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Introduction

Background Neuromodulation is the application of electrical stimulation on nerve
fibers to modulate the neuronal activity. Its use for chronic constipation and fecal
incontinence has increased in popularity over the past few years. Invasive and
noninvasive techniques are currently available. We reviewed the current literature
on the application of the neuromodulation techniques in the management of chronic
constipation and fecal incontinence in children.

Materials and Methods A search of Healthcare Database Advanced Search, Embase,
Medline, and Cochrane database was performed in accordance with PRISMA guideline.
Terms used in the search included neuromodulation, nerve stimulation, fecal/fecal
incontinence, incontinence, constipation, children, and pediatric/pediatric.

Results Two-hundred forty-one papers were screened. Fourteen papers were included for
the systematic review: seven were selected for the ISNM (implantable sacral nerve
modulation) technique, one for the transcutaneous tibial nerve stimulation), one for the
transcutaneous sacral nerve modulation), and five for the transcutaneous interferential
sacral nerve stimulation. Results showed an overallimprovement in constipation symptoms
in 79 to 85.7% of patients, resolution of symptoms in 40%, reduced use of ACE stoma/
transanalirrigation systemin 12.5 to 38.4%, and improvement in incontinence symptoms in
75%. High complication rate was reported (17-50%) in the ISNM group. No complications
were reported in the non-invasive group.

Conclusion Neuromodulation is a promising tool in the management of constipation
refractory to medical treatment and fecal incontinence in children. Noninvasive
techniques provide good results with no complications. A longer term follow-up will
provide more information regarding patient compliance and sustainability of benefits
of these new techniques.

of chronic idiopathic constipation, but other patient groups
include those with congenital colorectal conditions (Hirsch-

Chronic constipation and soiling refractory to medical treat-
ment is a common referral to pediatric surgeons and gastro-
enterologists. Patients mostly have an underlying diagnosis
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sprung’s and anorectal malformations) and neuropathic
bowel (spina bifida, sacrococcygeal teratomas). Treatment
options have evolved over time and the plethora of
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approaches over the years reflects how difficult this can be to
manage, with a combination of substantial health, economic,
and emotional burdens. Surgical approaches have included
anal sphincter procedures (dilatations, myectomies, intras-
phincteric botulinum toxin), colonic resections, colonic pull-
throughs, and long-term colostomies. In more recent years,
colonic washouts have overall become the mainstay surgical
approach with the introduction of the antegrade continence
enema (ACE) stoma by Patrick Malone et al published in the
Lancet in 1990." Initial experience was promising. The pre-
requisite has been appropriate patient selection often failing
for children with psychological or behavioral difficulties
meaning they are unable to engage with the process.
National Institute for Health and Care Excellence (NICE)
published guidelines in 2015 supporting the ACE stoma as
the surgical option of choice for constipation refractory to
medical management.” However, in more recent years, there
has been a national and international move away from the
ACE stoma and toward transanal irrigation as an alternative
means of colonic washout. Patrick Malone himself published
his experience of transanal irrigation in the jJournal of
Pediatric Urology in 2014> where he describes how transanal
irrigation avoided the need for the formation of an ACE stoma
in 24 out of 25 patients. Recent NICE guidelines from 2017,
including opinions from the British Association of Pediatric
Surgeons UK Pediatric Colorectal group, advocate the use of
transanal irrigation. There are, however, patients who do not
engage with this process due to its use of the transanal route.

lacona et al.

It can be considered invasive—some do not find it psycholo-
gically acceptable or some with behavioral challenges are not
appropriate candidates. Another option that is increasing its
popularity is neuromodulation. Neuromodulation and elec-
troneurostimulation are two terms used in literature to
define the use of electrical nerve stimulation in different
clinical fields, such as neurology, cardiology, urology, and
gastroenterology. There are different invasive and noninva-
sive modalities available: implantable or transcutaneous
sacral nerve stimulators, percutaneous or transcutaneous
posterior tibial nerve stimulators, or interferential (IF) ther-
apy. It has become established practice in adult services with
NICE guidelines published in 2004 on the use of sacral
neuromodulation for fecal incontinence and its use has
been well documented for the treatment of adult bladder-
bowel dysfunction. We performed a systematic review of
published literature of the use of neuromodulation in chil-
dren for constipation and soiling refractory to medical
treatment.

Materials and Methods

We used the following database: Healthcare database advanced
search, Embase, Medline, and Cochrane. The systematic review
was undertaken in accordance with the PRISMA guidelines.*
Further records were identified through citation titles and
references. Two researchers performed the search and data
extraction independently. The wused terms were

Records identified Additional records
through database identified through
scarching other sources
n=233 n=8

Records screened

Records excluded:

Irrelevant 56

n=191 5
Review article 34
Urinary
. indications 57
Full-text articles Adult 15
excluded n=15
Published Full-text articles assessed for
abstracts elegibility
Multiple reports n=29
same cohort
Interim results
Study on
mechanism of
action Studies
included n=14

Fig. 1 Diagram: PRISMA flow chart.
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neuromodulation, nerve stimulation, faecal/fecal incontinence,
incontinence, constipation, children, and pediatric/pediatric. A
total of 233 records were identified through database search-
ing; 8 additional records were identified through other sources.
One-hundred ninety-one papers records were screened, 162
were excluded. Twenty-nine full-text articles were assessed for
eligibility. Fourteen papers were examined as matching the
searching criteria, selected and analyzed. Criteria for exclusion
of the papers were duplicate papers, irrelevant, review, urinary
indication for neuromodulation, adult population, multiple
reports on the same cohort, and studies only on mechanism
of action (~Fig. 1). Due to the heterogeneity of the data, it was
not possible to perform any statistical analysis.

Inclusion criteria: All of the published studies up to July
2018 and reporting the use of the neuromodulation technique,
either invasive and noninvasive, for the treatment of fecal
incontinence and/or constipation in children were evaluated.

Report eligibility: No exclusion was made based upon the
study size or publication language. Published abstracts were
excluded as they lacked enough information. In publications
from the same center, the last chronologically published
series was used in the data analysis to avoid duplication of
data. At least one chosen outcome measure (baseline and
post intervention) had to be mentioned.

Participants: No exclusion was made based upon the
study center or patients regarding sex, ethnicity, or etiology
of fecal incontinence and/or constipation. The outcomes of
interest included patient reported complaints, fecal incon-
tinence, score, quality of life score, anorectal physiology
results, and adverse outcomes.

Age was limited to the pediatric population. Excluded any
studies reporting on the use of combined new therapies
-neuromodulation and studies including concomitant inter-
vention, such as biofeedback.

Table 1 Model of studies

lacona et al.

Results—Model of Studies

Overall, 14 studies were selected and were matching the
search criteria. Four-hundred twenty-eight patients received
neuromodulation therapy for chronic constipation/fecal
incontinence. Seven papers were selected for the implanta-
ble sacral neuromodulation (ISNM), one paper for the trans-
cutaneous posterior tibial nerve stimulation (TPTNS), one for
the transcutaneous sacral nerve modulation, and five papers
for the use of transcutaneous interferential sacral nerve
stimulation (TISNS). Population size and model of the study
are described in ~Table 1.

Results: Invasive Neuromodulation Technique—ISNM
Seven papers were found in the published literature, four
prospective studies, one randomized multicenter crossover
trial, and two retrospective studies on children were pub-
lished from 2010 until 2017. A total of 280 patients received
the ISNS treatment. The age range was from 6 to 20 years and
available in all the papers evaluated. Two-hundred two were
female. The diagnoses were mainly represented by intract-
able chronic constipation (Rome III criteria),> neurogenic
bowel and bladder, anorectal malformations, and Hirsch-
sprung’s disease (see = Table 2).

Exclusion criteria were age less than 5 years, local risk for
implantation, failure to detect the S3 root, anatomical/neu-
rological anomalies (spina bifida, in patients unable to walk),
complex bladder/pelvic reconstruction, previous large bowel
surgery, irritable bowel syndrome, and psychological comor-
bidities. Indications to the ISNM were functional constipa-
tion (3 studies), dysfunctional elimination syndrome (DES)
(% studies), and fecal incontinence (2/6 studies).

Baseline evaluation of patients was reported heteroge-
neously within the different papers; clinical examination,

Authors Year Type of technique Type of study Number of patients
Haddad et al'® 2010 ISNM Randomized crossover study 33
van Wunnick et al® 2012 ISNM Retrospective study 13
Dwyer et al’ 2014 ISNM Retrospective study 105
Sulkowski et al' 2015 ISNM Prospective study 29
van der Wilt et al'? 2016 ISNM Prospective study 30
Lu et al® 2017 ISNM Retrospective study 45
Lu et al® 2017 ISNM Prospective study 25
Lecompte et al? 2015 TPTNS Prospective study 8
Veiga et al'® 2013 TSNM Prospective study 14
Yik et al?! 2011 TISNS Randomized controlled trial 46
Kajbafzadeh et al'8 2012 TISNS Randomized controlled trial 30
Yik et al?? 2012 TISNS Prospective study 32
Yik et al?3 2016 TISNS Pilot study 10
Singh et al®* 2017 TISNS Pilot study 8

Abbreviations: ISNM, implantable sacral nerve stimulation; TISNS, transcutaneous interferential electrical stimulation; TPTNS, transcutaneous
posterior tibial nerve stimulation; TSNM, transcutaneous sacral nerve stimulation.
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Table 2 Invasive neuromodulation results
Authors Diagnosis Preimplant results Follow-up results Follow-up | Complications
(%)
Haddad Neuropathic bowel and ND ND ND 18
et al 2010'% | bladder: 76%
Anorectal malformations:
15%
van Wunnick | Functional constipation: Defecation frequency per | Defecation frequency per | 12 months | 23
et al 2012° 100% week: 1.5 week: 4.8
Cleveland Clinic Constipa- | Cleveland Clinic Constipa-
tion: 20.9 tion: 9.4
—Abdominal pain (1-5):4.8 | ~Abdominal pain: 3.0
-Straining (1-5): 4.2 -Straining: 2.2
-Incomplete evacuation: -Incomplete evacuation:
4.5 3.0
Dwyer Functional constipation: ND Improvement in inconti- 31 months | 36
etal 20147 | 100% nence: 86%
Resolution of inconti-
nence: 40%
Improvement of constipa-
tion: 78%
Resolution of constipation:
47%
Sulkowski Functional constipation: FIQL scale: FIQL scale: 17.7 weeks | 55
etal 2015"" | 65.5% —Lifestyle: 3.0 —Lifestyle: 3.8
Hirschsprung’s disease: -Coping/behavior: 2.8 -Coping/behavior: 3.8
3.4% Depression/self-percep- Depression/Self-percep-
Syrinx: 3.4% tion: 3.3 tion: 4.1
Anorectal malformations: | —Embarrassment: 3.0 —-Embarrassment: 3.7
27.6% FISI: 15 FISI: 18
Tethered cord: 3.4% PaedsQL Gl symptom PaedsQL Gl symptom
Myelomeningocele: 3.4% scale: 13 scale: 8
Vancouver DES Symptom | Vancouver DES Symptom
score: 17 score: 10
van der Wilt | Functional constipation: Defecation frequency per | Defecation frequency per | 12 months | 50
etal 2016'% | 100% week: 1.9 week: 5.8
Wexner score: 18.6 Wexner score: 8.2
Abdominal pain score: 3.62 | Abdominal pain score: 1.53
Di Lorenzo Functional constipation: 64% | Defecation < 3 times per | Defecation < 3 times per | 24 months | 24
et al 2017 Anorectal malformations: week: 18% week: 14%
24% Fecal incontinence: 72% Fecal incontinence: 20%
Tethered cord: 8% Abdominal pain: 68% Abdominal pain: 41%
Hirschsprung’s disease: 4% GSS: 59.7% GSS: 80.6
FIQL scale: FIQL scale:
-Lifestyle: 3.0 -Lifestyle: 3.9
-Coping/behavior: 2.8 -Coping/behavior: 3.7
-Depression/Self-percep- -Depression/Self-percep-
tion: 2.8 tion: 3.3
—-Embarrassment: 3.0 —-Embarrassment: 3.3
FISI: 32.5 FISI: 30.0
Jannsenn Functional constipation: Defecation frequency per | Defecation frequency per | 48 months | 53
et al 2017 100% week: 1.7 week: 5.5
Abdominal pain score: 15.5 | Abdominal pain score: 8.4
Cleveland Clinic Cleveland Clinic
Constipation Score: 17.9 Constipation Score: 8.9

Abbreviations: DES, dysfunctional elimination syndrome; FIQL, Fecal Incontinence Quality of Life; FISI, Fecal Incontinence Severity Index; ND, not
discussed in the paper; Paeds QL GSS, Pediatric Quality of Life Gastrointestinal Symptom Scale; ISNM, implantable sacral nerve stimulation.

3 weeks bowel and bladder diary compilation, defecation
frequency, urodynamic study, anorectal manometry, defeco-
graphy, colonic transit time, and spinal magnetic resonance
imaging (MRI) were used. The following symptoms assessment
score/scale were used: Vancouver DES Symptoms Scale, Cleve-
land Clinic Constipation Score (CCCS), and Jorge-Wexner
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Score. The life quality tests used were FIQL (Fecal Incontinence
Quality of Life Score), Paeds QL GSS (Pediatric Quality of Life
Gastrointestinal Symptom Scale), FISI (Fecal Incontinence
Severity Index), and parents satisfaction questionnaire.

All the published studies reported a two-stage technique of
implant for ISNM, as previously described.®~'? The first stage is
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the diagnostic stage for which two possible options are avail-
able: temporary wire or tined lead. Following the testing
period of generally 2 to 3 weeks, patients received the defini-
tive implant in which the implantable stimulator was
implanted. The correct placement was confirmed by observing
motor and/or sensory responses such as pelvic floor contrac-
tion, great toe flexion, and/or anal or vaginal region paresthe-
sia.? In all the studies, a testing needle was used to identify the
correct sacral foramen (Bellow’s contraction). The device used
was Medtronic Interstim (model 3058/3057/3093/38889/
3625/3531). Criteria for definitive implant were more than
50% improvement in the baseline symptoms’ and more than
three time increase in defecation frequency per week.®?
Haddad et al'® in their crossover study divided the patients
as responders or nonresponders regarding the fecal perfor-
mance; the response was defined as resolution of fecal soiling
with no need for pads or a decrease of more than 50% in the
numbers of leaks or soiling episodes. Overall, a positive
response rate was more than 75%, indicating that neuromo-
dulation was more effective than conservative treatment of
fecal incontinence. van Wunnick et al® in 2012 reported an
improvement in defecation frequency and a significant
decrease in abdominal pain in all of the patients and a
persistency of the improvement in symptoms at 6 months
and 12 months follow-up. Dwyer et al’ reported constipation
as improved in 79% and resolved in 40%. Sulkowski et al!
showed in their results that nearly all patients (93.1%) suffered
from gastrointestinal (GI) complaints, 65% had urinary symp-
toms, and 58.6% reported both GI and urinary complaints. The
72.4% of their cohort did not report any pain at the implant site.
After SNM placement, 46.2% of the patients stopped the use of
the ACE and the 38.4% reduced the use of the ACE. The 37.5% of
the cohort decreased the need for enema use. Patients with a
background of ARMs improved in all measures but only
achieved statistical significance for the embarrassment ques-
tions of the FIQL scale. van der Wilt et al'? reported an
improvement in defecational frequency from 1.96 times per
week to 5.8 times. The Wexner score decreased from 18.6 at
the baseline to 8.2 at the follow-up (22 months). Measured
outcomes such as the abdominal pain score or the straining
improved and incomplete defecation also decreased. Lu et al®
reported an increase in the defecation frequency from 18 to
14% of cohort, decrease in the fecal incontinence from 72 to
20%, the urinary incontinence from 56 to 20%, and the abdom-
inal pain from 68 to 41%. Janssen et al° reported an increase in
the defecation frequency from 1.7 per week to 5.5 times per
week, and the abdominal pain per 3 weeks decreased from
15.5 to 8.4% and the CCCS from 17.9 to 8.9. The follow-up was
from a minimum of 12 months to 48 months.

Overall 106/280 (38%) patients who underwent ISNM
experienced a postimplant complication. Seventy-two percent
76/106 patients required one or more surgical procedure for
either removal or repositioning of the device. Complications
were represented by need for revision of the device due to lead
migration, faulty device connection, and dislocation of the
device, pain at the pocket site, battery depletion, and local
infection. The rate of complications was reported in all of the
papers and it was in between 17.2 and 50%.

lacona et al.

Noninvasive Neuromodulation Techniques
Transcutaneous tibial nerve stimulation, transcutaneous
sacral nerve stimulation (TSNS), and transcutaneous IF elec-
trical stimulation.

Transcutaneous Electrical Posterior Tibial Nerve
Stimulation

Only one paper was found in the published literature regard-
ing the use of transcutaneous posterior tibial nerve stimula-
tion in the treatment of fecal incontinence in the pediatric
population.

Lecompte'? et al published in 2015 their prospective pilot
study performed on 8 children: 3 girls and 5 boys. The mean
age was 11.75 years (10-13 years) and the diagnoses were
sacrococcygeal teratoma (%), anorectal malformations (4/8),
Hirschsprung’s disease (%), medullary lipoma with tethered
spinal cord (1), and Chiari’s malformation(). The outcome
measurements were evaluated at baseline and the Jorge-
Wexner scale for fecal incontinence was used.'

Baseline evaluation of the patients included anorectal
manometry and urodynamic study.

All of the patients suffered from fecal incontinence and
some had also associated urinary incontinence. All were
previously treated for 2 years using medications (anticholi-
nergics), transit regulators, colonic washouts, abdominal and
perineal rehabilitation, and psychological support.

The technique used for the posterior tibial nerve stimula-
tion consisted of the application of one autoadhesive elec-
trode (positive) 3 to 4 cm above the medial malleolus and the
second electrode (negative) underneath the same malleolus
of the same leg. Both electrodes were then connected to an
external electrical stimulation device (Urostim) set on a low
frequency current (10 Hz) with an intensity that was
adjusted until the flexion of the big toe was achieved. The
intensity used was reported as 10 and 25 mA. The stimula-
tion regime consisted of 20 minutes home sessions, with
parental applications of the electrodes. The treatment dura-
tion was 6 months, with control at 2 and 6 months. The PTNS
was applied over 9 months (7-14 months).

Lecompte et al'> reported a significant improvement in
the mean Jorge-Wexner score between pre-PTNS and at 6
months follow-up from 12.25 to 3.125 (p = 0.02). The
patients with ARMs showed a better response than the
patients with a background of Hirschsprung’s disease
(ARMs score 0/1; Hirschsprung’s disease score 7). At 6
months follow-up, only one patient out of eight was able
to stop the transanal irrigation. None of the eight patients
reported any side effects from the stimulation itself.

Transcutaneous Sacral Nerve Stimulation
Our literature search identified one paper that met our
criteria for transcutaneous stimulation of the sacral nerve
in children for the treatment/management of constipation.
This paper was a prospective pilot study published in 2013
by Veiga et al.””

In this published study, 14 children (9 girls and 5 boys)
with symptoms of lower urinary tract dysfunction (LUTD)
and associated constipation received the parasacral TSNS.

European Journal of Pediatric Surgery  Vol. 29 No. 6/2019
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Their median age was 7 (5-11 years). All of the children
presented LUTD: 10 had overactive bladder (71.4%) and 4 had
voiding dysfunction (28.6%). Inclusion criteria were the
presence of chronic constipation defined as per Rome III
Criteria® and when they presented at least two of the six
symptoms for more than 2 months.

Patients with neurological anomalies, genetic syndromes,
and anatomical alteration of the lower urinary tract were
excluded. None of the patients was treated for constipation
before they were enrolled for this study.

Baseline evaluation before starting the treatment included
physical examination including rectal exam and neurological
examination, evaluation of symptoms according to Rome III
Criteria, and Bristol Stool Visual Scale.’ The same authors
described the technique used for the parasacral transcutaneous
stimulation, in 2010:'® two self-adhesive 3.5 cm electrodes
were placed side of S2 and S4. The transucatenous sacral nerve
stimulation was performed three times a week, for 20 minutes
sessions; the 961 Duplex Uro, Quark device was used.

In their results, Veiga et al reported that after the treat-
ment 85.7% of the children’s constipation symptoms had
improved according to the Rome III criteria. No significant
change was noted based on the Bristol Stool Chart'” however,
the abdominal pain improved before and after the treatment
(see results in =Table 3).

No complications were reported following this study. No
long-term follow-up was available.

Transcutaneous Interferential Electrical Stimulation

Five papers published from 2009 until today were selected
for our review: two randomized control trials, one prospec-
tive study, and two pilot studies. Three of these studies
come from the same group, though the patient groups were

Table 3 Transcutaneous sacral nerve stimulation: Results

Before After p-Value
treatment, | treatment,
n (%) n (%)
Rome Ill criteria
< 2 defecations/ 2(14.3) 2(14.3) 1
week
> 1 fecal 7(50) 1(7.1) 0.031
incontinence/week
Stool retention 6 (42.9) 0 (0) 0.001
Pain or force 9 (64.3) 5(37.5) 0.21
Fecal mass 11 (78.8) 1(7.1) 0.002
Large stools 7 (50) 3(21.4) 0.21
Bristol stool visual scale
Constipation 4 (28.6) 1(7.1) 0.25
Normal 10(71.4) | 13(78.6) | ND
Visual analogue scale
0-5 6 (42.9) 11 (78.6) 0.063
6-10 8 (57.1) 3(21.4) ND

European Journal of Pediatric Surgery Vol. 29 No. 6/2019
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different. Three of the selected studies were home-therapy
TISNS. As previously stated, we excluded mixed techniques
studies such as contemporary use of behavioral therapy or
physical exercises and IF therapy. A total of 126 patients
received the TISNS treatment for chronic constipation. The
range of ages was 3 to 18 years and was available in all the
papers. The diagnoses were mainly represented by slow
transit chronic constipation (proved by nuclear transit time
study, NTS) and neurogenic bowel due to myelomeningo-
cele. All of the studies reported baseline assessment of the
patients with bowel diary, complete physical examination,
anorectal manometry, defecation frequency, NTS, and Paeds
QL 4.0 questionnaire. Inclusion criteria for IF therapy were
age 8 to 18 years, Kajbafzadeh et al'® reported a minimum
age of 3 years, slow transit constipation proved at nuclear
transit study, at least 2 years history of chronic constipation
defined according to the Rome I Criteria,'® or to the Paris
Consensus on childhood Constipation terminology,’ with a
minimum period of 8 weeks and at least the presence of
two of the following symptoms: defecation frequency less
than 3 times per week, fecal incontinence more than 3 times
per week, large stools passage, palpable abdominal mass,
and pain at defecation. Exclusion criteria, when reported,
were normal colonic transit time proved at a recent NTS,
metabolic or hormonal causes, Hirschsprung’s disease,
anorectal malformations, surgical procedures that resulted
in discontinuity of the GI tract, skin sensitivity, V-P shunt,
pacemakers, intellectual disability and inability to fill the
diary or the questionnaire, previous TISNS treatment for
constipation.

The technique used for TINSN was described in all of the
four papers. Four self-adhesive electrodes were positioned to
obtain the quadripolar stimulation. Two electrodes were
placed on the anterior abdominal wall below the costal
margin and two electrodes were positioned on the back at
different levels according to the authors (T9-L2, T12-L4,
L4-L5 or S2-54). A different positioning of the electrodes was
reported in one paper. The type of device used was the same for
Yik YI et al.2'=23 (IFN 4160, Fuji Dynamics Ltd. Hong Kong),
while Kajbafzadeh et al'® reported the use of a different type of
device (126 DS double-channel Tavanbakhsh Novin, Teheran,
Iran). The type of current delivered was 4 kHz in all of the
studies, with a beat frequency adjusted of 80 to 150 Hz/ 5 to
25 Hz/4080 to 4160 Hz.

The regime used was of session of 20 minutes three times
a week, when not home delivered by parents.

Overall all of the studies reported an improvement in
symptoms reported as defecation frequency, soiling epi-
sodes, abdominal pain and, when evaluated, in terms of
manometry results (see = Table 4).

Singh et al?* also described in their results the effects
during the interferential therapy (see =Table 4). Their
results showed a reduction in laxative use from pre-TISNS
to post-TISNS period, though these results were not statis-
tically significant. In their paper, they also mention the
reduced need of ACE stoma washout during TISNS therapy.
No complications have been reported in all of the studies
considered.
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Table 4 Transcutaneous interferential sacral nerve stimulation—Results
Author Results at baseline at initial assessment Results at last follow-up Follow-up
months

Yik et al ND NUGM 88% 2
2011% UGD 40%
Kajbafzadeh | Defecation frequency per week: 2.5 +/— 1.1 Defecation frequency per week: 4.7 +/— 2.3 6
201218 Form of stools:1.8 +/— 4.1 Form of stools: 2.6 +/— 5.9

Pain at defecation: 35 +/— 4.8 Pain at defecation: 20 +/— 41

NBD score: 11.95 +/— 2.7 NBD score: 7.1 +/— 2.7

Sphincter pressure: 47 +[— 20 Sphincter pressure: 25 +/— 1

RAIR: 49.5 +/— 12.2 RAIR: 35 +/— 12
Yik et al Defecation frequency per week: 4.4 +/— 3.9 Defecation frequency per week: 5.3 +/— 3.9 3-6
201222 Soiling: 5.0 +/— 6.4 Soiling: 2.9 +/— 4.5

Abdominal pain:1.6 +/— 2.1 Abdominal pain: 0.9 +/— 1.1
Yik et al Defecation frequency per week:0.9 +/— 0.8 Defecation frequency per week: 3.2 +/— 2.3 3
201623 Soiling: 5.9 +/— 1.9 d/w Soiling: 1.9 +/— 2.0 d/w

Abdominal pain: 1.20 +/— 1.1 d/w Abdominal pain: 0.2 +/— 0.4

VAS score: 1.5 +/— 1.2 VAS score: 4.4 +[— 2.6
Singh et al Spontaneous bowel movement per month: 14 | Spontaneous bowel movement per month: 18.5 | 1
2017% PQL: 81 PQL: 88.6

Abdominal pain days per month: 4 Abdominal pain days per month: 2

Abbreviations: NBD, neurogenic bowel dysfunction score; ND, not discussed in the paper; NUGM, normal upper Gl motility; PQL, pediatric quality of
life; RAIR, rectoanal inhibitory reflex; UGD, upper gastrointestinal dysmotility; VAS score, visual analogue scale score.

Discussion

Neuromodulation is a term used to define the application of
electrical stimulation on nerves fibers to modulate the
neuronal activity. The possible mechanism of action of the
neuromodulation on chronic constipation and fecal incon-
tinence is still unclear. The electrical stimulation acts on the
nerve fibers and on the cells characterized by the presence of
ion channels on their cellular membranes. The electrical
stimulation seems to be responsible for the activation of
the membrane channels allowing the current flow between
the extracellular fluid and the cytoplasm.?

Sacral neuromodulation was first used in the management
of pelvic floor disorders and urology. It was the observation that
these patients were experiencing an improvement in the fecal
incontinence that sparked further interest toward the possible
application of neuromodulation for bowel disorders.26-2°

Different techniques of neuromodulation are currently
available. The electrical stimulation of the sacral nerve
(sacral neuromodulation [SNM]) can be obtained either
with invasive techniques (placement of electrodes through
the sacral foramen) or noninvasive (transcutaneous stimula-
tion). This stimulation potentially has an effect on large
bowel peristalsis even in patients with spinal cord inju-
ries.3%3! The studies selected on invasive SNS; all suggest
that SNS is effective in children with constipation refractory
to medical management and that the benefits were sustained
with the longest reported follow-up of 2 years. Di Lorenzo et
al published a 2 years follow-up study, reporting in their data
the improvement in fecal incontinence with a 68% of suc-
cessful response and the 24% of their patients reducing the
use of laxatives or ACE. The same study highlighted though
that a quarter of their population experienced complications
requiring further surgery. Looking through the literature, the

complication rate following ISNS (as shown in = Table 2) is in
between 17 and 53% and the reoperation rate was in between
11 and 50%. Another crucial argument may be that the
implanted device could interfere with the follow-up of
patients affected by medullary/spinal conditions requiring
MRL. In the presence of the implanted stimulator, it will be
likely for the MRI not be performed in view of the metal
components of the stimulator.

The PTNS is a technique that has been used either as
transcutaneous or percutaneous since 1983, in adults for the
treatment of urinary incontinence, chronic pelvic pain, sexual
dysfunction, and fecal incontinence.3? Its mechanism of action
remains unclear, but it has been postulated that the stimula-
tion of the posterior tibial nerve could stimulate the pudendal
nerve via afferents fibers, leading to contraction of striated
pelvic floor fibers, activation of detrusor inhibitory reflex, and
initiation of better transit time.>334 The only study presenting
the use of PTNS in the pediatric population was published in
2015 by Lecompte et al. They reported an improvement of
more than 75% in fecal leaks and an important decrease in
Jorge-Wexner and Schurch et al score for urinary inconti-
nence, suggesting that the percutaneous stimulation of the
posterior tibial nerve might be considered as a valid tool in the
management of fecal incontinence and urinary leaks in pedia-
trics. The follow-up, however, was only 6 months.

Several noninvasive techniques have been developed and
used for the treatment of fecal incontinence and constipation.

The use of IF therapy for the management of childhood
constipation was introduced in 2005 in Melbourne when Janet
Chase, a physiotherapist with a continence interest, noted how
it caused diarrhea when used for urinary incontinence. She
performed a pilot study on the application of IF for chronic
constipation in children and published the first paper on its use
in 20053 The study included eight children with chronic
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constipation and soiling for a minimum of 4 years who had not
responded to medical and behavioral treatment. The protocol
used was the application of IF for 30 minutes 3x/week in clinic.
The study reported a significant increase in defecation (6/8) and
decrease in soiling (%) with a reported sensation of urge to
stool. Following the first experience with the pilot study, the
Australian group continued to use IF on children with chronic
constipation and performed a randomized controlled trial
published in 2009.3° The study involved 26 patients, rando-
mized to real or placebo treatment for 1 month plus a further
1 month of real treatment for all of the patients. The study
showed a colonic nuclear transit significantly faster in the real
treatment group p < 0.0001 with no significant change in
placebo group. In 2011, the same authors published the long-
term outcome follow on study.37 Thirty patients were consid-
ered with a mean follow-up of 3.5 years. There was clinical
improvement in two-thirds of children lasting more than 2
years in one third. A further pilot study was performed demon-
strating IF therapy could be performed by families at home.?
The mechanism of action of IF current therapy in GI disorder is
not completely understood. Several possible hypotheses have
been suggested to try to explain how the cutaneous application
of IF therapy can have effects on bowel activity and how this
effect persists for some months after the stimulation ceases. It is
postulated that an IF current may influence the neuroplasticity
of the enteric nerves, inducing structural intrinsic or synaptic
changes leading to altered neuronal function. IF current also
seems responsible of increased colonic activity, but evidence
has not been found on this regard. It seems, however, that IF
stimulation exerts its effects via electrically stimulating exci-
table cells such as the interstitial cells of Cajal, which produce
slow wave activity in the bowel responsible for peristalsis, or
that it directly stimulates the nerves of the enteric nervous
system. It has also been suggested that due to the positioning of
the posterior electrodes, very close to the spinal cord, this could
evoke and influence the autonomic nervous system either
through the afferent or efferent pathways. Also, a possible
hormonal component has been considered as playing some
role in the effect of the IF therapy on the bowel.36~#? The studies
that we have considered for this review all showed how the
spontaneous bowel movements increased during the treat-
ment and were maintained at the follow-up; however, this
was at a maximum of 6 months. Considered outcomes such as
pain score and manometry parameters also improved.19

By the evaluation of the published literature, it appears that
neuromodulation is a promising tool in the treatment of fecal
incontinence and constipation in children. Newer techniques,
especially the noninvasive neuromodulation techniques (such as
the IF therapy), seem to be promising, appealing due to their
noninvasive nature and home applicability and complication
free. Limitations of this systematic review included the hetero-
geneity of patient population and the length of the follow-up.
Patients population was found to be heterogeneous; children
affected by congenital anomalies (Hirschsprung’s disease, anor-
ectal malformations and spinal defects) and children presented
with functional constipation underwent neuromodulation ther-
apy and their outcomes were reported together. This did not
allow us to have a clear vision of the results on these specific
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types of congenital anomalies. Children underwent previous
surgery for correction of congenital anomalies should be accu-
rately evaluated to exclude any complication related to the
previous surgery prior to be considered suitable candidate for
neuromodulation.

Using neuromodulation in anorectal malformations
patient with a mislocated anus would be inappropriate.
Neuromodulation enhances the current anatomy, and if
this is not properly reconstructed, then an accurate revision
of the possible surgical complications would be required
prior to considering neuromodulation therapy.

The length of the follow-up was limited. It is important to
consider how a longer term follow-up will be able to provide
more information regarding the compliance of the patient,
proposed duration of therapy and the sustainability of
benefit of the neuromodulation after it is discontinued. It
also seems important to highlight that the majority of the
published papers on the use of IF therapy have been pub-
lished from the experience of a single center. Probably in the
future, by the evaluation of other centers experience, it will
be easier to have a better understanding on the results and
the outcomes of IF therapy applications.

It will be then possible to consider neuromodulation as an
established therapy for the management of constipation and
fecal incontinence refractory to medical management. In our
center, we plan a pilot study on the use of IF therapy in
children with chronic constipation/fecal incontinence refrac-
tory to medical management as a potential step below
transanal irrigation in their pyramid of care.

Conclusion

By the evaluation of the published literature, we can conclude
that neuromodulation is a promising tool in the treatment of
fecal incontinence and constipation in children. The reported
results, from both invasive and noninvasive techniques, are
encouraging in terms of improvement in constipation symp-
toms including defecation frequency and abdominal pain,
reflecting also an improved quality of life for both children
and their families. The incontinence symptoms seem also to
benefit from neuromodulation therapy. There are, however, a
high rate of complications following the ISNS when compared
with the noninvasive techniques. The longer-term benefits and
sustainability of the benefits of noninvasive techniques remain
unanswered and would require further evaluation to consider
it as an established therapy for the management of constipa-
tion refractory to treatment and fecal incontinence.
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