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Clinical application of intravesical botulinum 
toxin type A for overactive bladder and interstitial 
cystitis
Jing-Liang Chen , Hann-Chorng Kuo
Department of Urology, Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation and Tzu Chi University, Hualien, Taiwan

After decades of clinical and basic science research, the clinical application of botulinum toxin A (Botox) in urology has been ex-
tended to neurogenic detrusor overactivity (NDO), idiopathic detrusor overactivity, refractory overactive bladder (OAB), interstitial 
cystitis/bladder pain syndrome (IC/BPS), lower urinary tract symptoms, benign prostatic hyperplasia, and neurogenic or non-neu-
rogenic lower urinary tract dysfunction in children. Botox selectively disrupts and modulates neurotransmission, suppresses detru-
sor overactivity, and modulates sensory function, inflammation, and glandular function. In addition to motor effects, Botox has 
been found to have sensory inhibitory effects and anti-inflammatory effects; therefore, it has been used to treat IC/BPS and OAB. 
Currently, Botox has been approved for the treatment of NDO and OAB. Recent clinical trials on Botox for the treatment of IC/BPS 
have reported promising therapeutic effects, including reduced bladder pain. Additionally, the therapeutic duration was found to 
be longer with repeated Botox injections than with a single injection. However, the use of Botox for IC/BPS has not been approved. 
This paper reviews the recent advances in intravesical Botox treatment for OAB and IC/BPS.
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INTRODUCTION

Botulinum toxin A (Botox) has been applied in lower 
urinary tract dysfunction (LUTD) since 30 years previously. 
OnabotulinumtoxinA (BOTOX®; Allergan, Irvine, CA, USA) 
was first used to treat patients with spinal cord injury hav-
ing neurogenic detrusor overactivity (NDO) or detrusor-
sphincter dyssynergia [1-4]. Later, Botox was used for the 
treatment of  idiopathic detrusor overactivity (IDO) and 
overactive bladder syndrome (OAB) refractory to conven-
tional treatment [5-7]. Botox has been approved for these two 

clinical conditions, and it has been widely used to restore 
urinary continence and improve quality of life [8,9]. Clinical 
trials for LUTD, including interstitial cystitis/bladder pain 
syndrome (IC/BPS), lower urinary tract symptoms, and be-
nign prostatic hyperplasia, have been performed, but Botox 
use remains off label.

MECHANISMS OF BOTOX FOR OAB 
AND IC/BPS

Botox is a potent neurotoxin produced by the bacterium 
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Clostridium botulinum [10]. When the toxin is cleaved into a 
100-kDa heavy chain and a 50-kDa light chain by proteolytic 
cleavage, it becomes biologically active [11]. Botox enters neu-
ronal cell membrane by binding to the synaptic vesicle pro-
tein SV2 [12]. After endocytosis of the toxin, it is cleaved into 
heavy and light chains. The light chain binds to the SNAP25 
protein and can inhibit the release of neurotransmitters 
from vesicles [13]. The neurotransmitters and neuropeptides 
that can be inhibited by Botox include acetylcholine (ACh), 
adenosine triphosphate (ATP), nitric oxide (NO), substance P, 
and calcitonin gene-related peptide [14,15]. Through pharma-
cological actions on neuropeptides, Botox causes relaxation 
of the striated or smooth muscles and controls local inflam-
mation. It can also block transient receptor potential vanil-
loid subfamily-1 (TRPV1) and purinergic receptor P2X3-IR 
expressions in cases of bladder inflammation and decrease 
the sensitization of TRPV1 and P2X3 [16]. Thus, intravesical 
Botox injection can reduce bladder sensation as well as blad-
der pain. It has been postulated that Botox might control 
chronic pain by acting on peripheral nociceptive neurons 
and causing central desensitization through retrograde toxin 
transport to the central nervous system (CNS) [17,18].

The clinical symptoms and pathogeneses of OAB and IC/
BPS show overlaps. Recent investigations have found that 
the expression of nerve growth factor (NGF) is increased in 
the bladder of patients with OAB and those with IC/BPS. 
NGF is believed to be involved in the regulation of neural 
function, inflammation, and bladder pain [19,20]. Afferent 
nerve hyperactivity can be elicited in acute bladder inflam-
mation, and it results in neural plasticity after repeated 
stimulation [21,22]. Urinary NGF levels have been found to 
decrease after intravesical Botox injection in both patients 
with OAB and those with IC/BPS [23,24]. Additionally, the 
Botox dose has been shown to be associated with decreases 
in bladder NGF levels and increases in NGF, TrkA, p75, and 
TRPV1 gene expressions [25]. Chronic bladder inflammation 
can lead to central sensitization, resulting in sensory nerve 
activation and bladder hypersensitivity [26]. Intravesical 
Botox injection can effectively control the inflammatory 
process by modulating neurotransmitter release from the 
sensory nerves [27,28]. Moreover, intravesical Botox injections 
might reduce the sensory urgency in patients with OAB and 
reduce pain in patients with IC/BPS, suggesting that the 
sensory and anti-inflammatory effects of Botox, rather than 
the motor effect alone, are involved in the treatment of pa-
tients with OAB and those with IC/BPS [29,30].

BOTOX INJECTION FOR OAB

OAB is highly prevalent and has an impact on patient 
quality of life. The current oral medications for OAB in-
clude antimuscarinics and beta-3 adrenoceptor agonists [6]. 
In patients refractory to these OAB medications, intravesical 
Botox injection has been documented to act as a third-line 
treatment according to the American Urological Associa-
tion (AUA) and European Association of Urology guidelines 
[31,32].

The mechanism of Botox treatment for OAB involves 
the inhibition of the abnormal release of neurotransmitters, 
such as ACh, ATP, and substance P, and abnormal expres-
sion of TRPV1 and P2X3 [33-35]. These neurotransmitters are 
associated with bladder sensation and inflammation, and 
they modulate detrusor contraction in OAB and DO [36]. 
Therefore, Botox treatment might reduce pain and urgency 
sensations in inflammatory bladder conditions, including 
OAB and IC/BPS [37].

Initially, the Botox dose for patients with IDO was 200 
U of onabotulinumtoxinA [38]. At this dose, the daily fre-
quency, urgency, and urgency urinary incontinence signifi-
cantly decreased and the bladder capacity, voiding pressure, 
and quality of life significantly improved. However, the post-
void residual (PVR) volume increased and clean intermit-
tent catheterization (CIC) was required. Another type of 
Botox called abobotulinumtoxinA (Dysport, Ispen Biopharm, 
Wrexham, UK) at a dose of 500 U showed similar results in 
the treatment of OAB [39,40]. Because the doses of onabotu-
linumtoxinA and abobotulinumtoxinA are not equivalent, 
it is difficult to compare the treatment outcomes between 
groups. However, most clinical trials on OAB used onabotu-
linumtoxinA as the treatment agent.

A previous clinical trial showed equal improvement in 
urodynamic parameters between 200 U of onabotulinumtox-
inA for IDO and 300 U for NDO [41]. On comparing treat-
ment outcomes among different doses of Botox, it was found 
that 100 U of onabotulinumtoxinA had a 73.3% success rate 
for IDO on suburothelial injection and that adverse events 
were less common at this dose than at 150 U or 200 U [42]. 
According to these findings and the findings of several oth-
er clinical studies, 100 U of onabotulinumtoxinA has become 
a standard dose for IDO and has shown satisfactory results 
[43]. Considering the high incidence of adverse events, such 
as a large PVR volume and subsequent urinary tract infec-
tion (UTI), low doses of onabotulinumtoxinA, such as 100 U, 
are more appropriate in patients with OAB [44].

A double-blind, placebo-controlled, randomized, dose-
ranging trial using 50, 100, 150, and 200 U of onabotulinum-
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toxinA also found that the dose of 100 U was effective for 
the treatment of OAB [45]. Moreover, a clinical trial in Eu-
rope confirmed that onabotulinumtoxinA injections at doses 
of  100 U and 150 U had similar tolerability and patient 
satisfaction [46]. With regard to regulatory approval for 
use, a phase 3 clinical trial revealed that injection of 100 U 
of onabotulinumtoxinA at 20 sites effectively treated OAB 
symptoms and improved quality of life [47,48].

A systemic review of the therapeutic efficacy and ad-
verse events of onabotulinumtoxinA for OAB revealed that 
Botox has superior effects with regard to improvements in 
daily frequency, urgency, and urinary incontinence. How-
ever, the incidence of UTI and the risk of CIC requirement 
after Botox treatment significantly increased when com-
pared to the findings with placebo [49]. With Botox, patients 
experience less urgency and urinary incontinence, which 
are associated with better quality of life. However, because 
of the high risk of adverse events, patients should be well 
informed and consent should be obtained before Botox treat-
ment, especially for frail patients and patients with low 
detrusor contractility. OAB guidelines warn that Botox in-
jection should be used carefully to prevent urinary retention 
and subsequent UTI [31,32].

Patients with CNS diseases, such as cerebrovascular ac-
cident, Parkinson’s disease, and multiple sclerosis, usually 
have OAB. In these patients, a large PVR volume and UTI 
are specifically concerning conditions. Intravesical Botox in-
jection at a dose of 100 U has been demonstrated to be safe 
and effective [50-52]. However, a large PVR volume remains 
a serious concern after Botox treatment [53]. Additionally, 
Botox treatment is a concern in patients with OAB and dia-
betes mellitus (DM). Although Botox injection is safe in DM 
patients with refractory DO, the possibility of an increase 
in the PVR volume and the risk of acute urinary retention 
in DM patients with low detrusor contractility should be 
considered. Patients should be informed about this risk prior 
to Botox injection [54]. In patients with OAB receiving Botox 
treatment, female sex, low OAB symptom score, and OAB-
wet were shown to be associated with better therapeutic ef-
ficacy, and low baseline voiding efficiency was shown to be 
associated with a large PVR volume [55].

INTRAVESICAL BOTOX INJECTION FOR 
IC/BPS

The true pathogenesis of IC/BPS has not been well elu-
cidated. The common histopathological findings of IC/BPS 
include denuded epithelium, mucosal ulceration, submucosa 
inflammation, granulation, and perineural infiltrate, sug-

gesting an inflammatory process in the bladder [56]. Recent 
studies have found that increased urothelial cell apoptosis is 
mediated by suburothelial inflammation [57,58], and Botox 
injection could inhibit inflammation and therefore improve 
the barrier function of the urothelium in patients with IC/
BPS [59]. Increased submucosal nerve fiber proliferation, 
mast cell count, and nerve fiber count have been shown to 
be associated with high amounts of histamine [60]. A recent 
study suggested that neuron-mediated inflammation plays 
an important role in the pathophysiology of IC/BPS and 
that it might trigger secretion from mast cells [61].

Increased urothelial cell apoptosis has been considered 
to be involved in the pathogenesis of IC/BPS. Additionally, 
high numbers of apoptotic endothelial cells with morpho-
logical changes associated with nuclear fragmentation have 
been identified in the bladders of patients with IC/PBS [62]. 
Our previous study found high cell apoptosis levels and ab-
normal E-cadherin expression in the urothelium, which are 
associated with inflammation in the bladders of patients 
with IC/BPS [58]. Bladder inflammation might modulate 
the signaling pathway of increased urothelial cell apoptosis 
in patients with IC/BPS [57]. Immunofluorescence staining 
of phospho-p38 was positive in the urothelium of patients 
with IC/BPS, suggesting that abnormal urothelial apoptosis 
induced by chronic suburothelial inflammation might par-
ticipate in the pathophysiology of IC/BPS [57].

Neural upregulation has been considered to play a role 
in the pathophysiology of IC/BPS. Urothelial release of ATP 
on bladder distention can activate ligand-gated ion channel 
P2X3 receptors to evoke a neural discharge [63]. Upregula-
tion of P2X3 receptors during stretching of bladder urothe-
lial cells has been found in patients with IC/BPS [32]. In 
addition, increased mRNA expression of TRPV1 was found 
in the bladders of patients with IC/BPS [64]. These findings 
suggest that bladder inflammation might alter the neu-
ropeptide expression and increase bladder excitability and 
sensitization, resulting in increased pain sensation during 
bladder distension [65].

Since 2004, Botox has been used for treating IC/BPS. 
Smith et al. [66] found that satisfactory symptomatic im-
provement could be achieved by injecting 100 U or 200 U of 
onabotulinumtoxinA at 20 to 30 sites on the bladder base. 
Our pilot study also revealed that Botox could relieve blad-
der pain in patients with IC/BPS in whom conventional 
treatments failed [67]. Later, Giannantoni et al. [68] used 200 
U of Botox injected submucosally in the trigone and blad-
der floor and reported a subjective improvement in 80% of 
patients with IC/BPS. Moreover, Ramsay et al. [69] reported 
satisfactory outcomes in patients with IC/BPS who received 
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200 U to 300 U of Botox. Furthermore, Giannantoni et al. 
[70] found significant improvements in anxiety, depression, 
and quality of life among patients with IC/BPS after Bo-
tox injection, although the therapeutic duration was only 3 
months.

In our previous prospective, randomized, controlled study 
involving patients with refractory IC/BPS, we found that 
patients who received suburothelial Botox injection (200 U 
or 100 U) plus cystoscopic hydrodistention showed signifi-
cant improvements in the visual analog score of bladder 
pain and the functional and cystometric bladder capacity 
at 3 months after treatment when compared with the find-
ings in patients who received cystoscopic hydrodistention 
alone [59]. The adverse event of difficult urination was less 
common in the 100 U Botox group than in the 200 U Botox 
group. Additionally, the successful treatment outcome was 
better in the Botox groups than in the control group. A fur-
ther study revealed that suburothelial Botox injection at 100 
U with cystoscopic hydrodistention effectively improved IC 
symptom scores and the global response assessment index at 
3 and 6 months of follow-up [71]. Based on the results of our 
clinical trials, we suggest that intravesical injection of 100 U 
of Botox is effective for relieving IC symptoms and bladder 
pain in the short term. The therapeutic duration was longer 
with repeated Botox injections than with a single injection. 
Repeated Botox injections every 6 months increased the 
therapeutic duration, and a long effective period was noted 
in patients who received four treatments [72].

There is currently no consensus on whether Botox 
should be injected into the trigone or bladder body in pa-
tients with IC/BPS. Giannantoni et al. [68] and Pinto et al. [73] 
performed trigonal injection and found that the treatment 
outcome was satisfactory. Additionally, repeated trigonal 
Botox injections were shown to have persistent therapeutic 
effects [74]. In our recent clinical trial, we found that Botox 
injection into the suburothelium of the bladder body was 
associated with favorable treatment outcomes in all IC/BPS 
cases, except ulcer-type IC/BPS cases [75]. In another report, 
the therapeutic response of Botox injection into the trigone 
was comparable between ulcer-type and non-ulcer-type IC/
BPS [76].

Although recent clinical trials on Botox injection for the 
treatment of IC/BPS have shown promising therapeutic ef-
fects, including reductions in bladder pain and IC symptoms, 
there have been few clinical trials to demonstrate the supe-
riority of Botox over placebo. A recent randomized, double-
blind, placebo-controlled, multicenter trial demonstrated 
that intravesical suburothelial injection of 100 U of Botox 
significantly reduced bladder pain symptoms. Additionally, 

the cystometric bladder capacity was higher in the Botox 
group than in the normal saline group. Moreover, the over-
all success rates were 63% in the Botox group and 15% in the 
normal saline group [77]. Although Botox treatment for IC/
BPS has not been approved by regulatory authorities, it has 
been documented in the treatment guidelines of the AUA 
and Asian Urological Association [78,79].

BOTOX TREATMENT FOR ULCER/ 
NON-ULCER-TYPE IC/BPS

IC/BPS can be classified as non-ulcer-type and ulcer-type 
(classic) IC/BPS according to the characteristic cystoscopic 
findings under hydrodistention [80]. About 10% to 20% of IC/
BPS cases are classified as ulcer-type IC/BPS [81]. Patients 
with ulcer-type IC/BPS are usually older and have smaller 
bladder capacity and greater bladder pain when compared 
with the findings in patients with non-ulcer-type IC/BPS 
[82]. Ulcer-type and non-ulcer-type IC/BPS are considered as 
two distinct diseases because of their different underlying 
pathophysiologies and treatment strategies [83]. The AUA 
guidelines recommend that ulcer-type IC/BPS should be 
treated with fulguration by laser or electrocautery of Hun-
ner’s lesion [84]. With regard to Botox injection, we found 
that ulcer-type IC/BPS did not respond well to four repeated 
intravesical injections of  100 U of  onabotulinumtoxinA 
every 6 months [75]. This finding suggests that Botox treat-
ment might not be suitable for ulcer-type IC/BPS. However, 
a Portuguese group found that Botox trigonal injection pro-
vided satisfactory outcomes in patients with ulcer-type IC/
BPS and that treatment outcomes with regard to symptom 
intensity did not differ between ulcer-type and non-ulcer-
type IC/BPS [76]. As ulcer-type IC/BPS has not been well 
defined, the treatment outcomes of Botox injections in ulcer-
type and non-ulcer-type IC/BPS might not be appropriately 
compared. Nevertheless, considering the poor response of 
ulcer-type IC/BPS to conventional treatment, it should be 
treated as a disease different from non-ulcer-type IC/BPS.

ADVERSE EVENTS OF BOTOX  
INJECTION IN OAB AND IC/BPS

Repeated Botox injections for the treatment of lower uri-
nary tract disorders and pelvic floor dysfunction have been 
recommended by a European consensus report [85]. The peri-
od of retreatment should not be shorter than 3 months, and 
a 6 to 9-month interval is recommended to prevent residual 
circulating antibodies that decrease the therapeutic effect of 
subsequent Botox injections [86]. Considering the potential 
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adverse events of a large PVR volume and acute urinary 
retention after intravesical Botox injection, patients who 
are planning to receive Botox injection should be informed 
about the potential adverse events, and the possibility of CIC 
should be conveyed [31,32]. Patients with OAB might develop 
a large PVR volume in the first month after injection, and 
they might not appreciate the increase in bladder capacity 
and reduction in urgency severity if they develop bother-
some adverse events and need CIC. The most common rea-
sons for the discontinuation of Botox treatment in patients 
with OAB are poor efficacy (13%) and issues related to the 
requirement of CIC (11%) [87].

There has been no report of the occurrence of serious 
systemic adverse events, such as respiratory depression 
and generalized muscle weakness, after Botox injection in 
patients with OAB or IC/BPS. Few patients have reported 
mild fatigue (2.8%) after Botox treatment. The most common 
local adverse events after Botox injection are gross hema-
turia (7.8%), a large PVR volume >150 mL (47.5%), difficult 
urination (46.5%), and UTI (14.3%) [88]. Interestingly, adverse 
events were more common in OAB patients than in IC/BPS 
patients who received 100 U of onabotulinumtoxinA (58.3% 
vs. 42.7%), including a large PVR volume >200 mL (31.9% vs. 
6.7%) and acute urinary retention (1.4% vs. 0%) [89]. Differ-
ences in the effects of Botox on disorder pathophysiology be-
tween OAB and IC/BPS and differences in the susceptibility 
of detrusor muscle contractility to Botox might account for 
these findings. Most clinical studies reported an increase in 
the PVR volume and a decrease in voiding efficiency among 
patients with OAB after Botox injection [66,90] and reported 
decreases in the maximum flow rate and detrusor pressure 
among patients with IC/BPS [66,67,70]. Injecting Botox into 
the trigone and not the bladder body might effectively pre-
vent the increase in the PVR volume and the occurrence of 
acute urinary retention after treatment [73,90]. Our large 
cohort study on IC/BPS treated with Botox injection found 
that about 30% of patients complained of dysuria after each 
injection and that only one episode of acute urine retention 
occurred [72].

EXPERIMENTAL TRIAL OF  
LIPOSOME-ENCAPSULATED  
ONABOTULINUMTOXINA

Botox is a large molecule protein that cannot pass the 
urothelial cell membrane and act on the nerve plexus un-
less it is injected into the suburothelium [11]. Tyagi et al. [91] 
found that a liposome could encapsulate the Botox protein 
and penetrate the urothelial cell membrane after intravesi-

cal instillation. The lipidic bilayer structure of liposomes 
facilitates their adherence to the apical membrane surface 
of luminal cells in the bladder. Intravesical instillation of 
liposomes alone was shown to treat hypersensitive blad-
der in a rat model [92]. Liposome-encapsulated Botox could 
improve acetic acid-induced bladder hyperactivity, and the 
inflammatory reaction and SNAP25 expression were found 
to significantly decrease [93]. It is likely that Botox can be 
delivered into urothelial cells through liposome encapsula-
tion and fusion with the phospholipids of the cell membrane 
without injection trauma. If this hypothesis is true, Botox 
could be used to treat OAB and IC/BPS through intravesical 
instillation.

In a pilot study, we found that liquid liposomal deliv-
ery of Botox (Liposome-Botox) could penetrate the bladder 
urothelium in patients with refractory OAB [94]. After in-
travesical instillation of Lipotoxin (containing 80 mg of lipo-
some and 200 U of onabotulinumtoxinA) or normal saline 
in patients with OAB, we found that Lipotoxin effectively 
reduced frequency episodes and the urgency severity score 
when compared to the findings with placebo at 1 month af-
ter treatment. There was no increase in the PVR volume or 
the risk of UTI after Lipotoxin instillation. We also found 
that SV2A receptors were present in the human urothelial 
cell lysate. However, SNAP25 did not show a significant de-
crease in OAB tissue [94,95]. In another multicenter clinical 
trial using Lipotoxin for the treatment of OAB, Lipotoxin 
was associated with significant decreases in frequency 
(three-day diary) and urinary urgency episodes without an 
increase in the PVR volume [96]. These results suggest that 
Lipotoxin might block the release of sensory neurotransmit-
ters from the urothelium and inhibit sensory hyperactivity, 
but might not influence detrusor contractility.

Intravesical liposomes were found to have beneficial 
effects in a bladder hypersensitivity rat model [97]. Recent 
clinical studies have tested multilamellar liposomes com-
posed entirely of  sphingomyelin as a novel intravesical 
therapy for IC. Although no significant difference in clinical 
efficacy was noted with regard to pentosan polysulphate, 
liposome instillation into the bladder significantly decreased 
urinary frequency and nocturia in patients with IC/BPS [98]. 
In a recent clinical trial on bladder instillation of liposome-
formulated onabotulinumtoxinA for IC/BPS, we did not note 
the therapeutic superiority of  Lipotoxin when compared 
with placebo. However, a single Lipotoxin instillation was as-
sociated with a decrease in symptoms from baseline among 
patients with moderate-to-severe IC/BPS [99].

Although liposome-encapsulated Botox for the treatment 
of OAB or IC/BPS seems rational and promising, only 50% 
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of patients with OAB responded to this treatment, and the 
therapeutic effect on IC/BPS was not superior to that of 
placebo. The short therapeutic duration with regard to OAB 
might limit the wide clinical application of this treatment 
approach in real-world practice. Technical improvements 
in formulation and instillation as well as dosing of Botox 
might increase the response rate in the future.

CONCLUSIONS

Recent evidence has demonstrated that intravesical Bo-
tox injection is effective for the treatment of patients with 
OAB refractory to antimuscarinic therapy and those with 
IC/BPS. OAB symptoms improve and the bladder capacity 
increases after Botox injection; however, the incidences of 
a large PVR volume, UTI, and need for CIC increase after 
treatment, especially in frail elderly patients. Recent results 
show that Botox is effective for relieving bladder pain and 
bothersome bladder symptoms in patients with refractory 
IC/BPS. Short-term improvements in bladder pain, fre-
quency, and bladder capacity could be achieved with Botox 
injection, but long-term therapeutic effects are not achieved. 
Repeat Botox injections could provide successful long-term 
outcomes. Although Botox injection is promising for the 
treatment of OAB and IC/BPS patients refractory to con-
ventional therapies, the need for anesthesia, occurrence of 
local complications, and risks of a large PVR volume and 
UTI limit its clinical application. Intravesical instillation of 
liposome-encapsulated Botox might become an alternative 
treatment approach in the future. However, the short thera-
peutic duration is a major drawback. Further well-designed 
randomized trials with a placebo control are needed.
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