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Bladder dysfunction in multiple sclerosis (MS) can be socially disabling, have negative psychological 
and economic consequences, and impair patients’ quality of life. Knowledge of the functional anatomy 
and physiology of the urinary tract is essential to understand the symptoms associated with central 
nervous system lesions and the pharmacotherapies used to treat them. Treatments for neurogenic 
detrusor overactivity (NDO) have consisted mainly of administration of anticholinergic drugs, which 
have been shown to provide suboptimal clinical benefits and be poorly tolerated. The US Food and 
Drug Administration (FDA) approval of intravesicular botulinum toxin therapy provides a second-
line option for MS patients with NDO not responsive to anticholinergic drugs. We performed a review 
of key literature pertaining to the intravesicular application of botulinum toxin. In the management 
of NDO, administration of intravesicular botulinum toxin using clean intermittent catheterization 
decreases the incidence of urinary tract infections, promotes urinary continence, and improves qual-
ity of life for 9 months after a single injection; moreover, those benefits are maintained with repeated 
injections over time. Int J MS Care. 2013;15:66–72. 

Multiple sclerosis (MS) is an inflammatory 
disorder of the central nervous system that 
affects over 400,000 people in North Amer-

ica and 2.1 million worldwide. Bladder dysfunction in 
MS can be socially disabling, have negative psychological 
and economic consequences, and impair patients’ qual-
ity of life.1 Urinary incontinence is viewed by many 
people with MS as being their worst symptom.2 Urinary 
symptoms have been found to be severe enough to pre-
vent 19% of MS patients from leaving their home and 
15% from attending social functions.3 Urinary symp-
toms have been reported to occur in approximately 75% 
of people with MS4 and to appear on average 6 years 

after the onset of the disease.5 Bladder dysfunction also 
poses a threat to the upper urinary tract. Proper identi-
fication of bladder dysfunction and associated problems, 
combined with appropriate management to prevent 
upper-tract complications, results in improved quality of 
life and is therefore essential to the comprehensive care 
of MS patients.

Functional Anatomy of the Urinary Tract
The complete urinary tract includes the kidneys 

and the extrarenal excretory passages, consisting of the 
ureters, the urinary bladder, and the urethra. The tran-
sitional epithelial tissue lining the renal pelvis, ureters, 
bladder, and part of the urethra is the urothelium. The 
primary functions of the urinary tract are the production 
of urine, its storage, and its excretion from the body. 
To accomplish these functions, the urothelium must 
be compliant to accommodate increasing volumes of 
urine during storage, as well as contractile in order to 
expel the urine during micturition. The urothelium is 
therefore made up of a luminal transitional epithelium 
able to expand as needed during urine storage, and a 
deeper muscular layer able to contract during micturi-
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ated via the pelvic splanchnic nerve and originates from 
S2 to S4 in the spinal cord. Somatic input to the distal 
urethral sphincter originates from the anterior horn of 
S2 to S4 in the Onuf nucleus and is mediated via the 
pudendal nerve. General visceral afferent (GVA) fibers 
are part of the autonomic nervous system (ANS), arise 
from the bladder, are especially dense in the trigone, 
monitor minute pressure and stretch changes in the uro-
thelium, and carry sensory impulses to the sacral mictu-
rition center (SMC) and on to the periaqueductal gray, 
pontine micturition center, and cerebral cortex. The fre-
quency of these impulses increases as the intravesicular 
volume and associated intravesicular pressure increase. 
At low volume, the reflex of micturition can be ignored 
and continence can be maintained voluntarily via con-
striction of the external sphincter by somatic input. 
Once the frequency of the afferent sensory impulses 
crosses a threshold, micturition becomes necessary.

While the internal sphincter remains tonic under 
sympathetic input during the filling phase, the mainte-
nance of this tone is reversed and the internal sphincter 
is allowed to relax under parasympathetic input when 
micturition is needed. The detrusor muscle is relaxed 
under sympathetic input during the filling phase and 
contracts under parasympathetic input during micturi-
tion. The explanation of why the detrusor and the inter-
nal sphincter react in opposite fashion to input from 
the sympathetic and parasympathetic systems is simple. 
The detrusor, in addition to several subtypes of musca-
rinic cholinergic receptors, also contains beta-adrenergic 
catecholamine receptors. The internal sphincter also 
contains catecholamine receptors but of the alpha-adren-
ergic subtype. In the presence of catecholamines (epi-
nephrine or norepinephrine), beta-adrenergic receptors 
trigger relaxation while alpha-adrenergic receptors trig-
ger contraction, thus explaining the opposing responses 
found in the detrusor and the internal sphincter dur-
ing sympathetic input. The external urethral sphincter 
is under somatic control and contracts voluntarily to 
occlude the urethra and provide continence until mictu-
rition can be conveniently initiated.

Nervous System Lesions and Associated 
Bladder Dysfunctions

Any central nervous system lesions above the SMC 
(S2-S4 cord level) will result in upper motor neuron 
bladder and lead to small hyperreflexic, overactive blad-
der and failure to store (Table 1). Lower motor neuron 
bladder will result from complete destruction of the 
SMC or lesions of the conus medullaris, cauda equina, 

tion. The transitional epithelium consists of five or six 
layers of polyploid cells. This arrangement provides 
the necessary compliance, as the initially cuboidal cells 
become squamous with stretching of the bladder wall 
during the filling phase. Deeper yet are the subepithelial 
connective tissue and the muscularis propria, which is 
composed of inner longitudinal and outer circular lay-
ers of smooth muscle. During peristalsis, the circular 
smooth muscle contracts to prevent retropulsion of 
urine; this is followed by contraction of the longitudinal 
smooth muscle to propel the urine unilaterally toward 
the bladder in the case of pyeloureteral peristalsis, and 
toward the urethral opening in the case of urethral 
peristalsis. The area between the two ureteral openings 
and the urethral opening is called the trigone. There are 
two sphincters surrounding the urethra. Proximally, at 
the junction between the bladder and the urethra is the 
internal sphincter, which consists of vertically oriented 
fibers of smooth muscle that provide the primary, and 
involuntary, prevention of urine leakage. Distally along 
the urethra, past the prostate gland in males, is the exter-
nal sphincter, which consists of circular fibers of striated 
muscle encircling the urethra that provide secondary, 
and voluntary, prevention of urine leakage. Deep to the 
transitional epithelium in the bladder is the detrusor 
muscle, a smooth muscle that exerts the contraction nec-
essary for bladder emptying during micturition.

Innervation of the Urinary Tract and 
Physiology of Micturition

The functions of storing and emptying are controlled 
by the sympathetic and parasympathetic nervous sys-
tems, respectively (Figure 1). Sympathetic input is medi-
ated via the hypogastric nerve and originates from T10 
to L2 in the spinal cord. Parasympathetic input is medi-
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conjunctivitis sicca, and ciliary muscle paralysis leading 
to mydriasis and cycloplegia. Reduced motility and 
secretion in the gastrointestinal system may also be seen 
and can lead to halitosis, dental caries, and constipation. 
An important adverse effect of anticholinergic therapy 
to consider in MS patients is decreased sweating, which 
prevents cooling and exacerbates overheating in patients 
already suffering from heat intolerance. Moreover, in 
a thorough review of 33 randomized controlled stud-
ies, Nicholas and associates9 concluded that the use of 
anticholinergics in MS could not be advocated from 
the evidence. Another study showed that 10% to 15% 
of patients have no response or cease anticholinergic 
treatment deliberately because of various side effects or 
inadequate efficacy.10 Two comprehensive Cochrane 
reviews showed that up to 30% of patients treated with 
anticholinergic medications cease to utilize them because 
of either poor efficacy or intolerable side effects.11

Botulinum Toxin: Background and 
Mechanism of Action

When anticholinergic medications fail to prove 
efficacious, the next option is the neutralization of the 
detrusor muscle with transient paresis from intradetrusor 
injections of botulinum toxin. Botulinum neurotoxin is 
secreted by Clostridium botulinum, a gram-negative, rod-
shaped, obligate anaerobe,12 spore-forming bacterium 
that secretes seven different serotypes of botulinum toxin 
labeled A, B, C, D, E, F, and G.12,13 These different 
serotypes are antigenically dissimilar, utilize comparable 
but distinct modes of action, and are not interchange-
able.12 Only serotypes A and B are being used in the 
clinical setting. Of the several forms of botulinum toxin 
available commercially, only onabotulinumtoxinA, mar-
keted under the brand name Botox (Allergan, Irvine, 
CA), and abobotulinumtoxinA, marketed under the 
brand name Dysport (Ipsen Biotech, Paris, France), have 

or peripheral nerves to the bladder and will lead to an 
areflexic detrusor, a large hypotonic bladder, a tight and 
competent internal sphincter, and failure to empty. In 
MS, cord lesions above S2 are quite frequent, while cord 
lesions below S2 are more rare. These relative incidences 
are due to locational opportunity, as the majority of 
the cord lies above S2 and is therefore more likely to be 
affected. In fact, the majority of people with MS have 
cervical cord lesions6 while less than 20% have sacral 
lesions on autopsy.7 Urinary urgency, frequency, and 
incontinence are therefore more common than urinary 
retention in people with MS.8 Another type of dysfunc-
tion is a combination of both upper and lower motor 
lesions called detrusor-sphincter dyssynergia (DSD), 
which leads to mixed symptoms.1

Neurogenic Detrusor Overactivity
Neurogenic detrusor overactivity (NDO) refers to a 

hyperreflexic, overactive detrusor muscle from a neuro-
genic etiology. Detrusor hyperreflexia is an upper motor 
neuron syndrome that leads to brisk detrusor responses 
to low-frequency sensory input from the GVA fibers and 
occurs at low intravesicular volumes. Overactivity results 
in unregulated sporadic contractions of the detrusor 
muscle that lead to increases in intravesicular pressure, 
causing urgency, frequency, and incontinence.

Primary management of NDO should incorporate 
behavioral approaches such as increasing the frequency 
of micturition, limiting fluid intake in the evening, lim-
iting intake of diuretics1 including caffeine and alcohol, 
and using absorbent undergarments and bed pads. Next 
in the management of this condition are pharmaco-
logic approaches. Anticholinergic medications can be 
tried, as they theoretically decrease the detrusor muscle 
activation by antagonizing the cholinergic muscarinic 
receptors. These agents are available both orally and 
transdermally, are nonspecific, and can lead to systemic 
anticholinergic effects including xeropthalmia, kerato-

Table 1. Nervous system lesions and associated bladder dysfunctions
Lesion location Type of lesion Physiological consequence Symptoms

Suprasacral Upper motor neuron Hyperreflexic detrusor and small 
hypertonic bladder

Failure to store: urinary frequency, 
urgency, and incontinence

Sacral and infrasacral Lower motor neuron Areflexic detrusor, large hypotonic 
bladder, and tight competent 
internal sphincter

Failure to empty: urinary hesitancy and 
retention

Suprasacral, sacral, and 
infrasacral

Combination of upper 
and motor neuron 
syndrome

Detrusor-sphincter dyssynergia Failure to empty: prolonged voiding, 
hesitancy, and overflow incontinence 
with recurrent UTIs

Abbreviation: UTI, urinary tract infection.
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tinence received 200 units, and it was concluded that 
300 units of onabotulinumtoxinA seemed necessary to 
counteract an overactive detrusor.16 In 2004, a much 
larger study by Reitz and colleagues18 including 231 
patients with NDO treated with 300 units of onabotu-
linumtoxinA into the detrusor showed similar benefits 
over the same period of time. The cost-effectiveness of 
this therapy was evaluated by Kalsi and colleagues19 in 
a study including 101 patients with urodynamically 
proven detrusor overactivity. It was determined that 
82% of patients showed at least 25% improvement in at 
least two parameters among urinary frequency, urgency, 
urgency incontinence episodes, maximum cystometric 
capacity, and maximum detrusor pressure at the 4-week 
follow-up and 65% of patients continued to show at 
least 25% improvement after 16 weeks. The largest cost 
components were the operating room time and pre-
procedure urodynamics. It was concluded that intrade-
trusor onabotulinumtoxinA is a cost-effective treatment 
for overactive bladder. In 2008, Giannantoni and col-
leagues20 echoed the fact that the remarkable quality of 
life improvement justified the cost of the procedure. In 
2007, Ehren and colleagues21 demonstrated improved 
quality of life after treatment with 500 units of intrade-
trusor abobotulinumtoxinA in 31 patients with NDO 
and incontinence in a double-blind placebo-controlled 
study. The improvements in quality of life and conti-
nence were significant at 26 weeks after treatment.

In 2008, Gamé and colleagues22 studied the inci-
dence of symptomatic urinary tract infections (UTIs) 6 
months before and 6 months after intradetrusor injec-
tion of 300 units of onabotulinumtoxinA in 30 patients 
with NDO refractory to anticholinergic therapy and 
using CIC. A significant reduction in the incidence of 
symptomatic UTIs after onabotulinumtoxinA treatment 
was observed in patients using CIC as a means of empty-
ing their bladder.

While the benefits of botulinum toxin type A were 
found to last up to 9 months, repeat treatment is neces-
sary for the benefits to be prolonged. Grosse and col-
leagues23 studied the efficacy of repeat injections for 
the management of recurrent symptoms in 66 patients, 
between 9 and 11 months from an initial injection. 
The study showed that repeat injections of botulinum 
toxin type A were as effective as the first one. Contin-
ued efficacy of onabotulinumtoxinA was also seen in 17 
patients with refractory NDO after 6 years of repeated 
treatment.20 That study showed a sustained decrease in 
the frequency of incontinence, and 88% of patients were 

been evaluated for use in the detrusor muscle for the 
management of NDO.

Botulinum toxin is a polypeptide consisting of a 
heavy chain (100 kDa) and a light chain (50 kDa) held 
together by a disulfide bond. Once introduced near 
the synaptic cleft, the toxin is endocytosed in a vesicle 
within the terminal bouton.12,13 Once inside the vesicle, 
the two chains separate. The heavy chain remains inside 
the bouton while the light chain, a protease,12,14 trav-
els through the vesicular membrane, where, depend-
ing on its serotype, it proteolytically cleaves different 
soluble N-ethylmaleimide attachment receptor proteins 
essential for exocytosis (SNARE proteins).12-14 SNARE 
proteins are docking proteins essential for the fusion of 
the vesicular membrane with the plasmalemma. There 
are three different SNARE proteins in the synaptic 
cleft. Synaptobrevin, also known as vesicle-associated 
membrane protein (VAMP), is attached to the vesicular 
membrane, and syntaxin and synaptosomal-associated 
protein of 25 kDa (SNAP25)15 are both attached to the 
plasmalemma. Upon arrival of an action potential in the 
terminal bouton, calcium enters the presynaptic terminal 
and triggers the three SNARE proteins to form a stable 
multimeric SNARE complex that results in the fusion 
of the vesicular membrane with the plasmalemma, thus 
allowing for the acetylcholine contained in the vesicles 
to be exocytosed in the synaptic cleft,12 where it binds 
with muscarinic receptors and causes, in the case of the 
bladder, contraction of the detrusor muscle. Serotypes 
B, D, F, and G proteolytically cleave VAMP. Serotypes 
A, C, and E proteolytically cleave SNAP25, and serotype 
C also cleaves syntaxin.13,14 The cleavage of any of the 
SNARE proteins will effectively prevent formation of 
the SNARE complex and subsequent exocytosis of ace-
tylcholine into the synaptic cleft.13

Application of Botulinum Toxin Type A in 
the Management of NDO

In 2000, Schurch and colleagues16,17 introduced and 
demonstrated the safety and efficacy of intradetrusor 
onabotulinumtoxinA injections in the management 
of NDO and incontinence refractory to high-dose 
anticholinergic therapy in 19 patients with spinal 
cord injuries and severe detrusor hyperreflexia. All 19 
patients used clean intermittent catheterization (CIC) 
as a means of bladder emptying.16 The benefits of ona-
botulinumtoxinA included a significant improvement 
in continence, patient satisfaction, and urodynamic 
parameters at up to 9-month follow-up. It was noted 
that the only two patients who did not achieve full con-
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The combined group showed a statistically significant 
improvement over the detrusor-only group with respect 
to reduction of episodes of incontinence, complete dry-
ness, and urodynamic parameters at 4 weeks. The ben-
efits of trigone inclusion lasted up to 18 weeks, at which 
point the use of anticholinergic medication was reduced 
by more than half in the combined group compared 
with the detrusor-only group.24

Optimal dosage of intravesicular onabotulinum-
toxinA for the management of NDO was recently exam-
ined in a study that included 275 patients with refrac-
tory NDO.31 Patients were divided into three treatment 
groups: the first group underwent treatment with 300 
units of onabotulinumtoxinA into the detrusor sparing 
the trigone, the second group underwent treatment with 
200 units of onabotulinumtoxinA, and the third group 
received placebo. Endpoints included the rates of full 
continence, the number of episodes of urinary inconti-
nence, quality of life, and urodynamic parameters. The 
rates of full continence and the number of episodes of 
incontinence were improved in both onabotulinumtox- 
inA groups over the placebo group. Quality of life as well 
as urodynamic parameters were also improved in both 
onabotulinumtoxinA groups to a similar degree over 
placebo. There was no distinct gain in benefits between 
the 200-unit and 300-unit onabotulinumtoxinA groups. 
Evaluation of adverse events showed an increase in the 
likelihood of having to use CIC and an increase in the 
incidence of UTIs in both treatment groups, but to a 
greater degree in the 300-unit group. Overall, it was 
concluded that 200 units of onabotulinumtoxinA pro-
vided the best benefit–to–adverse events ratio.31

Intravesicular Electromotive Drug 
Treatments for NDO

The application of botulinum toxin into the detru-
sor requires the insertion of a cystoscope in the urethra 
and the bladder. Depending on whether or not the 
patient has preserved sensation, some level of anesthesia 
is usually needed. This can be achieved by a variety of 
techniques ranging from simple intravesicular lidocaine 
injections to general anesthesia.

Another mode of anesthetic drug administration, 
electromotive drug administration (EMDA) of lido-
caine, epinephrine, and dexamethasone, was examined 
in 84 patients with urge syndrome and urodynamically 
proven idiopathic detrusor overactivity.32 This treat-
ment improved urodynamic parameters, quality of life, 
and pad usage.32 Comparison of the effect of lidocaine 
application via injections versus electromotive admin-

still fully continent at 6 years. Quality of life remained 
improved throughout the duration of the study, and 
the 11 cases of renal pelvis dilatation and the 3 cases of 
vesicoureteral reflux that had been noted before treat-
ment were no longer seen after the 6-year period. It was 
concluded that onabotulinumtoxinA intravesicular treat-
ment controls detrusor overactivity and urinary incon-
tinence and preserves upper urinary tract function over 
a 6-year follow-up.20 Another study also demonstrated 
persistence of urodynamic and clinical benefits after 5 
repetitive intradetrusor botulinum toxin A treatments in 
patients with NDO.18

For unclear reasons, the trigone has been excluded 
as an injection site for botulinum toxin since the imple-
mentation of this therapy. The trigone, as previously 
described, is rich in GVA fibers, and its muscle fibers 
are thought to be the place where the initial detrusor 
contraction occurs before spreading to the rest of the 
detrusor around the bladder.24 Suburothelium cells have 
been shown to be electrically active,25 and while they do 
not play an obvious role as a pacemaker,26 their extensive 
linkage by gap junctions27 may enable them to act in 
concert as an “electrical syncytium” to amplify excit-
atory effect.28 Kumar and colleagues28 further explained 
that the urothelium/suburothelium played a key role 
in mechanosensory transduction in that there may be 
a release of neurotransmitters in these compartments 
in response to stretch, to modulate the reflex afferent 
nerves.

Additional mechanisms and therapeutic applications 
of botulinum toxin A have been recently proposed.29 
Apostolidis and colleagues30 found that botulinum 
toxin leads to central desensitization through a decrease 
in central uptake of neurotrophic factors and leads to 
inhibition of afferent mechanisms. Therefore, botuli-
num toxin injections in the trigone not only could lead 
to inhibition of the GVA fibers affecting the overactive 
reflex of micturition with low intravesicular volumes but 
also could modulate the onset and propagation of the 
detrusor contraction in NDO.

Abdel-Meguid24 studied the effect of including rather 
than excluding the trigone as an injection site for ona-
botulinumtoxinA in 36 patients with refractory NDO 
divided into two groups. The first group received 300 
units of onabotulinumtoxinA divided into 30 injection 
sites in the detrusor, sparing the trigone. The second 
group, labeled the combined group, underwent injec-
tion of 200 units of onabotulinumtoxinA in the detrusor 
and 100 units of onabotulinumtoxinA in the trigone. 
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linumtoxinA.31,37 It is important to note that these cases 
involved large doses of botulinum toxin A and that no 
report of weakness was noted at doses of 200 units of 
onabotulinumtoxinA or 750 units of abobotulinum-
toxinA. As far as we are aware, no event of generalized 
weakness after intradetrusor botulinum toxin treatment 
has been reported in the MS population.

Why Does the Benefit of Botulinum Toxin 
Go Away with Time?

Botulinum toxin permanently disables the SNARE 
protein it cleaves, but its clinical effects have lim-
ited duration. In the detrusor, the duration of the ben-
efits extends to 9 months. The reason for the symptom 
relapse is resprouting, in which new nerve terminals are 
created to compensate for the loss of old ones. Detrusor 
biopsies following botulinum toxin injections showed 
no resprouting in four of four cases after 3 months but 
significant resprouting in three of seven biopsies at a 
mean follow-up of 8.8 months.38 This correlates with 
the commonly seen persistence of benefits at 9 months 
with intradetrusor injections.16,18

Conclusion
Neurogenic detrusor overactivity is a common diag-

nosis encountered in people with MS. Its social impact 
is greater than that of any other complication associ-
ated with MS.2 The use of anticholinergic therapies is a 
good first-line treatment approach but unfortunately is 
either inefficacious or poorly tolerated in up to 30% of 
patients.11 A second-line therapy now exists for those 
suffering from NDO who are refractory to anticho-
linergic therapy. Botulinum toxin application into the 

istration on pain scores during subsequent botulinum 
toxin injections indicated that electromotive lidocaine 
administration was associated with a significant decrease 
in the pain score and ensured painless application of 
botulinum toxin in patients with preserved sensation.33 
This concept of electromotive drug administration was 
later applied to botulinum toxin to evaluate whether 
electromotively driven botulinum toxin application 
was effective in rabbits.34 Compared with injections, 
electromotive lidocaine administration resulted in more 
uniform and homogeneous botulinum spread through-
out the urothelium on immunohistologic staining.34 
This application was then tested by the same authors in 
15 children with refractory NDO and preserved bladder 
sensation.35 The electromotive administration of botuli-
num toxin led to significant improvements in terms of 
urodynamic parameters, severity of incontinence, and 
grade of vesicoureteral reflux.35 It was concluded that 
electromotive botulinum toxin type A administration is 
a feasible, efficacious, and safe method with no need for 
anesthesia.

Possible Complications of Botulinum Toxin
Application of botulinum toxin into the detrusor will 

weaken the detrusor and lead to bladder paresis, which 
is the goal of the procedure. It may therefore lead to 
urinary retention and increased postvoid residual (PVR) 
volume. In turn, PVRs over 50 mL will increase the risk 
of UTIs. In patients not using CIC as a means of blad-
der emptying after botulinum toxin treatment, the inci-
dence of UTIs was found to be increased. Conversely, 
those using CIC had a lower incidence of UTIs.22

Another possible complication is systemic spread of 
the toxin. It is assumed that a small fraction of the toxin 
will travel distally from the area of therapeutic admin-
istration. In the great majority of cases, this systemic 
spread will not be symptomatic. This spread will be 
noticeable, however, in the few patients in need of all of 
their strength to be able to independently carry out their 
activities of daily living. Weakness after botulinum toxin 
injection in the detrusor has been reported in five spinal 
cord–injured patients. Two of them, a woman with 
paraplegia and a woman with tetraplegia, suffered from 
transient generalized weakness after receiving 1500 units 
of abobotulinumtoxinA, which corresponds to approxi-
mately 500 units of onabotulinumtoxinA.36,37 The three 
other cases included two men with tetraplegia and one 
woman with paraplegia who suffered from transient 
weakness that negatively interfered with their ability to 
carry out transfers after receiving 300 units of onabotu-

PracticePoints
•	Bladder dysfunction in MS can be socially dis-

abling, have negative psychological and eco-
nomic consequences, and impair patients’ qual-
ity of life.

•	Treatments for neurogenic detrusor overactivity 
(NDO) have consisted mainly of administration 
of anticholinergic drugs, which have been shown 
to provide suboptimal clinical benefits and be 
poorly tolerated.

•	The introduction of botulinum neurotoxin for 
the management of NDO offers a cost-effective 
second-line treatment method that controls NDO 
symptoms and improves quality of life in MS 
patients.
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science for overactive bladder. Curr Opin Urol. 2005;15:222–226.

29.	Chapple C, Patel A: Botulinum toxin—new mechanisms, new therapeu-
tic directions? Eur Urol. 2006;49:606–608.

30.	Apostolidis A, DasGupta P, Fowler CJ. Proposed mechanism for the 
efficacy of injected botulinum toxin in treatment of human detrusor 
overactivity. Eur Urol. 2006;49:644–650.

31.	Herschorn S, Gajweski J, Ethans K, et al. Efficacy of botulinum 
toxin A injections for neurogenic detrusor overactivity and urinary 
incontinence: a randomized, double-blind trial. J Urol. 2011;185: 
2229–2235.

32.	Bach P, Wormland RT, Möhring C, et al. Electromotive drug-adminis-
tration: a pilot study for minimal-invasive treatment of therapy-resistant 
idiopathic detrusor overactivity. Neurourol Urodynam. 2009;28: 
209–213.

33.	Schurch B, Reitz A, Tenti G. Electromotive drug administration of lido-
caine to anesthetize the bladder before botulinum-A toxin injections 
into the detrusor. Spinal Cord. 2004;42:338–341.

34.	Kajbafzadeh AK, Montaser-Kouhsari L, Ahmadi H. Intravesical elec-
tromotive botulinum toxin type A administration: Part I—experimental 
study. J Urol. 2011;77:1460–1464.

35.	Kajbafzadeh AK, Montaser-Kouhsari L, Ahmadi H, et al. Intravesical 
electromotive botulinum toxin type A administration: Part II—clinical 
application. J Urol. 2011;77:439–445.

36.	Ruffion A, Capelle O, Paparel P, et al. What is the optimum dose of 
type A botulinum toxin for treating neurogenic bladder overactivity? 
BJU Int. 2006;97:1030–1034.

37.	Wyndaele JJ, Van Dromme SA. Muscular weakness as side effect of 
botulinum toxin injection for neurogenic detrusor overactivity. Spinal 
Cord. 2002;40:599–600.

38.	Haferkamp A, Krengel U, Reitz A, et al. Are botulinum-A toxin injec-
tions into the detrusor of patients with neurogenic detrusor overactivity 
safe? ultrastructural data of detrusor biopsies. Neurourol Urodynam. 
2003;22:499–500.

detrusor has been shown to decrease the occurrence of 
incontinence, ameliorate urodynamic parameters, and 
improve quality of life for 9 months after a single injec-
tion,16,18,20,21 and these benefits are being maintained 
with repeated injections at 6 years.20,37 Botulinum toxin 
also leads to a decreased incidence of UTIs when asso-
ciated with CIC22 and protects against vesicoureteral 
reflux and associated upper urinary tract pathologies.20 
Botulinum toxin intradetrusor injections are a cost-effec-
tive way to control the symptoms of NDO.19 Currently, 
one of the largest cost components of the procedure is 
the need for anesthesia.19 Fortunately, a new method of 
administration using electromotive forces may eliminate 
the need for anesthesia in patients with preserved blad-
der sensation.34,35 o
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