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Abstract

Introduction and hypothesis The aim of this manuscript was
to provide a systematic literature review of clinical trial
evidence for a range of electrical stimulation therapies in
the treatment of lower urinary tract symptoms (LUTS).
Methods The databases MEDLINE, BIOSIS Previews, In-
side Conferences, and EMBASE were searched. Original
clinical studies with greater than 15 subjects were included.
Results Seventy-three studies were included, representing
implanted sacral nerve stimulation (SNS), percutaneous
posterior tibial nerve stimulation (PTNS), and transcutane-
ous electrical stimulation (TENS) therapy modalities.
Conclusions Median mean reductions in incontinence epi-
sodes and voiding frequency were similar for implanted
SNS and PTNS. However, long-term follow-up data to
validate the sustained benefit of PTNS are lacking. Despite
a substantial body of research devoted to SNS validation, it
is not possible to definitively define the appropriate role of
this therapy owing largely to study design flaws that
inhibited rigorous intention to treat analyses for the majority
of these studies.
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Introduction

Symptoms of lower urinary tract dysfunction are often chal-
lenging to treat and have a significant adverse effect on quality
of life (QOL). A significant proportion of the adult population
experiences lower urinary tract symptoms (LUTS) and the
prevalence of these symptoms increases with age [1, 2]. A
five country, population-based random survey conducted in
2005 found that 64.3% of adults reported at least one LUTS
[1]. The prevalence of symptoms of overactive bladder (OAB)
in the USA has been estimated at 16.5% with 6.1% experi-
encing urge urinary incontinence (UUI) [2].

Initial treatment of OAB and other LUTS include lifestyle
and behavioral modifications and conservative therapies such
as bladder retraining, pelvic muscle exercises, and biofeed-
back. These interventions are frequently used in combination
with antimuscarinic or anticholinergic agents. Despite trying
conservative measures and pharmacotherapy, 40% of patients
either do not achieve an acceptable level of therapeutic benefit
or remain completely refractory to treatment [3].

Until the advent of electrical stimulation techniques, re-
fractory cases were offered long-term catheterization or
surgical management (bladder distension, bladder augmen-
tation, detrusor myectomy, or urinary diversion), but high
recurrence and complication rates have limited the wide-
spread use of surgery for many patients [4]. Electrical stim-
ulation techniques are available as an alternative that is less
invasive, both for treatment of refractory OAB and non-
obstructive urinary retention (UR).

The purpose of electrical stimulation (or neuromodulation)
for treatment of voiding dysfunction is to target nerves that
control the pelvic floor and specifically bladder function.
Stimulation can be applied via noninvasive surface electrodes
as with transcutaneous electrical stimulation (TENS) devices,
through percutaneously placed needles/wires, or through a
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fully implanted device. TENS and percutaneously applied stim-
ulation therapies are typically delivered during intermittent treat-
ment sessions in a clinic or home setting, and ongoing treatment
may be required to sustain benefit. The most widely employed
electrical stimulation technique at present is implanted sacral
nerve stimulation (SNS). This technique is currently approved
by the US Food and Drug Administration for three indications:
UUI, urgency-frequency syndrome (UF), and UR [5].

Recent evidence suggests that the mechanism of action
(MOA) for electrical stimulation may be related to reorganiza-
tion of spinal reflexes and regulation of cortical activity [6].
However, a definitive and comprehensive explanation of elec-
trical stimulation MOA remains to be established. Moreover,
selection of patients most likely to derive significant long-term
benefits from these therapy modalities remains challenging. In
light of these uncertainties, this systematic review aims to rigor-
ously examine the available clinical trial evidence for electrical
stimulation therapies for the treatment of various LUTS.

Materials and methods

Extensive electronic searches were conducted to identify pub-
lished studies on electrical stimulation for LUTS. Searches
revealed publications from 1970 onwards. Only those pub-
lished in the English language were selected for review. The
databases searched were MEDLINE, BIOSIS Previews, In-
side Conferences, and EMBASE.

The literature search identified 456 articles. Three reviewers
screened all titles and abstracts independently and excluded
reports not meeting the following initial inclusion criteria:

* English language
* Available as full-text study
* An original publication of a clinical study, not a review

Full-text copies of all reports deemed to be potentially rele-
vant were retrieved and a more detailed assessment of the
article’s fit with the agreed upon inclusion criteria was con-
ducted independently by each of the three reviewers. Studies
sought were those which examined more than 15 subjects and
reported outcomes based on voiding diaries/charts, urodynamic
measures, QOL assessments, or adverse events. The participants
were adults or children with various neurogenic and non-
neurogenic LUTS, not including stress incontinence. Investiga-
tions of anal/vaginal/genital stimulation and magnetic or maxi-
mal electrical stimulation were excluded. Although these
modalities may have some utility in LUTS treatment, the authors
contend that they have not been widely adopted in the clinical
setting and pragmatic barriers to administering these stimulation
techniques have largely relegated them to experimental use. In
addition, studies of electrical stimulation used in tandem with
other therapies were excluded. Final inclusion and exclusion of
articles required consensus among the three reviewers.
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Data analyses were conducted separately for the three electri-
cal stimulation modalities identified through our review. Pooling
of data to obtain mean outcome results was not possible owing to
the fact that many articles reported on individual subjects who
were also reported on by other articles included in our review.
Therefore, our analysis relied on an examination of the median
and range of mean values for each reported clinical baseline and
outcome data parameter. Median mean values were calculated
by patient subgroup (e.g., UUIL, UR, UF) for each parameter,
provided that adequate data were available.

Results

From an initial 456 publications identified by the literature
search, 73 articles were included, of which 8 are randomized
controlled trials (RCTs) [7—14], 7 are comparative studies
[15-21], 46 are prospective [22—67] and 10 are retrospective
case series [68—77], and 2 combine prospective and retro-
spective case series in the same article [78, 79]. The screen-
ing process is summarized in Fig. 1.

The included studies were published between the years of
1983 and 2009: 40 studies investigated treatment outcomes
related to implanted neurostimulation devices, 20 studies
investigated outcomes related to percutaneous stimulation
modalities, and 13 studies investigated TENS.

Implanted sacral nerve stimulation

Forty studies provide data on the use of implanted SNS for
the treatment of LUTS. These studies were published be-
tween the years of 1993 and 2009 and include 5 RCTs
[9-11, 13, 14], 23 prospective [24, 25, 27-30, 32, 34, 35,
37, 41, 42, 44, 46, 48, 56, 58, 61-66] and 10 retrospective
case series [68—77], and 2 combined prospective/retrospective
case series [78, 79]. UUI was the most common indication
studied: 34 studies included patients with UUI symptoms and
11 studies investigated this population exclusively.

It is evident that some reports include patients who also
appear in other reports. As such, it is not possible to deter-
mine the total number of subjects enrolled in the complete
body of 40 studies. Our review identified three series of
interlinked studies which each resulted in multiple publica-
tions from shared study cohorts; however, the extent of
population overlap within the complete body of SNS im-
plantation studies could not be definitively determined. The
largest of these series represents results of a multicenter,
prospective randomized trial sponsored by Medtronic, re-
ferred to as MDT-103. Taken as a whole, this series of studies
investigated treatment of a minimum of 103 UUI patients, 29
UF patients, and 60 UR patients and resulted in at least 12
publications [9-11, 13, 25, 34, 35, 37, 65, 68, 71, 75].
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Fig. 1 Flow diagram for
screening process

Potentially relevant reports identified
and screened for retrieval (n=456)

Excluded reports (n=147) not meeting
| inclusion criteria, e.g., non-English, abstract-

Y

only, reviews

evaluation (n=309)

Reports retrieved for more detailed

y

| Magnetic stimulation (n=28)

Excluded reports (n=236):

Case series with sample size < 15 (n=28)
No relevant outcomes reported (n=14)
Study of stress urinary incontinence (h=32)
Study of pelvic pain (n=14)

Study of interstitial cystitis (n=4)

Other non-relevant indication (n=10)
Non-English (n=2)

Anal/vaginal/genital stimulation (n=44)
Other non-relevant stimulation sites (n=11)

Maximal electrical stimulation (n=11)

Other non-relevant stimulation modalities (n=3)

Other non-relevant therapies, e.g., biofeedback,
Botox (n=19)

Electrical stimulation applied in tandem with
other therapies (n=8)

Not an intervention study (n=4)

Review (n=4)

Studies included (n=73):
8 RCTs
7 Comparative studies

46 Prospective case series
10 Retrospective case series
2 Combined prospective/retrospective

case series

Medtronic’s InterStim was the most commonly employed
implantable pulse generator (IPG) device, and 15 of the 40
studies specified use of InterStim exclusively while an addi-
tional 3 studies (each retrospective) indicated use of both
InterStim and the earlier generation devices Itrel I and/or II.
In addition, a 2007 study described use of both InterStim and
two-channel bilateral stimulation devices, Synergy and Twin
[64]. Seven studies specified the use of either Itrel I and/or Itrel
II. Twelve studies did not specify the type of IPG implanted.

Over the period in which the articles in this review were
published, the standard procedure for implantation evolved.
The original implantation technique involved a preliminary

test stage referred to as a percutancous nerve evaluation
(PNE). The PNE test involves introduction of a temporary
wire electrode to the sacral foramen to establish the integrity of the
sacral nerves. Success of this test stimulation is generally defined
as improvement of at least one major voiding symptom by more
than 50%. Patients who are selected for permanent implantation
based on successful test stimulation undergo an open sacral
procedure with placement of a permanent electrode and IPG.

In 2003, Spinelli et al. published a description of a two-
stage implantation procedure [48], and 13 of the articles
dating back to December 2002 [46, 48, 56, 61, 62, 64, 606,
71, 73-77] indicate explicitly that this technique was
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employed (6 of these investigated both one-stage and two-
stage implantation outcomes). Two-stage implantation ena-
bles test stimulation to be performed using the permanent
quadripolar lead. Because only local anesthesia is applied,
the patient remains awake during lead placement and thus
sensory responses are accessible. Once in position, the elec-
trode is connected to an external pulse generator by a
temporary lead and left in place for an extended period
(typically 3—4 weeks) during which the patient is evaluated
for improvement in primary voiding symptoms (stage 1). If
the voiding symptoms improve by more than 50%, subjects
will undergo surgery to implant the IPG (stage 2). The basis
of this procedure is a minimally invasive method for stage 1
testing, enabling elimination of an additional surgery for
implantation of the permanent lead and increasing the suc-
cess rate of patients qualifying for IPG implantation.
Patient outcomes for SNS implantation were determined
based on various measures including voiding symptom parame-
ters, urodynamic exam measures, QOL assessments, and subjec-
tive patient satisfaction ratings. In addition, many articles reported
on complications, and a number of reports investigated adverse
events exclusively. Because some reports include patients who
also appear in other reports, pooling of data was not viable.
Thirty-seven of the studies included long-term follow-up data
and median follow-up time was 18.8 months (range 4—

Table 1 Clinical outcome parameters

84.2 months). (One study investigated two study arms, a one-
stage and two-stage implant, and reported distinct mean follow-up
periods for each arm [77]. Another study reported distinct mean
follow-up periods for each of three clinical indications investigat-
ed [64].) Two studies that investigated adverse event outcomes
exclusively did not include long-term follow-up data [73, 76].
Of the 40 SNS studies, 34 (85%) reported outcomes based
on clinical symptom parameters. These data were typically
assessed in comparison to baseline clinical symptom measures
and obtained through patient recording of voiding diaries.
Table 1 presents outcome data based on clinical symptom
parameter measures for UUIL, UF, and UR study cohorts. Data
related to cohorts defined as OAB, combined UUI/UF, or
neurogenic bladder dysfunction were not included in this table.
Data were not recorded for outcome measures that were
reported on by fewer than two studies. All studies reported
improvements in primary voiding symptom parameters for
treated subjects based on comparison with baseline assessment.
The degree of improvement varied considerably from study to
study as evidenced by the wide range in outcome measure data.
Fourteen articles reported on the number of patients experi-
encing at least a 50% improvement, either with regard to a
specific voiding parameter or in their clinical symptoms in
general. The percentage of successful treatments indexed in
the table is based on the number of subjects who actually

Patient subgroup

Clinical symptom

Outcome measure

Number of
studies reporting

Data range
(median)

Urge urinary
incontinence

Urinary retention

Urgency/frequency

Various LUTS

Incontinence episodes/day

Daily pad use

Clinical symptoms

Catheterized volume/
catheterization

Catheterizations/day
Voids/day

Volume voided/void

Clinical symptoms

Mean reduction in parameter

Percentage of study subjects with
greater than 50% improvement
in parameter

Mean reduction in parameter

Percentage of study subjects with
greater than 50% improvement
in parameter

Percentage of study subjects with
greater than 50% improvement
in parameter

Mean reduction in parameter

Percentage of study subjects with
greater than 50% improvement
in parameter

Mean reduction in parameter

Mean reduction in parameter

Percentage of study subjects with
greater than 50% improvement
in parameter

Mean increase in parameter

Percentage of study subjects with
greater than 50% improvement
in parameter

Percentage of study subjects with greater
than 50% improvement in parameter

18 49-100% (72%)
6 62-100% (69%)
17 37-92% (64%)
4 61-100% (69.5%)
5 60-90% (72%)
5 62.5-77% (71%)
2 70-71%
6 14-100% (67%)
3 33-43% (40%)
3 40-56% (56%)
3 70-91% (84%)
2 48-56%
6 53-95% (78.5%)
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received the implantation and does not consider the number who
failed the preliminary test stimulation. (An intention to treat
analysis, which considers the total number of patients initially
evaluated, is presented in Table 2.) One study reported that
100% of its patients experienced greater than 50% improvement
in both incontinence episodes and daily pad use [44]. It should
be noted that this study followed treatment of only 12 subjects.

Of the 40 SNS studies, 13 (32%) reported outcomes
based on urodynamic examination parameters. However,
urodynamic parameters documented by these studies varied
considerably, and there was almost no agreement from study
to study in terms of parameters selected for investigation. As
such, there was no basis for comparison of these data.

Of'the 40 studies, 26 (65%) reported on the success rate of the
preliminary test stimulation period, including both PNEs and
first-stage test stimulation modalities. Aside from the 40 articles
that investigated implanted SNS, 4 additional studies [17, 26, 43,
61] provided data on percutaneous SNS used either as a test
stimulation preliminary to selection for implantation or in a
temporary stimulation capacity. These studies, which were pub-
lished between 1994 and 2006, each included patients with
various LUTS. Three of these studies focused on the identifica-
tion of predictors for success of neuromodulation: two using PNE
stimulation and one using first-stage stimulation. The fourth study
investigated bilateral versus unilateral SNS in a randomized
crossover study design [17]. This study did not find a significant
difference between bilateral and unilateral stimulation and pre-
sented outcome versus baseline voiding parameter data only in
graphic form and thus was not included in our analysis.

Test stimulation success was uniformly defined as at least 50%
improvement in primary voiding symptoms. Overall, the success
rate of the test stimulation procedures ranged from 28% for a
cohort of 154 patients with various LUTS [68] to 100% for a
cohort of 51 UF patients [11], with a median success rate of 54%.
Nine articles presented results of a first-stage test stimulation

Table 2 Intention to treat analysis: SNS implantation studies

procedure. The success rate for the first-stage test stimulation
procedure ranged from 66% for a cohort of 76 patients with
various LUTS [76] to 93% for a cohort of 15 patients with various
LUTS [43], with a median success rate of 79%.

An intention to treat analysis was possible for only 8 (20%)
[27,32,44,48, 52,64, 71, 74] of the 40 studies of implantable
SNS. Since RCTs randomized only patients with successful
test stimulation results, these studies were not amenable to
analysis. Table 2 presents intention to treat success rate data
for eight studies (six prospective and two retrospective). The
intention to treat success rate considers the number of patients
who ultimately experienced treatment success (i.e., greater
than 50% improvement in their clinical symptoms) against
the total number of patients initially evaluated via test stimu-
lation. Subjects who declined implantation despite successful
test stimulation were omitted from our analysis.

Surgical revision by patient was the most commonly docu-
mented measurement of adverse outcomes among the 40
implanted SNS studies and was reported in 14 (35%) of the
articles. Three of these studies reported pooled data on the same
cohort of 219 patients [11, 34, 37]. Therefore, these data were only
included once in our analysis. The surgical revision rate by case
ranged from 9.7% for a cohort of 103 patients at 18-month follow-
up [67] to 48.3% for a cohort of 149 patients with a mean follow-
up of 64.2 months [61]. The median surgical revision rate was
28.7%. A small number of studies documented surgical revision
by numbers of procedures, and it is clear that a significant number
of patients required two or more reoperations to correct compli-
cations. The most frequently reported adverse events were pain at
IPG or lead site, lead migrations, infections, and electric shock.

Percutaneous posterior tibial nerve stimulation

Sixteen articles, published between the years of 2000 and
2010, provide data on the use of percutaneous posterior tibial

First author/publication year Percentage of implant subjects Intention to treat Cohort

with greater than 50% improvement success rate

in clinical symptoms
One-stage implantation with PNE test stimulation
Bosch/1995 83% (15/18) 48% (15/31) uul
Griinewald/1999 77% (33/43) 21% (33/154) Various LUTS
Bosch/2000 60% (27/45) 32% (27/85) Uul
Aboseif/2002 79% (50/63) 31% (50/160) Various LUTS
Amundsen/2002 100% (12/12) 48% (12/25) UUI
Two-stage implantation
Spinelli/2003 95% (21/22) 75% (21/28) Various LUTS
Starkman/2007 90% (20/22) 80% (20/25) UUI
Mix of one-stage and two-stage implantation
Kessler/2007 70% (64/91) 32% (62/198) Various LUTS
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nerve stimulation (PTNS) for treatment of LUTS. These in-
clude 13 prospective case series [33, 36, 38,42, 45,47, 49, 50,
53,54,57,59, 67] and 3 randomized comparative studies [18,
19, 21]. Eight of the studies included adults with OAB and
seven of these investigated this population exclusively. Aside
from the studies that targeted OAB specifically, three additional
studies investigated urgency-frequency syndrome and two
studies investigated treatment of UUI Treatment of UR was
addressed in three articles, but two of these were separate
studies of the same cohort. Two studies investigated treatment
of children with various LUTS and one study investigated
treatment of LUTS secondary to Parkinson’s disease.

Some articles included patients who also appear in other PTNS
articles. In particular, our review identified a series of six interre-
lated articles, which share common authors and common study
elements [19, 38, 47,49, 50, 53]. As aresult, it was not possible to
definitively determine the total number of subjects enrolled in the
complete body of 16 PTNS articles included in our review.

PTNS involves insertion of a 34-gauge stainless steel needle
approximately 3—4 cm cephalad to the medial malleolus of the
left or right ankle. A surface electrode is applied on the same leg
near the arch of the foot. The needle and electrode are connected
to a low-voltage electrical stimulator. The stimulation current is
increased to elicit curling of the big toe or fanning of all toes.

The majority of the studies [11 of the 16 articles (69%)]
applied weekly outpatient sessions over a 10- to 12-week
period and defined a “session” of PTNS as a 30-min period.
Two other studies, including one arm of a comparative trial,
investigated more frequently applied stimulation [19, 33],
and one comparative study applied the stimulation therapy
for 60 min in weekly sessions over 8 weeks [18]. One long-
term follow-up study allowed patients under supervision of
the investigator to select their own symptom maintenance

Table 3 Clinical symptom parameter outcome for PTNS studies

treatment intervals, which resulted in a mean treatment
interval of 21 days [67]. In the study on Parkinson’s disease
patients, only acute effects of PTNS were evaluated [57].

Patient outcomes for PTNS were determined based on vari-
ous measures including voiding symptom parameters, urody-
namic exam measures, QOL assessments, and subjective
patient satisfaction. In general, outcomes were evaluated at
the end of a prespecified treatment period; however, one of the
studies evaluated outcomes 1 year after cessation of treatment
and another long-term follow-up study reported on outcomes
following 6 and 12 months of maintenance therapy [59]. The
study of Parkinson’s disease patients only evaluated acute
effects during one session of PTNS.

Of the 16 PTNS studies, 15 (94%) reported outcomes
based on clinical symptom parameters. Only the acute study
conducted on Parkinson’s disease patients did not report on
symptomatic improvements.

Table 3 presents outcome data based on clinical symptom
parameter measures. Data were not recorded for outcome
measures that were reported on by fewer than two studies.
The two Vandoninck et al. studies investigating treatment of
UR patients presented identical data on the same cohort of
39 patients, and thus these data were only included once in
our analysis [49, 53]. Both pediatric studies documented
only the number of patients outside the normal range for
each parameter rather than recording actual data for those
parameters, and thus these data were also excluded from our
analysis [45, 54]. Incontinence episode data reported for
OAB or urgency-frequency cohorts were included with the
UUI patient subgroup data, as many (not all) of the articles
reporting on OAB/urgency-frequency syndrome identified
UUI subgroups within the study population and attributed
incontinence data only to those subgroups.

Patient subgroup Clinical symptom parameter Outcome measure Number of Data range
studies reporting (median)
Overactive bladder/urgency Voids/day Mean reduction in parameter 10 17-48% (32.5%)
frequency syndrome Volume voided/void Mean increase in parameter 6 14-56% (20.5%)
Nocturia Mean reduction in parameter 6 12.4-68% (33%)
Urgency episodes/day Mean reduction in parameter 37-54% (48%)
Urgency urinary Incontinence episodes/day Mean reduction in parameter 10 41-89.7% (66%)
incontinence Percentage of study subjects 2 56-69%
with greater than 50%
improvement in parameter
Incontinence severity (0-3 scale) Mean reduction in parameter 3 41-50% (45%)
Voids/day Mean reduction in parameter 2 20-33%
Daily pad use Mean reduction in parameter 3 40-69% (66%)
Urinary retention Catheterizations/day Mean reduction in parameter 2 15-20%
Catheterized volume/catheterization Mean reduction in parameter 2 25-31%
Total catheterized volume/day Mean reduction in parameter 2 28-35%
Total volume voided/day Mean increase in parameter 2 12-19%
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Of the 16 PTNS studies, 7 (44%) reported outcomes based
on urodynamic examination measures. Each of these studies
reported significant changes in one or more variables. How-
ever, urodynamic parameters documented by these studies
varied considerably and there was very little agreement from
study to study in terms of the parameters selected for investi-
gation. As such, there is no basis for pooled analysis of these
data. Of the 16 PTNS studies, 8 (50%) reported outcomes
based on QOL assessments. Each of these studies reported
that QOL measures improved significantly.

Table 4 presents intention to treat success rate data for 14 of
the 16 PTNS studies included in our review. The measure of
success column of the table underscores the broad heterogeneity
in the definition of treatment success among this group of studies.
The table does not include data from Kabay et al. [57], which
investigated treatment of patients with Parkinson’s disease, since
this was not an interventional study. In addition, the Congregado
Ruiz et al. [52] paper did not provide data on the percentage of
patients for whom treatment was deemed successful.

The MacDiarmid et al. [67] paper reported on 12-month
follow-up results for a cohort of patients preselected as
“responders” after the original 12-week OrBIT trial. A true
intention to treat analysis for this study must consider the

Table 4 Intention to treat analysis for PTNS studies

originally enrolled “nonresponder” patients as well. Thus,
our analysis tracked the results for this PTNS cohort starting
with the originally enrolled study participants to produce an
intention to treat analysis for the combined sequence of
studies (Peters et al. [21] and MacDiarmid et al. [67]).

Of the 16 PTNS studies, 12 (75%) reported on adverse
events. Uniformly, no serious side effects were observed.
Minor complications noted include transient pain at the
stimulation site, minor bleeding, diarrhea, headaches, calf
cramps, and low back pain.

Transcutaneous electrical stimulation (TENS)

Thirteen articles reported on the use of TENS for treatment of
LUTS. These studies were published between the years of
1983 and 2006 and include three RCTs [7, 8, 12], three
comparative studies [15, 16, 20] and seven prospective case
series [22, 23, 31, 39, 40, 51, 55]. Four of the studies inves-
tigated treatment of pediatric populations and one of these
focused on children with spina bifida. Three studies investi-
gated treatment of detrusor instability, and two investigated
OAB. The remaining studies investigated treatment of various
LUTS (two studies) and irritative voiding dysfunction (one

Patient subgroup Measure of success

Success rate  First author/publication year

Subjective success

OAB Request for continuation of treatment 59% van Balken/2001
Request for continuation of treatment 64% Vandoninck/2003
Uul Patient considers their situation much better or improved ~ 63% Vandoninck/2003
UR Request for continuation of treatment 58% van Balken/2001
Request for continuation of treatment 59% Vandoninck/2003/2004
Objective success
OAB Voiding frequency less than 8 25% Vandoninck/2003
46.7% Klingler/2000
Greater than 25% reduction in daytime and/ 71% Govier/2001
or nighttime frequency
Greater than 50% reduction in either voids per day or, 66% Finazzi Agro/2005
if incontinent, incontinent episodes per day
Greater than 35% improvement in symptoms 73% Karademir/2005
Global response assessment of symptom 79.5% Peters/2009
improvement: improved or cured
Global response assessment of symptom 77.3% Peters/2009/MacDiarmid/2010
improvement: improved or cured
Complete remission of symptoms 54% Nuhoglu/2006
UUI Greater than 50% reduction in incontinence episodes 56% Vandoninck/2003
Greater than 50% reduction in incontinence episodes 69% Vandoninck/2003
UR Greater than 50% reduction in total catheterized volume 41% Vandoninck/2003/2004
Pediatric w/ various LUTS Progress in symptoms 84% Hoebeke/2002
Pediatric w/ OAB Improvement of symptoms 80% De Gennaro/2004
Pediatric w/ UR Improvement of symptoms 71% De Gennaro/2004
Pediatric w/ neuropathic bladder ~ Improvement of symptoms 0% De Gennaro/2004
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study). Each of the 13 TENS studies included in the review
were conducted independently of other studies included and
the cumulative number of subjects treated (TENS only) is 377.

Two of the RCTs compared TENS treatment to placebo stim-
ulation treatment and one compared TENS treatment to respective
arms of medical therapy and no treatment. The three comparative
trials compared TENS treatment to medical therapy, percutaneous
neuromodulation, and biofeedback training, respectively.

The majority, 8 of 13 (62%), of the studies applied TENS
therapy intermittently in either an outpatient or home/long-term
care setting. In general, patients were instructed to complete
therapy sessions of a specific duration at predetermined intervals.
Session durations varied from 15 min to 2 h and one study
instructed patients to use stimulation for “up to 6 h daily” (this
study did not specify a particular number of sessions per day). The
frequency of sessions varied from 3 days per week to twice daily.

Two of the studies (15%) investigated outcomes based on
continuous application of TENS therapy. One of these studies
[22] applied TENS continuously over a 3-week period; the
other [31] specified 12 h of ambulatory TENS each day for a
period of 1 week. Acute TENS therapy was investigated by
four of the studies (31%). For intermittent and continuous
studies (ten studies), follow-up generally occurred after ces-
sation of therapy. However, in a number of studies, patients
were given the option to continue therapy. Follow-up (or
length of time over which therapy was applied) was not
specified by one study [20] and ranged from 1 week to
6 months in the remaining studies. Mean follow-up could
not be determined owing to the lack of precision in the
documentation of follow-up time in many of the articles.

Table 5 summarizes the various anatomical stimulation sites
and therapy delivery modes investigated by the body of TENS
studies included in this review. Three of the studies investigated
two stimulation sites, either on a case-by-case, patient prefer-
ence basis (two studies) or as part of a randomized trial design
(one study). We were only able to include two of these three
studies in the tally, as the earliest study in the TENS series [22]
investigated tibial or perineal nerve stimulation applied on a
case-by-case basis, but did not specify either the number of

Table 5 Summary of TENS stimulation sites and therapy delivery
modes

Stimulation site Therapy Number Cumulative
delivery mode  of studies number of
subjects treated
Sacral nerve Intermittent 5 119
Continuous 2 84
Acute 1 16
Perineal region Intermittent 2 45
Acute 3 77
Posterior tibial nerve  Intermittent 1 28
Acute 2 80
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subjects treated with each modality or whether stimulation was
applied continuously or intermittently. One article reported on
three separate TENS studies (one intermittent and two acute)
conducted on a single cohort of 36 patients [15].

Patient outcomes for TENS studies were determined based
on various measures including clinical symptom parameters,
urodynamic exam measures, QOL assessments, and urinary
symptom scores. Primary outcomes for the acute studies were
generally assessed via urodynamic parameters.

Of the 13 TENS articles, 7 (54%) documented outcomes
based on clinical symptom parameters. Among these studies
there was very little agreement in terms of parameters selected
for investigation. Table 6 presents outcome data based on clinical
symptom parameter measures for two detrusor instability studies
and three pediatric studies. Data were not recorded for outcome
measures that were reported on by fewer than two studies.

Of the 13 TENS articles, 8 (62%) reported outcomes based
on urodynamic examination parameters, including 2 RCTs, 3
comparative, and 4 prospective case series. Each of the six acute
studies, reported on in five articles, investigated outcomes in
terms of urodynamics. As outlined previously in Table 5, the
acute studies investigated perineal regional stimulation (three),
posterior tibial nerve stimulation (two), and sacral nerve stimu-
lation (one). Of the three perineal acute stimulation studies, one
reported only on the number of patients improved, but did not
note whether changes were significant, a second reported that
there were no significant changes in urodynamic parameters,
and the third noted significant changes relative to three urody-
namic parameters. Of the two acute tibial nerve stimulation
studies, one noted no significant changes in urodynamic param-
eters and the second noted significant changes in two parame-
ters. One article reported on acute stimulation of the sacral nerve
and noted significant changes in two urodynamic parameters.

Five articles reported on urodynamic examination param-
eters for intermittent or continuous TENS therapy. One of
these studies reported only on the number of patients im-
proved based on urodynamic testing [22], and the aforemen-
tioned RCT of children with spina bifida reported no
significant difference between active and placebo groups
[7]. The remaining three studies documented between one
and five significant changes in urodynamic parameters;
however, there was no agreement among these studies in
terms of parameters selected for investigation.

Of the 13 TENS articles, 2 (15%) reported on QOL assess-
ments, including 1 RCT and 1 comparative trial. The compar-
ative trial found no significant differences from baseline
assessments [16]. The RCT reported an 89% improvement
[12]. Only 8 of the 13 (62%) TENS studies provided a
definitive definition of successful treatment outcome [12,
20-22, 31, 39, 40, 55], as presented in Table 7.

Very few [3 of 13 (23%)] of the TENS therapy studies
reported on complications. No serious complications were
documented but local skin irritation was noted.
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Table 6 Clinical symptom parameter outcomes for TENS studies

Patient subgroup Clinical symptom parameter Outcome measure Number of Data range
studies reporting
Detrusor instability Voids/day Mean reduction in parameter 2 18-25%
Pediatric with various LUTS Clinical symptoms Percentage of patients 68-95%
reporting improvement
Mean functional bladder capacity Mean increase in parameter 2 28-39%

Discussion

We have conducted a systematic literature review to assess
the efficacy of electrical stimulation therapies in current
clinical use for treatment of various LUTS. This review,
which includes 73 articles, represents the most comprehen-
sive systematic analysis of electrical stimulation therapies
for this indication to date. However, two systematic reviews
of implanted SNS therapy with more limited inclusion cri-
teria than ours have been recently published [80, 81]. Siddi-
qui et al. conducted a review that included 16 studies of SNS
therapy for treatment of female patients with OAB. This
review found that almost half the subjects reported no daily
incontinence episodes after treatment [80]. Kessler et al.
limited their review to subjects with neurogenic lower uri-
nary tract dysfunction and conducted a meta-analysis of 26
studies that concluded the pooled success was 68% for the
test phase and 92% for permanent SNS in this population [81].
Each of these reviews examined treatment of only a small
subset of the broad LUTS population examined by the present
review. Our review is also unique in its inclusion of all
modalities of electrical stimulation and thus offers an impor-
tant basis for comparison of these differing approaches.
Patient outcomes reported in the clinical trials we exam-
ined were documented with various outcome measures,

Table 7 Success rate data for TENS studies

including voiding symptom parameters, urodynamic exam
measures, and QOL assessments. Our review attempted to
examine therapy efficacy based on each of these categories
of data. However, pooled analyses of urodynamic and QOL
data proved to be inconclusive given the broad heterogeneity
of parameters investigated and instruments applied. As a
result, our analyses of efficacy relied primarily on clinical
voiding symptom outcomes. These voiding symptom param-
eters provide an objective and clinically meaningful measure
of therapy success and were recorded by 81% of the studies
included in the review.

Our findings indicate that median mean reductions in in-
continence episodes and voiding frequency were similar for
implanted SNS and PTNS, with median mean values of 72
and 66% for incontinence episodes and median mean values
of 40 and 32.5% for voiding frequency for SNS and PTNS,
respectively. It was not possible to make any meaningful
generalizations related to outcomes for the TENS studies
due to the significant heterogeneity among this relatively
small number of studies in terms of mode of therapy delivery,
definition of patient subgroups, and outcome measures.

There is a substantial body of clinical research investi-
gating implanted SNS for treatment of LUTS. Our review
uncovered 5 RCTs and 25 prospective case series related to
this therapy, which were published over a period of 17 years

Patient subgroup Definition of success

Success rate First author/publication year

Intermittent/continuous therapy
Pediatric w/ various LUTS
Improvement in continence
Improvement of symptoms
Uul Improvement of symptoms
OAB

Improvement of symptoms and compliance with therapy 68%

Decrease in IPSS, increase in IQOL,

and decrease in BUS by more than 50%

Detrusor instability
Irritative voiding dysfunction Improvement of symptoms
Acute therapy

OAB
detrusor contraction volume

Improvement of urodynamic measures

Increase of more than 50% in first involuntary 50%

Hoebeke/2001
73% Bower/2001
95% Barroso/2006
44% Yokozuka/2004
56% Svihra/2002
86% McGuire/1983
65% Walsh/1999

Amarenco/2003

IPSS International ProstateSymptom Score, /QOL Incontinence Quality of Life Questionnaire, BUS behavioral urge score
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(1993-2009). In total, however, it is unclear how many
unique studies exist, as many of these reports list common
authors and overlapping dates of recruitment.

One shortcoming of the currently available PTNS data
relates to the lack of long-term follow-up data. The large
majority of the PTNS studies evaluated patients only at the
end of the treatment period (typically 12 weeks). Only two
PTNS studies included longer-term follow-up. One article
evaluated outcomes 1 year after cessation of treatment and
another report looked at outcomes after 6 and 12 months of
maintenance therapy. Additional long-term follow-up studies
are needed to validate the ability of this therapy to produce
sustained benefit.

An intention to treat analysis was conducted for each of
the intervention categories. This analysis was especially
revealing in the case of implanted SNS, owing to the fact
that the number of implanted subjects for which outcomes
were assessed was frequently much lower than the number
of subjects initially evaluated. For implanted SNS, treatment
success was typically defined as greater than 50% improve-
ment in clinical symptoms. However, for the two other
intervention categories, there was considerable variability
in the definition of treatment success.

Unfortunately, relatively few of the SNS studies were
amenable to intention to treat analysis. First, we were not
able to include SNS RCTs, as these studies randomized only
patients with successful test stimulation results. In addition,
a full 35% of the SNS studies did not document the number
of patients initially evaluated for treatment but rather en-
rolled patients only after successful test stimulation. Finally,
many other studies pooled mean reduction data rather than
isolating the number of patients who realized treatment
success.

As aresult, only eight SNS studies qualified for intention
to treat analysis. Thus, any generalizations about these data
must be treated with caution. With that caveat, it appears
that investigations of the two-stage implantation procedures
reported slightly higher success rates. Whereas intention to
treat analyses of the six studies that employed one-stage
implantation with PNE documented yielded success rates
uniformly below 50%, analyses of the two studies that
employed two-stage implantation each yielded success rates
well above 50%. This increase in success may be attributed
to a number of factors including enhanced targeting of the
sacral nerves afforded by the two-stage technique, the intro-
duction of the tined lead, which may have decreased the rate
of lead migration, and overall improvement in surgical
technique and patient selection after years of experience
with the InterStim device. Clearly, however, more data
demonstrating definitive patient success are needed to fully
validate the potential of this intervention.

In contrast to the implanted SNS studies, wherein success
rates were almost uniformly defined (if defined at all) as
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greater than 50% improvement in primary voiding symp-
toms, the definition of success for the PTNS and TENS
studies varied widely. The measure of success in these
studies ranged from subjective outcomes such as “request
for continuation of treatment” to unquantified “improvement
of symptoms” to quantified improvement (e.g., “greater than
50% reduction in incontinence episodes”). Owing to this
broad heterogeneity in the definition of success among these
studies, it is not possible to make any generalizations about the
relative efficacy of these therapies.

Our review included eight RCTs, five of which evaluated
implanted SNS and three of which evaluated TENS. Of the
five RCTs investigating SNS, three reported on clinical
symptom parameters as outcomes, and these studies each
observed significant benefits in terms of mean reduction
from baseline. Four of the SNS RCTs also found significant
improvement in QOL outcomes in favor of the stimulation
groups. In contrast, results of the TENS RCTs were equivocal.
Notably, one of these studies, which employed a sham stimu-
lation strategy as placebo arm, reported that, in fact, a signifi-
cant difference in nighttime urinary incontinence was observed
for the placebo group but not for the treatment arm. Only one of
the TENS RCTs reported a significant success rate for the
treatment arm as compared to a watchful waiting control arm.

Our findings indicate that implanted SNS studies enrolled
patients with higher disease severity at baseline as compared
to the studies focused on the less invasive therapy modali-
ties. For example, the rate of UUI patient enrollment for the
SNS studies (85%) was significantly higher than the other
two intervention categories, PTNS and TENS, which inves-
tigated UUI patients at a rate of 62.5 and 8%, respectively.
Baseline values for both incontinence episodes in the UUI
population and voiding frequency in the UF/OAB popula-
tions were significantly higher in the implanted SNS studies
(median mean values of 7.5/day and 17.3/day, respectively)
as compared to the other two therapy modalities.

As risk and potential severity of adverse events increase
with increasing invasiveness, the safety profiles of the three
intervention strategies examined by this review differ dra-
matically. For SNS, adverse outcomes were measured most
commonly in terms of surgical revision rates, and these rates
were significant: a median rate of 28.7% based on reports by
14 studies. Other significant adverse events associated with
SNS include pain at the IPG site, infections, and electric
shock. In contrast few adverse outcomes were observed
during the PTNS and TENS investigations and these were
limited to minor, transient complications (e.g., diarrhea,
minor bleeding, headaches, muscle cramps, and irritation
at the stimulation site). Clearly, these adverse event data
must be taken into account as practitioners assess the re-
spective risk-benefit profiles of each of these interventions.

This review focused broadly on the treatment of various
LUTS and excluded studies of stress urinary incontinence,
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pelvic pain, and interstitial cystitis. Categorizing patient
subgroups presented some challenges. The preferred desig-
nations, and those applied most commonly in the reports,
were UUI, UF, and UR. These designations were used
whenever possible. However, the descriptors “OAB” and
“urgency-frequency syndrome” are also important patient
subgroup designations. As these subgroups include both
patients with and without UUI, they present challenges for
recording voiding parameter data due to the fact that incon-
tinence data are only relevant to a subset of the overall
population. Most of the articles reporting on OAB/urgen-
cy-frequency syndrome identified UUI subsets within the
study population and attributed incontinence data only to
those subsets. Thus, incontinence episode data reported for
OAB or urgency-frequency syndrome cohorts were ana-
lyzed with the UUI subgroup data. A number of studies
relied exclusively on urodynamic definitions, such as detru-
sor instability or detrusor hyperreflexia, to describe study
cohorts. These designations were retained and data were not
integrated with clinically designated patient subgroups.

In conclusion, although there is a substantial body of re-
search devoted to implanted SNS validation, defining the
appropriate role of this therapy for LUTS patients remains
challenging, especially given the therapy’s invasiveness and
considerable risk profile. The two main factors inhibiting a
more definitive assessment of SNS relate to the significant
study population overlap identified by our review and study
design flaws that inhibited rigorous intention to treat analysis
based on numbers of patients initially evaluated for therapy.
Although early data on PTNS are promising, long-term follow-
up studies are needed to verify the ability of this therapy to
confer sustained benefit. Our review revealed a general lack of
concerted and focused research devoted to TENS therapy for
treatment of LUTS.
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