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Abstract

Background and purpose Two types of neuromodulation
are currently practised for the treatment of fecal inconti-
nence (FI): sacral nerve stimulation (SNS) and percutane-
ous tibial nerve stimulation (PTNS). This study compares
these therapies, as no data exist to prospectively assess
their relative efficacy and costs.

Methods The subjects of this study were two distinct
cohorts undergoing SNS (between 2003 and 2008) or
PTNS (2008-onwards) for FI. Clinical outcomes assessed
at 3 months included incontinence scores and the number
of weekly incontinence episodes. The direct medical costs
for each procedure were calculated from the audited
expenditure of our unit.

Results Thirty-seven patients (94.6 % women) underwent
permanent SNS and 146 (87.7 % women) underwent
PTNS. The mean pre-treatment incontinence score (£SD)
was greater in the SNS cohort (14 & 4 vs. 12 + 4) and the
mean post-treatment incontinence scores were similar for
the two therapies (9 & 5 vs. 10 £ 4), with a greater effect
size evident in the SNS patients. In a ‘pseudo case—control’
analysis with 37 “matched” patients, the effect of both
treatments was similar. The cost of treating a patient for
1 year was £11 374 ($18 223) for permanent SNS vs.
£1740 ($2784) for PTNS.

Conclusion Given the lesser cost and invasive nature of
PTNS, where both techniques are available, a trial of PTNS
could be considered for all patients.
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Introduction

Fecal incontinence (FI) is an important condition that com-
promises quality of life with considerable socioeconomic
implications for health services worldwide [1, 2]. It is
thought that 10 % of all adults experience some degree of
involuntary loss of stool or flatus, although this may be a
conservative estimate, given significant under-reporting [3].
Furthermore, considering the much greater prevalence of
this condition in older age groups, its impact on health care
resources may become more significant as the demographics
of western nations shift toward older populations [4-7].

The treatment of FI initially involves conservative
measures, including dietary modifications, anti-motility
and constipating medications, pelvic floor physiotherapy,
and sensory retraining [8]. Unfortunately, these therapies
are unsuccessful in about half of the patients, prompting
consideration of surgical sphincter repair and, occasionally,
augmentation using artificial bowel sphincter or electrically
stimulated gracilis neosphincter (ESGN) [5, 9-11]. How-
ever, these interventions are complex, have variable out-
comes, and carry significant morbidity including the
eventual recourse to a permanent stoma.

Pelvic nerve neuromodulation by sacral nerve stimula-
tion (SNS) has been used worldwide since 1995 as treat-
ment for FI, with acceptable success rates and satisfaction,
irrespective of anal sphincter morphology [12—14]. SNS is
a minimally invasive procedure with success rates between
50 and 70 % and low morbidity, commonly in the form of
reversible pains or abnormal sensation, which can usually
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be rectified by reprogramming. It does, however, require
two operations by specialist surgeons, with significant cost
implications [15-19]. Despite these caveats, it is recom-
mended by the National Institute of Clinical Excellence in
the United Kingdom for the treatment of patients who are
not candidates for sphincter repair.

Indirect modulation of the pelvic nerves using percuta-
neous tibial nerve stimulation (PTNS) has the advantages of
avoiding an operation, and being even less invasive, almost
complication-free, and potentially more cost-effective.
However, data on the efficacy of PTNS are limited mainly
to a few small case series with relatively short follow-up
[2, 20-26]. Furthermore, little is known about the relative
efficacy of the two treatments, whether one therapy should be
administered first, or whether patients could be stratified on
baseline characteristics to one treatment over the other.
While a definitive randomized controlled trial comparing the
two therapies will be required to answer these questions,
prospective clinical audit data can provide estimates of effect
size that may influence future study design.

Methods
Patients

The subjects of this study were patients referred to an
academic surgical unit with FI refractory to conservative
measures. All patients were assessed clinically and, when
indicated, by endoscopic examination to exclude an
underlying organic cause of their symptoms. Pre-treatment
assessment also included quantification of incontinence
using the Cleveland Clinic Florida-Fecal Incontinence
(CCF-FI) questionnaire and completion of a bowel diary,
prospectively, for 2 weeks. Detailed anorectal physiologic
assessment was also performed, including manometric
assessment of sphincter pressures and endo-anal ultraso-
nography of the sphincter complex.

Interventions

From 2003 to 2008, when PTNS was not available, suitable
patients with refractory FI were offered SNS, which was
performed according to the standard two-stage procedure
protocol [13]. Under general or local anesthetic, patients
underwent unilateral peripheral nerve evaluation (PNE)
with the percutaneous insertion of a stimulating electrode
into the S3 sacral foramen (3065USC, Medtronic, Minne-
apolis, MN). The test electrode was kept in situ for
2 weeks, following which a permanent implant (3023,
Interstim I, Medtronic) was offered to all patients who
demonstrated a 50 % reduction in FI episodes and
expressed their satisfaction with treatment. From 2008

onwards, the first-line neuromodulation therapy in our
institution changed to PTNS, which was performed over 12
nurse-led outpatient sessions, using a hand-held neuro-
modulation device (Urgent PC, Uroplasty, Manchester,
UK). The technique and protocol used in our unit were
described in detail previously [2].

Clinical outcomes

The outcomes assessed in all patients were as follows: the
CCF-FI score [27]; the ability to defer defecation (defer-
ment time); and the number of weekly incontinence epi-
sodes, documented in standard 2-week bowel diaries [28].
Outcomes were assessed prospectively after 2 weeks for
patients who underwent temporary SNS (PNE) and after
3 months following the insertion of a permanent implant.
Similarly, clinical outcomes were assessed prospectively
for all PTNS patients at baseline and following 12 treat-
ment sessions that were completed within a 3-month per-
iod. Changes in clinical outcomes between the baseline and
the 3-month assessment were calculated. The direct med-
ical costs associated with each procedure for the first year
of therapy were calculated from the audited expenditure in
our department. The expense associated with each treat-
ment modality over a 10-year period was also estimated
from current expenditure costs using conservative esti-
mates about the type of follow-up and clinical input usually
required by such patients in our institution. The 10-year
time frame was chosen because the need for a replacement
battery must be included in the projected costs of SNS
when it is offered to patients.

Statistical analyses

Pre- and post-treatment data for both cohorts (each ther-
apy) were analyzed using proprietary software and pre-
sented according to data distribution as the mean and
standard deviation (normal) or the median and range (non-
normal). Differences in baseline characteristics were ana-
lyzed using basic categorical and ordinal hypothesis tests.
Crude estimates of effect sizes of each index therapy were
calculated using the difference between the mean CCF-FI
scores pre- and post-treatment divided by the standard
deviation pre-treatment.

To compensate for the lack of randomisation and the fact
that the two cohorts were treated over two different time
periods, a statistical sub-analysis (using a 1-1 ‘pseudo case—
control’ model) was performed by matching all patients in
the SNS cohort with selected PTNS patients for age, gender,
and pre-treatment CCF-FI scores. Normally distributed data
were compared using unpaired t tests, whereas the Mann—
Whitney U test was used to compare non-normal data. A
p value of <0.05 was considered significant.
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Table 1 Characteristics of patients who underwent permanent SNS
and PTNS

Demographics Permanent SNS  PTNS p value
(n = 37) (n = 146)
Median age 48 (31-84) 56 (15-83) 0.16
Female:male (% female)  35:2 (94.6) 128:18 -
(87.7)
Incontinence etiology
Obstetric (%) 23 (62.1) 88 (60.3) 0.7
Anal/pelvic surgery 8 23 0.4
Radiotherapy - 2 -
Trauma 2 6 -
Idiopathic 4 27 0.3
Type of incontinence
Mixed (%) 27 (73.0) 83 (56.9) 0.7
Urge 5 40 0.08
Passive 5 23 0.7
Anorectal manometry (cmH,0)
Maximum resting 50 (20-121) 49 (6-148) 0.97
pressure (median)
Maximum squeeze 25 (0-90) 36 (4-208) 0.02
pressure (median)
Anorectal ultrasound
Intact IAS and EAS (%) 11 (29.7) 47 (32.2) 0.8
Defective IAS and EAS 15 (40.5) 48 (32.9) 0.4
(%)
Defective IAS only (%) 2 (5.4) 16 (10.9) 0.3
Defective EAS only (%) 9 (24.4) 35 (24.0) 0.9

Results
Patients

Fifty consecutive patients (47F:3M) with FI refractory to
conservative measures underwent PNE over a 5-year per-
iod (2003-2008). Thirty-seven (74.0 %) patients reported
>50 % reduction in FI episodes and proceeded to perma-
nent SNS. Patients who underwent permanent SNS were
predominantly female (n = 35; 94.6 %) with a median age
of 48 years (range 31-84) for the cohort as a whole. A
traumatic event (n = 23 obstetric, n = 8 iatrogenic, n = 2
other trauma) was the predominant underlying cause of FI
in 33 (89.0 %) patients, while no clear cause was estab-
lished in 4 patients (idiopathic, 11.0 %; Table 1).

From 2008 to the time of writing, 146 patients under-
went a course of PTNS as first-line neuromodulation
treatment. They were predominantly female (n = 128;
87.7 %) with a median age of 56 years (range 15-83). The
underlying cause was believed to be traumatic (n = 88
obstetric, n = 23 iatrogenic, n = 6 other trauma) in 117
(80.1 %) patients, while the incontinence was classified as
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idiopathic in 27 (18.5 %), and was attributed to post-radi-
ation damage in 2 (1.4 %).

Table 1 summarizes the pre-treatment anorectal physi-
ology data for the two cohorts. No statistical difference was
seen between the demographic and baseline anorectal
physiological characteristics of the two groups, with the
exception of the median maximum squeeze pressure, which
was lower in patients who underwent permanent SNS.

Pre-treatment assessment

The mean pre-treatment CCF-FI score (Zstandard devia-
tion) for patients who underwent permanent SNS was
greater than the mean pre-PTNS incontinence score
(14 & 4 vs. 12 4+ 4; Table 2). Patients who underwent
permanent SNS also had more weekly incontinence epi-
sodes before treatment than patients receiving PTNS [15
(0-53) vs. 4 (0-35)]. No difference was seen in the median
pre-treatment deferment time (1 min) between the cohorts.

Functional outcome following neuromodulation

Post-treatment CCF-FI scores were similar for the cohorts
[9 £ 5 (SNS) vs. 10 £ 4 (PTNS)] but the mean change in
the incontinence score [5 = 4 (SNS) vs. 3 & 4 (PTNS)]
and calculated effect size [1.2 (SNS) vs. 0.7 (PTNS)] were
greater in the patients treated with SNS. Post-treatment
incontinence episode frequencies were also similar in the
SNS and PTNS cohorts [2 (0-19) vs. 1 (0-27), respec-
tively] but because of the pre-treatment difference, the
reduction in frequency was greater in the SNS patients [11
(048) vs. 2 (0-29), respectively]. Both therapies resulted
in a 4-min improvement in the deferment time (Table 2).

Table 2 Clinical measures before and after neuromodulation

Clinical outcomes Permanent SNS PTNS
(n=37) (n = 146)
CCF-FI score (mean + SD)
Pre-treatment 14+ 4 12+4
Post-treatment 945 10+ 4
Mean change in CCF 5+4 3+4
Mean effect change® 1.2 0.7
Deferment time (median, min)
Pre-treatment 1 (0-15) 1 (0-60)
Post-treatment 5 (0-15) 5 (0-60)
Incontinence episodes (median)
Pre-treatment 15 (0-53) 4 (0-35)
Post-treatment 2 (0-19) 1 (0-27)
Median change in 11 (0-48) 2 (0-29)

episodes

 Difference in CCF-FI between baseline and post-treatment divided
by standard deviation pre-treatment
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Sub-analysis using a ‘pseudo’ case—control model

In a 1-1 ‘pseudo case—control’ model, matching patients
for age, gender and pre-treatment CCF-FI score, the cal-
culated effect size was almost identical between the
cohorts, at 1.2 for the SNS group vs. 1.3 for the PTNS
group (Table 3). Pre-treatment incontinence episodes
remained higher for the SNS patients [15 (0-53) vs. 7
(0-30), respectively; p = 0.02; Table 3], but they did not
differ following either treatment [2 (0-19) vs. 1 (0-16),
respectively (p = 0.27)]. Furthermore, a median reduction
in incontinence episodes was statistically similar between
the cohorts, at 11 (0—48) for the SNS group vs. 5 (7-29) for
the PTNS group (p = 0.07). Finally, no difference was
seen in the pre- and post-treatment deferment times when
comparing the two therapies.

Treatment costs

In a center with a pre-existing specialist nursing service, an
additional set up cost of £1043 ($1668) for the PTNS
programmer is required. This can be used for up to 70
individual sessions in a standard working week, meaning

Table 3 “Pseudo” case—control model with SNS and PTNS patients
matched for age, gender and pre-treatment CCF-FI score
Demographics and Permanent SNS PTNS p value
clinical outcomes (n=37) (n=137)
Median age (years) 48 (31-84) 55(30-78) 0.9
Female:male (% female) 35:2 (94.6) 35:2 -
(94.6)
Incontinence etiology
Obstetric (%) 23 (62.1) 24 (649) 05
Anal/pelvic surgery 8 6 -
Radiotherapy - 1 -
Trauma 2 2 -
Idiopathic 4 -
CCEF-FI score (mean £ SD)
Pre-treatment 14+ 4 13+£3 0.45
Post-treatment 9+5 9+4 0.62
Mean change in CCF 5+4 4+4 0.37
Mean effect change® 1.2 1.3 -
Deferment time (median, min)
Pre-treatment 1 (0-15) 1 (0-60) 0.43
Post-treatment 5 (0-15) 5 (0-60) 0.22
Incontinence episodes (median)
Pre-treatment 15 (0-3) 7 (0-30) 0.02
Post-treatment 2 (0-19) 1 (0-16) 0.27
Median change in 11 (0-48) 5 (7-29) 0.07

episodes

 Difference in CCF-FI between baseline and post-treatment divided
by standard deviation pre-treatment

that the cost of the device per patient session can be cal-
culated as £1043/70 = £15 ($24). Additional expenditure
includes disposable electrodes [£40 ($64)/electrode], the
time spent with the nurse [£46 ($74)/session] and outpa-
tient running costs, such as the keeping of medical records,
reception staff, clinical space, and other consumables, at
£15 [24] /session; Table 4). In total, the cost of PTNS per
patient for the first year of treatment involving 15 sessions
was estimated to be £1740 ($2784). Additionally, the the-
oretical projected cost of PTNS for each subsequent year of
treatment involving four maintenance/“top-up” sessions,
as two sessions every 6 months, according to the stan-
dardized protocol [2] is approximately £464 ($742). Con-
sequently, the total PTNS cost per patient for the first
10 years is estimated to be approximately £5916 ($9466).

The cost of PNE included operating theatre time [£8
($13)/min or £480 ($780) for a 60-min session], the cost of
the PNE electrode (£254/$407), time of the surgeon [£100
($160)/session], 1 day in hospital (£250/$400), outpatient
costs (including time with the surgeon), and running costs
[£80 ($128)/session; Table 5]. This equated to £1,164
($1875), including one outpatient appointment to assess the
success of PNE and determine whether the patient could
proceed to permanent SNS. For patients who underwent
permanent SNS, there was an additional cost for the
stimulator [3023, Interstim I, Medtronic, £9300 ($14,880)].
Thus, the total expenditure with operating theatre time at
£8 ($13)/min or £480 ($780) for a 60-min session, 1 day in
hospital (£250/$400), surgeon time, operating theatre time/
outpatient review, and outpatient running costs was
£10,210 ($16,348; Table 5) and the total cost of SNS for
year 1 was £11,374 ($18,223). Furthermore, the cost of
treatment in subsequent years is £160 ($256) to cover the
cost of two outpatient sessions 6-monthly [£80 ($128)/
session] and £7,670 ($12,272) to cover the costs for
replacing the stimulator battery after 7 years [£6,840
($10,944) for the device, £480 ($780) for operating theatre
time, £100 ($160) for time with the surgeon, and £250
($400) for 1 day in hospital]. In total, the estimated

Table 4 Itemized cost for PTNS

PTNS consumables and staff costs cost

Urgent PC neuromodulation £1043 ($1668) or £15

($24)/session
Electrode £40 ($64)
Nurses time for outpatient session £46 ($74)
OP running costs to cover records, £15 ($24)

reception, space costs, etc.

Total year 1 cost based on 15 sessions £1740 ($2784)

Total 10 year cost with two “top-up” £5916 ($9465)

sessions six monthly
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Table 5 Itemized cost for PNE and permanent SNS

Sacral nerve stimulation (SNS) consumables and staff costs

Peripheral nerve evaluation (PNE)

£8 ($13)/min or £480 ($780)
for 60 min session

Theatre time

Stimulating electrode: 3065USC
Needle: 041829

Surgeon time

£254 ($407)

£100 ($160)/session
£250 ($400)

£80 ($128)

One-day hospital stay

Outpatient follow-up including
surgeon time and running costs

Total
Permanent SNS

£1164 ($1875)

£8 ($13)/min or £480 ($780)
for 60 min session

Theatre time

Device: Interstim I, 3023
Programmer

Stimulator

Tined lead

Introducer kit

£9300 ($14880)

£6840 ($10944)
£100 ($160)
£250 ($400)

£80 ($128)
£10210 ($16348)
£19320 ($30924)

Replacement battery
Surgeon time

One-day hospital stay
Outpatient follow-up
Total year 1 cost
Total cost for 10 years

expenditure for PNE and permanent SNS per patient for the
first 10 years of treatment is £20,484 ($32,775).

Discussion

In this prospective clinical audit, which, to our knowledge,
is the first to assess the outcome of two neuromodulatory
therapies for FI, both SNS and PTNS resulted in acceptable
improvements in clinical measures at 3 months. In partic-
ular, SNS resulted in a 5-unit improvement in the CCF-FI
score, with prolongation of the deferment time by 4 min
and fewer incontinence episodes by a median of 11 per
week. Similarly, PTNS improved the CCF-FI score by 3
units, the deferment time by 4 min and the frequency of
incontinence episodes by a median of two per week. These
improvements are comparable to the results of previous
studies, although direct comparison is difficult due to the
assessments being performed at various follow-up inter-
vals. Nevertheless, SNS studies with short follow-up to
6 months demonstrated improved CCF-FI scores by 3—12
units and 2-9 fewer incontinence episodes per week [29—
35]. Similarly, previous PTNS studies reported 4—5 unit
improvement in the incontinence score and 3-6 fewer
weekly incontinence episodes after 3 months [24, 26, 36].
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The apparent greater improvement in measurable out-
comes following SNS might be attributed to its greater
efficiency. Pre-treatment assessment of the SNS and PTNS
patients revealed higher CCF-FI scores and frequency of
incontinence episodes for the SNS cohort, with greater
potential for a more marked effect. When the SNS patients
were matched to 37 PTNS patients for age, gender, and
pre-treatment incontinence score, in a ‘pseudo case—con-
trol’ sub-analysis, the two therapies produced statistically
similar changes in the measurable parameters, with almost
identical effect size, although the SNS cohort still had
statistically more incontinence episodes before treatment.

Calculation of direct medical expenditure associated
with the two therapies revealed different costs, with SNS
being significantly more expensive after the first year of
treatment and when the projected 10-year costs were esti-
mated. Our unit’s expenditure on PNE and permanent SNS
for the first year of treatment was similar to that reported by
other international investigators [37, 38]. Following the
introduction of PTNS, which is less invasive and poten-
tially equally efficacious, the practice of offering SNS to
patients without first treating them with PTNS has to be
questioned. Furthermore, in the United Kingdom, SNS
requires an individual funding application to the appro-
priate health authority with potential long delays before the
procedure can take place. Consequently, this time period
can be used to evaluate the efficacy of PTNS prior to
proceeding to SNS.

It has been suggested that SNS has a significant
advantage over alternative surgical techniques because its
efficacy can be evaluated prior to insertion of a permanent
implant [16]. This is important as the procedure does not
result in significant continence score improvements for
every patient with FI [12]. In our study, thirteen patients
(26 %) were not eligible for permanent stimulation because
of inadequate response, which is comparable with the
results of previous studies [12]. The associated expenditure
for these patients who failed to progress to permanent SNS
was £15,132 ($24,211).The significant cost associated with
PNE failure could potentially be reduced using PTNS as an
‘evaluating tool’ to assess the neuromodulatory response in
a more cost-effective way. This hypothesis clearly requires
a large number of patients and correlation of their baseline
physiological characteristics to the outcome of the neuro-
modulatory process, to stratify or even predict the neuro-
modulatory response.

Despite the prospective nature of the data, we need to
discuss two main limitations. First, this study assesses
patient cohorts that were not randomized and were treated
during two different time periods. Consequently, a signif-
icant degree of selection bias cannot be excluded, with
further uncertainty created by the fact that SNS patients for
whom PNE failed were excluded from the final analysis.
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In addition, the cohorts had statistically different pre-
treatment squeeze pressures and symptom severity. We
attempted to minimize the input of these factors by per-
forming a ‘pseudo case—control’ subgroup analysis, but any
conclusions need to be interpreted with caution and require
further validation. Nevertheless, the ongoing NIHR ran-
domized mixed methods pilot study (phase II exploratory
trial, UKCRN ID 10479) comparing SNS and PTNS will
provide definitive data regarding their relative effective-
ness, costs, and patient acceptability. A second limitation
of this study is the lack of published data on the long-term
efficacy of PTNS. Consequently, the projected 10-year
costs need to be interpreted with a degree of caution since
some patients may require therapy sessions more fre-
quently than the recommended 6-monthly intervals. Fur-
thermore, approximately 20 % of patients do not derive an
adequate benefit from PTNS and require subsequent
treatment with SNS [39]. Despite these caveats, previously
published data from our unit show that 97 % of patients
complete the initial course of 12 therapy sessions, with
80 % continuing with the treatment in the long-term, with
significant improvements in clinical and quality of life
scores [40]. In addition, the cost of PTNS may be reduced
further if it is delivered outside a specialist colorectal unit;
for example, in a community setting.

In conclusion, based on the findings of this prospective
clinical audit, SNS and PTNS both improve fecal inconti-
nence symptoms, at least in the short-term, although
whether they have comparable efficacy and longevity
remains unconfirmed. Nevertheless, as reported previously
by others, SNS has a greater impact on service provision in
view of its expense and the need for a specialist colorectal
team to deliver this treatment. In the current climate of
fiscal uncertainty and limited healthcare resources, the
choice of therapy for refractory FI must be justified. Until
the results of ongoing prospective randomized trials are
available, these data suggest that all patients with persistent
FI should be treated, or at least offered, PTNS, and only if
this fails, should they proceed to treatment with SNS.
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