SCI spinal-cord injury

SNM  sacral-nerve neuromodulation
UTI urinary-tract infection

uul urgency urinary incontinence
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Abstract: Botulinum toxin A (BoNT-A) paralyzes muscle by blocking acetylcholine release at the
synaptic junction. BONT-A has shown its therapeutic effects in neurological disorders such as Parkin-
son’s disease (PD) and post-stroke spasticity. A high proportion of patients with PD and post-stroke
develop neurogenic detrusor overactivity (nDO) and then develop urinary incontinence and overac-
tive bladder (OAB) symptoms. This study aimed to disclose the safety and efficacy of BONT-A in-
jection in treating bladder and voiding dysfunction in PD and post-stroke patients by reviewing the
current evidence. At present, intradetrusor injection of BONT-A is a Food and Drug Administration
(FDA)-approved third-line therapy for nDO and idiopathic OAB. Although intradetrusor injection
of onaBoNT-A 200 U is already approved for nDO treatment, most researchers would like to manage
PD and post-stroke patients by using onaBoNT-A 100 U intradetrusor injection to achieve long-term
efficacy and reduce adverse effects. However, in contrast to its inclusion in the International Con-
tinence Society guidelines for PD treatment, the clinical use of BONT-A for post-stroke patients is
limited to experimental use due to the development of urinary retention in about one-fifth of pa-
tients. For treating urethral pseudodyssynergia, half of patients may respond to onaBoNT-A 100 U
urethral injection. However, refinement is needed to reduce unwanted urinary incontinence.

Keywords: botulinum toxin A; incontinence; Parkinson’s disease; stroke; dyssynergia

Key Contribution: Patients with upper motor neuron syndrome (i.e., patients with Parkinson’s dis-
ease and post-stroke) may develop urinary incontinence and voiding difficulty because of distur-
bances in the brain-bladder circuit. Despite the rationale for and efficacy of using BONT-A injection
in other neurological and urological disorders, the application of urological injection of BONT-A for
voiding dysfunction originating from chronic brain lesions has only reached barely satisfactory re-
sults, especially for post-stroke patients. Results of this review demonstrate the safety and efficacy of
BoNT-A, suggesting that intradetrusor injection of 100 U BoNT-A should be the standard third-line
treatment for bladder dysfunction associated with Parkinson’s disease.

1. Introduction

Botulinum toxin A (BoNT-A) is a neurotoxin derived from Clostridium botulinum. Its
mechanism of action in treating overactive bladder (OAB) and urinary urgency inconti-
nence (UUI) involves inducing flaccid paralysis via blockade of the acetylcholine release
at the synaptic junction [1]. In addition, BONT-A inhibits bladder afferent nerve firing and
provides anti-inflammatory effects to manage bladder disorders. The United States Food
and Drug Administration (FDA) first approved BoNT-A in 2011 for the treatment of neu-
rogenic detrusor overactivity (nDO) and then approved it later in 2013 for refractory OAB.

Toxins 2023, 15, 166. https://doi.org/10.3390/toxins15020166
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The expectation for intradetrusor injection of BONT-A for reducing urinary tract dysfunc-
tion (LUTD) would be to decrease detrusor contractility, reduce bladder hypersensitivity,
and eliminate painful sensations [1]. Therefore, researchers investigated the application of
BoNT-A to manage the detrusor hyperreflexia (i.e., nDO) and UUI, which both originated
from upper motor neuron syndrome, as seen in patients with Parkinson’s disease (PD),
post-stroke, and early dementia [2].

Chronic brain disorders such as PD and stroke lead to a high proportion of LUTD in
the affected patients [3]. The majority of these patients may have nDO in the cystomet-
rography and experience UUI in their daily activity [4,5]. The occurrence of urinary in-
continence (UI) in such patients may result from either nDO or impaired cognition and
immobilization. Proper evaluation of micturition dysfunction in these patients is depen-
dent on urodynamic diagnosis combined with imaging and pressure flow studies. Some
patients may have concurrent detrusor underactivity, bladder neck dysfunction, and pseu-
dodyssynergia (delay in striated sphincter relaxation or unrelaxing) [2,4,5]. Effective man-
agement of LUTD in these patients may benefit psychosocial and health-related quality of
life and decrease social isolation, anxiety, depression, and fall risk.

Usually, intradetrusor injection of BONT-A for OAB is classified as the third-line op-
tion among all OAB therapies [6]. Meanwhile, first-line management includes behavior
therapies and lifestyle modifications followed by pharmacotherapy as second-line ther-
apy [7]. Nevertheless, mainstream pharmacotherapy of OAB, which includes antimus-
carinics and (33 agonists, is often problematic in older adults [6]. Constipation, dry mouth,
blurred vision, and cognitive impairment are common adverse effects of antimuscarinics.
Furthermore, researchers have reported a strong association between the use of antimus-
carinics and risk of incident dementia [6]. Hence, of particular concern in elderly PD or
post-stroke patients, procedural interventions (i.e., third-line therapies) must be optimized
in older patients with motor symptoms, such as using BONT-A injection, sacral neuromod-
ulation (SNM), and percutaneous tibial nerve stimulation (PTNS).

2. Brain-Bladder Circuit

The lower urinary tract consists of the bladder and urethra, which are regulated by
three micturition centers, including the sacral spinal center, subconscious structures (e.g.,
cerebellum, striate nucleus, and hypothalamus), and conscious structures (e.g., limbic cor-
tex, frontal ascending, and parietal ascending circumduction) [4,5]. The brain-bladder
circuit is illustrated in Figure 1.

Generally speaking, “urinary urgency” may be initiated by the “afferent noise” from
an unstable bladder, including firing pain C-fibers, stretching A3/C afferents, chemical
stimulating urothelium, and microcontraction of the detrusor. The afferent signals may
pass through the spinal cord and medulla to the cortex [8]. The forebrain influences vol-
untary control of the human micturition switch and maintenance of incontinence. The pre-
frontal cortex receives input from the bladder pertaining to the “viscerosensory system”
at the orbital prefrontal network, whereas the medial network serves as a “visceromotor
system” that relays major cortical output to the hypothalamus and periaqueduct gray in
the midbrain [5]. Then, the arc of the spinal cord/periaqueduct gray/pontine micturition
center plays a suppressive role in activity of the urethral sphincter and bladder detrusor
to maintain bladder control [5,8].

In the pathological conditions of upper motor neuron syndrome, nDO is a major cause
of UUL In lesions above the brain stem, the reflex arc of micturition is intact, whereas the
existence of DO may exaggerate the micturition reflex [3-5]. For instance, the lesions in the
basal ganglia (i.e., striatum, globus pallidus, substantia nigra, and subthalamic nucleus)
play an important role in the development of neurogenic OAB [5,9]. The net effect of basal
ganglia is inhibitory. The abnormal activation of putamen in functional neuroimaging has
been reported in PD patients with DO [10], as well as hypersensitive bladder in ketamine-
induced cystitis in a rat model [11].
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Figure 1. Brain-bladder circuit for micturition. The voiding switch is operated by the “viscerosen-
sory system” and “visceromotor system.” The viscerosensory system consists of the prefrontal lobe,
thalamus, insula, SMA, ACC, and other associated regions, and helps to manage afferent signals
from the lower urinary tract. The visceromotor system includes the hypothalamus and PAG in the
midbrain and mediates the efferent signals from PMC to the spinal cord. The lower urinary tract, in-
cluding the urinary bladder and its outlet, are controlled by the coordination of three neural systems.
The sympathetic system controls the detrusor (via 33 receptor) and bladder neck (via «1 receptor).
The somatic system works simultaneously with the sympathetic system and contributes to the ure-
thral closure through the cholinergic pathway. Activating the parasympathetic motor system results
in detrusor contraction via M, and M3 receptors. Lesions at the brain or brainstem, as in stroke and
Parkinson’s disease, interfere with the brain-bladder neural circuity, resulting in lower urinary tract
dysfunction. Abbreviation: ACC: anterior cingulate cortex; Ach, acetylcholine; &1, alpha-1 adren-
ergic receptor; 33, beta-3 adrenergic receptor; GABA, y-aminobutyric acid; IML, intermediolateral
cell column; L, lumbar; L-reg, L region (Pontine storage center); M2/M3, muscarinic acetylcholine re-
ceptor 2 and 3; NE, norepinephrine; Onuf, Onuf’s nucleus; PAG, periaqueductal grey; PMC, pontine
micturition center; S, sacral; SMA, supplementary motor area; SNC, substantia nigra pars compacta;
SPN, sacral parasympathetic nucleus; T, thoracic.

3. Bladder Dysfunction in PD Patients

The prevalence of PD is around 0.1-0.2% in the population at any given time [12]. PD
is a chronic, progressive, neurodegenerative disease characterized by the manifestation of
motor symptoms such as bradykinesia, static tremor, and rigidity. These symptoms are
caused by a loss of dopaminergic neurons in the substantia nigra. In addition, autonomic
dysfunction is a classic non-motor phenotype of PD, including gastrointestinal malfunc-
tion, cardiovascular dysregulation, urination disturbances, sexual dysfunction, thermoreg-
ulatory aberrance, and tear abnormalities [13]. LUTD, which may present with storage and
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emptying symptoms, is a common non-motor sequela of PD [14] and has been reported
to occur in 27-85% of PD patients during any stage of the disease [15]. In a recent meta-
analysis, Li et al. [16] reported that the most prevalent storage symptom in PD patients is
nocturia (59%), followed by frequency (52%), urgency (46%), and UUI (32%). One-third of
PD patients may experience OAB. The emptying symptoms of PD patients may manifest
as voiding difficulty, presenting symptoms of hesitancy, poor stream, and straining [15,16].
LUTS symptoms often occur five years after the onset of Parkinsonian motor symptoms [4].
Together these symptoms have substantial negative effects on patients” quality of life and
are a major cause of hospitalization and dependence upon caregivers.

Most bladder disorders in PD patients are caused by PD itself [17,18] and the occur-
rence of LUTS is associated with progression of motor symptoms and cognitive dysfunc-
tion [18,19]. OAB is the major issue of bladder dysfunction in patients with PD [4]. Com-
mon diseases that may cause bladder dysfunction, including urological cancer, stone dis-
ease, and urinary tract infections, must be ruled out. Questionnaires (e.g., OAB symptom
score and American Urological Association Symptom Index), bladder diary, uroflowmetry,
and post-void residual estimate are especially useful for the initial evaluation of bladder
function in patients with PD. Because the development of LUTS in PD patients may relate
to nigrostriatal dopaminergic degeneration [17,18], the first line of LUTS treatment for PD
patients is to provide levodopa or other dopaminergic drugs [9]. Although not addressing
LUTS directly, treatment with levodopa has been shown to improve the storage symptoms
in PD patients. The second line therapies may include antimuscarinic agents and 33 ag-
onists (i.e.,, mirabegron). However, the adverse effects (e.g., constipation and cognitive
impairment) of antimuscarinics remain of concern, particularly for oxybutynin [4,6,9]. In
addition, desmopressin (an analogue of arginine vasopressin) for nocturnal polyuria and
tamsulosin (an al-blocker) for symptoms of bladder outlet obstruction are suggested for
symptom relief in PD patients [4,9,14].

For some patients with PD who do not respond well to the initial treatment of LUTS,
urodynamic studies are required to differentiate the voiding dysfunction in detail, particu-
larly using pressure-flow and video-urodynamic studies [4,9,14]. For instance, the disease
of multiple system atrophy (MSA) is also a progressive neurodegenerative disorder with
glial cytoplasmic inclusion, which is possibly involved in cytoskeletal alterations and neu-
ronal degeneration [4]. Patients with MSA may have Parkinson-like motor symptoms and
similar symptoms of LUTS. However, those with MSA generally show little response to the
dopamine medications used to treat PD [4]. In a urodynamic investigation, Shin et al. [20]
reported that DO and associated UUI were dominant in PD patients. In contrast, MSA pa-
tients may have a lower maximal flow rate, decreased compliance, detrusor underactivity,
and an increase in post-void residual urine. In addition, Vurture et al. [21] suggested that
nDO is almost universal in PD patients complaining of OAB symptoms. However, blad-
der outlet obstruction, detrusor underactivity and increased post-void residual urine may
also be observed in PD patients [21,22]. Following proper evaluation of bladder dysfunc-
tion, third-line therapies can be applied to patients who discontinued pharmacotherapy
or in whom drug therapy has inadequate efficacy. However, the use of SNM and PTNS
may have some inherent limitations in PD patients, such as the more invasive procedure of
SNM or the need for frequent visits for receiving PTNS. Therefore, intradetrusor injection
of BONT-A may offer the advantages of long-term efficacy, appropriate cost, and a less
invasive procedure.

4, UI in Post-Stroke Patients

With the increasing growth and aging of populations, it is expected that stroke events,
their long-term sequelae, and the corresponding costs will increase dramatically [23,24].
Stroke is a leading cause of adult disability. Increases are estimated to be 1.1 million and
2 million new cases annually in Europe [23] and China [24]. Using stroke survivors as an
indication of prevalent stroke cases, Wang et al. [25] reported that 1.5% of adult residents
of China experienced stroke. Among stroke types, ischemic stroke constituted 77.8%, in-
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tracerebral hemorrhage 15.8%, and subarachnoid hemorrhage 4.4%. A large spectrum of
post-stroke LUTS is also documented, varying from Ul to urinary retention [26]. In the im-
mediate post-stroke phase, device-based management of incontinence, such as indwelled
catheters or urinary pads, is most common. Ul affects around half of stroke survivors in
the acute phase. After the acute period, OAB symptoms are the dominant LUTS symptoms
in post-stroke patients. Akkog et al. [27] reported that two-thirds of post-stroke patients
presented with urgency at six-months follow-up. In post-stroke patients, UUI causes em-
barrassment and distress, adding to the disability and helplessness caused by neurological
deficits. Therefore, clinicians need to develop formal plans to guide UI practice, and sub-
sequently use individualized management strategies to improve patients” outcomes.

The exact mechanism of UT after a stroke is still unclear, but it may be a sign of pa-
tients” poor prognosis in later life. Researchers suggest that Ul presenting at 30 days after
a stroke may increase the risk of one-year mortality of continent stroke survivors by four
times [28]. Post-stroke UI was also associated with a negative functional outcome [29].
Hemorrhage stroke, chronic cough, aphasia, cognitive impairments, upper limb dysfunc-
tion, and fecal impaction were predictors of post-stroke UI [30,31]. However, the lesion
sites of stroke seem not to correlate with patients” urodynamic presentations [32]. At one
month after stroke, Pizzi et al. [33] reported that 30% of patients with Ul may present with
normal functional bladder, and 48% will present with nDO; DO with impaired contractil-
ity is reported in 6%, and detrusor underactivity in 6%. Nevertheless, nDO is the most
prevalent urodynamic finding and the major cause of UUI in post-stroke patients. In addi-
tion, around 10% of stroke patients may have sphincter pseudodyssynergia after stroke [5].
Therefore, urodynamic studies are necessary in the management of difficult cases of post-
stroke UUL

After the recovery period, post-stroke patients may still exhibit bladder dysfunction
and UUI Behavior therapies are the first-line treatment of such patients with OAB, includ-
ing bladder training and fluid management [5]. Second-line therapies include antimus-
carinics and 33 agonists. Intradetrusor BONT-A injection may be the choice for third-line
therapy for more difficult patients in order to avoid the adverse effects of medication, as
well as to reach long-term efficacy and improve patients” quality of life.

5. Application of BONT-A in LUTD

The use of BoNT-A for LUTD was first described by Dykstra et al. [34] in 1988 for
the treatment of patients with detrusor external sphincter dyssynergia. Following the suc-
cessful demonstration of BONT-A efficacy and safety, clinical trials were conducted for
treating voiding dysfunction, especially for neurogenic DO in spinal cord injury and mul-
tiple sclerosis [2]. Generally, BoNT is classified into seven distinct neurotoxins (i.e., types
A-G) that inhibit acetylcholine release at the presynaptic cholinergic neuromuscular junc-
tion to paralyze muscles [35]. Although little to no evidence supported the effects of other
types, clinicians concentrated on the use of BONT-A, including onaBoNT-A (Botox®, Aller-
gan, Westport County Mayo, Ireland) and aboBoNT-A (Dysport®, Ipsen Ltd., Boulogne-
Billancourt, France) to manage LUTD. On the other hand, serving as a powerful muscle
relaxant, BONT-A is widely used in treating the sequelae of Parkinsonism [36] and post-
stroke muscle spasticity [37]. Particularly, the use of BONT-A in urological dysfunctions
of patients suffering from PD has been summarized [38].

5.1. Structure and Function of BONT-A

BoNT-A is a synthesized inactive protein with a 50 kDa light chain and a 100 kDa
heavy chain linked by disulfide and noncovalent bonds [39]. The major cell surface re-
ceptor of BONT-A is synaptic vesicle protein-2 (SV2). The heavy chain binds to SV2 on the
surface of the nerve ending. BoONT-A is cleaved to leave the light chain as its true active moi-
ety due to endocytic internalization of the toxin within the nerve terminal. Then, the light
chain of BoNT-A cleaves synaptosome-associated protein 25 (SNAP-25), a protein essen-
tial to the binding of synaptic vesicles to the cell membrane, to prevent neurotransmitter-
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containing vesicles” exocytosis at the nerve terminal (Figure 2). SV2-immunoreactive and
SNAP-25-immuoreactive nerve fibers may be distributed within the suburothelium and
muscle layer in the human bladder [39].
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Figure 2. Simplified mechanisms of BoNT-A to paralyze the detrusor muscle. In physiology,
synaptic vesicles interact with SNAP to release acetylcholine at the nerve terminals. However, via
binding with SV2, the BONT-A is endocytosed to cleave the SNAP-25 by its light chain and pre-
vent the release of acetylcholine. Abbreviation: BONT-A, botulinum toxin A; SNAP, synaptosomal-
associated protein; SV2, synaptic vesicle associated protein-2.

5.2. Biological Effects

BoNT-A may have motor effects, sensory effects, and anti-inflammatory effects that
will improve LUTD by inducing chemical denervation. BoNT-A can temporarily inacti-
vate cholinergic transmission at the neuromuscular junction in both bladder detrusor and
sphincter muscle [40]. In the bladder, BONT-A may play a complex role in micturition re-
flex. For the sympathetic system, BONT-A can inhibit the release of vesicular adrenaline
and inactivate the x-adrenoceptors and (33-adrenoceptors, and theoretically facilitate the
excretion of urine. In fact, BONT-A injection mainly inhibits the parasympathetic system
of the bladder by inactivation of the M2 and M3 muscarinic receptors and subsequently
ameliorates the urinary storage [39]. The intradetrusor injection of BONT-A has analgesic
properties through retrograde axonal transport to decrease P2X3 and TRPV1 expression
in the suburothelial C-fibers of the human bladder [41]. Moreover, BONT-A accumulates
in the urothelium layer to inhibit ATP release [42]. The duration of BONT-A effects on
sensory bladder disorders is typically 6-9 months [39]. In rat models, BONT-A showed its
ability to inhibit the release of calcitonin gene-related peptide and substance P from affer-
ent nerve terminals, suggesting a potential role of BONT-A as a treatment for neurogenic
inflammation occurring in patients with nDO [43,44].

6. Urological Injection Techniques of BONT-A
6.1. Dosage

Differences in dosing are shown for each condition and in brand models by different
urological studies. The only FDA-approved doses for OnaBoNT-A BOTOX® are 100 U for
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idiopathic OAB and 200 U for nDO treatments [45]. However, this has not limited ongoing
research on dosage (e.g., 300 and 500 U) and effects of aboBoNT-A (Dysport®) or in off-
labeled use. The units between BOTOX® and Dysport® preparations are not the same
nor are they interchangeable. In general, 1 U of BOTOX® is equivalent approximately to
3 U Dysport® [46]. Moreover, dilution of the toxin, the amount of liquid injected, and the
number of injection sites have varied between studies and in clinical use.

6.2. The Technique in Bladder Injection

The BoNT-A solution can be injected directly into the detrusor muscle, submucosal
space, and trigone [47] (Figure 3). During the injection of BONT-A, a thin layer of bladder
wall may simultaneously receive and contain the BONT-A in the area of the detrusor and
submucosal area. The trigone in the bladder base contains rich sensory fibers, which may
have a role in eliciting urgency and DO. Clinically, the injection of BONT-A into the trigone
area could itself fulfill OAB treatment without inducing vesicoureteral reflux [48,49].

8 B L B
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Figure 3. Regular BoNT-A injection of the bladder. (A) Usually, urologists mapped twenty injec-
tion sites over the bladder. (B) Intradetrusor method: BoNT-A solution was injected directly into the
trabeculation or detrusor muscle of the bladder. (C) Submucosal method: Using a needle to inject
and retain solution in the submucosal layer, a balloon formation was observed in the bladder after
direct injection of the BONT-A solution.

Usually, we prepare 100 U of BOTOX® into 10 mL with dilution by normal saline. This
volume is delivered to between 10 and 20 different sites of the bladder, which is typically
kept at a capacity of 150-200 mL. A submucosal injection can be performed by inserting a
needle into the submucosal area and observing a balloon formation in the bladder. A rigid
or flexible cystoscope is able to deliver BONT-A solution under general or local anesthe-
sia [39,47,50].

6.3. The Technique in Urethral Sphincter Injection

For injection of BoONT-A into the external sphincter of the urethra, a bottle of 100 U of
BOTOX® is reconstituted to 4 mL with normal saline. At the 3, 6, 9, and 12 o’clock posi-
tions (Figure 4), 1 mL of BONT-A solution in 25 U/mL was injected into the sphincter four
times [51]. The cystoscope is a suitable instrument by which to perform the urethral injec-
tion in both sexes. Nevertheless, some doctors would like to inject the BONT-A solution
along the female urethra using a 23 G 1-mL syringe at the 3, 6, 9, and 12 o’clock areas of the
meatus side. The BONT-A solution can be injected in men at the circumferential sites of the
urethral sphincter. For an extensive treatment of sphincter dysfunction, some may choose
to inject the divided dosage of BONT-A into the trigone, superficial prostate urethra, and
external sphincter (Figure 4C) [52].
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Figure 4. BoNT-A injection for relaxation of the urethra. (A) For female patients, it is convenient
to use a 23 G 1-mL syringe and inject BONT-A solution along the urethra at the 3, 6, 9, and 12 o’clock
positions from the meatus side. (B) For male patients, cystoscopic injection of BONT-A solution at the
3, 6,9, and 12-0’clock areas of the external sphincter is common in routine urology practice. (C) For
an extensive treatment for sphincter dysfunction, the divided dosage of BONT-A may be injected
into the trigone, superficial prostate urethra, and external sphincter for patients unresponsive to the
regular injection [52].

7. Clinical Efficacy of BONT-A Treatment in PD

At present, intradetrusor injection using 100 U onaBoNT-A is a rational choice for
treating bladder dysfunction of PD, which has proven to be a safe and effective procedure
for the treatment of nDO, particularly for patients with inadequate response to antimus-
carinic medications [14]. In 2009, Giannantoni et al. [53] reported four patients with PD
and two patients with MSA, who received 200 U BoNT-A intradetrusor injection in 20 sites
under cystoscopic guidance. The authors showed that BONT-A injection was an effective
and safe treatment for PD-related OAB symptoms and DO. Only one patient with MSA
required intermittent catheterization because of an increase in post-void residual urine. In
the following study by the same research team [54], 100 U BoNT-A intradetrusor injec-
tion was administered to manage eight patients with PD who were refractory to antimus-
carinics. The clinical and urodynamic improvements in OAB symptoms of these PD pa-
tients lasted for at least 6 months. In 2010, Kulaksizoglu and Parman [55] reported positive
results in 16 PD patients by using the flexible cystoscopic injection of 500 IU aboBoNT-A
at 30 sites (trigone spared), including the improvement of urinary symptoms and inconti-
nence and the relief of caregivers’ burden through nine months of observation.

In another comprehensive study, Anderson et al. [56] treated 20 clinic patients with PD
with incontinence using 100 U onaBONT-A injection of the bladder under local anesthesia.
The authors used a flexible cystoscopic instrument to disperse the solution of onaBONT-A
(10 U/mL) into 10-20 submucosal/detrusor sites of the bladder, including the trigone. Re-
sults of that study showed that intradetrusor injection of BONT-A can be safely utilized
in male patients with PD who also have benign prostatic hypertrophy. Moreover, Vur-
ture et al. [57] reported that the success rate was approximately 80% in the intradetrusor
injection of onaBoNT-A 100 U for DO-driven storage symptoms of PD patients. Addition-
ally, a repeat injection can increase the success rate to 87.5%. The rate of urinary reten-
tion requiring clean intermittent catheterization was 12.5%. In 2021, Atamian et al. [58]
reported their treatment results of intradetrusor BONT-A injection in 16 PD patients with
UUIL Among these patients, 60% achieved improvement and 28% needed intermittent self-
catheterization.

Urethral sphincter dysfunction may be an issue of voiding dysfunction in PD patients,
including pseudodyssynergia or delay in striated sphincter relaxation [3]. Despite the ra-
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tionale and success of chemical sphincterotomy in the first BONT-A sphincter injection for
detrusor sphincter dyssynergia in a patient with spinal cord injury [34], this procedure has
yet to be widely utilized among patients with spinal cord injury. Regardless of whether in-
jections are performed transperineally or transurethrally, previous studies have confirmed
treatment efficacy [2]. About 50% of patients can achieve successful treatment with a de-
crease in urinary tract infections, nDO, and post-void residual urine [59]. However, nearly
half of such cases developed UI and persistent incomplete bladder emptying, limiting the
utility of urethral injection of BONT-A [60,61]. Jiang et al. [62] reported that 100 U onaBoNT-
A urethral sphincter injection is suitable to treat urethral sphincter hyperactivity, including
in PD patients. The authors reported that two of three PD patients experienced satisfactory
outcomes. Clearly, the BONT-A urethral sphincter injection of PD does need some refine-
ment, in light of the previous studies [60-62]. For example, a videourodynamic study may
aid in the accurate diagnosis of dysfunctional voiding patterns in PD patients. Lee et al. [63]
suggested that patients who were found to have a tight bladder neck during the videouro-
dynamic study had less favorable therapeutic outcomes from BoNT-A urethral injections.

8. Clinical Role of BoNT-A Treatment in Post-Stroke

The ability to urinate independently is an important issue associated with human
dignity [64]. Direct stroke-induced damage to the neuromicturition pathway causes in-
voluntary leakage of urine accompanied by urgency in 40% to 60% of people admitted
to hospital after a stroke [64]. First-line behavioral therapy may increase independent
voiding behavior to control LUTS [64,65]. Second-line therapies of antimuscarinics and
mirabegron also may improve OAB symptoms and not affect cognitive function during
short-term observation [64,66]. However, post-stroke incontinence may last for a long time
and not recover spontaneously. Third-line therapies may have a role in treating post-stroke
incontinence. Evidence has shown that PTNS has little or no difference in the continence
of participants after treatment [64]. SNM requires a surgical procedure with implanta-
tion of the InterStim® device for bladder and bowel control (Medtronic, Minneapolis, MN,
USA), providing continuous stimulation through close nerve contact. Despite a high suc-
cess rate in treatment, SNM may have adverse effects such as pain (15-42%) and infection
(3.4-6.1%) at the implant site. Moreover, the surgical revision rate of SNM may be as high
as 33% [67,68].

Theoretically, BONT-A injection in the lower urinary tract may be a third-line adjuvant
therapy for post-stroke incontinence. However, only a few studies have demonstrated suc-
cessful outcomes of BONT-A treatment in these patients. In 2006, Kuo [69] reported that 12
post-stroke patients with nDO received bladder submucosal injection of 200 U onaBoNT-A,
in which only 50% of participants benefited from improvement of incontinence. Another
25% of patients developed transient urinary retention in the first postoperative week. The
therapeutic effect declined gradually after 3 months and symptoms relapsed at month 6.
In 2014, Jiang et al. [70] reported their experience in treating post-stroke bladder dysfunc-
tion by using 100 U onaBoNT-A intradetrusor injection, in which 17.4% of post-stroke pa-
tients developed acute urinary retention. Additionally, the therapeutic duration of these
post-stroke patients is similar to those of control patients with OAB. Results of that study
suggest that using 100 U onaBoNT-A intradetrusor injection for post-stroke patients is a
rational dosage to reach a proper therapeutic effect and to avoid adverse effects. For treat-
ing pseudodyssynergia of post-stroke patients with difficult urination, Chen and Kuo [71]
applied 100 U onaBoNT-A to external sphincter injections in 12 patients, of whom, 91%
resumed spontaneous voiding.

Asillustrated in Table 1, sufficient evidence has shown the beneficial effects of intrade-
trusor injection of BONT-A in treating the UUI of PD patients. In contrast to the guidelines
of PD treatment [14], urological BONT-A injection for post-stroke patients remains an ex-
perimental entity in clinical practice. Further selection of suitable patients and refinements
of technique may help to promote the usage of BONT-A injection in treating voiding dys-
function in post-stroke patients.
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Abstract: Purpose: A significant proportion of men without bladder outlet obstruction (BOO) have
been reported to have overactive bladders (OAB). This article aimed to review the specific group of
reports on the use of botulinum toxin type A (BTX-A) injections into the bladder wall. Materials and
methods: Original articles reporting men with small prostates without BOO were identified through
a literature search using the PubMed and EMBASE databases. Finally, we included 18 articles that
reviewed the efficacy and adverse effects of BTX-A injections in men. Results: Of the 18 articles
screened, 13 demonstrated the therapeutic efficacy and adverse effects of BTX-A injections in men.
Three studies compared BTX-A injection response between patients without prior prostate surgery
and those undergoing prior prostate surgery, including transurethral resection of the prostate and
radical prostatectomy (RP). Patients with prior RP experienced better efficacy and had a low risk of
side effects. Two studies focused on patients who had undergone prior surgery for stress urinary
incontinence, including male sling and artificial urethral sphincter surgery. The BTX-A injection was
a safe and effective procedure for this specific group. OAB in men was found to have a different
pathophysiology mechanism from that in female patients, which may decrease the efficacy of BTX-A
injection in men. However, patients with small prostates and low prostate-specific antigen levels
demonstrated better efficacy and tolerability after BTX-A injection. Conclusions: Although intravesi-
cal injection of BTX-A was a good option for controlling refractory OAB in men, the evidence-based
guidelines are still limited. Further research is necessary to better understand the role of BTX-A
injections on various aspects and histories. Therefore, treating patients using strategies tailored to
their individual conditions is important.

Keywords: botulinum toxin; overactive bladder; men

Key Contribution: In men with small prostates and overactive bladder syndrome, intravesical
injection of BTX-A had a similar efficacy compared with female patients. BTX-A injection is also
feasible without severe adverse effects in men who ever received prostate surgery or stress urinary
incontinence surgery.

1. Introduction

Lower urinary tract symptoms (LUTS) are common in male patients with bladder
outlet obstruction (BOO) [1]. Subsequent detrusor physiological alterations, including
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hypertrophy, denervation caused by ischemia, and changes in neuronal mechanisms re-
sulting from obstruction may lead to overactive bladder (OAB) [2]. OAB is a bothersome
condition defined as a symptom complex of urinary urgency. Usually, it is accompanied by
frequent urination, nocturia, and urinary incontinence. The prevalence of OAB in men has
been reported to be approximately 26-33% in the United States, which increases with age,
such that 73.9% of men over 60 years report urinary storage symptoms [3,4]. In the EPIC
study, 10.8% of the male population were shown to have OAB [5]. However, a significant
proportion of male individuals had OAB symptoms even without obstruction. In a total of
128 young men who underwent a urodynamic study (UDS) by Manohar et al., 18% had
OAB without BOO [6].

Intervention for OAB in male patients is similar to that in female patients, usually
beginning with behavioral treatment and medication management, including antimus-
carinic agents and 33 agonists. However, in patients with persistent OAB symptoms
despite conservative and medication treatment, defined as refractory OAB, more ag-
gressive and invasive interventions are required, including intravesical injection of
onabotulinum toxin A (BTX-A). BTX-A injections were approved by the US Food and
Drug Administration for treatment in patients with non-neurogenic OAB in 2013 [7].
Most previous studies have evaluated the efficacy and adverse effects of BTX-A injections
in female patients. However, there is a paucity of data on male patients with OAB. In a
study by Rahnama’l et al., the success rate of intravesical BTX-A injection in men was
21%, with a mean follow-up of approximately 69 months. The most common reasons for
discontinuing BTX-A injections were insufficient efficacy and side effects [8]. A recent
systematic review that discussed BTX-A injections in men with OAB concluded that
BTX-A injections could induce therapeutic response and have an impact on urodynamic
parameters. Although the review article enrolled <1000 men, the available evidence was
heterogeneous and limited [9].

The pathophysiology of OAB with or without BOO may differ. This review focuses on
BTX-A injections in men with a small prostate size or history of prostate surgery. Studying
the effect of BTX-A in this subgroup of patients would help clinicians better understand the
response and adverse effects, and whether patients with small prostates were more likely
to respond favorably to BTX-A injection compared to those with obstructed urethra due to
large prostates.

2. Evidence Acquisition

A literature search of PubMed and EMBASE databases was conducted in October
2022, screening all topics on intravesical BTX-A injection in male patients without BOO
who had refractory OAB after medication treatment. The search strategy included the
following keywords/mesh terms: “Botox injection” and “overactive bladder”. The searches
were pooled with the limitations of men and language (English). Thereafter, animal model
studies and review articles were excluded. Children and patients with neurogenic bladder
were excluded from the study. Congress abstracts and book chapters were not considered
for discussion in this review article.

After removing duplicates, we screened titles and abstracts to select appropriate
studies and exclude unrelated articles. Initially, 99 related original articles retrieved from
PubMed and EMBASE were included. Additionally, full-text articles were further assessed.
Many studies have included both sexes but have not evaluated them separately. To focus
on the male population, we only used studies in which data could be identified as results
from men without BOO. We finally included 18 articles for our narrative review. Most of
the articles were retrospective, single-center studies. A flowchart of this process is shown
in Figure 1.
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Figure 1. Flowchart of included articles for review.

3. Therapeutic Effectiveness and Adverse Events after BTX-A Injection

BTX-A intravesical injection focusing on male patients without BOO is presented
in Table 1.

Regarding the mechanism underlying BTX-A, it inhibits signal transmission at the
neuromuscular junction by inhibiting acetylcholine release, which interferes with the bind-
ing of neurotransmitters to postsynaptic receptors. Wang et al. [10], in Taiwan, reported a
post-marketing survey of intradetrusor BTX-A injections in patients with OAB, including
62 male individuals. There was a significant improvement in OAB symptoms according
to the Patient Perception of Bladder Condition and OAB Symptom Score questionnaires
at 4 and 12 weeks after intervention compared with baseline. In terms of adverse events,
although increased post-voiding residual urine (PVR) was found at 4 and 12 weeks, the PVR
at 12 weeks declined compared with that at 4 weeks. Moreover, there were no patients with
de novo acute urine retention (AUR). The incidence of urinary tract infection (UTI) was low
(4.6%). Acceptance of BTX-A injections among patients was high owing to its acceptable
efficacy and safety. BTX-A has been shown to be effective in patients with and without
urinary incontinence. Grishin et al. [11] divided enrolled patients, including men and
women, into OAB without imperative urinary incontinence (Group 1) and OAB with imper-
ative urinary incontinence (Group 2). After 200 units of BTX-A injection, a decrease in the
number of urinary incontinence episodes by 1.59 times (p < 0.05) in Group 1 and 2.75 times
(p < 0.05) in Group 2 was found. The quality of life (QoL) also improved according to
the SF-36.

The pathophysiology of OAB has been suggested to differ between men with and
without BOO. Regarding antimuscarinic treatment, previous research demonstrated that
patients with OAB with smaller prostates might benefit from antimuscarinic agents alone
without adding o-adrenergic agents to relieve OAB symptoms. Men with OAB due to
primary bladder conditions may respond well to antimuscarinic therapy alone [12]. A
positive correlation between prostate-specific antigen (PSA) levels and prostate size was
confirmed before high PSA levels could be translated to a large prostate volume [13].
Similarly, Roehrborn et al. demonstrated that among patients with PSA level < 1.3 ng/mL,
tolterodine ER alone significantly improved the frequency and International Prostate
Symptom Score storage scores compared with placebo [14]. Theoretically, patients with
OAB with a small prostate size would likely benefit from intravesical BTX-A injections. In a
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phase III randomized controlled phase (RCT) study, Yokoyama et al. [15] compared BTX-A
injection and placebo groups, dividing participants into lower PSA levels (<1.5 ng/mL)
and higher PSA levels (>1.5 ng/mL). The cut-off value was according to previous research
in which PSA > 1.5 ng/mL could be considered an enlarged prostate (>30 mL) [16]. BTX-A
injection was effective, with tolerable adverse effects in patients with lower PSA levels.
Urinary incontinence episodes showed a greater decline compared with the placebo in
patients with small prostates. However, no significant improvement in OAB symptoms was
observed in the subgroup with higher PSA levels. The risk of urine retention in patients
with lower PSA levels was low, owing to a small elevated PVR.

Men with higher PSA levels were considered to have larger prostate volume, which
might worsen OAB symptoms due to BOO [17]. Abrar et al. [18] demonstrated that male
sex was a significant predictor of poor response in patients with LUTS and associated
with a higher risk of clean intermittent self-catheterization (CISC) after BTX-A injection
compared with female sex. Although men with BOO were excluded from this study,
prostate enlargement may still be a possible reason why OAB symptoms might partially
result from voiding resistance. However, the treatment response rate in men was 62% in
a study conducted by Mateu Arrom et al. [19], which showed that the efficacy of BTX-
A injection was similar to that in the female population. Based on urodynamic results,
in terms of objective outcome evaluation, decreased detrusor pressure, maximum flow
rate, and impaired voiding efficiency were observed 3 months after injection. In this study,
13% of the patients required CISC, which may be slightly higher than that in female patients.
Although male patients without BOO may experience similar benefits to those in the female
population after receiving Botox injections, the extent of prostate urethral resistance is still
the main reason for the worsening efficacy, with a higher risk of complications. The authors
observed that the BOO index (BOOI) was related to the BTX-A injection response and
development of complications after treatment. Careful evaluation of BOOI before BTX-A
intervention may be useful for predicting efficacy and adverse effects. Since only 30-50% of
patients with OAB could have detrusor overactivity (DO) [20], Kanagarajah et al. [21]
included only patients with OAB without DO. Both sexes showed similar improvements in
the urogenital distress inventory-6 questionnaire and visual analog scale scores at week
12 post-injection. A study by Walker et al. [22] indicated that some men developed de
novo CISC after receiving a BTX-A injection, even with BOOI < 20. However, according
to the results of a questionnaire in a real-life clinical setting in men, BTX-A injection
could objectively improve QoL. Patients with good detrusor function in terms of bladder
contractility index value > 150 were less likely to require de novo CISC.

Table 1. Therapeutic effectiveness and adverse events after BTX-A injection.

. Population . . Follow-Up
Study Design Number of Men Dose/Units Technique Comparator Outcomes Schedule
Wane et al Pr " 62 men Injection into Improving PPBC 1 week
[ﬁﬁ : }? s&et:t;\ée Treatment-naive 100 units the detrusor at NA and OABSS at 4 weeks
conort study to Botox injection 10 points 4 and 12 weeks 12 weeks
62 men Injection into Greater decrease 2 weeks
Yokoyama RCT, phase I1I Patients with 100 units the detrusor at BTX-A vs. in UI eplsodes in 6 weeks
etal. [15] BOO were 20 points Placebo men with lower 12 weeks
excluded P PSA levels
Men had
. . Worse responses
Abrar M Retrospective 24 men 1.0 ‘um-ts/mAL/ NA NA and required 4-6 weeks
etal. [18] cohort study injection site CISC more
than women
Mateu Retrospective 20 points Pretreatment 62% response
Arrom L cohortp stud 146 men 100 units excluding the vs. ° rats 3 months
etal. [19] y trigone posttreatment
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Table 1. Cont.

. Population . . Follow-Up
Study Design Number of Men Dose/Units Technique Comparator Outcomes Schedule
Baseline D6 both genders
showed
. . and VAS score . .
Kanagarajah Prospective 5 men 100 or 10 points vs. postiniec- improvements in 12 weeks
Petal. [21] cohort study 150 units p Vs P ) UDI-6 and VAS
tion UDI-6 and X .
VAS score score in patients
without DOA
Retrospective Initial 200 —
Faure Walker comparative 65 men start at 10-20 points Men vs. Improving QoL 4-12 weeks
NA etal. [22] . women
study 100 units
20 point Male gender
Hsiao SM Retrospective . points Men vs. was associated
46 men 100 units excluding the . 6 months
etal. [23] cohort study . women with worse thera-
trigone . ¥
peutic efficacy
Men had shorter
Hsiao SM Retrospective 20 points persistent
. P! 148 men 100 units excluding the NA PVR > 150 mL 6 months
etal. [24] cohort study . .
trigone intervals than
women
. Men had more
. . 20-40 points
Jiang YH Retrospective . H AUR vs. large AUR
etal. [25] cohort study 148 men 100 units exch{dmg the PVR vs. UTI postinjection 6 months
trigone
than women
20 points Men had more
Kuo HC Prospective 112 men 100-200 units including the NA AUR . 12 months
etal. [26] cohort study . postinjection
trigone
than women
Frail elderly Men did not
40 points vs. elderly have an
Liao CH Retrospective 93 men 100 units excluding the without frailty increased risk of 12 months
etal. [27] cohort study . vs. people
trigone PVR greater than
younger than 150 mL
65 years
Gender was not
Osborn DJ Retrospective 100 or 200 No retention associated with
etal. [28] cohort study 38 men units NA vs. retention postoperative 40 weeks
urinary retention
Lack of
. 20 points Lack of efficacy anticholinergic
Makovey I Retrospective 17 men 150-200 units including the vs. intolerable  efficacy had less 11 months
etal. [29] cohort study . . .
trigone side effects success in Botox
injections

NA: Not available.

Hsiao et al. [23] evaluated the factors affecting therapeutic efficacy after BTX-A injec-
tion. They found that symptoms could improve six months after injection in both sexes.
However, male sex was associated with worse therapeutic efficacy compared with female
sex. The success rate was 63.8% (male and female). In a further study by the same research
group [24], they assessed if the urodynamic factors could predict large PVR urine volume
after BTX-A injection. A total of 44% of male patients experienced large PVR (>200 mL)
during follow-up. Daytime frequency episodes and voiding efficiency were significant
predictors of a large PVR. They discovered that sex was not one of the causative factors, and
both sexes may have induced large PVR during the 6-month follow-up period. However,
male patients showed a shorter persistent PVR (>150 mL) interval than did women in terms
of faster recovery from a large PVR.

The adverse effects of BTX-A injections were discussed in a study by Jiang et al. [25].
Male patients (14.2%) experienced AUR and 28.4% had large PVR (>200 mL) in one
month. The initial greater increase in PVR in male patients than in female ones was not
significant after one month. UTIs developed in 8.8% of male patients. The incidence of AUR
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was significantly higher in male patients than in female ones. However, female patients
had a higher incidence of UTI compared with male patients. Similarly, Kuo et al. [26]
revealed that male patients had a higher risk of AUR after BTX-A injection using both
univariate and multivariate analyses and a higher incidence of UTI adverse events than
female patients. When selecting male patients with OAB to receive BTX-A injections, even
without BOO, the possibility of AUR should be considered. However, the success rate in
male patients was 67%, which was not significantly different from that in female patients
(66%). Specifically, male patients with a history of prior transurethral resection of the
prostate (TURP) had a higher success rate (74%) compared with no TURP history cohort,
without a statistically significant difference. Male patients without TURP history had higher
incidence of hematuria and UTI, which may have resulted from prostate-related adverse
effects. According to baseline UDS variables, detrusor pressure during voiding was not
related to adverse event occurrence after BTX-A injection in male patients. In contrast,
Liao et al. [27] evaluated the impact of BTX-A injections on refractory idiopathic detrusor
overactivity. They found that the success rate at 12 months in frail older patients was lower
than that in older patients without frailty and younger patients (6.82%, 22.3%, and 23.1%,
respectively). Sex was not a factor inducing a higher risk of PVR > 150 mL. However, frail
older patients were at greater risk for a large PVR and a higher chance of requiring an
indwelling catheter or CISC. Similarly, in a study by Osborn et al. [28], male patients did not
have an increased risk of urinary retention after BTX-A injections. Postoperative urinary
retention was defined as the requirement for a CISC or indwelling catheter. Therefore, the
threshold postoperative PVR urine volume to initiate CISC could determine postoperative
urinary retention rate.

Patients with refractory OAB required additional BTX-A injections for two reasons.
One reason was the lack of medication efficacy. The other reason was the intolerable adverse
effects of anticholinergic agents. Makovey et al. [29] reported that more men had a history
of anticholinergic medication efficacy than of intolerable side effects. They further indicated
that BTX-A injection had a higher success rate in patients with refractory idiopathic OAB
due to anticholinergic intolerability than in those with poor medication efficacy.

4. The Impact of Injection Site, Dosage, and Numbers of BTX-A

Previous studies have assessed whether the injection site can affect the efficacy and
adverse effects of BTX-A injections. The current guidelines recommend that BTX-A should
not be injected over the trigone area, based on the results of early research that exhibited
a potential risk of development of vesicoureteral reflux after trigone area injections [30].
However, further evidence did not support this risk. El-Hefnawy et al. [31] compared
trigonal-sparing versus trigonal-involved BTX-A injections and found that improvement
in all components of OAB symptoms occurred at both sites. Additionally, the response
reached maximum efficacy in the third month. Significant improvements in episodes of
urge incontinence and urinary frequency were observed in the trigonal-sparing group
at six months. In contrast, higher UTI incidence rate and detrusor leak point pressure
were found in the trigonal-involved injection group. The abundance of sensory fibers
in the trigonal area, which is considered to play a role in bladder urgency sensation, is
assumed to induce a better response after BTX-A injection. Kuo et al. [32] demonstrated
that intravesical BTX-A injection was an effective treatment, regardless of the injection site.
In addition, detrusor and suburothelial injection techniques showed similar efficacies in
idiopathic detrusor overactivity (IDO). Various physiological mechanisms are related to
urinary function within the suburothelial space, including sensory and solute transport.
The effect of BTX-A injection generally diffuses from the detrusor muscle and suburothelial
space [33]. The function of detrusor injection may be due to an effect on acetylcholine
release in the neuromuscular junction. In contrast, suburothelial injection might affect the
sensory receptor, which further mediates detrusor contractions. When performing BTX-A
injections over the detrusor muscle, one should be cautious as BTX-A may be lost outside
the bladder if the needle passes over the bladder wall. Suburothelial injection can retain
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BTX-A within the suburothelium and it is easier to visualize the mucosal swelling, which
has more precise toxin localization, if the injection site is appropriate.

Regarding idiopathic OAB, 100 units of intravesical BTX-A is recommended. Ab-
delwahab et al. [34] compared between 100- and 200-unit BTX-A intradetrusor injections.
They revealed that the efficacy was similar regardless of the BTX-A dosage, and a higher
incidence of adverse effects occurred in patients receiving 200 units of BTX-A after nine
months of follow-up. Therefore, an injection of 100 units could be sufficient to achieve
satisfactory outcomes in patients with idiopathic OAB with or without IDO [35]. In addition
to the dosage of BTX-A, the number of injection sites did not affect treatment outcomes. A
prospective randomized study compared patients receiving different numbers of intravesi-
cal 100-unit BTX-A injections in 10 mL (10, 20, and 40) into the bladder body. It has been
demonstrated that 10 sites were adequate to achieve equal therapeutic effects to 20 and
40 sites [36]. The number of injections was less relevant by spreading the BTX-A solution
across the suburothelial space. BTX-A injection is performed as an office-based procedure
under local anesthesia. Therefore, a small number of injection sites might reduce adverse
effects and uncomfortable experiences due to injection, such as bladder pain, hematuria,
and possible UTI [36].

Repeated injections of BTX-A were as efficacious as the first injection, without resis-
tance. The results showed improvements in OAB symptoms, urodynamic parameters, and
QoL. The most common reason for dropping out was poor response or dislike of CISC. The
interval between different injections was approximately 9-10 months. Additional evidence
would eliminate the fear of toxin accumulation with repeated injections [37,38].

5. BTX-A Injection after Deobstructive Prostate Surgery

Intravesical BTX-A injection is a treatment option for relieving obstruction in men
with persistent OAB after prostate surgery. However, studies involving male patients are
limited. From a histopathological perspective, persistent DO following TURP may result
from the increased resistance of bladder vessels and decreased perfusion [39]. Whether the
histopathology differs between men who have undergone prostate surgery and those who
have not remains unclear.

Habashy et al. [40] enrolled male patients who underwent prior prostate surgery,
including radical prostatectomy (RP) and TURP, without undergoing surgery. Comparing
prostate surgery with no surgery groups showed significant improvement in pad usage
after BTX-A injection. However, there was no significant difference between the two groups
in Patient Global Impression of Improvement (PGI-I) scores. In the subgroup analysis of
patients who underwent prostate surgery, the RP group showed greater improvements in
pad usage and PGI-I scores than did the TURP group. The reason for the different BTX-A
injection efficacies is unclear. It is suggested that the TURP group had more severe detrusor
dysfunction due to BOO, while the RP group had a relatively higher degree of sphincteric
deficiency, which is the main reason for incontinence.

The long-term efficacy of BTX-A injections was demonstrated by Bels et al. [41] in
subgroups based on prior prostate surgery. The discontinuation rate was 70.8% during the
23-month median follow-up. TURP, RP, and no-prior-prostate-surgery subgroups after BTX-
A injection were compared. The results showed a higher incidence rate of necessary CISC
and larger PVR volume in the no-prior-prostate-surgery subgroup than in the prior TURP
or RP subgroups. The reason that patients without prior prostate surgery had a higher risk
of adverse effects may be that BOO was more prominent in the subgroup without prior
prostate surgery (50% of the enrolled patients). The RP subgroup had the lowest CISC
rates in terms of a lower discontinuation rate with more tolerable BTX-A injections. This
highlights the importance of evaluating the degree of obstruction and prostate size before
BTX-A injection to minimize the possibility of de novo CISC.

Another study by Rahnama'l et al. [8] evaluated the long-term compliance and side
effects of BTX-A injections in heterogeneous groups of male patients. The success rates of
idiopathic OAB, TURP, and post-PCa treatments after a mean follow-up period of 69 months
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were 21%, 11%, and 29%, respectively. Similar to the studies by Habashy et al. and Bels
et al. [39,40], patients with prior RP had better efficacy and a lower risk of side effects
compared with patients with prior TURP. The insufficient effect of poor satisfaction after
BTX-A injection in the post-TURP subgroup may be due to moderate detrusor dysfunction
resulting from a history of long-term obstructed prostate.

6. BTX-A Injection after Stress Urinary Incontinency Surgery

Artificial urinary sphincters (AUS) and male slings are popular treatments for post-
RP stress urinary incontinence (SUI). Preoperative OAB symptoms may persist after SUI
surgery and 23-37.5% of patients develop de novo OAB after AUS implantation [42]. BTX-
A injection is still considered an option for controlling refractory OAB symptoms after
treatment. De Sallmard et al. showed that a significant number of male patients (90%)
with an AUS implantation history had totally or partially improved OAB symptoms after
injection. The discontinuation-free survival rate was 50% at 60 months. However, this was
combined with the female results. Nevertheless, this study indicated that BTX-A injections
were effective in patients undergoing AUS implantation. No significant BTX-A-related
adverse effects were encountered after injection: two male patients experienced urethral
erosion, which may have resulted from the temporarily necessary CISC. Therefore, the
incidence of CISC may be related to the risk of AUS complications.

Mateu Arrom et al.’s study [43] enrolled patients with prior RP and TURP and a
history of SUI surgery, including AUS and male sling implantation. At a median follow-up
of 49 months, 66.7% of the patients showed subjective improvement in OAB symptoms
after injection. All patients were confirmed to have DO before BTX-A injection using the
UDS. There was a significant reduction in the proportion of patients with DO after BTX-A
injections (from 100% to 53.3%). According to the UDS data, no significant change in
voiding efficiency or PVR was noted three months after treatment. The results indicated a
good response to treatment and a low complication rate in patients with prior SUI surgery.
The authors mentioned that the procedure should be performed with caution to prevent
urethral injury, which may increase the risk of further AUS cuff erosion. They recommended
avoiding injection of BTX-A over the balloon side in cases of balloon perforation.

7. Conclusions

The available evidence regarding BTX-A injection for refractory OAB in male patients
is limited. Furthermore, most studies have combined BTX-A injection in female patients to
analyze the efficacy or adverse effects of BTX-A injection. Generally, the response rate in
male patients was similar to that in female patients. However, some studies have indicated
that female patients exhibited better therapeutic efficacy, considering that prostate-related
OAB has a different pathophysiology. However, owing to the distinct pathophysiology
between men with and without BOO, patients with a small prostate and without BOO
or a history of prostate surgery could have a better response and fewer adverse effects
after BTX-A injection. The degree of outlet resistance may determine the efficacy of BTX-A
injections in OAB symptom control. Compared with prior prostate surgeries, patients
receiving RP showed better improvement in OAB symptoms and the lowest CISC rates
after BTX-A injection.

Male sling and AUS were surgical choices in patients with SUI after RP. Some patients
showed persistent or de novo OAB symptoms after SUI surgery. It might be feasible for
patients with prior SUI surgery to receive BTX-A injections, which could improve DO and
was safe. However, caution should be observed about the possible complications, despite
their rarity, such as balloon perforation and urethral erosion.
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Abstract: Lower urinary tract symptoms (LUTS), such as urgency, urinary incontinence, and/or
difficulty voiding, hamper the quality of life (QoL) of patients with spinal cord injury (SCI). If not
managed adequately, urological complications, such as urinary tract infection or renal function
deterioration, may further deteriorate the patient’s QoL. Botulinum toxin A (BoNT-A) injection
within the detrusor muscle or urethral sphincter yields satisfactory therapeutic effects for treating
urinary incontinence or facilitating efficient voiding; however, adverse effects inevitably follow its
therapeutic efficacy. It is important to weigh the merits and demerits of BONT-A injection for LUTS
and provide an optimal management strategy for SCI patients. This paper summarizes different
aspects of the application of BONT-A injection for lower urinary tract dysfunctions in SCI patients
and provides an overview of the benefits and drawbacks of this treatment.

Keywords: spinal cord injury; botulinum toxins; lower urinary tract symptoms
Key Contribution: This article offers a comprehensive review of using botulinum toxin-A injection

within the detrusor muscle or the urethra for treating lower urinary tract dysfunction in patients with
spinal cord injury in terms of therapeutic efficacy and adverse events.

1. Introduction

The annual incidence of traumatic spinal cord injury (SCI) in the United States is
around 40 per million, with a reported prevalence of around 721 cases per million peo-
ple [1]. In Taiwan, the reported annual incidence is about 56.1 per million in Hualien County
and 14.6 per million in Taipei [1]. Patients sustaining a traumatic SCI may experience lower
urinary tract symptoms (LUTS) of varying severity caused primarily by two mechanisms:

Toxins 2023, 15, 288. https:/ /doi.org/10.3390/ toxins15040288
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failure to store urine and failure to empty the bladder. Conventionally, alpha-blockers were
used to improve bladder emptying, and antimuscarinic agents, or beta-3 agonists, were
used for detrusor overactivity. However, some SCI patients were dissatisfied with the treat-
ment effects or unable to tolerate the adverse events of oral medications [2-5]. Botulinum
toxin A (BoNT-A) induces muscular paralysis by selectively regulating neurotransmitters
(acetylcholine, substance P, and calcitonin gene-related peptides) from motor nerve endings.
BoNT-A also could decrease pain and sensory disturbance by modulating sensory receptors
and exerting an anti-inflammatory effect [6]. BONT-A injections into the detrusor muscle,
urethral sphincter, or both are used as an effective treatment for SCI patients with LUTS to
facilitate urinary control and bladder emptying [6].

BoNT-A is a single-chain polypeptide comprising a 100 kDa heavy chain and a 50 kDa
light chain [7]. The heavy chain binds to the nerve terminal, the toxin translocates into the
cell cytoplasm through endocytosis, and the light chain cleaves synaptosomal-associated
protein-25 (SNAP25), a part of the soluble N-ethylmaleimide-sensitive factor attachment
protein receptor (SNARE) protein responsible for assisting the neurotransmitter-containing
vesicles to fuse with the nerve terminal membrane, to block the neurotransmission. BONT-A
decreases neurogenic detrusor overactivity (NDO) by obstructing acetylcholine release
and inhibiting detrusor contraction [8]. Other probable mechanisms include a decrease in
the function of muscarinic receptors or the release of adenosine triphosphate (ATP) to the
detrusor muscle from BoNT-A, resulting in decreased involuntary detrusor contraction [8].
The mediating sensory input of the bladder is another possible pathway to improve NDO.
Reduction in purinergic receptors (P2X3, P2X2), or transient receptor potential vanilloid
subfamily-1 (TRPV1) receptors on the urothelium has been observed in patients who
received BoNT-A detrusor injection [8]. A similar mechanism possibly underlies the
therapeutic effects of BONT-A injection in the urethral sphincter for detrusor sphincter
dyssynergia (DSD). Inhibiting neurotransmission to the urethral sphincter muscle can
temporarily relax the sphincteric muscles to improve efficient urination in patients with
both neurogenic and nonneurogenic voiding dysfunction [8].

Several commercial formulations of BONT-A, namely onabotulinum toxin A, abobo-
tulinum toxin A, incobotulinum toxin A, and rimabotulinum toxin B, are available [9] with
varying potency [10]. Onatotulinum toxin A (trade name: “Botox”) has been approved by
the U.S. Food and Drug Administration for NDO and is widely used in clinical research [9].
The potency of 200 U of onabotulinum toxin A is equivalent to around 600-800 U of abobo-
tulinum toxin A [11,12], and switching between formulations may be useful when one
formulation is not clinically effective [10]. According to a systematic review, abobotulinum
toxin A was found to be more effective than onabotulinum toxin A in reducing urge incon-
tinence [12]. For the current review, we have used the dosage reported for Botox injections
in the literature.

2. BoNT-A Detrusor Injection for Neurogenic Detrusor Overactivity and Urinary
Incontinence in Chronic SCI Patients

BoNT-A was initially introduced in urology for treating patients with neurogenic lower
urinary tract dysfunction (NLUTD) due to chronic SCI [13,14]. Detrusor BONT-A injection
reduces the incidence of NDO and lowers intravesical pressure, which improves urinary
incontinence [15-17]. Subsequent studies proved the efficacy of BONT-A on autonomic
dysreflexia (AD) in patients with high-level SCI, in addition to treating NDO and urinary
incontinence in pediatric patients with myelomeningocele or other NLUTDs [6].

The U.S. Food and Drug Administration and several European countries approved a
200 U BoNT-A detrusor injection as the standard treatment dose for urinary incontinence
caused by NDO in SCI patients [11,12,18]; however, preliminary studies used 300 U to
demonstrate its therapeutic effect of increasing maximal bladder capacity and compliance
and decreasing reflux volume [19-22]. Compared with placebo, detrusor BONT-A injection
was effective in reducing NDO caused by SCI or multiple sclerosis [23]. Eventually, re-
searchers compared the therapeutic efficacy of the 200 U and 300 U dosages and found that
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the former achieves comparable effects with possibly fewer adverse events (AEs), leading
to the adoption of the 200 U dose by urologists [18]. Furthermore, repeat BONT-A injections
were found to have similar efficacy to the first one [24]. A pooled data analysis by Mangera
et al. revealed detrusor BoNT-A injection in SCI patients could facilitate a decrease in
the daily incontinence episodes (63%), the frequency of clean intermittent catheterization
(CIC) (18%), and maximal detrusor pressure (42%) as well as an increase in the cystometric
bladder capacity (68%) and reflux volume (61%) [6,25]. Detrusor BoNT-A injection can
also significantly improve health-related quality of life (QoL) indexes [6,26] and decrease
the rate of symptomatic urinary tract infection (UTI) in SCI patients [6,27]. The detrusor
BoNT-A injection-induced improvement in bladder compliance and urinary continence
can persist for up to nine months [16,28], and repeated injections can sustain improvement
in continence and QoL [29].

However, symptom evaluation alone may not be sufficient. High intravesical pressure
with potential upper urinary tract damage might be missed in some patients with urinary
continence after detrusor BONT-A injection [30]; therefore, a urodynamic examination might
be necessary for some patients even with obvious symptomatic relief after detrusor BONT-A
injection [30]. Besides, detrusor BONT-A injection usually impairs detrusor contractility,
leading to a large postvoiding residual volume (PVR) or urinary retention in patients with
NDO; hence, patients receiving detrusor BONT-A injection may require CIC for large PVR
and suffer from subsequent UTIs [15].

Several studies compared different BONT-A injection methods for patients with
NLUTD. Krhut et al. compared BoNT-A detrusor injection with submucosal injection
in SCI patients with NDO and found no significant difference between the two groups
regarding symptomatic improvement, change in urodynamic parameters, efficacy duration,
and AEs [31]. Samal et al. also reported concurring findings as the two methods gave similar
results in terms of urgency incontinence episodes, number of catheterizations, urodynamic
profile, and efficacy duration [32]. Interestingly, Taha et al. compared a trigone-including
injection with a trigone-sparing injection in SCI patients with refractory NDO and found
that the former group had a significantly lower incontinence rate, higher complete dryness
rate, and higher reflux volume [33]. No injection-related vesicoureteral reflux was found
in either group. Another randomized control trial compared combined BoNT-A 160 U
trigone-sparing and 40 U trigone-including injections with 200 U trigone-sparing BoNT-A
injection for NDO in SCI patients [34]. Including the trigone resulted in superior outcomes
for QoL, mean urinary incontinence episodes, complete dryness rate, mean voided volume,
detrusor pressure, and involuntary detrusor contraction without any vesicoureteral reflux.
In another randomized control trial, the effectiveness of combined BoNT-A injection (240 U
into the detrusor and 60 U into the trigone) was compared to that of nontrigonal injection
(300 U into the detrusor but not the trigone). The trial found that both methods had similar
results, but the trigonal injection was found to be safer and more effective than the nontrig-
onal injection and did not increase the rate of vesicoureteral reflux [35]. The trigone has
abundant sensory neural fibers and is highly sensitive to pressure changes, which possibly
influences detrusor overactivity; therefore, the denervating effect of the trigone-including
injection is more effective in inhibiting involuntary bladder contraction [36].

Treatment efficacy is a crucial factor for deciding whether SCI patients should receive a
detrusor BoNT-A injection [37]. Certain pretreatment factors like higher maximum detrusor
pressure and lower bladder compliance. Lower maximal cystometric capacity, and poor re-
sponse after the first injection have been associated with higher treatment failure rates [38—40].
NDO patients with initially higher incontinence reduction rates after the first detrusor
BoNT-A injection showed better outcomes for incontinence reduction and QoL during
the subsequent treatment period [41]. Some NDO patients with poor response to the first
dosage also reported gradually higher incontinence reduction after receiving subsequent
BoNT-A therapy. Therefore, a second dose of detrusor BONT-A injection must be given to
patients who did not show a good response to the first injection before classifying them as
poor responders.
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3. Urethral Versus Detrusor BONT-A Injection in SCI Patients with Urinary
Incontinence and Incomplete Bladder Emptying

The presentation of NLUTD depends on the level of SCI—patients with a suprasacral
cord injury might develop NDO with or without DSD, and symptoms of frequency, urgency,
with or without urgency urinary incontinence, and incomplete voiding [42]. Patients with
a sacral lesion might present with a poorly contracting detrusor with incomplete voiding
and/or stress-related urinary incontinence associated with a weak sphincter, while a cauda
equina lesion may develop detrusor areflexia and incompetent sphincter relaxation [42].
SCI patients commonly have both voiding and storage symptoms [43]; targeting the de-
trusor for urinary incontinence might worsen bladder emptying ability, whereas targeting
the urethral sphincter for voiding dysfunction might aggravate the incontinence. It is a
challenge for both the urologist and the patient to balance between being dry and complete
bladder emptying.

While a detrusor BONT-A injection of 200 U or 300 U can improve bladder compliance
and restore urinary continence in SCI patients with NDO [16], this treatment usually ham-
pers detrusor contractility. A large PVR or urinary retention might become bothersome, and
about 70% of patients require periodic CIC and develop subsequent UTIs [15]. Therefore, a
lower dose (200 U over 300 U) of BONT-A is sufficient to produce similar improvements
in urinary incontinence and urgency episodes without altering the spontaneous voiding
function that is required [44,45].

Dykstra et al. first reported the use of urethral sphincter BONT-A injection to improve
bladder emptying in SCI patients with DSD [46]. This injection can decrease the mean
maximal urethral pressure, duration of DSD, and PVR for three to nine months [13].
Improved voiding and reduced CIC frequency also improve the QoL [2]. However, a
urethral sphincter injection would increase the severity of urinary incontinence and urgency
or urge urinary incontinence episodes, which might lead to patient dissatisfaction [2,47].
Exacerbated incontinence and urgency episodes might compel the patient to select detrusor
BoNT-A injection subsequently [48,49].

The optimal condition for chronic SCI patients is self-voiding without urinary incon-
tinence or severe urgency. In order to achieve this goal of treatment result, concomitant
BoNT-A detrusor and urethral sphincter injections might be adopted in patients craving
less urinary incontinence and preservation of spontaneous voiding. Huang et al. reported
that combined BoNT-A (200 U) detrusor and (100 U) urethral sphincter injections might
induce a significant reduction in both detrusor and urethral pressure without increasing
PVR, daily CIC frequency, or daily pad use [50]. Another study with the same BoNT-A
dosage revealed that a combined injection could lower the detrusor and urethral pressures
to improve the patient’s QoL while protecting the upper urinary tract [51].

4. Long-Term Adherence to BONT-A Injection and Patient Satisfaction

Sex-based differences are an important concern while treating patients with NDO or
DSD. Male SCI patients can use an external urine collection device to prevent soiling and
usually can do without being totally dry. On the other hand, female SCI patients tend to
use a diaper and would rather prefer to be totally dry; if possible, be free of diapers and
decrease the need for CIC to a minimum. A small dose of BONT-A detrusor injection is
adequate to increase bladder capacity and decrease urinary incontinence in this condition;
Around 24% of patients can void by abdominal tapping (tapping the suprapubic area to
induce reflex contraction of the bladder) without requiring CIC [52,53]. A dose-response
study compared BoNT-A injections of 200 U, 100 U, and 50 U with placebo injections into
the detrusor muscle [13]. The study found that the 50 U dose did not show any significant
improvement over the placebo for any of the efficacy parameters. However, the 100 U dose
showed some improvement over the placebo, although the observed magnitude of change
was generally less favorable compared to that seen with the 200 U dose [13].
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Before administering a BONT-A detrusor injection in SCI patients, the following issues
need to be considered:

1. Behavioral modifications should be the primary strategy.

2. BoNT-A injections could be considered in the case of failure of other treatments
or intolerable adverse effects of oral medications, such as antimuscarinics or beta-
3 agonists.

3. Most patients require CIC after BONT-A detrusor injection. Patients unable to perform
CIC might not be suitable for this treatment.

4. Regular monitoring is essential to check upper urinary tract function and prevent
adverse effects and the occurrence of UTIs and large PVR.

5. Repeated injections are required to maintain therapeutic efficacy in SCI patients.

Repeat detrusor injections are required to sustain the therapeutic efficacy of BONT-A
on NDO. An estimated 67% of SCI patients, who received BoNT-A injections for NDO,
continued with repeat injections during a five-year follow-up [54]. Of these patients, 90%
reported high satisfaction and were willing to consider periodic BONT-A injections as a
long-term treatment option [6,17,54]. Herbert et al. conducted a retrospective chart review
for SCI patients with NDO who received BoNT-A therapy and reported a 59.1% adherence
rate at 5 years and 50% at 10 years [40]. Baron et al. also described similar adherence rates
(5 years: 63.9%; 10 years: 49.1%) [55]. The most common reasons for discontinuation were
lack of efficacy and AEs, such as UTI, urinary retention, and hematuria [37].

Adherence to detrusor BONT-A injections in SCI patients is highly associated with the
treatment outcome [54]. Repeated injections allow the maintenance of favorable effects and
hence, greater patient satisfaction [37,54]. However, SCI patients with voiding dysfunction
are not equally satisfied with long-term urethral sphincter BONT-A injections as they
are with detrusor injections [3]. Only 35.6% of patients in this study continued urethral
sphincter BONT-A injection therapy during a median follow-up of five years [3]. The
low satisfaction rates after urethral sphincter injection were mainly caused by a high
incontinence grade, inefficient therapeutic efficacy, and failure to help them wean off of
CIC [3].

5. Adverse Events Related to BONT-A Injections

The most common AEs with BONT-A detrusor injections are symptomatic UTI, urinary
retention, and hematuria [4]. BONT-A detrusor injections are effective in reducing detrusor
pressure and urinary incontinence and increasing maximal bladder capacity [4]. However,
they also impair detrusor contractility leading to subsequent large PVR or urinary retention.
Although BoNT-A urethral sphincter injection can facilitate bladder emptying and increase
the flow rate (duration around three to nine months), it also enhances the risk of urinary
incontinence, urgency sensation, and de novo frequency [3]; seldom, patients may be
disappointed by the AEs that exceed the therapeutic effect. Largely, dissatisfaction with
BoNT-A urethral sphincter injection is rooted in amplified urinary incontinence, whereas
larger PVR requiring CIC is the primary reason for discontent with detrusor injection [52].

Intolerable AEs often cause patients to forsake repeat BONT-A injections, although
these patients can achieve complete dryness after detrusor injections. Chen et al. retrospec-
tively reviewed 223 patients with chronic SCI who received BoNT-A detrusor injections for
NDO and urinary incontinence; only 108 patients (48.4%) continued with repeat injections
during the mean ten-year follow-up [17]. Among those discontinuing BoNT-A therapy,
41 patients (46.6%) discontinued due to UTIs, while 15 patients (17%) deferred due to
the burden of CIC. Likewise, Hebert et al. reviewed 128 SCI patients receiving repeated
detrusor BoNT-A injections for NDO, of which 58 discontinued therapy over a median
follow-up of ten years [40]. Seventeen patients stopped therapy due to AEs despite the
therapeutic efficacy of detrusor BONT-A injection. Table 1 summarizes the therapeutic
effects and AEs of the detrusor and urethral sphincter BONT-A injection for patients with
chronic SCI with NDO and/or DSD.
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Table 1. A summary of therapeutic effects and adverse events related to detrusor and urethral
BoNT-A injection in chronic SCI patients with NDO and/or DSD [2-5].

Therapeutic Efficacy Adverse Events
Detrusor injection Maximal bladder capacity 1 Post-void residual volume 1
Voided volume 1 Maximum flow rate |
Detrusor pressure | Symptomatic UTT 1
Incidence of DO | Urinary retention rate 1
Involuntary .detrusor Hematuria
contraction |
Urinary incontinence rate |
Diaper use |
Urethral sphincter injection Ure.thral pressure 1 Urinary mcon.tmence T
Post-void residual volume | Urgency episode 1
Maximum flow rate 1 De novo frequency 1

Detrusor pressure |
Catheterization rate |

|+ decrease; 1: increase; DO: detrusor overactivity; UTI: urinary tract infection.

6. Active Management of Chronic SCI Patients with Autonomic Dysreflexia

AD is an acute systemic disorienting autonomic response to specific stimuli, which
may occasionally be potentially fatal. It typically develops in a complete SCI above the T6
level [56] and usually presents with pounding headaches, severe paroxysmal hypertension,
bradycardia, flushing and sweating of the face and body above the level of the lesion, nasal
congestion, blurred vision, and a sense of apprehension or anxiety. Some patients show
irritability, combative behavior, or cognitive impairment [57]. AD commonly develops
from a stimulus of bladder distention and stool impaction. UTI is also a potential cause
of AD in SCI patients regardless of an indwelling urinary catheter [58]. In SCI, the reflex
activity of the sympathetic nervous system, which responds to sensory stimuli, cannot be
controlled by the brainstem. Therefore, an increase in blood pressure is maintained via
sympathetic vasoconstriction; the baroreceptors sense the rise in blood pressure and trigger
parasympathetic activity, which results in compensatory bradycardia [58].

Ke et al. reported that symptomatic AD resolved in 88.2% of SCI patients who un-
derwent transurethral incision at the bladder neck (TUI-BN) with a significant increase in
peak flow rate and decreased PVR [59]. Probably, sympathetic activity decreases either
during bladder distention or when initiating voiding, which forms the therapeutic mech-
anism of the resolution of AD after TUI-BN. The authors also observed that 13 patients
with impaired detrusor contractility at baseline retained effective and sustained detrusor
contraction postoperatively after TUI-BN. An overactive sympathetic response might sup-
press detrusor contraction and result in low detrusor contractility and incomplete bladder
emptying. TUI-BN might interrupt the sympathetic reflex circuit and activity and help
these patients regain detrusor contractility.

BoNT-A detrusor or urethral sphincter injections are effective in ameliorating the
severity and frequency of symptomatic AD in SCI patients [16,60-62]. BONT-A injection in
the detrusor or urethral sphincter possibly reduces the detrusor pressure during the bladder
filling or voiding phase to reduce AD; additionally, the detrusor injection might inhibit the
sensory afferent pathways that trigger AD. Walter et al. reported that AD severity decreased
in 82% of SCI patients after BONT-A detrusor injection, in addition to a reduction in both
the total and bladder-related AD episodes [62]. Fougere et al. also reported that 59% of SCI
patients receiving detrusor BoONT-A injections no longer experienced symptomatic AD, and
the remaining 41% perceived a significant decrease in the severity [61]. The injections also
reduced bladder-related AD events and improved AD-related QoL. A few case studies have
also reported the role of urethral sphincter injection in reducing the degree and frequency of
AD [60,63]. Therefore, BONT-A injection (detrusor or urethral sphincter) is a viable option
for effective AD control in SCI patients with refractory medical control, such as a selective
alpha-1 blocker or a calcium channel blocker.
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In contrast, AD might also occur during BoNT-A detrusor injection [4,48]. A study
reported that 3.74% of SCI patients who received BoNT-A detrusor injections experienced
AD compared to only 0.53% of patients in the placebo group [4]. Exacerbation of AD may
result from injection-related bladder wall trauma, which induces acute suburothelial nerve
plexus inflammation and sympathetic response activation.

7. Augmentation Enterocystoplasty Versus BONT-A Detrusor Injection in SCI Patients

Augmentation enterocystoplasty (AEC) is an invasive surgery performed to increase
bladder capacity and decrease detrusor pressure [64,65]. The bladder is opened, and an
anastomosis is made to a detubularized bowel segment; the ileum is the most commonly
used site [64,65]. Favorable outcomes have been reported for AEC in terms of improve-
ment in the QoL, renal function preservation, and vesical ureteral reflux resolution in the
neurogenic bladder [66]. Additionally, significant improvements in several urodynamic
parameters, including increased bladder capacity, decreased maximum detrusor pressure,
and detrusor overactivity, have been observed. Most people can become continent post-
operatively, while the rate of CIC also increases after surgery [66]. A study reported high
satisfaction (96.2%) in SCI patients undergoing augmentation ileocystoplasty, all of whom
became completely continent [67].

However, there are certain contraindications for AEC, such as renal insufficiency,
inflammatory bowel disease, congenital bowel anomalies, radiation enteritis, short bowel
or previous bowel resection, bladder cancer, and inability to perform CIC postopera-
tively [65,68]. The reported mortality rate for AEC is around 0-3.2% [68]. Early post-
operative complications include prolonged ileus, urinary fistula, wound infection, and
bleeding requiring reoperation, whereas bacteriuria, UTI, bladder and kidney stone dis-
eases, metabolic disturbances, vitamin B-12 deficiency, bowel complications, and bladder
perforation are possible long-term complications [65,68]. Notably, AEC was also associated
with an increased risk of malignancy [65,68]. Compared to AE, BONT-A injection is less
invasive with fewer complications and is reversible and easy to perform. In the United
Kingdom, the number of AEC procedures decreased from 192 cases in 2000 to 120 in
2010, while that of BONT-A injections increased from 50 in 2000 to 4088 cases in 2010 [57].
AEC was considered in chronic SCI patients only when conservative treatment, including
BoNT-A injection, failed.

Padmanabhan et al. conducted a five-year cost analysis to compare BoNT-A detrusor
injection with AEC [69]. Repeat BONT-A injections are required to maintain clinical effi-
cacy, while AEC is associated with higher long-term complication rates. The cost-analysis
model revealed that BONT-A injections were less when the injection duration was more
than 5.1 months, and AEC was cheaper when the complication rate was <14% [69]. How-
ever, AEC was typically performed after failure of BONT-A injection. Furthermore, a
cross-sectional study compared the QoL in SCI patients who underwent AEC or BONT-A
detrusor injection and found that continence control and QoL scores were higher in the AEC
group [70]. It is possible that the increase in incontinence episodes between consecutive
BoNT-A detrusor injections may have caused this difference; accordingly, better re-injection
timing might increase the QoL in SCI patients receiving BoNT-A injections [70].

BoNT-A detrusor injection is also a treatment of choice in patients with refractory
symptoms after AEC. Toia et al. reported that 43% of SCI patients with failed AEC continued
to receive regular BONT-A detrusor injections (in the remnant native bladder avoiding
trigone) with satisfactory symptomatic improvement [71]. Another study reported that 86%
of patients with refractory urinary symptoms post-AEC had subjective improvement after
receiving BoN-TA injections [72]. In this study, patients received either a detrusor-only
injection or a combined detrusor + intestinal part injection, among which 80% of the former
group and 91% of the latter reported subjective improvement.
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8. BoNT-A Injection for Pediatric SCI Patients

Several studies have proved the clinical efficacy of BONT-A detrusor injection for re-
fractory pediatric neurogenic detrusor overactivity caused by congenital spinal dysraphism,
such as myelomeningocele [24,73-78]. BONT-A detrusor injection can also significantly
reduce urinary incontinence and detrusor pressure and increase maximal bladder capacity
and compliance in pediatric patients [24,73-78]. In a study including only pediatric SCI pa-
tients, BONT-A detrusor injection significantly improved the clinical symptoms (decreased
urge incontinence episodes and increased dryness rate) and urodynamic parameters (re-
duced detrusor pressure and duration of first detrusor overactivity during the study) [78].
Detrusor injection of 200 U was shown to be more effective. However, it is advised to avoid
exceeding a dosage of 6 U/kg [78]. Furthermore, a trigone-including BoNT-A injection was
effective without causing VUR. Concomitant detrusor and urethral sphincter injections
have also been used in pediatric patients of NDO with DSD [76]. Compared to a detrusor-
only injection, the combined injection can achieve comparable improvements in detrusor
pressure, bladder capacity, and incontinence rate, along with significantly reduced PVR.
Hence, the combined injection may be useful in pediatric NDO patients with DSD requiring
a reduction in PVR. Repeated BoNT-A injections also demonstrated a persisting effect in
the pediatric neurogenic bladder, with the treatment effect lasting for nine months in 84%
of patients during a median follow-up of 4.5 years [18,66]. Low-compliant bladder and
poor response to the first BONT-A injection were risk factors for treatment failure [74,79].

9. Conclusions

Managing NLUTDs in patients with chronic SCI requires deliberating over several
aspects of the condition, such as the level and severity of SCI, hand dexterity and walking
ability, vocation and daily routine of the patient, abdominal muscle function and blad-
der sensation, clinical symptoms of voiding difficulty and urinary incontinence, bladder
pressure, and upper urinary tract condition. Clinicians must review the pros and cons of
the BONT-A therapy with the patients before deciding on the site of injection (detrusor
and/or urethral sphincter) to address their bladder emptying or storage problems. Regular
urodynamic study and LUTS evaluation are essential for optimal adjustment of dosage and
duration between BoNT-A injections. BONT-A injections are a powerful tool for treating
refractory NLUTDs in SCI patients. Despite the potential AEs, the effects typically wear
off after six to nine months. Compared to other invasive treatments, the reversibility of
BoNT-A injections is one of its major advantages.
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Abbreviations

AD autonomic dysreflexia

AE adverse event

AEC augmentation enterocystoplasty

BoNT-A  Botulinum toxin A

CIC clean intermittent catheterization

DSD detrusor sphincter dyssynergia

LUTS lower urinary tract symptoms

NDO neurogenic detrusor overactivity
NLUTD  neurogenic lower urinary tract dysfunction
PVR postvoiding residual volume

QoL quality of life

SCI spinal cord injury

TUIBN  transurethral incision at the bladder neck
UTI urinary tract infection
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W N e

Abstract: The high percentage of treatment failures seen in patients with bladder pain syndrome/interstitial
cystitis (BPS/IC) managed conservatively frequently demands invasive treatment options. We aimed
to evaluate the long-term efficacy and adverse events of intratrigonal botulinum toxin injection in
such circumstances, as well as to determine possible predictors of response to toxin treatment. A
retrospective cohort study included 47 female BPS/IC patients treated with onabotulinum toxin A
(OnabotA) in a tertiary hospital between the years 2009 and 2022. All patients received 100 U of
OnabotA in ten injections limited to the trigonal area. Patients were divided into three groups based
on their treatment response as responders, non-responders and lost to follow-up due to non-medical
reasons. The clinical and surgical records of the individuals were retrieved, including the 10-point
visual analogue scale (VAS), the number of treatments, the time between injections, and the age at
the first injection. A total of 25 patients (>50% of the cohort) were long-term responders, but none of
the evaluated parameters was a predictor for this circumstance: age, pain intensity, or duration of
improvement following the injection. The time between injections was stable (around 1 year). No
severe adverse events were registered. The intratrigonal injection of botulinum toxin in patients with
BPS/IC was an effective and safe long-term treatment for patients’ refractory to conservative forms of
treatment. Age, basal pain intensity, and time to injection request did not predict long-term response
to OnaBotA.

Keywords: botulinum toxin A; onabotulinum toxin A; bladder pain syndrome/interstitial cystitis;
long-term treatment

Key Contribution: Long-term intravesical injection of OnaBotA is effective and safe for BPS/IC
patients refractory to conservative treatments.

1. Introduction

The European Society for the Study of Interstitial Cystitis (ESSIC) defines bladder
pain syndrome/interstitial cystitis (BPS/IC) as a persistent or recurrent chronic pelvic pain,
pressure or discomfort perceived to be related to the urinary bladder in the absence of any
identifiable pathology which could explain this symptom [1]. It must be accompanied by at
least one other urinary symptom, such as an urgent need to void or urinary frequency [1].
Therefore, BPS/IC diagnosis is still largely one of exclusion.

BPS/IC has no curative treatment as of yet [2]. Thus, symptom control, with the main
focus on pain, represents a key part of BPS/IC management. The first line of treatment is
centered on patient education and stress control to inform the patient about the uncertain
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evolution of the disease and to explain the importance of self-management by avoiding
situations that may aggravate the symptoms [2]. When necessary, oral analgesic therapies
and pharmacological agents intended to replenish the glycosaminoglycan layer and de-
crease urothelial permeability are used as the second-line treatment. When these measures
are insufficient, surgical therapies may be introduced [3-5]. One option is the intratrigonal
injection of onabotulinum toxin type A (OnaBotA) [6,7].

OnaBotA is a potent biological neurotoxin that accesses the neurons after binding
the synaptic vesicle protein type 2C, a ubiquitous neuronal protein [6,8,9]. Once inside
the neurons, the light chain of the toxin cleaves the proteins that are essential for the
docking of the neuronal vesicles to the membrane in all types of neurons [9]. In sensory
neurons, the trafficking of pain receptors from neuronal vesicles to the membrane of
sensory neurons will be impaired and the release of CGRP and SP, two neuropeptides
involved in neurogenic inflammation, will be substantially decreased [6,7,10]. In addition,
a decrease of ATP release from urothelial cells occurs which may further impair bladder
sensation [7,11,12]. The OnabotA-induced inhibition of the acetylcholine release from pre-
and post-ganglionic parasympathetic neurons [13] is expected to have a limited role in
BPS/IC, as this neurotransmitter is not involved in peripheral pain pathways and detrusor
overactivity is a rare event associated with BPS/IC [9,14].

The application of OnabotA in the trigone is justified by the fact that this bladder
region has the highest density of nociceptors [11,15,16]. Since 2004, multiple cohort studies
and randomized placebo-controlled trials showed that OnaBotA was effective and safe
in pain control in BPS/IC patients refractory to conservative treatment, in the dosage of
100 Units (U) [14,17-20]. In addition, trigonal injections of OnabotA also improve day and
nighttime frequency, maximum functional bladder capacity, and overall quality of life,
which are believed to result from less pain felt by patients during bladder filling [21].

One of the characteristics of OnabotA action is the limited duration of the effect,
which, although variable, rarely extends for more than 12 months [7]. After this period of
effect, BPS/IC symptoms tend to return, and repeated bladder injections are commonly
requested by patients [21]. In previous prospective studies, overall, a statistically significant
improvement in the pain as well as in other urinary symptoms has been reported, yet
these results were mainly at short-term or after a few injection cycles [13,21-23]. Thus,
information regarding the long-term effects and safety in real-life conditions is lacking.

We aim to report the results and safety of this intra-trigonal treatment in a real-life
cohort of patients with a long-term follow-up. Differences between patients maintained in
long-term therapy with intratrigonal OnaBotA treatment and those who stopped treatment,
mainly for lack of response, were evaluated, looking for possible predictors of response.
The rate of therapy maintenance was also assessed.

2. Results
2.1. Patients and Demographics

A total of 47 BPS/IC female patients available in the hospital records and that were
refractory to lifestyle changes and oral/intravesical therapies (including non-opioid anal-
gesics and anti-depressant drugs and anti-histaminics) were included. All patients received
at least one intratrigonal injection of 100 U of OnaBotA. A total of 193 procedures were
performed as depicted in Table 1, varying between 1 (10 patients) and 14 (one patient). The
proportion of patients that received four or more treatments was 48% (see Table 1).

The mean age of the patients at the time of the first injection was 50.7 (£14.5) years.
The mean initial VAS score of the cohort was 5.7 (+1.7), and the mean follow-up is
8.8 (£4.2) years. The cohort demographics are presented in Table 2.
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Table 1. Number of patients by the number of treatments.

Number of Treatments N (Patients) %
1 10 21.3
2 8 17.0
3 7 14.9
4 3 6.4
5 7 149
6 3 6.4
7 2 43
8 3 6.4
9 2 43
11 1 2.1
14 1 2.1

47 100%

Table 2. Cohort demographics.

Cohort
N (%) 47 (100%)
Age at first treatment 50.7 (+14.5)
Initial VAS 5.7 (£1.7)

Time between injection and request for another
treatment (days)
Time between first injection and the request for
the second treatment (days) 390 (287-590)
Number of Treatments 4.1 (£29)
Follow-up (years) 8.8 (+4.2)

500 (350-581)

2.2. Duration of Effect per Injection

The median interval between the injection and the patient’s request for a new injection
is graphically shown in Figure 1, and it was 500.5 days (P25: 350; P75: 581), The duration
of the effect of each treatment seems to be relatively stable during the follow-up. The
median time between the first injection and the request for the second injection was the
shortest with a median duration of 390 days (P25: 287; P75: 590). The median intervals for
patients’ requests for another treatment increased afterwards, ranging between 414 days
and 669 days.

To investigate possible predictors of response, three groups of patients were defined.
Group A comprised all patients currently in treatment, which included patients with the
disease controlled confirmed at a visit or patients who already asked for a new injection).
Group B comprised patients who were non-responders to OnaBotA (they could have shown
treatment response at an initial phase of the OnabotA program but meanwhile the treatment
lost efficacy). Group C included patients lost to follow-up due to non-therapeutic causes.

When comparing the duration of effect between responders and non-responders, no
differences were found, as shown in Table 3. We omitted group C in this comparison given
the low number of patients and since the loss to follow-up was not related to the response
to the toxin injections.

The 10th treatment onward medians were not represented in Figure 1 and Table 3
since only two patients reached that number of procedures.
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Figure 1. Median duration of effect between injections (Y-axis in days of effect duration counting
time between an injection and the patient request for a new treatment).

Table 3. Median duration of the effect of each injection per injection, per group.

Treatment Response (in Days) Group A Group B p-Value
After 1st treatment 447 (310-613) 337 (183-392) 0.57
After 2nd treatment 434 (308-553) 660 (327-1091) 0.64
After 3rd treatment 443 (343-622) 490 (279-673) 0.48
After 4th treatment 409 (377-647) 394 (184-571) 0.59
After 5th treatment 525 (405-845) 350 (140-562) 0.29
After 6th treatment 719 (399-848)
After 7th treatment 543 (449-900)
After 8th treatment 440 (403-681)
After 9th treatment 450 (281-629)

Interestingly, of the nine patients that had a response duration below the 25th percentile
after the first injection, only two abandoned the OnabotA program due to a lack of response.
The other seven are still in treatment, having more than five injections. Moreover, these
patients had in the following injections a duration of effect within the median time. This
suggests that the duration of the effect of the first injection should not be used as a predictor
of long-term treatment success or failure.

2.3. Global Treatment Maintenance

Given that we could analyze the total number of patients treated with OnaBotA and
identify which of them are still in treatment per each treatment, we were able to organize a
Kaplan-Meier treatment maintenance graphic. The results are shown in Figure 2.

Notice that the graphic, which is not time-related, shows that more than half of the
patients, 53%, had a favorable treatment response for a high number of treatments.

2.4. Possible Predictors

To evaluate the possible predictors, we compared the characteristics from group A
and group B patients. The results are shown in Table 4.
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Figure 2. Kaplan-Meier curve of the cohort maintenance in OnaBotA treatment. The X-axis represents
the number of injections, and the Y-axis represents the relative number of patients that were treated
(100%). Each drop on the graphic line represents patients that lost treatment efficacy and the vertical
dash along the graphic represents the moment patients were lost to follow-up. A total of 53%
remained on treatment.

Table 4. Patients’ features as possible predictors, per group.

Groups A and B Group A Group B p-Value
N (%) 42 (100%) 25 (59%) 17 (41%)

Age of 1st treatment 49.7 (£14.0) 51.8 (£11.5) 46.6 (£17.0) 0.29
Initial VAS 6.11 (+£1.2) 5.9 (£1.3) 6.8 (£0.5) 0.27
Time between treatments 432.0 (305-645) 337.0 (182-747) 447.5 (310-613) 0.72
Time between 1st and 2nd treatment 350.0 (287-598) 447.5 (310-613) 337.0 (183-392) 0.94
Number of Treatments 4.3 (£3.0) 5.4 (£3.1) 2.6 (+£2.1) 0.003
Follow-up (years) 6.9 (4.6) 9.4 (£3.9) 3.3 (£3.0) 0.001

As shown, 25 patients remain in treatment and 17 were non-responders to OnabotA.
Notice that only one patient in group A had just one treatment (the patient has no symptoms
after an injection carried out 15 months ago, with occasional flares easily managed with
simple conservative measures).

The initial VAS score and the duration of the effect of the first treatment were not
statistically different between responders (group A) and non-responders (Group B). The
overall time between treatment and the subsequent request for reinjection was numerically
inferior in the long-term responders in group A when compared to Group B, although the
difference was not statistically significant (p = 0.72).

2.5. Adverse Events

In terms of adverse events, and after analyzing all of the procedures, three types of
complications were reported: lower urinary tract infection, straining during micturition,
and acute urinary retention with a high post-voiding residual with the need to initiate clean
intermittent catheterization (CIC). The results are presented in Table 5.

In 71 procedures, there was no specific mention of adverse events, and thus the
adverse events were classified as omitted. Of those procedures with information available,
58 procedures had no adverse event, simple urinary tract infection UTI was recorded in
36 cases, and UTI with symptoms of straining was reported in 13 post-op procedures.
Straining without UTI occurred after 14 procedures and straining with incomplete voiding,
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with the need for CIC, occurred in only one procedure (0.1%). No upper urinary tract
infection was recorded.

Table 5. Total frequency of adverse events.

Adverse Events Number % (Total of 193)
Omitted 71 36.8%
None 58 30.1%
Urinary Tract Infection (UTI) 36 18.7%
Straining 14 7.2%
UTI + Straining 13 6.7%

Straining + incomplete

()
voiding with the need for CIC ! 0.1%

3. Discussion

In the present paper, we describe our single-center experience with OnaBotA intra-
trigonal injection in the treatment of BPS/IC patients. To the best of our knowledge, this
is the first long-term evaluation of a BPS/IC cohort with this treatment in real-life condi-
tions. Previously, short and mid-term evaluations done in our and other departments had
contributed to the validation of OnaBotA treatment in this disease [14,21].

The great majority, 37 patients, corresponding to 78% of the total cohort, requested
more than one treatment. In recent years, we changed our approach and started to re-treat
the patients that presented an unsatisfactory duration response to the first treatment at
least one more time. This change was based on the perception that even patients with a
poor response duration after the first injection could have a good response to posterior
treatments. Such subjective opinion was now undoubtedly confirmed by the analysis of
the present cohort.

There were no significant differences in age, the time to reinjection request, and pain
intensity before the first intervention between responders and non-responders. Caution
should be taken when interpreting the variables of time length for treatment requests after
the first treatment and overall treatments, since group B includes nine patients that only
underwent one treatment and, consequently, fewer patients contributed to this variable.

Contrariwise, patients that maintain a positive response to the OnaBotA treatment
and longer time in treatment (5.4 4= 3.1 vs. 2.6 £ 2.1, p = 0.03), showed a longer period of
follow-up in the urologic clinic (9.3 years vs. 3.4 years, p < 0.001). The reason is probably
a selection bias because those that are more satisfied with the treatment results are more
prone to continue in the program.

Interestingly, the intervals between injections were longer than expected, compared
to the duration reported in well-controlled cohorts or randomized clinical trials, in which
only OnabotA treatment was allowed [5,21]. On average, the duration of each injection
among the responders exceeded one year. This may indicate that OnabotA injections
eventually combined with simple conservative measures and eventually oral medication
with which patients had previous experience and could be used at their own decision
(essentially non-opioid analgesic drugs, amitriptyline, the leukotriene receptor antagonist
montelukast and antihistaminics [2,24]) may eventually substantially reduce the necessity
of toxin injections, decreasing the burden that repeated injections cause to patients and
health facilities. The median time between injection and a new request seems independent
of the number of total injections and independent of the duration of the previous treatment,
with the possible exception of the interval between the first injection and the request for a
second treatment.

The sustained duration of the effect, despite the increase in the number of procedures,
suggests that intratrigonal sensory neurons do not develop tolerance to OnaBotA, even
during long periods of administration. The use of botulinum toxin in other areas of bladder
pathologies has shown the rare possibility of the development of antibodies as a cause of the
appearance of resistance to the toxin [25,26]. It may be recalled that in a systematic review
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evaluating long-term treatment with intravesical OnaBotA in another urinary condition,
overactive bladder, the data regarding the time between reinjections was heterogeneous
among the analysed studies [27]. In some, the interval between injections was stable, while
in others it could become either longer or shorter.

As presented, seven of nine patients with a shorter time of effect after their first
injection (lower than percentile 25) become good responders in subsequent treatments. As
a matter of fact, they presented, in the following interventions, a time between injections
and requests for retreatment similar to that found in the rest of the cohort. This could
be justified by a cumulative therapeutic effect of the toxin, an adjustment on the parallel
oral therapy, or by the stabilization of the disease. This finding could also be related to
the inter-surgeon variation of the surgical technique and the process of reconstitution of
OnaBotA. However, these two possibilities seem less probable, as if present they only
occurred in the first treatment cycle.

Despite the significant number of patients with positive results that maintained the
treatment in our cohort, approximately 53%, as seen in Figure 2, a large number of patients
abandoned the long-term OnabotA program. One should remember that despite being
effective in the long run, OnabotA injections can be rather unpleasant for BPS/IC patients.
This had already been observed in overactive bladder and neurogenic detrusor overactivity
cohorts, and reflects the low adherence to long-term reinjection programs [28]. Nevertheless,
in our series almost half of the patients remained in the long-term program, exceeding the
long-term adherence in OAB which may be as low as 10% [28]. Eventually, as the treatment
for BPS/IC should be tailored-made for each patient, and since flares and remissions occur
frequently, these different circumstances may introduce large variations in the time for
patients to request another injection. [29].

The adverse effects observed in this group of patients are in line with other studies,
with the risk of UTI and straining being the main concerns. This point should be fully
discussed with the patients, since a UTI may markedly aggravate their symptomatology
and the need for CIC will surely demand urethral manipulation.

Limitations

The main limitations of the study are the relatively small number of patients recruited,
which were limited by the off-label nature of this treatment and the retrospective analysis
of clinical records, and with the inherent risk of bias associated with the quality of the
information in the files, including missing data. In addition, we could not provide reliable
data on day and night time voiding frequency that we observed to decrease significantly in
other studies [5]. However, from our perspective, it can be a more accurate representation
of this treatment in real-world clinical practice. In this real-life scenario, the therapeutic
effect of each treatment was determined by the time until a treatment request was made by
the patients to avoid the bias of treatment delays due to fluctuations in the waiting list.

The readers should also be aware that different from evaluating oral pharmacological
treatment effects, the OnaBotA treatment is a surgical procedure and there could be inter-
surgeon variations of the surgical technique. We believe that this bias has a low impact as
the procedure is well standardized.

Another limitation of this real-life study is relative to the use of other drugs other
than OnaBotA by patients in this cohort. While patients could be medicated with a small
number of pain-killers during the injections performed in a trial setting, these trial setting
injections just represent a minor number of the treatments in the cohort. All of the other
patients treated outside of a trial setting, and even trial patients once off the trial, were able
to be medicated, or even automedicated, with non-opioid analgesics, anti-depressants and
anti-histaminics to better control the symptomatology at their own discretion. Additional
medication would probably be taken more often when the OnaBotA’s effect begun to
decrease. However, this is a real-life setting, and BPS/IC patients rarely achieve symptom
control with monotherapy (especially the patients represented in this cohort that are
refractory to oral and intravesical treatments). Despite the fact that other medical therapies
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could have a role in explaining a more prolonged time of symptoms being under control
and, consequently, a greater interval between OnaBotA injections, what is most important
is that the BPS/IC condition was better controlled after OnaBotA treatments in responders.

The fact that this study reflects a real-life scenario could suggest that the mild adverse
effects, being easily treated, could be underreported.

4. Conclusions

Intratrigonal injection of botulinum toxin A in patients with BPS/IC is an effective
and safe long-term treatment option. Moreover, the duration of each treatment seems to
be sustained along all of the treatments, even when the number of injections is high. Age,
basal pain severity and short duration of the first treatment effect do not seem to predict
whether a patient will be a long-term responder to OnaBotA. The main adverse effects
are mild, simple UTIs and straining, occurring in a minority of procedures. A specific
phenotype for OnaBotA responders is lacking, but given the widely positive effect of the
treatment, it should be offered as a third line of therapy.

5. Material & Methods

This is a retrospective study, analyzing our cohort of patients diagnosed with BPS/IC
and treated with intratrigonal botulinum toxin in a tertiary public university hospital in
Porto (Porto, Portugal) between 2009 and 2022. The procedure and the OnaBotA prepara-
tion, in our institution, are carried out by different surgeons in the urology department and
by different nurses in our surgical center.

BPS/IC is diagnosed in compliance with guidelines, following the exclusion of more
common conditions through physical examination, patient history, uroculture, urinalysis,
cystoscopy, urinary cytology, neurological examination and in some cases pelvic magnetic
resonance. All patients performed bladder hydrodistension and urothelium biopsies,
before initiating OnaBotA treatment, as part of the diagnostic workup. A total of 47 patients
were identified.

The clinical and surgical records of the participants, available in our hospital database,
were utilized for the analysis of data related to the interventions—every medical record
such as written appointments, date of surgery and surgery details are available in the
hospital database. The process of collecting the electronic records into files was conducted
following the Ethics Committee’s approval for the study. Patients were assessed for pain
intensity using a 10-point visual analogue scale (VAS) (results were from 0 to 10; a higher
number corresponded to higher pain). For the evaluation of each patient, the authors
accessed the number of treatments and the treatment duration (the duration between an
injection and the request for a new one). The overall time of disease follow-up was also
accessed. Adverse effects of the procedure, such as urinary tract infection, straining and
urinary retention were analyzed when recorded.

Three groups of patients were defined to identify possible predictors of outcome.
Group A comprised all patients currently in treatment (with the disease controlled after an
injection or patients that already requested a reinjection); group B comprised patients who
were non-responders to OnaBotA (they could have already shown treatment response but
now are non-responders to OnaBotA and abandoned the treatment but not the clinic); and
group C are patients lost to follow-up but for non-therapeutic reasons.

A total of 25 patients met the criteria for group A, 17 met the group B criteria, and
five met the criteria for group C. For the evaluation of possible predictors of long-term
success, we compared the characteristics of group A with group B patients, such as age,
the initial pain intensity evaluated by the VAS score, the overall treatment duration, and
also the duration of the first treatment (excluding patients that only received one injec-
tion). Moreover, we evaluated whether a rapid loss of effect after the first treatment was
predictive of a general treatment failure or the need for more frequent injections. The
treatment maintenance was evaluated and displayed as a Kaplan-Meier graphic, providing
information on the proportion of drop-outs and patients still in OnaBotA. The number
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of injections performed before abandoning OnaBotA treatment, as well as the number of
injections performed by patients still in treatment, are represented in the graphic.

Most treatments were performed outside of a trial, since from a total of 198 treatments,
only 71 (35%) of them were in a clinical trial set EudraCT: 2014-001013-81, “Treatment of
Bladder Pain Syndrome with Onabotulinum toxin A” (ProBaBle). This leads us to consider
that these data reflect real-world practice.

5.1. Procedure Technique and Follow Up

In all our patients, the procedure, the drug and the dose administered were the
same. The botulinum toxin A used was OnaBotA (Allergan, Irvine, CA, USA), and it
was injected under light sedation through a 23-gauge needle (Coloplast A /S, Humlebaek,
Denmark) inserted 3 mm into the trigonal wall with a 70°-lens cystoscopy control. A total
of 100 Units were distributed throughout 10 sites (10 U per 1 mL saline)—Figure 3. A
preoperative diagnostic workup was performed to guarantee that the individuals had a
negative uriculture and no symptoms of cystitis. Patients were evaluated 2 to 3 weeks after
the procedure to access early complications.

Figure 3. Schematic representation of the 10 bladder sites of OnaBotA injection.

5.2. Statistical Analysis

The statistical program IBM® SPSS® v.28.0 (IBM Corp., Armonk, NY, USA) was used
for data analysis. The Kolmogorov-Smirnov test was used to assess the normality of the
distribution of continuous variables. Continuous variables with a normal distribution are
presented as mean (+standard deviation). Non-normally distributed variables are reported
as the median (percentile 25; percentile 75) and a Student’s t-test was used to compare the
variables with normal distribution.

The authors chose to compare groups A and B for predictor analysis. Group C
includes five patients that abandoned OnaBotA treatment early for reasons unrelated to
the treatment or their clinical situation.

Clearance from the hospital Ethics Committee (Protocol number 337-21: Effect of
intratrigonal botulinum toxin in patients with BPS/IC in a single center) was obtained.
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Abstract: Botulinum toxin A (BoNT-A) is effective in reducing bladder hypersensitivity and increasing
capacity through the effects of anti-inflammation in the bladder urothelium; however, studies on
the treatment outcome of interstitial cystitis/bladder pain syndrome (IC/BPS) are lacking. We
investigated the treatment outcome in IC/BPS patients receiving intravesical BONT-A injections. This
retrospective study included IC/BPS patients who had 100U BoNT-A intravesical injections in the
past 20 years. The treatment outcomes at 6 months following the BONT-A treatment were evaluated
using the global response assessment (GRA) scale. The treatment outcomes according to the GRA
scale include clinical symptoms, urodynamic parameters, cystoscopic characteristics, and urinary
biomarkers, and it was these predictive factors for achieving satisfactory outcomes which were
investigated. Among the 220 enrolled patients (180 women, 40 men) receiving BoNT-A injections,
only 87 (40%) had significantly satisfactory treatment outcomes. The satisfactory group showed
significantly larger voided volumes, and lower levels of both the urinary inflammatory protein MCP-1
and the oxidative stress biomarker 8-isoprostane in comparison to the unsatisfactory group. The IC
severity and detrusor pressure are predictive factors of BONT-A treatment outcomes. IC/BPS patients
with less bladder inflammation showed satisfactory outcomes with intravesical BONT-A injections.
Patients with severe bladder inflammation might require more intravesical BONT-A injections to
achieve a satisfactory outcome.

Keywords: interstitial cystitis /bladder pain syndrome; botulinum toxin A injection; urine biomarkers;
bladder inflammation

Key Contribution: Botulinum toxin A injections for interstitial cystitis/Bladder Pain Syndrome
(IC/BPS) is effective in 40% of the patients studied. Patients with lesser bladder inflammation as
characterized by a larger maximal bladder capacity on hydrodistention, lower urinary biomarker
MCP-1 and oxidative stress biomarker 8-isoprostane levels, and fewer IC symptoms might achieve
satisfactory treatment outcomes.

1. Introduction

Interstitial cystitis/bladder pain syndrome (IC/BPS) is a urinary bladder disorder
characterized by chronic pelvic pain, pressure, or discomfort, and is accompanied by
urinary symptoms, including urinary frequency, nocturia, and urgency [1]. Its prevalence
was reported to be 0.04% and 0.26% in Taiwan and Korea, respectively [1]. In other words,
there are approximately 100,000 people with IC/BPS in Taiwan. The pathophysiology
is still unclear, and patients with this condition have not achieved satisfactory treatment
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outcomes [2]. IC/BPS can be classified into Hunner’s (HIC) or non-Hunner’s (NHIC) ulcer
types [1]. The most common pathological findings are urothelial denudation and bladder
inflammation [2]. Failure to achieve full urothelial regeneration results in potential breaches
in barrier function that may increase an individual’s susceptibility to infection or increase
sensory fiber stimulation [3]. Nevertheless, multimodal therapies may be necessary to
improve not only the physiological but also the psychological well-being of patients [4].

Previously, the American Urology Association (AUA) guidelines for IC/BPS recom-
mended six steps of treatment; however, recently most guidelines do not recommend step-
by-step treatments. Instead, multiple and simultaneous treatments were suggested [1,4-6].
Overall, the treatments include pain control, lifestyle modification, stress management,
pelvic floor muscle therapy, oral therapies, intravesical therapies, and novel treatment for
bladder inflammation [2].

As anti-inflammation and pain control is important for IC/BPS patients, the focus on
bladder urothelium treatment is indispensable [7]. Botulinum toxin A (BoNT-A) is effective
in reducing bladder hypersensitivity and increasing capacity through its anti-inflammatory
and antinociceptive effects in the bladder urothelium [8]. BONT-A not only reduces bladder
pain effectively but it also increases bladder capacity in patients with cases of IC/BPS that
are refractory to conventional therapy [9,10]. Furthermore, BONT-A is capable of gradually
decreasing bladder inflammation and enhancing urothelial repair, leading to symptomatic
relief [11,12].

Due to IC/BPS'’s refractory nature, further research and investigation is vitally im-
portant. In real-world practice, precision medicine can not only assist clinical doctors in
identifying suitable treatment options but could also help IC/BPS patients achieve satisfac-
tory treatment outcomes earlier. Recently, the correlations between urinary biomarkers and
the pathophysiology of IC/BPS were explored [13]. However, the self-reported outcomes,
according to the IC/BPS patients’ point of view, have not been investigated. Moreover, data
relating to the effects of intravesical BONT-A injections on improved self-reported treatment
outcomes, and the predictive value of urinary biomarkers among IC/BPS patients are still
lacking. Therefore, we aimed to investigate the treatment outcomes of intravesical BONT-A
injections in patients with IC/BPS in a real-life setting.

2. Results

In total, 220 patients with IC/BPS (180 women, and 40 men) who had received BoNT-
A injections were enrolled. The mean age and IC/BPS duration were 54.1 4 13.4 and
13.8 4 10.1 years, respectively. The mean maximal bladder capacity (MBC) under anesthe-
sia was 652 + 204 mL; with 76 (35%), 114 (51.4%), and 20 (9.1%) patients having grade I
glomerulation, grade II-1II glomerulation, and HIC, respectively. The mean IC symptom
index (ICSI) and mean IC problem index (ICPI) were 12.7 £ 3.7 and 12.0 = 3.3 points, respec-
tively. The mean numerical rating scale (NRS) score for bladder pain was 5.1 + 2.7 points.
In total, 124 (56%) patients had voiding dysfunction, which included bladder neck dysfunc-
tion (n = 8, 4%), dysfunctional voiding (1 = 14, 6%), and poor external sphincter relaxation
(102, 46%) whilst under videourodynamic study (VUDS), and all patients had storage dys-
function, which included bladder hypersensitivity (n = 198, 90%) and detrusor overactivity
(n =22,10%); 214 (97%) patients had bladder pain or an intense urge to void during the
potassium chloride (KCl) infusion test. In total, 180 (82%) patients reported having bladder,
pelvic, or lower abdominal pain or discomfort (Table 1).
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Table 1. IC/BPS patients’ characteristics and VUDS parameters according to the treatment outcome

(n =220).
Unsatisfactory Satisfactory
. Total Outcome Outcome
Variable (1 = 220) GRA <1 GRA > 2 p Value
(n =133) (n =87)
Characteristics

Age (years) 541+ 134 539 £ 142 55.2+12.3 0.499

o« Men 40 (18%) 25 (19%) 15 (17%)
Gender (%) \yomen 180 (82%) 108 (81%) 72 (83%) 0.458
IC duration (years) 13.8 +£10.1 145+ 109 12.6 + 8.6 0.176
Numerical rating pain scale 51+£27 49 +27 53+£26 0.332
IC symptoms index (ICSI) 127 £3.7 125+£37 13.1+£38 0.307
IC problem index (ICPI) 120+ 3.3 11.6 £32 125+ 34 0.052
O’Leary-Sant IC Symptom Index (OSS) 247 £ 6.6 241+65 25.6 £ 6.8 0.118

VUDS parameters
First sensation of filling (mL) 117 £ 524 116 £51.9 118 £53.4 0.751
Full sensation (mL) 182 £735 180 £ 74.7 184 £71.9 0.719
Cystometric bladder capacity (mL) 276 + 114 267 + 105 289 + 126 0.167
Detrusor pressure (PgetQmax) (cm Hy0) 208 + 12.8 208 +12.3 210+133 0572
Maximum flow rate (mL/s) 123 +£5.7 11.8 £ 5.5 131+ 6.0 0.572
Voided-volume (mL) 251 + 121 236 + 111 273 + 130 0.026 *

Post-void residual (mL) 259 £51.6 28.8 £ 53.6 21.5+484 0.308
KCl test—Pain (%) 167 (77.3%) 101 (76%) 66 (76%) 0.531
KCl test—Urge (%) 68 (31.5%) 47 (35%) 21 (24%) 0.056
Maximum bladder capacity (mL) 652 £ 204 635 £ 199 680 £ 209 0.113

Grade 1 86 (39.5%) 48 (36%) 38 (44%)
Glomerulation grade Grade 2 83 (37.3%) 55 (41%) 28 (32%) 0173

Grade 3 31 (14.1%) 20 (15%) 11 (13%) ’
Hunner’s lesion IC 20 (9.1%) 11 (8%) 9 (10%)

* Significant p < 0.05.

Among the 220 patients receiving BoONT-A injections, 133 (60%) reported unsatisfactory
treatment outcomes which were evaluated using the global response assessment (GRA)
at 6 months later, and 87 (40%) reported satisfactory treatment outcomes. The unsatisfac-
tory group had a significantly higher rate of urinary tract symptoms (LUTS), including
urinary frequency (88.9% vs. 69.9%), nocturia (87.5% vs. 74.2%), and urinary retention
(6.9% vs. 1.1%) than the satisfactory group. However, the unsatisfactory group had lower
urge incontinence (8.3% vs. 18.3%) rate. Nine (10%) patients in the satisfactory group
underwent electrical coagulation of Hunner’s lesion. Moreover, as shown in Table 1, there
were no significant differences in the subjective awareness items which included the ICSI
and ICPI of the O’Leary-Sant symptom scale (OSS), and the NRS for bladder pain severity
between the two groups, regardless of their self-reported treatment outcomes. However,
the satisfactory group had a much larger voided volume (273 £ 130 vs. 236 + 111 mL,
p = 0.026) at the baseline. Moreover, there were no significant differences in age, sex, IC
duration, pain severity, IC symptoms, problem severity, VUDS parameters, glomerulation
grade, MBC, and KCl test results at the baseline between the two groups (Table 1).

In contrast, according to their bladder condition, we referred to a previous study that
used statistical analysis of the receiver operating characteristic curve to predict satisfactory
outcomes [11] and to further define both the MBCs greater or less than 760 mL and the
phenotype divided on bladder capacity combined with the glomerulation grade. The
unsatisfactory group was found to have a significantly smaller bladder capacity of <760 mL
in comparison to the satisfactory group (1 =103, 77% vs. n = 53, 61%, p = 0.007). Interestingly,
among 220 patients, excluding those with HIC, who had their urine collected for urinary
biomarker analysis, the levels of the inflammatory biomarker monocyte chemoattractant
protein-1 (MCP-1) and the oxidative stress biomarker 8-isoprostane were significantly

75



Toxins 2022, 14, 871

higher in the unsatisfactory group (379 4 517 vs. 229 £ 259, p = 0.031; 115 4= 245 vs. 44.8
+48.1, p = 0.017) (Table 2). Among the patients with satisfactory outcomes, 37% (1 = 32)
received intravesical BONT-A injections more than four times, whereas, in the unsatisfactory
group, only 27% (n = 36) received the BoONT-A injection more than four times.

Table 2. Bladder condition and urinary biomarkers of the IC/BPS patients stratified according to the
treatment outcome (n = 220).

Unsatisfactory Satisfactory
. Total Outcome Outcome
Variable (1 = 220) GRA <1 GRA >2 p Value
(n =133) (n =87)
Bladder condition (%)
Maximal bladder capacity < 760 (mL) 156 (70.9%) 103 (77%) 53 (61%) 0.007 *
Glomerulation grade 2/3 114 (51.8%) 75 (56%) 39 (45%) 0.062
Hunner’s lesion IC 20 (9.1%) 11 (8%) 9 (10%)
Glomerulation 0/1, MBC > 760 mL 45 (20.5%) 20 (15%) 25 (29%)
Glomerulation 0/1, MBC < 760 mL 38 (17.3%) 26 (20%) 12 (14%) 0.097
Glomerulation 2/3, MBC > 760 mL 18 (8.2%) 10 (8%) 8 (10%)
Glomerulation 2/3, MBC < 760 mL 99 (45%) 66 (47%) 33 (38%)
Urine biomarker (exclude HIC)
IL-8 237 +712 182 +24.2 31.6 + 108 0.291
CXCL 10 164 +13.2 19.7 £ 46.7 11.5 £ 372 0.289
MCP-1 318 + 436 379 + 517 229 + 259 0.029 *
BDNF 1.48 £9.35 2.04 +12.1 0.64 £+ 0.29 0.398
Eotaxin 7.05 £ 7.63 7.83 £+ 8.04 592 + 6.89 0.157
IL-6 8.54 + 53.7 11.2 £ 67.5 4.71+19.0 0.496
MIP-13 1.70 £+ 8.88 1.79 £ 2.61 1.56 £ 5.23 0.728
RANTES 10.6 £ 61.1 155+ 79 3.59 £+ 5.06 0.273
TNF-o 6.91 + 35.6 8.77 £ 44.6 4.19 + 147 0.468
PGE2 329 + 346 370 + 382 269 + 278 0.100
8-OHdG 343 +£265 36.9 +29.6 30.5 +20.9 0.168
8-Isoprostane 86.5 + 194 115 + 245 44.8 +48.1 0.015*
TAC 1214 + 1203 1323 + 1288 1058 + 1063 0.218

MBC: Maximal bladder capacity, IL-8: interleukin-8, CXCL10: C-X-C motif chemokine ligand 10, MCP-1: monocyte
chemoattractant protein-1, BDNF: brain-derived neurotrophic factor, IL-6: Interleukin 6, RANTES: regulated upon
activation/normal T cell expressed and secreted, PGE2: prostaglandin E2, TNF-a: tumor necrosis factor-alpha,
8-OHdG: 8-hydroxy-2-deoxyguanosine, TAC: total antioxidant capacity; * significant p < 0.05.

Finally, to determine the IC/BPS patients’ subjective or objective influencing factors,
including age, sex, IC duration, IC symptoms and problem severity, VUDS parameters, and
phenotype, a supervised machine learning algorithm was used to predict the probability of
an outcome. The results of the logistic regression indicated that IC/BPS symptoms and
problem severity (odds ratio: 1.06, 95% CI: 1.01-1.13, p = 0.031) and detrusor pressure
were significant predictors of treatment outcomes. Patients with grade 2-3 glomerulation
and MBC < 760 mL might have poor treatment outcomes compared to those with grade
0 to 1 glomerulation and MBC > 760 mL (odds ratio: 0.04, 95% CI: 0.17-0.97, p = 0.042)
(Figure 1). However, adverse events including hematuria after injection in 6 (2.7%) patients,
4 (1.8%) urinary tract infections, and 36 (16%) mild dysuria cases were found, but these
were without reports of urinary retention from any of the patients treated.
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Odds ratio OR (95%Cl) P Value
Characteristics
Age (year) 1.00 (097, 1.03) 0,981
Gender
Male ref
Female —_—— 1.10 (0.42,289) 0.840
IC duration (year) L 0.88 (094,102) 0.270
BoTM-A injection times .— 1.10 (093, 1.30) 0,259
O'Leary-5ant |C Symptom Index (055) - 1.06 (1.01, 1.13) 0031*
With bladder pain — 0.81 (038, 1.72) 0.586
WYUDS parameters
First sensation of filling {mL) 1.00 (099, 1.01) 0553
Full sensation (mL) 1.00 (099, 1.01) 0,983
Detrusor pressure (PaetQms) (cm H20) - 1.03 (1.00, 1.06) 0.040%
Maximum flow rate (mL/s) - 1.01 (095, 1.01) 0.699
Voided volume (mL) 1.00 (089, 1.01) 0.330
Cystometric bladder capacity (mL) 1.00 (099, 1.01) 0777
Cl test-with Pain —e— 0.85 (038,188) 0.684
KCL test-with Urge e — 054 (026, 1.16) 0113
IC phenotype
Glomerulation 041, MBC 2760 mL ref
Glomerulation 041, MBC £760 mL ——— 040 (0,14, 1.11) 0,078
Glomerulation 243, MBC 2760 mL 1.02 (027, 3.85) 0.980
Glomerulation 2/3, MBC 2760 mL | 0.04 (017, 097) 0.042%
T T T T
0 1 2 3 4

Figure 1. The forest plot results from the logistic regression for predicting satisfactory treatment
outcome (GRA > 2) effect factors. * significant p < 0.05.

3. Discussion

In our study, only 40% of our IC/BPS patients showed symptomatic improvement.
IC/BPS patients with less inflammatory bladder conditions would likely have satisfactory
outcomes with intravesical BONT-A treatment. The levels of inflammatory and oxidative
stress urinary biomarkers, such as MCP-1 and 8-isoprostane, were higher in IC/BPS patients
with unsatisfactory treatment outcomes. Moreover, voided volume and MBC also affect the
IC/BPS patients’ treatment outcomes. IC/BPS symptom and problem severity and detrusor
pressure are significant predictors of treatment outcomes in IC/BPS patients receiving
intravesical BONT-A injections. The IC/BPS patients with severe bladder inflammation
might need more intravesical BONT-A injections to attain a satisfactory outcome.

The urothelium is a stratified epithelium with three cell types (basal, intermediate, and
superficial) and its functions include: forming a permeability barrier, acting as a sensory
organ, and accommodating large volumes of urine [14]. The bladder urothelium is basically
quiescent but regenerates readily upon injury [15]; the turnover rate of quiescent rodent
urothelium is approximately once every 200 days [3]. Insufficient urothelial regeneration
might decline the defense barrier and impact the barrier function whereby toxic substances
or pathogens in the urine further stimulate local tissue inflammation [14], depolarize af-
ferent nerve fibers, raise exposure to urinary toxins, incite chronic bladder inflammation,
and aggravate sensory nerve activation, leading to chronic pain and insufficient or over-
abundant regeneration [3] which further results in higher levels of cytokine biomarkers in
the urine.

The first documented therapeutic application of BONT occurred in 1977. A purified
BoNT (Oculinum®©) was injected into the extra-ocular muscles to treat strabismus [16].
In 1988, Dykstra et al., first used BoNT in patients with lower urinary tract disorders to
treat detrusor external sphincter dyssynergia [17]. Additionally, physicians also attempted
to use intravesical BONT-A injections as treatment for IC/BPS in 2003 [18]. The BONT-A
is one of the most powerful neurotoxins and inhibits the release of neurotransmitters
from nerve fibers and urothelium [9]. The therapeutic effects might involve inhibiting
the release of acetylcholine into the neuromuscular junctions of the detrusor muscle and
anti-inflammatory responses [19]. Intravesical BONT-A injections are listed in the AUA
clinical guidelines as a fourth-line treatment option for IC/BPS [7].
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In the present study, we reviewed the data of 220/521 IC/BPS patients receiving
intravesical BONT-A treatment over the past two decades, regardless of the number of BoNT-
A injections each received. Only 40% of these patients showed symptomatic improvement,
including those with long lasting disease durations and those who were refractory to
medical treatments. Additionally, BONT-A (100 U) is effective and safe as a treatment for
IC/BPS [9]. Unfortunately, in the clinical practice, effective treatments for IC/BPS are
lacking [1] and the pathophysiology of IC/BPS is also undetermined. However, previous
guidelines believe the pathophysiology of NHIC might be multifactorial and include
inflammation, post-infection autoimmune process, mast-cell activation, and urothelial
dysfunction [1,7,9]. Furthermore, the bladder disorder could be first or secondary, which
resulted from another cause [20]. However, bladder treatment combined with multimodal
therapy is necessary [21].

Moreover, in the present study, we further explored the inflammatory and oxidative
urinary biomarkers in these IC/BPS patients and found that patients without satisfactory
treatment outcomes had higher MCP-1 and 8-isoprostane levels. In contrast, the patients
reporting satisfactory treatment outcomes had significantly lower levels of inflammatory
and oxidative stress urinary biomarkers. This leads us to presume that repeat BONT-A
injections not only reduce pain but also decrease bladder inflammation and improve IC
symptoms and problems, resulting in better treatment outcomes. In the previous clinical
trial using repeated BoNT-A injections, a higher success rate was found in patients receiving
more than two injections over longer therapeutic durations [19]. In practice, when a patient
reports no satisfactory outcome after receiving the BONT-A injection, physicians might
not recommend repeat injections and the patient probably would refuse such additional
treatment without considering that the anti-inflammatory effect had not been attained
during the initial treatment.

In summary, the etiology of IC/BPS might be affected by multiple factors, including a
defective/damaged bladder urothelium, activation of C-fibers, neurogenic inflammation
with mast cell activation, autoimmunity, occult infection, and pudendal nerve entrap-
ment [1]. However, IC/BPS patients, with or without Hunner’s ulcers, had significantly
higher levels of urine cytokine biomarkers, including interleukin-8 (IL-8), C-X-C motif
chemokine ligand 10 (CXCL-10), brain-derived neurotrophic factor (BDNF), eotaxin, and
regulated upon activation/normal T cell expressed and secreted (RANTES) than the gen-
eral population [13]. This revealed that chronic inflammation might be the fundamental
pathophysiology of IC/BPS. Therefore, bladder tissue apoptosis among IC/PBS patients
might result from inflammatory signal upregulation [22]. This study, based on the point
of view analysis of IC/BPS patients’ subjective treatment outcomes in correlation with
objective factors, revealed that the unsatisfactory group has higher urine biomarker levels
and lesser bladder capacities, indicating that they probably have more severe bladder
inflammation and have not yet achieved optimal treatment effects. In these patients, repeat
intravesical BONT-A injections are required to achieve a satisfactory outcome. Regardless
of the therapeutic options used by patients with IC/BPS in the past, in the future, precision
medicine such as urine biomarkers, are expected to be used during bespoke personal
treatment courses irrespective of physiological or psychological treatments, and longer,
more complete treatment periods are also essential.

The major limitation of this study is its retrospective study design and single-center.
Thus, further research is needed before more definite recommendations can be made, and
in addition, longer follow-ups are also needed. Future studies should investigate the
correlation between urinary biomarkers before and after BONT-A treatment. Moreover,
a consistent bladder volume must be ensured before collecting a urine sample and any
invasive examinations must not be performed on patients for at least 48 h to ensure non-
stimulation of the urothelium cell. Furthermore, allocating IC/BPS phenotype to suitable
treatment options is another direction for our future efforts.
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4. Conclusions

In this study, only 40% of IC/BPS patients had symptomatic improvement after intrav-
esical BONT-A injections. Patients with less inflammatory bladder conditions characterized
by a larger bladder capacity, lower symptom severity, and lower urinary inflammatory
and oxidative stress biomarker levels may predict satisfactory outcomes. Patients with
severe bladder inflammation might require more intravesical BONT-A injections to achieve
a satisfactory outcome.

5. Materials and Methods

This study involved IC/BPS patients treated with 100 U BoNT-A from February 2000
to December 2021. All patients were diagnosed with IC/BPS in accordance with established
IC/BPS characteristic symptoms and cystoscopic findings of glomerulations, petechiae,
or mucosal fissures on anesthesia cystoscope hydrodistention [23]. Among the IC/BPS
patients, lifestyle and behavioral modification, cystoscopic hydrodistention, intravesical
hyaluronic acid instillation, or painkiller medications and treatment modalities were tried
in at least two treatment modalities, but the IC symptoms persisted or relapsed. During the
study period, some patients were undergoing BoNT-A injection clinical trials. However,
we only recorded the outcomes of their first treatments.

All patients were screened thoroughly at the time of enrollment and were not enrolled
if they failed the inclusion criteria of the European Society for the Study of Interstitial
Cystitis [24]. This is a retrospective analysis of previous clinical trials of BONT-A injections
for patients with IC/BPS. In these clinical trials, the patient inclusion and exclusion criteria
were the same (Appendix A).

The treatment outcomes at 6 months after the intravesical BONT-A injection were
evaluated using the GRA scale. Additionally, the IC symptoms were assessed using OSS,
including ICSI and ICPI [25]. The ICSI and ICPI are two instruments used to determine
the overall level of severity of each symptom and the significance of the problem from
the patient’s perspective, respectively [26,27]. Both indices included four questions, one
each for nocturia, frequency, urgency, and bladder-associated pain. The total ICSI scores
range from 0 to 20. Each of the questions in the ICPI has five response options ranging
from 0 to 4 with a maximum total ICPI score of 16, with higher scores indicating more
severe IC/BPS symptoms and problem severity [26]. Patients were requested to rate their
bladder symptoms as compared to that at baseline using a 7-point centered scale, from
markedly (—3), moderately (—2), and slightly worse (—1), no change (0), to slightly (+1),
moderately (+2), and markedly improved (+3). Patients with moderately and markedly
improved results after treatment were considered to have satisfactory treatment outcomes.
Otherwise, the treatment outcome was considered unsatisfactory [19].

VUDS was performed before the BONT-A injection using the multichannel urodynamic
system (Life-Tech, Stafford, TX, USA) and a C-arm fluoroscope (Toshiba, Tokyo, Japan).
According to International Continence Society recommendations, this study’s descriptions
and terminologies all follow the compliance criteria [28]. Based on the characteristic VUDS
findings, such as the first sensation of filling, first desire to void full bladder sensation,
cystometric bladder capacity, detrusor pressure at maximum flow rate, maximum flow
rate, voided-volume, and post-void residual (PVR), patients would be diagnosed with
hypersensitive bladder, detrusor overactivity, voiding dysfunction, poor pelvic floor muscle
relaxation, or intrinsic sphincter deficiency [29]. The KCl test was considered positive if
there was bladder pain or an intense urge to void during the KCl infusion after the emptying
of the residual urine [30]. was Patients with increased bladder sensation and positive KCl
sensitivity tests were encouraged to undergo Cystoscopic hydrodistention. The VUDS
was performed to verify the diagnosis of IC/BPS at baseline and recognize other bladder
conditions that resemble IC/BPS. A duplicate VUDS was performed 6 months after the
primary BoNT-A injection to estimate the bladder condition after treatment and as an action
for instigating subsequent treatment.
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After cystoscopic hydrodistention, the patients were treated with consecutive bladder-
targeting medications for bladder pain, including nonsteroidal-inflammatory drugs,
cyclooxygenase-2 inhibitors, antimuscarinics, alpha-blockers, intravesical hyaluronic acid
installations, and 4th line of intravesical BONT-A injections, according to AUA guideline
recommendations [20].

BoNT-A medicinal liquid constituted a vial of onabotulinumtoxin A (100 U) diluted
with 10 mL 0.9% saline. Twenty injections were performed with this BONT-A liquid, lead
5-U BoNT-A in each injection site. For the bladder’s posterior and lateral walls, an injection
needle was inserted approximately 1 mm in the urothelium, sparing the trigone, using
a 23-gauge needle and rigid cystoscopic injection instrument (22 Fr, Richard Wolf, and
Knittlingen, Germany). After the BONT-A injections, cystoscopic hydrodistention was
performed under slowly dripping 0.9% saline to an intravesical pressure of 80 cm fluid for
15 min. The MBC and glomerulation grade under hydrodistention was also recorded after
intravesical pressure release [9]. Based on the appearance of glomerulations for none, less
than half, more than half, and more than half and during serious waterfall bleeding of the
bladder wall, if patients have Hunner’s lesion combined with or without glomerulations
were classified as ulcer-type IC/BPS. After that, the glomerulation grade was classified
into 0, 1, 2, and 3 [11]. After the BONT-A treatment, a 14-Fr indwelling urinary catheter was
inserted overnight and removed the next day. An antibiotic (cephradine 500 mg every 6 h)
was routinely prescribed for a week, and patients visited the outpatient clinic 2 weeks after
treatment, followed by monthly visits to the outpatient clinic for outcome assessment. The
primary endpoint was 6 months after the BONT-A injection.

We not only analyzed the patients’ subjective and objective characteristics and VUDS
parameters but also collected urine specimens to further analyze the urinary biomarkers at
baseline. The urinary biomarkers collected included interleukin-8 (IL-8), CXCL10, MCP-1,
BDNE, eotaxin, Interleukin 6 (IL-6), RANTES (also known as CCL5), prostaglandin E2,
tumor necrosis factor-alpha, 8-hydroxy-2-deoxyguanosine, 8-isoprostane, and total antioxi-
dant capacity [13]. In brief, before cystoscopic hydrodistention, all patients would collect
50 mL urine samples, obtained by self-urination, when patients had a full bladder sensation,
and also excluded those with confirmed urinary tract infections. Before transferring to the
laboratory, the urine samples were placed on ice. However, HICs would be excluded from
further analysis considering the different pathology [13,31].

Statistical Analysis

Statistical analysis was performed using SPSS version 25 (IBM, Armonk, NY, USA); a
p value of <0.05 was considered statistically significant. Data were expressed as mean and
standard deviations for continuous variables, and categorical variables were presented as
counts and proportions. Between-group statistical comparisons were tested for categorical
variables using either Pearson’s chi-square or Fisher’s exact test, and additionally using an
independent t-test for continuous variables, excluding outliers of urinary biomarkers.

To examine the association of treatment outcomes, logistic regression models were
further estimated for subjective and objective factors in an attempt to predict the factors
which influence the expected treatment outcomes. Logistic regression was used to analyze
the relationship between IC/BPS patients’ characteristics, VUDS parameters, and IC/BPS
bladder phenotype and self-reported satisfactory treatment outcomes.
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Appendix A. The Inclusion and Exclusion Criteria of Intravesical BONT-A Injection
for IC/BPS

1. Adults aged 20 years old or above

2. Patients with symptoms of frequency, urgency, nocturia,
and/or bladder pain

3. Proven to have glomerulations (at least grade 1) by

cystoscopic hydrodistention under anesthesia in recent

1 year

Free of active urinary tract infection

Free of bladder outlet obstruction on enrolment

6.  Free of overt neurogenic bladder dysfunction and limitation
of ambulation

7. The patient, or his/her legally acceptable representative,
has signed the written informed consent form

Patient Inclusion Criteria

S

1. Patients with severe cardiopulmonary disease such as
congestive heart failure, arrhythmia, poorly controlled
hypertension, or those unable to receive regular
follow-up treatment

2. Patients with bladder outlet obstruction on enrollment

Patients with post-void residual >250mL

4. Patients with an uncontrolled and confirmed diagnosis of
acute urinary tract infection

5. Patients with laboratory abnormalities at screening that
include: ALT> 3 x upper limit of the normal range, AST> 3 x
upper limit of the normal range; Patients with abnormal

Patient Exclusion Criteria serum creatinine level > 2 x upper limit of the normal range

6.  Patients with any contraindication to urethral
catheterization during treatment

7. Female patients who are pregnant, lactating, or with
child-bearing potential without contraception.

8.  Patients with any other serious disease considered by the
investigator not in a condition to enter the trial

9.  Patients who had received intravesical onabotulinumtoxinA
treatment for IC within the last 6 months

10.  Patients who participated in an investigational drug trial
within 1 month before entering this study
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Abstract: Voiding dysfunction is a common but bothersome problem in both men and women.
Urethral sphincter botulinum toxin A (BoNT-A) injections could serve as an option in refractory cases.
This study analyzed the efficacy and outcome predictors of the injections in patients with functional,
non-neurogenic voiding dysfunction. Patients who received urethral sphincter BONT-A injection for
refractory voiding dysfunction due to detrusor underactivity (DU) or urethral sphincter dysfunction
were retrospectively reviewed. A successful outcome was defined as a marked improvement as
reported in the global response assessment. The study evaluated the therapeutic efficacy of urethral
sphincter BONT-A injections and measured the changes in urodynamic parameters after the procedure
in the patients. A total of 181 patients including 138 women and 43 men were included. The overall
success rate was 64%. A lower success rate was noted in patients with DU compared to those with
urethral sphincter dysfunction in both genders. In the multivariable analysis, recurrent urinary
tract infection (UTI) and bladder voiding efficiency (BVE) were positive predictors for a successful
outcome, while DU was a negative predictor. Urethral sphincter BONT-A injection is an effective
treatment for refractory non-neurogenic voiding dysfunction. Baseline BVE and history of recurrent
UTI positively predict a successful outcome. DU is a negative outcome predictor.

Keywords: botulinum toxin; urethral; voiding dysfunction; detrusor underactivity; urethral sphinc-
ter dysfunction

Key Contribution: Urethral sphincteric BONT-A injection provides comparative responses in refrac-
tory functional, non-neurogenic voiding dysfunction. DU and poor bladder voiding efficiency predict
inferior therapeutic outcomes.

1. Introduction

Voiding dysfunction is a urological condition characterized by slow or incomplete
bladder emptying [1,2]. Being a major component of lower urinary tract symptoms (LUTS)
in men, voiding dysfunction is actually not uncommon in women in clinical practice [3].
Detrusor underactivity (DU) and bladder outlet obstruction (BOO) are two fundamental
etiologies of voiding dysfunction and both could result from either neurogenic or non-
neurogenic origins [4]. The latter could further be subdivided into anatomical obstruction
and functional obstruction.

Urodynamic study is often required for the diagnosis of voiding dysfunction. Inva-
sive urodynamic studies such as pressure flow studies or videourodynamic studies (VUDS)
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could differentiate DU from BOO as causes of voiding dysfunction [5]. VUDS could fur-
ther undermine the underlying lower urinary tract dysfunction of BOO including urethral
stricture, benign prostate obstruction (BPO), high-grade pelvic organ prolapse as anatomical
obstruction, primary bladder neck obstruction, or urethral sphincter dysfunction as functional
obstructions [6]. The accurate diagnosis and measurement of urodynamic parameters from
VUDS may predict and even improve the outcomes of different voiding dysfunctions [7].

Except for simple anatomical obstruction such as BPO or high-grade pelvic organ pro-
lapse, treating entities of voiding dysfunction may be challenging for urologists. Botulinum
toxin A (BoNT-A) has been used to treat the neurogenic voiding dysfunction since the late
1980s [8]. Urethral sphincter injection of BONT-A could decrease urethral resistance and
improve voiding efficiency (VE) via chemical sphincterotomy through the blocking of acetyl-
choline release from presynaptic efferent nerves at the neuromuscular junctions [9]. Benefits
of urethral sphincter BONT-A injections in non-neurogenic voiding dysfunction were also
reported afterwards [10,11]. This article aims to explore the effects of urethral sphincter
BoNT-A injections in different types of functional, non-neurogenic voiding dysfunction in
both genders and search for the predictive factor for treatment outcome.

2. Results

There were 181 patients including 138 females and 43 males receiving urethral BONT-A
injections in this study. The mean age at injection was 59.7 £ 21.1 years old in women
and 67.3 & 14.1 years old in men, which was significant younger in the former (p = 0.003).
Compared to men, women had a higher percentage of recurrent urinary tract infection
(43% vs. 5%, p < 0.001) and history of receiving transurethral incision or resection of the
bladder neck (TUIBN) (50% vs. 19%, p < 0.001), but a lower percentage of Parkinson’s
disease (1% vs. 14%, p = 0.003) and dementia (1% vs. 7%, p = 0.042). A total of 56% of men
had received transurethral resection of the prostate (TURP). Detailed baseline characteristics
and comorbidities stratified by gender are shown in Table 1.

Table 1. Baseline characteristics and comorbidities stratified by gender.

Female (n = 138) Male (n = 43)

Mean + SD or No. (%) Mean =+ SD or No. (%) p Value
Age 59.7 +21.1 67.3 +14.0 0.003
Diagnosis
Detrusor underactivity 61 (44) 17 (40)
Urethral sphincter dysfunction * 77 (56) 26 (60) 0.589
Diabetes mellitus 36 (26) 11 (26) 0.947
Hypertension 65 (47) 18 (42) 0.547
CAD 13 ) 1 (2) 0.193
CKD 3 2) 1 (2) 1.000
COPD 1 (2) 0.238
Parkinson disease 2 1) 6 (14) 0.003
CVA 19 (14) 7 (16) 0.682
Dementia 1 (@8] 3 7) 0.042
Recurrent UTI 47 (34) 2 (5) <0.001
History of TURP 24 (56) <0.001
History of TUI-BN 69 (50) 8 (19) <0.001

CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease; CVA: Cerebrovascular accident;
UTTI: Urinary tract infection; TURP: Transurethral Resection of Prostate; TUI-BN: Transurethral Incision or
Resection of the Bladder Neck. * Urethral sphincter dysfunction including dysfunctional voiding and poor
relaxation of urethral sphincter.

Table 2 shows the baseline and post-injection VUDS parameters and the post-injection
GRA in women with different types of voiding dysfunction. There were 61 women with
DU and 77 with urethral sphincter dysfunctions in this study. A significantly lower rate
of successful outcome was noted in women with DU compared to those with urethral
sphincter dysfunction (56% vs. 74%, p = 0.024). Except for mild decrease of US, no obvious
change of other VUDS parameters was detected in women diagnosed of DU. Increased
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FSF (103.6 & 60.5 to 125.3 & 74.6 mL/s, p = 0.034) and decreased Pdet (54.7 & 36.0 to
45.5 + 33.9 cmH20, p = 0.034), as well as BOOI (41.8 &+ 37.5 to 31.6 + 35.9, p = 0.010),
were noted in women with urethral sphincter dysfunction. In the male cohort, there were
43 patients receiving urethral sphincter BONT-A injection. Among them, 17 men were diag-
nosed with DU and 26 with urethral sphincter dysfunction (Table 3). A significantly lower
rate of successful outcome was noted in men with DU compared to those with urethral
sphincter dysfunction (36% vs. 73%, p = 0.014). Although there was some dissimilarity
in clinical and VUDS parameters, no difference in treatment response rate after urethral
sphincter BONT-A injection was found among different subtypes of urethral sphincter
dysfunction (Appendix A Table A1).

Univariable logistic regression analysis for predictors of successful outcome revealed
that history of recurrent urinary tract infection (UTI) (OR = 2.37, p = 0.024) and VE
(OR = 1.02, p < 0.001) were positively correlated with the outcome; whereas DU
(OR =0.37, p = 0.002), history of hypertension (OR = 0.50, p = 0.026) and FS (OR = 1.00,
p = 0.036) in VUDS correlated with the outcome negatively (Table 4). After adjusting for
age and gender, history of recurrent UTI and VE were positive predictors for a success-
ful outcome with odds ratios of 3.82 (95% confidence interval: 1.58-9.22, p = 0.003) and
1.02 (95% confidence interval: 1.01-1.03, p = 0.004), respectively. On the other hand, DU
was a negative predictor with an odds ratio of 0.46 (95% confidence interval: 0.21-0.99,
p = 0.047) in the multivariable logistic regression analysis.

Table 2. Baseline and post-injection urodynamic parameters and the post-injection global response
assessment in female patients with different types of voiding dysfunction.

Detrusor Underactivity

Urethral Sphincter Dysfunction *

Female Before Urethral Botox After Urethral Botox Before Urethral Botox After Urethral Botox
(n=138) Injection (n = 61) Injection (n = 61) p Value Injection (n = 77) Injection (n = 77) p Value
Mean + SD or No. (%)  Mean + SD or No. (%) Mean + SD or No. (%)  Mean + SD or No. (%)

VUDS parameters
FSF (mL) 177.3 +76.6 158.6 78.2 0.152 103.6 +60.5 125.3 +74.6 0.034
FS (mL) 250.1 +86.4 230.0 104.6 0.142 170.3 +78.8 193.2 +98.1 0.059
US (mL) 295.7 +106.5 266.3 109.6 0.042 204.5 +98.3 219.9 +109.5 0.242
Compliance
(mL/cm H,0) 64.3 +80.1 58.0 50.4 0.585 46.3 +62.2 56.3 +64.6 0.258
DO 7 (11) 6 (10) 0.655 51 (66) 42 (55) 0.083
Pdet(cm H,O) 6.4 +7.9 72 +11.1 0.573 54.7 +36.0 45.5 +33.9 0.009
Qmax (mL/s) 4.0 +7.1 4.9 +6.5 0.460 6.5 +49 6.9 +5.5 0.430
BOOI —1.4 +16.4 —-25 +13.7 0.623 41.8 +37.5 31.6 +35.9 0.010
VV (mL) 89.3 +131.5 101.0 +139.5 0.596 124.2 +102.5 138.8 +124.0 0.337
PVR (mL) 315.4 +210.5 313.3 +220.5 0.952 187.4 +142.8 200.9 +159.0 0.480
BVE (%) 215 +30.9 26.1 +35.0 0.402 424 +31.9 45.1 +35.8 0.540
Global Response Assessment
Excellent 5 (8) 20 (26)
Markedly improved 29 (48) 37 (48)
Mildly improved 8 (13) 5 (6)
No change 18 (30) 14 (18)
Missing 1 2) 1 (1) 0.024°
Successful b
outcome 3 34 (56) 57 (74) 0.024

BOOL: bladder outlet obstruction index; BVE: bladder voiding efficiency; DO: detrusor overactivity; DU: detrusor
underactivity; FS: full sensation; FSF: first sensation of filling; Pdet: maximal detrusor pressure; PVR: post-void
residual volume; Qmax: maximal uroflow rate; SD: standard deviation; US: urge sensation; VV: voided volume;
VUDS: videourodynamic study. @ Successful outcome was defined as a global response assessment greater than
mildly improved (score = 2). b Difference between detrusor underactivity and urethral sphincter dysfunction.
* Urethral sphincter dysfunction including dysfunctional voiding and poor relaxation of urethral sphincter.
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Table 3. Baseline and post-injection urodynamic parameters and the post-injection global response

assessment in male patients with different types of voiding dysfunction.

Detrusor Underactivity

Urethral Sphincter Dysfunction *

Male Before Urethral Botox After Urethral Botox Before Urethral Botox After Urethral Botox
(n =43) Injection (n =17) Injection (n =17) p Value Injection (1 = 26) Injection (1 = 26) p Value
Mean + SD or No. (%) Mean + SD or No. (%) Mean + SD or No. (%) Mean + SD or No. (%)

VUDS parameters

FSF (mL) 181.4 +105.9 1722 +99.1 0.727 146.2 +89.6 150.8 +68.3 0.818

FS (mL) 265.9 +153.0 275.3 +156.2 0.828 248.8 +116.6 251.6 +134.0 0.919

US (mL) 320.6 +157.3 3234 +164.4 0.947 283.9 +124.3 2815 +142.1 0.934

Compliance

(mL/cmH,0) 73.5 +141.5 41.1 +38.0 0.359 44.5 +44.6 56.4 +50.7 0.424

DO 4 (24) 6 (35) 0.157 9 (35) 13 (50) 0.103

g(ieotgcm 10.5 +11.0 18.0 +24.2 0.285 242 +17.5 235 +17.3 0.791

Snnf‘/"s) 18 +£26 25 £26 0.282 55 +53 68 £6.0 0271

BOOI 6.9 +9.7 129 +24.2 0.336 133 +16.5 10.0 +15.1 0.405

VV (mL) 245 +40.4 38.9 +50.6 0.258 138.5 +137.0 138.6 +150.8 0.997

PVR (mL) 375.3 +162.0 393.8 +185.4 0.712 237.4 +176.5 231.1 +191.8 0.831

BVE (%) 8.2 +12.5 114 +13.7 0.348 40.1 +35.2 44.1 +39.0 0.552

Global Response Assessment

Excellent 3 (18) 7 (27)

Markedly improved 3 (18) 12 (46)

Mildly improved 1 6) 1 (4)

No change 10 (59) 6 (23) 0.094

Successful

i 6 (36) 19 (73) 0.0141°
BOOI: bladder outlet obstruction index; BVE: bladder voiding efficiency; DO: detrusor overactivity; DU: detrusor
underactivity; FS: full sensation; FSF: first sensation of filling; Pdet: maximal detrusor pressure; PVR: post-void
residual volume; Qmax: maximal uroflow rate; SD: standard deviation; US: urge sensation; VV: voided volume;
VUDS: videourodynamic study. @ Successful outcome was defined as a global response assessment greater than
mildly improved (score > 2). P Difference between detrusor underactivity and urethral sphincter dysfunction.
* Urethral sphincter dysfunction including dysfunctional voiding and poor relaxation of urethral sphincter.
Table 4. Logistic regression analysis for predictors of successful outcomes after urethral sphincteric
botulinum toxin A injection.

Univariate Analysis Multivariate Analysis

OR 95% CI p Value OR 95% CI p Value

Age 0.98 0.97 1.00 0.062 1.00 0.98 1.02 0.728

Gender 0.72 0.36 1.45 0.353 0.88 0.38 2.04 0.769

DU 0.37 0.20 0.70 0.002 0.46 0.21 0.99 0.047

Comorbidities

DM 0.61 0.31 1.19 0.147

HTN 0.50 0.27 0.92 0.026 0.53 0.25 113 0.099

CAD 2.17 0.58 8.06 0.250

CKD 1.70 0.17 16.66 0.649

PD 0.93 0.22 4.02 0.923

CVA 1.07 0.45 2.56 0.882

Dementia 0.55 0.08 4.02 0.558

Recurrent UTI 2.39 1.12 5.09 0.024 3.82 1.58 9.22 0.003

TURP history 0.62 0.26 1.48 0.280

TUIBN history 0.80 0.43 147 0.462

Baseline VUDS parameters

FSF (mL) 1.00 0.99 1.00 0.159

FS (mL) 1.00 0.99 1.00 0.036 1.00 1.00 1.00 0.559

US (mL) 1.00 1.00 1.00 0.164

Compliance (mL/cm H,0) 1.00 1.00 1.00 0.500

DO 1.59 0.84 3.00 0.155

BVE (%) 1.02 1.01 1.03 <0.001 1.02 1.01 1.03 0.004

BOOI 1.01 1.00 1.02 0.327

BOOI: bladder outlet obstruction index; BVE: bladder voiding efficiency; CAD: Coronary artery disease; CI: confi-
dence interval; CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease; CVA: Cerebrovascular
accident; DM: diabetes mellitus; DO: detrusor overactivity; DU: detrusor underactivity; FS: full sensation; FSF: first
sensation of filling; HTN: hypertension; PD: Parkinson’s disease; PVR: post-void residual volume; Qmax: maximal
uroflow rate; UTL: Urinary tract infection; TURP: Transurethral Resection of Prostate; TUI-BN: Transurethral Incision
or Resection of the Bladder Neck; US: urge sensation; VUDS: videourodynamic study.
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3. Discussion

This study reveals that urethral sphincter BONT-A injection is an effective treatment
option for refractory non-neurogenic functional voiding dysfunction in both genders. The
general success (GRA = 2) rate after injection was 64%. Patients with a history of recurrent
UTI and favorable baseline VE had better a subjective response after urethral sphincter
BoNT-A injections. DU is a significant predictor for poor outcome. These findings suggest
that undertaking urodynamic assessment before the procedure is important for predicting
treatment outcomes in patients considering urethral sphincter BONT-A injection due to
voiding dysfunction.

The concept of urethral sphincter BONT-A injection in treating non-neurogenic voiding
dysfunction originated from the positive experience of its usage in treating patients with
detrusor sphincter dyssynergia [12]. It was assumed that the improvement of voiding dys-
function is related to lowering of the urethral resistance through chemical sphincterotomy
which was induced by blocking the presynaptic release of acetylcholine in the neuromuscu-
lar junction of the urethral sphincter after injection [13]. Previous studies have reported
about 60-70% overall response rate in non-neurogenic voiding function after the urethral
sphincter BONT-A injections [14,15]. With a greater sample size, our studies demonstrated
a similarly successful result in such patients. Notably, high proportion of our patients had
history of TUI-BN or TURP. In our practice, we performed TUI-BN in female patients who
presented with insufficient bladder neck opening during voiding in the videourodyamic
studies prior to urethral sphincteric BONT-A injection. This treatment sequence could
exclude the patients whose voiding dysfunction was attributed to anatomical or functional
bladder neck dysfunction. A similar rationale was also applied to the male patients; TURP
or TUI-BN were performed first if obstruction in the prostate urethra or bladder neck was
suspected. In short, urethral sphincteric BONT-A was injected in patients with refractory
voiding dysfunction due to DU or urethral sphincter dysfunction. In the logistic regression
analysis, history of TUI-BN or TURP did not pose significant adverse effects to the outcome
of urethral sphincteric BONT-A injection.

DU and urethral sphincter dysfunction are the two major etiologies of non-neurogenic
voiding dysfunction. However, studies comparing the treatment efficacy between the
two are lacking and the study subjects were often mixed with those with neurogenic
voiding dysfunction [15,16]. DU was reported to be one of the causes of treatment failure
after urethral sphincter BONT-A injections [16]. In this study, both women and men had
a significantly lower rate of treatment success in patients diagnosed with DU compared
to those with urethral sphincter dysfunction. For DU patients, the major effect of urethral
sphincter BONT-A injection is to release BOO by lowering the urethral resistance while
the impaired bladder contractility persisted despite the treatment. This could explain the
inferior outcome in these patients. After adjusting for the possible confounding factors
including gender difference and age, DU remains a predictive factor for poor treatment
response in this study.

It is reasonable that the therapeutic efficacy of urethral BONT-A might be affected by
the severity of baseline pathophysiology of voiding dysfunction. Patients with history of
urethral catheterization due to severe emptying failure in idiopathic or neurogenic etiology
had been reported to respond poorly to the treatment compared to others [17]. As an index
of bladder emptying ability, VE before the treatment might work as an outcome predictor
as well. In fact, we found that the baseline VE was positively correlated with the successful
outcome in both univariate and multivariate analyses in this study. The best cutoff value
for baseline VE were 23% and 4 % for females and males respectively according to the
Youden’s index in the receiver operating characteristic (ROC) curve. Therefore, patients
with DU and poor VE diagnosed in pre-operative urodynamic studies should be adequately
informed of the risk of inferior treatment responses.

Aside from the therapeutic effect for voiding function, urethral sphincter BONT-A
injection might also be beneficial for recurrent UTI, a common bothersome nightmare
resulting from incomplete urine emptying [18]. Urethral sphincter BONT-A injection had
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been reported to achieve a 50% reduction of UTI in spinal cord injury patients with detrusor
sphincter dyssynergia [19]. Urethral sphincter BONT-A injection also decreased UTI in
neurologically normal patients with functional voiding dysfunction [20]. The benefit of
UTI prevention might explain the finding of higher subjective response rates reported in
our patients who had a history of recurrent UTI. As a result, urethral sphincter BONT-A
injection might be considered in those who suffered from refractory voiding dysfunction
concomitant with recurrent UTL

This study provides the treatment response rate of urethral sphincter BONT-A injection
and its predictive factors in patients suffering from functional, non-neurogenic voiding
dysfunction with considerable subject numbers as well as complete and detailed urody-
namic study before and after the treatment. However, there are still some limitations. First,
since the majority of male voiding dysfunction is caused by anatomical obstruction, the
number of men in our study is relatively small which makes it difficult to undertake further
subgroup analysis. Second, the diagnoses of DU and urethral sphincter dysfunction were
based on the image and pressure flow parameters from VUDS which might be somewhat
subjective. Nevertheless, it is the most common way to differentiate the cause of voiding
dysfunction in clinical practice. Third, the retrospective nature of this study made it diffi-
cult to avoid all possible biases during analysis despite our adjusting for the significant
variables statistically. A prospective trial with specific inclusion criteria and pre-defined
sub-group analysis is required to confirm the results of our study.

4. Conclusions

Urethral sphincter BONT-A injection is effective in treating refractory functional non-
neurogenic voiding dysfunction in both genders. The overall successful rate was 64%.
Baseline VE and history of recurrent UTI positively correlate with a successful outcome.
DU is a predictive factor for a poor treatment outcome.

5. Materials and Methods

The study was initiated following approval by the Institutional Review Board of the
author’ hospital (IRB 105-151-B). From January 2010 to November 2019, patients who
received urethral sphincter BONT-A injection due to refractory functional, non-neurogenic
voiding dysfunction were retrospectively reviewed. All patients available for baseline
and follow-up VUDS data were included. Patients with anatomical urethral conditions
including uncorrected BPO and high-grade pelvic organ prolapse, history of lower urinary
tract reconstruction, urethral stenosis and urethral tumor were excluded. Patients with
uncorrected bladder neck dysfunction, neurogenic abnormality related detrusor sphincter
dyssynergia, cauda equina syndrome or peripheral neuropathy were also excluded [21].
The voiding dysfunction among patients with cerebral vascular accident, Parkinson’s
disease or dementia with subtle neurological clinical manifestation were not considered
neurogenic since the lower urinary tract symptoms manifest in these diseases were pre-
dominantly detrusor overactivity with or without incontinence [22]. The bladder neck
dysfunction was corrected first if the VUDS revealed a narrow bladder neck during the
voiding phase in patients with voiding dysfunction. Because the patients still have difficulty
in urination after TUI-BN or TUR-P, they were recommended to receive urethral sphincter
BoNT-A injection for the urethral sphincter dysfunction.

VUDS performed in accordance with the International Continence Society (ICS) rec-
ommendation [23] were utilized for baseline urinary function assessment of every patient
with refractory voiding dysfunction before the urethral sphincter BONT-A injection. The
cause of voiding dysfunction was determined by VUDS and electromyography (EMG) as
DU or urethral sphincter dysfunction. DU was defined as having a bladder contractility
index < 100 in men, and maximal detrusor pressure (Pdet) < 10 cm H,O with maximum
flow rate (Qmax) < 10 mL/s and post-void residual (PVR) > 150 mL in women. The external
urethral sphincter dysfunction was subclassified into dysfunctional voiding (DV) or poor
relaxation of the external sphincter (PRES) according to the features of VUDS and EMG.
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DV was diagnosed as the stasis of contrast at the level of urethral sphincter presenting
with the typical feature of a “spinning top” urethra during the voiding phase of VUDS
with increased external urethral sphincter EMG activity at the same time [24]. PRES was
defined as the narrowing of the distal urethra without the presentation of a “spinning
top” urethra during the voiding phase of VUDS without the concomitant relaxation of the
external urethral sphincter EMG activity [25].

Other parameters of VUDS included first sensation of filling (FSF), full sensation
(FS), urge sensation (US), compliance in the storage phase and Pdet, Qmax, BOO index
(BOOI), PVR, cystometric bladder capacity (CBC) and VE in the voiding phase. The
bladder contractility index was calculated as Pdet + 5x Qmax and BOOI was calculated as
Pdet—2 x Qmax [26]. CBC was calculated by voided volume plus PVR in the VUDS. VE
was defined as the voided volume divided by the CBC in the VUDS. Major comorbidities
including diabetes mellitus, hypertension, chronic kidney disease, chronic obstructive
lung disease, coronary artery disease, and neurogenic disease beyond the sacral spinal
cord-brainstem pontine micturition center pathways, as well as history of recurrent urinary
tract infection, transurethral resection of the prostate (TUR-P) or transurethral incision or
resection of the bladder neck (TUI-BN) were collected from medical records.

All patients received 100 units onabotulinumtoxinA (BOTOX, Allergan, Irvine, CA,
USA) external urethral sphincter injections in the operation room under light intravenous
general anesthesia [27]. The location of the external urethral sphincter was identified by
direct visualization under cystoscopy in both men and women. In male patients, urethral
sphincter injections were performed transurethrally using a 23-gauge needle (22 Fr, Richard
Wolf, Knittlingen, Germany) with 4-8 injections circumferentially distributed in the external
urethral sphincter at a depth of 0.5 cm along the longitudinal direction of the urethral lumen.
Female patients, on the other hand, received urethral sphincter injections periurethrally
using 27-gauge 1 mL syringe needles with 4-8 injections circumferentially into the external
urethral sphincter at a depth of 1.5 cm along the longitudinal direction of the urethral
lumen. A detailed description of the urethral sphincter injection technique was reported in
our previous review [28]. Treatment outcomes of urethral sphincter BONT-A injections were
assessed at around 3 months after the procedure since the average therapeutic duration was
reported at around 6 months [9]. Subjective outcomes were measured by global response
assessment (GRA) as excellent (+3), markedly improved (+2), mildly improved (+1) or no
change (0), according to the patients” perception of the voiding condition after the BONT-A
injections. Patients with an excellent outcome can get rid of the catheter, and patients with
marked improvements still need CIC occasionally. A successful outcome was defined as
GRA equal to or greater than 2. Objective outcomes were also assessed by VUDS follow-up
after the injections.

All analyses were performed through SAS Statistics for Windows, Version 9.4, Cary,
NC, USA: SAS Inc. Two-sided p-values less than 0.05 were considered significant. The
continuous variables of baseline demographics were expressed as the mean =+ standard
deviation whereas the categorical ones were expressed as number (percentage). Differ-
ences between gender of the above variables were examined with independent t-test in
continuous variables and chi-square test in the categorial ones. We applied Fisher’s exact
test in circumstances when more than 20% of the expected frequencies were less than five.
Changes in post-treatment variables in each gender were examined with the paired samples
t-test and McNemar test for continuous and categorical variables, respectively. The distribu-
tion of the GRA grades after injections between DU and urethral sphincter dysfunction was
examined with the chi-square test. Univariate logistic regression analysis was performed to
find out the predictive factors for a successful treatment outcome. Variables demonstrating
significant differences in the univariable analysis, including age and gender, were further
evaluated in the multivariable model.
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Appendix A

Table A1l. Comparison of baseline characteristics and treatment response between different subtypes of
urethral sphincter dysfunction including dysfunctional voiding and poor relaxation of external sphincter.

Female (n = 77) Male (n = 26)
DV (n=70) PRES (n=7) P? DV (n=13) PRES (1 =13) p?

Age 54.7 +22.7 70.6 +82% 63.1 +12.9 74.4 +12.9%
VUDS parameters
FSF (mL) B 104.6 +62.4 93.9 +39.5 119.5 +52.7 172.8 +111.4

P 123.6 +75.2 142.7 +70.4 0.518 123.0 +66.4 178.5 +60.3 * 0.038
FS (mL) B 171.6 +80.8 156.9 +57.8 208.6 +103.9 289.0 +118.4

P 193.2 +99.4 192.7 +90.8 0.990 203.2 +140.1 300.0 +112.7 0.059
US (mL) B 205.9 +100.2 190.4 +80.8 2344 +119.2 333.4 +112.5*

P 219.0 +111.0 229.6 +101.2 0.794 203.8 +132.3 359.3 +107.1* 0.003
Compliance B 41.6 +56.6 92.5 +96.8 455 +60.5 43.5 +22.0
(mL/cm H,0) P 57.3 +67.4 46.8 +23.4 0.675 67.3 +68.6 45.6 +19.8 0.281
DO B 48 (69) 3 (43) 8 (62) 1 8)*

P 41 (59) 1 (14) * 0.081 11 (85) 2 (15)* 0.016
Pdet B 56.0 +33.0 41.3 +60.7 34.7 +14.5 13.8 +13.7 *
(cm H,O) P 48.2 +34.3 18.1 +9.6* 0.001 31.8 +17.5 15.2 +129* 0.003
Qmax (mL/s) B 6.0 +4.4 10.9 +7.0* 6.5 +6.1 44 +4.4

P 6.4 +5.1 12.3 +6.5* 0.003 9.0 +6.2 45 +5.0 0.040
BOOI B 44.0 +33.3 19.6 +66.4 21.6 +16.0 5.0 +12.7*

P 354 +35.3 —6.4 +13.4* <0.001 13.8 +15.9 6.2 +13.7 0.208
VV (mL) B 119.7 +103.0 168.9 +91.8 148.3 +132.0 128.6 +146.6

P 1229 +112.6 298.4 +127.1* <0.001 163.2 +136.0 113.9 +166.0 0.345
PVR (mL) B 188.6 +142.8 175.7 +153.2 207.8 +184.5 266.9 +170.2

P 211.1 +156.9 100.0 +155.5 0.070 181.2 +206.7 281.1 +168.9 0.090
BVE (%) B 41.2 +31.8 54.1 +33.6 46.3 +31.00 33.8 +39.2

r 41.4 +34.5 82.4 +26.5* 0.002 59.2 +39.0 29.1 +34.2 0.022
Global Response Assessment
Excellent 19 ©@7) 1 (14) 3 (23) 4 31)
Markedly improve 33 (47) 4 (57) 7 (54) 5 (38)
Mildly improve 5 7) 0 (0) 1 (8) 0 0)
No change 12 17) 2 (29) 2 (15) 4 31)
Missing 1 1) 0 (0) 0 (0) 0 0)
Successful outcome P 52 (74) 5 (71) 1.000 10 (77) 9 (69) 1.000

B: before urethra botox injection, BOOIL: bladder outlet obstruction index, BVE: bladder voiding efficiency,
DO: detrusor overactivity, DV: dysfunctional voiding, FS: full sensation, FSF: first sensation of filling, P: post
urethra botulinum toxin injection, PVR: post-void residual volume, PRES: poor relaxation of external sphincter,
Qmax: maximal uroflow rate, US: urge sensation, VUDS: videourodynamic study. * Between-group differences after
urethra botulinum toxin injection adjusting by the pre-treatment condition with Analysis of Covariance (ANCOVA).
b Successful outcome was defined as global response assessment greater than mildly improve (score > 2). *p < 0.05
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Abstract: Objective: Treating voiding dysfunction without anatomical obstructions is challenging.
Urethral onabotulinum toxin A (BoNT-A) is used in treating voiding dysfunction; however, the
success rate varies widely, and patients may not be satisfied with the treatment outcome. This study
compared the efficacy of the urethral BONT-A injection between patients with different non-spinal
cord injury (SCI) voiding dysfunctions. Materials and Methods: This study retrospectively analyzed
patients with refractory voiding dysfunction, including detrusor underactivity (DU), dysfunctional
voiding (DV), and poor relaxation of the external sphincter (PRES) who received the urethral sphinc-
ter 100 U BoNT-A injection. The treatment outcomes were assessed via a global response assessment
(GRA) one month after treatment. Baseline and follow-up videourodynamic study (VUDS) parame-
ters were also compared. Results: Totally, 161 patients (60 with DU, 77 with DV, and 24 with PRES)
with a mean age of 58.8 + 20.2 were enrolled, of which 62.1% had a good response (GRA > 2) after
urethral BONT-A injection. DV patients had a higher success rate (76.6%) than DU (50%) and PRES
(45.8%) patients (p = 0.002). A diagnosis of DV, higher voided volume and recurrent urinary tract
infection were predictors of a good treatment response, while the cervical cancer status post-radical
surgery predicted a poor response. Receiver operating characteristic (ROC) curve analyses identified
PVR > 250 mL as a negative predictor (p = 0.008) in DU patients. Conclusions: The urethral BONT-A
injection provides a satisfactory success rate for non-SCI voiding dysfunction. Patients with DV
benefit most from both subjective and objective parameters. Approximately 50% of patients with DU
and PRES also had a fair response. PVR > 250 mL was a negative predictor in DU patients.

Keywords: voiding dysfunction; detrusor underactivity; dysfunctional voiding; poor relaxation of
the external sphincter; onabotulinum toxin A

Key Contribution: The urethral BONT-A injection provides good therapeutic effects for non-SCI
voiding dysfunction, especially for dysfunctional voiding.

1. Introduction

Neurogenic or non-neurogenic voiding dysfunction, with symptoms of difficulty
voiding and large post-void residual (PVR) volumes, which may result in upper urinary
tract deterioration if not well managed. Voiding dysfunction without neurogenic insult
may be due to detrusor underactivity (DU) and bladder outlet obstruction (BOO, such as
benign prostate hyperplasia, bladder neck dysfunction, or urethral sphincter hyperactivity,
like dysfunctional voiding (DV) [1] or poor relaxation of the external urethral sphincter
(PRES) during micturition [2].

DU is a common urological condition whose treatment has remained challenging.
In a recent study, detrusor contractility may be reversed by the medical or surgical treat-
ment [3]. Surgical techniques such as transurethral incision of the bladder neck (TUI-BN) or
transurethral resection of the prostate (TUR-P) and urethral onabulinumtoxinA (BoNT-A)
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injection aim to decrease bladder outlet resistance [3]. Urethral injections of BONT-A were
first used for patients with detrusor sphincter dyssynergia or patients with spinal cord
injury (SCI), and it effectively decreased the urethral pressure profile and PVR volume [4].
Phelan et al. confirmed the therapeutic efficacy of sphincteric BONT-A injections in SCI
patients with various etiologies of DSD in both men and women. BoNT-A decreases ure-
thral resistance in pharmacology by paralyzing the striated sphincter muscle through the
inhibition of acetylcholine release from the neuromuscular junction [5]. In recent years,
some studies reported different causes of urethral sphincter dysfunction, be it neurogenic
or non-neurogenic, and significant improvements in voiding after sphincteric BONT-A
injections [6].

Although urethral BoONT-A injections have been used in treating non-SCI patients with
voiding dysfunction in recent years, the success rate varies widely, and patients could be
unsatisfied with the outcome. A previous randomized, double-blind, placebo-controlled
trial showed the success rate was not superior to that of normal saline injections [7]. We
believe inducing powerful abdominal pressure by straining is necessary for voiding in
DU patients; conversely, in patients with DV or PRES, adequate relaxation of the urethral
resistance is needed to achieve efficient voiding. Therefore, some patients have benefits
in terms of subjective or objective responses. Our previous study reported a 60% success
rate in DU and voiding dysfunction after BONT-A injections [8]. Nowadays, it still is an
alternative treatment and not a standard one, and which of them benefits patients with
voiding dysfunction most is unclear. We aimed to analyze the efficacy of urethral BONT-A
injections in treating voiding dysfunction in non-SCI patients and compare the therapeutic
efficacy between the different etiologies of voiding dysfunction (DU, DV, and PRES).

2. Results

A total of 161 patients with voiding dysfunction refractory to medical therapy with a
mean age of 58.8 + 20.2 years who underwent urethral BONT-A injection were enrolled.
The patients were divided into three subgroups as follows: 60 DU patients (19 males and
41 females), 77 DV patients (10 males and 67 females), and 24 PRES patients (14 males and
10 females). The probable underlying comorbidities and bladder conditions that could be
related to voiding dysfunction are listed in Table 1.

Table 1. Baseline characteristics and demographics of non-spinal cord injured patients with voiding
dysfunction.

DU DV PRES Total
(n = 60) =77 (n=29) (n=161) p-Value

Age 60.3 +19.4 54.0 +22.5 67.0+11.6 58.1 4 20.6 0.007

Male n=19 n=10 n=14 n=43
Female n=41 n=67 n=10 n=118 0.000
DM 30.0% 19.5% 29.2% 23.1% 0.320
CVA 18.3% 11.7% 8.3% 12.2% 0.379
Parkinsonism 1.7% 3.9% 8.3% 41% 0.309
Cervical cancer s/p radical surgery 18.3% 7.8% 4.2% 12.2% 0.013
s/p spine surgery 13.3% 3.9% 8.3% 8.2% 0.123
s/p bladder outlet surgery 78.3% 26.0% 45.8% 44.2% 0.000
Immune disease 10.0% 1.3% 16.7% 7.5% 0.007
Recurrent UTI 33.3% 18.2% 4.2% 23.8% 0.008

DU: detrusor underactivity, DV: dysfunctional voiding, PRES: poor relaxation of the external sphincter,
DM: diabetes, CVA: Cerebrovascular accident, UTI: urinary tract infection.
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The VUDS characteristics before and after treatment in the three study groups were
compared, and the results are listed in Table 2. In female patients with DV, Pyer.Qmax
significantly decreased after urethral BONT-A injection (from 60.1 &+ 36.0 to 47.6 & 32.6,
p = 0.004), and bladder outlet obstruction indext (BOOI) also significantly decreased in
female DV patients (from 48.2 £ 35.8 to 30.0 & 33.5, p = 0.000). The changes in P4e.Qmax
and BOOI in female DV patients were also statistically significant compared with the DU
and PRES groups (p = 0.000 and p = 0.002). Other videourodymamic parameters did not
differ significantly after urethral BONT-A injections.

Table 2. Comparison of videourodynamic parameters before and after the urethral Botox injection in
non-spinal cord injured patients with voiding dysfunction.

DU DV PRES
(= 60) =77 (n=29) p-Value
FSF (mL) Baseline 172.8 £ 80.9 1054 +53.2 149.5 £ 59.0
Follow-up 165.8 + 88.9 121.7 £+ 64.5 214.3 £+ 45.8 0.068
FS (mL) Baseline 2415 +76.8 173.9 £79.7 236.8 + 89.8
Follow-up 245.1 + 1274 202.9 + 100.9 290.3 +55.1 0163
US (mL) Baseline 303.3 +117.1 209.1 + 100.9 286.0 + 113.8
Follow-up 286.6 + 133.9 230.5 + 105.5 336.4 + 64.2 0151
CBC (mL) Baseline 4029 +174.3 317.9 + 135.8 432.0 + 1154
Follow-up 399.5 + 168.5 296.7 + 153.3 4124 +173.3 0726
Compliance (mL/cmH,0) Baseline 63.9 +96.5 404 £ 625 53.8 £25.8
Follow-up 47.4 +36.7 59.6 £71.5 523 +£19.5 0-186
Male (BL) 10.3 £ 11.6 34.00 + 15.4 32.0+13.1
Pget-Qmax (cmH,0) Follow-up 19.3 + 25.6 31.1+17.6 27.6 £ 14.6 0.584
Female (BL) 5.69 + 8.09 60.1 + 36.0 74.3 +90.0
Follow-up 4.89 +8.76 47.6 +32.6* 13.3 +£7.37 0000
Qmax (mL/s) Baseline 2.70 £ 4.41 6.54 £ 5.06 8.29 £5.96
Follow-up 3.44 +5.31 711+ 5.58 8.71 £ 6.13 0987
Volume (mL) Baseline 60.5 £ 115.7 131.1 + 1173 219.1 £+ 1425
Follow-up 73.1 +130.6 139.3 + 131.4 214.4 +163.7 0961
PVR (mL) Baseline 344.4 +206.8 183.1 + 143.8 198.3 + 160.3
Follow-up 326.5+197.1 195.3 + 147.8 231.0 + 176.8 0680
VE Baseline 0.16 +0.29 0.41 +£0.34 0.52 +0.38
Follow-up 0.18 £ 0.32 0.38 + 0.36 0.58 + 0.41 0811
BOOI Male (BL) 8.07 £9.21 16.0 £ 13.6 13.5+19.2
Follow-up 15.0 + 249 10.1 + 14.8 9.75 + 21.6 0-580
Female (BL) —151+£124 48.2 +£35.8 53.6 +£99.4
Follow-up —2.83 £ 142 30.0 +£33.5* —12.6 £19.0 0002

FSF: first sensation of filling; FS: full sensation; US: urge sensation; Pge: detrusor pressure; Qmax: maximum flow
rate; Vol: voided volume; PVR: post-void residual; CBC: cystometric bladder capacity; VE: voiding efficiency;
BOOI: bladder outlet obstruction index. P, comparison of the changes in variables from baseline and after
treatment among each group. * p value < 0.05 comparison between baseline and after treatment.

Treatment outcomes, per the scaled GRA as described in the methodology, are listed
in Table 3. The GRA was recorded a month after treatment. Per the postoperative GRA, we
divided patients into three groups (0-1, 2, and 3). GRA > 2 was considered a successful
outcome. Overall, 100 of 161 (62.1%) non-SCI patients with voiding dysfunction were suc-
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cessfully treated using urethral BONT-A injections. As shown in Table 3, younger patients
responded better to treatment (p = 0.016). On the other hand, sex was not significantly
associated with treatment outcomes (p = 0.127). Finally, among patients with different
voiding dysfunctions, we found that DV patients had better treatment outcomes than those
with DU and PRES (p = 0.002). Approximately 76.6% of DV patients reported GRA > 2,
while 50% of DU patients and 45.8% of PRES patients reported GRA > 2. 64 patients were
under CIC and baseline and 30 patients voided well without CIC.

Table 3. Treatment outcome per the scaled Global Response Assessment (GRA) after urethral
Botulinum toxin A injections.

GRA =0-1 GRA =2 GRA =3

(n = 61) (n = 69) (n=31) p-Value
Age (years) 643 £17.1 54.2 £225 58.2 £18.2 0.016
Gender Male 21 (48.8%) 13 (30.2%) 9 (20.1%)
Female 40 (33.9%) 56 (47.5%) 22 (18.6%) 0-127
DU 30 (50.0%) 25 (41.7%) 5(8.3%)
Voiding dysfunction DV 18 (23.4%) 38 (49.4%) 21 (27.8%) 0.002
PRES 13 (54.2%) 6 (25%) 5 (20.8%)

DU: detrusor underactivity, DV: dysfunctional voiding, PRES: poor relaxation of the external sphincter.

We searched the predictive factors related to the treatment outcome of the baseline
characteristics, including the underlying disease, lower urinary tract condition, and VUDS
parameters. During multivariate analyses of factors associated with GRA > 2 in the treat-
ment outcome of patients with non-SCI voiding dysfunction, a diagnosis of DV (OR = 3.630,
p =0.002), more voided volume (OR = 1.004, p = 0.014) at baseline, and a history of recurrent
urinary tract infection (UTI) (OR = 3.949, p = 0.007) were predictors of good treatment
response. On the other hand, cervical cancer was a predictor of a poor treatment outcome
(OR = 0.214, p = 0.008) (Table 4). Because only approximately 50% of DU patients had
satisfactory outcomes, we further analyzed which factors could be better indicators of a
good response. We found that a large PVR was a negative predictive factor for DU patients
(OR =0.995, p = 0.011). Because PVR is a predictor of a poor outcome in DU patients, a ROC
curve analysis was performed. Figure 1 shows that PVR > 250 mL is a negative predictive
factor for urethral BONT-A injection in DU patients (Sensitivity = 0.567, specificity = 0.767,
p =0.008).

Table 4. Multivariate analysis of factors associated with a global response assessment >2 in non-
spinal cord injured voiding dysfunction.

Variables Odd Ratio (95% CI) p-Value
DV 3.630 (1.617-8.152) 0.002
Voided volume 1.004 (1.001-1.008) 0.014
Cervical Cancer s/p radical surgery 0.290 (0.092-0.909) 0.034
Recurrent UTI 3.949 (1.453-10.732) 0.007

DV: dysfunctional voiding, s/p: status post operation, UTL: urinary tract infection.
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Figure 1. Receiver operating characteristic analysis of the baseline post-void residual (PVR) volume
in patients with detrusor underactivity.

3. Discussion

Per our findings, the BONT-A urethral sphincter injection in non-SCI patients with
voiding dysfunction produced a good response in 62.1% of patients after the urethral
BoNT-A injection. In different types of voiding dysfunction, patients with DV had better
treatment outcomes than those with DU and PRES. In multivariate analyses, DV, more
voided volume, and recurrent UTI, were predictors of a good response to treatment, while
the cervical cancer status post-radical surgery predicted a poor response. Although VUDS
parameters did not differ significantly before and after treatment, they allow physicians
to clearly observe the bladder outlet appearance during the voiding phase, which may
provide insights into the pathophysiology of the voiding dysfunction [8]. We found that DV
is a good predictor of the treatment response; so VUDS is considered to play an important
role in making a precise diagnosis before treatment.

BoNT-A is believed to block the presynaptic release of acetylcholine in the neuromus-
cular junction in striated muscles, which achieves medical sphincterotomy effects. This
could reduce the urethral sphincter resistance and improve voiding dysfunction [9]. The
application of BONT-A in urology was first used with urethral sphincter injections for the
treatment of detrusor sphincter dyssynergia in patients with SCI and multiple sclerosis [10].
Double-blind placebo-controlled study then confirmed the validity and durability of the
therapeutic efficacy of the BONT-A urethral sphincter injection for patients with SCI and
DSD [10]. Therefore, this treatment has been further used in treating non-SCI voiding
dysfunction patients nowadays due to urethral sphincter hyperactivity, PRES, and DV or
DU [5].

Voiding dysfunction is a frequently encountered clinical problem. In addition to
anatomical obstruction-related voiding dysfunctions like benign prostatic hyperplasia and
urethral stricture, functional problems like DU, DV, or PRES are more challenging for
urologists. The current urodynamic study reported DU would possess in 12.4% of men [11]
and 23.1% of women [12] with voiding dysfunction. Urethral sphincter hyperactivity was
found in 17.0% of women, and PRES was noted in 39.5% of men and 17.6% of women with
voiding dysfunction [11,13].
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Treatment of DV is usually challenged because the actual pathophysiology has not
been well explained currently and is thought to be a dysregulated urethral function with
a spastic or non-relaxing external urethral sphincter during voiding [14]. DV results in
difficult voiding and leads to a weak stream of urination and a large PVR. Therefore,
attempts to reduce the hypertonicity or hyperactivity of the urethral sphincter via oral
medication and resume smooth voiding are often futile. It is also postulated that void-
ing dysfunction due to psychological origins such as anxiety or depression might cause
low detrusor contractility and urethral sphincter non-relaxation by inhibiting detrusor
contraction [15]. Liao et al. previously reported an overall success rate of 86.7% for DV
patients with sphincteric injections (50-100 units of Botox) [14]. Lee et al. also reported a
62.2% success rate in non-neurogenic DV [16]. In our study, approximately 76.6% of DV
patients treated using BoONT-A urethral sphincter injections had a GRA of >2. VUDS also
showed significantly decreased Pye.Qmax and BOOI in female patients. On the other hand,
our result showed no significant difference in male DV after treatment in VUDS data. It
may be due to the case number being small (1 = 10), and we also found that male DV
baseline detrusor contractility is relatively not strong enough.

The etiology of DU is known to be neurogenic, myogenic, obstructive, or idiopathic.
Sustained abdominal pressure is necessary to facilitate emptying the bladder [17]. Ure-
thral BONT-A sphincter injections help to decrease bladder outlet resistance and achieve
successful outcomes. We need to be sure that the bladder neck should open during void-
ing. Otherwise, BONT-A injections to the urethral sphincter may not be successful [14].
Therefore, if bladder neck dysfunction was confirmed by VUDS, patients with DU and
voiding dysfunction should receive transurethral incision of the bladder neck (TUIBN)
rather than urethral BONT-A injection. In this study, we carefully excluded patients with
bladder neck dysfunction and those previously treated for TUIBN (73.9%). In this study,
approximately 50% of DU patients had GRA > 2. This means the recovery of detrusor func-
tion combined with a hyperactive sphincter also suggested the potential neuromodulatory
effect of the sphincteric BONT-A injection. Sufficient abdominal pressure is necessary for
triggering spontaneous voiding after urethral BONT-A injections in patients with DU. In
our previous study, female DU patients exhibited VE improvement after active treatment,
and intact bladder sensations and smaller PVR had better treatment outcomes [18]. In this
study, we also found that a large PVR is a negative predictor, and the receiver operating
characteristic curve showed that PVR > 250 mL at baseline indicates a poor outcome. We
supposed that a large PVR indicates a lower abdominal pressure or decreased bladder
sensation. Another important factor for efficient urination is acceptable bladder sensation.
The sensory afferents from the bladder urothelium and detrusor play important roles in
the voiding reflex circuit. Decreased bladder sensation will render the initiation of voiding
difficult [19]. Overall, DU patients treated using BoNT-A urethral sphincter injections in
our study showed a 50% success rate. We also found that female patients with cervical
cancer status post-radical hysterectomy had poor outcomes. We believe radical surgery
causes nerve injury and, thus, irreversible DU; so, we could predict that patients with poor
sensations and large PVRs were usually not satisfied with the treatment.

PRES, as a diagnosis, was determined based on the voiding phase in the VUDS, which
shows non-relaxed surface EMG activity combined with a narrow membranous urethra [2].
The etiology of PRES was considered multifactorial, such as potential neuropathy, learned
habituation, pelvic floor hypertonicity, and bladder hypersensitivity [20]. PRES is char-
acterized by relatively small but stable bladders and low-pressure/low-flow during the
voiding phase [21], which is different from the typical high-pressure/low-flow presentation
in DV. Urethral BONT-A injections may provide benefits by inhibiting acetylcholine release
in the neuromuscular junction to reduce urethral resistance. Because the typical PRES is
low-pressure during the voiding phase, we supposed that there was also inadequate detru-
sor contractility. Therefore, the success rate of urethral BONT-A injections is not as high as
that of DV. On the other hand, a previous study showed that detrusor contractility might
be restored after BONT-A injections in DU patients with PRES [22]. This result supports
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the hypothesis that the low-pressure/low-flow dysfunction present in PRES might be the
result of the detrusor suppression induced by non-relaxed urethral sphincter activity [7].

The primary limitation of this study is its retrospective design, different group sizes,
and single-center scope of evaluation. Second, the 1-6-month follow-up VUDS was not
consistent, which may have influenced the results of objective parameters. However, we
believe the efficacy of BONT-A durability continued for at least 6 months [23]. Moreover,
patients without follow-up VUDS were not enrolled in this study, which might have caused
selection bias. In this study, no obvious side was reported. However, we supposed mild
side effects might exist in some patients, such as urinary incontinence. Finally, the patient
groups were heterogeneous, with varying causes of voiding dysfunction. The identification
of the underlying causes of failure may improve the success rate of the urethral sphincter
BoNT-A injection.

4. Conclusions

The urethral sphincter BONT-A injection is effective in treating voiding dysfunction in
non-SCI patients. The results of this study showed that patients with DV may benefit the
most in terms of subjective and objective parameters, whereas those with DU and PRES
also have a fair response in approximately half of the patients. PVR > 250 mL may indicate
a poor treatment outcome in patients with DU.

5. Materials and Methods

This study retrospectively analyzed patients with voiding dysfunction who were
refractory to medical treatment. They received 100 U of BoNT-A injection (onabotulinum-
toxinA, Allergan, Irvine, CA, USA) via urethral sphincter by cystourethroscope. All patients
underwent videourodynamic study (VUDS) assessments to identify the underlying etiology
of the lower urinary tract dysfunction before administering BONT-A injections. Patients
with anatomical BOO of various etiologies, such as urethral stricture, bladder neck obstruc-
tion, or benign prostatic hyperplasia, were excluded from the study. SCI patients with
DSD were also excluded. Finally, patients with DU who required abdominal straining
for spontaneous voiding and those who required urethral sphincter non-relaxation while
voiding were included in the final analysis. The study was conducted in accordance with
the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of
Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation (IRB 111-247-B), and
waived informed consent due to its retrospective nature.

The urethral BoNT-A injection treatment was performed under light intravenous
general anesthesia. A total of 100 U BoNT-A was given via transurethral sphincter injections
per our previous report [24]. One vial of 100 U botulinum toxin A was reconstituted with
normal saline to 5 mL. Every one mL of BoONT-A solution was injected into the urethral
sphincter at the 2, 4, 6, 8, and 10 o’clock positions transurethrally in men. Transcutaneous
injections were administered to the urethral sphincter along the urethral lumen at the 2, 4,
6, 8, and 10 o’clock positions of the sides of the urethral meatus in women. A Foley catheter
was placed overnight after BONT-A injections and removed the next morning. Self-voiding
status was recorded at the outpatient clinic. In our previous experiences, the effect of BONT-
A on the urethral sphincter’s function appeared approximately three days after injection
and the maximum therapeutic effect was attained 2 weeks after treatment [24]. Three days
of antibiotics were given to prevent UTIs. After BONT-A injections, we discontinued other
medication for reducing urethral resistance.

Baseline VUDS parameters, including the cystometric bladder capacity (CBC), voided
volume (VV), PVR, Qmax, first sensation of bladder filling (FSF), first desire (FS), urge
sensation (US), bladder compliance, and detrusor pressure at the maximal flow rate
(Pget-Qmax), were recorded. VE was calculated as follows: voided volume/total blad-
der capacity x 100 [25]. The maximum filling volume was defined if patients consistently
had no urge to void at 600mL. Bladder compliance was measured at CBC. The terminology
used in this study was based on the recommendations of the International Continence
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Society [1]. All patients were regularly followed up at a single center, and repeated VUDS
was performed within 6 months. For analysis of the treatment outcome, the urethral sphinc-
ter dysfunctions were categorized as DV and PRES, according to the electromyographic
reports and pictures during voiding cystourethrography on VUDS. DV was diagnosed
when high detrusor pressure, intermittent or increased external sphincter EMG activity,
and a “spinning top” urethral appearance on cinefluoroscopy during voiding occurred
together. On the other hand, PRES was diagnosed based on low voiding Pyet.Qmax, with
non-relaxation of urethral sphincter EMG and narrow urethral during urination.

The primary outcome of this study is the VE after treatment which was assessed after
the urethral BoNT-A injection to report their global response assessment (GRA) by review-
ing the patient’s chart over 1 month and graded from 0 to 3. Patients who needed indwelling
urethral catheters or suprapubic cystostomy (IDC) and clean intermittent catheterization
(CIC) and those with a VE of less than 33% were classified as those with treatment failure
(grade 0). When patients who were able to urinate (either abdominal straining or sponta-
neously) with a VE of 33.3-66.7% were considered to have mild improvement (grade 1).
Those who could urinate with a VE of 66.7-90% were considered to have experienced mod-
erate improvement (grade 2). If patients could urinate with VE of 90-100% were considered
to have experienced marked improvement (grade 3). Patients who could achieve grade 2 or
3 improvements after treatment were considered to have satisfactory outcomes. For record-
ing the VE, patients were asked to urinate at a strong/urgent desire to the uroflowmetry. If
voided volume plus PVR was less than 250 mL, patients were requested to urinate again.
The secondary endpoint is the VUDS parameters before and 6 months after treatment.
Adverse effects after BONT-A injections were also recorded.

Statistical Analysis

Categorical variables were presented as frequencies (proportions), while continuous
variables were expressed as the mean =+ standard deviation. Urodynamic parameters at
baseline and after treatment were compared using the paired t-test, which was also used to
determine differences in symptom scores and objective parameters between groups. On the
other hand, the analysis of variance was used to determine differences between subgroups.
The Chi-square test was used to analyze categorical variables.

To identify the predictive factors of a good treatment outcome, we used a forward
selection method to perform multivariate analyses. Receiver operating characteristic (ROC)
curve analyses were performed to identify the optimum cutoff value for predicting better
outcomes for DU patients. Accordingly, the optimal cutoff value was indicated by the point
on the ROC curve that was closest to the upper left-hand corner. All statistical analyses
were performed using SPSS for Windows (Version 16.0; SPSS, Chicago, IL, USA). A p-value
of <0.05 was considered statistically significant.
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Abstract: Intravesical botulinum toxin type A (BoNT-A) injection has been recognized as the standard
treatment for refractory overactive bladder (OAB). However, its therapeutic efficacy and safety have
not been thoroughly reviewed in elderly patients. This study aims to provide treatment outcomes
for patients aged >75 years, and to identify factors associated with unfavorable outcomes. Patients
receiving intradetrusor injections of 100 U onabotulinumtoxinA for refractory OAB between 2011 and
2021 were retrospectively reviewed. Urodynamic parameters, underlying comorbidities, subjective
success, and unfavorable outcomes were assessed. A total of 192 patients were included, and 65 of
them were classified into the elderly group. For the elderly group, 60.0% experienced subjective
dryness, and 84.6% remained subjective success at 6 months after the injections. The prevalence
rates of common unfavorable outcomes, including urinary tract infections, large post-void residual
urine volume, and urinary retention, were 9.2%, 27.7%, and 12.3%, respectively. Multivariate analysis
revealed that female, baseline urodynamic parameters, and diabetes mellitus were associated with
unfavorable outcomes in the elderly group. Intravesical BONT-A injections provide comparable ther-
apeutic efficacy and safety concerns in elderly patients with refractory OAB. A thorough consultation
for treatment benefits and possible adverse events is mandatory before the procedure.
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Key Contribution: This study highlights the treatment outcomes of intravesical botulinum toxin type
A injections for refractory overactive bladder syndrome in an extremely old population (>75 years).
Factors associated with unfavorable outcomes will provide more prudent and precise patient selection
in this fragile population.

1. Introduction

Overactive bladder (OAB) is a syndrome defined by the International Continence
Society and is characterized by urinary urgency, with or without urgency urinary inconti-
nence, and usually accompanied by frequency and nocturia [1,2]. Large population-based
surveys revealed that the prevalence of OAB increases with age, and is slightly higher for
elderly males over females [3,4]. Many studies have described the negative influence of
OAB on health-related quality of life, including anxiety, depression, sleep disorder, social
withdrawal, and sexual life impairment [5-10]. Likewise, urinary incontinence is known to
negatively affect the quality of life in the elderly population [11] and is also responsible
for low self-esteem and depression [12]. To treat the bothersome storage symptoms of

Toxins 2023, 15, 95. https:/ /doi.org/10.3390/ toxins15020095

https:/ /www.mdpi.com/journal/toxins
105



Toxins 2023, 15, 95

OAB, antimuscarinic agents have been developed to inhibit spontaneous detrusor smooth
muscle contractions and reduce afferent signals during bladder filling [13]. The therapeutic
effect of antimuscarinic agents has been proven; however, insufficient symptom relief
and concomitant adverse events cause poor medication persistence and adherence [14].
Solifenacin and fesoterodine have been shown to have limited impact on cognitive function
and few central nervous system adverse events for patients >65 years after short-term
exposure [15-17]. Even though, uncertainty regarding cognitive decline after long-term
cumulative anticholinergic exposure still limits their use in the elderly population [18,19].
On the other hand, 33-adrenoceptor agonists facilitate relaxation of the detrusor muscle
during bladder filling. Both mirabegron and vibegron have been confirmed to be effective
and well-tolerated in the elderly population [20-25]. However, most participants in the
clinical trials were relatively healthy and did not have uncontrolled cardiovascular dis-
eases. The long-term application of these pharmacological agents in the elderly population
remains questionable.

The efficacy of intravesical injection of botulinum toxin type A (BoNT-A) has been
established for patients with OAB who have an insufficient response to first-line phar-
macological agents [26,27]. However, most of these published data did not focus on the
elderly population, and only a handful of studies included a population with a mean
age of >65 years old [28-35]. In addition, 75 years of age has been proposed as a new
cutoff value to redefine the elderly because of the global extension of life expectancy [36].
Exploring the therapeutic outcomes and adverse events associated with BoONT-A injections
in this vulnerable population is urgently necessary [37]. The commonly reported adverse
events after BONT-A injection include large post-void residual urine volume (PVR), urinary
retention, and urinary tract infection (UTI) [38]. However, factors that can help identify
patients at risk of these unfavorable outcomes are still limited, especially in the elderly
population. Therefore, the primary aim of our study is to retrospectively evaluate the thera-
peutic efficacy of intravesical BONT-A injection for refractory OAB, and the secondary aim
is to investigate the factors associated with unfavorable outcomes in an elderly population
aged >75 years.

2. Results

In total, 192 patients received intravesical BONT-A injections for refractory OAB
symptoms during the study period. During the administration of injections, 65 (33.9%)
patients were classified into the elderly group (>75 years old), and the remaining 127 (66.1%)
patients were classified into the young group. For the young and elderly groups, the
mean age was 58.8 & 11.9 and 82.0 =+ 4.6 years old, respectively. A higher percentage of
males was found in the elderly group compared to the young group (75.5% and 34.6%,
respectively). More comorbidities were found in the elderly group, including hypertension,
diabetes mellitus (DM), dementia, coronary artery disease, and chronic kidney disease.
The multichannel urodynamic parameters for baseline bladder function prior to BONT-A
injection are listed in Table 1. For the filling phase parameters, the elderly bladders are
more sensitive to filling, and have a smaller cystometric bladder capacity (CBC) compared
to those of the young. For the voiding phase parameters, a higher detrusor pressure at the
maximal flow rate (PdetQmax), a slower maximum flow rate (Qmax), and a smaller voided
volume (VV) were found for the elderly group compared to the young group.

Primary outcomes after intravesical BONT-A injections are shown in Table 2. At 6 months
after the injection, 77.2% and 84.6% of patients in the young and elderly group remained
subjective success, respectively. The subjective success rate was comparable in both groups
at 3, 6, and 12 months after the injections. Additionally, more than 60% of patients in
both groups experienced a certain period of subjective dryness without any urge incon-
tinence. Compared to the baseline uroflowmetry parameters, the CBC and PVR were
significantly increased, and the voiding efficiency was significantly decreased in both
groups three months postoperatively. In addition, the postoperative CBC and VV were
smaller, and Qmax was slower (265.8 4= 126.0 vs. 332.5 £ 158.1 mL, p = 0.010; 156.9 + 106.1
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vs. 220.4 £ 139.6 mL, p = 0.007; and 11.0 & 7.3 vs. 15.5 £ 10.7 mL/s, p = 0.007, respectively)
in the elderly group than in the young group. The prevalence of unfavorable outcomes
such as a large PVR, urinary retention, and UTI did not vary between groups. For the
young and elderly group, 29 (22.8%) and 18 (27.7%) patients were found to have large
PVR, and 11 (8.7%) and 8 (12.3%) patients eventually experienced urinary retention and
required catheterization to empty the bladder, respectively. Indwelling Foley catheters
were used for all the 11 patients in the elderly group and 4 patients in the young group.
Clean intermittent catheterization was used by the other 4 patients in the young group.
The catheterization period persisted within one week for 7 patients, between one week to
one month for 5 patients, and up to two months for 7 patients. Additionally, 18 (14.2%) and
6 (9.2%) patients in the young and elderly group experienced UTI, respectively.

Table 1. Patient demographics and baseline multichannel urodynamic parameters.

Young Group (<75) Years Elderly Group (>75 Years)
Mean + SD or No. (%) Mean + SD or No. (%) p-Value

Number of patients 127 65
Age (years) 58.8 £11.9 8204 4.6
Gender (male) 44 (34.6) 51 (75.5) <0.001
Baseline multichannel urodynamic parameters
FSF (mL) 1104 + 64.4 96.3 + 66.4 0.051
FS (mL) 171.5 £ 102.1 135.6 £ 87.3 0.010
US (mL) 201.7 £117.1 152.4 +100.8 0.003
CBC (mL) 272.6 + 161.1 184.7 £ 109.7 <0.001
Compliance (mL/cmH,0) 66.4 +76.8 572 £65.3 0.437
PdetQmax (cmH,O) 237 +£16.6 31.5+20.6 0.003
Qmax (mL/s) 127 +£78 7.8+45 <0.001
VV (mL) 230.3 + 1424 155.7 £+ 103.4 <0.001
PVR (mL) 42.2 +100.8 29.3 +50.6 0.109
Comorbidities
Hypertension 66 (52.0) 46 (70.8) 0.012
DM 24 (18.9) 25 (38.5) 0.003
CVA 16 (12.6) 13 (20.0) 0.175
Dementia 5(3.9) 10 (15.4) 0.005
CAD 5(3.9) 13 (20.0) <0.001
CHF 3(2.4) 2(3.1) 1.000
CKD 2 (1.6) 5(7.7) 0.045

CAD: coronary artery disease; CBC: cystometric bladder capacity; CHF: congestive heart failure; CKD: chronic
kidney disease; CVA: cerebrovascular accident; DM: diabetes mellitus; FS: full sensation; FSF: first sensation
of filling; No.: number; PdetQmax: detrusor pressure at the maximal flow rate; PVR: post-void residual urine
volume; Qmax: maximum flow rate; SD: standard deviation; US: urge sensation; VV: voided volume.

Table 2. Primary outcomes and unfavorable outcomes after intravesical BONT-A injection.

Young Group (<75 Years) Elderly Group (>75 Years)
s o =[1’27) g =pes) p-Value
Mean + SD or No. (%) Mean + SD or No. (%)

Subjective success (No.)

At 3 months 124 (97.6%) 63 (96.9%) 1.000

At 6 months 98 (77.2%) 55 (84.6%) 0.225

At 12 months 31 (24.4%) 31 (32.3%) 0.244
Subjective dryness (No.) 85 (66.9%) 39 (60.0%) 0.342
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Table 2. Cont.

Young Group (<75 Years) Elderly Group (>75 Years)

(n=127) (n = 65) p-Value
Mean + SD or No. (%) Mean + SD or No. (%)
Uroflowmetry
Qmax (mL/s)
Baseline 17.0 £13.3 11.3+74 0.001
3 months 15.5 £10.7 11.0£73 0.004
VV (mL)
Baseline 211.8 + 149.6 138.6 + 84.7 0.002
3 months 220.4 £+ 139.6 156.9 + 106.1 0.007
PVR (mL)
Baseline 48.7 £ 85.0 38.5 +48.7 0.876
3 months 1444 +1149* 1493 + 117.3* 0.757
CBC (mL)
Baseline 260.6 + 164.8 177.1 +£99.1 0.001
3 months 3325+ 158.1* 265.8 + 126.0 * 0.010
VE (%)
Baseline 81.8 +21.6 79.8 +£21.0 0.292
3 months 65.2 +71.8* 57.4+273*% 0.106
Unfavorable outcomes
Large PVR (> 200 mL) (No.) 29 (22.8%) 18 (27.7%) 0.459
Urinary retention (No.) 11 (8.7%) 8 (12.3%) 0.423
UTI (No.) 18 (14.2%) 6 (9.2%) 0.327

CBC: cystometric bladder capacity; No.: number; PVR: post-void residual urine volume; Qmax: maximum flow
rate; SD: standard deviation; UTI: urinary tract infection; VE: voiding efficiency; VV: voided volume. * Wilcoxon
signed-rank test p < 0.001 at 3 months compared to baseline.

Table 3 shows the baseline clinical characteristics and multichannel urodynamic
parameters of elderly patients with or without postoperative unfavorable outcomes: 6
(9.2%), 18 (27.7%), and 8 (12.3%) patients in the elderly group had postoperative UTI,
large PVR, and urinary retention, respectively. For baseline multichannel urodynamic
parameters, patients with postoperative UTI tended to have lower bladder compliance
(19.7 £12.5vs. 61.0 £ 67.3 mL/cmH,O, p = 0.014) and a higher PdetQmax (56.2 + 33.2 vs.
29.0 £ 17.4 cmH,0, p = 0.013) compared to those without UTI, whereas patients with post-
operative large PVR or with urinary retention tended to have higher PdetQmax (40.1 4 23.4
vs. 28.3 £ 18.6 cmH,O, p = 0.029; 55.5 £ 27.1 vs. 28.2 £+ 17.3 cmH;0, p = 0.001, respectively)
compared to those with normal PVR or without urinary retention. Regarding underlying
comorbidities, patients with postoperative UTI had a higher prevalence of dementia, while
patients suffering postoperative urinary retention had a greater prevalence of DM and
cerebrovascular accidents.

For the elderly population, multivariate analysis revealed that female, lower baseline
bladder compliance, and higher PdetQmax were significantly associated with postoperative
UTL In addition, a higher baseline PdetQmax and a history of DM were associated with
urinary retention. However, the association between higher baseline PdetQmax and
postoperative large PVR failed to achieve significance (OR: 1.027, p = 0.075) after adjusting
for age and gender (Table 4).

Forty-three (33.9%) patients in the young group and 14 (21.5%) patients in the elderly
group received subsequent injection cycles after the initial BONT-A effect vanished, whereas
the other 135 (70.4%) patients received only one episode of BONT-A injection. The injection
cycles between young and old patient groups are shown in Table 5.
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Table 5. The subsequent BONT-A injection cycles during the follow-up period after the first time
BoNT-A injection for young and elderly patients with refractory overactive bladder.

Young patients (n)

Subsequent Injection Cycle(s) 0 1 2 3 4 5 6 7
84 22 10 4 2 2 2 1
51 10 3 1 0 0 0 0

Elderly patients (n)

3. Discussion

The role of BONT-A in treating refractory OAB is well established in both sexes [26,27].
However, studies focusing on efficacy and adverse events in the elderly population are
limited [38]. In addition, with the extension of life expectancy, “75 years of age and over” is
increasingly being used to define the elderly population [36]. Hence, our study defined
the elderly population as patients aged 75 years or older. We aimed to determine the
therapeutic outcome of intravesical BONT-A in this population and identify valuable factors
associated with adverse events. Our results revealed that although elderly bladders were
more sensitive at baseline compared to young bladders, BONT-A intravesical injection
was equally effective for OAB symptom control. In addition, the prevalence of adverse
events was equal in both age groups. Female sex, lower bladder compliance, and higher
PdetQmax were associated with postoperative UTI, while DM and higher PdetQmax were
associated with postoperative urinary retention in the elderly population.

Several possible pathophysiologies have been proposed to explain refractory OAB [39],
including urothelial dysfunction with aging [40], undetected bladder outlet obstruction
(BOO), chronic bladder ischemia or inflammation [41,42], and central sensitization [43,44].
These conditions are commonly found in the elderly population owing to aging-induced
changes from the brain to the bladder itself [45-47]. In our study, more than 75% of
patients in the elderly group were men, a proportion much higher than that in the young
group. This may further emphasize the importance of chronic undetected BOO in bladder
remodeling [48]. It is well-documented that the presence of BOO will result in large PVR
and could be a risk of urinary retention after the intravesical BONT-A injection, especially
in the elderly [29,30]. Therefore, in our clinical practice, we will investigate patients with
refractory OAB by video-urodynamic study to find if there is BOO, and the BoNT-A
injection can only be performed in patients without BOO, or if their BOO has been well-
treated. In addition, our findings of the preoperative multichannel urodynamic study in
these elderly bladders, including increased bladder sensation and reduction in bladder
capacity, were consistent with the known changes in the aging bladder [46]. Intravesical
BoNT-A injection provides sensory blockade in addition to chemo-denervation of the
bladder detrusor muscle [49,50]. This may explain why patients who are refractory to
conventional OAB medications can be successfully treated with BoNT-A.

To the best of our knowledge, no case-control study has compared the therapeutic effi-
cacy of BONT-A between patients aged >75 years and those aged <75 years. White et al. [34]
reported a case series of 21 refractory OAB patients aged 75 years and older and concluded
that BoNT-A injection is efficacious, durable, and has a low incidence of adverse events
in the short term. Frailty has been proposed as a negative factor for long-term treatment
success, but this study used “age greater than 65 years” as the definition of elderly [29].
Our study demonstrated that the elderly population (>75 years old) had similar subjective
success rates at 3, 6, and 12 months postoperatively compared with the young population.
Furthermore, with no between-group differences, >60% of patients in both groups even-
tually experienced a certain period of subjective dryness without urge incontinence. This
highlights that age itself is not a direct factor that affects the bladder response to BONT-A.
Instead, the underlying pathophysiologies that develop during the aging process to induce
refractory OAB are key factors in determining therapeutic outcomes.

Considering the direct chemo-denervation effect on the bladder detrusor muscle,
PVR elevation and urinary retention are common concerns after intravesical BONT-A
injections [51]. A large PVR is commonly defined as a PVR greater than 150 or 200 mL,
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and approximately 6-61% of patients with a mean age > 65 years have been reported to
experience a large PVR after receiving injections [28-30,35]. Miotla et al. reported that
female patients with PVR > 200 mL or retention after injections were older than those with
PVR <200 mL [52]. Liao and Kuo proposed that instead of age, frailty was associated with
post-injection PVR > 150 mL [29]. In our elderly population (>75 years old), 18 (27.7%)
patients were found to have a large PVR > 200 ml after BONT-A intravesical injection, and
eight (12.3%) patients eventually experienced urinary retention and needed temporary
Foley catheter indwelling. There was no difference in the prevalence of a large PVR and
urinary retention between the elderly and young populations. Although no valuable factor
could be found to be associated with large postoperative PVR in our elderly population, a
higher baseline PdetQmax and a history of DM were identified as factors associated with
postoperative urinary retention. DM is a well-known factor that induces overactive bladder
and affects detrusor contractility during the voiding phase [53]. Wang et al. reported that
intravesical BONT-A successfully managed detrusor overactivity and achieved a similar
treatment success rate in both DM and non-DM patients but with a higher risk of large
PVR and general weakness in DM patients [54]. In elderly patients with DM, detailed
consultation and close follow-up for postoperative PVR are necessary.

UTl is another common but frustrating unfavorable outcome after intravesical BONT-A
injections [55]. A recent systemic review revealed that the prevalence rate of UTI after
intravesical BONT-A injection for treating OAB is approximately 29.8% [56]. Both storage
and emptying dysfunction have been proposed to impact UTI recurrence [57,58]. In our
study, we found that female sex, lower bladder compliance, and a higher PdetQmax were
associated with postoperative UTT in the elderly population. Lower bladder compliance
and higher PdetQmax are common bladder dysfunctions that increase intravesical pressure
during both the storage and emptying phases. Increased intravesical pressure is known
to cause bladder ischemia, which may predispose the bladder to infection because of a
delayed or insufficient immune response [59,60].

Although the present study successfully demonstrated the therapeutic outcomes and
adverse events of intravesical BONT-A injections in a population older than most of the
published data, some limitations still exist. First, its retrospective design made it possible to
involve biases during patient selection, data collection, and statistical analysis. Moreover,
we could not further define ‘frailty’ by retrospectively reviewing the medical records.
Instead, we believe that using 75 years as the cutoff value would be indeed a reasonable
choice. Second, the small sample size in the elderly group limited the statistical power
in multivariate logistic regression analyses, and also hindered the subgroup analysis for
different sexes. Third, no postoperative multichannel urodynamic data were available
to provide detailed bladder storage function after BONT-A injection. Considering the
invasiveness of the test, a simple uroflowmetry with PVR is commonly used to represent
postoperative bladder function. Finally, in the long-term follow-up, we found only 29.7% of
refractory OAB patients received subsequent BONT-A injection in our hospital. This result
indicates that the patients might not be satisfied with the unfavorable treatment outcome
after the first BONT-A injection and would choose medical therapy for their bothersome
OAB symptoms. However, understanding the treatment effect of BONT-A on the sensory
blockade in the elderly population remains limited. Prospective case-control studies are
necessary to evaluate treatment outcomes and outcome predictors in this population
in detail.

4. Conclusions

Intravesical BONT-A injections provided equally effective and durable therapeutic
outcomes in both young and elderly patients (>75 years old) with refractory OAB. The
prevalence rates of common unfavorable outcomes were equal between the two age groups.
For elderly patients receiving intravesical BONT-A injection, female, lower bladder com-
pliance, and higher PdetQmax were associated with postoperative UTI, whereas a history
of DM and higher PdetQmax were associated with urinary retention postoperatively. A
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thorough consultation for possible benefits and adverse events is mandatory, especially in
elderly patients with certain risk factors.

5. Materials and Methods

We retrospectively reviewed patients with idiopathic OAB symptoms refractory to
conventional medications who received intravesical injections of BONT-A for the first time
at a tertiary medical center in eastern Taiwan. All patients had persistent urgency urinary
incontinence even with antimuscarinics, 33-adrenoceptor agonists, or a combination of both
for more than three months. A multichannel urodynamic study, including cystometry and
a pressure flow study, was performed preoperatively in accordance with the International
Continence Society’s good urodynamic practice recommendations [61] to confirm the
presence of detrusor overactivity. All patients have been proven to be non-BOO by the
video-urodynamic study before receiving the intravesical BONT-A injections. Patients
with underlying neurological factors that may cause neurogenic detrusor overactivity, or
intrinsic sphincter deficiency were excluded from this study. Patients who were >75 years
old while receiving the injections were classified into the elderly group, whereas the others
belonged to the young group.

Baseline lower urinary tract function was assessed for each patient using uroflowmetry,
PVR, and a multichannel urodynamic study before BONT-A injection. Parameters including
the VV, Qmax, CBC, and voiding efficiency were collected from the uroflowmetry. CBC
was defined as the sum of VV and PVR, and voiding efficiency was defined as VV divided
by CBC. For the multichannel urodynamic study, bladder sensations, compliance, and the
presence of detrusor overactivity were recorded as the filling phase parameters, whereas
PdetQmax, Qmax, VV, CBC, and PVR were recorded as the voiding phase parameters. BOO
was defined as BOO index >40 for men [62], and as PdetQmax > 35 cmH,O for women [63].
Bladder sensations were further classified as the first sensation of filling, full sensation, and
urge sensation, according to the patients’ reports.

All patients were hospitalized and received intravesical injections of 100 units of
Botox® (Allergan, Irvine, CA, USA), which is the standard dosage used to treat refractory
OAB [26], under general anesthesia in the operating room. The injection method has been
described previously [26]. Briefly, 10 mL normal saline was used to dilute each Botox vial.
The injection needle was inserted into the posterior and lateral bladder walls under the
guidance of rigid cystoscopy, and a total of 20 evenly distributed intradetrusor injections
(0.5 mL for each injection) were performed while sparing the trigone area. A 14 Fr. urethral
Foley catheter was placed and remained in place for one day after the Botox injection.
Objective outcomes were assessed three months after the injections using uroflowmetry and
PVR. Subjective treatment success and improvement of urge incontinence were reviewed
according to the medical records at the out-patient department during serial follow-ups. As
improvement of urinary incontinence and difficult urination might coexist after intravesical
BoNT-A injection, patients might consider that they had unsuccessful treatment if they had
severe difficulty in urination even though urinary incontinence had improved. Therefore,
a subjective success was defined by having a Global Response Assessment (scoring from
—3 to +3, indicating markedly worse to markedly improved after the treatment [64]) of
+2 or +3. Underlying comorbidities and postoperative unfavorable outcomes, including a
large PVR (defined as PVR >200 mL during the follow-up period), urinary retention, and
UTI, were also collected from the patients’ medical records. All patients were followed up
regularly at the out-patient clinic with or without OAB medication, and repeat BoNT-A
injections were performed if patients had recurrence of OAB symptoms and requested for
injection, otherwise they were continuously treated with oral medications.

Statistical analyses were performed using SPSS Statistics for Windows, Version 17.0.
Chicago: SPSS Inc. Continuous and categorical variables are expressed as mean + standard
deviation and as numbers and percentages, respectively. Statistical comparisons between
groups were performed using the Mann-Whitney U test for continuous variables and the
chi-square test for categorical variables. Fisher’s exact test was applied when > 20% of the
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expected frequencies were less than five. Comparisons between baseline and follow-up
within-group differences were performed using the Wilcoxon signed-rank test. Age, gender,
and variables demonstrating significant differences between patients with or without each
unfavorable outcome were further analyzed with multivariate logistic regression analyses
to identify factors associated with postoperative unfavorable outcomes in the elderly
group. All statistical assessments were considered significant when the two-sided p-value
was <0.05.
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Abstract: Spinal cord injuries (SCI) have a profound impact on autonomic systems, sometimes
resulting in multi-organ dysfunction, including of the neurogenic bladder. Autonomic dysreflexia
(AD) is commonly seen in patients with SCI above T6 when the injured cord develops a deregulated
sympathetic reflex, which can be induced by bladder sensation and can cause hypertensive crisis.
While intravesical injection of botulinum toxin A (Botox) is a standard therapy for neurogenic
detrusor overactivity, the role of Botox for AD has rarely been described. This study reviewed the
medical records of SCI patients who reported AD and received either detrusor or urethral sphincter
injection with Botox. The primary endpoint is the subjective improvement of AD. The secondary
endpoint is a change in videourodynamic parameters before and after Botox injection. A total of
200 patients were enrolled for analysis. There were 125 (62.5%) patients in the detrusor injection
group, and 75 (37.5%) in the urethral sphincter injection group. There were 79 (63.2%) patients in the
detrusor injection group and 43 (57.3%) in the urethral sphincter injection group reporting moderate
or marked improvement. Detrusor injection leads to a greater improvement in AD, probably because
of decreased detrusor pressure and increased compliance after Botox injection. Urethral sphincter
injection appears to have a modest effect on AD, despite general improvements in the voiding
parameters of videourodynamic study.

Keywords: spinal cord injury; neurogenic bladder; onabotulinumtoxinA

Key Contribution: We report the largest cohort describing the effect of botulinum toxin A injection
on the improvement of autonomic dysreflexia in patients with spinal cord injuries.

1. Introduction

The spinal cord can be affected by various disorders, which may be classified into
traumatic or non-traumatic. Traumatic injuries are often marked by distinct events, whereas
non-traumatic injuries are caused by medical conditions, including degenerative, autoim-
mune, vascular, infectious, or neoplastic diseases. The leading etiology for non-traumatic
disease is cervical spondylosis, followed by multiple sclerosis and tumors [1]. The most
common causes of traumatic injuries are vehicular accidents and falls. According to the Na-
tional Spinal Cord Injury Statistical Center (Birmingham, AL, USA), the annual incidence
of traumatic spinal cord injury (SCI) is approximately 54 cases per one million people in
the United States [2]. The average age is 43, and 78% of the affected patients are male. The
cervical spine is the most common site of injury, comprising more than 50% of the cases [3].

The high prevalence of C-spine SCI results in multi-organ dysfunction. Cardiac risks
are elevated due to a more prevalent adverse lipid profile, insulin resistance, and abnormal
glucose metabolism in SCI patients. Pneumonia is frequent due to an impairment of the
respiratory muscles and poor clearance of lung secretions. Constipation is common in
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patients who have injuries above the conus medullaris, resulting in hypertonic pelvic
muscles. Pressure ulcers are directly related to immobility, and are difficult to manage in
SCI patients [4]. The immobility resulting from either tetraplegia or paraplegia further
aggravates cardiac, respiratory, metabolic, wound, and urinary complications through
deprivation of exercises, muscle power reduction, sensation impairment, and fluid and
nutritional imbalance. Higher mortality from the above conditions is observed in these
patients due to their atypical presentations and delayed diagnosis. Multi-organ dysfunction
also shortens the life expectancy of SCI patients to approximately 90 percent that of the
normal population [5].

Bladder function is altered in SCI patients regardless of the level of the lesion [6]. In
higher-level injuries, uninhibited contraction of the detrusor muscle results in detrusor
hyperreflexia, with or without bladder sensation, leading to urinary incontinence, poor
bladder compliance, and vesicoureteral reflux. These disorders can be worsened by the
un-relaxation or dyssynergic contraction of the external sphincter during the voiding phase,
which further increases intravesical pressure. In lower-level injuries, acontractile detrusors
result in urinary retention, and insufficient sphincters result in urinary incontinence [7].
Both storage and voiding function require assistance to maintain a low-pressure, compliant,
contractile bladder, as well as a continent sphincter. The wellness of the bladder directly
reflects the quality of life in terms of the reduction in infection, stone formation, ureteral
reflux, and renal function impairment [8].

Autonomic dysreflexia (AD) is a distinct cardiovascular complication commonly seen
in SCI above T6. The injury separates the sympathetic neurons from the supraspinal
regulation, resulting in a decentralized cord. An episode of AD presents with hypertension
and concomitant baroreflex-mediated bradycardia, initiated by unmodulated sympathetic
reflexes [9]. The reflex is often triggered by a stimulation below the injury level, such
as constipation, bladder distention, pressure sores, or even tight clothing in SCI patients.
During an episode of AD, the systolic pressure can reach as high as 325 mmHg [10].
Hypertensive crisis can result in cardiac arrest, seizure, stroke, or sudden death. In patients
with SCI and neurogenic bladder, episodes of AD can be discerned by their symptoms,
including headache, sweating, and flushing above the injured level.

Intravesical injection of botulinum toxin A (Botox) is a standard therapy for neurogenic
detrusor overactivity (NDO). The toxin works on the neuro-muscular junction and relaxes
the detrusor muscle, thus improving bladder compliance and reducing urinary inconti-
nence [11]. Another application of Botox is urethral sphincter injection for the purpose of
lowering bladder outlet resistance [12]. Both detrusor and urethral sphincter injections of
Botox can theoretically improve AD by reducing intravesical pressure during storage and
reducing bladder outlet resistance during voiding. However, few studies have investigated
the clinical effect of Botox on AD. Schurch et al. first reported the disappearance of AD in
3 of 31 SCI patients who received botulinum-A toxin injections [13]. Fougere et al. found
that AD was reduced and blood pressure was stabilized after botulinum-A toxin injections
in 17 patients [14]. Herein, we report our experience with Botox injection in either the
detrusor or the urethral sphincter, and its effect on AD in patients with SCI.

2. Results

A total of 200 patients were enrolled for analysis. There were 125 (62.5%) patients in
the detrusor injection group, and 75 (37.5%) in the urethral sphincter injection group. The
average age was 40.8 years, and 131 (65.5%) were men. The levels of injuries were 52 (26%)
at the C-spine and 148 (74%) at the T-spine. Symptoms included 2 (1%) with normal voiding,
71 (35.5%) with difficult voiding, 107 (53.5%) with urgency incontinence, and 32 (16%)
with urinary retention. Types of bladder management among the participants included 38
(19%) self-voiding, 45 (22.5%) using diapers, 20 (10%) using abdominal pressure, 102 (51%)
using percussion voiding, 41 (20.5%) using reflex voiding, 31 (15.5%) using intermittent
catheterization, 11 (5.5%) using indwelling catheters, and 7 (3.5%) using cystostomy. The
baseline characteristics of each group are summarized in Table 1.
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Table 1. Baseline characteristics in detrusor injection and urethral sphincter injection groups.

Detrusor (n = 125) Sphincter (n = 75) p-Value *
Age 37.75 (12.67) 45.90 (15.78) <0.001
Sex 0.071
Men 76 (60.8%) 55 (73.3%)
Women 49 (39.2%) 20 (26.7%)
SCI level 0.067
Cervical 27 (21.6%) 25 (33.3%)
Thoracic 98 (78.4%) 50 (66.7%)
Symptom
Normal voiding 2 (1.6%) 0 (0.0%) 0.529
Difficult voiding 23 (18.4%) 48 (64.0%) <0.001
Urge incontinence 92 (73.6%) 15 (20.0%) <0.001
Retention 17 (13.6%) 15 (20.0%) 0.232
Bladder management
Spontaneous voiding 28 (22.4%) 10 (13.3%) 0.114
On diaper 27 (21.6%) 18 (24.0%) 0.694
Abdominal pressure 10 (8.0) 10 (13.3%) 0.224
Percussion voiding 63 (50.4%) 39 (52.0%) 0.827
Reflex voiding 29 (23.2%) 12 (16.0%) 0.222
CIC/CISC 21 (16.8%) 10 (13.3%) 0.512
Urethral Foley 6 (4.8%) 5 (6.7%) 0.575
Cystostomy 2 (1.6%) 5 (6.7%) 0.105

* p-value by Student’s t test and Chi-square test.

The patient-reported improvements in AD are presented as GRA. Of the 200 patients,
28 (14%) reported no improvement, 50 (25%) reported mild improvement, 75 (32.5%)
reported moderate improvement, and 47 (23.5%) reported marked improvement. There
were more patients in the detrusor group reporting moderate or marked improvement in
AD (Table 2). AD was found to increase immediately after intradetrusor injection in two
patients, but in none after urethral sphincter injection. However, there were no patients
who reported having a worsened GRA of AD after treatment at the follow-up time-point in
this study.

Table 2. Subjective improvement after treatment.

Detrusor (1 = 125) Sphincter (n = 75) p-Value *
Satisfaction with treatment 0.019
No improvement 20 (16.0%) 8 (10.7%)
Mild improvement 26 (20.8%) 24 (32.0%)
Moderate improvement 42 (33.6%) 33 (44.0%)
Marked improvement 37 (29.6%) 10 (13.3%)

*p-value by Chi-square test.

Atbaseline, the patients in the detrusor groups had more sensitive bladders, evidenced
by a smaller filling volume at first sensation (171 mL vs. 210 mL, p = 0.019), urge sensation
(189 mL vs. 235 mL, p = 0.015), as well as maximal bladder capacity (254 mL vs. 293 mL,
p = 0.038). After Botox injection, the urethral group showed significant increases in Qmax,
voided volume, and VE (Table 3).
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Table 3. Baseline and post-treatment videourodynamic parameters in the detrusor and urethral Botox

injection groups.

VUDS Detrusor (n =125)  Urethra (1 = 75) p-Value *
Parameters

Baseline 184.75 (173.29) 210.16 (156.01) 0.106
PVR Post-BTX 279.77 (195.26) 223.41 (227.62) 0.032
Change 97.27 (247.97) 26.82 (271.63) 0.033
Baseline 131.29 (86.16) 152.08 (97.10) 0.116
FSF Post-BTX 152.17 (92.55) 155.11 (97.28) 0.854
Change 26.87 (103.29) 14.86 (114.71) 0.534
Baseline 171.71 (106.12) 210.79 (121.92) 0.019
FS Post-BTX 207.53 (115.40) 215.95 (129.10) 0.904
Change 41.12 (135.68) 27.18 (147.79) 0.557
Baseline 189.32 (120.83) 235.41 (137.31) 0.015
us Post-BTX 226.30 (127.85) 241.64 (134.91) 0.540
Change 45.72 (148.35) 32.64 (158.09) 0.699
Baseline 45.61 (59.52) 55.47 (69.86) 0.106
Compliance Post-BTX 38.22 (44.80) 44.14 (81.95) 0.857
Change —12.12 (76.48) —12.28 (108.99) 0.434
Baseline 37.34 (23.32) 36.31 (24.54) 0.735
Pdet Post-BTX 26.06 (18.63) 27.25 (20.25) 0.838
Change —10.60 (24.02) —11.7 (26.67) 0.943
Baseline 5.51 (5.97) 4.69 (5.17) 0.329
Qmax Post-BTX 4.10 (5.60) 6.55 (9.44) 0.128
Change ~1.73 (6.21) 2.25 (7.88) 0.017
Baseline 67.98 (81.50) 83.07 (113.29) 0.949
Vol Post-BTX 61.47 (93.53) 112.23 (137.08) 0.050
Change —8.41 (103.13) 44.86 (152.88) 0.029
Baseline 254.11 (164.37) 293.23 (153.51) 0.038
CBC Post-BTX 341.23 (177.62) 335.64 (188.11) 0.652
Change 88.86 (217.34) 71.68 (257.48) 0.290
Baseline 0.33 (0.33) 0.29 (0.31) 0.354
VE Post-BTX 0.21 (0.30) 0.38 (0.40) 0.027
Change -0.11 (0.37) 0.12 (0.42) 0.004
Baseline 64.89 (39.83) 59.77 (36.44) 0.411
BCI Post-BTX 46.58 (36.85) 59.98 (51.83) 0.121
Change —19.27 (46.25) —0.45 (48.25) 0.044
Baseline 26.32 (25.00) 26.92 (26.17) 0.995
BOOI Post-BTX 17.85 (19.56) 14.16 (27.33) 0.491
Change —7.14 (22.17) —16.20 (30.57) 0.171

BCI: bladder contractility index, BOOI: bladder outlet obstruction index, CBC: cystometric bladder capacity, FS:
full sensation, FSF: first sensation of filling, Pdet: detrusor pressure at maximum flow rate, PVR: post-voiding
residual, Qmax: maximal flow rate, US: urge sensation, VE: voiding efficiency, * p-value by Mann-Whitney U test.

In the detrusor group, patients who had moderate or marked improvement in AD had
poorer bladder compliance (31.14 vs. 70.47, p < 0.001), higher Pdet (45.42 vs. 23.48 cmH20,
p < 0.001), and higher BOOI (35.93 vs. 9.83, p <0.001) at baseline compared to patients
who had no or mild improvement. The post-treatment changes of the moderate or marked
improvement subgroups and those of the no or mild subgroups were significantly different
in bladder compliance and BOOI (Table 4). DO was present in 77 (61.6%) patients before
Botox treatment and in 69 (55.2%) patients after Botox treatment (p = 0.052). DSD was
present in 61 (48.8%) patients before Botox treatment and in 53 (42.4%) patients after Botox
treatment (p = 0.268).
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Table 4. Baseline and post-treatment videourodynamic parameters in the detrusor Botox injection

patients.
VUDS No/Mild Moderate/Marked Value *
Parameters Improvement (1 =46) Improvement (n = 79) p

Baseline 184.26 (184.33) 185.04 (167.75) 0.678

PVR Post-BTX 248.55 (185.82) 299.21 (200.17) 0.260

Change 53.39 (238.40) 124.58 (252.10) 0.164

Baseline 130.17 (86.27) 131.94 (86.63) 0.959

FSF Post-BTX 174.30 (106.29) 138.40 (80.89) 0.159

Change 41.76 (122.45) 17.60 (89.35) 0.657

Baseline 183.33 (110.70) 164.95 (103.48) 0.388

FS Post-BTX 224.70 (125.42) 196.85 (108.57) 0.419

Change 40.67 (150.21) 41.40 (127.30) 0.950

Baseline 201.72 (127.17) 182.10 (117.20) 0.414

UsS Post-BTX 243.09 (134.12) 215.85 (123.92) 0.429

Change 42,64 (163.30) 47.64 (139.84) 0.972

Baseline 70.47 (78.70) 31.14 (38.48) <0.001

Compliance  Post-BTX 27.60 (21.93) 44.83 (53.56) 0.212

Change —44.04 (84.90) 7.76 (63.85) 0.003

Baseline 23.48 (14.59) 45.42 (23.72) <0.001

Pdet Post-BTX 22.12 (17.12) 28.51 (19.27) 0.108

Change —3.00 (20.01) —15.34 (25.24) 0.015

Baseline 6.83 (7.41) 4.74 (4.83) 0.181

Qmax Post-BTX 5.73 (6.40) 3.09 (4.83) 0.038

Change —0.97 (6.66) —2.21 (5.92) 0.261

Baseline 83.39 (93.17) 59.00 (73.00) 0.290

Vol Post-BTX 89.82 (119.91) 43.81 (67.99) 0.043

Change 14.58 (110.90) —22.72 (96.29) 0.184

Baseline 267.65 (166.98) 246.23 (163.37) 0.467

CBC Post-BTX 338.36 (161.02) 343.02 (188.70) 0.821

Change 67.97 (212.74) 101.87 (221.17) 0.520

Baseline 0.37 (0.35) 0.31 (0.32) 0.396

VE Post-BTX 0.28 (0.33) 0.17 (0.27) 0.050

Change —0.05 (0.31) —0.15 (0.40) 0.091

Baseline 57.61 (44.93) 69.13 (36.17) 0.032

BCI Post-BTX 50.76 (40.83) 43.98 (34.28) 0.460

Change —7.85 (46.91) —26.38 (44.82) 0.045

Baseline 9.83 (16.08) 35.93 (24.30) <0.001

BOOI Post-BTX 10.67 (17.81) 22.32 (19.41) 0.004

Change —1.06 (17.38) —10.92 (24.07) 0.044

BCI: bladder contractility index, BOOI: bladder outlet obstruction index, CBC: cystometric bladder capacity, FS:
full sensation, FSF: first sensation of filling, Pdet: detrusor pressure at maximum flow rate, PVR: post-voiding
residual, Qmax: maximal flow rate, US: urge sensation, VE: voiding efficiency. * p-value by Mann-Whitney U test.

In the urethral sphincter group, patients who had moderate or marked improvement
in AD had marginally higher Pdet (41.65 vs. 29.13 cmH20, p = 0.050) and lower capacity
(258.86 vs. 399.41 ml, p = 0.023) compared to patients who had no or mild improvement
(Table 5). DO was present in 38 (50.7%) patients before Botox treatment and in 33 (44%)
patients after Botox treatment (p = 0.180). DSD was present in 30 (40%) patients before
Botox treatment and in 20 (26.7%) patients after Botox treatment (p = 0.031).
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Table 5. Baseline and post-treatment VUDS parameters in the urethral sphincter Botox injection

patients.
VUDS No/Mild Moderate/Marked Value *
Parameters Improvement (1 =32) Improvement (1 = 43) p

Baseline 235.22 (169.81) 191.51 (144.09) 0.304

PVR Post-BTX 213.33 (221.92) 230.38 (235.58) 0.905

Change —33.61 (262.36) 68.65 (275.05) 0.145

Baseline 170.88 (107.03) 138.09 (87.67) 0.210

FSF Post-BTX 182.17 (71.61) 136.38 (109.08) 0.016

Change 16.61 (107.40) 13.65 (121.59) 0.738

Baseline 228.69 (122.39) 197.47 (121.27) 0.197

FS Post-BTX 250.28 (131.10) 192.19 (124.68) 0.061

Change 35.44 (149.40) 21.46 (149.36) 0.793

Baseline 255.91 (139.08) 220.16 (135.60) 0.161

us Post-BTX 278.00 (146.92) 216.46 (122.53) 0.145

Change 37.33 (158.65) 29.38 (160.76) 0.793

Baseline 61.60 (68.64) 50.90 (71.22) 0.197

Compliance  Post-BTX 40.05 (61.28) 46.97 (94.76) 0.793

Change —25.21 (87.26) —3.33 (122.68) 0.233

Baseline 29.13 (19.86) 41.65 (26.48) 0.050

Pdet Post-BTX 26.39 (22.32) 27.85 (19.12) 0.667

Change —3.28 (27.10) —17.54 (25.24) 0.173

Baseline 4.78 (6.08) 4.63 (4.44) 0.621

Qmax Post-BTX 7.22 (11.07) 6.08 (8.33) 0.636

Change 3.17 (7.64) 1.62 (8.13) 0.381

Baseline 104.19 (140.18) 67.35 (86.69) 0.768

Vol Post-BTX 137.67 (155.35) 94.62 (122.97) 0.436

Change 52.06 (192.16) 39.88 (122.58) 0.624

Baseline 339.41 (165.07) 258.86 (136.29) 0.023

CBC Post-BTX 351.00 (182.20) 325.00 (194.93) 0.489

Change 18.44 (274.19) 108.54 (243.83) 0.252

Baseline 0.31 (0.33) 0.28 (0.29) 0.965

VE Post-BTX 0.39 (0.41) 0.38 (0.39) 0.855

Change 0.13 (0.43) 0.12 (0.41) 0.877

Baseline 53.03 (36.40) 64.79 (36.08) 0.148

BCI Post-BTX 62.50 (53.66) 58.23 (51.52) 0.793

Change 12.56 (41.08) —9.46 (51.49) 0.079

Baseline 19.56 (23.23) 32.40 (27.14) 0.056

BOOI Post-BTX 11.94 (35.52) 15.69 (20.52) 0.821

Change —9.61 (34.22) —20.77 (27.53) 0.283

BCI: bladder contractility index, BOOI: bladder outlet obstruction index, CBC: cystometric bladder capacity, FS:
full sensation, FSF: first sensation of filling, Pdet: detrusor pressure at maximum flow rate, PVR: post-voiding
residual, Qmax: maximal flow rate, US: urge sensation, VE: voiding efficiency. * p-value by Mann-Whitney U test.

3. Discussion

Our study revealed that Botox injection to either the detrusor or the urethral sphincter
achieved moderate or marked improvement in AD in 61% of SCI patients. There were more
patients with marked improvement in the detrusor group, indicating a better control of
AD. The baseline VUDS profile suggested that patients with poorer bladder compliance
and higher detrusor pressure showed better responses to detrusor injection, and this
response was best reflected by an increase in post-treatment compliance and a decrease
in DO. The benefits that these patients might report could be related to their inferior pre-
treatment conditions, as these treatments did not help patients with borderline bladder
dysfunction. In the urethral sphincter group, there were general improvements in VUDS
parameters, including Qmax, VE, and BOO], regardless of the subjective improvements in
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AD after Botox injection. To our knowledge, this is the first study that has correlated VUDS
findings and AD symptom improvements in SCI patients who received Botox injection at
different sites.

The leading cause of death in SCI patients has shifted from urinary complications
to cardiovascular events [15], marking the importance of the management of AD. Since
AD is highlighted by episodic hypertension, treatments for AD has been focused on blood
pressure control with nitrites [16], calcium channel blockers [17], and alpha-adrenergic
blockers [18]. However, the pathophysiology of AD includes a serial remodeling of the auto-
nomic system: loss of supraspinal control over the sympathetic preganglionic neurons [19],
synaptic reorganization of the sympathetic preganglionic neurons [20], primary afferent
sprouting [21], and propriospinal plasticity [22]. This sensitized bladder proprioception,
as well as other stimuli below the level of injury, are amplified to form an unregulated
sympathetic reflex, resulting in an episode of AD. Considering the pathophysiology of AD,
blood pressure control alone does not provide to-the-target management.

Botox paralyzes smooth or striated muscles through its inhibition of acetylcholine
release in neuromuscular junctions. Through this mechanism of action, Botox has demon-
strated effectiveness in reducing DO and urethral sphincter spasticity [23]. In addition
to motor inhibition, Botox also has effects on the sensory neurons. The application of a
sensory blockade has been proven effective in patients with bladder pain syndrome treated
with intravesical injections [24]. These mechanisms include a decrease in both the release of
neurotransmitters and the expression of nociceptors, as well as the suppression of afferent
nerve sprouting and reorganization [25]. The diverse mechanisms of action make Botox an
ideal therapy for SCI patients, as it targets both lower urinary tract symptoms and AD.

In our cohort of SCI patients who had AD that required anti-hypertensive management,
LUTS-directed Botox injection yielded a 61% moderate or marked improvement in AD
symptoms. There were two prior series addressing the role of Botox on AD. In the study by
Schurch et al. evaluating the effect of Botox on LUTS, AD associated with bladder emptying
that manifested as a hypertensive crisis during voiding disappeared after treatment in the
three patients with tetraplegia [13]. Although this was a prospective study, AD was not
an end point, but an incidental finding. Another study by Fougere et al. prospectively
measured blood pressure during UDS and daily activity. The authors found that the
amplitude of UDS-induced hypertension was attenuated in 17 patients after Botox injection;
however, there were no significant differences found in 24-h ambulatory blood pressure
monitoring [14].

Our results suggest that improvement in AD can be more significant in those who
have poorer bladder compliance and higher Pdet at baseline, which are typical UDS
indications for Botox injection. This finding implies that additional detrusor injection
can be considered in patients symptomatically indicated for urethral injection, in order to
further eliminate their AD symptoms. Nonetheless, there were still 14% of patients who
reported no improvement in AD, indicating insufficient management for either LUTS or
other stimulatory conditions such as constipation or pressure sores.

The strengths of our study are the large number of cases and complete VUDS evalua-
tions. There are some limitations to our study. First, the baseline AD severity was unclear,
and was not objectively measured. As there are currently no symptom scores or other
objective evaluation tools for AD, we relied on patient-reported general assessments of
the outcome to evaluate the treatment responses. Some studies used ambulatory blood
pressure monitoring, but this method may not always record the blood pressure during AD
episodes. Furthermore, there is no consensus on the criteria for blood pressure elevation.
Second, this was not a randomized trial, and the decision for detrusor or urethral sphincter
injection was based on the patients’ main lower urinary tract symptoms and requirements.
Although there has been no data suggesting predisposing factors for AD, significant bias
might result from any unbalanced factors, such as age, sex, or the injury level between the
two arms.
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4. Conclusions

Detrusor or urethral sphincter injection of Botox were both shown to improve AD in
the majority of SCI patients. Detrusor injection leads to a greater improvement in AD, prob-
ably because of decreased detrusor pressure and increased bladder compliance. Urethral
sphincter injection appears to have a modest effect on AD, despite general improvement in
the VUDS parameters.

5. Methods
5.1. Ethical Approval

The study was approved by the Institutional Review Board of Hualien Tzu Chi
Hospital (IRB 110-033-B). Patients’ informed consent was waived due to the retrospective
nature of this study.

5.2. Patient Enrollment

We retrospectively reviewed the medical records of SCI patients who reported AD
and received either detrusor or urethral sphincter injection with Botox from 1998 to 2022.
All patients had either storage symptoms, such as urgency and urgency incontinence;
emptying symptoms, such as difficult urination or large postvoid residual volume; or
both storage and emptying symptoms. Thus, all were ready for detrusor or urethral Botox
injection. All patients also had symptoms of AD, such as headache, hypertension, increased
reflexes, profuse sweating, bradycardia, and other systemic symptoms either associated
with bladder fullness or occurring during urination. These AD symptoms were considered
moderate to severe, causing discomfort to the patients and requiring medication to alleviate
them. Patient data included age, sex, level of SCI, bladder management, videourodynamic
study (VUDS) profiles, and subjective improvement in AD.

5.3. Botulinum Toxin A Injection

The techniques for Botox injection were described previously [12,26,27]. The treatment
was performed in an operating room under light intravenous general anesthesia. For
detrusor injection, 200 U of onabotulinumtoxinA (Botox, Allergan, Irvine, CA, USA) was
diluted with 20 mL of normal saline and injected into 20 well-distributed sites in the bladder
wall, sparing the trigone. All cystoscopic injections were performed using a rigid injection
instrument (22-Fr, Richard Wolf, Knittlingen, Germany) and a 23-gauge injection needle.
For urethral sphincter injection, a total of 100 U Botox was given. A single vial of 100 U
Botox was dissolved in 5 mL of normal saline, resulting in a concentration equivalent to
20 U/mL. Each 1 mL of Botox solution was injected transurethrally under cystoscopy into
the urethral sphincter at the 2, 4, 8, 10, and 12 o’clock positions in men, and transcutaneously
into the urethral sphincter along the urethral lumen at the sides of the urethral meatus in
women. The selection of Botox injection to the detrusor or the urethral sphincter was based
on the individual patient’s main lower urinary tract symptoms. Detrusor Botox injection
was performed for NDO with urinary incontinence and AD. Urethral sphincter Botox
injection was performed for detrusor sphincter dyssynergia (DSD) to facilitate spontaneous
voiding, ease self-catheterization, and improve AD.

5.4. VUDS Parameters

VUDS was performed under fluoroscopy and pressure flow study [28]. The VUDS
parameters were defined as follows. Bladder sensation was evaluated by first sensation
of filling (FSF), full sensation (FS), and urge sensation (US). Cystometric bladder capacity
(CBC) was calculated by adding post-voiding residual (PVR) and voided volume (Vol).
Bladder compliance was calculated by dividing the volume at full sensation (FS) by the
detrusor pressure (Pdet). Voiding efficiency (VE) was defined as voided volume divided
by bladder capacity. Maximal flow rate (Qmax) and detrusor pressure at the maximum
flow rate (Pdet@Qmax) were recorded. The bladder outlet obstruction index (BOOI) was

126



Toxins 2023, 15, 108

calculated by (Pdet@Qmax -2 x Qmax). Detrusor overactivity (DO) was defined as any
involuntary detrusor contraction during the filling phase of the pressure flow study [29].

5.5. Outcome Measurement and Statistics Analysis

The primary endpoint was the subjective improvement in AD, as defined by the global
response assessment (GRA). The scale we used was as follows: —3 for markedly worse,
—2 for moderately worse, —1 for mildly worse, 0 for no change, 1 for mildlimprovement,
2 for moderate improvement, and 3 for marked improvement [30]. The GRA assessments
were taken within 1 month after Botox, and VUDS was carried out within 3 months after
Botox. GRA and VUDS were evaluated separately. The secondary endpoint was the
change in VUDS parameters before and after Botox injection. Either the Student’s t-test
or Mann-Whitney U test was performed to compare numerical data, and the Chi-square
test was performed to compare categorical data. Statistical analyses were performed
using free software (R version 4.0.0). All statistical tests were two-tailed, with p < 0.05
indicating significance.
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Abstract: Background: Intravesical injection of Botulinum toxin A (BoNT-A) and platelet-rich plasma
(PRP) have been reported to alleviate bladder pain and decrease nocturia in patients with refractory
interstitial cystitis/bladder pain syndrome (IC/BPS). Both treatments are novel and there has no
comparison between them. This study compared the therapeutic effects and adverse events between
IC/BPS patients receiving PRP or BoNT-A injections. Materials and Methods: This study retrospec-
tively analyzed female patients with IC/BPS who were refractory to conventional treatment and
received BoONT-A (1 = 26) or PRP (1 = 30) injections within the previous two years. Patients were
arbitrarily treated with four monthly injections of PRP or a single injection of 100 U of BoNT-A.
All injections were followed by cystoscopic hydrodistention. The primary endpoint was the global
response assessment (GRA), and secondary endpoints were changes in the O’Leary-Sant IC symptom
score, visual analog score (VAS) of bladder pain, voiding diary, and uroflow measures from baseline
to six months after the first injection day. Results: The baseline demographics revealed no significant
difference between groups. The GRA at one, three, and six months was similar between groups.
A significant improvement in IC symptom scores was noted in both groups. Although VAS was
significantly improved in overall patients, no significant difference was noted between the PRP
and BoNT-A groups at 6 months. Only half of the study cohort had a GRA >2 at six months. An
increase in the post-void residual was noted one month after the BONT-A injection, but there was no
difference between groups at three and six months. More patients reported dysuria (19.2% vs. 3.3%,
p = 0.086) and urinary tract infection (UTI, 15.4% vs. 0%, p = 0.041) after BONT-A injection than after
the PRP injections. The time from the first injection to receiving alternative treatment was similar
between groups. Conclusion: Both intravesical PRP and BoNT-A injections have similar efficacy in
IC symptom improvement. However, only half of the study cohort had a GRA of >2 at the six-month
follow-up BoNT-A injection carries a potential risk of UTI after treatment.

Keywords: botox; platelet-rich plasma; interstitial cystitis; intravesical injection
Key Contribution: Intravesical injections of either PRP or BoNT-A are safe and effective for im-

proving IC/BPS symptoms without significantly increasing the PVR. However, only half of patients
remained effective at 6 months; repeat treatment was necessary for both groups.

1. Introduction

Interstitial cystitis /bladder pain syndrome (IC/BPS) is a chronic bladder inflammatory
disease characterized by bladder pain and frequency urgency. Current treatments using
pain killer or anti-inflammatory medications cannot completely eradicate symptoms and
increase bladder capacity [1]. Several intravesical or oral medications, such as pentosan-
polysulphate, amitryptynine, and cyclosporin have been tried, but their therapeutic efficacy
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has been proven ineffective [2-6]. The lack of a reliable effective therapy for IC/BPS may
be related to its poorly understood pathophysiology. One of the most common findings
in bladder mucosal biopsies from patients with IC/BPS is denudation or thinning of the
bladder epithelium, suggesting an altered regulation of urothelial homeostasis [7,8]. Other
bladder abnormalities include an increased nerve fiber density, inflammatory cell infil-
trations, and noxious sensory receptor immunoreactivity [9]. Although investigations on
this topic have been enthusiastically performed, the etiology of IC/BPS remains unknown.
Treatment based on a single pathophysiology might not be sufficient to solve the underlying
pathology of IC/BPS.

Intravesical botulinum toxin A (BoNT-A) and platelet-rich plasma (PRP) injections are
novel treatments for IC/BPS refractory to conventional therapies. BONT-A can reduce the
release of acetylcholine and inflammation-related neuropeptides from nerve terminals [10].
The BoNT-A injection can eliminate noxious stimulation and reduce bladder suburothelial
inflammation, thus improving urothelial regeneration and IC/BPS symptoms. PRP can also
produce new inflammation and override unresolved inflammation in IC/BPS bladders [11].
Through repeated injections, the bladder inflammation is eliminated and regeneration
of the defective urothelium is improved, resulting in a healed bladder urothelium with
adequate barrier function and a reduction in bladder pain [12]. Although there is solid
evidence that BONT-A improves the IC/BPS condition, a decrease in detrusor contractility
following treatment may contribute to a poor response to the BONT-A injection [13]. On
the other hand, the PRP injection does not have such adverse events. However, the effect
of PRP on inflammation might be less remarkable than that of BONT-A; frequent monthly
PRP injections are necessary to achieve a therapeutic efficacy similar to that of BONT-A on
IC/BPS [14].

Patients with chronic IC/BPS usually cannot be successfully treated with conventional
medical or intravesical treatments. Although previous clinical trials provided evidence
that intravesical BONT-A or PRP injections were effective [11-13], the true clinical efficacy
and patients’ satisfaction have not been reported in real life practice. To date, there has
been no head-to-head comparison between these two treatment modalities. Therefore,
we compared these two novel therapies to establish which treatment provides superior
treatment efficacy and safety.

2. Results

Among the 56 female patients included in the study, 30 received four monthly PRP
injections and 26 received a single BONT-A injection. Patients” baseline demographics,
including symptom score, voiding diary data, uroflowmetry data, findings of cystoscopic
hydrodistention, and duration of IC/BPS symptoms are listed in Table 1. There was no
significant difference between the two treatment groups; however, a higher VAS score for
bladder pain was perceived at baseline in the BONT-A group.

Table 1. Baseline demographics of patients with interstitial cystitis who underwent intravesical
platelet-rich plasma or botulinum toxin A injection.

PRP (n = 30) BoNT-A (1 = 26) p-Value
Age (years) 52.57 +11.08 49.19 +£17.03 0.392
1CSI 12.57 +4.43 13.15 +4.15 0.613
ICPI 11.63 +3.21 12.23 +3.23 0.492
VAS 3.57 £3.14 5.35 £ 3.02 0.036
Frequency 11.70 + 6.39 13.95 + 8.35 0.260
Nocturia 3.28 +1.59 3.77 £5.33 0.651
FBC (mL) 255.83 £+ 126.74 264.16 £+ 103.70 0.793
Qmax (mL/s) 13.17 £ 7.01 16.54 +9.60 0.136
Volume (mL) 192.43 + 109.65 238.38 £ 112.70 0.128
PVR (mL) 22.97 + 45.04 21.73 +35.38 0.911
MBC (mL) 768.33 £ 173.94 728.40 £ 219.94 0.455
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Table 1. Cont.

PRP (n = 30) BoNT-A (n = 26) p-Value
Glomerulation 1.37 +0.89 1.42 4+0.93 0.841
Ulcer 0(0.0%) 2(7.7%) 0.211
Duration (years) 10.27 + 8.85 8.92 £+ 10.26 0.601

Abbreviations: PRP: platelet-rich plasma, BONT-A: botulinum toxin A, ICSI: interstitial cystitis symptom index,
ICPL: interstitial cystitis problem index, VAS: visual analog score, FBC: functional bladder capacity, Qmax:
maximum flow rate, PVR: post-void residual, MBC: maximal bladder capacity.

Table 2 shows the changes in IC symptom score, VAS scores for bladder pain, and
GRA from baseline to all follow-up points between groups. The improvement in ICSI and
ICPI from baseline to each time-point was significant in both groups, but no significant
difference was noted between groups. The change in the VAS score after treatment was
significant only in the BONT-A group; however, the change in VAS score from baseline to
the follow-up time points was not significant between groups. Interestingly, the GRA was
significantly improved only in the PRP group.

Table 2. Changes in symptom scores and the global response assessment after intravesical PRP or
BoNT-A injection for patients with IC/BPS.

All PRP BoNT-A Val
(1 = 56) (1 = 30) (1 = 26) p-value

BL 12.84 4+ 4.27 12.57 +4.43 13.15 +4.15

1S M 995+ 435* 943 +3.32* 10.54 +5.30 * 0.616
3M 955 +416* 9.57 +3.66 * 954 +475* 0.598
6M 9.00 +=4.21* 833 +4.40* 9.77 £3.92* 0.410
BL 11.91 +3.20 11.63 +3.21 12.23 +3.23

ICPI ™M 920+ 426* 893 +3.54* 9.50 & 5.02 * 0.975
3M 8.50 £ 3.69 * 887 +3.21* 8.08 +4.20* 0.137
6M 8.73 £3.97 % 8.60 4+ 4.06 * 8.88 +-3.94 * 0.781
BL 4.39 4+ 3.18 3.57 +3.14 5.35 +3.02

VAS ™M 427 +3.11 4.00 +3.22 458 + 3.02 0.062
3M 3.38 =290 * 3.20 4+ 3.01 3.58 +2.80 * 0.068
6M 3.66 + 3.06 * 3.17 £ 3.18 423 +287* 0.239
™M 0.84 +1.16 0.73 +1.08 0.96 +1.25

GRA 3M 0.89 4+ 1.65 0.83 +1.58 0.96 +1.75 0.840
6M 1.36 +1.55* 1.53 £1.20* 1.15 + 1.89 0.227

* p < 0.05 compared with baseline data, Abbreviations: GRA: global response assessment, PRP: platelet-rich
plasma, BoNT-A: botulinum toxin A, ICSI: interstitial cystitis symptom index, ICPI: interstitial cystitis problem
index, VAS: visual analog score.

Table 3 shows the differences in voiding and uroflowmetry parameters between the
PRP and BoNT-A groups. Although nocturia and FBC were improved in the PRP group
and frequency was improved at the one-month follow-up in the BONT-A group, there
was no significant difference all follow-up time points in the BONT-A group; however, the
change in post-void residual (PVR) was only significantly higher in the BONT-A group at
one month. We found the GRA increased with repeated monthly injections of PRP, whereas
the GRA was mildly improved immediately after BONT-A injection but improved to a
level similar to that of PRP at six months. Nevertheless, more patients in the BoNT-A
group complained of dysuria after treatment, and a significantly higher rate of urinary tract
infection (UTI) (15.4% vs. none) developed after the BONT-A injection compared with that
of patients receiving the PRP injection (Table 4).
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Table 3. Changes in voiding and uroflow measurements after intravesical PRP or BONT-A injection
for patients with IC/BPS.

All PRP BoNT-A Val
(1= 56) (n= 30) (1 = 26) p-value
BL 12.74 + 7.38 11.70 £ 6.39 13.95 + 8.35
Frequency ™M 11.40 + 5.83 10.88 + 4.98 11.99 + 6.73 * 0475
3M 12.09 + 6.48 10.77 4 4.18 13.62 + 8.21 0.729
6M 11.72 4 5.63 10.95 + 4.08 12.60 £ 6.99 0.694
BL 3.51 + 3.78 3.28 + 1.59 3.77 +5.33
) 1M 2.74 + 3.00 2.55 £ 1.50 * 297 +4.13 0.936
Nocturia 3M 2.63+3.19* 2224142 309 + 4.43 0.484
6M 2.57 +£3.06* 235+ 1.80* 2.83 + 4.08 0.977
BL 259 + 116 256 + 127 264 + 104
™M 283 4+ 123 * 276 + 124 292 + 125 0.783
FBC 3M 299 4 126 * 303 + 135* 295 + 118 0.935
6M 314 + 138 * 305 + 136 * 325 + 142 0.465
BL 14.73 + 8.41 13.17 & 7.01 16.54 £ 9.60
Omax ™M 14.74 £ 9.61 13.76 + 8.02 15.88 & 11.23 0.548
3M 16.04 £+ 9.49 16.87 & 10.48 15.10 & 8.29 0.043
6M 1598 £10.08  15.93 = 10.80 16.03 £ 9.40 0.188
BL 214 + 112 192 £ 110 238 + 113
™M 207 + 132 196 + 123 218 + 143 0.425
Volume 3M 212 + 106 199 + 93.9 227 + 118 0.512
6M 232 + 114 218 + 114 248 + 115 0.608
BL 2239 £ 4049 2297 £4504  21.73 4+ 3538
™M 39.88 +£56.78* 2597 £37.95 5592 4 70.16* 0.045
PVR 3M 3446 +50.64 2170 +27.06  49.19 + 66.11* 0.070
6M 4379 £7838* 4097 £ 8859  47.04 + 66.26 * 0.735

* p < 0.05 compared with baseline data, Abbreviations: PRP: platelet-rich plasma, BONT-A: botulinum toxin A,
FBC: functional bladder capacity, Qmax: maximum flow rate, PVR: post-void residual.

Table 4. Changes in the global response assessment and adverse events after intravesical PRP or
BoNT-A injection for patients with IC/BPS.

PRP (1 = 30) BoNT-A (n = 26) p-Value
IM GRA > 2 5 (16.7%) 9 (34.6%) 0.122
3M GRA > 2 12 (40.0%) 10 (38.5%) 0.906
6M GRA > 2 14 (46.7%) 13 (50.0%) 0.803
AE-Dysuria 1(3.3%) 5 (19.2%) 0.086
AE-UTI 0(0.0%) 4 (15.4%) 0.041

Abbreviations: GRA: global response assessment, PRP: platelet-rich plasma, BONT-A: botulinum toxin A, AE:
adverse event, UTI: urinary tract infection.

Figure 1 shows the cumulative success rate curve after intravesical PRP or BONT-A
injection. Approximately 50% of patients in each group received an additional bladder
therapy for bothersome symptoms after six months. There was no significant difference in
the successful curves with time between groups.
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Figure 1. Survival curves of patients with IC/BPS who received either intravesical PRP or BONT-A in-
jections. Curves from the initial treatment day to the time in which they received additional treatment.

3. Discussion

This study demonstrated that intravesical injections of either PRP or BoONT-A are safe
and effective in IC/BPS symptoms improvement without significantly increasing the PVR.
Bladder pain reduction was not significant between groups at 6 months. Patients who
received PRP injections did not experience UTI or dysuria after treatment. However, only
half of the study cohort had a GRA of >2 at the six-month follow-up, and the remaining
patients sought additional bladder therapy to improve symptoms. Although the therapeutic
efficacy for IC/BPS at 6 months was similar between PRP and BoNT-A, the patients who
received the BoNT-A injection had a greater potential risk for UTI after treatment.

The pathophysiology of IC/BPS is complicated and not completely understood. The
recent IC Data Base study noted that loss of epithelial integrity is a predominant histopatho-
logic finding in patients with IC/BPS. The epithelial damage may precede other histopatho-
logic findings, such as suburothelial inflammation and sensory nervous activation in the
bladder wall, leading to increases in the sensation of bladder fullness and pain in response
to bladder inflammation [9,15]. The inflammation of IC/BPS might increase the sensory
neuropeptides release from the suburothelial nervous network and integrate the signal
transmission from urothelium to the detrusor muscles. In animal models of chemical
cystitis or human studies of IC/BPS, detrusor injection of BONT-A has been shown facilitate
an increase in bladder capacity and relief of bladder pain [16,17]. Inhibition of sensory fiber
neuroplasticity and inflammation in the suburothelial space by BoNT-A injections provides
good therapeutic efficacy in patients with IC/BPS [18]. However, a single BONT-A injection
might not be adequate to provide long-term durability for IC/BPS. Our previous study
also demonstrated that four consecutive BONT-A injections provide a longer therapeutic
duration than that of treatment with fewer injections [19].

An intravesical injection of 100-200 U of BoNT-A followed by cystoscopic hydrodis-
tention has been reported effective in decreasing bladder pain and nocturia in patients with
IC/BPS [20]. A randomized, double-blind clinical trial demonstrated that 100 U of BONT-A
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is safe and effective for treatment of IC/BPS [21]. Patients who received BoNT-A treatment
had a significantly greater improvement in bladder pain reduction and bladder capacity
increase than that of those in the placebo group. The therapeutic effects of BONT-A on
IC/BPS are result from inhibition of the noxious neurotransmitter releases [17]. Based on
the above clinical and basic science evidence, BONT-A injection was listed as the fourth-line
therapeutic option in the treatment of IC/BPS in the AUA guidelines [22].

Although the BoNT-A injection seems promising for treating symptoms of IC/PBS,
long-term results have not revealed a successful outcome [21]. The limited successful
result is possibly due to inadequate control of chronic inflammation inside the urinary
bladder [17]. Repeated intravesical BONT-A injections were recently performed for patients
with refractory IC/PBS, and the therapeutic effects appear promising. Approximately
70% of patients with non-ulcer type IC/PBS may benefit from repeated BoNT-A injec-
tions every six months [23]. A previous immunohistochemistry study also confirmed
the reduction in inflammatory biomarkers and pro-apoptotic proteins, such as Bax and
Bad expressions, after repeated BoONT-A injections. Furthermore, the adhesive protein
E-cadherin and junction protein zonula occludens were increased after repeat BONT-A
injections. These immunohistochemistry changes correlated well with the improvement in
clinical symptoms [24].

Autologous PRP is growing in the treatment to augment wound healing, fasten the
recovery speed of muscle and joint injuries, and enhance surgical repair recovery [25].
PRP is extremely rich in several essential growth factors and cytokines, which regulate
tissue reconstruction, and has been studied extensively among trauma patients and trauma
experimental models [26]. Tissue regeneration can be improved by the local application of
autologous bone marrow derived progenitor cells and PRP. In addition, PRP eliminates
neuropathic pain primarily by platelet- and stem cell-released factors. These factors initiate
the complex cascade of wound healing events, starting with the induction of enhanced
inflammation and its complete resolution, including tissue remodeling, wound repair, and
axon regeneration, resulting in neuropathic pain elimination; some of these same factors
also act directly on neurons to promote axon regeneration, thereby eliminating neuropathic
pain [27].

PRP injecting into the bladder wall could initiate the wound healing process, induce
a new inflammation, complete the wound healing, resolve previous inflammation, and
promote the relief of neuropathic pain. The cytokines and growth factors released from
PRP could induce a new inflammation, which might override the residual inflammation,
and increase tissue regeneration [25]. Our previous clinical trial demonstrated that multiple
low-dose PRP injections were effective in patients with IC/BPS. The PRP injections could
effectively decrease IC symptoms and VAS bladder pain scores from 3.38 4= 2.89 at baseline
to 1.10 & 1.85 at 3 months after PRP injections [28]. The elevated urinary cytokines and
inflammatory proteins could also be reduced after repeated PRP injections [29]. Moreover,
the ultrastructural deficits in IC/BPS urothelial could also recovered after intravesical PRP
injections [30].

Although this was not a head-to-head randomized trial, the results of this comparative
case series study reveal that PRP and BoNT-A are equally effective in reducing IC symp-
toms. Based on the therapeutic mechanism of PRP and BoNT-A on IC/BPS, either treatment
can reduce chronic inflammation and improve urothelial regeneration [12]. Therefore, IC
symptoms and urinary inflammatory cytokines can decrease after treatment [29]. However,
BoNT-A has a more potent inhibitory effect on the release of noxious inflammatory neu-
ropeptides and could better reduce bladder pain, compared to the effect of the PRP injection.
On the other hand, BoNT-A reduces detrusor contractility by inhibiting acetylcholine from
efferent nerves; thus, a larger PVR may develop after treatment [17]. Nevertheless, the
inhibitory effect of BONT-A on detrusor contractility in IC/BPS bladders was less than that
observed in patients with overactive bladders [31]. Although the increased PVR is not
clinically significant, this adverse event might lead to a higher rate of difficult urination
and increase the risk of UTI after BONT-A injections.
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Both PRP and BoNT-A treatments are novel and currently off-labeled therapies for
IC/BPS refractory to conventional therapy. The long-term efficacy has not been well
investigated. Although fewer adverse events were reported following treatment with
PRP than with BoNT-A, the therapeutic effect of PRP on chronic inflammation and for
promoting recovery of defective urothelium was limited. As shown in this study, the GRA
increased with the increasing number of PRP injections, suggesting the therapeutic efficacy
needs an adequate PRP dose to achieve a therapeutic level. Therefore, repeated intravesical
PRP injections every month are necessary to achieve a therapeutic efficacy similar to that
of BoONT-A at six months. However, repeated monthly PRP injection treatment requires
frequent anesthesia, which might place a tremendous burden on the patients. Four monthly
injections might also increase the complications related with bladder injections, including
hematuria and UTI. Although therapy with a single high-dose injection of PRP has been
attempted, the efficacy on symptom improvement was inferior to that of four monthly
low-dose PRP injections [14]. In addition, the economic burden of frequent admission,
anesthesia, and the cost of preparing the PRP might be much higher than that of a single
BoNT-A injection within a six-month treatment period. Therefore, although the BoNT-A
injection bears a greater potential for detrusor underactivity and UTIL, repeated BoNT-A
injections every six months have the advantage of greater bladder pain improvement and
less of an anesthesia burden, with the same efficacy as that of PRP treatment. Single BONT-A
injection only provides short-term therapeutic effect, whereas repeat injections provide
a higher success rate in long-term follow-up. Before recommending either treatment to
patients with refractory IC/BPS, patients should be thoroughly informed as to the efficacy
and potential adverse events of both treatments to allow for shared decision-making.

Limitations of this study are small case numbers, the lack of a control arm, and the
non-randomization of the study design. The treatment option was based on patients’ choice
after informing advantage and disadvantages of the treatment outcome and potential
adverse events. Because all patients were chronic IC/BPS and had received many different
conventional therapies, they might have had high expectations to BONT-A or PRP injection.
Further, all patients were not selected with a strict inclusion criterion as in the clinical
trials but were diagnosed according to their present symptoms and past history. Therefore,
the patients in this retrospective study are highly heterogeneous with varying severity
of disease. Finally, although a GRA >2 was reported in around 50% of patients treated
with BONT-A or PRP and the ICSI and ICPI also showed improvement, the decrease in
bladder pain VAS was limited. The higher VAS in the baseline of the BONT-A group could
have resulted in bias in the VAS reduction between PRP and BoNT-A group. Because this
was a retrospective analysis, patients were informed of the advantages and disadvantages
of treatment at baseline, and patients were allowed to choose treatment; therefore, more
patients who had a higher bladder pain VAS might have chosen the BONT-A injection. Al-
though a significant reduction in bladder pain VAS was observed in the BONT-A group, the
difference of VAS changes with time between PRP and BoNT-A groups was not significant.
Nevertheless, the results of this study may reflect the treatment outcome of BONT-A and
PRP injection in a real-life practice.

In clinical trials for functional urology such as in IC/BPS, OAB, or LUTS, the subjective
primary endpoint and objective secondary endpoints are usually not equally improved.
Although the primary endpoint can reach a significant result, a placebo effect of up to
30% can usually be found in clinical trial. In this study we found the treatment success
was limited in GRA improvement and the other objective variables such as voiding diary
parameters, bladder volume increment, and bladder pain reduction were very mild. These
results bring a message that, in real-life practice, treatment with a single small dose of
BoNT-A or PRP might not be as successful as that in clinical trials. Nevertheless, the
safety endpoints also revealed that both treatments were safe and tolerable. With repeated
injections of BONT-A or PRP, the treatment success might be improved. In the future,
randomized controlled trials with different doses might be necessary and a search for
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prognostic factors could help urologists select IC/BPS patients for a good response to PRP
or BoNT-A injections.

4. Conclusions

The results of this comparative case series study revealed that intravesical injections
of either PRP or BONT-A were safe and effective for improving IC/BPS symptoms without
significantly increasing the PVR, but the bladder pain reduction was limited. Only half of
the study cohort had a GRA >2 at six months. Repeat treatment of PRP or BONT-A would
be necessary to achieve long-term success. The BONT-A injection carries a potential risk of
UTI after treatment compared with that of the PRP injection.

5. Materials and Methods

A total of 56 female patients with confirmed IC/BPS who had failed conventional
treatments received either a single intravesical BONT-A 100 U injection (1 = 26) or four
monthly PRP injections (1 = 30) within the two previous years. The IC/BPS was diagnosed
according to the characteristic symptoms and cystoscopic findings after hydrodistention
under anesthesia [32]. All patients had previously received at least two types of treatment
modalities, including oral medication and intravesical treatment in recent years, with
persistent bothersome symptoms and bladder pain. All potential patients received detailed
urological examinations and were excluded if the diagnosis failed to meet the criteria of
the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) [33]. The
patients were not randomly allocated to the BONT-A or PRP group but were treated based
on their choice. This study was approved by the Research Committee of Hualien Tzu Chi
Hospital (IRB: 111-257-B, dated 15 December 2022). The requirement for informed consent
was waived because this study was a retrospective analysis of data.

Patients’ preferred treatment was scheduled after a discussion regarding the advan-
tages and potential adverse effects of each treatment type. They were treated with either
(1) an intravesical injection of 10 mL PRP (which was extracted from 50 mL of patient’s
blood) at 20 sites every month for four months, or (2) one intravesical dose of BONT-A
100 U at 20 injection sites. Both treatments were followed by cystoscopic hydrodistention
in the operation room. The primary endpoint was the global response assessment (GRA)
recorded at six months after the first treatment day. The GRA scale included 6 items:
worsening of symptoms (less than 0%), no change (0%), mild improvement (less than 50%),
moderate improvement (50-75%), marked improvement (more than 75%), and completely
cured (100%) [34].

All patients were asked to maintain a three-day voiding diary at baseline for recording
the functional bladder capacity (FBC), urinary frequency, and nocturia. The IC symptoms
were assessed by the O’Leary-Sant symptom score (OSS), including IC symptom index
(ICSI) and IC problem index (ICPI) [35]. The bladder painwas scored by a self-assessed
10-point visual analog scale (VAS) system [36]. A videourodynamic study (VUDS) and
a potassium chloride sensitivity test were routinely performed to exclude patients with
detrusor overactivity or bladder outlet obstruction. All patients were informed of poten-
tial complications related to anesthesia and bladder injections, such as gross hematuria,
micturition pain, and increased bladder pain after PRP or BONT-A injection. Patients were
also informed that the BONT-A injection could lead to a greater reduction in bladder pain,
and both BoNT-A and PRP injection could reduce the frequency episodes after treatment.
However, BONT-A injection might have adverse events of difficulty in urination, increased
PVR, and UTI after injection, which had not been observed in our previous clinical trials of
PRP injection.

The VUDS was performed at baseline and time-points after intravesical injections.
The VUDS was performed with an infusion rate of 20 mL/min, and the procedures and
terminology were according to the International Continence Society recommendations [37].
After the VUDS study, a potassium chloride (KClI) test using 0.4 M KCl solution infused into
the bladder was performed. A positive KCl test was considered when a patient perceived
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a painful (VAS score of >2) or urgency sensation (urgency severity score increased by
>1) [38].

PRP was prepared according to previously reported standard procedures [17]. In
brief, 50 mL of whole blood was withdrawn at the same day of treatment. The blood
was sent to the central laboratory and the blood was centrifuged twice with a slow spin
(190x g, 20 min, <20 °C) and fast spin (2000x g, 20 min, <20 °C) of the supernatant
plasma containing platelets. The lower third of the tube comprised PRP, and the upper
part was platelet poor plasma (PPP). The platelet pellets were added to the plasma to
obtain the desired concentration of PRP. In this study, 6 mL of sterile PRP was obtained.
We sent 1 mL of PRP for culture and platelet count. The remaining 5 mL of PRP was
used for intravesical injection. A total of 20 suburothelial injections of the PRP solution
were performed, with 0.25 mL of PRP at each site, using a 23-gauge needle and a rigid
injection instrument (22 Fr, Richard Wolf, and Knittlingen, Germany). The injection was
approximately 1 mm in depth into the suburothelium equally distributed at posterior and
lateral bladder walls, Cystoscopic hydrodistention was performed immediately after PRP
injection to activate the injected platelets and determine the maximal bladder capacity
(MBC). The PRP injection procedure was repeated every month for four months. A total of
10 mL of sterile normal saline was used to dissolve the BONT-A powder to a concentration
of 5 U at each site. The BONT-A solution was gently shaken and then slowly withdrawn
and injected at 20 well-distributed sites at posterior and lateral bladder wall followed
by cystoscopic hydrodistention as previously reported [17]. After the PRP or BoNT-A
injections, a urethral catheter was indwelled overnight, and oral antibiotics were taken
for three days.All patients were followed up at one, three, and six months after the first
injection day. Urinalysis was routinely checked at each time point and UTI was considered
if patients had bladder pain or micturition pain and a white blood cell count >10/high
power field in urinalysis.

The three-day voiding diary data (including FBC, daily frequency and nocturia
episodes), ICSI, ICPI symptom score, and bladder pain VAS were recorded at baseline (first
PRP and BoNT-A injection), and at one, three (fourth PRP injection), and six (three months
after fourth PRP, and six months after BONT-A injection) months. At the one-, three-, and
six-month (primary endpoint) follow-up, patients reported any improvement in IC symp-
toms and adverse events were recorded. An excellent treatment outcome was considered
when patients reported a GRA of >2 or no bladder pain (VAS = 0). The outcome was
considered improved if there was improvement in the GRA by = 1 or the pain VAS score
reduced by two or more and there was at least a 25% decrease in urinary frequency and noc-
turia. Patients with excellent and improved results were considered as having a successful
treatment. After the primary endpoint assessment, the patients were continuously followed
up with medications, such as anti-inflammatory agents and pain killers only. If the patient’s
IC symptoms exacerbated and they requested bladder therapy, the duration from the first
injection day to the consecutive bladder therapy was recorded as the effective duration.

The data of voiding diary, VUDS parameters, symptom score, and bladder pain VAS
score at baseline, one, three, and six months after the first injection day were compared in
each group. A successful result was assessed by a self-reported improvement in GRA and
pain VAS score. The data were presented as the mean + standard deviation. Comparisons
between PRP and BoNT-A groups were analyzed by the Student’s t-test to compare numer-
ical data, and the Chi-square test for categorical data. Cumulative success rate was also
calculated using Kaplan-Meier survival curves to compare the success rates from the initial
treatment day to receiving additional treatment between groups. All statistical analyses
were performed using the statistical package SPSS for Windows (Version 12, SPSS, Chicago,
IL, USA). A p-value of less than 0.05 was considered statistically significant.
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Abstract: Botulinum toxin A (BoNT-A) intravesical injections have been used to treat patients
with refractory functional bladder disorders such as overactive bladder (OAB) and interstitial cys-
titis/bladder pain syndrome (IC/BPS), but the risk of adverse events and the need for repeated
injections continue to prevent widespread application of this treatment. Liposomes are vesicles that
comprise concentric phospholipid layers and an aqueous core; their flexible compositions enable
them to adsorb and fuse with cell membranes and to deliver drugs or proteins into cells. Therefore,
liposomes have been considered as promising vehicles for the less invasive delivery of BONT-A. In
previous placebo-controlled trials including patients with OAB refractory to medical treatment, it was
shown that liposomal BoNT-A could significantly decrease the frequency and urgency of urination.
In patients with IC/BPS, it was shown that liposomal BoNT-A could also improve bladder pain, but the
therapeutic efficacy was not superior to that of the placebo. As the therapeutic mechanisms of BONT-A
include the decreased expression of nerve growth factors, P2X3 receptors, and vanilloid receptors on
C-fibers, liposomal BONT-A might play a more promising role in the treatment of bladder oversensitivity.
This article features the contemporary literature regarding BoNT-A, liposomes, and liposomal BoONT-A
treatment for functional bladder disorders and potential clinical applications in the future.

Keywords: botulinum toxin A; liposome; bladder oversensitivity; interstitial cystitis; detrusor overactivity

Key Contribution: Intravesical instillation of liposome-encapsulated botulinum toxin A can be a potential
treatment option to treat functional bladder disorders such as OAB, IC/BPS, and bladder oversensitivity.

1. Introduction

Functional bladder disorders are a group of lower urinary tract disorders with unclari-
fied structural etiologies, including overactive bladder (OAB) syndrome, bladder hyper-
sensitivity, and interstitial cystitis/bladder pain syndrome (IC/BPS). These disorders are
characterized by a relapsing-remitting course and require multiple treatments [1].

The prevalence rate of OAB ranges from 10.8% to 27.2% in men and 12.8% to 43.1% in
women [2-6]. OAB is characterized by frequency, urgency, and nocturia, with or without
urgency urinary incontinence (UUI). Behavioral therapies, oral antimuscarinics, and oral
33-adrenoceptor agonists are often offered as the first- and second-line treatments [7].
However, there are high withdrawal rates when using these OAB medications due to
unsatisfactory symptom control or undesirable adverse effects [8].

Population-based studies conducted in the USA revealed that the prevalence of IC/BPS
is 2% to 4.2% in men and 2.7% to 6.3% in women [9,10]. The definition of IC/BPS according
to the Society for Urodynamics and Female Urology (SUFU) is the perception of pain, pres-
sure, or discomfort in the urinary bladder caused by lower urinary tract symptoms lasting
for over six weeks, without other identifiable causes [11]. American Urological Association
(AUA) guidelines have suggested behavior modification; pain management; specialized
manual physical therapy; oral agents such as amitriptyline, cimetidine, hydroxyzine,
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and pentosan polysulfate sodium; and intravesical therapy including dimethylsulfoxide
(DMSO), heparin, and lidocaine as initial therapeutic approaches [12].

Intravesical botulinum toxin subtype A (BoNT-A) injections have been considered as an
effective treatment option for patients with OAB and IC/BPS refractory to conventional medi-
cations or therapies. However, the risk of adverse events after BONT-A injection and the need
for repeated injections continue to prevent the widespread application of this treatment [13,14].
Clinicians have been searching for a less invasive treatment modality for the delivery of BONT-A
to achieve treatment efficacy without intravesical injection and adverse events [15].

Liposomes are vesicles that comprise concentric phospholipid layers and an aqueous
core; their flexible compositions enable them to adsorb and fuse with cell membranes
and deliver drugs or proteins into cells. Therefore, liposomes have been considered as
promising vehicles for the less invasive delivery of BONT-A to achieve a therapeutic effect
without intravesical injection or the development of adverse events. In this article, we aim
to review the current literature regarding the management of functional bladder disorders
via liposomal BoNT-A instillation.

2. Botulinum Toxin A Mechanism and Clinical Applications
2.1. The Urinary Bladder and Botulinum Toxin A Mechanism

The bladder wall comprises urothelium, detrusor muscle, and adventitia, from the
lumen to the outer surface. The bladder urothelium serves as an impermeable barrier
preventing the penetration of urine and waste content into the submucosal layer [16]. From
the apical to the detrusor side, the urothelium is constituted of umbrella cells, intermediate
cells and basal cells [17]. Tight junctional proteins, uroplakins, and a glycosaminoglycan
(GAG) mucin layer cover the umbrella cells, which help to establish the barrier function.

Botulinum toxin is a neurotoxic protein produced from Clostridium botulinum; the
subtype A (BoNT-A) is the most popular clinically used form, with a 50 kDa light chain and
a 100 kDa heavy chain bridged by a disulfide bond [18]. The heavy chain of BONT-A binds
to synaptic vesicle glycoprotein 2 (SV2) receptors on the surface of the parasympathetic
nerve terminal and is then endocytosed into synaptic vesicles. The light chain is released
from the vesicle to cleave synaptosomal-associated protein, 25 kDa (SNAP-25) and prevents
the vesicles from fusion with the nerve terminal membrane, thereby inhibiting acetylcholine
release and detrusor muscle contraction [19]. The accumulation of BONT-A can decrease
the bladder sensation by inhibiting ATP release into the suburothelium, indicating its
mechanism of action may also involve inhibition of neurotransmitter release from afferent
nerve terminals and the urothelium [20].

2.2. Botulinum Toxin A Injection for OAB

BoNT-A has been commonly utilized to treat bladder muscular hypercontractility and
modulate sensory and inflammatory function [21]. In the last decade, the FDA approved
the intradetrusor injection of 200 units of BONT-A for the treatment of neurogenic detrusor
overactivity (NDO) and the injection of 100 units of BONT-A for the treatment of idiopathic
OAB [22]. It was shown that BONT-A 100 U intradetrusor injections significantly improved
all OAB symptoms, including urgency, UUI, and health-related quality of life [23-25]. It was
found that male gender, a baseline post-void residual (PVR) volume of more than 100 mL,
and medical comorbidity are independent risk factors of acute urinary retention or large PVR
after intravesical BONT-A injections for the treatment of idiopathic OAB [26]. Subjectively
successful treatment outcomes of intravesical BONT-A injection for patients with OAB were
associated with improvements in OAB symptoms but not with increases in bladder capacity,
PVR volume, or voiding efficiency [27]. The balance of the therapeutic and adverse effects of
BoNT-A injections can be modified by amending the dose and changing the injection site [28].
It was shown that BONT-A injection at the bladder base and trigone could relieve the sensation
of urgency but did not increase the PVR volume or the bladder capacity. After intravesical
BoNT-A injections, the duration of their effect on OAB symptoms is about 6-9 months;
therefore, repeated injections are necessary to maintain the efficacy of this treatment [29].
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2.3. Botulinum Toxin A Injection for IC/BPS

The clinical symptoms of IC/BPS, such as frequency, urgency, and bladder pain,
are considered to result from urothelial dysfunction and increased urothelial permeabil-
ity [30]. There are higher levels of urothelial cell apoptosis, mast cell activation, abnormal
E-cadherin expression, and less cell proliferation in patients with IC/BPS [31]. Increased
urinary nerve growth factor levels were noted in patients with IC/BPS, and decreased lev-
els in successful BONT-A treatment responders, suggesting neurogenic inflammation might
be involved in the pathogenesis of IC/BPS [32]. Intravesical injection of BONT-A followed
by cystoscopic hydrodistention significantly improved the clinically successful treatment
response rate compared with cystoscopic hydrodistention alone [33]. Repeated intravesical
BoNT-A injections in patients with IC/BPS resulted in significantly reduced numbers of
apoptotic cells and the activation of mast cells [34]. The immunohistochemical findings
were associated with the improvement of the maximal bladder capacity and glomerulation
grade after cystoscopic hydrodistention. Patients who received repeated BoNT-A injections
experienced an increase in functional bladder capacity and had longer-term pain relief
than the relief that a single injection provided, without the increased prevalence of adverse
events [35]. In patients with refractory IC/BPS, compared with the placebo-controlled
group, suburothelial injections of 100 U of BONT-A plus cystoscopic hydrodistention sig-
nificantly reduced bladder pain symptoms [14]. In the AUA guidelines for IC/BPS, it is
recommended to administer intradetrusor BONT-A injections if other treatments provide
an inadequate improvement of symptoms, while patients should be informed of the possi-
bility of intermittent self-catheterization. In real-life practice, there is very little need for
intermittent self-catheterization after BONT-A injection for patients with IC/BPS [14,33,35].
Evidence showed that a reduced morbidity rate was reported with the dose of 100 U [12].

3. Liposome Mechanism and Applications to Functional Bladder Disorders

Urothelium serves as a barrier that prevents urine constituents and solutes from penetrat-
ing into the submucosal layer. Substances move across the urothelium via one pathway through
cells and another through tight junctions and lateral intercellular spaces [17]. Alterations in
either cellular or tight junction permeability change the urothelium barrier’s characteristics [36].
Liposomes are microlevel vesicles that consist of concentric phospholipid layers and an aqueous
core, with the ability to adsorb and merge with cells. Their flexible compositions make them
suitable delivery vehicles for various molecules, including proteins, nucleotides, and small drug
molecules [16]. Liposomes not prepared with drugs could form a molecular film on cell surfaces,
and their wound-healing properties on skin were confirmed with animal models [37,38].

In a rat model of protamine-sulfate / potassium-chloride-induced bladder hyperactivity,
it was shown that the intravesical instillation of liposomes could reverse the high micturition
frequency [39]. Intravesical liposome infusion significantly reversed the decrease in the inter-
contractile interval in rats with chemically induced bladder hyperactivity, showing superior
beneficial effects compared to DMSO and pentosan polysulfate sodium [40]. It was hypoth-
esized that liposomes might reinforce the barrier function of a leaky urothelium and gain
resistance against the penetration of irritants. In a comparative study, it was shown that the
intravesical instillation of liposomes could achieve similar efficacy to oral pentosan polysulfate
sodium for patients with IC/BPS. The instillation of 80 mg of liposomes in 40 mL of distilled
water once weekly for 4 weeks was shown to improve the symptoms of pain and urgency for
up to 8 weeks [41]. In a study comparing once-a-week or twice-a-week treatment within a
4-week period, 6 of 12 patients and 4 of 5 patients responded to liposome treatment, respectively.
More frequent instillation was tolerable and had a potential benefit with regard to symptom
flare-up, while the effects after 8 weeks of follow-up were not clear [42]. An open-label clinical
evaluation also revealed symptom improvement without treatment-related adverse events [43].

4. Mechanism and Clinical Effects of Liposome Encapsulated Botulinum Toxin A

Although the therapeutic effects of intravesical BONT-A injections on OAB and IC/PBS
have been established, the need for a novel delivery method with lower risk became
apparent due to certain adverse effects related to these injections, such as hematuria,
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injection pain, urinary tract infection, the uneven distribution of the drug, and drug leakage
outside the bladder [44,45]. Thus, intravesical instillation was proposed with potential
advantages, such as extending duration of drug contact with urothelium, decreasing
systemic toxicity side effects while achieving higher drug concentrations, and modulating
urothelium repair, neurotransmission, and sensory nerve function [46].

The instillation of BONT-A delivery via liposomes was first reported in a rat model [47].
Rats pretreated with liposomes and BoNT-A displayed a considerable decrease in the inter-
contractile interval after acetic acid (AA) infusion, whereas those pretreated with liposome-
encapsulated BONT-A (liposomal BoNT-A) showed a significantly diminished response to
AA instillation. The study results demonstrated that liposomal BoONT-A pretreatment could
suppress AA-induced bladder overactivity. Histologically, less inflammatory cell accumula-
tion and edematous changes were also observed in the liposomal BoONT-A pretreated group.
The calcitonin-gene-related peptide (CGRP) is one of the sensory mediators that is released
in response to toxic stimuli, and BoNT-A can inhibit its release [48]. CGRP immunostain-
ing in the bladder mucosal layer revealed that intravesical liposomal BoNT-A instillation
inhibited CGRP release from afferent nerve terminals. The expression of SNAP-25 was also
significantly decreased in the liposomal BoNT-A pretreated group compared to that in the
liposome or BONT-A pretreated groups, indicating that liposomal BoNT-A pretreatment
could cleave SNAP-25. The concept of using liposomes as vehicles for BONT-A delivery was
supported by these results, while the actual mechanism of liposomal BoNT-A adsorption
and transport in the urothelium remains to be discovered (Figure 1).
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Figure 1. Empty liposomes mixed with botulinum toxin A (BoNT-A) solution yields encapsulated BoNT-
A. After fusion with the phospholipid layer of the cell membrane of urothelial cells, the BONT-A protein
is endocytosed and transferred into the cytoplasm of the urothelial cells. The BONT-A protein is cleaved
into a heavy chain and a light chain; the latter acts on the SNARE protein complex, inhibits the releases of
neurotransmitters, including acetylcholine (ACh), adenosine triphosphate (ATP), calcitonin-gene-related
peptide (CGRP), and substance P, from the sensory nerve terminals, and suppresses the expression of
transient receptor potential vanilloid receptor subfamily 1 (TRPV1) as well as purinergic receptor P2X3.
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4.1. Liposome-Encapsulated Botulinum Toxin A for Treatment of OAB

The liposome encapsulated BoNT-A for clinical use was prepared with the following
procedures. Sphingomyelin mixed with normal saline (N/S) creates a liposomal dispersion
of sphingomyelin. Sphingomyelin liposomes are available for preparation at a concentra-
tion of 2 mg/mL (2.84 mM) in N/S containing 500 mM KCl (LP-08, Lipella Pharmaceuticals
Inc., Pittsburgh, PA, USA). Lipotoxin was prepared before application by hydrating 80 mg
freeze-dried LP-08 in 40 mL N/S and 200 U BoNT-A (Botox, Allergan, Irvine, CA, USA) in
10 mL N/S to make a total volume of 50 mL at room temperature [49].

In a double-blind, randomized, controlled trial, 24 patients with OAB received the in-
travesical instillation of liposomal BoNT-A (80 mg of liposomes and 200 U BoNT-A) or N/S
(control group) [49]. The liposomal BoNT-A treatment was effective in reducing the number
of frequency and urgency episodes 1 month after treatment, with an efficacy of 50% (6 out
of 12 patients). No adverse events, such as urinary retention, large PVR volumes, or urinary
tract infections (UTTs), were reported during the study period. In immunohistochemical
staining and Western blotting, there were no significant differences in the synaptic vesicle
protein 2A (SV2A) and SNAP-25 expressions at baseline and 3 months after liposomal
BoNT-A treatment in the responders or non-responders. Another multicenter, double-
blind, randomized, placebo-controlled study enrolled 62 patients with OAB inadequately
treated with antimuscarinics to receive an intravesical instillation of liposomal BoNT-A
or normal saline [50]. The results showed that treatment with liposomal BoNT-A reduced
the number of episodes of voiding frequency, urgency, and overactive bladder symptom
score (OABSS) but not urge incontinence 1 month after treatment. No urinary retention,
increase in PVR, or any drug-related adverse events were noted. A study comparing the
BoNT-A injection and liposomal BoNT-A instillation showed that there was decreased
expression of ionotropic purinergic receptor P2X3 in the urothelia of responders, but no
cleaved SNAP-25 was detected in the suburothelium 1 month after liposomal BoNT-A
treatment [51]. To further enhance its clinical usability, the short therapeutic duration and
depth of penetration require technical improvement in terms of instillation.

4.2. Liposome-Encapsulated Botulinum Toxin A for IC/BPS

A multicenter, double-blind, randomized, placebo-controlled study enrolled patients
with refractory IC/BPS. In total, 96 eligible patients were assigned at a 1:1:1 ratio to three
groups, including treatment with liposomal BoNT-A (BoNT-A 200 U with 80 mg liposome),
BoNT-A 200 U in normal saline, or normal saline alone. Four weeks after treatment,
liposomal BoNT-A instillation was associated with significant decreases in O’Leary—Sant
symptom scores (including Interstitial Cystitis Problem Index [ICPI] and Interstitial Cystitis
Symptom Index [ICSI]), and the visual analog scale for pain, as well as an increase in the
global response assessment. However, no differences in the improvement rates among the
three groups were found, suggesting a significant placebo effect might have existed in this
study [52]. IC/BPS has multifactorial etiologies, including urinary, infection, organ-specific,
neurological/systemic, tenderness, and psychosocial domains [53]. Multimodal treatment
strategies and modified liposomal BoNT-A instillation concentrations may be necessary to
provide more convincing outcomes in a future study.

4.3. Liposome-Encapsulated Botulinum Toxin A for Bladder Oversensitivity

Several sensory receptors have been found to be expressed in the bladder urothelial
and suburothelial nerves, including substance P, P2X3, the transient receptor potential
vanilloid receptor 1 (TRPV1), and the CGRP [54-56]. These receptors participate in the
transmission of bladder sensation during the urine storage phase [57]. These sensory
receptors are co-localized on the sensory fibers and urothelium. Capsaicin or its ultrapotent
analog, resiniferatoxin, treatment targeting TRPV1 desensitization had been found to
effectively decrease bladder oversensitivity and OAB symptoms [58-62]. Recent studies
also revealed that acetylcholine (ACh) and ATP are involved in bladder filling and fullness
transmission in response to the stretch of the bladder [63]. The release of ACh and ATP
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from urothelial cells increases with aging, which might be associated with the increased
incidence of bladder oversensitivity and OAB in older people [64].

BoNT-A has both sensory and motor effects in treating patients with detrusor over-
activity and OAB. Decreases in the expression of TRPV1 and P2X3 on the suburothelial
sensory afferents were found after detrusor BONT-A injections [27,65]. It was found that
patients also experience reductions in the frequency and urgency of urination after BONT-A
injection [23]. Reduced TRPV1 and P2X3 receptor expressions on the suburothelial afferent
nerves are likely to result in bladder oversensitivity alleviation. Bladder inflammation
is also frequently found in patients with OAB, IC/BPS, and oversensitivity with symp-
toms of urgency and frequency [66]. Chronic neural plasticity due to unresolved bladder
inflammation and sensory receptor activation may increase afferent activity by influenc-
ing antinociceptive activity and cause increases in nerve growth factor (NGF) levels and
bladder oversensitivity [67,68].

As the pathophysiology of bladder oversensitivity involves chronic inflammation,
neural hyperactivity, and sensory receptor overexpression, the intravesical instillation
of liposomal BoONT-A might effectively inhibit the progress of these sensory receptors’
expressions and subsequent neuroplasticity, further lowering the threshold of bladder
sensation and hypersensitivity [69]. The weakness of liposomal BoONT-A in managing OAB
and IC/BPS might become the strength of treatment for bladder oversensitivity, because the
penetration of BONT-A is limited to the urothelium without affecting detrusor contractility.

5. Future Perspectives for Liposome-Encapsulated Botulinum Toxin A for Functional
Bladder Disorders

Liposomes can serve as vehicles to deliver BONT-A across the cell membrane of the
urothelium and may act on afferent nerves to reduce pain and inflammatory processing
without directly impacting the detrusor. Based on previous studies, the intravesical instil-
lation of liposomal BoNT-A could ameliorate lower urinary tract symptoms in patients
with functional bladder disorders [70]. In addition to future studies, which are expected to
reinforce the clinical efficacy in patients with OAB and IC/BPS, the potential expansion of
liposomal BoNT-A can also be explored in further research.

Recent studies have explored the underlying pathophysiology of OAB and IC/BPS.
Chronic inflammation and ischemic change in the urinary bladder might underlie these
functional bladder disorders [71]. Due to the presence of chronic inflammation, urothelial
cell proliferation, differentiation, and maturation are impaired, resulting in defective urothe-
lia in IC/BPS bladders and the increased sensory expressions of the bladders of individuals
with OAB [31,72]. As liposomal BoNT-A can only deliver the BONT-A protein to the upper
part of bladder urothelium, it is not likely this treatment will have an effect on the urothe-
liogenic OAB, but not on neurogenic, musculogenic, or central-nervous-system-related
OARB. On the other hand, there are many different subtypes of IC/BPS that might result in
different phenotypes with small or large maximal bladder capacities and different grades
of glomerulations [73]. Treatment with liposomal BONT-A can provide benefits to patients
with IC/BPS who solely have urothelial dysfunction without bladder wall inflammation.
For patients with IC/BPS who have small bladder capacities and Hunner’s lesions, which
are characterized by confined, crimson mucosal area with small vessels radiating toward a
central scar [74], liposomal BONT-A might not be an effective treatment. With this in mind,
by carrying out patient selection using clinical presentation as well as urinary biomarkers to
identify urotheliogenic OAB and pure urotheliogenic IC/BPS, we might effectively choose
suitable patients with OAB or IC/BPS for this novel treatment [75].

Furthermore, although liposomes can encapsulate BONT-A proteins and deliver the
proteins across the cell membrane, their efficacy might be limited by the instillation time,
the bladder volume during instillation, and the dose of BONT-A. Preliminary data have
shown that 200 U BoNT-A plus liposomes can have limited clinical efficacy in patients
with OAB or IC/BPS, possibly due to this treatment’s limited penetration depth into
the urothelium [49,51]. If we increase the dose of BONT-A and instillation duration to
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facilitate more liposomal BoNT-A to penetrate across the cell membrane, the therapeutic
effect might be better than what has currently been shown. A recent study also revealed
that applying low-energy shock waves on the bladder can increase the bladder urothelial
permeability [76]. Pretreatment with low-energy shock waves might also enhance the
penetration of liposomal BoNT-A into the urothelium and achieve a better treatment
outcome. The classification of OAB and IC/BPS subtypes is important for the selection of
suitable patients for the treatment [77].

BoNT-A has been utilized in the treatment of functional bladder disorders for over
20 years, although the limited number of licensed applications has prevented its clinical
popularity. With various pharmacologic mechanisms, including inhibition of the release of
neuropeptides, neuromodulation, and anti-inflammatory and anti-sense actions, BONT-A
can be an alternative treatment for lower urinary tract dysfunctions that are refractory to
conventional medications or surgical procedures [78]. Detrusor BONT-A injections could
provide therapeutic effectiveness with regard to NDO due to spinal cord injury and multiple
sclerosis [79], and they could modulate bladder afferent activity in patients with Parkinson’s
disease and spinal cord injury [80]. BONT-A injections into the bladder neck and urethral
sphincter have been reported to alleviate voiding symptoms and increase the maximal
flow rate in patients with lower urinary tract symptoms and a small prostate [81]. The
intravesical administration of liposomal BONT-A can be a simpler and less invasive delivery
method for these patients, with a potential decrease in the risk of urinary retention or UTIs.
In the future, advancements in both basic science and clinical research will be required to
expand the clinical application of liposomal BoNT-A in functional bladder disorders.

6. Conclusions

Intravesical instillation using liposomes to encapsulate BONT-A proteins is a potential
treatment option to treat functional bladder disorders such as OAB, IC/BPS, and bladder
oversensitivity. Although current clinical data regarding liposomal BoNT-A instillation
are still limited in terms of its clinical efficacy on OAB and IC/BPS, adverse events due to
intravesical BONT-A injection can be avoided. With the future adjustment of the dose of
BoNT-A, an increase in the instillation duration, and pretreatment with low-energy shock
waves, liposome plus BONT-A might play an important role in the treatment of bladder
oversensitivity, OAB, and IC/BPS refractory to conventional medication.
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2; SV2A: synaptic vesicle protein 2A; TRPV1: transient receptor potential vanilloid receptor 1; UTI:
urinary tract infection; UUL: urgency urinary incontinence.
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Abstract: Interstitial cystitis/bladder pain syndrome (IC/BPS) is an intractable disease without
long-term effective therapy. This study aims to evaluate the efficacy and safety of botulinum toxin A
(BoNT/A) plus Sapylin, which might modulate the immune response of the bladder in the treatment
of IC/BPS patients. We retrospectively investigated the clinical outcomes among 34 patients who
accepted repeated Sapylin instillations after 200 U of BONT/A submucosally injected into bladder
walls (Mix group) and 28 patients who received BoNT/ A alone (Control group). Each of the bladder
walls (left, right, anterior and posterior) was injected six times with 8 U of BONT/ A per injection.
The primary outcome measure was the global response assessment. The results showed that at
6 months post-injection, the response rate in the Mix group was remarkably higher than that in the
Control group (58.8% vs. 28.6%, p < 0.05). The mean effective duration of the responders in the Mix
group was apparently better than that in the Control group (27.5 (range 0-89) vs. 4.9 (range 0-11)
months, p < 0.05). None of the patients experienced serious adverse events. In conclusion, repeated
intravesical instillations of Sapylin after BONT/A injection can produce significantly better clinical
outcomes than BoNT/A alone in IC/PBS patients.

Keywords: bladder pain syndrome; botulinum toxin A; interstitial cystitis; Sapylin

Key Contribution: This is the first study to apply BONT/A plus Sapylin to treat IC/BPS; this can
produce significantly better clinical outcomes than BoNT/A alone.

1. Introduction

Interstitial cystitis /bladder pain syndrome (IC/BPS) is a chronic disease with suprapu-
bic pain or discomfort related to bladder filling, urinary frequency and urgency, resulting
in a serious impairment of quality of life [1]. However, the current treatments for IC/BPS
struggle to maintain long-term efficacy and the symptoms of IC/BPS are prone to recurrence
because of its obscure etiology and pathogenesis [2].

It is proposed that an injured urothelium and neural hypersensitivity of the bladder
might exacerbate chronic inflammation and immune responses in IC/BPS patients, causing
persistent bladder pain and urinary frequency [3,4]. In fact, bladder pain or discomfort often
drives urinary frequency and nocturia [5]. Botulinum toxin A (BoNT/A) might decrease
the neural hypersensitivity of the bladder to relieve bladder pain and urination frequency
and urgency [6]. However, the average effective duration of BONT/A injection was only
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about 6 months, so repeated injection was required [7]. Therefore, a new therapy to extend
the response duration is needed to reduce the burden on patients and health systems.

The immune and inflammatory responses might play a crucial role in the patho-
genesis of IC/BPS [1]. Many researchers have shown that inflammatory factors, such as
interleukin-6 and tumor necrosis factor-alpha (TNF-«), are significantly increased in the
bladder tissue of IC/BPS patients [8-10]. In addition, Bosch’s research demonstrated that
subcutaneous certolizumab pegol, an anti-TNF-o agent, significantly improved patients’
symptoms compared with placebo therapy [11]. Later, Mishra et al. pointed out that an
intravesical instillation of tacrolimus had a significant effect on the treatment of IC/BPS
by inhibiting the immune response [12]. These conditions show that immunotherapy for
IC/BPS is a reasonable option.

Sapylin (OK-432) is a lyophilized preparation made from a low-virulence strain (Su)
of Streptococcus pyogenes (group A) incubated with penicillin [13], which is successfully
used as an immunotherapeutic agent in many malignant cancers [14,15]. In addition,
many researchers found that Sapylin also had immunotherapeutic effects on bladder
cancer, creating the possibility for it to treat bladder diseases [16-18]. In an animal study,
researchers found that Sapylin might accelerate wound closure and promote angiogenesis,
collagen synthesis and the remodeling process to improve wound healing and reduce
seroma formation [19]. These promising results seemed to indicate a possibility that Sapylin
might be used as an immunotherapeutic agent in IC/BPS by repairing injured urothelium.

At present, there are many therapeutic methods for relieving IC/BPS symptoms but
these are symptomatic and their efficacy is not long lasting. As a consequence, most
IC/BPS patients inevitably suffer again and continue to wait for an innovative formu-
lation. Luckily, we found a new treatment scheme (repeated intravesical instillations of
Sapylin after BONT/A injection) that could more persistently improve the symptoms of
IC/BPS patients. In this study, we would like to summarize and share the results of our
preliminary exploration.

2. Results
2.1. Patient Characteristics

In Table 1, the baseline demographics and clinical characteristics of 62 patients with
IC/BPS are compared between the Mix and Control groups, including 51 female and
11 male patients (female/male = 5:1), with a median age of 47 [26, 78] years. The median
daytime frequency of urination and nocturia per 24 h were 25 [13, 40] and 5 [1, 13] times,
respectively. Moreover, the participants’ voided volume per micturition and functional
bladder capacity were apparently decreased from normal individuals. Further, there were
no significant differences in baseline characteristics between the Mix and Control groups.

Table 1. Baseline characteristics of the participants.

Control (N = 28) Mix (N = 34) p-Value
Gender
Male 5(17.9%) 6 (17.6%) 1
Female 23 (82.1%) 28 (82.4%)
Age (years)
Mean (SD) 45.0 (12.5) 46.9 (14.2) 0.569
Median [Min, Max] 41.5[26.0,78.0] 48.5[27.0,72.0]
BMI (kg/m?)
Mean (SD) 21.6 (3.5) 21.4 (3.4) 0.835
Median [Min, Max] 21.4[16.0, 32.0] 20.8[15.8,28.2]
Daytime frequency
Mean (SD) 26.2 (6.8) 24.8(7.1) 0.437
Median [Min, Max] 25.0 [13.0, 40.0] 23.0 [14.0, 40.0]
Nocturia
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Table 1. Cont.

Median [Min, Max]

Control (N = 28) Mix (N = 34) p-Value
Mean (SD) 5.6 (3.4) 55(3.1) 0.909
Median [Min, Max] 5.0[1.0,13.0] 5.0 [1.0,12.0]
Mean voided volume
per micturition (mL)
Mean (SD) 56.2 (22.6) 57.1 (24.0) 0.883
Median [Min, Max] 54.0[23.0, 125.0] 54.0 [22.0, 110.0]
Maximal voided volume
per micturition (mL)
Mean (SD) 88.9 (26.6) 86.5 (25.2) 0.804
Median [Min, Max] 83.0 [57.0, 163.0] 83.5[51.0, 152.0]
Functional bladder capacity (mL)
Mean (SD) 152.0 (49.3) 146.0 (48.8) 0.561
Median [Min, Max] 143.0 [90.0, 260.0] 138.0 [90.0, 255.0]
QoL
Mean (SD) 5.8 (0.5) 5.7 (0.4) 0.906
Median [Min, Max] 6.0 [4.0, 6.0] 6.0 [5.0, 6.0]
VAS
Mean (SD) 8.8 (1.3) 8.8 (1.3) 0.964
Median [Min, Max] 9.0 [6.0, 10.0] 9.0 [6.0,10.0]
PUF
Mean (SD) 24.3 (4.4) 24.4 (4.6) 0.738
Median [Min, Max] 24.5[15.0, 31.0] 25.0 [15.0, 31.0]
ICSI
Mean (SD) 16.1 (2.7) 16.1 (2.7) 0.971
Median [Min, Max] 16.0 [10.0, 20.0] 16.5[10.0, 20.0]
ICPI
Mean (SD) 14.8 (1.5) 14.8 (1.6) 0.725

15.0 [9.0, 16.0] 15.5 [10.0, 16.0]

BMI: body mass index; QoL: quality of life; VAS: visual analogue scale; PUF: pelvic pain and urgency/frequency
patient symptom score; ICSI: O’Leary-Sant Interstitial Cystitis Symptom Index; ICPI: O'Leary-Sant Interstitial
Cystitis Problem Index.

2.2. Efficacy Assessment

In Table 2, the overall GRA showed that at 3 months post-injection, 19 (67.9%) partici-
pants in the Control group and 23 (67.6%) participants in the Mix group had a significant
response, without a statistical difference between the two groups. At 6 months, the re-
sponse rate in the Mix group was remarkably higher than the rate in the Control group
(58.8% vs. 28.6%, x> =5.7, p = 0.02 < 0.05).

In Table 3, at 3 months post-injection, the clinical characteristics in each group had
significantly improved from baseline and there was no statistical difference between the
two groups. At 6 months, patients” QoL, VAS, ICSI and ICPI in the Control group had
statistically improved from baseline, except for urinary frequency, bladder voided volume
and PUF. In the Mix group, patients’ urinary frequency, bladder voided volume, QoL, VAS,
PUEF, ICSI and ICPT had significantly improved from baseline, with a statistical difference
from the Control group.
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Table 2. Global response assessment at 3 and 6 months.

Control (N = 28) Mix (N = 34) p-Value
3 Months

7 = Markedly improved 2(7.1%) 2 (5.9%)
6 = Moderately improved 17 (60.7%) 21 (61.8%)
5 = Slightly improved 4 (14.3%) 6 (17.6%)

4 = No change 5 (17.9%) 5 (14.7%)

3 = Slightly worse 0 (0.0%) 0 (0.0%)

2 = Moderately worse 0 (0.0%) 0 (0.0%)

1 = Markedly worse 0 (0.0%) 0 (0.0%)

Non-responders (1 +2 +3 +4 +5) 9 (32.1%) 11 (32.4%) 1
Responders (6 + 7) 19 (67.9%) 23 (67.6%)
6 Months

7 = Markedly improved 2 (7.1%) 4 (11.8%)
6 = Moderately improved 6 (21.4%) 16 (47.1%)
5 = Slightly improved 6 (21.4%) 11 (32.4%)

4 = No change 9 (32.1%) 3 (8.8%)

3 = Slightly worse 5(17.9%) 0(0.0%)

2 = Moderately worse 0 (0.0%) 0 (0.0%)

1 = Markedly worse 0 (0.0%) 0 (0.0%)

Non-responders (1 +2 +3 +4 +5) 20 (71.4%) 14 (41.2%) <0.05

Responders (6 + 7) 8 (28.6%) 20 (58.8%)

The mean effective duration of the responders in the Mix group was apparently better

than that in the Control group (27.5 (range 0-89) vs. 4.9 (range 0-11) months, p < 0.05). The
rates of the responders in the Mix therapy group were significantly higher than those in
the Control group after 6 months of treatment (Figure 1A). In the Mix group, more than
half of the participants could see a significant improvement within 6 months and a marked
improvement at 12 months of treatment (Figure 1B). Furthermore, with repeated intravesical
instillations of Sapylin, the great effect continues to maintain during the treatment. With a
median follow-up of 32.5 [24.0, 92.0] months, the effective duration of the best responder in
the Mix group was 89 months, which continues to last (symptom free).

A Rate of responders in different group B Rate of responders in Mix group
80| 80| iz
70 Mix group * 0 /
60 d B0f T~ —
g 50 g 50
< g -
% 40 r E 40
4 L
30 : o Control group 30
20 - 20 -
10F 10
ok , . ok ’ i ; . :
& & & & & & &
& & & 6\o‘“ &o‘“ @o“ 6\c:“ 6‘°° @o°
S o o > o B} K 2 o
Time Time

Figure 1. (A) * p < 0.05, the rates of the responders in the Mix therapy group are significantly higher
than those in the Control group after 6 months of treatment. (B) In the Mix group, more than half
of the participants see a significant improvement within 6 months and a marked improvement at
12 months of treatment. Furthermore, with repeated intravesical instillations of Sapylin, the effect is
maintained during the treatment.
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2.3. Safety Assessment

None of the patients experienced serious adverse events. In the Mix group, mild or
moderate adverse events related to the BONT/A injection and Sapylin instillations occurred
in 19 (19/34, 55.9%) cases, including 2 cases of acute urinary retention, 10 cases of dysuria,
3 cases of mild hematuria, 3 cases of urinary tract infection and 1 case of mild fever. In
the Control group, mild or moderate adverse events related to BONT/A injection occurred
in 13 cases (13/28, 46.4%), including 1 case of acute urinary retention, 8 cases of dysuria,
2 cases of mild hematuria and 2 cases of urinary tract infection. The difference in the
adverse events between the two groups had no statistical significance (p > 0.05) and they
were cured spontaneously without any interventions, or with appropriate treatment, such
as antibiotics.

3. Discussion

This long follow-up pilot study demonstrated that repeated intravesical instillations of
Sapylin after BONT/A injection could remarkably improve lower urinary tract symptoms
and increase the bladder voided volume in IC/BPS patients with tolerable safety, for a
long-term effective duration, which was apparently better than BoNT/ A injection alone.

It is proposed that IC/BPS might be induced by the interaction among nervous, im-
mune and endocrine factors [1]. The glycosaminoglycan layer protects the bladder mucosa
as a chemical barrier against urine. When this layer is defective, it cannot protect the
bladder mucosa from infiltrated urine that would induce submucosal inflammation, stimu-
late persistent sensory nerve hyperactivity and upregulate the urothelium permeability,
contributing to urinary frequency and pain [3,4,20].

Previous studies demonstrated that BONT/A was an effective therapy for IC/BPS; it
was recommended by the American Urological Association [21] and the East Asian Urologi-
cal Association [1]. BONT/A can inhibit the release of neurotransmitters and neuropeptides
(nerve growth factor, calcitonin gene-related peptide and substance P et al.) that regulate
pain and inflammation from nerve fibers in the bladder wall and the urothelium to reduce
neurogenic inflammation, alleviate neural hypersensitivity and inhibit bladder muscle
contraction, which finally improves lower urinary tract symptoms [6]. In 2004, Smith
et al. [22] studied 13 IC/BPS patients injected with BoONT/A into the trigone and bladder
base, resulting in 69% of the patients seeing a significant improvement in pain. Later, Gian-
nantoni et al. submucosally injected 200 U of BoONT/A into the trigone and bladder floor of
14 patients with IC/BPS. Among them, 12 patients (85.7%) reported subjective improve-
ment at the 1- and 3-month follow-ups; however, the duration only lasted 3 months [23].
In the same group of patients, 13 were followed up with repeated BoNT/A injections
for 2 years. A mean of 4.8 £ 0.8 injections were administered per patient, and the mean
interval between two consecutive injections was 5.25 £ 0.75 months [24]. Another study
reported that at the 5-month follow-up, the beneficial effects persisted in 26.6% of cases and
at 12 months after treatment, pain recurred in all the patients [25]. These clinical studies
show that the therapeutic duration of BONT/A in IC/BPS patients is around 3-6 months.
Similarly, our present study showed that the response rates of those participants who
accepted only a BONT/A submucosal injection at 3, 6, 9 and 12 months post-injection
were 67.9%, 28.6%, 7.1% and 0%, respectively. Interestingly, a randomized comparative
study enrolled 34 patients with refractory IC/BPS who were injected with 100 U BoNT/A,
mainly into the suburothelial layer [26]. The response rate was 73.5% at 1 month, 58.8% at
3 months, 38.2% at 6 months and 20.6% at 12 months. However, in that study, patients who
reported “slightly improved,” “improved” or “remarkably improved,” were considered as
the responders to treatment. Further, the treated population might also differ between that
study and ours.

Immunotherapy is a reasonable option for IC/BPS [27]. Many researchers found
that Sapylin also had immunotherapeutic effects on bladder cancer by initiating marked
lymphocytic infiltration around the tumor cells and inhibiting their growth [16,18]. These
results suggested that Sapylin might regulate bladder immune and inflammatory responses.
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In the present study, our results also demonstrated that the response duration of those
who received BoNT/A with Sapylin was 27.5 months on average. This long-lasting ef-
fect might be attributable mainly to the repeated intravesical treatment of Sapylin. The
mechanisms of Sapylin in the treatment of IC/BPS, however, were not investigated in this
study. Interestingly, Kong et al. [28] demonstrated that Sapylin could stimulate the body to
secrete a variety of cytokines to accelerate wound healing by promoting endothelial cell
proliferation, migration and angiogenesis and increasing fibroblast migration and collagen
deposition. These results are similar to an animal study [19]. These promising discoveries
have encouraged us to explore whether Sapylin could induce immune responses in the
bladder to stimulate the proliferation of bladder epithelial cells and inhibit the expression
of those inflammatory factors initiated by infiltrated urine.

Our study has several limitations. This was a retrospective, preliminary and single-
center pilot study. Although the present study has biases, it was designed as a pilot study
to confirm a novel combined therapy for IC/BPS patients. Moreover, we did not directly
compare BoNT/A plus Sapylin with other traditional treatments for IC/BPS. Moreover,
post-void residual urine and other side effects need to be investigated comprehensively.
Finally, we failed to compare the therapeutic effect between BoNT/A plus Sapylin and
Sapylin alone. Further research comparing BoNT/A injection plus Sapylin instillation,
BoNT/A alone, or Sapylin alone in the treatment of IC/BPS is warranted with a large,
multicenter, randomized, placebo-controlled trial.

4. Conclusions

This long-follow-up pilot study shows that repeated intravesical instillations of Sapylin
after BONT/A injection can produce significantly better clinical outcomes than BONT/A
alone in IC/PBS patients. Further research comparing BoNT/A injection plus Sapylin
instillation, BONT/A alone, or Sapylin alone in the treatment of IC/BPS is warranted with
a large, multicenter, randomized, placebo-controlled trial.

5. Materials and Methods
5.1. Participants and Ethics

From March 2015 to April 2020 in our hospital, 70 IC/BPS patients were selected
according to the following: (1) diagnosed according to National Institute of Diabetes and
Digestive and Kidney (NIDDK) guidelines [29]; (2) an O’Leary-Sant Interstitial Cystitis
Symptom Index score (ICSI) of more than 9 and disease duration of more than 6 months; (3)
previous adequate unsuccessful treatments in accordance with guidelines including oral
anti-cholinergic agents, pain-killers, amitriptyline, intravesical hyaluronic acid, heparinoids
and so on. Those patients with urinary cancers, bacterial genitourinary infections, bladder
tuberculosis, radiation-induced or chemical cystitis, sexually transmitted diseases, pelvic
inflammatory disease and endometriosis were excluded [30]. All patients were required to
provide their informed consent to receive BONT/ A injection alone or BONT/ A plus Sapylin
and they made their own decision about which treatment to receive. Furthermore, 8 cases
were removed because of missing data. Finally, this study investigated 34 patients who
received repeated intravesical instillations of Sapylin after BONT/A injection (Mix group)
and 28 patients who accepted a submucosal injection of BONT/A alone (Control group).

After treatment, to evaluate its efficacy, we performed a questionnaire investigation
of symptoms via telephone and outpatient interviews. The primary outcome was the
global response assessment (GRA) at 3 and 6 months after treatment: “As compared to
when you started the current study, how would you rate your overall pelvic symptoms
now?”, with seven response categories: 1 = Markedly worse, 2 = Moderately worse,
3 = Slightly worse, 4 = No change, 5 = Slightly improved, 6 = Moderately improved and
7 = Markedly improved. Participants who reported “moderately or markedly improved”
were considered as the responders to the treatment. Others were defined as non-responders.
The secondary outcomes were pelvic pain and urgency/frequency patient symptom score
(PUEF), visual analogue scale (VAS), O’Leary-Sant ICSI and Interstitial Cystitis Problem
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Index (ICPI). Further, a 3-day urinary diary was used to evaluate the mean voided volume
per micturition, maximal voided volume per micturition and mean urinary frequency
per 24 h. Cystoscopy was performed under local anesthesia before treatment. Saline
was delivered into the bladder until the patients” bladder pain or discomfort became
intolerable. Then, the total saline delivery volume was calculated as the functional maximal
bladder capacity.

5.2. Intervention
5.2.1. Submucosal Injection of BONT/A

All the patients received a submucosal injection of BONT/A (Lanzhou Biotechnology
Development Co., Ltd., Lanzhou, China) under continuous epidural anesthesia. An amount
of 200 U of BoNT/ A was diluted in 20 mL of sterile saline in advance, resulting in 10 U of
BoNT/A per 1.0 mL. The submucosal injection areas included the left, right, anterior and
posterior bladder walls, sparing the trigone. Each of these four bladder walls was injected
six times with 8 U of BONT/A per injection. As dysuria was a common complication
and urinary retention was a severe complication, catheterization was routinely applied
and removed about 5 days after the operation. An oral antibiotic agent was prescribed
for 7 days. Afterwards, the patients in the Mix group accepted intravesical instillation
of Sapylin.

5.2.2. Intravesical Instillation of Sapylin

One week after the operation, all patients in the Mix group began to receive intravesical
instillation of Sapylin (Sinopharm Group Luya (Shandong) Pharmaceutical Co., Ltd., Jining,
China). Sapylin 5 KE (a unit of measure) was evenly dissolved in 40 mL of sterile saline.
Mixed Sapylin was instilled into the bladder through a urinary catheter, which was removed
after injection, and the Sapylin remained in the bladder until the occurrence of pelvic pain
or discomfort but for no more than 2 h. It was instilled once a week within 6 weeks
post-injection, then, once every 4 weeks for 2 years, totaling 29 intravesical doses.

5.3. Statistical Methods

The continuous variables are expressed as the mean value (standard deviation) and
median [Min, Max] and the differences among groups were compared by Student’s t-tests
(normal distribution) or Mann—-Whitney U test (non-normal distribution). In addition,
categorical variables are represented as counts or percentages and the inter-block compari-
son was analyzed with a chi-squared test. A p value of <0.05 was considered statistically
significant. SPSS version 26.0 (IBM, Armonk, NY) and MedCalc (MedCalc Software bvba)
were used for the statistical analysis.
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