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Abstract
The overactive bladder syndrome (OAB) negatively affects
the daily life of many people. Conservative treatments, such
as antimuscarinics, do not always lead to sufficient improvement of the complaints and/or are often associated with
considerable side effects resulting in treatment failure. In
the case of failure or intolerable side effects, sacral neuromodulation (SNM) and botulinum toxin are minimally invasive and reversible alternatives. Currently, of these alternatives only SNM with InterStimTM therapy has FDA approval
for use in OAB patients. This review attempts to provide an
update on the current position of SNM and botulinum toxin
in the second-line management of adults with idiopathic
OAB, based on the available clinical evidence concerning the
efficacy and safety.
Copyright © 2010 S. Karger AG, Basel

Introduction

Idiopathic overactive bladder syndrome (I-OAB) is
characterized by a combination of bladder filling symptoms: urgency with or without urgency urinary inconti-
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nence, usually accompanied by frequency and nocturia
[1]. Large-scale surveys in Europe and in the US estimated an OAB prevalence of approximately 16–17%, of which
a third (predominantly women) also have complaints of
urgency urinary incontinence [2, 3]. Frequency and urgency can be as distressing as urgency incontinence, and
OAB syndrome as a whole has a strong negative impact
on the quality of life [2, 4].
In 2009, the International Consultation on Incontinence (ICI) published an algorithm intended to serve as
a guide for the treatment of patients with I-OAB (fig. 1)
[1]. Behavioral and lifestyle interventions are recommended firstly, followed by bladder and pelvic floor muscle training, or pharmacological treatment with antimuscarinics. However, many patients have insufficient improvement with these treatments [4]. When conservative
treatments fail after 8–12 weeks, alternative therapies
should be considered [1]. These alternatives used to be
invasive and irreversible surgical procedures, such as
bladder augmentation or urinary diversion. Currently,
new and minimally invasive techniques are available
such as sacral neuromodulation (SNM; recommended by
ICI – level of evidence A), posterior tibial nerve stimulation (not recommended by ICI – insufficient scientific
data) and intradetrusor injection of botulinum toxin
(BTX; ICI – off label treatment – level of evidence C) [1].
Because both SNM and BTX injections are increasingly being applied in clinical practice, an overview is
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Table 1. Technique overview

First author

Patients

RCT
Sahai [6]
Flynn [20]
Brubaker [19]
Observational
Kalsi [8]
Khan [21]
Schmid [22]

placebo

BTX

18
7
15

16
15
28

–
–
–

38
81
220

Specialized management of urinary incontinence

With bladder outlet
obstruction (BOO)

Urgency incontinence

With underactive
detrusor

Neuromodulation (grade A)
BTX (grade C)
Bladder augmentation (grade C)

Correct anatomic BOO
␣-Blockers (male)
5␣-reductase inhibitors (male)
Antimuscarinic

Intermittent catheterization
Antimuscarinic

Fig. 1. Algorithm derived from ‘evidence-based’ recommendations of the ICI from 2008.

given on the available scientific and clinical evidence on
their safety and efficacy. The position of SNM and BTX
as second-line treatment options for adults with I-OAB is
discussed.

Dose, U

Injections

Injection site

200
200/300
200

20
8–10
15–20

bladder wall
detrusor
detrusor

200
200
100

20–30
20
30

detrusor
detrusor
suburothelium

Use of BTX as a muscle relaxant is indicated for various
neurological disorders, such as torticollis spasmodica or
other spastic diseases of the musculoskeletal system, serious primary caudal hyperhydrosis, and for esthetic reasons.
Among urologists, there is a growing popularity of
products containing BTX, mostly type A, in particular
Botox쏐 (Allergan, USA) and Dysport쏐 (High-Value Biotech, France).
Working Mechanism
The effect of BTX in I-OAB patients is based on a temporary inhibition of the neuromuscular nerve signals,
which leads to relaxation of the smooth muscles in the
bladder. Previously, the main effect was considered as
temporary blockage of presynaptic vesicle release which
decreases acetylcholine to the neuromuscular junction.
Recent research shows expanded effects such as inhibited
release of other transmitters (neuropeptide substance P,
APT) and downregulation of the axonal expression of
purinergic P23 and capsaicin-TPRV1 receptors of the
nerve endings in the (sub)urothelium, contributing to the
afferent desensitization [5]. Besides an effect on the afferent bladder signals, it is very likely that efferent nerves are
also being affected. BTX decreases detrusor pressure
during both the filling and the voiding phase, and may
increase the post-void residual volume [5].

Botulinum Toxin

Introduction
BTX is a protein that is produced by the anaerobic
Gram-positive bacteria Clostridium botulinum. Local injection of BTX leads to temporary chemical denervation
and loss or reduction of nerve cell activity at the tissue.
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Treatment Protocol
There is no standard protocol for the application
of BTX. In most published trials, 100–300 U Botox or
500 U Dysport are injected at 10–30 different sites of the
bladder wall (table 1) [6–11]. Injections can be performed
under local or general anesthesia. The possibility of using
Leong/De Wachter/van Kerrebroeck

First author

Follow-up

Sahai [6]
12 weeks
Flynn [20]
6 weeks
Brubaker [19] 12 months
Kalsi [8]
16 weeks
Khan [21]
4 weeks
Schmid [22]
9 months

General im- Voids/
provement day

Urgency/
day

IE/day

100% con- Pads/
tinence
day

–40
–12

–70

50

79
79

–18.20

–28.10

–70
–57
–87
–35

86

–53

–50

24-hour
MCC
pad weight
–45

45
!

IIQ-7
score

UDI-6
score

–57
–67

–53
–38
–39

–54

–64

46
85

–90

63

Figures indicate percentages, unless otherwise indicated. IE = Incontinence episodes; MCC = maximum cystometric capacity;
IIQ-7 = Impact Questionnaire-Short Form; UDI = Urogenital Distress Inventory-Short Form; ! = no significant difference vs. placebo, exact data not given.

no anesthesia at all is also being tested [12]. In terms of
injection technique, a comparative study showed a significantly better effect after 9 months when BTX was injected into the detrusor muscle compared to injection
into the bladder suburothelium. Both detrusor or suburothelium injection in the bladder body were better compared to suburothelium injection into bladder base [13].
However, injection into the bladder base reduced the urgency episodes significantly, while the other sites did not.
In most trials, the trigone is not injected to eliminate risk
of iatrogenic vesicoureteral reflux. However, recent studies argue against this postulation [13–15].
Dose-response studies show that low dosages (100 instead of 150–300 U) injected into the detrusor or suburothelium, lead to a significant reduction of the side effects,
but also to a reduction in the duration of the therapeutic
effect and the quality of life scores [16, 17].
Effectiveness
Currently, four randomized controlled trials (RCTs)
have been published. The first one used BTX type B and
showed significant improvements; however, the effect
was short-term (6 weeks) [18]. The other three trials used
BTX type A [6, 19, 20]. Several nonrandomized, prospective open-label studies have investigated the value of BTX
treatment in I-OAB patients. Unfortunately, in most
studies, the patient numbers are limited (10–30 patients),
reducing the reliability of the results. Only three studies
cover relatively large groups of patients [8, 21, 22].
Comparison of all of these studies is difficult due to
the differences in the methodology and parameters used.
All the RCT trials and the open-label studies show promising results (table 2). Generally, around 80% of the patients treated with BTX experience improvement. The
Sacral Neuromodulation versus
Botulinum Toxin Treatment

number of voids per day decreases on average by 12–53%,
urgency episodes per day by 28–70%, and incontinence
episodes per day by 35–87%. The maximum cystometric
capacity increased on average by 45%. The Impact Questionnaire-Short Form score decreased by an average of
54–57%, and the Urogenital Distress Inventory score decreased by a mean of 38–64%. Almost all parameters
used in the RCT trials showed significant improvements
compared with placebo.
Long-term follow-up trials show an average recurrence rate of 27–66%, with a mean duration of clinical
improvements of 6–14 months and a mean interinjection
interval of 14–23 months (table 3). While some patients
have a temporary effect, some patients seem to be ‘cured’
after one or two treatments. Khan et al. [21] showed a cure
rate of 10% and Schmid et al. [22] of 38% after the first
injection, while another 33% showed a ‘permanent’ good
effect when combining the treatment with anticholinergics.
A study on the satisfaction of patients who underwent
BTX showed that among 38 patients with neurogenic or
I-OAB, 93% of the patients would undergo the procedure
again [23]. Overall, patients were satisfied giving the
treatment an average score of 6.9 on a satisfaction scale
between 0 and 10. Furthermore, 90% of the patients reported clear improvement in their voiding situation, and
6.7% had adverse events.
Safety
BTX is generally well tolerated. No major complications were noted in any RCTs or large open-label studies
(table 4). The most common adverse events were high
post-void residual (19–43% depending on criteria used)
requiring clean intermittent self-catheterization (4–43%
Urol Int 2010;84:245–253
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Table 2. Effect of BTX
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Table 3. Reinjections

First author

Follow-up

Sahai [6]
Flynn [20]
Brubaker [19]
Kalsi [8]
Khan [21]
Schmid [22]

9 months
–
13 months
27 months
2.8 years
7 years

Recurrence
rate, %

Duration of clinical
improvements

–
66

6 months
–
307 days
13.86 months

57
26.8

9 months

Interinjection
interval

‘Cure’, %

–

–

1.9 years
14 months
13.5 months

16.7 (>27 months)
10 (>14 months)
38

Table 4. Most common adverse events associated with BTX therapy

First author

UTI, %

AUR, %

Mean PVR, ml

De novo PVR, %

CIC, %

Sahai [6]
Flynn [20]
Brubaker [19]
Kalsi [8]
Khan [21]
Schmid [22]

20.50
13
44
–
15
10

0
ND
ND
–
ND
4 (>400 ml)

44]51
25]107
ND
–
ND
21]85

37.5 (>150 ml)
26.6 (>200 ml)
43 (>200 ml)
–
43 (>100 ml)
19 (>150 ml)

37.5
6.7
32
–
43
4

UTI = Urinary tract infection; AUR = acute urinary retention; PVR = post-void residual urine; CIC = clean
intermittent catheterization.

depending on the criteria used) and urinary tract infection (10-43%) [6, 22, 24]. However, this incidence seems
to be dose dependent. A dose-effect study among 313
I-OAB patients who received either placebo, 50, 100, 150,
200, or 300 U BTX showed an incidence of post-void residual (1200 ml) of 0, 12.5, 14.5, 20.0, 28.8, 27.3%, respectively [17].
Aside from local side effects of BTX, muscular weakness as a result of unintentional dissemination of the toxin outside the target area may also occur. Between 2003
and 2007, four adverse events were reported in a Danish
registry after BTX treatment for urological interventions
[25]. Although the real incidence cannot be deduced from
these data, it is estimated to be at around 10/10,000 interventions. All adverse events involved muscle weakness,
two were throughout the whole body, one in the arms and
one in the thoracic muscles necessitating artificial respiration. The latter occurred in a patient with neurogenic
bladder dysfunction. In general, serious side effects can
occur such as problems with speech, swallowing (dysphagia) or breathing. Mortality after BTX treatment has been
reported before, although rarely and only in patients with
248
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known neurological disease. Because of this, manufacturers of products containing BTX, after consultation
with European regulators, issued a warning about the
safety in France, Denmark, Spain, Germany and the UK
[25–29].
The safety of repeated injections is rarely or not described. Although the impact of repeated injections on
the bladder compliance is unknown, no change in compliance has been demonstrated after up to three injections [30]. Although BTX in its present form has a small
antigenic potential and some immune resistance has been
reported on I-OAB and BTX, an immune response can
occur after repeated injection, and ultimately even tachyphylaxis [10, 31]. Schulte-Baukloh et al. [31] reported the
presence of BTX antigen among 8 out of 25 patients after
two injections. Further analysis showed a possible correlation between the presence of BTX-antigen and the reduction in treatment effect. To minimize the risk of immune resistance and response as much as possible, it is
advisable to wait at least 3 months between injections,
and to choose the lowest dose that will achieve the desired
clinical effects [32].
Leong/De Wachter/van Kerrebroeck

Introduction
SNM comprises the stimulation of the sacral nerves
that innervate the bladder, urethral sphincter and pelvic
floor muscles. Stimulation electrodes are placed at the
level of the third sacral nerve (S3) and connected to an
electrical stimulator that is implanted. The implantable
nerve stimulator (INS) that is being used for SNS therapy
uses the InterstimTM technology (Medtronic, Minneapolis, Minn., USA).
The indications for SNM therapy are I-OAB, nonobstructive urinary retention, fecal incontinence and chronic constipation.
Working Mechanism
The precise mechanism of action of SNM is still not
entirely clear. It is assumed that SNM affects the ‘neuroaxis’ at various levels and restores the balance between
excitatory and inhibitory regulation at various locations
within the peripheral and central nervous system [33].
Furthermore, SNM may also activate the afferent bladder
somatosensors which run to the micturation centre in the
brain stem, and/or activate the hypogastric sympathic
nerves [34].
Treatment Protocol
Before implanting the INS, a screening test is performed to assess the clinical effect of sacral nerve stimulation. There are two test protocols. The percutaneous
nerve evaluation (PNE) test uses a non-anchored test lead
placed into the S3 foramen and connected to an external
stimulator. The test period extends between 4 and 14
days, after which the test lead is removed. The procedure
is usually done in an outpatient setting. The overall response rate for PNE is around 55% [35, 36]. Lead migration is considered the main factor leading to false negative results [37, 38].
The definitive lead electrode has self-anchoring tines
that reduce the risk of migration. These leads can also be
used for testing. The lead is usually placed into the S3 foramen under general anesthesia (although some centers
also use local anesthesia in an outpatient setting), correct
positioning is guided with fluoroscopy, the lead is subcutaneously tunneled and connected subcutaneously to a
temporary extension lead that exits the skin and is connected to an external pulse generator. This procedure enables test periods of up to 3–4 weeks. If the patient has a
good response during the test, the present lead is connected to an internal nerve stimulator. This procedure is
Sacral Neuromodulation versus
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done under local or general anesthesia. Because of the
decreased risk of migration and the longer test duration,
this test has a higher response rate. According to a study
of Kessler et al. [39] prolonged screening with the tined
lead has a response rate of 67 compared to 43% during
PNE testing. The costs for the test protocol with the tined
leads are much higher compared to the PNE test. Currently, the use of either one of the two screening options
is arbitrary.
Effectiveness
There is convincing evidence for the success of SNM
with the Interstim technique for refractory I-OAB. Three
RCTs (two on patients with urgency incontinence and
one on patients with urgency frequency) [35, 36, 40] and
many articles on long-term observational studies have
been published [41–45]. Good clinical response is reported between 64 and 88% of all patients. All parameters
reported showed significant improvement compared to
the placebo group: a 23–46% decrease in the number of
voids per day, 44–77% increase in the average voided volume, 56–90% decrease in incontinence episodes per day,
64–100% decrease in pads and 39% increase in maximum
cystometric capacity (table 5).
A 5-year follow-up study on 121 patients with refractory I-OAB showed persistence of the clinical success in
the long-term: 84% of the patients with urgency incontinence and 71% of the patients with urgency/frequency
who had a successful outcome 1 year after implantation
continued to have a successfully outcome after 5 years
[43]. A study on the tined lead procedure in 21 patients
with I-OAB showed clinical success after an average of
15.5 months to be around 90% [45]. In all reported studies, clinical success is defined as a 150% improvement in
one of the relevant urinary voiding parameters.
Satisfaction and quality of life scores after SNM have
also been studied. Cappellano et al. [46] showed a significant improvement in the quality of life score in patients with urgency incontinence who underwent SNM
from a mean score of 34 to 76. At 18 months of follow-up,
they were asked whether they would undergo this treatment again. 90% responded yes and 100% would recommend it to a relative or friend. Foster et al. [47] asked 49
patients with urgency incontinence about their satisfaction with SNM treatment. The majority were satisfied
(84%) and would ‘do it all over again’ (80%).
Safety
Adverse events are usually related to the implant procedure, the presence of the implant or of undesirable
Urol Int 2010;84:245–253
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Table 5. Short-term results of treatment with SNM or with placebo among patients with OAB

First author

Follow-up, General im- Voids/
months
provement, day, %
%

Weil [36]
Schmidt [35]
Hassouna [40]
van Kerrebroeck [43]
van Voskuilen [44]
Sutherland [42]
van Voskuilen [45]
Hijaz [41]

6
6
12
49
64.2
22
15.5
16

Voided
vol., %

IE/day, Proportion of
Pads/ MCC,
%
group with 100% day, % %
continence, %
–90
–73

88
64
69
80
75

–46
–23

77
79

–56

–35
–38

44

–88
–65

56
47

–92
–82

39

–64
50

–100

Table 6. Most frequent adverse events associated with SNM therapy

First author

Pain at implant site, %

Lead migra- Other pain, %
tion, %

Bowel function
disturbance, %

Weil [36]
Schmidt [35]
Hassouna [40]
van Kerrebroeck [43]
van Voskuilen [44]
Sutherland [42]
van Voskuilen [45]
Hijaz [41]

42
33

21
13

19
28
15
7
3

5
7

5
5
4
7

Adverse event ratio
Revision ratio

3
2
1
0
1990

1992

1994

1996

1998

2000

2002

2003

Fig. 2. Average number of adverse events and surgical revisions

per implanted patient [44].
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7.9 (lead site)
43 (pain or discomfort)

5
3
1

5
4

18 (leg)

Infection,
%
4
8
4
10

3 (leg stimulation)
5

stimulation. The most common adverse event reported is
pain at the implant site. The occurrence in most studies
varies between 3 and 42% (table 6) [22, 36, 40–45]. Other
adverse events reported are lead migration (1–21%), bowel dysfunction (4–7%) and infection (4–10%). Technical
improvements throughout the years have decreased the
incidence of adverse events significantly. Two important
improvements were the introduction of tined leads (leads
with hooks) and the gluteal placement of the INS instead
of abdominal. Ever since, both the incidence of adverse
events and the reoperation rate per implanted patient
have decreased (fig. 2) [44].
The majority of adverse events do not require surgical
intervention. Decreased efficacy because of electrode migration and undesirable stimulation can easily be solved
by reprogramming the INS. A retrospective analysis
among 83 implanted patients with a reduced response or
complications, such as pain at the INS site, showed that
18% of the cases could be helped conservatively [42]. Furthermore, the incidence of adverse events is lower with
Leong/De Wachter/van Kerrebroeck

also approved for the treatment of urinary retention, fecal
incontinence and chronic constipation [51, 52]. Recent
studies have shown that patients can experience relief
from both OAB and other pelvic floor disorders at the
same time when treated with SNM [53, 54]. On the other
hand, patients who need regular MRI scans may be better
off with BTX treatment, because so far SNM is not MRI
proof.

Other Considerations, SNM versus BTX

Both SNM and BTX have similar effectiveness rates
and both have relatively small, treatable and nonpermanent side effects. When having to choose between SNM
and BTX, urologists may rely on other data such as longterm safety and effect data and cost-effectiveness data.
Recently, three cost-effectiveness studies have been
published on SNM versus BTX, all three in the form of an
abstract. Arlandis and colleagues compared SNM with
BTX from a public health point of view in Spain; Leong’s
group compared SNM with BTX from a hospital point of
view in the Netherlands, and Leng’s group compared
SNM with BTX from a public health point of view in
North America. Both Arlandis’ group and Leong’s group
concluded that SNM is cost-effective compared with
BTX, whereas Leng and coworkers concluded that BTX
treatment dominated SNM (more effect at less cost), even
after repeated sensitivity analysis. More data on these abstracts is required to explain these contradictory results.
Another way of choosing between SNM and BTX is a
patient-specific approach. Patients with comorbidities in
the pelvic region may be better off with SNM. Some studies have shown that other urinary voiding disorders such
as urinary retention are present in 1 out of 3 I-OAB patients, and that 26% of women with lower urinary tract
disorders also have fecal incontinence [49, 50]. SNM is

Conclusion

OAB has a significant impact on the quality of life in
both men and women. If conservative treatments are not
effective, then there are various second-line treatment
options available. SNM and BTX therapy are the most
commonly used. Both of these treatments have similar
effectiveness rates and both have relatively small, treatable and nonpermanent side effects. Cost-effectiveness
analyses have shown contradictory results. BTX treatment has not yet been officially approved for urological
disorders due to lack of long-term effect and safety data
and lack of consensus regarding the proper dosage and
the injection method. However, all BTX studies on patients with I-OAB are promising and point to the direction of approval. Until then, SNM is the only minimally
invasive option approved for I-OAB patients who are refractory to conservative treatment.

Acknowledgements
The authors would like to thank the WAMU foundation (partners: Novartis, Medtronic, GlaxoSmithKline, Coloplast, AstraZeneca, Astellas, Abbot) for their support.

References
1 Abrams PAK, Birder L, Brubaker L, et al:
Recommendations of the International Scientific Committee: Evaluation and treatment of urinary incontinence, pelvic organ
prolapse and faecal incontinence; in Abrams
PCL, Khoury S, Wein A (eds): Incontinence.
Plymouth, Health Publication, 2009, pp
1767–1816.
2 Milsom I, Abrams P, Cardozo L, Roberts RG,
Thuroff J, Wein AJ: How widespread are the
symptoms of an overactive bladder and how
are they managed? A population-based prevalence study. BJU Int 2001;87:760–766.

Sacral Neuromodulation versus
Botulinum Toxin Treatment

3 Stewart WF, Van Rooyen JB, Cundiff GW,
Abrams P, Herzog AR, Corey R, Hunt TL,
Wein AJ: Prevalence and burden of overactive bladder in the United States. World J
Urol 2003;20:327–336.
4 Herbison P, Hay-Smith J, Ellis G, Moore K:
Effectiveness of anticholinergic drugs compared with placebo in the treatment of overactive bladder: systematic review. BMJ 2003;
326:841–844.

Urol Int 2010;84:245–253

5 Apostolidis A, Dasgupta P, Fowler CJ: Proposed mechanism for the efficacy of injected
botulinum toxin in the treatment of human
detrusor overactivity. Eur Urol 2006; 49:
644–650.
6 Sahai A, Khan MS, Dasgupta P: Efficacy of
botulinum toxin-a for treating idiopathic
detrusor overactivity: results from a single
center, randomized, double-blind, placebo
controlled trial. J Urol 2007; 177:2231–2236.

251

Review

the new tined leads in comparison with non-tined leads
(28 and 73%, respectively) [42]. A study among 235 patients confirmed that tined leads migrated less often,
which occurred among 5 patients (2.1%) [48]. The available data indicate that the further development and optimization of SNM limits the risk of adverse events.

Review

7 Ghalayini IF, Al-Ghazo MA: Intradetrusor
injection of botulinum-a toxin in patients
with idiopathic and neurogenic detrusor
overactivity: urodynamic outcome and patient satisfaction. Neurourol Urodyn 2007;
26:531–536.
8 Kalsi V, Apostolidis A, Popat R, Gonzales G,
Fowler CJ, Dasgupta P: Quality of life changes in patients with neurogenic versus idiopathic detrusor overactivity after intradetrusor injections of botulinum neurotoxin
type A and correlations with lower urinary
tract symptoms and urodynamic changes.
Eur Urol 2006;49:528–535.
9 Popat R, Apostolidis A, Kalsi V, Gonzales G,
Fowler CJ, Dasgupta P: A comparison between the response of patients with idiopathic detrusor overactivity and neurogenic detrusor overactivity to the first intradetrusor
injection of botulinum-A toxin. J Urol 2005;
174:984–989.
10 Rajkumar GN, Small DR, Mustafa AW, Conn
G: A prospective study to evaluate the safety,
tolerability, efficacy and durability of response of intravesical injection of botulinum
toxin type A into detrusor muscle in patients
with refractory idiopathic detrusor overactivity. BJU Int 2005;96:848–852.
11 Kessler TM, Danuser H, Schumacher M,
Studer UE, Burkhard FC: Botulinum a toxin
injections into the detrusor: an effective
treatment in idiopathic and neurogenic detrusor overactivity? Neurourol Urodyn
2005;24:231–236.
12 Cohen BL, Rivera R, Barboglio P, Gousse A:
Safety and tolerability of sedation-free flexible cystoscopy for intradetrusor botulinum
toxin-A injection. J Urol 2007; 177: 1006–
1010; discussion 1010.
13 Kuo HC: Comparison of effectiveness of detrusor, suburothelial and bladder base injections of botulinum toxin A for idiopathic
detrusor overactivity. J Urol 2007; 178:1359–
1363.
14 Karsenty G, Elzayat E, Delapparent T, St-Denis B, Lemieux MC, Corcos J: Botulinum
toxin type A injections into the trigone to
treat idiopathic overactive bladder do not induce vesicoureteral reflux. J Urol 2007; 177:
1011–1014.
15 Lucioni A, Rapp DE, Gong EM, Fedunok P,
Bales GT: Intravesical botulinum type A toxin injection in patients with overactive bladder: trigone versus trigone-sparing injection. Can J Urol 2006;13:3291–3295.
16 Kuo HC: Will suburothelial injection of
small dose of botulinum A toxin have similar
therapeutic effects and less adverse events
for refractory detrusor overactivity? Urology 2006;68:993–997.
17 Fowler C, Auerbach S, Ginsberg D, Hale D,
Radziszewski P, Rechberger T, Kowalski J,
Zhou J: Botulinum toxin A (Botox쏐) demonstrates dose-dependent improvements in
health-related quality-of-life measures in idiopathic overactive bladder. J Urol 2009;181:
558.

252

Urol Int 2010;84:245–253

18 Ghei M, Maraj BH, Miller R, Nathan S,
O’Sullivan C, Fowler CJ, Shah PJ, MaloneLee J: Effects of botulinum toxin B on refractory detrusor overactivity: a randomized,
double-blind, placebo controlled, crossover
trial. J Urol 2005; 174: 1873–1877; discussion
1877.
19 Brubaker L, Richter HE, Visco A, Mahajan
S, Nygaard I, Braun TM, Barber MD, Menefee S, Schaffer J, Weber AM, Wei J: Refractory idiopathic urge urinary incontinence
and botulinum A injection. J Urol 2008; 180:
217–222.
20 Flynn MK, Amundsen CL, Perevich M, Liu
F, Webster GD: Outcome of a randomized,
double-blind, placebo controlled trial of botulinum a toxin for refractory overactive
bladder. J Urol 2009;181:2608–2615.
21 Khan S, Kessler TM, Apostolidis A, Kalsi V,
Panicker J, Roosen A, Gonzales G, Haslam
C, Elneil S, Fowler CJ, Dasgupta P: What a
patient with refractory idiopathic detrusor
overactivity should know about botulinum
neurotoxin type a injection. J Urol 2009;181:
1773–1778.
22 Schmid DM, Sauermann P, Werner M,
Schuessler B, Blick N, Muentener M, Strebel
RT, Perucchini D, Scheiner D, Schaer G, John
H, Reitz A, Hauri D, Schurch B: Experience
with 100 cases treated with botulinum-a toxin injections in the detrusor muscle for idiopathic overactive bladder syndrome refractory to anticholinergics. J Urol 2006; 176:
177–185.
23 Schulte-Baukloh H, Weiss C, Schobert J,
Stolze T, Sturzebecher B, Knispel HH: Subjective patient satisfaction after injection of
botulinum-A toxin in detrusor overactivity
(in German). Aktuelle Urol 2005; 36: 230–
233.
24 Michael KF, Cindy LA, MaryAnn P, Fan L,
George DW: Outcome of a randomized, double-blind, placebo controlled trial of botulinum a toxin for refractory overactive bladder. J Urol 2009;181:2608–2615.
25 Adverse reactions to botulinum toxin (Botox쏐, Dysport쏐, Vistabel쏐, Neurobloc쏐) –
update, http://www.dkma.dk/1024/visUKLSArtikel.asp?artikelID=11694, 2007.
26 Toxine botulique. Modification du résumé
des caractéristiques du produit (RCP), http://
ag med.sa nte.gouv.f r/ ht m/10/f i lcoprs/
070702.htm, 2007.
27 Toxina botulínica (Botox쏐, Dysport쏐, Neurobloc쏐, Vistabel쏐): Riesgo de efectos adversos graves por diseminación de la toxina,
http://www.agemed.es/actividad/alertas/
usoHumano/seguridad/toxinaBotulinica.
htm, 2007.
28 Wichtige Sicherheitsinformationen zu den
Botulinumtoxinpräparaten Botox쏐, Dysport쏐, Neurobloc쏐, Vistabel쏐, Xeomin쏐,
http://www.bfarm.de/cln_043/SharedDocs/
Publikationen/DE/Pharmakovigilanz/roteHandBriefe/2007/botulinumtoxin,template
Id=raw,property=publicationFile.pdf/botulinumtoxin.pdf, 2007.

29 MHRA letter: Botulinum toxin products
and risk of serious adverse events due to
spread of toxin, http://www.nelm.nhs.uk/
en/NeLM-Area/Evidence/Patient-Safety/
500840/?query=botulinum&rank=4, 2007.
30 Guggenbuehl-Roy S, Schurch B, Sulser T,
Schmid DM: Effect of repeated intradetruso
injections of botulinum-A toxin on bladder
capacity, detrusor pressure and compliance
for treating patients with idiopathic detrusor
overactivity, follow-up. J Urol 2009;181:571.
31 Schulte-Baukloh H, Bigalke H, Miller K,
Heine G, Pape D, Lehmann J, Knispel HH:
Botulinum neurotoxin type a in urology: antibodies as a cause of therapy failure. Int J
Urol 2008;15:407–415; discussion 415.
32 Patel AK, Patterson JM, Chapple CR: Botulinum toxin injections for neurogenic and idiopathic detrusor overactivity: a critical
analysis of results. Eur Urol 2006; 50: 684–
709; discussion 709–710.
33 van der Pal F, Heesakkers JP, Bemelmans BL:
Current opinion on the working mechanisms of neuromodulation in the treatment
of lower urinary tract dysfunction. Curr
Opin Urol 2006;16:261–267.
34 Chancellor M, Chartier-Kastler E: Principles
of sacral nerve stimulation (SNS) for the
treatment of bladder and urethral sphincter
dysfunctions. Neuromodulation 2000; 3: 16–
26.
35 Schmidt RA, Jonas U, Oleson KA, Janknegt
RA, Hassouna MM, Siegel SW, van Kerrebroeck PE: Sacral nerve stimulation for treatment of refractory urinary urge incontinence. Sacral nerve stimulation study group.
J Urol 1999;162:352–357.
36 Weil EH, Ruiz-Cerda JL, Eerdmans PH,
Janknegt RA, Bemelmans BL, van Kerrebroeck PE: Sacral root neuromodulation in
the treatment of refractory urinary urge incontinence: a prospective randomized clinical trial. Eur Urol 2000;37:161–171.
37 Everaert K, Kerckhaert W, Caluwaerts H,
Audenaert M, Vereecke H, De Cuypere G,
Boelaert A, Van den Hombergh U, Oosterlinck W: A prospective randomized trial
comparing the 1-stage with the 2-stage implantation of a pulse generator in patients
with pelvic floor dysfunction selected for
sacral nerve stimulation. Eur Urol 2004; 45:
649–654.
38 Janknegt RA, Weil EH, Eerdmans PH: Improving neuromodulation technique for refractory voiding dysfunctions: two-stage
implant. Urology 1997; 49:358–362.
39 Kessler TM, Buchser E, Meyer S, Engeler DS,
Al-Khodairy AW, Bersch U, Iselin CE, Roche
B, Schmid DM, Schurch B, Zrehen S,
Burkhard FC: Sacral neuromodulation for
refractory lower urinary tract dysfunction:
results of a nationwide registry in Switzerland. Eur Urol 2007;51:1357–1363.

Leong/De Wachter/van Kerrebroeck

Sacral Neuromodulation versus
Botulinum Toxin Treatment

44 van Voskuilen AC, Oerlemans DJ, Weil EH,
de Bie RA, van Kerrebroeck PE: Long term
results of neuromodulation by sacral nerve
stimulation for lower urinary tract symptoms: a retrospective single center study. Eur
Urol 2006;49:366–372.
45 Van Voskuilen AC, Oerlemans DJ, Weil EH,
van den Hombergh U, van Kerrebroeck PE:
Medium-term experience of sacral neuromodulation by tined lead implantation. BJU
Int 2007;99:107–110.
46 Cappellano F, Bertapelle P, Spinelli M, Catanzaro F, Carone R, Zanollo A, De Seta F,
Giardiello G: Quality of life assessment in
patients who undergo sacral neuromodulation implantation for urge incontinence: an
additional tool for evaluating outcome. J
Urol 2001;166:2277–2280.
47 Foster RT, Sr, Anoia EJ, Webster GD, Amundsen CL: In patients undergoing neuromodulation for intractable urge incontinence a reduction in 24-hr pad weight after the initial
test stimulation best predicts long-term patient satisfaction. Neurourol Urodyn 2007;
26:213–217.
48 Deng DY, Gulati M, Rutman M, Raz S, Rodriguez LV: Failure of sacral nerve stimulation due to migration of tined lead. J Urol
2006;175:2182–2185.

Urol Int 2010;84:245–253

49 Aboseif S, Tamaddon K, Chalfin S, Freedman S, Kaptein J: Sacral neuromodulation as
an effective treatment for refractory pelvic
floor dysfunction. Urology 2002;60:52–56.
50 Khullar V, Damiano R, Toozs-Hobson P,
Cardozo L: Prevalence of faecal incontinence
among women with urinary incontinence.
Br J Obstet Gynaecol 1998;105:1211–1213.
51 Kenefick NJ, Nicholls RJ, Cohen RG, Kamm
MA: Permanent sacral nerve stimulation for
treatment of idiopathic constipation. Br J
Surg 2002;89:882–888.
52 Leroi AM, Parc Y, Lehur PA, Mion F, Barth
X, Rullier E, Bresler L, Portier G, Michot F:
Efficacy of sacral nerve stimulation for fecal
incontinence: results of a multicenter double-blind crossover study. Ann Surg 2005;
242:662–669.
53 Leroi AM, Michot F, Grise P, Denis P: Effect
of sacral nerve stimulation in patients with
fecal and urinary incontinence. Dis Colon
Rectum 2001;44:779–789.
54 Swartz MA, Goldman H, Kong W, Rackley
R, Moore C, Vasavada S, Gurland B: Bowel
and pelvic symptoms improve after sacral
neuromodulation for overactive bladder: the
preliminary results. J Urol 2009;181:548.

253

Review

40 Hassouna MM, Siegel SW, Nyeholt AA, Elhilali MM, van Kerrebroeck PE, Das AK,
Gajewski JB, Janknegt RA, Rivas DA, Dijkema H, Milam DF, Oleson KA, Schmidt RA:
Sacral neuromodulation in the treatment of
urgency-frequency symptoms: a multicenter
study on efficacy and safety. J Urol 2000;163:
1849–1854.
41 Hijaz A, Vasavada SP, Daneshgari F, Frinjari
H, Goldman H, Rackley R: Complications
and troubleshooting of two-stage sacral neuromodulation therapy: a single-institution
experience. Urology 2006;68:533–537.
42 Sutherland SE, Lavers A, Carlson A, Holtz C,
Kesha J, Siegel SW: Sacral nerve stimulation
for voiding dysfunction: one institution’s 11year experience. Neurourol Urodyn 2007;26:
19–28.
43 van Kerrebroeck PE, van Voskuilen AC,
Heesakkers JP, Lycklama a Nijholt AA, Siegel
S, Jonas U, Fowler CJ, Fall M, Gajewski JB,
Hassouna MM, Cappellano F, Elhilali MM,
Milam DF, Das AK, Dijkema HE, van den
Hombergh U: Results of sacral neuromodulation therapy for urinary voiding dysfunction: outcomes of a prospective, worldwide
clinical study. J Urol 2007; 178:2029–2034.

