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Abstract
Background  The aim of the present study was to evaluate the long-term efficacy of percutaneous tibial nerve stimulation 
(PTNS) for patients with faecal incontinence (FI) refractory to conservative treatment. Secondary aims were to identify 
predictors of response and validate new treatment pathways for partial responders.
Methods  A prospective, interventional study was carried out in a specialist defecatory disorder unit from a university hospital 
between January 2010 and June 2017 on patients > 18 years old with FI refractory to conservative treatment. Thirty-minute 
PTNS sessions were performed in three phases (weekly, biweekly and monthly) up to a year, with clinical reassessment at 
3, 6, 12 and 36 months.
Patients were classified as optimal responders when their pretreatment Wexner score decreased > 50%; partial responders 
when it decreased 25–50%; and insufficient responders if it decreased < 25%. Only optimal and partial responders progressed 
into successive phases.
Results  Between 2010 and 2017, 139 patients (110 women, median age 63 years [range 22–82 years]) were recruited. After 
the first phase, 4 patients were optimal responders, 93 were partial responders and 36 were insufficient responders. At 6 
and 12 months, 66 and 89 patients respectively were optimal responders, with an optimal response rate of 64% at the end 
of treatment. A total of 93.3% patients with a partial response initially finally became optimal responders. Furthermore, at 
36 months, 71.9% of patients were still optimal responders without supplementary treatment, although their quality of life 
did not improve significantly. Baseline Wexner scores ≤ 10 and symptom duration < 1 year were identified as predictive fac-
tors for positive responses to PTNS.
Conclusions  Patients undergoing PTNS for 1 year following this protocol had optimal long-term responses. PTNS sessions 
for up to 1 year in patients who were partial responders prevents a high percentage of them from needing more invasive 
treatments, and maintains long-term continence in patients who were optimal responders.

Keywords  Percutaneous tibial nerve stimulation · Faecal incontinence · Neuromodulation · Partial response · Long term 
efficacy

Introduction

The prevalence of faecal incontinence (FI) is 11–15% [1, 
2] and increases progressively with age [3]. Even though 
FI can decrease patients’ quality of life (QoL) due to social 
stigma and embarrassment, only 10–30% of sufferers seek 
medical advice [4].

The initial method of managing FI is conservative and 
based on dietary changes, pelvic floor exercises and bio-
feedback, but more invasive treatments are often necessary 
[5]. Sacral nerve stimulation (SNS) has been shown to be an 
effective alternative for treating FI, providing direct, chronic 
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low-voltage stimulation of the sacral root, with good long-
term results [6]. However, it requires surgical insertion and 
has high associated costs [7, 8]. Tibial nerve stimulation, 
applied with transcutaneous or percutaneous (PTNS) elec-
trodes over the posterior tibial nerve (L5 to S3 nerve roots), 
provides peripheral stimuli to treat both urinary and faecal 
incontinence [9]. It is a safer, less invasive and cheaper alter-
native to SNS for FI.

PTNS has been shown to be effective in some patients, 
improving FI symptoms and QoL in the short term. The 
CONFIDeNT trial [10], which compared PTNS to sham 
stimulation found that PTNS did not confer significant clini-
cal benefit after 3 months of treatment. Few randomized 
trials have attempted to compare SNS and PTNS, conclud-
ing that in the short term (6 months) both SNS and PTNS 
confer some clinical benefit for patients with FI [11]. There-
fore, short- and mid-term outcomes (24 months) have been 
reported [10, 12–14] but there is a need to assess long-term 
efficacy.

Moreover, several PTNS regimens have been reported, 
ranging from daily to monthly sessions, performed transcu-
taneously or percutaneously at outpatient clinics or home-
based. All of these factors complicate a comparison between 
regimens and results.

The primary aim of this study was to evaluate the long-
term efficacy of PTNS for patients diagnosed with FI refrac-
tory to conservative treatment. Secondary aims included 
identifying predictors of responses and a new approach for 
partial responders.

Materials and methods

A prospective, interventional study was carried out in 
a specialist defecatory disorder unit at Elche university 
hospital between January 2010 and June 2017. Long-term 
was defined as a 36-month period of time, as previously 

described by Thinn [8] and considered for long-term eval-
uation for SNS [6].

Patients ≥ 18 years old were eligible for inclusion if they 
had a diagnosis of FI (one or more FI episodes per week 
for more than 6 months) refractory to conservative treat-
ment. The exclusion criteria were anatomical abnormali-
ties that required surgery (congenital sphincter defects, 
ano-vaginal cloacae and complex perianal fistulas accord-
ing to ASCRS classification [15]), injuries affecting ≥ 180° 
of the external anal sphincter, previous treatment with 
PTNS, unavailability to attend regularly outpatient clinic 
and major psychological or psychiatric disorders.

Data were recorded prospectively and evaluated by 
two members of the aforementioned unit (MJAQ, ALD) 
including patients’ medical history, symptom duration, 
bowel habit (21-day diary) [16], faecal urgency and sever-
ity of FI, as estimated by the Wexner score and by FI epi-
sodes per week: mild (1–6 episodes per week), moderate 
(7–11 per week), and severe (≥ 12 per week). Functional 
tests (endoanal ultrasound and anorectal manometry), were 
also performed. QoL was assessed with the Faecal Incon-
tinence Quality of Life scale (FIQLs) [17] and the Rapid 
Assessment Faecal Incontinence Score (RAFIS) [18].

Evaluations were performed at baseline, 3, 6, 12 and 
36 months as shown in Fig. 1. The Wexner score, FIQLs 
and faecal urgency were evaluated at each follow-up visit. 
The RAFIS score and the bowel habit diary were also 
recorded at 12 and 36 months, and manometric measure-
ments were repeated at 12 months.

Patients lost to follow-up were considered in intention-
to-treat analysis, and all complications related to the pro-
cedure were recorded during the study. There were no sub-
stantial modifications to schedule nor evaluation of the 
patients during the 7.5 years of this study.

Fig. 1   PTNS process. PTNS per-
cutaneous tibial nerve stimula-
tion, FIQLs faecal incontinence 
quality of life scale, RAFIS rapid 
assessment faecal incontinence 
score First visit 
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PTNS protocol

PTNS was administered by 30-min sessions performed in 
three phases. Sessions were performed weekly for 3 months 
in the first phase. During second phase sessions were per-
formed biweekly, for 3 months. Lastly, sessions were per-
formed monthly in the third phase, which lasted 6 more 
months. Therefore, treatment was administered up to a year.

Stimulation was performed by members of the unit 
(MBR, MMA, MBL) with the technique described by 
Hotouras using an “Urgent® PC stimulator” (Uroplasty, 
Minnetonka, MN, USA) [19].

At the end of each phase patients were classified as fol-
lows: optimal responders, defined as patients with a reduc-
tion > 50% in the initial Wexner score; partial responders, 
defined as a reduction between 25 and 50%; or insufficient 
responders, defined as a reduction < 25%.

Patients categorized as optimal or partial responders 
were considered potential long-term beneficiaries of PTNS 
and progressed to the successive treatment phases. In the 
next phases all these patients, received the same treatment, 
with the goal of maintaining the clinical and QoL benefits 
in the optimal responder and to achieve optimal response in 
patients with previous partial response. Insufficient respond-
ers (< 25%) were offered other therapeutic options such as 
SNS.

Statistical analysis

The data were analysed using SPSS software, version 24 
(IBM-SPSS; Chicago, IL, USA), and R software (2020) with 
the ISLR package to obtain the classification and regres-
sion trees (CARTs).

The quantitative results are expressed as the mean 
(median for the non-normally distributed data) and stand-
ard deviation. The categorical variables are expressed as the 
number of cases and percentages.

The sample size was calculated using an 80% for the 
power and 5% for significance for the expected incidence 
of the disease. After the selection process and the loss of 
patients during the follow-up the post-hoc power was 71%.

Associations between the quantitative and normally dis-
tributed variables were analysed using Student’s t-test, while 
the categorical variables were analysed using the χ2 test. 
P < 0.05 was considered to be statistically significant.

Classification and regression tree (CART) analysis 
involves a nonparametric decision tree and can efficiently 
segment populations into meaningful subgroups. This type 
of analysis was used to identify potential predictors of suc-
cess among variables including the Wexner score, procto-
logic and obstetric parameters and symptom duration. To 
avoid misclassification, the pruning strategy was conducted 
[20].

Results

A total of 139 patients (110 women, median age 63 years 
[range 22–82 years]) diagnosed with FI refractory to medi-
cal treatment were enrolled in the study. The demographic 
characteristics and comorbidities of the study population 
are described in Table 1. Fifty-nine patients (42.5%) were 
diagnosed with FI between 1 and 5 years after symptom 
onset, the majority with 2 to 3 normal bowel movements 
per day (22.1%). Some associated symptoms included uri-
nary incontinence (29.8%), sexual dysfunction (6.4%) and 
pelvic pain (3.5%).

The rectal examination findings were normal in 28 
(21.2%) patients, and 7 patients (5.1%) had hypotonic 
sphincters. Perineal scars were present in 21 patients 
(15.3%), and 10 (7.3%) patients had celes that were not 
considered appropriate for surgery. Endoanal ultrasound 
at baseline showed that 49 patients (35.2%) had no exter-
nal anal sphincter defect, while 48 patients (34,6%) had a 
defect of < 90°, and 42 (30.2%) had defects of 90–180°.

Clinical outcomes (Fig. 2)

At the 3-month follow-up, 4 (2.9%) patients were optimal 
responders, 93 patients (69%) were partial responders, and 
36 patients did not improve after treatment (insufficient 
response)). Therefore, 97 patients were allowed to pro-
gress to the second phase of treatment.

At 6 months, the four patients who had been optimal 
responders continued to respond positively. Of the initial 
93 patients with partial response, most became optimal 
responders (n = 62), and 24 remained partial responders.

The third and final phase was conducted for all optimal 
responders (4 from the first phase and 62 from the second 
phase) and partial responders (n = 24). The 66 optimal 
responders maintained an optimal response and 23 partial 
responders were classified as optimal responders at the 
12-month follow-up. Only 1 patient was classified as an 
insufficient responder in that phase.

Hence, at the end of the treatment, optimal response 
was observed in a total of 89/139 (64.0%) patients, and 
(93.3%) of the patients initially classified as partial 
responders succeeded to achieve optimal response.

Patients’ progression is described in Fig.  2. At the 
36-month follow-up, all optimal responders (n = 89) were 
revaluated, and 64 (71.91%) patients still had an optimal 
response without supplementary treatment. Specifically, 
3 of the 4 patients who with an optimal response after 
the first phase of treatment continued to show benefit at 
the 36-month follow-up. Of the 62 patients with optimal 
response after the second phase, 45 patients maintained 
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continence and 16 patients of the 23 with an optimal 
response after the third phase continued to show benefits 
at the final evaluation. The differences between groups 
were not statistically significant.

No major complications or side effects were observed. Six 
patients were lost to follow-up due to pulmonary and onco-
logical comorbidities and personal reasons; these patients 
were considered patients with an insufficient response.

Wexner score (Table 2)

The median Wexner score decreased significantly from 11 
(range 7–14) at baseline to 6 (range 2–9) at the 6-month 
follow-up (p < 0.001), and this magnitude of decrease was 
the largest observed. The scores continued to decrease to 
the end of the treatment, with a score of 6 (range 3.5–10) at 
12 months. At the 36-month follow-up, after 2 years without 
additional treatment, the median Wexner score with previous 
optimal response was still 4 (range 1–8).

Severity of incontinence (bowel habit diary) 
(Table 2)

Most patients (57.7%) had mild incontinence at baseline. 
While 17 patients (12.4%) showed severe incontinence at 
baseline, this rate decreased to four (0.5%) at the end of the 
study. Patients gradually turned from moderate and severe 
incontinence to mild incontinence (79.3%) at the end of 
treatment, and kept improving at 36 months reassessment 
(79.5%).

RAFIS score (Table 3)

Prior to treatment, the mean RAFIS score was 4.5 (± 2.7). 
The score gradually increased to 6.1 (± 3.6) at the end of 
treatment (p = 0.16). However, the RAFIS score decreased 
to 5.9 (± 1.1) at the latest evaluation.

Faecal urgency (Table 3)

A total of 94 (67.7%) patients could not delay defecation for 
more than 1 min at diagnosis, and 29 (21.3%) could delay 
defecation for 1–5 min. Eighth patients (5.5%) could delay 
defecation for 5–10 min, and 8 (5.5%) could delay defecation 
for more than 10 min.

The percentage of patients with severe faecal urgency 
(< 1 min) rapidly decreased from 94 patients (67.7%) to 61 
(44%) at the first follow-up and even improved during the 
following phases of treatment. At the 6-month follow-up, 
twenty-four patients (25.1%) could delay defecation for more 
than 10 min, which was even higher at the 12 and 36-month 
follow-up (56.3% and 89.8%, respectively). These improve-
ments were statistically significant in all phases (p < 0.001).

Table 1   Demographic and examination data

HTA hypertension, DM diabetes mellitus, IBS irritable bowel syn-
drome, FI faecal incontinence
*Median (range)

Historic morbidity N (%)

Age, years* 63(22–82)
Sex (women/men) 110 

(79.1%)/29 
(20.9%)

Heart disease risk factors
 HTN 46 (33.8%)
 DM 25 (18.4%)

Radicular disease 16 (11.5%)
Gastrointestinal disorders
 IBS 3 (2.2%)
 Crohn’s disease 4 (2.9%)
 Ulcerative colitis 2 (1.5%)

Cancer
 Colorectal 6 (4.4%)
 Prostatic 2 (1.5%)

Previous surgery
 Pelvic surgery 33 (24.3%)
 Sphincteroplasty 4 (2.9%)
 Hysterectomy 25 (18.4%)
 FI-postsurgical 49 (35.0%)

Anal pathology
 Rectocele 3 (2.2%)
 Haemorrhoids 17 (12.5%)
 Fistula 14 (10.8%)
 Fissure 13 (9.6%)
 Rectal prolapse 3 (2.2%)

Obstetric disorders
 Vaginal tear 38 (27.9%)
 Dystocic birth 14 (10.3%)
 Episiotomy 63 (46.3%)
 Postpartum incontinence 4 (2.9%)
 ≥ 3 childbirth 22 (16.2%)
 Vaginal rectocele 3 (2.3%)
 Vaginal prolapse 7 (5.1%)
 IF—post-partum relation 9 (6.4%)

Rectal examination
 Vaginal rectocele 3 (2.2%)
 Rectocele 2 (1.5%)
 Cystocele 5 (3.6%)
 Scars 21 (15.3%)
 Haemorrhoids 3 (2.2%)
 Sphincter hypotonia 7 (5.1%)
 Sphincter normal 29 (21.2%)
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Anal manometry

At diagnosis, the mean maximum resting pressure 
(MRP) was 31.8 mmHg (SD ± 18.4), and the maximum 
squeezed pressure (MSP) was 55  mmHg (SD ± 26.9). 
At the 6-month follow-up, the MSP remained stable at 
59.1 mmHg (SD ± 27.8; p > 0.05), and the MRP increased 
to 35.2 mmHg (SD ± 15.9; p = 0.04).

Quality of life (FIQLs) (Table 4)

The data obtained from the QoL questionnaires showed 
that “embarrassment” was the domain that was rated worst 
by patients at the moment of diagnosis. At the 3-month 
follow-up, improvements were observed in behaviour and 
depression domains. At the 6-month follow-up, the lifestyle 
domain was particularly relevant, with a mean score of 36 

Fig. 2   Clinical outcomes. OR 
optimal responders, PR partial 
responders, IR insufficient 
responders

Excluded/Losses = 6 
Comorbidi�es = 5 
Personal reasons = 1

139 pa�ents 

IR: 36 PR: 93 OR: 4 

1st phase 

97 pa�ents 

OR: 66IR: 8 PR: 24 

2nd phase 

90 pa�ents

OR: 89
(64%) 

IR: 1 

3rd
phase

1st phase: 4 OR  

2nd phase: 62 OR  

3rd phase: 23 OR  

3 OR (75%) 
36 months 

36 months 

36 months 

45 OR (72,5%) 

16 OR (69,5%) 

■

■

Table 2   Wexner score and 
bowel habit diary results

Severity groups according to the bowel habit diary: mild: 1–6; moderate: 7–11; severe: > 12

Wexner (median) 25–75 Bowel habit diary

p Mild (%) Moderate (%) Severe (%)

Baseline 11 (7–14) p < 0.001 57.7 28.9 12.4
 3 months 11 (5.5–15) 68 28 4
 6 months 6 (2–9) 78.7 17 2.1
 12 months 6 (3.5–10) 79.3 20 0.7
 36 months 4 (1–8) 79.5 20 0.5

Table 3   Rapid Assessment 
for Faecal Incontinence Sore 
(RAFIS), and faecal urgency 
results

RAFIS Rapid Assessment Faecal Incontinence Score

RAFIS Faecal urgency

 < 1 min 1–5 min 5–10 min  > 10 min p

Baseline 4.46 (± 2.67) 94 (67.7%) 29 (21.3%) 8 (5.5%) 8 (5.5%) p < 0.001
 3 months 3.82 (± 2.40) 61 (44%) 50 (36%) 17 (12%) 11 (8%)
 6 months 6.78 (± 2.13) 37 (37.7%) 27 (28.4%) 9 (8.8%) 24 (25.1%)
 12 months 6.07 (± 3.57) 16 (18.2%) 17 (18.4%) 6 (6.3%) 51 (56.3%)
 36 months 5.91 (± 1.10) 4 (4.35%) 4 (4.37%) 1 (1.48%) 80 (89.8%)
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(previously 27 and 25). At the 12-month follow-up, “embar-
rassment” was the domain with the largest improvement (5 
points vs. 10 points), and the change was statistically sig-
nificant (p = 0.03).

CART (Fig. 3)

The CART procedure allowed the investigators to gener-
ate a tree containing the baseline Wexner score, symptom 
duration and obstetric history as predictive factors for PTNS 
success.

The results showed that a baseline Wexner score ≤ 10 
suggests a high probability (79%) of obtaining a long-term 
optimal response. For a baseline Wexner score > 10, if symp-
tom duration was ≤ 1 year, it is highly likely (82%) that the 
patient will exhibit optimal response in the long term. In 

contrast, if the baseline Wexner score is > 10, associated 
with symptom duration > 1 year and a history of obstetric 
conditions, the chance of the patient not exhibiting an opti-
mal response is > 60%.

Discussion

Since the first report on FI successfully being treated by 
using a needle electrode was published in 2003 [21], suc-
cessful treatment of FI using PTNS has been observed in 
60–70% of patients [9]. Queralto [22] reported an even 
higher success rate of 80% in the short term. Our results 
of 64% efficacy using the Wexner score were more modest, 
although still statistically and clinically significant. No pre-
vious study has considered partial response to be predictive 
of optimal response in the long term. We have demonstrated 
that over 90% of patients with a partial response will even-
tually have an optimal response if treatment is continued.

Our study is unique in testing potential predictors of suc-
cess with a CART diagram. Baseline Wexner scores ≤ 10 
and symptom durations < 1 year were revealed to be strong 
independent predictors for a good response, whereas Wexner 
scores > 10, symptom duration > 1 year and obstetric history 
were predictors of non-response. This finding might be use-
ful for targeting PTNS and offering alternative treatment 
options (such as SNS) to patients without these predictors.

Table 4   Faecal Incontinence Quality of Life scale (FIQLs)

FIQLs

Lifestyle Behaviour Depression Embarrassment

Baseline 27 (± 9.8) 18 (± 8.5) 18 (± 7.5) 5 (± 9.8)
 3 months 25 (± 8.9) 22 (± 9) 20 (± 6.9) 7 (± 4.6)
 6 months 36 (± 7.3) 23 (± 6.8) 25 (± 4.5) 8.5 (± 3)
 12 months 33 (± 7.8) 24 (± 8) 24 (± 4.9) 10 (± 2.6)
 36 months 34.5 (± 7) 24 (± 7.5) 25 (± 5) 10.5 (± 2.7)

p 0.724 0.781 0.296 0.028

Fig. 3   CART diagram. 
CART​ classification and regres-
sion tree
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In 2010, Govaert [23] suggested that PTNS maintenance 
sessions are needed for long-term continence. Soon after, 
Hotouras [14] demonstrated that additional ‘top up’ therapy 
at 6-month intervals improved efficacy and maintained the 
benefits of PTNS over time. However, after a 2 year fol-
low up, De La Portilla [13] found retreatment unnecessary, 
describing some improvement in FI severity beyond treat-
ment phase, despite no ‘top up’ therapy. In our study, once 
an optimal response was observed, additional maintenance 
sessions were performed for up to 1 year. The time of an 
optimal response had no statistically significant impact on 
long-term efficacy. In line with the De La Portilla study we 
observed that the long term Wexner score fell despite no fur-
ther treatment. This suggests that ‘top up’ therapy does more 
than simply maintain continence, and actually enhances effi-
cacy. Further randomised assessment is needed.

The frequency of PTNS regimens is controversial. 
Thomas [24] compared daily vs. twice weekly stimulation. 
Subsequently, several regimes have been proposed [25]. 
Peña [26] reported significant benefits for weekly sessions 
performed for 3 months and biweekly sessions performed for 
3 months when the patients responded optimally, as in our 
study. However, Hotouras [14, 19] and Govaert [23] admin-
istered additional sessions at 2 weeks, 4 weeks and 8 weeks 
for those responding to the initial 12 weekly sessions, with a 
maximum follow-up period of 26 months [14]. In our previ-
ously described schema, we mixed most relevant regimens, 
and all partial and optimal responders were treated equally, 
including weekly sessions for 3 months, biweekly sessions 
for 3 months, and monthly sessions performed for 6 more 
months. Therefore, the earlier the patient reached the opti-
mal response, the more “top-up” sessions were administered. 
Subsequently, a new standardized follow-up at 36 months 
was introduced and was essential for determining long-term 
effectiveness.

Our regime of PTNS resulted in the severity of inconti-
nence decreasing significantly, defined as mild by 80% of 
patients using the 3-week bowel habit diary. This level of 
incontinence did not deteriorate through the rest of the study 
period. Regarding faecal urgency, 67.1% of patients were 
initially unable to delay defecation for more than 1 min; by 
the end of the study, 56.2% of the patients were capable 
of delaying defecation for more than 10 min (p = 0.001). 
Similar findings were reported by Peña [26], with a signifi-
cant variation in the ability to delay defecation from 2 to 
11 min after treatment. Anal manometry showed statisti-
cally significant results regarding improvements in resting 
pressure with PTNS. These findings were consistent with 
those of a previous study in our unit [27] but inconsistent 
with other randomized trials [28], where only a significant 
increase in the maximum squeeze pressure at 3 months was 
found. However, it is important to remark that, although this 

change was statistically significant, the clinical relevance is 
questionable.

Undoubtedly FI has a profound effect on QoL but the 
effect is difficult to quantify. With the FIQLs, different 
domains are assessed allowing a global evaluation of FI 
[17]. We observed a mild improvement in QoL after PTNS, 
but embarrassment was the only domain with statistically 
significant improvement in the long term. Why an improve-
ment in the Wexner score did not translate into improvement 
in all QoL domains remains unclear. Consistent with other 
studies [29], we found embarrassment the worst rated QoL 
domain. Any significant change was therefore more likely 
to be observed in this domain. Significant change may have 
been observed in other domains if there were a bigger sam-
ple size. Similarly, the RAFIS score improved after PTNS 
but the improvement was not significant again possibly due 
to sample size.

Our PTNS treatment regime appears effective, is eas-
ily scheduled and cheap. It can be performed as an outpa-
tient procedure, allowing patients to continue their day-life 
activities and work and, as a result, improving compliance. 
Moreover, it does not alter pelvic anatomy, and therefore 
does not exclude subsequent invasive techniques for those 
that fail to respond.

Our study has several limitations. The main limitation is 
the absence of a control group for comparison. Additional 
randomized controlled trials including other techniques, 
larger sample sizes and longer follow-up periods are clearly 
required. Another limitation is the heterogeneity of the par-
ticipant group, which complicates comparisons. Addition-
ally, patients gaining OR only after final phase of treatment 
(3rd phase) were not administered “top-up” sessions, which 
might lead to worsening in continence results in future reas-
sessment. Defining a cut off sphincter injury in ≥ 180º for 
excluding PTNS as treatment may be controversial, lower 
cut off could be considered in the future according to daily 
practice. QoL data collection in a hospital environment 
with a practitioner at hand rather than at home might have 
reduced patient misinterpretation. A larger sample size and 
more frequent follow-up appointments should also be con-
sidered in future studies.

Conclusions

Our results suggest that continued PTNS sessions in patients 
who show a partial response to an initial course of treatment 
may improve efficacy and avoid the need for alternative inva-
sive therapy. CART diagram results highlighted the impor-
tance of raising awareness of, detect and treat FI within 
1 year of symptom onset, as early treatment has been proven 
to be useful for observing long-term optimal response.



450	 Techniques in Coloproctology (2023) 27:443–451

1 3

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10151-​022-​02711-z.

Acknowledgements  This research did not receive grants from any 
funding agency in the public, commercial, or not-for-profit sectors. The 
manuscript has been prepared in accordance with the style of the jour-
nal, and all authors have approved of its contents. This manuscript is 
not being considered for publication elsewhere and the findings of this 
manuscript have not been previously published. This study had ethical 
approval from the local Ethics Committee (PI 66/2020) in 2020 and 
registered at ClinicalTrial (NCT05016453) in 2021, retrospectively 
registered. Written informed consent was obtained from all subjects.

Funding  Open Access funding provided thanks to the CRUE-CSIC 
agreement with Springer Nature.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  Approval was obtained from the ethics committee of 
University Hospital of Elche. The procedures used in this study adhere 
to the tenets of the Declaration of Helsinki.

Informed consent  Written informed consent was obtained from all 
subjects including for ongoing use of medical records in future related 
research.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Macmillan AK, Merrie AEH, Marshall RJ, Parry BR (2004) The 
prevalence of fecal incontinence in community-dwelling adults: a 
systematic review of the literature. Dis Colon Rectum 47(8):1341–
1349. https://​doi.​org/​10.​1007/​s10350-​004-​0593-0

	 2.	 Maestre Y, Parés D, Vial M, Bohle B, Sala M, Grande L (2010) 
Prevalence of fecal incontinence and its relationship with bowel 
habit in patients attended in primary care. Med Clin 135(2):59–62. 
https://​doi.​org/​10.​1016/j.​medcli.​2010.​01.​031

	 3.	 Mac Lennan AH, Taylor AW, Wilson DH, Wilson D (2000) The 
prevalence of pelvic floor disorders and their relationship to gen-
der, age, parity and mode of delivery. BJOG 107(12):1460–1470. 
https://​doi.​org/​10.​1111/j.​1471-​0528.​2000.​tb116​69.x

	 4.	 Johanson JF, Lafferty J (1996) Epidemiology of fecal inconti-
nence: the silent affliction. Am J Gastroenterol 91(1):33–36 
(PMID: 8561140)

	 5.	 Madoff RD (2004) Surgical treatment options for fecal incon-
tinence. Gastroenterology 126:S48-54. https://​doi.​org/​10.​1053/j.​
gastro.​2003.​10.​015

	 6.	 Mellgren A, Wexner SD, Coller JA, Devroede G, Lerew DR, 
Madoff RD, Hull T, SNS Study Group (2011) Long-term efficacy 
and safety of sacral nerve stimulation for fecal incontinence. Dis 
Colon Rectum 54(9):1065–1075. https://​doi.​org/​10.​1097/​DCR.​
0b013​e3182​2155e9

	 7.	 Jarrett MED, Mowatt G, Glazener CMA, Fraser C, Nicholls 
RJ, Grant AM et al (2004) Systematic review of sacral nerve 
stimulation for faecal incontinence and constipation. Br J Surg 
91(12):1559–1569. https://​doi.​org/​10.​1002/​bjs.​4796

	 8.	 Thin NN, Horrocks EJ, Hotouras A, Palit S, Thaha MA, Chan 
CLH et al (2013) Systematic review of the clinical effectiveness 
of neuromodulation in the treatment of faecal incontinence. Br J 
Surg 100(11):1430–1447. https://​doi.​org/​10.​1002/​bjs.​9226

	 9.	 Gupta P, Ehlert MJ, Sirls LT, Peters KM (2015) Percutaneous tib-
ial nerve stimulation and sacral neuromodulation: an update. Curr 
Urol Rep 16(2):4. https://​doi.​org/​10.​1007/​s11934-​014-​0479-1

	10.	 Hotouras A, Ribas Y, Allison M, Murphy J (2016) The CONFI-
DeNT trial. Lancet 387(10019):643–644. https://​doi.​org/​10.​1016/​
S0140-​6736(16)​00281-6

	11.	 Thin NN, Taylor SJ, Bremner SA, Emmanuel AV, Hounsome N, 
Williams NS, Knowles CH, Neuromodulation Trial Study Group 
(2015) Randomized clinical trial of sacral versus percutaneous 
tibial nerve stimulation in patients with faecal incontinence. Br J 
Surg 102(4):349–358. https://​doi.​org/​10.​1002/​bjs.​9695

	12.	 Hidalgo-Pujol M, Andriola V, Jimenez-Gomez LM, Ostiz F, Espin 
E (2018) Medium-term outcome of percutaneous tibial nerve 
stimulation in the treatment of fecal incontinence. Tech Coloproc-
tol 22(11):875–879. https://​doi.​org/​10.​1007/​s10151-​018-​1892-0

	13.	 De la Portilla F, Laporte M, Maestre MV, Díaz-Pavón JM, Gol-
lonet JL, Palacios C et al (2014) Percutaneous neuromodulation 
of the posterior tibial nerve for the treatment of faecal inconti-
nence-mid-term results: is retreatment required? Colorectal Dis 
16(4):304–310. https://​doi.​org/​10.​1111/​codi.​12539

	14.	 Hotouras A, Murphy J, Walsh U, Allison M, Curry A, Williams 
NS et al (2014) Outcome of percutaneous tibial nerve stimulation 
(PTNS) for fecal incontinence: a prospective cohort study. Ann 
Surg 259(5):939–943. https://​doi.​org/​10.​1097/​SLA.​0b013​e3182​
a6266c.a

	15.	 Gaertner WB, Burgess PL, Davids JS, Lightner AL, Shogan BD, 
Sun MY, Steele SR, Paquette IM, Feingold DL (2022) Clinical 
Practice Guidelines Committee of the American Society of Colon 
and Rectal Surgeons. The American Society of Colon and Rectal 
Surgeons Clinical Practice Guidelines for the management of ano-
rectal abscess, fistula-in-ano, and rectovaginal fistula. Dis Colon 
Rectum 65(8):964–985. https://​doi.​org/​10.​1097/​DCR.​00000​00000​
002473

	16.	 Muñoz-Duyos A, Lagares-Tena L, Vargas-Pierolas H, Rodón A, 
Navarro-Luna A (2017) High-resolution circuit for the diagnosis 
of faecal incontinence. Patient satisfaction. Cir Esp (English Ed) 
95(5):276–282. https://​doi.​org/​10.​1016/j.​ciresp.​2017.​04.​012

	17.	 Rockwood TH, Church JM, Fleshman JW, Kane RL, Mavrantonis 
C, Thorson AG et al (2000) Fecal incontinence quality of life 
scale: quality of life instrument for patients with fecal inconti-
nence. Dis Colon Rectum 43(1):9–16. https://​doi.​org/​10.​1007/​
BF022​37236

	18.	 De la Portilla F, Calero-Lillo A, Jiménez-Rodríguez RM, Reyes 
ML, Segovia-González M, Maestre MV, García-Cabrera AM 
(2015) Validation of a new scoring system: rapid assessment fae-
cal incontinence score. World J Gastrointest Surg 7(9):203–207. 
https://​doi.​org/​10.​4240/​wjgs.​v7.​i9.​203

	19.	 Hotouras A, Thaha MA, Allison ME, Currie A, Scott SM, 
Chan CL (2012) Percutaneous tibial nerve stimulation (PTNS) 
in females with faecal incontinence: the impact of sphinc-
ter morphology and rectal sensation on the clinical outcome. 
Int J Colorectal Dis 27(7):927–930. https://​doi.​org/​10.​1007/​
s00384-​011-​1405-3

https://doi.org/10.1007/s10151-022-02711-z
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10350-004-0593-0
https://doi.org/10.1016/j.medcli.2010.01.031
https://doi.org/10.1111/j.1471-0528.2000.tb11669.x
https://doi.org/10.1053/j.gastro.2003.10.015
https://doi.org/10.1053/j.gastro.2003.10.015
https://doi.org/10.1097/DCR.0b013e31822155e9
https://doi.org/10.1097/DCR.0b013e31822155e9
https://doi.org/10.1002/bjs.4796
https://doi.org/10.1002/bjs.9226
https://doi.org/10.1007/s11934-014-0479-1
https://doi.org/10.1016/S0140-6736(16)00281-6
https://doi.org/10.1016/S0140-6736(16)00281-6
https://doi.org/10.1002/bjs.9695
https://doi.org/10.1007/s10151-018-1892-0
https://doi.org/10.1111/codi.12539
https://doi.org/10.1097/SLA.0b013e3182a6266c.a
https://doi.org/10.1097/SLA.0b013e3182a6266c.a
https://doi.org/10.1097/DCR.0000000000002473
https://doi.org/10.1097/DCR.0000000000002473
https://doi.org/10.1016/j.ciresp.2017.04.012
https://doi.org/10.1007/BF02237236
https://doi.org/10.1007/BF02237236
https://doi.org/10.4240/wjgs.v7.i9.203
https://doi.org/10.1007/s00384-011-1405-3
https://doi.org/10.1007/s00384-011-1405-3


451Techniques in Coloproctology (2023) 27:443–451	

1 3

	20.	 Lemon SS, Roy J, Clark MA, Friedmann PD, Rakowski W (2003) 
Classification and regression tree analysis in public health: meth-
odological review and comparison with logistic regression. Ann 
Behav Med 26(3):172–181. https://​doi.​org/​10.​1207/​S1532​4796A​
BM2603_​02

	21.	 Shafik A, Ahmed I, El-Sibai O, Mostafa RM (2003) Percutaneous 
peripheral neuromodulation in the treatment of fecal incontinence. 
Eur Surg Res 35(2):103–107. https://​doi.​org/​10.​1159/​00006​9399

	22.	 Queralto M, Portier G, Cabarrot PH, Bonnaud G, Chotard JP, 
Nadrigny M et al (2006) Preliminary results of peripheral trans-
cutaneous neuromodulation in the treatment of idiopathic fecal 
incontinence. Int J Colorectal Dis 21(7):670–672. https://​doi.​org/​
10.​1007/​s00384-​005-​0068-3

	23.	 Govaert B, Pares D, Delgado-Aros S, La Torre F, Van Gemert 
WG, Baeten CG (2010) A prospective multicentre study to inves-
tigate percutaneous tibial nerve stimulation for the treatment of 
faecal incontinence: PTNS treatment for faecal incontinence. 
Colorectal Dis 12(12):1236–1241. https://​doi.​org/​10.​1111/j.​1463-​
1318.​2009.​02020.x

	24.	 Thomas GP, Dudding TC, Bradshaw E, Nicholls RJ, Vaizey CJ 
(2013) A pilot study to compare daily with twice weekly transcu-
taneous posterior tibial nerve stimulation for faecal incontinence. 
Colorectal Dis 15(12):1504–1509. https://​doi.​org/​10.​1111/​codi.​
12428

	25.	 Arroyo Fernández R, Avendaño Coy J, Ando Lafuente S, Martín 
Correa MT, Ferri MA (2018) Posterior tibial nerve stimulation in 
the treatment of fecal incontinence: a systematic review. Rev Esp 

Enferm Dig 110(9):577–588. https://​doi.​org/​10.​17235/​reed.​2018.​
5007/​2017

	26.	 Peña Ros E, Parra Baños PA, Benavides Buleje JA, Muñoz 
Camarena JM, Escamilla Segade C, Candela Arenas MF et al 
(2016) Short-term outcome of percutaneous posterior tibial 
nerve stimulation (PTNS) for the treatment of faecal inconti-
nence. Tech Coloproctology 20(1):19–24. https://​doi.​org/​10.​1007/​
s10151-​015-​1380-8

	27.	 López-Delgado A, Arroyo A, Ruiz-Tovar J, Alcaide MJ, Diez M, 
Moya P et al (2014) Effect on anal pressure of percutaneous pos-
terior tibial nerve stimulation for faecal incontinence. Colorectal 
Dis 16(7):533–537. https://​doi.​org/​10.​1111/​codi.​12628

	28.	 Leroi AM, Siproudhis L, Etienney I, Damon H, Zerbib F, 
Amarenco G et al (2012) Transcutaneous electrical tibial nerve 
stimulation in the treatment of fecal incontinence: a randomized 
trial (Consort 1a). Am J Gastroenterol 107(12):1888–1896. 
https://​doi.​org/​10.​1038/​ajg.​2012.​330

	29.	 Muñoz-Duyos A, Ribas Y (2019) Quality of life considerations on 
fecal incontinence. Current topics in faecal incontinence. IntechO-
pen. https://​doi.​org/​10.​5772/​intec​hopen.​90101

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

M. Bosch‑Ramírez1 · L. Sánchez‑Guillén1   · M. J. Alcaide‑Quirós1 · M. M. Aguilar‑Martínez1 · M. Bellón‑López1 · 
A. López Delgado1 · F. López‑Rodríguez‑Arias1 · A. Muñoz‑Duyos2 · X. Barber‑Valles1,3,4 · A. Arroyo1

	 M. Bosch‑Ramírez 
	 marinabosch4@gmail.com

	 M. J. Alcaide‑Quirós 
	 mjose_alcaide@hotmail.com

	 M. M. Aguilar‑Martínez 
	 mmar30052@gmail.com

	 M. Bellón‑López 
	 mbellonlopez@gmail.com

	 A. López Delgado 
	 albertodaniellopez@icloud.com

	 F. López‑Rodríguez‑Arias 
	 franloarias@hotmail.com

	 A. Muñoz‑Duyos 
	 amduyos@gmail.com

	 X. Barber‑Valles 
	 xbarber@umh.es

	 A. Arroyo 
	 arroyocir@hotmail.com

1	 Department of General Surgery, Colorectal Unit, Elche 
University Hospital, University Miguel Hernández of Elche, 
Camino de la Almazara 11, 03203 Elche, Alicante, Spain

2	 Department of General Surgery, Colorectal Unit, Mútua 
Terrassa University Hospital, University of Barcelona, 
Terrassa, Barcelona, Spain

3	 Center for Operations Research, University Miguel 
Hernández of Elche, Elche, Alicante, Spain

4	 Joint Research Unit on Statistical Methods in Health Sciences 
UMH‑FISABIO, University Miguel Hernández of Elche, 
Elche, Spain

https://doi.org/10.1207/S15324796ABM2603_02
https://doi.org/10.1207/S15324796ABM2603_02
https://doi.org/10.1159/000069399
https://doi.org/10.1007/s00384-005-0068-3
https://doi.org/10.1007/s00384-005-0068-3
https://doi.org/10.1111/j.1463-1318.2009.02020.x
https://doi.org/10.1111/j.1463-1318.2009.02020.x
https://doi.org/10.1111/codi.12428
https://doi.org/10.1111/codi.12428
https://doi.org/10.17235/reed.2018.5007/2017
https://doi.org/10.17235/reed.2018.5007/2017
https://doi.org/10.1007/s10151-015-1380-8
https://doi.org/10.1007/s10151-015-1380-8
https://doi.org/10.1111/codi.12628
https://doi.org/10.1038/ajg.2012.330
https://doi.org/10.5772/intechopen.90101
http://orcid.org/0000-0003-0623-9074

	Long-term efficacy of percutaneous tibial nerve stimulation for faecal incontinence and a new approach for partial responders
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	PTNS protocol
	Statistical analysis

	Results
	Clinical outcomes (Fig. 2)
	Wexner score (Table 2)
	Severity of incontinence (bowel habit diary) (Table 2)
	RAFIS score (Table 3)
	Faecal urgency (Table 3)
	Anal manometry
	Quality of life (FIQLs) (Table 4)
	CART (Fig. 3)

	Discussion
	Conclusions
	Anchor 22
	Acknowledgements 
	References




