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Abstract

Fecal incontinence is a disabling symptom with medical
and social implications, including fear, embarrassment,
isolation and even depression. Most patients live in se-
clusion and have to plan their life around the symptom,
with secondary impairment of their quality of life. Con-
servative management and biofeedback therapy are
reported to benefit a good percentage of those affect-
ed. However, surgery must be considered in the non-
responder population. Recently, sacral nerve electro-
stimulation, lately nhamed neuromodulation, has been
reported to benefit patients with fecal incontinence in
randomized controlled trials more than placebo stimula-
tion and conservative management, by some unknown
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mechanism. Neuromodulation is a minimally invasive
procedure with a low rate of adverse events and ap-
parently favorable cost-efficacy profile. This review is
intended to expand knowledge about this effective in-
tervention among the non-surgically skilled community
who deals with this disabled group of patients.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This review summarizes the evidence for neu-
romodulation of fecal incontinence. Neuromodulation
is effective for some patients with fecal incontinence of
different etiology unknown mechanism; when analyzed
by intent to treat analysis, the median responder rate is
59%. The most common serious adverse event is infec-
tion at the site of implant which occurs in about 3% of
patients. Cost of treatment is high relative to conserva-
tive treatment and biofeedback but seems to be cost-
effective when offset by gains in quality-adjusted years.
Randomized controlled trials comparing neuromodula-
tion with biofeedback therapy in fecal incontinence are
advisable to tailor patients’ management.
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INTRODUCTION

Fecal incontinence (FI) is defined as the accidental loss
of solid or liquid stools and is a common disabling condi-
tion that is often under-reported at medical consultation
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because of fear and embarrassment. In a recent study
of > 1500 primary care patients, FI was self-reported by
36.2% of patients, but only 2.7% of them had a medical
diagnosis of FI'. FI has a significant impact on quality
of life (QOL) and health expenditure and may facilitate
the placement of older patients in nursing home facili-
ties”). Therefore, increased medical screening of FI is
needed because both conservative and interventional
treatments are available. Biofeedback therapy to increase
rectal awareness of stools and ameliorate anal sphinc-
ter response improved continence in about two-thirds
of patients in open and randomized controlled trials
(RCTs)™. However, patients with severe impairment of
rectal sensation and/ot previous anal trauma do pootly
with biofeedback, and alternative options ate desirable in
selected patients[S]. In the past a number of surgical pro-
cedures has been proposed to treat FI. Major drawbacks
were the small sample sizes and potential worsening of
incontinence”. Sacral nerve electrostimulation, later also
called neuromodulation (NRM), was first applied in 1995
by Matzel ¢ al” with encouraging results in a small group
of patients with FI without evidence of anal sphincter
defects. The technique was attractive because of its lim-
ited side effects and for being minimally invasive. Since
then, the effectiveness of NRM in improving FI has
been proven in a number of studies, although its mecha-
nism of action remains ill defined”. However, physicians
involved in the treatment of disordered anal continence
should consider NRM among potential treatment op-
tions, and this review is intended to be a primer for the
non-surgical community.

Search methods

Search terms were fecal incontinence OR anal inconti-
nence and sacral nerve stimulation OR neuromodulation.
These searches were limited to human subjects, adults,
and studies published in full in the English language be-
tween January 1995 and December 2012. Case reports,
preliminary studies, and small sample series investigating
< 15 patients were not considered. Databases searched
were PubMed, Web of Science, Cochrane Reviews, and
Embase. The bibliographies of identified studies were
also searched for additional references. To address NRM
effectiveness, special consideration was given to RCTs
and adequately powered prospective trials.

TECHNIQUE, SAFETY AND MECHANISM
OF ACTION OF NRM

Technique

NRM is a minimally invasive surgical intervention con-
sisting of: (1) a testing evaluation interval; and (2) a
second stage with permanent stimulator implantation,
provided the testing interval results are clinically suc-
cessful. The first stage, also termed percutaneous nerve
evaluation (PNE), is of most relevance to determine the
feasibility of electrode implantation into the sacral foram-
ina, and to demonstrate clinical benefits worth pursuing
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with permanent NRM”. Two technical options are avail-
able for PNE: a temporary, percutaneously placed, uni-
polar stimulation lead to be later removed, or the surgical
placement of a quadripolar lead next to a target nerve'”.
Both types of leads are then connected to an external
pulse generator to be substituted by a permanent pulse
generator implanted subcutaneously in case of positive
outcome. The permanent implant sized a quarter dollar
or 2 euro coin (diameter 24.26 mm, thickness 1.75 mm) is
commonly placed in the gluteal area and can be managed
by a small handheld device”. A small retrospective study
evaluated outcome and complications of the two PNE
techniques'"’
the infection rate was slightly higher in patients undergo-

| No difference in outcome was shown, but
ing surgical placement.

Safety

The commonest adverse events are implant site pain and
paresthesia, which is seen in up to 28% of patients in
some large series with careful reporting about safety! ™",
Pain is usually managed conservatively and explant of the
device is rarely needed. However, a recent meta-analysis
concluded that incidence of implant site pain may be as
low as 6%". The most serious complication is infection
at the implant site, which was seen in up to 10.8% in the
largest series of > 100 patientsm‘m. The control of site
infection may require device explant in approximately
half of those affected'”. The meta-analysis by Tan et
al” supports diverse evidence indicating that the typical
infection rate is 3%, with the proportion requiring the
device to be removed for refractory infection being about
3% of those infected. Additional side effects reported in
< 8% of patients are urinary incontinence, diarrhea, and
extremity pain, which always resolve spontaneously or
are effectively managed by medication. In older series,
broken or displaced electrodes occurred in about 4%
of cases™ and sometimes required device explantation.
However, this problem is becoming less frequent since
the electrodes were redesigned. Battery replacement is
usually required after a median of 7 years'”,

Mechanism of action

In 1999, Vaizey et al" first reported the effect of NRM
on anorectal physiology measured by 24-h solid state
catheter manometry in a small group of 10 patients with
FI. Resting anal pressure did not change significantly
and some evidence of modification of rectal sensitiv-
ity and tone was observed. The authors speculated that
NRM worked via complex neuromodulation of sacral
reflexes to regulate rectal sensitivity and anorectal motil-
ity"¥. Since then, several studies focused on modifica-
tions of anorectal physiology associated with NRM in FI,
with conflicting results. In their meta-analysis, Tan e# al?
concluded that NRM is associated with improvement in
anal canal pressure at rest and with voluntary squeezing,
and a decrease in the maximum tolerable rectal volume.
However, subsequent studies had inconsistent results,
with RCTs and long-term studies failing to show a rel-
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| When
there are significant improvements in anal canal pressure,
the size of the effect is small and the final resting and
squeeze pressures appear to be below the normal range
for healthy controls”
the large clinical effects seen for FI and suggests that the
mechanism by which NRM improves continence is not
primarily an improvement in anal canal pressure. This

evant influence of NRM on anal pressure

. This is not commensurate with

issue was addressed in a recent review by Gourcerol ef
al'™ which specifically focused on defining the potential
mechanism of action of NRM. The authors speculated
on three potential mechanisms: (1) somatovisceral reflex;
(2) modulation of the perception of afferent informa-
tion; and (3) increase in external anal sphincter activity"”
However, no definitive evidence could be found to sup-
port any of these and a multifactorial component was
further speculated to justify the efficacy of NRM. The
authors concluded that NRM is effective almost certainly
via modulation of spinal and/ot supraspinal afferent in-
puts, but many gaps remain in the understanding of the
mechanism of action of NRM!".

EFFECTIVENESS
RCTs

After the early report of Matzel ef al”, a number of trials
were developed to evaluate the efficacy of NRM in F1™,
A major drawback to assessing this literature is the huge
variance in inclusion and outcome criteria and follow-
up intervals'”, Additional limitations are small sample
size (often < 20 patients) and lack of adequate control
groups"”. However, the majority of uncontrolled trials
reported a favorable outcome in more than two-thirds
of patients with limited side-effects. Researchers were
unable to identify any clinical and/or functional variable
that could predict outcome'
were selected on findings of either no or marginal evi-

. In eatlier reports, patients

dence of anal sphincter defects. However, this limitation
was later dropped because of the unclear definition of
the mechanism of action of the treatment™. In 2005,
Leroi et al'™ reported on the first randomized, controlled,
double blind, multicenter study testing the efficacy of
NRM in FI and/or severe urgency of any etiology. Pa-
tients with an ultrasound diagnosis of sphincter defect
were included, provided the defect was not considered
to be the main determinant of incontinence'”. After
implantation, 27 of 34 patients with FI were randomized
in a double-blind crossover manner to NRM active treat-
ment (electrostimulator ON) »s placebo (electrostimula-
tor OFF) for a 1-mo period with the device i situ. A
final interval of 3 mo was also included in the evaluation
with patients still blinded, potentially choosing either
the ON or the OFF modality"”. Twenty-four patients
completed the trial, making the sample underpowered.
However, patients reported a significant improvement
in both symptoms and QOL scores, and anal physiology
when in active treatment compared to placebo, providing
evidence that a placebo effect was not the main determi-
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nant of NRM outcome'”. However, until recently, NRM
was not compared to conservative management (diet,
lifestyle modification, constipating drugs, and biofeed-
back), which is cheaper, commonly available, and often
associated with benefits in at least 50% of patients with
FIY. Tjandra ef al"™ randomized 120 patients with FI to
either supervised optimal medical therapy or NRM. Con-
servative treatment included bulking agents, pelvic floor
exercises, or lifestyle and dietary manipulations, but it did
not include biofeedback"”. NRM was significantly more
effective in improving frequency of incontinence with 25
patients regaining perfect continence™. Cleveland Clinic
Continence Score and QOL score were both significantly
improved as well"”,

Open label trials and meta-analysis

In a recent prospective, open label, multicenter trial,
Wexner ¢ al' confirmed the effectiveness of NRM in
improving FI in a large sample of 120 patients with 112
of them undergoing permanent implantation. The vast
majority of patients (83%) reported significant improve-
ment of FI according to the outcome measurement se-
lected, including 41% gaining complete anal continence,
after a mean follow-up of 28 mo!"'l. FI is a chronic dis-
order, therefore, Mellgren ¢z al'™” reported on the same
cohort after a mean follow-up of 3.1 years (range: 0.2-6.1
years) with at least a partial data set available in 64% of
the patients. A significant decrease in episodes of incon-
tinence was still reported by 86% of available patients
with 41% regaining continence. A stable improvement in
QOL score was also reported by patlents | To deepen
the analysis, a carried forward observation at 3 years was
performed showing a 78% success rate. However, the
success rate dropped to 59% at 3 years when considering
all missing data as failures''”. Historically, anal sphincter
disruption has been considered a contraindication to
perform NRM, which was not even considered in the
presence of a relevant morphological alteration””. How-
ever, Chan ef al” provided sound evidence against this
assumption in a comparative cohort study. The effective-
ness of NRM in improving FI and QOL at 1 year was
not significantly different in 21 patients with a disrupted
external anal sphincter (81% persisting after previous
sphincter repair) when compared to the outcome of 32
patients with FI and an intact anal sphmcter . These
data were confirmed by an RCT comparing NRM with
conservative treatment in which many patients with de-
fects in both the internal and external sphincters were in-
cluded, showing that NRM was equally effective in those
with or without sphincter disruption'”. The therapeutic
potential of NRM compared to conservative treatment in
FI has also been reported in several, mostly small studies
including patients with distinct pathological conditions,
including rectal resection and pelvic irradiation™"*"!, In
these distinct conditions dealt with in the following sec-
tion, FI response rates may be lower, with about 50%
of patients responding to temporary stimulation™?!!. A
recent meta-analysis by Tan e a/” reported on a total of
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fit of NRM in double incontinence. Caremel e a/*” first
reported on clinical questionnaires sent to 57 patients
with double incontinence treated by permanent implan-
tation, with FI as the main indication for NRM in 60%
of them. About two-thirds of patients responded, with
49% reporting an improvement in both fecal and urinary
incontinence. Patients implanted for urinary incontinence
as the main indication were more likely to report full
amelioration of both types of incontinence™. Recently,
Faucheron ef a/™” reported a single-center study of 57 pa-
tients (54 women) who underwent PNE and permanent
implantation for double incontinence of multiple etiol-
ogy, with a median follow-up of 62.8 mo. Improvement
in both fecal and urinary incontinence was evaluated by
dedicated scores, with about 50% of patients reporting
amelioration of both symptoms™. Surprisingly, bladder-
related clinical improvement scored slightly lower than
bowel-related improvement. Re-intervention rate (29%)
and complication rate (12%) were both relatively highm.
Rectal resection for cancer and pelvic radiotherapy are
conditions commonly associated with secondary severe
alterations in bowel compliance”. Incontinence is pre-
dominant at night and mostly deemed incurable™. Two
European groups investigated the efficacy of NRM in
these hard-to-treat conditions in small samples. Both
studies reported PNE to be effective in improving conti-
nence in approximately half of those treated, but the ef-
ficacy of permanent implantation was not reported”*".
Atrophy of the anal sphincter is an additional hard-to-
treat FI disease for which NRM has been associated with
clinical benefit in open trials. Santoro ez @' have report-
ed a single-center study of 28 patients with magnetic-
resonance-imaging-documented external anal sphincter
atrophy of different severity undergoing permanent
implantation for FI. A significant improvement in both
FI and QOL scores was reported regardless of severity
of sphincter atrophy”". This study provided indirect evi-
dence of improvement in anal sphincter function as the
mechanism of action of NRM"". Finally, a few studies
have evaluated the efficacy of NRM for loss of normal
bowel function due to nerve injury, neurological disease,
or congenital defects of the nervous system - so-called
neurogenic bowel. Holzer ez al’® assessed clinical out-
come in a cohort of 29 patients undergoing permanent
implantation for FI of mixed neurological etiology, in-
cluding diabetes. The authors claimed that most patients
were symptomatically improved, but outcome parameters
were ill defined™. Recently, an ITtalian group reported on
the efficacy of NRM in improving symptoms of pelvic
floor dysfunction in 23 patients with incomplete spinal
cord damagem]. A significant improvement in FI was
found in the majority of patients, but the grouping of
patients with both constipation and FI made it hard to
interpret the results 3,

COST

The cost of NRM is high when compared to conserva-

(4 9
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tive medical management, pelvic floor exercises and
biofeedback therapy. Actual cost of NRM varies widely
among countries as well as health insurance conditions.
However, studies from three different countries have
concluded that NRM is cost-effective when offset by the
quality-adjusted life-years gained, and that it is likely to be

reimbursed by government health programs™*****,

CONCLUSION

In conclusion, NRM is effective for FI of diverse etiol-
ogy. Encouraging results have also been reported for
FI therapy in distinct and rare conditions, but RCTs are
lacking and no firm conclusion can be actually drawn.
NRM is reported to have long-term benefit in more than
two-thirds of patients with FI undergoing permanent
implantation, by some as-yet-unknown mechanism.

However, when analyzed by ITT analysis, the median
responder rate drops to 59% of those treated. NRM is
a minimally invasive procedure. The most common seri-
ous adverse event is infection at the site of implantation,
which occurs in about 3% of cases and requires device
explantation in about 3% of all patients receiving perma-
nent implants. Cost of treatment is high relative to that
of conservative treatment and biofeedback but there are
studies from different countries suggesting that NRM is
cost-effective when offset by gains in quality-adjusted life
years. However, RCTs comparing NRM to biofeedback
therapy for FI are required to resolve this issue.
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