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ABSTRACT
Urinary incontinence secondary to neurogenic detrusor overactivity (NDO) is a common problem in patients
with neurologic pathology. Patients with NDO are at increased risk for recurrent urinary tract infection
and renal damage, especially due to high intravesical pressures. They may also experience urinary urgency,
frequency, and incontinence, which are all factors that negatively affect quality of life. Oral antimuscarinic
agents are considered first-line pharmacologic therapy, but their use may be limited by adverse effects and
result in poor compliance and adherence. Surgical augmentation of the bladder is a rare final alternative
when other attempts to restore continence have failed. However, there are other less invasive treatment
options that are currently available or undergoing research. These options include transdermal or intravesical
administration of antimuscarinics, intravesical administration of other agents (including vanilloids and
botulinum toxins A and B), and electrical stimulation. The available alternatives have demonstrated varying
degrees of efficacy and are all minimally invasive, allowing surgery to be avoided where possible. However,
neither vanilloid nor botulinum toxin therapy is approved by the United States Food and Drug Administration
for treatment of detrusor overactivity. Treatment should always begin with the most reversible forms of
therapy and progress to more complex options.
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INTRODUCTION
Damage to supraspinal structures involved in micturition
control and/or to the spinal cord above the sacral level may
result in detrusor overactivity [1,2]. Such neurogenic detrusor
overactivity (NDO) is a common problem in patients with
neurologic pathology from a diversity of causes, including
spinal cord injury, multiple sclerosis (MS), and Parkinson’s
disease (PD) (Table 1). NDO may also occur in a significant
proportion of patients with diabetic neuropathy [3,4]. Patients
with NDO frequently experience urinary frequency, urgency,
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and incontinence. Incomplete voiding, elevated intravesical
pressure, and catheter use, which may be associated with
NDO, increase the risk for recurrent urinary tract infection
[5]. Renal damage may be a concern due to high intravesical
pressures associated with detrusor sphincter dyssynergia. In
addition, urinary urgency and incontinence are embarrassing
for patients, can result in loss of independence and/or
institutionalization, and have a significant impact on quality
of life (QOL) [6]. Therefore, effective management is crucial.
Patients with NDO represent only a small proportion of the
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Table 1. Neurologic Conditions That May Result in Urinary
Tract Dysfunction.
doi: 10.3834/uij.1944-5784.2009.12.10t1

Conditions Affecting the Brain
Cerebrovascular accident
Intracranial neoplasms
Parkinson’s disease
Dementia
Shy-Drager syndrome (multiple system atrophy)
Cerebellar ataxia
Cerebral palsy
Conditions Affecting the Spinal Cord
Spinal cord injury
Multiple sclerosis
Intervertebral disc disease
Ankylosing spondylosis
Guillain-Barré syndrome
Tabes dorsalis
Pernicious anemia
Acquired immune deficiency syndrome
Tropical spastic paraparesis
Transverse myelitis
Lyme disease
Herpes zoster
Poliomyelitis
Myelomeningocele
Tethered cord syndrome and short filum terminale
Conditions Affecting the Peripheral Nervous System
Pelvic plexus injury (pelvic surgery or pelvic trauma)
Diabetic neuropathy
Other Neuromuscular Conditions Affecting Voiding Function
Myasthenia gravis
Table 1 is reproduced with permission from Chancellor MB,
Anderson RU, Boone TB. Pharmacotherapy for neurogenic
detrusor overactivity. Am J Phys Med Rehabil. 2006;85(6):536545. Copyright 2006 Lippincott, Williams & Wilkins.
total population of patients with detrusor overactivity, which is
a urodynamic diagnosis [7]. There is a paucity of specific clinical
data on the effectiveness of therapies in patients with NDO.
Therefore, efficacy has been largely inferred from studies of
patients with nonneurogenic or idiopathic detrusor overactivity
(IDO) [7], or of patients with the symptom-based diagnosis of
overactive bladder (OAB) who may or may not have detrusor
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overactivity [8]. This approach has limitations because the
treatment goals are different between the two conditions.
The most extreme of the treatment options available for NDO
is surgical augmentation of the bladder to reduce pressure and
overactivity. This is usually the final alternative when other
attempts to restore continence have failed. In addition to the
general risks associated with any surgical intervention, bladder
surgery is a permanent procedure that commits patients to
catheterization for the rest of their lives. Therefore, less invasive
treatment options are preferable in patients with NDO for
whom first-line therapy is not successful. Many patients with
NDO use clean intermittent catheterization (CIC) to overcome
voiding dysfunction, and treatment of NDO to improve urine
retention during the bladder-filling phase in such patients is an
important goal of NDO therapy. Although no single approach
is usually perfect, it is important to achieve patient satisfaction
and avoid adverse events. The present review details minimally
invasive treatment approaches for patients with NDO.

Treatment Options
The goals of therapy for NDO are achievement of low bladder
pressures, minimization of infection risk and avoidance of
renal damage, maintenance of continence, improvement of
QOL, and support of independent living and rehabilitation [9].
Treatment options for IDO need to reduce urgency, frequency,
and urgency urinary incontinence without causing greatly
increased residual urine volume. In contrast, many patients
with NDO already need to use CIC. In these patients, retention
of urine is an important goal of treatment, with the aim of
preventing any urine leakage in between CIC.

Antimuscarinic Agents
Oral antimuscarinic (anticholinergic) agents are recognized
as safe and effective in the treatment of OAB and detrusor
overactivity [10,11]. Current guidelines recommend the use of
oral antimuscarinics as first-line pharmacologic therapy for the
management of urinary incontinence secondary to detrusor
overactivity [7,10].
Antimuscarinic agents competitively inhibit the effects of
acetylcholine (ACh) at postjunctional muscarinic receptors on
detrusor smooth muscle and on other structures in the bladder
wall or outside the bladder. The detrusor muscle contains
mainly type 2 and type 3 muscarinic receptors (M2 and M3), with
M3 receptors thought to be the most important for detrusor
contraction. The function of M2 receptors has yet to be clearly
defined, but it has been suggested that these might have an
indirect role in mediating bladder contractions by enhancing
M3-mediated effects [12,13]. The traditional view has been that
the antimuscarinics inhibit voluntary and involuntary bladder
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contractions by blocking the muscarinic receptors on the
detrusor. This especially may be the case in NDO.
ACh is released from parasympathetic efferent nerves and may
also be produced and released from nonneuronal sources,
including the urothelium. Muscarinic receptors have been
detected on the urothelium and on suburothelial interstitial cells,
and the density of these receptors is increased in patients with
clinical bladder symptoms [14]. The urothelium/suburothelium
is now thought to play a role in bladder sensory mechanisms via
activation of local afferent nerves, which monitor the volume
of the bladder and the amplitude of bladder contraction [15].
Thus, antimuscarinic agents may reduce detrusor activity and
improve bladder capacity via additional mechanisms, including
direct inhibition of bladder afferent signaling at the level of the
urothelium and suburothelium [16,17].
Six antimuscarinic agents have been approved by the United
States Food and Drug Administration (FDA) for the treatment
of OAB: darifenacin, fesoterodine, oxybutynin (in transdermal
patch, gel, and oral formulations), solifenacin, tolterodine,
and trospium chloride. The efficacy of oxybutynin, the most
widely used agent and the only agent approved for high-dose
administration, is well documented [18]. Fesoterodine is the
most recently approved antimuscarinic drug for OAB in the
United States (October 2008). Antimuscarinics must be given
at an adequate dosage to achieve a therapeutic effect, and
may be titrated until clinical improvement is achieved or druginduced side effects become problematic.
Efficacy. There is ample evidence to support the efficacy of
antimuscarinic agents for the treatment of the OAB syndrome
and ideopathic detrusor overactivity (IDO). Large, randomized,
placebo-controlled studies have demonstrated that patients
receiving these agents report significant reductions in urinary
frequency, urgency episodes, and urgency urinary incontinence
[11,19,20]. A meta-analyses of clinical trials involving over
10,000 patients evaluated antimuscarinic agents together as a
whole (including the 5 agents approved prior to 2008) versus
placebo in adult patients with OAB, a urodynamic diagnosis of
detrusor overactivity (IDO or NDO), or both [19]. Statistically
significant improvements were observed: (1) in the number of
incontinence episodes per day versus placebo (weighted mean
difference [WMD], -0.51; 95% confidence interval [CI], -0.66 to
-0.37, representing a reduction of 3 to 5 incontinence episodes
per week), and (2) in urinary frequency (WMD, -0.68; 95%
CI, -0.84 to -0.52, representing 4 to 6 fewer voids per week)
[19]. The clinical benefit of individual antimuscarinic agents
that included fesoterodine in patients with OAB was similarly
demonstrated in a meta-analysis by Chappel et al [11] and
later updated [20]. In these analyses, active treatments were
more effective than placebo for mean change in incontinence
©2009 UroToday International Journal / Vol 2 / Iss 6 / December
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episodes per day and mean change in micturition frequency per
day for all agents evaluated, except trospium chloride which
was not reported [20]. Pooled differences in mean changes
ranged from 0.4 to 1.1 incontinence episodes per day and from
0.5 to 1.3 micturitions per day [20]. Significant improvements
in health-related QOL measures also result from the use of
antimuscarinic agents [19-21].
Some differences in efficacy exist between antimuscarinic
agents, as seen in comparative studies [11,20]. These differences
may be related to variations in the occurrence of treatmentlimiting adverse events, route of administration (oral versus
transdermal), relative affinities for human muscarinic receptor
subtypes, and/or the formulation (immediate release [IR] or
extended release [ER]).
Alhasso et al [22] conducted a meta-analysis of controlled trials
of antimuscarinic agents in which at least one arm involved
nondrug active therapy such as bladder training or electrical
stimulation. Symptomatic improvement, including number
of incontinence or urgency episodes per day and frequency
of micturition, was more common among patients who
received an antimuscarinic agent (oxybutynin, tolterodine, or
propantheline) versus bladder training (risk ratio [RR], 0.73;
95% CI, 0.59-0.90), and augmenting bladder training with
antimuscarinic drug treatment improved response versus
bladder training alone (RR, 0.55; 95% CI, 0.32-0.93). It should
be noted that the analysis excluded trials that involved patients
with neuropathic bladder dysfunction.
Adverse Events. Therapy for detrusor overactivity is usually
long term, and the incidence of antimuscarinic-induced adverse
events is relatively high. Common adverse events are the
expected side effects of antimuscarinic drugs. The side effects
are from the blockade of muscarinic receptors in, for example,
the salivary gland, colon, and ciliary smooth muscle, and result
in dry mouth, constipation, and blurred vision, respectively
(Table 1) [23]. Dry mouth (4.1%-29.0%) and constipation (3.3%14.8%) were the most commonly reported adverse events
in phase III clinical studies. Most were mild to moderate in
intensity (Table 2) [24-31]. Adverse events may be less common
when newer ER or long-acting antimuscarinic preparations are
used [11].
Among the more serious potential concerns related to
antimuscarinic use is the risk of cardiac adverse effects,
particularly increases in heart rate and QT prolongation and
induction of polymorphic ventricular tachycardia (torsade de
pointes). It should be emphasized that QT prolongation and
its consequences are not related to blockade of muscarinic
receptors, but rather linked to inhibition of the hERG potassium
channel in the heart [32]. Thus, QT prolongation is not a class
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Table 2. Common Adverse Events (AE) Occurring in Patients Receiving Antimuscarinic Drugs,
Summarized from Respective Prescribing Information. doi: 10.3834/uij.1944-5784.2009.12.10t2

Drug [Prescribing Information Reference]

AE Incidence (% of Patients)

Adverse Event

Darifenacin [24] 7.5 mg/day;15 mg/day

Fesoterodine [25] 4 mg/day; 8 mg/day

Active Treatment

Placebo

Dry mouth

20.2; 35.3

8.2

Constipation

14.8; 21.3

6.2

Dyspepsia

2.7; 8.4

2.6

Dry mouth

18.8; 34.6

7.0

Constipation
Oxybutynin oral ER [26] 5–30 mg/day

Oxybutynin transdermal patch [27] 3.9 mg/day

a,b

Oxybutynin transdermal gel [28] 10%

Solifenacin ER [29] 5 mg/day; 10 mg/day
Tolterodine ER [30] 4 mg/day

Trospium chloride ER [31] 60 mg/day

4.2; 6.0

2.0

Dry mouth

61

NR

Constipation

13

NR

Somnolence

12

NR

Headache

10

NR

Diarrhea

9

NR

Nausea

9

NR

Blurred vision

8

NR

Asthenia

7

NR

Dizziness

7

NR

Pain

7

NR

Dizziness

6

NR

Dry eyes

6

NR

Rhinitis

6

NR

Urinary tract infection

5

NR

Application site pruritus

14.0–16.8

4.3–6.1

Dry mouth

4.1–9.6

1.7–8.3

Application site erythema

5.6–8.3

1.7–2.3

Dry mouth

7.5

2.8

Urinary tract infection

6.9

4.3

Application site reactions

5.4

1.0

Upper respiratory tract infection

5.4

5.0

Dry mouth

10.9; 27.6

4.2

Constipation

5.4; 13.4

2.9

Dry mouth

23

8

Constipation

6

4

Headache

6

4

Dry mouth

11.1

3.7

Constipation

9.0

1.7

Urinary tract infection

7.3

4.9

Abbreviations: ER, extended release; AE, adverse event; NR, not reported.
a
Data were reported regardless of causality for all drugs except oxybutynin transdermal patch, where the data reported were
for AEs judged by the investigator as possibly, probably, or definitely treatment-related; bRanges shown for AE incidence for
oxybutynin transdermal patch and matching placebo represent data reported in prescribing information from 2 studies.
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effect of antimuscarinics. M2 receptors play a prominent
role in cardiac function, and the use of antimuscarinic drugs
with M2 receptor-blocking activity may increase resting heart
rate [33]. Available data from clinical studies indicate that
recommended therapeutic dosages of antimuscarinic agents
do not substantially increase the risk of cardiac adverse events
[10]. However, post-marketing surveillance data for OAB
antimuscarinic agents include reports of adverse cardiac events,
including tachycardia, arrhythmia, torsade de pointes, and
peripheral edema [24,26,29-31].
All 5 muscarinic receptors are found in the brain, and M1
and M2 receptors appear to play a major role in memory and
cognitive function [23]. Antimuscarinic agents differ in their
propensity to cross the blood-brain barrier, based in large part
on their physicochemical properties. Nevertheless, blood-brain
barrier integrity can decline in old age or as a result of both
neurodegenerative (eg, Alzheimer’s and PD) and inflammationrelated diseases (eg, vascular dementia and MS) [34]. Such
changes present a challenge for successful antimuscarinic
treatment of OAB in these patients [35,36].
Adverse events associated with antimuscarinic therapy are
problematic in patients with NDO and can result in drug
discontinuation and reduced adherence to treatment [7]. Data
on persistence and withdrawal rates during antimuscarinic
drug therapy come almost exclusively from patients with OAB.
Population-based assessments indicate that persistence rates
with antimuscarinic therapy are low, even when long-acting
preparations are used, and as few as 25% of patients may
persist with therapy at 6 months [37-40]. Chapple et al [11]
analyzed data from 56 trials and reported that patients treated
with IR oxybutynin had a 40% greater risk of withdrawing
from treatment than those receiving placebo. In this analysis,
IR tolterodine and ER oxybutynin and tolterodine were
associated with fewer withdrawals due to adverse events than
IR oxybutynin.
Oxybutynin is primarily metabolized by cytochrome P450
enzyme CYP3A4. Metabolites include the pharmacologically
active N-desethyloxybutynin that is thought to be the major
cause of dry mouth, because it has a marginally higher affinity
for muscarinic receptors in the salivary glands than the parent
molecule [41]. Transdermal delivery of oxybutynin avoids
presystemic first-pass metabolism, and consequently, the plasma
oxybutynin:N-desethyloxybutynin ratio is more favorable than
that achieved by oral delivery [27,42]. Transdermal oxybutynin
has been shown to be as effective as oral therapy with an IR
oral formulation [43] and long-acting oral tolterodine [44] in
patients with urgency or mixed urinary incontinence. In addition,
the incidence of dry mouth was markedly lower. Apart from
typical antimuscarinic effects, adverse events associated with
©2009 UroToday International Journal / Vol 2 / Iss 6 / December
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transdermal administration include application site reactions
such as erythema and pruritus [43-45]. An oxybutynin topical
gel formulation has been developed to reduce such application
site reactions. It has demonstrated efficacy in a phase III
clinical trial versus placebo, with low levels of application site
pruritus (2.1%) [46]. The efficacy of transdermal oxybutynin
was recently evaluated in an open-label dose-titration study
in 24 patients with NDO [47]. Transdermal oxybutynin at
up to 3 times the standard dose significantly increased from
baseline the daily number of CIC periods without leakage, CIC
volume, reflex volume, maximal cystometric bladder capacity,
and residual urine volume. It also significantly decreased from
baseline detrusor pressure at maximal bladder capacity. The
most common adverse events were application site reactions
(12.5%), dry mouth (8.3%), and blurred vision (8.3%).

Intravesical Drug Delivery
As discussed above, there is increasing awareness that the
urothelium/suburothelium may play an important role in
bladder activity and the coordination of detrusor muscle
function [48]. Cells of the urothelium display a number of
properties similar to sensory neurons. These cells can respond
to various stimuli, including stretch, by releasing chemical
mediators known to have excitatory or inhibitory activity on
afferent neurons within or close to the urothelium, as well as
direct effects on detrusor muscle contraction [49,50].

Intravesical Antimuscarinics
Muscarinic receptors are found in the urothelium at high
density and play a role in modulating afferent nerves and
detrusor muscle activity [51]. Intravesical administration of
antimuscarinics has the potential to minimize drug levels in
systemic circulation and may provide additional benefit in
controlling the overactive detrusor through local inhibitory
effects on muscarinic receptors in the urothelium during the
bladder storage phase [52]. In adults with NDO, intravesical
administration of oxybutynin was associated with restoration of
continence in the majority of patients [53-55], usually with no or
few systemic side effects [53-55]. Good efficacy and tolerability
have also been reported after intravesical oxybutynin therapy
in children with NDO [56-60]. Although the results with this
approach appear promising, widespread clinical use is limited
by the lack of availability of commercial solution preparations
in some countries and the requirement for catheterization
[52]. The antimuscarinic agent trospium chloride, a quaternary
ammonium salt, does not undergo extensive metabolism;
rather, 60% to 80% of the absorbed dose is excreted via the
kidneys as unchanged compound, where it has the potential
to exert local effects on detrusor contractility [61]. A study of
patients with NDO due to spinal cord injuries demonstrated
http://www.urotodayinternationaljournal.com
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significant improvements in urodynamic results following
3 weeks of treatment with trospium chloride, including an
increase in mean maximum cystometric capacity (MCC) and a
decrease in maximum detrusor pressure [62]. Doubling the
maximum recommended dosage of trospium chloride has been
shown to improve urodynamic results in patients with NDO
not responding to normal doses, with an acceptable tolerance
profile [63].

Intravesical Vanilloids
Intravesical application of vanilloid substances such as capsaicin
[64,65] and resiniferatoxin [66,67] represents another treatment
alternative that has been investigated in patients with severe
detrusor overactivity, including those with NDO. These agents
are thought to exert their potential beneficial effects through
desensitization of unmyelinated afferent C-fibers secondary to
activity at the transient receptor potential cation channel V1
(TRPV1) [68]. TRPV1 receptors are also found on urothelial cells,
which respond to capsaicin and other vanilloid compounds
by releasing sensory transmitters, including adenosine
triphosphate (ATP) [50].
In an early study, instillation of capsaicin was shown to result
in significant decreases in 24-hour voiding frequency, leakages,
and maximum detrusor pressure. Patients also had a significant
increase in MCC compared with vehicle control [64]. A metaanalysis of studies involving patients with spinal cord injury or
MS reported significant improvements in urinary incontinence
episodes in patients receiving capsaicin versus placebo [69].
However, the incidence of pelvic pain or burning and flushing
was significantly higher in the treatment group.
Resiniferatoxin is a potent capsaicin analogue that may induce
desensitization at concentrations lower than those which cause
irritation, thereby reducing the occurrence of unwanted side
effects [70]. Resiniferatoxin 50 or 100 nmol/L instilled into the
bladder and left for 30 minutes increased bladder volume at
first detrusor contraction and MCC in patients with NDO [66].
Significant increases in bladder capacity have been documented
in other studies [67,71], including one randomized controlled
trial [71].
In patients refractory to antimuscarinic agents, improvements
in symptoms and urodynamic parameters have been reported
after resiniferatoxin therapy [72,73]. However, resiniferatoxin
therapy was defined as successful in only 30% of patients with
NDO, compared with 80% of patients with previous bladder
outlet obstruction and 58% of those with IDO [74]. The mean
duration of effect of resiniferatoxin in this study was 4.7 months
(range, 3-7 months) [74]. Duration of effect in other studies has
been ≥ 3 months [66] or up to 9 months [67].
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Two prospective, randomized trials of patients with refractory
NDO directly compared the 2 vanilloid agents. One study
reported that resiniferatoxin was more effective than capsaicin
for clinical and urodynamic parameters [75], whereas the
second study suggested that the 2 vanilloids were equally
effective and similarly tolerated [76]. Issues such as purity of
agents and the nature of the delivery solvent may confound
published data [76]. However, overall, the lack of a consistent
reduction in detrusor pressure and reflex micturition in
combination with poor tolerability has limited the use of these
agents [77]. In addition, resiniferatoxin is not currently being
developed because of problems with the formulation [77],
and the optimum dose, concentration, and interval between
instillations has not been determined for either capsaicin or
resiniferatoxin [78].

Botulinum Toxin A (BoNT-A)
Recent trials have focused on injection of botulinum toxin A
(BoNT-A) directly into the detrusor, and there is a good body
of evidence accumulating for this treatment approach in NDO
[79-81]. Botulinum toxin is the most potent naturally occurring
neurotoxin known. It is produced by the gram-positive
anaerobic bacteria Clostridium botulinum. Seven distinct
botulinum toxins (A-G) have been identified, and subtypes A
and B have been studied and used clinically. Botulinum toxin
binds tightly and rapidly to nerve terminals where it cleaves
specific proteins that are responsible for the docking and fusion
of ACh-containing vesicles to presynaptic membranes; thus, it
interfers with neurotransmitter release and results in muscle
relaxation/paralysis [82]. In addition, BoNT-A has also been
shown to affect sensory receptors in the urothelium, specifically
the ATP-gated purinergic receptor P2X3 and/or the capsaicin
receptor TRPV1, which may contribute to its overall clinical
effects in the treatment of detrusor overactivity [83].
Botulinum toxin was shown to exert a prolonged local effect
when injected directly into skeletal muscles, and the effects
are dose-dependent and reversible. The rationale for using
botulinum toxin to treat human detrusor overactivity is based
on the assumption that effects of the toxin on skeletal muscle
would be replicated in bladder smooth muscle [84,85] and
that detrusor muscle paralysis would reduce the symptoms of
bladder overactivity [86]. Botulinum toxin has been developed
as a second-line treatment option (following failure of, or
intolerance to, appropriate antimuscarinic therapy) for patients
with NDO with urinary incontinence or other neurogenic OAB
symptoms. The patients must be able and willing to perform
CIC.
The first report of the application of BoNT-A in NDO appeared
in 2000 [85]. Injection of BoNT-A 200–300 U at 20 to 30 detrusor
http://www.urotodayinternationaljournal.com
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muscle sites restored continence in 17 out of 19 patients (89.5%)
with severe neurogenic detrusor overactivity and incontinence
secondary to traumatic spinal cord injury. Continence was
observed at the 6-week follow-up. No side effects were
reported. Mean reflex volume and mean maximum cystometric
bladder capacity increased significantly from baseline, and
there was a significant decrease in mean maximum detrusor
pressure [85]. Since then, the efficacy of BoNT-A injection into
the detrusor muscle in adult patients with NDO refractory to
and/or intolerant of antimuscarinic agents has been confirmed
in a number of studies that have been the subject of systematic
review [79,80]. The analysis by Karsenty et al [80] evaluated 18
trials with onabotulinumtoxin A (BOTOX; Allergan, Inc., Irvine,
CA, USA), involving a total of 698 patients; 83% of the patients
had NDO with urinary incontinence. Significant benefits were
seen in clinical variables (micturition frequency and number
of incontinence episodes) as well as urodynamic variables
(maximum detrusor pressure, MCC). Complete continence was
achieved in 40% to 80% of patients [80]. Efficacy has also been
demonstrated in patients with spinal cord injury and detrusorsphincter dyssynergia [87-89]. A significant response to BoNT-A
is seen as early as 1 week following treatment; however,
maximum effects were seen between 1 and 4 weeks [80]. The
efficacy of BoNT-A appears to persist for at least 6 months and
up to 1 year. However, the benefits decline over time [90]
and repeat injections are required for continued therapeutic
effect. Repeat injections have been shown to be effective and
well tolerated [90-92], and there is no reported evidence of a
reduction in response over time after 2 to 9 repeat injections
[90-92]. The beneficial clinical and urological effects of BoNT-A
in adults with NDO are accompanied by improvement in patient
QOL [93,94].
BoNT-A is generally well tolerated. Data from a systematic
review of the role of BoNT-A in NDO indicated that the most
frequent adverse events are injection site pain, procedurerelated urinary tract infection, and mild hematuria [80]. A
potential adverse effect resulting from the use of botulinum
toxin in patients not using CIC is an increase in postvoid residual
volume that may result in de novo CIC (6% to 88% of patients),
with associated impact on QOL [80,95]. There have been reports
of rare generalized weakness associated with use of BoNT-A to
treat NDO [87,96-98].
Important factors to consider in relation to the risk of adverse
events during urological use of BoNT-A are the drug dosage,
formulation used, and injection technique. Available data
indicate that abobotulinumtoxinA (Dysport; Ipsen Biopharm
Ltd, Wrexham, UK) may be associated with a higher risk of side
effects related to drug migration (eg, muscle weakness) than
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BOTOX [99]. It should be noted that the doses typically evaluated
in clinical trials in urologic indications are not the same as the
commercially available formulations of BoNT-A. It should also
be noted that systemic adverse reactions, including respiratory
compromise and death, have been reported following the use
of BoNT-A and BoNT-B for both FDA-approved and unapproved
uses [100]. The most serious cases involved treatment of
children for cerebral palsy-associated limb spasticity, and the
FDA is currently reviewing safety data on marketed botulinum
toxin products.
Accumulating evidence indicates that BoNT-A may be a useful
option for treating children with NDO and urinary incontinence
and those who are refractory to antimuscarinic therapy [101].
A systematic review on the use of BoNT-A (BOTOX) in children
with NDO identified 6 small (10 to 26 patients) prospective
studies primarily involving children with myelomeningocele
[101]. BoNT-A treatment resulted in a reduction in urinary
incontinence of 40% to 80%, and between 65% and 87%
of patients became completely continent between CIC. In
addition, all studies showed a significant impact of treatment
on urodynamic variables, including maximum detrusor pressure
and MCC [101]. Improvement was observed within 2 weeks of
BoNT-A injection and persisted for up to 6 months. The amount
of BOTOX injected ranged from 5 to 12 U/kg, with a maximal
dose of 360 U. Repeat administration of BoNT-A was associated
with therapeutic effects similar to the first dose [101]. Available
data therefore indicate that BoNT-A may have the ability to
prevent or delay the need for surgery in children with NDO, but
further studies with appropriate design and longer follow-up
are required to confirm this conclusion. The safety profile in
children has not been established, and there is a need for studies
that evaluate the effect of long-term, repeated administration
on the bladder wall.
Although the value of botulinum toxin for the treatment of
NDO is now recognized in European and US consensus reports
[79,81], at present the only approval for BoNT-A in a urological
indication is in Brazil, where BOTOX is used for the treatment
of OAB. On the whole, studies of BoNT-A are small (< 50
patients), short term, and largely restricted to patients with
spinal cord injury or MS [79]. Indeed, several questions remain
unanswered. These include the optimal dose and frequency
of administration to balance efficacy with safety, the most
appropriate method and location of administration, and how
to identify patients who would benefit the most. Obviously,
considerable systematic research is still required. Large phase
III registration studies are being conducted to support the
registration of this treatment for NDO, including the optimal
dose recommendation.
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Botulinum Toxin B (BoNT-B)
There are limited data on the use of botulinum toxin type
B for incontinence, particularly in patients with NDO. In
the only 2 published trials on the use of BoNT-B in urologic
indications, the vast majority of patients had nonneurogenic
OAB [102,103]. Data on the use of BoNT-B in patients with NDO
comes primarily from 3 case reports [104-106]. In one report
[104], BoNT-B 5,000 U was injected into 10 different areas of
the bladder wall in a patient with MS who was refractory to
oral and topical antimuscarinic agents. The patient reported a
positive response within 24 hours and had no adverse effects.
The beneficial effects of BoNT-B began to decline after 4
months. A repeat BoNT-B dose of 7,500 U was given which also
provided therapeutic benefit for 4 months. BoNT-A and BoNT-B
interfere with a different presynaptic protein, meaning that a
primary nonresponse to the type A toxin does not necessarily
imply a nonresponse to the type B toxin. Indeed, data from the
other 2 case reports indicate that BoNT-B may have a place in
the management of patients with NDO resistant to therapy
with the type A toxin. However, the duration of effect was only
4 to 6 weeks [105,106]. There are no data on the use of BoNT-B
in children.

Electrical Stimulation
Electrical stimulation affects voltage-gated ion-canals in
the neuronal conductive cell membrane. This stimulation
can generate or inhibit action potentials depending on the
stimulation parameters used [107]. Therapeutic options for
electrical stimulation-based treatment of bladder dysfunction
are activation of motor fibers in the detrusor muscle to facilitate
bladder emptying and activation of the urethral closure muscles
to prevent urine leakage. In addition, neuromodulation of the
reflex pathways controlling lower urinary tract function can
help to reestablish normal physiological function [108,109].
The exact mechanism(s) by which detrusor activity is inhibited
by neuromodulation is not yet clear. The 2 main theories are:
(1) direct activation of efferent fibers to the striated urethral
sphincter reflexively causes detrusor relaxation; (2) somatic
afferent nerve activation results in activation of inhibitory
reflexes at the spinal or supraspinal level [110]. Recently, the
use of positron emission tomography to measure regional
cerebral blood flow during sacral neuromodulation has shown
that chronic neuromodulation influences areas of the brain
previously implicated in detrusor overactivity, the sense of
bladder filling, and the initiation of voiding [111]. Acute sacral
neuromodulation affected areas involved in sensorimotor
learning, which might become less active during the course of
chronic neuromodulation [111].
Neuromodulation of the sacral nerve has been used for the
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treatment of both storage and emptying dysfunctions, and
the InterStim® device (Medtronic Inc.; Minneapolis, MN, USA)
has been approved by the FDA for treatment of urgency
incontinence, urgency frequency, and nonobstructive urinary
retention. The lead of the implanted stimulation device is
placed in the sacral S3 foramen resulting in stimulation of
the sacral root S3 nerve, and implantation can be performed
under local anesthesia in an outpatient setting [112]. Patients
selected for sacral nerve neuromodulation undergo an initial
test phase for 1 to 4 weeks to evaluate neural integrity and
correct placement of leads. Generally, patients with ≥ 50%
symptom improvement are eligible for a permanent device.
The traditional test procedure, percutaneous nerve evaluation,
is prone to lead migration and only approximately 50% of
patients fulfill success criteria. Nevertheless, some patients
who fail this test may still respond well after permanent
implant [112]. A 2-stage implantation method was developed
to improve success rates at the testing stage [113]. Further
improvements have resulted in more reliable patient selection,
with fewer false-negatives due to lead migration [112].
A systematic review of randomized, controlled studies
evaluating sacral neuromodulation for urgency urinary
incontinence revealed that approximately 80% of implanted
patients achieved either continence or a ≥ 50% improvement
in incontinence symptoms, compared with about 3% of control
subjects receiving conservative therapy while waiting for an
implant [114]. These findings were supported by the results of
numerous case studies [114]. Long term follow-up (5 years) has
confirmed the utility of sacral neuromodulation for urgency
urinary incontinence, urinary frequency, and urinary retention
[115]. Of note, there was a high degree of correlation between
1-year and 5-year success rates [115]. Surgical revision is a
relatively common adverse event, occurring in up to one-third
of patients [114]. Common reasons for surgical revision include
relocation of the device because of pain at the implant site,
lead migration, or infection [114]. New pain and undesired
change in stimulation are among the frequently reported
adverse effects of long-term device use [115].
In addition to the FDA-approved uses, sacral neuromodulation
has been shown to be an effective treatment for urinary
incontinence in adults with refractory NDO [116,117], and,
in a preliminary study, in children with NDO [118]. However,
these studies have had few patients [119]. Chartier-Kastler
et al [117] reported the long term outcome of sacral nerve
neuromodulation in 9 women (aged 26 to 53 years) with NDO
refractory to conservative treatment. Five patients had MS, 2
had a spinal cord injury, and 2 had a diagnosis of myelitis. All
patients had symptomatic improvements at 6 months and these
remained stable for 7 of the 9 patients over a mean follow-
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up period of approximately 44 months. The mean number of
leaks reported per day decreased from 7.3 to 0.3 and 5 of the 9
patients were completely dry at last follow-up. Frequency was
reduced from 16.1 voids/day at baseline to 8 voids/day at last
follow-up. Urodynamic data at 6 months were also positive
in most patients, with increases in maximum bladder capacity
and volume at first contraction [117]. Interestingly, all patients
reported an on-off effect that was confirmed by urodynamic
measures, whereby urodynamic results at 6 months with the
stimulator switched off were similar to baseline results. A
recent study in patients with MS and NDO failed to document
any acute effects of transcutaneous electrical stimulation of
sacral dermatomes during urodynamic studies [120].
The pudendal nerve contains afferent fibers from S2 to S4 sacral
nerves. Therefore, direct pudendal nerve neuromodulation
will stimulate more pudendal afferents than sacral nerve
stimulation and potentially avoid the side effects of mixed
stimulation of the sacral root nerve (ie, stimulation of leg and
buttock muscles) [110]. A variety of approaches has been tried,
including development of implantable, insertable, and external
pelvic floor stimulators [110]. The pudendal nerve can be
accessed percutaneously within Alcock’s canal. In preliminary
studies, minimally invasive implanted devices have proven
beneficial in treating patients with detrusor overactivity [121],
including NDO [122]. The latter study involved 15 patients,
including 3 with poor response to sacral neuromodulation.
A significant improvement was seen in the mean number of
incontinence episodes per day, and 8 patients became continent.
Statistically significant improvements were also observed in
urodynamic measures of MCC and maximum detrusor pressure
[122]. The Bion® device (Boston Scientific; Natick, MA, USA) is a
self-contained, telemetrically programmable neurostimulatory
device currently undergoing clinical evaluation in the United
States and Europe. Interestingly, studies comparing sacral and
pudendal nerve stimulation have indicated greater effects of
pudendal nerve stimulation on voiding parameters in patients
with voiding dysfunction [123] or interstitial cystitis [124].
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the somatic and autonomic nerves to the bladder and urinary
sphincter as well as to the pelvic floor [110]. Stimulation
of the posterior tibial nerve to inhibit detrusor overactivity
has been shown to produce improvements in subjective and
objective parameters in patients with OAB following 12 weeks
of treatment [127] and to have an acute effect on urodynamic
parameters in patients with NDO due to MS, PD, or spinal cord
injury [128,129]. In the latter studies, posterior tibial nerve
stimulation resulted in a significant increase in mean first
involuntary detrusor contraction volume and MCC [128,129].
The beneficial effects of electrical stimulation only occur during
the period of stimulation; there is no persistent benefit of
treatment once electrical stimulation is stopped. In addition, the
characteristics of NDO can change over time and with comorbid
disease progression. Therefore, repeat urodynamic assessment
may be necessary when symptoms recur during therapy that
was previously effective [110].

CONCLUSIONS
There is an expanding range of treatment options available
for the patient presenting with NDO. First-line therapy consists
of oral antimuscarinic agents, although many patients will
experience treatment-limiting adverse events. Alternative
approaches include transdermal or intravesical administration
of antimuscarinics, intravesical administration of other agents
(including vanilloids and BoNT-A), and electrical stimulation.
The available alternatives have demonstrated varying degrees
of efficacy and all are minimally invasive, allowing surgery to
be avoided where possible. Treatment should always begin
with the most reversible forms of therapy and progress to more
complex options. This process is facilitated by the availability of
a variety of minimally invasive therapies for the management
of NDO. In addition, it is important to choose a therapy that
considers the needs of individual patients.
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