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Introduction
Control of the lower urinary tract is a complex, 
multilevel process that involves both the periph-
eral and central nervous system [Fowler et  al. 
2008]. Neurogenic lower urinary tract dysfunc-
tion (LUTD) is a widespread chronic illness that 
impairs millions of people worldwide. Neurogenic 
LUTD has a major impact on quality of life, 
affecting emotional, social, sexual, occupational 
and physical aspects of daily life, and in addition 
to the debilitating manifestations for patients, it 
also imposes a substantial economic burden on 
every healthcare system. First-line treatment for 
neurogenic LUTD includes antimuscarinics and 
some form of catheterization, preferably intermit-
tent self-catheterization. However, the treatment 
effect is often unsatisfactory, so that other options 
have to be considered. Moreover, neurogenic 

LUTD is a challenge because all available treat-
ment modalities (i.e. conservative, minimally 
invasive and invasive therapies) may fail.

In recent years, botulinum neurotoxin type A 
(BoNT/A) treatment has been identified as an 
effective pharmacological therapy option in 
patients refractory to antimuscarinic and neuro-
genic detrusor overactivity (NDO). Several stud-
ies have shown significantly reduced detrusor 
muscle overactivity following BoNT/A injection. 
Also BoNT/A treatment of NDO reveals a signifi-
cant improvement of lower urinary tract function 
with regard to reduced urinary incontinence (UI), 
reduced detrusor pressure, increased bladder 
capacity and improved quality of life in  
NDO [Apostolidis et  al. 2009; Karsenty et  al. 
2008]. However, modulation of neuromuscular 
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transmission may also result in urinary retention, 
and for this reason BoNT/A treatment is still 
under debate. In 2000, Schurch and colleagues 
first published on the use of botulinum toxin 
injections into the detrusor for the treatment of 
NDO in patients with spinal cord injury (SCI) 
[Schurch et al. 2000a, 2000b]. Since then, intra-
detrusor BoNT/A injections have become a well-
established and widely accepted therapy for 
refractory neurogenic and non-neurogenic over-
active bladder (OAB) with or without urodynami-
cally proven detrusor overactivity (DO) 
[Apostolidis et  al. 2009; Mangera et  al. 2011]. 
Although BoNT/A injection into the detrusor is a 
highly effective, minimally invasive and generally 
well-tolerated treatment that improves quality of 
life, the use of BoNT/A in the lower urinary tract 
is still not licensed in several countries.

Definition of detrusor overactivity
The International Continence Society (ICS) for-
mally defined OAB in September 2001 as a 
‘symptom syndrome of lower urinary tract dys-
function’. More specifically, OAB is defined as 
‘urgency, with or without urge incontinence, usu-
ally with frequency and nocturia’ [Abrams et al. 
2002]. Synonyms include urge syndrome and 
urgency–frequency syndrome. When there is a 
relevant underlying neurological condition [e.g. 
SCI or multiple sclerosis (MS)], this is qualified 
as NDO [Abrams et al. 2002]. Patients with cer-
tain conditions such as Parkinson’s disease, stroke 
and dementia are at risk for bladder dysfunction. 
Around 20–30% of patients with Parkinson’s and 
MS present with bladder dysfunction before diag-
nosis of the disease. The overall incidence of blad-
der dysfunction ranges from 40% to 70% in 
Parkinson’s disease [Karram, 1999].

Owing to the complexity of neural bladder con-
trol, the interconnection is sensitive to various 
diseases and injuries. Changes in central and 
peripheral neurologic pathways that may result in 
OAB include: (1) a decrease in central or periph-
eral inhibition; (2) an increase in excitatory reflex 
pathways; (3) increased afferent input from the 
lower urinary tract; and (4) development of blad-
der reflexes resistant to central inhibition 
[deGroat, 1997].

In the last few years, several studies have pro-
posed that the afferent nervous system plays an 
important role in the regulation of lower urinary 
tract function. In addition to being active during 

the storage phase, afferent nerves are closely 
involved in the micturition reflex; some research 
suggests that afferents may provide a positive 
feedback mechanism during voiding, ensuring 
complete bladder emptying [Kruse et al. 1991].

The involuntary contractile activity of detrusor 
smooth muscle during filling may generate affer-
ent input and in pathological conditions, e.g. 
OAB/DO, may contribute to these disorders 
[Gillespie et al. 2009]. However, the relationships 
between the contractile activity of individual myo-
cytes and the generation of afferent nerve activity 
in normal and diseased bladder remain largely to 
be established [Drake et al. 2001]. Sensory neu-
rons have become increasingly important as tar-
gets for medical treatment for OAB/DO. Several 
studies indicate that BoNT/A appears to be an 
appealing treatment option for OAB/DO.

Biology and mechanism of botulinum toxin
BoNT/A is a neurotoxin produced by the Gram-
positive anaerobic spore-producing organism 
Clostridium botulinum. It is the most lethal natu-
rally occurring toxin known to mankind [Gill, 
1982]. There are seven subtypes of BoNT/A 
(types A–G). Types A and B have been used clini-
cally. BoNT/A was first approved in 1989 for the 
treatment of strabismus, benign essential blepha-
rospasm and disorders of the VIIth nerve; the use 
of BoNT has expanded to include gastrointesti-
nal, orthopedic, dermatological, secretory and 
cosmetic indications as well as in the clinical man-
agement of pain in a number of areas [Yokoyama 
et  al. 2012]. BoNT/A has been marketed as 
Botox® in the USA (Allergan, Inc., Irvine, CA, 
USA) and as Dysport® in the UK (Ipsen Ltd, 
Slough, Berkshire, UK). From the structural 
point of view the toxin is a 150 kD amino acid 
dichain molecule consisting of a light (50 kD) and 
a heavy chain (100 kD) which are linked by a 
disulfide bond [Montecucco and Schiavo, 1995].

Although the mechanism of action of BoNT/A has 
not been clarified completely, it is assumed that 
BoNT/A inhibits vesicular acetylcholine release 
from motor nerve terminals by cleaving the 
SNARE protein SNAP-25, thus having a strong 
anticholinergic effect [Schiavo et  al. 1993]. 
Systemic side effects on neuromuscular structures 
are therefore expectedly parasympathicolytic.

Regarding the efferent effect, Smith and cowork-
ers have shown significant decreases in the release 
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of labeled acetylcholine in BoNT/A injection, 
suggesting that BoNT/A can reduce cholinergic 
nerve-induced bladder activity [Smith et  al. 
2003b]. Recent studies show that BoNT/A also 
can inhibit the release of other transmitters and is 
involved in the regulation of receptor levels in the 
urothelium [Smith et al. 2003a; Datta et al. 2010]. 
In addition to the efferent effects, BoNT/A might 
also alter afferent sensory inputs. Basic research 
has proven that BoNT/A has sensory inhibitory 
effects due to inhibition of urothelial adenosine 
triphosphate (ATP) release, which might be one 
mechanism by which BoNT/A reduces DO 
[Khera et al. 2004].

In general, the denervation is temporally limited. 
The regeneration process relies on the formation 
of functional neuronal sprouts that reconnect pre-
synaptic nerve endings with their target organs 
[de Paiva et al. 1999].

BoNT/A is considered as a local therapy for 
NDO. Imaging studies showed that 82.4% of the 
injected volume of BoNT/A into the bladder wall 
reached the target area (detrusor) and only a 
small volume was found in the extraperitoneal fat 
[Mehnert et al. 2009]. It is imaginable that small 
amounts of BoNT/A leak into the blood circula-
tion and may act at distant sites. Since BoNT/A is 
a very potent drug, very small amounts may have 
a measurable effect, especially on neuromuscular 
structures.

Outcomes of BoNT/A for NDO
Botulinum toxin is mainly used as a highly effec-
tive second-line treatment for neurogenic patients, 
if antimuscarinic treatment has failed. The effec-
tiveness of BoNT/A injections into the detrusor 
smooth muscle to treat major NDO and neuro-
genic incontinence has been investigated in sev-
eral studies (Table 1) [Mehnert et  al. 2009; 
Schulte-Baukloh et al. 2002; Kessler et al. 2005].

The application of BoNT/A in NDO was pio-
neered by Schurch and colleagues [Schurch et al. 
2000b]. BoNT/A (200 or 300 IE; Botox, Allergan) 
was injected into 31 patients with SCI and urody-
namically proven NDO. Urodynamically proven 
significant increases in mean maximum bladder 
capacity (MBC; p < 0.016) and a significant 
decrease in mean maximum detrusor voiding 
pressure (MDP; p < 0.016) compared with base-
line measurement were observed. A significant 
increase in mean post-void residual urine volume 

before and after treatment could be demonstrated 
(261.8–490.5 ml). A total of 17 of 19 patients 
were completely continent at 6 weeks follow up. 
Overall follow up, 11 patients showed ongoing 
improvement in bladder function at 16 and 36 
weeks. The injection lasted for at least 9 months. 
No side effects were observed.

Since then, several studies have approved the effi-
ciency of BoNT/A in the treatment of NDO in 
adults as well as in children [Apostolidis et  al. 
2009; Reitz and Schurch, 2004; Game et  al. 
2009]. Some preliminary and current studies are 
summarized in Table 1.

Another preliminary study recruited 17 children 
with urodynamic verified NDO due to mye-
lomeningocele [Schulte-Baukloh et al. 2003]. All 
cohorts have been resistant to anticholinergic 
medication. Schulte-Baukloh and colleagues 
reported that intravesical injection significant 
improved urodynamic parameters from baseline 
to follow-up cystometry. Mean reflex volume 
and MBC increased after 4 weeks and 3 months 
(p < 0.01). MDP significantly decreased after  
4 weeks (p < 0.01). No side effects were reported. 
The beneficial effects of BoNT/A lasted up to  
6 months.

Schurch and colleagues performed the first double-
blind, randomized, placebo-controlled phase II 
clinical trial on the safety and efficacy of two 
doses of BoNT/A (200 or 300 U Botox®) versus 
saline injections on urodynamic parameters and 
UI episodes by NDO of predominantly spinal cord 
origin [Schurch et al. 2005]. Following treatment 
there were significant decreases in incontinence 
episodes of approximately 50% at all time points in 
the two BoNT/A groups, except weeks 12 and 18 
in the 200 U BoNT/A group. Compared with pla-
cebo the differences between treatment groups 
were significantly in favor of the 300 U BoNT/A 
group at weeks 2 (p = 0.015) and 6 (p = 0.047) and 
in favor of the 200 U BoNT/A group at week 24 
(p = 0.019). In addition, mean MBC as well as 
impact on quality of life significantly increased 
from baseline in each BoNT/A group at all post-
treatment time points (p ≤ 0.020), although there 
were no significant changes in the placebo group. 
Also MDP significantly decreased to a greater 
extent in the BoNT/A groups compared with pla-
cebo at all post-treatment visits.

Two years later, Schurch and colleagues evalu-
ated the effects of BoNT/A detrusor injection on 
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health-related quality of life in 59 patients (SCI, 
n = 53; MS, n = 6) using the Incontinence 
Quality of Life questionnaire (I-QOL) [Scurch 
et al. 2007]. The study was a randomized, dou-
ble-blind, multicenter, placebo-controlled trial 
and demonstrated a significant I-QOL score 
increase from screening with BoNT/A 300 U 
and 200 U compared with placebo at all-time 
points (p < 0.05). The result of this study indi-
cated that BoNT/A is an effective and well-toler-
ated treatment for improving the health-related 
quality of life for patients.

Another randomized, double-blind, multicenter 
trial detailed the efficacy of BoNT/A injection for 
NDO and UI in 57 patients with SCI and MS 
[Herschorn et al. 2011]. Despite current antimus-
carinic treatment, patients were randomized to 
BoNT/A 300 U (n = 28) or saline placebo (n = 29) 
via cystoscopic injection at 30 injection sites, 
sparing the trigone. Patient response to treatment 
was assessed using daily UI (the primary end 
point) frequency on 3-day voiding diary, the 
International Consultation on Incontinence 
Questionnaire (ICIQ), the urinary I-QOL and 
urodynamics at week 6. At week 36 all patients 
were offered open-label BoNT/A 300 U. A signifi-
cantly lower mean daily frequency of UI was 
observed in the BoNT/A group compared with 
the placebo group at weeks 6 (p < 0.0001), 24  
(p = 0.0007) and 36 (p = 0.0112). In addition, 
urodynamic parameters showed significant differ-
ences between BoNT/A and placebo in median 
reflex detrusor volume at first contraction at week 
6 (p = 0.0026), maximum detrusor pressure dur-
ing filling at weeks 6, 24 and 36 (p ≤ 0.08) and in 
maximum cystometric capacity at weeks 6 and 24 
(p ≤ 0.031). Assessment using ICIQ revealed sig-
nificantly more favorable scores for BoNT/A than 
for placebo in frequency and urine leakage at 
weeks 6 and 24. After open-label injection similar 
improvements were seen in patients previously 
randomized.

Similarly, Cruz and colleagues reported success-
ful results of BoNT/A for NDO of a multicenter, 
randomized, double-blind, placebo-controlled 
phase III clinical trial [Cruz et al. 2011]. Patients 
with urge incontinence and NDO due to MS (n = 
154) or SCI (n = 121) were recruited. Patients 
received intradetrusor injections of BoNT/A 200 
U (n = 92), 300 U (n = 91) or placebo (n = 92). 
The injection of 200 and 300 U BoNT/A signifi-
cantly reduced urge incontinence episodes  
(p < 0.01) compared with placebo at week 6. 

Improvements in MBC, MDP and I-QOL at 
week 6 were significantly greater with both 
BoNT/A doses than with placebo (p < 0.001). No 
differences in results were observed in MS and 
SCI populations. The effectiveness of the therapy 
was significantly longer (7 months) compared 
with placebo (p < 0.001). A significant increase in 
post-void residual volume was observed in 
patients not using clean intermittent catheteriza-
tion (CIC) prior to treatment, and 12%, 30% and 
42% of patients in the placebo, 200-U and 300-U 
groups, respectively, initiated CIC post-treat-
ment. No systematic side effects were observed.

Another recent multicenter, double-blind, rand-
omized, placebo-controlled phase III clinical trial 
by Ginsberg and colleagues reported the signifi-
cant benefit of BoNT/A (200 and 300 U) com-
pared with placebo in patients with NDO and UI 
due to MS and SCI [Ginsberg et al. 2012]. The 
three groups consisted of placebo (n = 149),  
200 U BoNT/A (n = 135) and 300 U BoNT/A  
(n = 132). Patients were followed up for 52 weeks. 
In both BoNT/A groups, mean UI as well as 
MBC, MDP and I-QOL improved significantly 
compared with the placebo group (p < 0.001). 
Median time to patient retreatment request was 
greater for BoNT/A than for placebo (8.5 versus 3 
months). No significant differences were observed 
between the results of the two BoNT/A groups. 
The risk of CIC due to urinary retention ascended 
with high doses of BoNT/A. However, CIC 
should always be considered in neurogenic 
patients treated with BoNT/A, especially when 
high doses are used [Karsenty et al. 2008; Kuo, 
2006].

Until now there have been only a few studies eval-
uating the long-term effects of repeated BoNT/A 
injection on bladder function. The effect of 
BoNT/A treatment on clinical outcome and uro-
dynamic parameters and quality of life was stud-
ied regarding repeated BoNT/A injections (at 
least five, injection interval ranging from 6.6 to 
14.9 months) [Reitz et  al. 2007; Game et  al. 
2010]. Pannek and colleagues reported long-term 
efficacy, with 74% avoiding major surgical proce-
dures and suggestions of a decreased detrusor 
strength due to repeated BoNT/A injections 
[Pannek et al. 2010].

Concerning long-term efficacy and safety of 
repeat BoNT/A injections in patients with UI due 
to neurogenic (MS and SCI) DO, recently 
Kennelly and colleagues presented an interim 
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analysis of 387 patients (SCI, 200 U n = 83,  
300 U n = 74; MS, 200 U n = 119, 300 U n =111) 
focusing on the results of repeated treatment for 
up to five treatment cycles [Kennelly et al. 2012]. 
Of these patients, 387, 336, 241, 113 and 46 
patients received one, two, three, four and five 
BoNT/A treatments, respectively. Patients 
received repeat treatment if the treatment criteria 
(minimum of 12 weeks since the previous injec-
tion, ≥1 UI episode within 3 days) had been ful-
filled. Episodes of UI/week were significantly 
decreased at week 6. The decreases from baseline 
were −22.7, −23.3, −23.1, −25.3 and −31.9 
regarding 200 U BoNT/A and −23.8, −25.0, 
−23.6, −24.1 and −29.5 regarding 300 U BoNT/A 
in cycles 1–5, respectively. The proportion of dry 
(100% reduction) patients ranged from 36% to 
55%. The time to patients request for repeat treat-
ment over cycles 1 and 2 remained consistent 
(~36 weeks). Because the long-term study is 
ongoing, several patients in treatment cycles 3–5 
had not yet requested or received their next treat-
ment. However, a trend toward a slight reduction 
in time to patients’ request for repeat treatment 
was observed.

Despite the fact that more than 80% of the 
patients were satisfied or very satisfied with the 
BoNT/A effect [Kessler et al. 2005], the individ-
ual indication and the temporally limited effec-
tiveness of BoNT/A should be considered 
carefully. However, nuances on dosage, interval 
between injection, injection technique, injection 
localization, as well as different impact between 
gender and diseases, are still not completely 
understood. Further investigations are warranted 
in larger placebo-controlled, randomized studies.

Injection technique
Intravesical BoNT/A injection can be performed 
using a rigid or flexible cystoscope under general, 
spinal, local or without any anesthesia. The man-
ner of anesthesia and cystoscopy depends on the 
patient status and the institution preferences. The 
injection should be gently given into the detrusor 
muscle. Penetration of the bladder wall and an 
injection into the perivesical tissues should be 
avoided.

In the first report of intravesical BoNT/A, the 
investigators injected directly into the detrusor 
muscle at 30 injecting sites, avoiding the trigone 
[Schurch et al. 2000a]. The majority of published 
data are based on similar injection techniques; 

only the number of injection sites varies, from 10 
to 50 [Karsenty et al. 2008; Rapp et al. 2007]. The 
decision to avoid the trigone was multifactorial, 
including a desire to avoid inducing reflux to the 
upper tract. In addition, it was believed that injec-
tion of the dense trigone innervation from both 
sensory, adrenergic and noncholinergic pathways 
might complicate the efficacy analysis of a cholin-
ergic blockade [Rapp et  al. 2007]. Two studies 
reported successful outcomes utilizing a BoNT/A 
injection with trigone inclusion [Smith et al. 2005; 
Rackley et  al. 2005], but no direct comparison 
was made with patients receiving trigone-sparing 
injections.

Lucioni and colleagues investigated the benefit of 
trigone inclusion during BoNT/A injection 
[Lucioni et al. 2006]. A total of 40 patients with 
NDO refractory to anticholinergic treatment 
underwent trigone or trigone-sparing injection of 
BoNT/A (300 U). No difference between the 
treatment arms was found.

In contrast, the results of Abdel-Meguid from a 
randomized, prospective study, which evaluated 
the results of 300 U BoNT/A injection exclud-
ing the trigone versus 200 U BoNT/A into the 
bladder wall and further 100 U BoNT/A into 
the trigone showed significant differences in 
complete dryness in favor of the trigone injec-
tion [Abdel-Meguid, 2010]. Despite these  
findings, further investigation is needed to 
determine whether trigone injection is associ-
ated with improved urodynamic outcomes or 
may be more appropriately used in neurogenic 
or non-neurogenic patients.

Safety
Nearly all studies reported an excellent safety 
profile of BoNT/A intradetrusor injection. The 
main reported adverse events were either tran-
sient or easily manageable (i.e. mild hematuria, 
injection site pain, urinary tract infection) or, 
especially in NDO, anticipated and intended (i.e. 
urinary retention) [Apostolidis et  al. 2009; 
Karsenty et al. 2008; Shaban and Drake, 2008]. 
Urinary tract infections have been reported 
between 2% and 32% of patients treated, and are 
usually associated with a large post-void residual 
urine volume [Karsenty et al. 2008]. On the other 
hand Game and colleagues reported that BoNT/A 
treatment reduced the incidence of symptomatic 
urinary tract infection in neurogenic bladder 
patients by 88% [Game et  al. 2008]. However, 
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some studies report general muscle weakness 
after intradetrusor BoNT/A injections, suggesting 
leakage of BoNT/A into the blood circulation [De 
Laet and Wyndaele, 2005]. Grosse and colleagues 
documented four patients suffering from brief 
muscle weakness after BoNT/A with symptoms 
lasting 2–8 weeks [Grosse et al. 2005]. Concerning 
repeated intradetrusor BoNT/A injections, Reitz 
and colleagues investigated the safety and valua-
ble treatment option for NDO over a period of 
several years [Reitz et al. 2007]. The patients (n = 
20; SCI, n = 18; MS, n = 2) received at least five 
intravesical BoNT/A injections. No toxin-related 
side effects were observed after the first and 
repeated injections. Clinical and urodynamic 
parameters improved significantly after the first 
injection and remained constant after repeat 
injections. Finally, manipulations of the lower uri-
nary tract always include an increased risk of 
autonomic dysreflexia in SCI patients with lesions 
at or above Th6 [Apostolidis et al. 2009].

Conclusion
In selected patients with NDO, BoNT/A injection 
offers an important therapeutic alternative to 
antimuscarinics treatment or healthcare. BoNT/A 
decreases not only the overactivity, but also 
improves quality of life. The improvement of 
injection dose and techniques over the last decade 
have considerably reduced failure as well as 
adverse events and have made BoNT/A an effec-
tive, minimally invasive treatment for NDO. But 
still further studies are required to assess the 
durability and quality of BoNT/A and to further 
optimize dose, technique, injection sites as well as 
intervals of retreatment corresponding to any 
neurogenic or non-neurogenic LUTD.
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