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Abstract

Introduction and hypothesis Most subjects with multiple scle-
rosis (MS) suffer from lower urinary tract symptoms (LUTS).
Detrusor overactivity, detrusor hypocontractility and
detrusor—sphincter dyssynergia are the most common bladder
dysfunctions. Management is not straightforward due to the
progressive course of the disease. Sacral neuromodulation
(SNM) has received increasing attention among new effective
treatments for bladder disorders associated with MS. The aim
of'this study was to review the published literature on the role
of SNM in the treatment of LUTS in patients with MS.
Methods A literature search was carried out up to December
2014, using relevant search terms in MEDLINE and
EMBASE databases. The ClinicalTrials.gov and Controlled-
trials.com online trial registries and the abstracts from interna-
tional scientific meetings were searched for English-language
studies containing relevant search terms. Relevant reviews
and trials and prospective studies were analysed by two inde-
pendent reviewers.

Results Two prospective studies and four retrospective studies
were included. Overall, MS patients represented small series
(4 to 25 subjects). The longest follow-up was 7 years and the
evaluation of the treatment outcomes was not homogeneous
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among the studies. The definition of objective cure was often
unclear. The subjective cure rate was 45 %, patients’ reported
satisfaction was 85 % and all the results were stable over time.
Conclusions SNM seems to be a safe and effective treatment
for LUTS in MS patients. Further and larger studies as well as
randomized controlled trials are needed to confirm its clinical
role in patients with MS.
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Introduction

Multiple sclerosis (MS) is a chronic and progressive inflam-
matory disease in which the fatty myelin sheaths around the
axons of the brain and spinal cord are damaged, leading to
demyelination and scarring. These inflammatory episodes are
transitory and remyelination usually occurs. However,
remyelination is not long-lasting, and thus subsequent multi-
ple physical disabilities are likely. Despite significant ad-
vances in immunomodulatory therapy, repair of existing nerve
injuries is still not possible [1]. Clinical findings of the disease
include fatigue, muscle spasticity, general body pain, cogni-
tive dysfunction, depression, bladder, bowel and sexual dys-
function with a great impact on quality of life (QoL) [1-3].
Lower urinary tract symptoms (LUTS) are common disorders
occurring in about 80 % of patients with MS [4, 5]. Overactive
bladder (OAB) symptoms due to neurogenic detrusor overac-
tivity (NDO) is the most common LUTS, occurring in
60 — 80 % of MS patients [6]. However, voiding dysfunction
such as obstructed, slow, interrupted or prolonged flow,
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incomplete emptying and/or urinary retention are often report-
ed by MS patients.

These voiding difficulties have been shown to be related to
a hypotonic and/or atonic detrusor, as well as a lack of coor-
dination between the detrusor and urethral sphincter during
voiding, also termed detrusor—sphincter dyssynergia (DSD)
which often coexists with detrusor overactivity (DO) [4]. In
view of the high intravesical pressure, chronic urinary reten-
tion and recurrent urinary tract infections (UTIs) are experi-
enced by these patients, and upper urinary tract complications
such as renal failure, pyelonephritis, hydronephrosis, and
bladder and kidney stones have been described in 5 — 10 %
of patients with MS [3, 7]. Further results have shown that if
the DSD and chronic urinary retention are not treated, up to
50 % of patients with MS might develop the above complica-
tions [8, 9]. Therefore, a detailed assessment of bowel, bladder
and sexual function in MS patients is mandatory in order to
prevent complications and subsequent morbidities as well as
to improve their QoL [1, 3].

Current management of OAB symptoms and NDO in-
cludes conservative therapies such as individualized bladder
rehabilitation programmes and/or pharmacological treatment
with oral anticholinergic or beta-3 agonist drugs with or with-
out clean intermittent self-catheterization (CISC) or insertion
of a suprapubic catheter [1, 2, 4]. Short-term efficacy of these
agents has been reported, more so with the established anti-
cholinergics [10] and recently with the beta-3 agonist
mirabegron [11]. However, side effects of anticholinergics,
such as constipation and central nervous system (CNS) effects
such as cognitive impairment, can restrict their long-term use
and suitability in MS patients. In addition incomplete voiding
experienced by MS patients may worsen with the use of
anticholinergics.

A review of the role of botulinum toxin (BTX) in the man-
agement of MS concluded that in MS patients with DO
intravesical BTX injections are effective in reducing inconti-
nence episodes and urinary urgency, day-time frequency and
nocturia, as well as in improving QoL [12]. In addition, al-
though BTX injection of the bladder has proven to be an
effective treatment for urinary frequency and urgency as well
as for urinary incontinence [13], paralysing the detrusor mus-
cle leads to further deterioration in bladder contractility that is
already present in MS patients. The limited duration of action,
the need for repeated injections, the increased risk of UTIs and
the need for CISC are the major limitations of BTX [14].

Electrostimulation has been used to treat both the overac-
tive and hypocontractile bladder in the past. Electrical stimu-
lation of the dorsal penile/clitoral nerve with surface elec-
trodes has been shown to suppress detrusor contractions and
increase bladder capacity in MS patients [6]. However, its
long-term use may be limited by tolerance of the
electrostimulation in the genital area in addition to hygiene
concerns. Posterior tibial nerve stimulation (PTNS) is another
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noninvasive method of electrical stimulation. The precise
mechanism of action is unknown, but it has been proposed
that PTNS inhibits bladder activity by depolarizing somatic
sacral and lumbar afferent fibres. Initial studies of the use of
PTNS using either percutaneous or transcutaneous electrodes
in MS neurogenic DO have shown it to be an effective, safe
and well-tolerated treatment [5, 15-17].

Sacral neuromodulation (SNM) for the treatment of
detrusor disorders has been used since the 1960s and it has
been approved by the Food and Drug Administration (FDA)
since the 1990s for refractory voiding dysfunction, urgency
incontinence, urgency-frequency syndrome and non-
obstructive urinary retention [18, 19]. SNM has gained popu-
larity as an approach in NDO since the 1980s and in 2005 it
was included in treatment recommendations for idiopathic and
NDO as a second-line treatment [18—20]. The mechanism of
action of SNM is not fully understood, but it has been shown
to be effective in treating apparently opposite bladder disor-
ders such as refractory OAB, voiding dysfunctions and chron-
ic urinary retention, all of which are very common in MS
patients [19].

In the 1980s, Tanagho et al. [21] demonstrated that electri-
cal stimulation of efferent fibres to the external urethral
sphincter, which may be triggered through the third sacral
nerve (S3), is effective in suppressing bladder contractions.
In 2000, Chartier-Kastler et al. [22] suggested that stimulation
of somatic afferent axons in the spinal roots would modulate
voiding and continence reflexes in the CNS. The mechanism
is thought to be somatic afferent inhibition of sensory process-
ing in the spinal cord [18, 22, 23]. Hohenfellner et al. [24]
described the effects on bladder sensitivity of excitation of the
pudendal somatomotor neurons combined with modulation of
efferent sympathetic and parasympathetic activity. Other au-
thors have confirmed the mechanism of action as inhibition of
sacral afferent signals and interruption of inappropriate blad-
der contractions most likely targeting unmyelinated C-fibres
and sparing A-delta fibres [19, 22, 25].

Less is known about the mechanisms of enhancing
detrusor—sphincter coordination. Bosch [26] and Elneil
[27] have reported that SNM may interfere with the in-
creasing afferent activity arising from the urethral sphinc-
ter, restoring the sensation of bladder fullness and reducing
the inhibition of detrusor muscle contraction. Two mecha-
nisms have been postulated: a “pro-continence reflex”
characterized by activation of efferent fibres to the urethral
sphincter resulting in negative feedback to the bladder
activity, and activation of afferent sacral spinal fibres
resulting in an inhibitory efferent signal to the bladder
[27]. Mapping of the pudendal afferents has shown that
S1, S2 and S3 sacral roots contribute, respectively, 4 %,
60.5 % and 35.5 % to its overall activity and that in 18 %
of people, the afferents are confined to a single level,
most likely S2. This finding may explain the failure of
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S3 stimulation in some subjects who could benefit from
direct pudendal nerve stimulation [25, 26].

Insertion of the SNM implant can be done as either a one-
stage or two-stage procedure. The one-stage procedure in-
volves an initial test stage using a percutaneous nerve evalu-
ation (PNE) test by implanting a temporary stimulating elec-
trode through the S3 foramen, positioned to produce the sen-
sation of vaginal or rectal tingling or contraction. The elec-
trode is kept in place for 4 — 7 days and voiding diaries kept to
record any improvement in voiding function. If voiding is
shown to improve (test positive), patients are offered a perma-
nent stimulator. A different electrode is inserted using an open
sacral procedure, and connected to a permanent implantable
pulse generator (IPG) placed either within the buttock or with-
in the subcutaneous fat of the anterior abdominal wall. In 2000
the two-stage percutaneous technique was introduced, with a
tined electrode. The permanent tined lead is inserted and a
prolonged external stimulation period is assessed. If success-
ful, the permanent IPG is implanted [27].

The aim of this review was to evaluate the evidence on the
use of SNM in MS patients with LUTS.

Methods

All English-language articles describing the use of SNM in
MS were included in this review. A systematic literature
search was carried out up to December 2014 using relevant
search terms (“multiple sclerosis”, “sacral neuromodulation”,
“neurogenic detrusor overactivity”, “lower urinary tract symp-
toms”, “voiding disorders”, “detrusor sphincter dyssynergia”
and “detrusor underactivity”) in the MEDLINE and the
EMBASE databases, the ClinicalTrials.gov and Controlled-
trials.com online trial registries, and abstracts from interna-
tional scientific meetings. Hand searches of reference lists of
all relevant articles were also carried out. Relevant trials and
prospective studies as well as relevant reviews were selected
and analysed by two independent reviewers. No ethical ap-
proval was sought for this study, as it was a systematic review.

Study selection. We identified 68 references by electronic
and hand searches. Screening of titles or abstracts or unavail-
ability of full texts led to the exclusion of 22 papers, and 34
more papers were considered not suitable for the purpose of
this review. We initially included seven papers, three prospec-
tive studies and four retrospective studies. One of the papers
described a five-patient case series and the same group later
reported a 25-patient retrospective case series on the same
subject [28, 29]. We therefore excluded the smaller study,
and thus in this review included six studies in total.
Unfortunately, the majority of studies includes heterogeneous
groups of patients including those with MS, Parkinson’s dis-
ease, spina bifida and neurological disorders following

trauma. Overall, there were small numbers of MS patients,
ranging from 6 to 25 subjects.

Results

A total of six studies were included in this review. Three
studies involved MS patients only and the remaining three
studies included patients with other neurological diseases in
addition to MS patients. A summary of the included studies is
presented in Table 1.

Ruud Bosch et al. [23] carried out a prospective study
involving six MS patients. Patients were included if they had
urodynamic evidence of DO (termed detrusor hyperreflexia in
this paper), a functional bladder capacity of at least 150 ml, a
diagnosis of MS and stable or slowly progressive disease. All
patients underwent baseline video-urodynamics and complet-
ed two 4-day bladder diaries. The initial test stimulation was
done by PNE for 5 days, and patients were instructed to keep a
bladder diary for this time. Patients with a greater that 50 %
reduction in pad use and/or number of leakages were consid-
ered for permanent electrode implantation. Follow-up tests
included regular bladder diaries and urodynamic studies
6 months after implantation. Of the six patients (all women),
five completed the test period and four responded with >50 %
improvement and went on to have a permanent IPG im-
planted. Symptomatically there was a reduction in the mean
number of leakage episodes from 4 to 0.3 per 24 h. Two
patients were completely dry. The urodynamic data at
6 months follow-up showed disappearance of the
hyperreflexia in one patient, improvement in two patients
and worsening in one patient. The worsening in the fourth
patient may be explained by progression or even a relapse of
MS.

A further prospective study looked at the use of SNM in
nine patients with neurological disease, of whom five had MS
[22]. Patients were included if they had a history of refractory
neurogenic DO and severe alteration in QoL. The initial test
stimulation was done by PNE for more than 3 days.
Assessments included bladder diaries, urodynamics and pa-
tient satisfaction using a visual analogue scale (VAS). If there
was more than a 75 % improvement in the number of leakage
episodes per day and pad use, a decrease in the number of
voids per day and/or improvement in urgency symptom in
addition to a greater than 75 % satisfaction on VAS, then
patients were selected for unilateral surgical implantation of
the IPG. Follow-up included bladder diaries, urodynamics at
6 months and last follow-up. All of the MS patients had had
the disease for more than 3 years. Three of the six MS patients
were completely dry at 6 months. At 6 months follow-up the
mean frequency for the MS group improved from 15 to 9.16
voids per day, and the mean volume per void increased from
124 to 208 ml. However, in two of the MS patients the
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Table 1 (continued)

Outcomes after implantation

Assessments done

Assessments used

Patients implanted Mean

(n)

Patients included

()

Reference Type of study

follow-up

(months)

With

With With

With

neurological MS

disease

neurological MS

disease

sphincter dyssynergia and decrease in
maximum intravesical pressure

Increase in voiding volumes

Preimplantation

voided volumes, number of episodes of Postimplantation

Voiding diary (number of daily voidings,

494

15

15

25

25

Observational

[29]

Decrease in frequency, urgency, PVR, no.

retrospective
case series

of incontinence episodes and mean
number of self catheterizations

(not specified)
Increase in QoL scores

incontinence, number of clean self-
intermittent catheterizations)

Preimplantation UDS

PVR measurement with suprapubic

ultrasonography

I-QOL questionnaire

UDS urodynamics, PVR postvoid residual, EDSS Expanded Disability Status score, VAS visual analogue scale

symptomatic improvement had declined at the last follow-up.
Overall urodynamic parameters (maximum bladder capacity
and volume at first uninhibited contraction) had improved at
6 months from baseline. All patients reported improved VAS
results by at least 75 % at the last follow-up.

A retrospective case series looked at 33 patients with neu-
rological disease who had undergone SNM, of whom 16 had
MS [19]. The test stimulation period was between 1 and
3 weeks (tined lead). At baseline, urodynamics and bladder
diaries were completed. During the test phase, 4-day bladder
diaries were completed and those who experienced greater
than a 50 % improvement in symptoms (frequency, nocturia,
incontinence episodes per 24 h and number of pads per 24 h)
were offered placement of an IPG. For those with urinary
retention, a greater than 50 % reduction in the number of
catheterizations and a greater than 50 % increase in voided
volumes were criteria for implantation. Of the 16 patients with
MS, 13 went on to have implantation of the IPG, but results
were presented for the group as a whole and not broken down
into disease-specific outcomes. In this cohort of patients with
neurological disease (including Parkinson’s disease, spina
bifida, cerebrovascular accident, spinal stenosis, autoimmune
polyneuropathy and neurofibromatosis, in addition to MS),
the mean number of incontinence episodes per 24 h decreased
from 4 to 1.3 (SD 2.4; p<0.0001). The mean number of pads
per 24 h decreased from 3.5 to 1.0 (SD 1.9; p<0.002). Of
patients with urinary retention, 50 % had a 58 % reduction
in the number of self-catheterizations per 24 h. The mean
follow-up period was 12.4 months (range 4 — 32 months).
This study lacked any QoL data for before and after implan-
tation, so subjective assessment was not possible.

Another smaller retrospective case-control study specif-
ically assessed SNM in MS patients with urinary retention
[30]. A group of 14 patients with neurologist-confirmed
MS (three with benign MS, seven with relapsing—remitting
MS and four with secondary progressing MS) were eval-
uated. All patients had urodynamics-proven urinary reten-
tion and had a two-stage SNM procedure (tined lead).
Assessments before and after implantation included com-
pletion of the Expanded Disability Status score (EDSS; 0
no apparent disease to /0 death resulting from MS) and 3-
day bladder diaries. Video-urodynamics were done only
before implantation and not after implantation to ascertain
detrusor pressure improvement. All patients were asked
whether they were satisfied with the operative result
(‘yes’ or ‘no’). The IPG was successfully implanted in
12 of the 14 MS patients (two did not void successfully
during the stage 1 test phase). The mean follow-up was
4.32+1.32 years. All 12 of these patients were voiding
spontaneously after implantation. The mean preoperative
CISC volume was 308+53.60 ml compared to a mean
postoperative residual urine of 50.54+21.18 ml. There was
no significant change in the EDSS score.
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Chaabane et al. carried out a retrospective study to assess
the clinical and urodynamic effects of SNM in 62 patients with
neurogenic lower urinary tract dysfunction [20]. Patients ei-
ther had PNE and then placement of the IPG or a two-stage
procedure. Of the 62 patients, 13 had MS. Preoperative eval-
uation included a 3-day bladder diary and urodynamics. The
IPG was implanted if there was a 50 % improvement in the
clinical and urodynamic findings during the test phase (which
lasted a mean of 17 days). Patients were followed up at
1 month, 6 months and then yearly, with a bladder diary at
each visit and repeat urodynamics if symptoms had recurred.
Of'the 13 patients with MS, 7 received the IPG after a positive
test phase. Again in this study, the results were presented for
the group as a whole. Mean follow-up was 4.3£3.7 years.
There was a significant decrease in the mean number of voids
per 24 h (10.90 to 6.07), the mean number of incontinence
episodes per 24 h (3.08 to 0.14), the mean number of urgency
episodes per 24 h (7.57 to 1.53) and the mean number of
nocturia episodes per 24 h (2.63 to 0.15). Urodynamic evalu-
ation showed a significant increase in maximum cystometric
capacity and mean volume of first uninhibited detrusor con-
traction. SNM was considered to have failed in six patients, of
whom three had MS. In the patients with MS the failure oc-
curred on average 12 months after implantation and in each
patient followed a new relapse of disease.

In 2012 a retrospective observational case series included
25 patients with MS and refractory neurogenic lower urinary
tract dysfunction [29]. The first five patients had the test stim-
ulation by PNE and the subsequent 20 had the test stimulation
with the percutaneous tined lead described above.
Preoperative assessments included a 4-day bladder diary,
urodynamics and postvoid residual assessment and a QoL
questionnaire (I-QOL). Patients with greater than 50 % im-
provement in symptoms of frequency and incontinence epi-
sodes and/or a greater than 50 % decrease in the number of
catheterizations and a greater than 50 % increase in voided
volumes were offered placement of the IPG. Of the 25 pa-
tients, 15 (ten women and five men) reported clinically signif-
icant improvement after the test stimulation procedure and
were considered suitable for implantation. All 15 of these
patients had urodynamic evidence of DO with DSD. The ten
not implanted had detrusor underactivity. The mean follow-up
was 49.4 months. Assessments carried out at follow-up in-
cluded a 4-day bladder diary and the I-QOL questionnaire.
Patients with urinary retention secondary to DSD (nine pa-
tients) were all performing CISC before the procedure (mean
residual urine 300+55.7 ml (range 180 — 350 ml). There was a
significant increase in the mean voiding volume (from 84.4+
36.8 ml to 237.8+31.5 ml) and a significant decrease in the
mean residual volume (81.1£27.7 ml, range 35— 120 ml). The
mean number of catheterizations per day significantly de-
creased from 3.3+1.3 (range 2 — 6) to 1.2+0.7 (range 0 — 2).
Incontinence episodes before implantation in patients who
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also had frequency in addition to retention significantly de-
creased from 6.7+4.1 (range 0 — 12) to 2.2+2.2 (range 0 — 6).
Six patients had urinary incontinence due to DO. Three pa-
tients had frequency and high residual volumes. At follow-up,
in these patients, mean frequency was reduced from 17.7£3.5
(range 14 — 21) to 940 times per day; mean residual urine
decreased from 126.7+20.8 ml (range 110 — 150 ml) to 33.3
+15.3 ml (range 20 — 50 ml). Incontinence episodes per day
decreased from 13+2.6 (range 10 — 15) to 3.3£3.1 (range
0 — 6). In the three patients in whom frequency was not asso-
ciated with high residual volume (mean 56.7+11.5 ml, range
50 — 70 ml), frequency was reduced from 18.3+£1.5 (range
17 —20) to 9.6+2.1 (range 8 — 12) times per day and incon-
tinence episodes decreased from 15+0 to 6+1.7 (range 5 — 8)
per day. All the above differences between before and after
implantation were statistically significant. There was also a
significant improvement in QoL scores in all 15 patients.

General considerations

It has reported that the initial test stimulation is the only con-
stant factor in predicting success [31]. However, an accurate
and comprehensive evaluation is mandatory to improve the
chance of successful response to treatment. Age is not a lim-
itation, but its role is still controversial, as patients older than
65 years seem less likely to be eligible for SNM [26, 32];
motivation, ability to handle the remote control and realistic
expectations are other important factors to consider [32, 33].
Psychiatric disorders and psychological factors had been ad-
vocated as predictors of failure, but recently this relationship
has not been confirmed [26, 31]. A longer duration of symp-
toms, detrusor underactivity and neurogenic bladder dysfunc-
tion seem predictive of a poorer outcome [22, 26, 29, 34],
while the urodynamic diagnosis of DO has little relevance
even if urodynamics is recommended to provide additional
information about other possible diagnoses such as stress in-
continence and bladder pain [25]. It has also been suggested
that overall women respond better than men [22, 26].

The prognostic value of sensory and motor response is still
uncertain [32]. Patients suffering from neurological diseases
such as MS, should be carefully evaluated and, although there
is a lack of randomized controlled trials, SNM is usually of-
fered if the course of the underlying neurological disorder can
be considered stable or slowly progressive and patients are not
likely to require repeated magnetic resonance scans [32, 33].
In fact, it has been reported that loss of efficacy over time is a
result of a new relapse [20, 22, 23]. One study found that
patients with relapsing disease require adjustment of the stim-
ulation parameters [29]. In two patients the IPG was removed
because of progressive disease and symptom relapse and it
was not possible to further adjust the stimulation parameters
to obtain a significant clinical improvement. It has been sug-
gested that bilateral stimulation could be more effective in
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some patients, but extensive studies are still needed [25, 26,
31, 32]. Patients were offered the peripheral nerve evaluation
(PNE) with temporary electrodes in the past and now more
commonly a staged implantation with the definitive
quadripolar tined-lead electrode, irrespective of the clinical
indication. Evaluation and treatment algorithms, recommen-
dations, procedures and implantation success rates are de-
scribed elsewhere [25, 27, 32, 33].

Adverse events

Reports of complication rates include data on failure of the
procedure (25 %), perceived pain and discomfort at the site of
the implant (25 — 56 % and 40 %, respectively) [27, 35], lead
migration over time (11 — 20 %) [26, 27, 36], revisional sur-
gery (6 — 50 %) [25, 26, 30], neuropathic pain, hypersensitiv-
ity to stimulation, failure of the device and infections
(6 —15 %) [19, 25, 30, 36]. Amend et al. [32] have reported
that the introduction of the tined lead and improvement in
surgical technique have reduced the revision rate from 50 %
to 31 %. Regarding the infection rate, it is not clear yet if
differences in antibiotic use may explain the different infec-
tion rates reported by different authors [36], and it has been
reported that the tined lead is associated with a high rate of
infections (57 %) probably due to the longer test duration [20].
However, 16 % of complications can be treated conservatively
[26].

Discussion

SNM has gained popularity in the treatment of neurological
bladder disorders over the last few decades. However, the
exact mechanism of action is not fully elucidated and predic-
tive parameters are not yet available. Moreover, only small
series of MS patients have been studied and the majority of
studies have included heterogeneous groups of patients. Thus
we have extrapolated predictive factors, complications rates
and outcomes of SNM from data obtained in neurogenic and
non-neurogenic populations. Although the maximum duration
of follow-up is 7 years, which might be a limitation, the data
analysed show a reasonably promising outlook.

A limitation of SNM in MS is the unpredictable course of
the disease which may jeopardize the long-term results, or the
potential need for magnetic resonance scans. Chaabane et al.
[20] found loss of efficacy following disease relapse. Based on
their experience, their recommendation is to propose SNM
only in patients with relapsing—remitting disease who have
not had a relapse for 2 years, but preferably longer. Despite
these limitations, there is general agreement about safety and
efficacy over time of SNM, and patients consider it a satisfac-
tory option. SNM is also considered an attractive treatment for
refractory neurological bladder disorders because it is

minimally invasive and does not imply irreversible changes
to the bladder or nerves, and does not bear the risk of late
malignancy associated with bladder augmentation or urinary
diversions. This may have particular relevance in patients with
urinary retention for which there are few effective treatments,
especially treatments resulting in the return of normal voiding.
Long-term catheterization can lead to a decrease in QoL and
there is the risk of UTI and urinary calculus formation [37]. In
addition, SNM does not compromise the potential for future
treatments. Further and larger studies are still needed to con-
firm its clinical role in MS patients, as well as randomized
controlled trials.
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