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Aims. Sacral nerve stimulation is a well-known treatment for fecal incon-
tinence (FI). Standard reprogramming restores FI for some patients, but
not all. A review of the literature was carried out to study this question.
Methods. A literature search was performed on Pubmed and Embase data-
bases for all relevant articles till December 2018. Studies were included if
they were crossover randomized clinical trial, evaluating the use of SNS
on the patient with fecal incontinence and assessing at least one of the fol-
lowing end-points: the frequency of fecal incontinence episodes, Cleve-
land Clinic incontinence score (CCIS), Fecal Incontinence Quality of Life
Scale (FIQLS) and the Wexner incontinence score. No restrictions on lan-
guage or study size were made.

Results. Five RCT papers were identi?ed and all of those were random-
ized crossover study. These included 176 patients and 104 participants.
The average follow-up duration for these 5 studies was 3 months. Prelimi-
nary results suggest good outcome after permanent SNS implant. Results
from the first three studies showed significantly reduced frequency of fe-
cal incontinence episodes during the ON period. All three studies reported
positive outcomes with the Cleveland Clinic incontinence score (CCIS)
that were significantly improved in the ON period than the OFF period.
Optimal pacemaker settings were individual, but a trend towards higher
patient satisfaction and decreased incontinent episodes was evident for
high-frequency stimulation (31 Hz/210 ps) in comparison with the stan-
dard setting (14 Hz/210 ps) (p < 0.05). Subsensory stimulation as low as
50% of the sensory threshold is as effective as stimulation at or above the
sensory threshold. Finally, bilateral stimulation is not superior to standard
unilateral stimulation in the short term.

Conclusions. The review suggests that SNS for fecal incontinence has
significant improvement in fecal incontinence during the ON period with
higher patient satisfaction and decreased incontinent episodes under high-
frequency stimulation.

[J Soc Colon Rectal Surgeon (Taiwan) 2019;30:89-96]

Fecal incontinence (FI) is commonly defined as an
involuntary loss control of the fecal material of
liquid or solid stool." FI remains a substantial thera-
peutic issue in many patients when medical treatment

fails and sphincter repair is unsuccessful. While varia-
tions exist regarding prevalence due to differences in
survey methods, screening questions, definition and
population studied. Biologic or artificial neosphincters
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are a therapeutic option in some cases, but these treat-
ments have a significant failure rate and high associ-
ated morbidity.””

Matzel and colleagues introduced Sacral nerve sti-
mulation (SNS) therapy for fecal incontinence in
1995.* SNS is a minimally invasive procedure that in-
volves cutaneous electrical stimulation of the sacral
nerve plexus via the S3 or S4 foramen, producing a
physiological effect on the organs innervated by these
nerves.’ Through neuromodulation, there is the poten-
tial to alter pelvic floor and anal sphincter function and
afferent sensation eliciting a clinically beneficial effect.
The concept of SNS can be traced back to the 19th cen-
tury when the first clinical application was used by
Brindley with high-voltage stimulation to treat patients
with spinal cord injury.® This was then adapted and ap-
plied to treat patients with urological dysfunction and
the beneficial effect on fecal incontinence was also
observed as well” Since then SNS has been demon-
strated to have a beneficial effect in several retrospec-
tive trials**!3 and four prospective crossover trials.'¢"?

Neurostimulation is one of the fastest growing ar-
eas of medicine with application that significantly
changed the treatment paradigm for many patients
over the past decades. Study has shown that 80% of
patients with fecal incontinence undergoing SNS had
more than fifty percent improvement in their symp-
toms.?° Long-term results have even shown a long-
term maintenance rate of 71% in patients after perma-
nent implant, with half of them having full conti-
nence.?! It is now considered the first-line surgical
treatment option for the majority of adults with FI in
whom medical treatments have failed to do the work.?

Although sacral nerve stimulation has become an
important tool for the treatment of fecal incontinence,
on the other hand, the mechanism remains unclear and
inter-individual differences do exist. This systematic
review will look at coss-over studies on the use of
SNS on patients with fecal incontinence and its effect
on their quality of life.

Method

A literature search was performed on PubMed and

Embase for all relevant articles. The following key-
words were used in various combinations to conduct
the search: ‘sacral nerve stimulation’, ‘SNS’, ‘sacral
nerve modulation’, ‘fecal incontinence’, ‘faecal in-
continence’, and ‘crossover’. This comprehensive
search used Boolean operator “OR” for expanding
sensitivity and applied Boolean operator “AND” for
specifying the result on this study topic. The search
did not restrict the language or date, and the search
strategy was completed on September 2018. All stud-
ies which were identified in this search were screened
by investigators according to PRISMA guideline. The
investigators screened title and abstract to include po-
tential references and reviewed full-text to exclude
the not eligible references. Our exclude criteria were
Different type of device, Non-adult, Non-RCT, Dif-
ferent disease entity and Different target. After study
selection, the investigators evaluated the quality of the
eligible studies using Cochrane Risk of Bias Tool.

Patients with fecal incontinence on SNS were as-
sessed at least one of the following end-points: the
frequency of fecal incontinence episodes, Cleveland
Clinic incontinence score (CCIS), Fecal Incontinence
Quality of Life Scale (FIQLS) and the Wexner incon-
tinence score.

Results

1726 studies were identified in the initial search
and reviewed. 1698 studies were excluded due to
non-randomized control trial. Nine repeated studies
were excluded. Fourteen studies were on use of SNS
on fecal continence and therefore were deemed irrele-
vant to this review by both authors. The remaining
five trials included a total of 176 patients (Fig. 1).
Among these patients, however, only 104 patient agreed
to be enrolled for analysis. The characteristics of these
studies are shown in Table 1.

In 2005, the first double-blind multicenter pro-
spective randomized study reported by Leroi et al. ex-
amined the effectiveness of cross-over sacral nerve
stimulation in patients with fecal incontinence. A total
of 27 patients was enrolled. Twenty-four patients
(89%) were self-reported to have improvement during
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Fig. 1. PRISMA flow diagram.

Table 1. Characteristics of the studies

the ON crossover period in comparison with 17 (63%)
during the OFF period. Patients also felt that there was
a significant improvement of their FIQOL. Cleveland
Clinic incontinence score (CCIS) improved during
postimplantation (p < 0.002) and final visits (p <
0.0004). Treatment details of permanent SNS implant
are shown in Table 2. Four patients (0.1%) could not
decide if they had improved or not (p < 0.02). Results
of patients choice of stimulation (stimulation ON or
OFF at the end of crossover), are shown in Table 3.
Patients’ choice for stimulation ON could be justified
by a more marked symptomatic improvement during
the ON than the OFF crossover period. That was not
the case for those who had chosen the OFF stimula-
tion.

A total of 16 patients was enrolled in the Kahlke et
al. study." At the time of stimulator implantation, the
mean age + SD was 55.5 = 11.8 years. SNS led to a
marked reduction in the mean frequency of FI epi-
sodes and the number of bowel movements per week
during the ON period in comparison to the OFF pe-
riod (p = 0.004). FI episodes decreased significantly
from 18 £ 19.6 (mean £ SD) at baseline to 1.1 £ 1.6 af-
ter implantation (p = 0.003) and remained at the low

. No. of patients Gender
t D Dat
Study esign ata (enrolled) £ MF
Anne-Marie Leroi et al. Multicenter February 2000 to February 2003 34 (27) 57 3/31

Volker Kahlke et al.

J.Duelund-Jakobsen et al. (2012)

J.Duelund-Jakobsen et al. (2013)

J.Duelund-Jakobsen et al. (2015)

Double-blind
Crossover study
Single-center February 2012 to December 2012 45 (16) 55.5° 12/33
Prospective randomized
Crossover study
Single-center July to September 2010 35 (15) 542°  0/15
Double-blind

Randomized

Crossover study

Single-center January to April 2010 27 (19) 59.5°  1/18
Blinded

Randomized

Crossover study

Single-center May 2009 to June 2012. 35(27) 63" 2/25

Single-blinded
Randomized
Crossover study

* Median; ® Mean.
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Table 2. Treatment details of permanent SNS implant

No. patients

Study No. of patients (enrolled) SNS lead Test period  Follow-up duration
Anne-Marie Leroi et al. 34 27 quadripolar 1 month 3 months
Volker Kahlke et al. 45 16 quadripolar 3 weeks 3 months
J. Duelund-Jakobsen et al. (2012) 35 15 ND 3 weeks 3 months
J. Duelund-Jakobsen et al. (2013) 27 19 ND 3 weeks 3 months
J. Duelund-Jakobsen et al. (2015) 35 27 quadripolar 4 weeks 3 months

Table 3. Results of the Cleveland Clinic incontinence score and

changes in the number of fecal incontinence episodes per week

Frequency of Cleveland clinic

Frequency of Fl/week defecation/week incontinent score (CCIS)
Study No. of - No. patients =) ON OFF ON OFF ON
patients  (enrolled)
0 14Hz/ 31Hz/ 0 14Hz/ 31 Hz/ 0 14 Hz/ 31 Hz/
210 us 210 pus 210 us 210 ps 210 pus 210 ps
Anne-Marie Leroi 34 27 3.5 0.5 ND 1.7 106 ND 13 10 ND
ctal. (0-10)°  (0-11)° (7-32)° (7-37)° (11-18)° (3-17)°
Volker Kahlke et al. 45 16 84+87 1+17 ND 182 109 ND 14.6 8.7 ND
@87 @17 4.6 (3.6
J. Duelund-Jakobsen 35 15 ND 8.7 6.4 ND 44.1 38.3 ND 11.6 11.1
et al. (2012) (6.2)*  (7.2)* (32.1)* (29.6)** (2.9° (3.8)°

“ Mean + standard deviation; ® Median (range); © Three weeks.

level of 1 £ 1.7 throughout the ON period, but in-
creased significantly in the OFF period to 8.4 + 8.7.
During the final period, FI episodes remained at a low
0.3 £0.5. CCIS fell from 16 + 4.6 at baseline to 5.1 £
1.3 after implantation (p < 0.0001).

Fifteen patients were enrolled in J. Duelund-Jakob-
sen et al. (2012) study.'® Their mean age was 54.2 +9.2
(mean + SD) years and the duration of fecal inconti-
nence before SNS therapy was 14.2 + 10.2 (mean +
SD) years. Significant improvement was seen in three
of four subdomains in the FIQLS. Decreased number
of incontinence episodes dropped from 11.7 (10.8) to
4.8 (4.5) per 3 weeks (p = 0.011) and improvements
were maintained after 3 months of follow-up. The
mean CCIS dropped from a baseline of 16.2 £ 3.3
(mean + SD) to final score of 13.5 £ 2.5 (mean £ SD).
After an initial period of successful treatment all pa-
tients had gradual loss of efficacy and reported dissatis-
faction during later follow-up (mean 57.1 £ 27 [mean £
SD] months after implantation of SNS). There was a
trend towards higher patient satisfaction and improved
outcome was observed for high-frequency stimulation
(31 Hz/210 ps) in 8 out 15 patients (Table 3).

Nineteen patients were enrolled in J. Duelund-
Jakobsen et al (2013) randomized crossover study?
with a mean follow-up of 51.7 = 29.9 months, aimed
to investigate if stimulation at 75% or 50% of the sen-
sory threshold would be as effective as stimulation at
the sensory threshold for fecal incontinence.

The results showed that the mean FI episodes per
3 weeks decreased from pre-SNS therapy significantly
(» <0.001). Decreasing the stimulation amplitude to
as low as 50% of the subsensory threshold (ST) did
not affect the overall number of incontinent episodes
(p = 0.078). Decreasing the stimulation amplitude to
50% of the sensory threshold did not change the Wex-
ner score when compared with the study baseline (p =
0.581).

Twenty-seven bilaterally implanted patients were
enrolled in J. Duelund-Jakobsen et al. (2015) random-
ized crossover study,?* aiming to investigate effici-
ency of bilateral sacral nerve stimulation over unilat-
eral stimulation for fecal incontinence.

The results showed that bilateral SNS therapy for
fecal incontinence is not superior to standard unilat-
eral stimulation in the short term. The median number
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of episodes of FI per 3 weeks significantly decreased
and the Wexner score incontinence improved dramati-
cally. Overall, the differences between unilateral right
or unilateral left and bilateral stimulation were non-
significant, for FI episodes (p = 0.3) and for Wexner
incontinence score (p = 0.9) (Table 4).

Discussion

Fecal incontinence significantly impairs quality
of life, affecting nearly all aspects of life. There were
few randomized trials (ON vs. OFF stimulation) re-
ported on the effect of SNS for the treatment. This
systematic review demonstrates the outcome of 58 pa-
tients who had undergone SNS. All three studies re-
ported positive outcomes, with CCIS and inconti-
nence episodes improving significantly. These results
are encouraging, as they demonstrate the effect of
SNS when all other therapies had failed and therefore
improving the quality of life of patients.

Since early implementation of sacral nerve stimu-
lation by Matzel et al. and to the best of our knowl-
edge, it has become an effective treatment.?® Overall,
the findings of this crossover study confirm the posi-
tive outcomes of SNS in FI: it significantly reduced
the frequency of FI episodes and CCIS, and there was
a preference for ON stimulation. These results are
largely consistent with the randomized multicenter
crossover study published earlier by Leroi et al.'® and
Volker Kahlke et al.'

However, these results should be looked at with
cautious interpretation. There are many confounding
factors which can affect the incontinence score and
patient satisfication which include patient age, gen-

der, pre-existing sphincter function. As a result, it is
still not easy to correlate subjective and objective pa-
rameters to predict outcome for each patient and thus
determine who will benefit most from current treat-
ment modalities. From Nicholas J Kenefick early
cross-over study that the beneficial clinical effect of
SNS is unlikely to be due to placebo but the loss of
control on fecal incontinence was seen a year later
once the stimulation was removed, suggesting that re-
peated stimulation is required and that stimulation is a
reversible neurological mechanism. However, the ca-
ses were few and further larger studies would be
needed.” Furthermore J. Duelund-Jakobsen et al.
(2012). study, it is known that nearly half of all pa-
tients experienced gradual loss of therapeutic effect
and reported dissatisfaction would likely to occur
with standard setting (14 Hz/210 ps) during the later
follow-up. The evidence for a treatment for patients
experiencing loss of efficacy is limited. Altering the
SNS stimulation frequency and pulse width previ-
ously to treat urinary disorders has then re-applied for
treatment of fecal incontinence. Recently, it is shown
that better treatment efficacy with alternative stimula-
tion method (31 Hz/210 ps) could then be obtained
lasts at 3-month follow-up.'® Conclusions: Subsen-
sory stimulation as low as 50% of the ST is as effec-
tive as stimulation at or above the ST.

It is also important to consider the tool for evalua-
tion of clinical effect of SNS. Manometry is com-
monly used in clinical setting for patient with anal dis-
orders. For measurement of efficacy and clinical satis-
faction of SNS therapy, the role of manometry seem to
be controversial. Current evidence has shown some
association with changes in anorectal physiological
parameters, but the results are inconsistent.?**” From

Table 4. Results of changes in the number of fecal incontinence episodes per 3 weeks

Stud No. of No. patients Frequency of FI every 3 weeks
tudy .
patients (enrolled) Baseline® ST (100%)* ST (75%)" ST (50%)
J. Duelund-Jakobsen et al. (2013) 27 19 33.6+31.6°  05+1.0° 1474271 2.89+6.1°
No. of No. patients b RS b . b
Basel T (right T (left T (bilateral
patients (enrolled) aseline ST (right) ST (left) ST (bilateral)
J. Duelund-Jakobsen et al. (2015) 35 27 17 (3-59)° 2 (0-20)° 2 (0-42)° 1 (0-25)°

* Mean + standard deviation; ° Median (range); ST, subsensory threshold.
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Nicholas J Kenefick study, anorectal physiological
parameters did not change much as the stimulation
parameters were altered. They suggest the possible
mechanism linked to the therapeutic effect of SNS is
indirect effect on the anal sphincters or pelvic floor
secondary to a central neuromodulatory effect.?

Although the mechanism undoubtedly involves
both somatic pathways as well as the autonomic and
enteric nervous systems but what has been known so
far shows that SNS reduces the somatosensory evo-
ked potential latency (SEPL) and increases the corti-
cal peak amplitude after anal stimulation.?®* In J.
Duelund-Jakobsen et al. (2012) study,'® High-fre-
quency stimulation (31 Hz/210 us) significantly im-
proved the CCIS in comparison with stimulation at 14
Hz/210 ps (p = 0.014).2® However, frequencies of 50
Hz and above seems to be the limits to the stimulation
of nerve fibres, otherwise neural damage and progres-
sive sphincter fatigue could likely to occur.’*!

The clinical individual outcomes of SNS therapy
can be best assessed through scoring system. Current
scoring systems including the most commonly used
Cleveland clinic incontinence score (CCIS) and Fecal
Incontinence Quality of Life Scale (FIQLS). For all
three RCT studies, CCIS was significantly improved
during the ON period but Altomare reported that
when stimulation was terminated a median 28 months
after implantation that only 10 of 19 (53%) patients
went back to stimulation due to recurrent FI within 1
year.*> Even Maeda et al. recommended a “stimulation
holiday” to restore the therpeutic effect in cases where
there was a loss of efficacy, may potentially leading to
an improved CCIS in the study.*® Like Leroi et al.,
Volker Kahlke et al. also found the FI frequency to be
significantly reduced by SNS therapy, as demonstrated
by comparing the ON periods with the OFF periods. ¢!

J. Duelund-Jakobsen et al. (2012). revealed good
agreement and improvement among the patient bowel
habit diary, the CCIS and two of four subdomains of
the FIQLS.'® Overall, based on current evidence in the
literature that it is suggested that the significant im-
provement in FI should be with alternative pacemaker
setting under ON mode in order to achieve clinical
benefit of better FI control and CCIS.

The detailed mechanisms of SNS therapy are still

unclear. However, electrophysiological studies have
previously shown improvement using measurements
such as s anal resting and squeezing pressures are
markedly.*®

Nevertheless, these results of all these studies
raise the same problem of the choice of criteria needed
to comprehensively evaluate treatment outcome both
subjectively and objectively. To better assess the real
impact of any treatment of FI, we recommend that fu-
ture placebo-controlled protocols should include an
evaluation of CCIS in combination with physiologic
finding such as anal squeeze pressure.

Conclusion

The clinical benefit and improvement on quality
of life can be obtained through SNS therapy during
ON periods. Based on current evidence the long last-
ing effect of SNS therapy with high patient satisfac-
tion comes with alternative pacemaker setting at high-
frequency stimulation. Further larger studies are needed
to clarify this issue.
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