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The overactive bladder (OAB) condition is
a symptom complex characterized by urinary
urgency with or without urge urinary incontinence
(UUI), and is often associated with frequency and
nocturia. Overall, OAB prevalence in the United
States and European adult population is estimated
to be 11.8%.1 OAB is not specific to any one
condition. However, based on clinical convention;
OAB may then be further classified as neurogenic
or idiopathic. When OAB occurs in association
with a known underlying neurologic pathology
such as spinal cord injury (SCI) or multiple scle-
rosis (MS), it is classified as neurogenic OAB.
When there is no evidence of any identifiable
neurologic disorder, it is classified as idiopathic
OAB.

OAB is a clinical diagnosis. By contrast, detru-
sor overactivity (DO) describes the common uro-
dynamic testing observation in this population,
whereby involuntary detrusor contractions
become evident during the bladder-filling phase.2

For the purposes of this discussion of neurogenic
bladder dysfunction, the authors use the term
neurogenic detrusor overactivity (NDO).

Research demonstrates the significant impair-
ment to quality of life (QOL)3 by OAB as well as
its added burden of increasing health care costs.4

While the OAB condition clearly affects QOL for all
sufferers, the subset of patients with NDO can be
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even more disadvantaged by virtue of their neuro-
logic deficits.

Moreover, neurogenic bladder dysfunction has
the distinct potential to cause long-term renal
failure. The neural and/or myogenic deficits may
gradually compromise the bladder’s storage func-
tion, otherwise known as bladder compliance.
Such insidious, asymptomatic deterioration of
the neurogenic bladder’s compliance reflects
a gradual loss of the lower urinary tract’s ability
to store increasing volume at the same low
ambient pressure. With the ensuing increase in in-
travesical storage pressure, the lower urinary tract
often responds by provoking random urethral
leakage as a means to vent a high-pressure
chamber.5 However, in some instances where
the system fails to satisfactorily vent the high-
pressure chamber, the sustained high pressures
transmit upstream to the renal pelvis. Over time,
this sustained high-pressure transmission to the
renal pelvis causes deterioration of glomerular
filtration and eventual renal failure. This well-
characterized pathophysiologic process poses
a dangerously asymptomatic phenomenon for
the NDO population.6

Typically, first-line therapy for idiopathic OAB is
conservative in nature, encompassing behavioral
techniques, pelvic physiotherapy, and anti-
muscarinic pharmacotherapy. While conservative
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therapies are likewise reasonable for first-line
management of NDO, the chances of successful
incontinence control are greatly hindered by
patient disabilities and the underlying neurologic
defects within the complex micturition circuit. In
other words, a significant fraction of NDO patients
derive insufficient bladder control with conserva-
tive treatment strategies. Moreover, this patient
population disproportionately suffers more overall
QOL impairment with their lower urinary tract
dysfunction.7

A growing body of evidence suggests that intra-
vesical injection of botulinum neurotoxin (BTX) is
an efficacious, minimally invasive alternative to
more traditional surgical therapies (such as
bladder augmentation or urinary diversion) in
patients with NDO who are intolerant or refractory
to pharmacotherapy. Alternative intravesical
agents currently being evaluated include antimus-
carinic agents (oxybutynin, atropine), local anes-
thetics (lidocaine, bupivacaine), and vanilloids
(capsaicin, resiniferatoxin), but randomized,
placebo-controlled evidence demonstrating safety
and efficacy is currently lacking.8 The objective of
this review is to provide a focused summary of the
current body of literature investigating the safety
and efficacy of bladder BTX injection in patients
with NDO.
MECHANISM OF ACTION

Botulinum toxin, produced by the gram-positive
anaerobic bacterium Clostridium botulinum and
first isolated by van Ermengem in 1897,9 is among
the most potent biologic neurotoxins known to
man. Structurally composed of a 150-kDa amino
acid di-chain molecule consisting of a light
(50 kDa) and heavy (100 kDa) chain linked by a di-
sulfide bond, BTX’s primary mechanism of action
is inhibition of acetylcholine release at the presyn-
aptic cholinergic junction.10 BTX’s high selectivity
for cholinergic synapses results in targeted
blockade of cholinergic transmission, which
when targeted to striated muscle induces muscle
paresis.11 More specifically, BTX reduces type
Ia/II intrafusal muscle fiber afferent conduction,
affecting the spinal stretch reflex and decreasing
muscle tone and contractility without affecting
muscle strength.12,13 Investigators have postu-
lated recently that, in addition a direct effect on de-
trusor motor innervation, BTX may also affect
afferent nervous transmission via the inhibition of
acetylcholine, adenosine triphosphate (ATP),
glutamate, nerve growth factor, and substance
P, and a reduction in the axonal expression of
nerve capsaicin and purinergic (P2X) receptors.14

Thus, it seems likely that BTX also modulates
intrinsic bladder reflexes, resulting in central
desensitization and a decrease in urgency
(Fig. 1).15 Duration of effect is likely multifactorial
as well; mechanisms including chemical denerva-
tion followed by axonal regeneration16 as well as
functional motor suppression through neurotrans-
mitter inhibitory effects14 have been proposed.
SEROTYPES, TOXICITIES, AND COMMERCIAL
PREPARATIONS

Seven BTX serotypes have been isolated, 2 of
which (BTX-A and BTX-B) have been investigated
in treating bladder dysfunction. The most
commonly investigated serotype worldwide,
BTX-A received Food and Drug Administration
(FDA) approval for therapeutic treatment of stra-
bismus and blepharospasm in 1989, cervical dys-
tonia in 2000, and cosmetic treatment of glabellar
wrinkles in 2002. In a recent review of all adverse
events (AE) reported to the FDA since BTX-A
was licensed in 1989, Cote and colleagues17

described 217 serious AE, including 28 deaths.
All occurred during therapeutic administration
but the investigators concluded that it was impos-
sible to determine a causal relationship between
the reported mortalities and BTX administration.
Additional AE included dysphagia (12%), muscle
weakness (6%), allergic reaction (5%), and flu-
like syndrome (5%). During cosmetic use, the
investigators reported primarily nonserious AE
and no deaths, most commonly lack of effect
(63%), injection site reaction (19%), and ptosis
(11%). Although the FDA has not yet approved
BTX for urologic use in the United States, BTX is
currently being investigated for urologic indica-
tions in clinical trials worldwide. At present, BTX
is available as 3 major commercial preparations:
Botox (BTX-A; Allergan, Irvine, CA, USA), Dysport
(BTX-A; Ipsen, Slough, UK), and Myobloc (BTX-B;
Solstice Neurosciences, San Diego, CA, USA).18

Each of these preparations has different dosages,
safety profiles, and efficacy profiles, and cannot
be used interchangeably. In the only head to
head comparison to date, Grosse and
colleagues18 performed an open-label, observa-
tional case-control study comparing a single treat-
ment session of Dysport (500 U, 750 U, 1000 U)
and Botox (300 U), finding no differences in thera-
peutic parameters between groups.
RATIONALE FOR TREATMENT

Since the 1980s, clinicians have been using BTX to
treat neurologic disorders, such as blepharo-
spasm, strabismus, focal dystonias, muscle
spasms and spasticity, axillary hyperhidrosis,



Fig. 1. The structural components of the human bladder wall including the basal lamina (bl), myofibroblast layer (mf), and detrusor muscle (det). Superimposed are the
known or proposed location of receptors and sites of neuropeptide/growth factor release involved in bladder mechanosensation. All connections identified by arrows
are thought to be upregulated in detrusor overactivity andmay be reducedwith the peripheral afferent desensitization that follows injection of botulinum toxin. Thin solid
arrows, a proposed pathway where urothelial vesicular ATP release activates P2X2-P2Y receptors or potentiates the response of TRPV1 receptors to irritative stimuli; thin
dashed arrows, proposed pathways where vesicular acetylcholine (ACh) release from urothelial nerve terminals activates detrusor muscle muscarinic ACh receptors; thick
dashed arrows, proposed pathways where substance P (SP) acts on NK1 receptors on the myofibroblast layer or potentiates the activation of TRPV1-P2X3 receptors in sub-
urothelial afferents; thick solid arrows, nerve growth factor (NGF) is thought to affect the expression of TRPV1. (Reprinted from Apostolidis A, Dasgupta P, Fowler CJ.
Proposedmechanism for the efficacy of injectedbotulinumtoxin in the treatment of humandetrusor overactivity. Eur Urol 2006;49[4]:647; Copyright [2006],with permission
from Elsevier.)
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and achalasia.19 The initial application of BTX-A to
the lower urinary tract targeted patients with detru-
sor external sphincter dyssynergia (DESD). BTX-A
was injected into the urethral sphincter with the
intention of weakening the urethral striated
musculature enough to reduce urethral pressures,
and in turn, to decrease bladder voiding pressures
and post-void residual volumes (PVR).20,21

However, over the past decade the off-label use
of BTX in treating detrusor overactivity (both
neurogenic and idiopathic) has become a source
of significant interest among urologists. Demon-
strating posttreatment reduction in detrusor pres-
sures during voiding and involuntary contractions
has provided evidence of BTX’s effect on detrusor
motor innervation,22,23 and patient-reported
reduction in sensation of urgency lends support
to a dual afferent mechanism of action as well.24

With current investigations expanding the utility
of BTX even further to include interstitial cystitis,
pelvic floor dysfunction, and prostatic applica-
tions; there is currently a wide variation in reported
dosages, injection techniques, and follow-up
protocols being used. This pattern has led to
current efforts to create evidence-based guide-
lines governing BTX use.25 However, it is clear
that the dosage, number, and site of injection
should be tailored to the individual needs of each
patient based on etiology of bladder dysfunction.
In patients with idiopathic DO or interstitial cystitis,
the goals of treatment are to provide symptomatic
relief, while avoiding negative side effects such as
straining to void and urinary retention. However, in
addition to improving QOL, the primary goals of
BTX bladder injection in patients with neurogenic
DO are to improve urodynamic storage parame-
ters and minimize the risk of renal impairment.26

For these reasons, it is imperative that all NDO
patients being evaluated for BTX injection undergo
pretreatment urodynamics assessment. Because
BTX chemical denervation is reversible over time,
the main disadvantage of BTX injection is the
need to undergo repeat injections. Fortunately,
there is now evidence to suggest that repeat treat-
ment is equally efficacious even after several
injections.27
DOSAGE, CONCENTRATION, AND INJECTION
TECHNIQUE

Published investigations to date have utilized
varying doses, volumes, and injection target sites.
These variations make systematic comparative
assessment of the safety and efficacy of BTX diffi-
cult. A recent systematic literature review of BTX
injection protocol characteristics reported that
typically 300 U BTX-A (range 100e400 U) was
injected in 30 sites (range 15e40) of 10 U/mL
(range 6.7e25 U/mL) in the detrusor, with most
investigators preferring to spare the trigone. Injec-
tion is typically performed under cystoscopic guid-
ance (flexible or rigid), and can be performed
under several types of anesthesia (none, local,
spinal, or general).28

Injectiondoses ranging from100 to400U (Botox),
and 500 to 1000SU (Dysport) have been reported in
published studies to date. The 300-U dose is the
most consistently used across series, although iso-
lated series have reported 100, 200, and 400 U.
Although few studies have specifically investigated
variable dosing, similar improvement has been re-
ported regardless of total dose with respect to
both subjective and objective outcomes.29

However, determining which dose offers maximum
clinical effect with the least risk has not yet been
determined. When an initial evaluation of BTX-A
injection using 200 U and 300 U in 31 patients with
NDO revealed that 2 patients receiving 200 U failed
to show clinical improvement, Schurch and
colleagues23 concluded that 300 U was the optimal
treatment dose.30 However, prospective compar-
ison of 200 U and 300 U in 59 patients with NDO
showed significant subjective and objective
improvement in all patients, with no differences
between the 2 study arms. A recent meta-analysis
of 8 randomized controlled OAB trials including
BTX inat least one treatmentarm reported thatwhile
low doses of BTX (100e150 U) appeared to have
beneficial effects, higher doses (300 U) may be
more effective. The investigators concluded that
the optimal dose of BTX for efficacy and safety
can not be determined until more definitive clinical
trial data are available.31 Amajority of investigations
to date have utilized injection volumes ranging from
0.1 to 0.5 mL (6.7e25 U/mL)/injection site.28 Based
on animal models, it has been proposed that larger
dilution volumes will result in greater suburothelial
diffusion with an increased treatment effect.32

However, this has not been demonstrated clinically,
and there are concerns that larger volumes increase
thepotential for serosal extravasationand increased
patient discomfort.29

Although various techniques have been
described, BTX injection is commonly performed
under intravenous sedation or local anesthesia
following administration of prophylactic antibi-
otics. In the operating room setting with the patient
in the lithotomy position, a 21F rigid cystoscope
and collagen injection needle are used to create
a submucosal bleb under direct vision. If a flexible
cystoscope is used, a longer needle and/or sheath
for stabilization may be necessary.33 With
increasing experience, the injection technique
has been uneventfully performed in the office
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setting, using a flexible cystoscope under local
anesthesia. This approach may facilitate cost
reduction and avoidance of anesthetic risks.29

With endoscopic guidance, toxin is injected via
15 to 40 evenly distributed intramural injection
sites including the bladder base and posterolateral
walls (Fig. 2). As a general principle, the bladder
dome is excluded because of concerns regarding
intraperitoneal perforation and bowel injury, and
the trigone is spared to avoid inducing vesicoure-
teral reflux.26 In cases of DO arising from non-
neurogenic cause and/or in patients with isolated
pain/sensory components, recent protocols have
included trigonal injection, with good results.33
TREATMENT OUTCOMES

A recent systematic literature review identified 18
studies investigating the use of BTX in patients
with NDO. In this aggregate population of 698
patients, 83% had NDO with urinary incontinence
refractory to high doses of anticholinergic therapy.
Based on the aggregate outcomes, the investiga-
tors concluded that BTX detrusor injections
provide a clinically significant benefit in adults
with NDO and incontinence/OAB refractory to
antimuscarinics.28 However, of the studies
included in the systematic review, only 3 retro-
spective studies examined clinical series larger
than 75 patients (all retrospective),34e36 and only
3 other studies were prospectively randomized
with a control arm.23,37,38 The majority consisted
Fig. 2. Botulinum toxin injection technique. (A) Approxima
lateral walls, and/or the trigone, which is primarily used in
A modified 10-point injection technique focusing on the bl
outpatient treatment for idiopathic overactive bladder. (R
Single-institution experience in 110 patients with botulin
2005;65[1]:37e41; Copyright [2005], with permission from
of small open-labeled studies of less than 50
patients (Table 1).18,22,26,27,30,39e52

In a large multi-institutional retrospective series,
Reitz and colleagues35 reported significant
increases in mean cystometric bladder capacity
(P<.0001), mean reflex volume (P<.01), and
decreased mean voiding pressures (P<.0001) in
231 patients with NDO. Patients were treated
with 300 U BTX-A in 30 trigone-sparing injection
sites; and with 36 week follow-up, patients re-
ported considerably reduced anticholinergic drug
dose requirements and high subjective satisfac-
tion rates, with no injection related complications
or side effects. Stoehrer and colleagues36 re-
ported the results of BTX-A detrusor injections in
216 patients with NDO, comparing maximal detru-
sor pressure, detrusor compliance, reflex volume,
cystometric capacity, as well as use of anticholin-
ergic agents and patient satisfaction at 6 weeks
and 6 months after treatment. Using either 300 U
of Botox or 750 U of Dysport, the investigators re-
ported a significant improvement in all urodynamic
parameters as well as incontinence rates and
decreased anticholinergic use, but no significant
differences were noted when comparing the 2
BTX-A preparations. Recently, Del Popolo and
colleagues34 reported their findings using 1000
U, 750 U, and 500 U of BTX-A (Dysport) in 199
patients with spinal cord lesions and refractory
NDO. Following urodynamic evaluation at base-
line, then 3, 6, and 12 months post injection; signif-
icant improvements were noted in maximum
tely 40 injections are injected within the bladder base,
the treatment of neurogenic detrusor overactivity. (B)
adder base and trigone, which can be performed as an
eprinted from Smith CP, Nishiguchi J, O’Leary M, et al.
um toxin A injection into bladder or urethra. Urology
Elsevier.)



Table 1
Clinical and urodynamic findings in large retrospective or prospective series of BTX-A injection for neurogenic detrusor overactivity

Authors
Study Design
(N)

BTX-A Preparation
Dose (U)

No. of
Injections

Incontinence
Episodes/24 h

Pdetmax

(cm H2O) MCC (ml)
Compliance
(mL/cm H2O)

Mean Follow-
Up (wk)

Adverse
Events (%)

Mean change from baseline (%)

Retrospective Studies

Reitz et al35 MI (231) Botox 300 30 73% continent
27% some

improvement

�31 (51)d 148 (35)d 40 (125)d

at 6 wk
19 (59)

at 36 wk

36 N/A

Del Popolo et al34 SI (199) Dysport
500 (23%),
750 (53%),
1000 (24%)

20 Decreased IEs at
4 wkd

Decreased
pads/condoms
at 4 wkd

N/A 182 (80)c N/A 48 Hyposthenia
(2.5)

Stoehrer et al36 SI (216) Botox 300
Dysport 750

Botox 30
Dysport 25

>80% continent
with CIC

�31.1 (56)d 98 (33)d 17 (73)
at 6 wkd

8.6 (37)
at 24 wk

24 Weakness (1)
Dysphagia (0.5)
Dysarthria (0.5)

Prospective Studies

Schurch et al23 RPC (59) Botox 200, 300 30 N/A 24 UTI (26.3)

Placebo (21) �0.1 (3) 1.4 (16) 41.6 (16) Injection site
pain (5)

UTI (14)

BTX 200 U (19) �1.1 (58)a �38.7(67)a,e 174.2a (67) UTI (32)

BTX 300 U (19) �0.9a,e (32) �35.5a,e (32) 92.9a,e (32) Injection
site pain (11)

UTI (21)

Giannantoni et al38 RACC (75) Botox 300 30 N/A 112

RTX (35) �2.8 (57)c �8.6 (10) 93.4 (40)b

BTX (40) �4.0c,e (77) �32.9 (44)b 134.6 (54)b,e

Ehren et al37 RPC (31) Dysport 500 25 N/A 26

Placebo (14) N/A �12 (21) 10 (4) 0

BTX (17) �52 (77)c,e 180 (62)c,e Hematuria (6)

Abbreviations: BTX, botulinum toxin; CIC, clean intermittent catheterization; IE, incontinence episodes; MCC, maximum cystometric capacity; MI, multi-institutional; N/A, not available; Pdetmax,

maximum detrusor pressure; RACC, randomized, active comparator-controlled; RPC, randomized, placebo-controlled; RTX, resiniferatoxin; SI, single institution; UTI, urinary tract infection.
a P<.05.
b P<.01.
c P<.001.
d P<.0001.
e Significant versus placebo or treatment arm.
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bladder capacity, reflex volume, bladder compli-
ance, and pad usage (P<.001). Of note, there
were no significant differences in therapeutic
effect or duration of effect when comparing the
differing dosing regimens.

In a double-blinded, randomized, placebo-
controlled, 3-arm study comparing 200 U BTX-A,
300 U BTX-A, and placebo in 59 patients with
NDO (90% SCI, 10% MS) requiring clean intermit-
tent catheterization (CIC), Schurch and
colleagues23 investigated frequency of urinary
incontinence, maximum cystometric capacity
(MCC), reflex detrusor volume, and maximum
detrusor pressure via patient voiding diary and
urodynamic assessment at 24 weeks post
injection. The investigators reported significant
improvement in QOL (Incontinence Quality of Life
questionnaire), posttreatment decreases in incon-
tinence episodes (IE), and improvement in urody-
namic bladder function in both BTX treatment
groups (P<.05) from the first evaluation at week 2
to the end of the 24-week study when compared
with baseline. The reported side effects with BTX
use were minimal and symptom improvement
was similar in the 200 U and 300 U dosing regimen
groups, with no significant improvement noted in
the placebo arm. Giannantoni and colleagues38

randomized 75 patients with SCI and refractory
NDO to a 2-arm controlled trial comparing
intravesical instillation of resiniferatoxin (RTX) dis-
solved in normal saline (N 5 40) and 30 trigone-
sparing bladder injections of 300 U BTX-A diluted
in 30 mL normal saline (N 5 35). Clinical assess-
ment and urodynamics were performed at base-
line, then 6, 12, and 24 months post treatment.
The investigators reported significant reductions
in mean catheterization rate and IE, as well as
significant increases in mean first involuntary
detrusor contraction and mean maximum bladder
capacity at all time points in both treatment
groups. Although side effects were not reported
with either treatment, the investigators did note
a significant benefit with BTX compared with RTX
regarding number of IE per 24 hours andmaximum
detrusor pressure. In the most recent prospective
study to date, Ehren and colleagues37 randomized
31 patients with NDO to a single treatment of 500
U BTX-A (Dysport) versus placebo using urody-
namic parameters (6, 12, and 26 weeks), QOL,
IE, and intake of rescue tolterodine as outcome
measures. A significantly lower intake of toltero-
dine (P 5 .003), increased cystometric capacity
at 6 (P<.001) and 12 (P 5 .026) weeks, decreased
maximum detrusor pressure (P<.01), and
decreased IE (P<.01) were found in the BTX treat-
ment arm. The consensus from these reports
suggests that BTX achieves measurable
urodynamic and subjective improvement in NDO
patients with minimal negative sequelae. However,
repeat injections are necessary to achieve a sus-
tained response. Although contemporary series
differ with regard to study methodology and
injection protocols, here the authors summarize
and quantify the reported outcomes within the
broad categories of subjective patient-reported
outcome measures and objective urodynamic
parameters.

CLINICAL PARAMETERS: PATIENT-REPORTED
Incontinence Episodes

In a review of 18 studies, Karsenty and
colleagues28 reported that the mean pre-BTX
treatment IE per 24 hours ranged from 1.9 to 5.4
(it must be noted that a large proportion of these
patients were concurrently managed with CIC).
Up to 26 weeks following injection, the percentage
reduction in the mean number of IE from baseline
ranged from 60% to 80%,22,23,38,40,45,46 and
reported total continence rates ranged from 42%
to 87%,39,50 although the rate of full return to conti-
nence was only 8% in patients with NDO due to
cerebrovascular accident.50 Of the randomized
controlled evidence available, Schurch and
colleagues23 reported significant incontinence
improvement in both treatment arms compared
with baseline (1.9e0.8 IE/24 h BTX 200 U, P<.05;
2.8e1.9 IE/24 h BTX 300 U, P<.05), as well as
with the placebo arm at 24 weeks after treatment
(3.0e2.9 IE/24 h). Likewise, at 26 weeks post treat-
ment, Giannantoni and colleagues38 reported
significant improvement in both treatment arms
compared with baseline (4.9e2.1 IE/24 h RTX,
P<.001; 5.2e1.2 IE/24 h BTX, P<.001) with
a more dramatic effect observed in the BTX treat-
ment arm. Confirming these observations, Ehren
and colleagues37 reported significant differences
in the number of days with leakage following detru-
sor injection with BTX-A or placebo, at less than
6 weeks (P<.001), 7 to 12 weeks (P 5 .002), and
13 to 26 weeks (P 5 .01).

Antimuscarinic Use

Several case series also document the impact of
BTX therapy on antimuscarinic use.22,30,35,36,39,40

Of the prospective cohorts, Ehren and
colleagues37 reported the dose of “rescue drug”
tolterodine as a primary outcome measure, and
found that patients undergoing a single treatment
of BTX-A used significantly less tolterodine over
a 26-week period compared with the placebo
arm (P 5 .003). In a retrospective cohort of 216
patients, Stoehrer and colleagues36 reported that
50% of patients discontinued anticholinergic
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medications after 6 weeks, and at 6 months 35%
still had not resumed therapy. In their retrospective
series of 231 patients with NDO, Reitz and
colleagues35 reported that of the 163 patients on
anticholinergic medications prior to BTX therapy,
concomitant anticholinergic medication could be
discontinued in 45 patients (25.6%) and was
considerably reduced in 118 patients (72.4%)
following treatment. Summarizing the available
literature, Karsenty and colleagues28 reported
that antimuscarinic agents could be discontinued
in 28% to 58% of patients following BTX
therapy,22,30,35 and the requirement could be
substantially reduced in the remaining patients.

Quality of Life

QOL outcomes are more difficult to interpret, as
a wide variety of QOL instruments, including the
Urogenital Distress Inventory (UDI-6),45,52

Symptom Severity Index (SSI),52 Qualiveen ques-
tionnaire,37 Symptom Impact Index (SII),52 Inconti-
nence QOL questionnaire (I-QOL),23 Visual Analog
Scale (VAS),34 and International Prostate Symptom
Score (I-PSS),49 have been utilized in series inves-
tigating use of BTX in patients with NDO. Using
the I-QOLquestionnaire, Schurchandcolleagues23

prospectively assessed QOL following BTX injec-
tion, and observed robust improvements
compared with baseline at all time points up to 24
weeks. There were no significant QOL differences
between 200 U and 300 U BTX-A dosing regimens,
but both groups had significantly higher QOL
scores when compared with placebo at all time
points. Utilizing the Qualiveen questionnaire, Ehren
and colleagues37 noted that patients treated with
BTX-A reported a significantly higher QOL related
to bother with incontinence that lasted throughout
the study period (26 weeks). In their systematic
review, Karsenty and colleagues28 reported
a percent mean change in QOL ranging from 35%
to 61% following BTX therapy when data from all
QOL instruments were aggregated. Hori and
colleagues44 recently assessed posttreatment
satisfaction with a 5 minute telephone interview in
72 patients with SCI and NDO who had received
at least one BTX injection. Patients reported
a mean satisfaction score of 6.2 on a scale from 1
to 10 (1, not satisfied; 10, very satisfied), and 90%
of patients replied that they would consider
continuing with BTX injection therapy as a long-
term treatment option.

URODYNAMIC OUTCOME MEASURES
Maximum Detrusor Pressure

Despite heterogeneous methodology and
injection protocols, the majority of BTX studies
demonstrate significant improvements from base-
line in urodynamic parameters, namely maximum
detrusor pressure (Pdetmax), MCC, and reflex
detrusor volume (RDV) in patients with NDO.
Reflecting recent European consensus, Apostoli-
dis and colleagues reported that across 25 studies,
the mean decrease in Pdetmax was 44%,25 ranging
from 5% to 83%.1,18,22,23,26,30,31,34e43,45e53 Pro-
spectively evaluating 59 patients with 24 weeks
of follow-up, Schurch and colleagues23 reported
a significant change from mean baseline Pdetmax

in both the BTX 200 U (77.0e48.8 cm H2O,
P<.05) and BTX 300 U (92.6e55.2 cm H2O,
P<.05) treatment arms. Moreover, the mean
percent change from baseline in both arms
(�50% BTX 200 U, �38% BTX 300 U) were signif-
icant improvements compared with the placebo
group (12%). Compared with baseline values in
75 patients, Giannantoni reported a significant
decrease in mean Pdetmax in the BTX arm
(74.9e42.0 cm H2O, P<.01), which was proved
significant when compared with those patients in
the RTX treatment arm (mean percent change
from baseline, �10 RTX vs �44 BTX, P<.01).38

Prospectively evaluating 31 patients, Ehren and
colleagues37 reported that the BTX-A treatment
group had significantly lower Pdetmax values at 6
(P<.001), 12 (P 5 .02), and 26 weeks (P 5 .003).
When examining the total body of available litera-
ture including the results from open-labeled
studies, following BTX treatment mean maximal
Pdetmax was reduced to less than 40 cm H2O
(range 20e59 cm H2O) in a majority of studies,28

which has reached consensus as the threshold
value for protection of the upper urinary tract.54 It
must be taken into account that traditionally
Pdetmax refers to voiding pressures, and many
patients in the NDO population do not void. Thus
Pdetmax as an individual parameter must be inter-
preted with caution, and should be utilized in
conjunction with other urodynamic parameters
such as bladder compliance.
Maximum Cystometric Capacity

The observed reduction in Pdetmax was accompa-
nied by an increase in MCC in most reports.
Schurch and colleagues23 reported a significant
increase from baseline in both the BTX 200 U
arm (260.2e440.9 mL, P<.05) and BTX 300 U
arms (293.6e398.2 mL, P<.05) respectively, both
of which were significant improvements compared
with placebo (mean percent change vs baseline 67
BTX 200 U, 32 BTX 300 U, 16 placebo, P<.05).
Giannantoni and colleagues38 reported a similar
improvement in both the RTX (235.6e
329.0 mL, P<.01) and BTX (249.8e384.4 mL,
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P<.01) arms of their prospective investigation,
although the mean percent change compared
with baseline was more dramatic in the BTX treat-
ment group (40 RTX vs 54 BTX, P<.005). Ehren
observed a similar effect with MCC significantly
increasing at both 6 (P<.001) and 12 (P 5 .03)
weeks. Yet this difference was no longer statisti-
cally significant at 26 weeks.37 Systematically
evaluating results from 25 studies, a mean
increase in MCC of 85% has been reported,25

ranging from 11% to 303% across published
series.22,23,26,30,34e38,40e43,45e50,52
Bladder Compliance

As previously described, the neurogenic bladder
population is particularly vulnerable to gradual dete-
rioration of bladder storage capability. This insidious
decrease of bladder compliance can result in long-
term renal failure. Thus, serial bladder compliance
assessment serves as an important surveillance
tool to protect upper tract function. Because low
bladder compliance can identify a particularly high-
risk neurogenic bladder population who are often
refractory to traditional therapies, some early studies
investigating BTX bladder injection specifically
excluded this subset. However, with early investiga-
tions demonstrating promising efficacy; subsequent
studieshavespecifically examined the impactofBTX
in patients with NDO and low bladder compliance.

In their systematic literature review, Karsenty and
colleagues28 reported that mean bladder compli-
ance increasedwith BTX treatment. Yet not surpris-
ingly, the observed duration of improved bladder
compliance correlated with the overall self-limited
effectiveness of BTX injection.30,35,46e48 Of the
larger retrospective studies, Reitz and colleagues35

reported a mean increase in bladder compliance at
12 weeks (32e72 mL/cm H2O, P<.0001), which
declined by the 36-week time point (32e51 mL/
cm H2O, P >.05). Stoehrer and colleagues36 re-
ported a similar initial mean increase in compliance
at 6 weeks (23.1e40 mL/cm H2O, P<.00001), but
this response was also not durable beyond 24
weeks (mean change at 24 weeks, 23.1e31.7 mL/
cm, P>.05). In a small cohort specifically investi-
gating BTX efficacy in 10 NDO patients with abnor-
mally low bladder compliance (baseline 6.5 mL/cm
H2O), Klaphajone and colleagues48 reported
a consistent increase in compliance at 6 (mean
change 6.7 mL/cm H2O, P<.05) and 16 weeks
(7.3 mL/cm H2O, P<.05), although the effect had
diminished by 36 weeks. From these results, the
investigators concluded that BTX injections
are effective even in patients with very low compli-
ance, but that repeat injections may be necessary
after 16 weeks to maintain a durable effect on low
bladder compliance.
TREATMENT EFFECT AND EFFICACY OF
REPEAT THERAPY

The exact onset of BTX treatment response
remains unclear. In most studies, voiding diary
collection and urodynamic parameters were not
measured until 4 to 6 weeks following injection.
For this reason, most series reporting treatment
onset have based their results on subjective
patient response. Via telephone interview or clinic
visit, Smith and colleagues26 reported that time
to maximal efficacy was observed between 7
and 30 days following injection. In a more formal
investigation, Rapp and colleagues55 sent self-
report questionnaires to 35 patients undergoing
BTX injection for OAB, evaluating time to first
response and time to maximum symptomatic
improvement. Patients reported a mean time to
symptom improvement of 5.3 days (range 1e14)
post injection with maximum symptom improve-
ment at a mean of 8.3 days (range 2e20).
Symptom improvement has not been specifically
characterized in the NDO patient population, as
sensory deficits would certainly affect subjective
reporting. However, Schurch and colleagues23

reported significant improvement in both subjec-
tive and objective urodynamic parameters in
NDO patients within 2 weeks following injection,
reaching a maximum effect between 2 and
6 weeks.

Studies evaluating treatment duration have
primarily used the number of IE per 24 hours to
determine the need for repeat therapy. Karsenty
and colleagues46 retrospectively reviewed a series
of 17 NDO patients who had received at least
3 BTX (mean 5.4) injections. The mean time
interval between BTX injections ranged between
7.6 and 9.1 months. This observed treatment dura-
tion has been substantiated by some retrospective
reports,38 whereas others describe shorter
periods of efficacy of merely 2 to 3 months, partic-
ularly in patients with decreased bladder compli-
ance.35,48 Several studies have investigated the
long-term efficacy of repeat BTX injection for
NDO.27,41,46,56 In their evaluation of 66 patients
with NDO, Grosse and colleagues56 found similar
improvement in urodynamic parameters after
each repeat injection with Botox 300 U or Dysport
750 U, reporting that the interval between repeat
injections did not significantly change with time
(average of 9e11 months, P 5 .6). Reitz and
colleagues27 followed 20 consecutive NDO
patients receiving at least 5 BTX injections, and
on serial urodynamic assessment observed that
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clinical improvements in MCC, Pdetmax, and
compliance did not change over time. In the
most comprehensive series to date, Giannantoni
and colleagues41 followed 17 patients with SCI
and NDO managed with BTX injection therapy for
6 years, with clinical evaluation, urodynamics,
imaging of the upper tract, and QOL assessment
performed annually. At final analysis, they reported
a significant increase in MCC (P<.001) and a signif-
icant decrease in Pdetmax (P<.01), with 88.2% of
patients reporting complete continence. From
these data, it is possible to conclude that repeat
BTX detrusor injection is efficacious for NDO.
However, due to the small retrospective nature of
these studies, it remains unclear what proportion
of patients will develop BTX resistance and asso-
ciated treatment failure. In fact, development of
BTX-A antibodies has been demonstrated and
has been implicated in cases of BTX therapy
failure.57 Concern for BTX-A resistance has
resulted in the investigation of BTX-B in the treat-
ment of urologic disorders. Initial evaluations in
de novo patients58 and BTX-A failures59,60 demon-
strate encouraging subjective and urodynamic
improvement but with a shorter duration of effect
(6 weeks to 6 months). Thus, at this time, use of
BTX-B remains unproven.

SAFETY

Reported significant side effects with BTX bladder
injection are exceedingly uncommon, and in
general BTX injection is very well tolerated.
Although there is no uniform documentation
system, the most commonly reported AE include
injection site pain, procedure-related urinary
tract infection (UTI) (2%e32%), mild hematuria
(2%e21%), and an increase in PVR, which at
times results in urinary retention (0%e33%) or de
novo CIC (6%e88%).28 With extended follow-up,
hydronephrosis and vesicoureteral reflux have
been detected in rare instances, but have been
self-limited in nature.41 Due to the paralytic mech-
anism of botulinum neurotoxin, theoretical
concerns for systemic effects exist. However, to
date there have been no reports of severe
systemic reactions such as respiratory paralysis.
Hyposthenia has been reported in scattered
series,34 but these events have been transient,
lasting from 2 weeks to 2 months. Although there
is no evidence of dose-related side effects with
BTX bladder therapy, some investigators have re-
ported initial clinical experiences with dose modi-
fication as low as 100 U in an attempt to reduce
the risks of therapy.61 However, as of yet there is
no current consensus as to which candidates
would benefit from lower dose therapy.
BTX INJECTION FOR NDO IN CHILDREN

The most common underlying pathology for NDO
in the pediatric population is myelomeningocele
(93%), followed by spinal cord tumors and
trauma.62 First-line therapies for NDO in the pedi-
atric population include antimuscarinic pharmaco-
therapy and CIC, but 10% to 15% of patients will
prove to have refractory disease or severe
systemic side effects.63 During the last 10 years,
intravesical BTX has emerged as an alternative
treatment option to bladder augmentation or
incontinent urinary diversion for children with
NDO refractory to traditional therapies.
A recent systematic review identified 6 small

open-label studies64e69 encompassing 108 chil-
dren (mean age 9.8 years) with NDO managed
with CIC who were treated with BTX injection from
2002 to 2006.70 Injection protocols consisted of 30
to 50 injections of 5 to 12U/kgBTXwith amaximum
total doseof 300 to360U,and themajority of proce-
dures were performed under general anesthesia.
Follow-up was variable, but was typically reported
at 4- to 12-week intervals up to 26 weeks. Two
studies evaluated the efficacy of reinjection, at 6
to 9 months64 and at 1 year,66 respectively.
Theprimaryoutcomemeasureofcontinencewas

quantified by the mean incontinence score.71 BTX
injection resulted in a mean 40% to 80% reduction
from baseline,65e67,69 and 65% to 87% of children
became completely continent between catheteri-
zations.70 Improvement of urodynamic parameters
was demonstrated with BTX injection as well. All
6 studies showed a significant reduction in
Pdetmax

64e69 (percentage mean reduction from
baseline 33%e55%).64,68e70 The observed reduc-
tion in Pdetmax closely corresponded with an
increase in MCC (percentage increase from base-
line ranging from 35% to 80%), RDV (percentage
increase from baseline ranging from 84% to
314%), and bladder compliance (percentage
increase from baseline ranging from 58% to
180%).70 Similar to adult BTX series, clinical effi-
cacy was noted within 2 weeks from injection, and
these benefits were noted to persist for 3 to 6
months.66,68 The efficacy of repeat injection
therapy has also been demonstrated in children,
with the mean time interval between injection treat-
ments ranging from 6.3 to 9.6 months.64,67 BTX
injections were well tolerated in all series, with no
evidence of systemic AE or muscle weakness.
The most common AE reported was procedure-
related UTI in 7% to 20% of patients.70 Similar to
adult NDO populations, detrusor BTX injection has
been shown to have beneficial clinical and urody-
namic effects in children refractory to conservative
therapies.
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ADDITIONAL APPLICATIONS
Detrusor External Sphincter Dyssynergia

DESD, defined as an involuntary contraction of the
striated external sphincter during detrusor
contraction, is classically observed in patients
with central nervous system lesions between the
sacral spinal cord and the brain stem (SCI, MS,
and so forth). Traditional treatment modalities
have included CIC, external sphincterotomy,
balloon dilation of the external sphincter, and
prosthetic urethral stent placement.72 Urethral
sphincter BTX injection has been proposed as
a minimally invasive, reversible therapeutic option
for DESD with the goal of decreasing sustained
high voiding pressures to reduce the risk of
damage to the upper tracts.26

First reported in 1988,20 urethral sphincter BTX
therapeutic results are largely derived from small
open-labeled studies. These series are difficult to
compare because of differing injection protocols
using varying formulations and dilutions. A recent
systematic review reported that urethral BTX injec-
tion resulted in a 21% to 48% reduction from
baseline maximal urethral pressure, and 7% to
41% reduction of maximal detrusor voiding pres-
sure. Yet despite treatment, the maximal detrusor
voiding pressure following injection therapy
remained 40 mm H2O or more in several of these
studies.73 In a small double-blinded, placebo-
controlled crossover study, Dykstra and Sidi74

investigated urethral BTX-A injection in 5 patients
(140e240 U), reporting a 34% reduction in
maximal detrusor voiding pressure, 31% reduction
in maximal urethral pressure, and a 40% reduction
in PVR. Despite demonstrating a benefit, the
study’s small sample makes it difficult to draw
definitive conclusions. In a multicenter, random-
ized, double-blinded, placebo-controlled trial,
Gallien and colleagues75 compared the efficacy
of urethral injection of 100 U BTX-A to placebo
saline injection in 96 patients with DESD. The
investigators reported a significant reduction in
maximal detrusor pressure compared with
placebo (21%, P 5 .02), but no significant differ-
ences between groups with respect to maximal
urethral pressure or PVR. While urethral BTX injec-
tion remains an intriguing minimally invasive thera-
peutic option, further prospective studies
evaluating its long-term effects on voiding pres-
sures are necessary before widespread utilization
in patients with DESD.

Future Directions

Due to the successful utilization of botulinum toxin
in the lower urinary tract, investigators have
started to explore the promise of BTX injection
for an expanded spectrum of urologic conditions.
BTX injection has been investigated as a thera-
peutic option for patients with detrusor hypocon-
tractility or idiopathic voiding dysfunction, as
a means of reducing urethral resistance in order
to decrease the need to catheterize.76 Postulating
that botulinum toxin may reverse the sphincter-
induced detrusor-inhibition reflex in addition to
paralyzing sphincter motor end plates,73 BTX
injection has been proposed as a potential treat-
ment option for such voiding dysfunctions as
urethral overactivity and pelvic floor spasticity.26

Laboratory evidence suggesting an effect on
afferent sensory innervation77 shows great poten-
tial in the treatment of refractory urgency,78 lower
urinary tract symptoms in association with benign
prostatic hypertrophy,79 prostatitis/urethritis,80

and interstitial cystitis.26 BTX injection has also
been used in the treatment of pubovaginal sling
retention81 as well as urethral stricture disease
that has failed visual urethrotomy.82 Although
these applications are promising and show
intriguing preliminary data, these studies represent
off-label utilizations that are still only investiga-
tional at this time. Further large-scale trials are
needed to validate these preliminary findings,
before the lower urinary tract applications of BTX
can be expanded.
SUMMARY

Bladder botulinum toxin injection appears to have
beneficial qualitative and quantitative effects in
patients with NDO refractory to antimuscarinic
therapy. Injection therapy is well tolerated with
minimal risk of systemic AE. However, questions
remain regarding ultimate durability of efficacy
despite encouraging results with repeat injection
therapy. The current body of evidence is limited
by study methodology as well as significant varia-
tions in injection technique, BTX dosages, and
concentrations utilized. Ongoing global random-
ized, controlled trials will help to establish stan-
dardized injection protocols, confirm efficacy and
safety, and discern the optimal dose to achieve
a durable response in this complex patient
population.
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