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Abstract
Most children with functional constipation (FC) improve with conventional treatments. However, a proportion of children
have poor treatment outcomes. Management of intractable FC may include botulinum toxin injections, transanal irrigation,
antegrade enemas, colonic resections, and in some cases sacral nerve stimulation (SNS). SNS is surgically placed, not
readily available and expensive. Posterior tibial nerve stimulation (PTNS) allows transmission of electronic impulses and
retrograde stimulation to the sacral nerve plexus in a portable, simple and non-invasive fashion. To assess the efficacy and
safety of transcutaneous PTNS for the treatment of FC in children. Single-center, prospective interventional study. Children
4-14 years with Rome IV diagnosis of FC received ten daily PTNS (30 min/day) sessions. Electrodes placed over skin of
ankle. Strength of stimulus was below pain threshold. Outcomes were assessed during treatment and 7 days after. Twenty-
three subjects enrolled. Two children excluded (acute gastroenteritis, COVID-19 contact). Twenty completed the study
(4-14 years), (8.4 +3.2 years, 71.4% female). We found significant improvement in the consistency of bowel movements
(BM) (p=0.005), fecal incontinence (FI) (p =0.005), abdominal pain presence (p =< 0.001) and intensity (p=0.005), and a
significant for improvement in blood in stools (p =0.037). There was 86.3% improvement in abdominal pain. 96.7% reported
treatment satisfaction. Only one child required rescue therapy.

Conclusion: We found significant improvement in stool consistency, FI, abdominal pain, and hematochezia. This sug-
gests that transcutaneous PTNS could be a promising noninvasive treatment for FC in children. Large studies are needed.

What is Known:

e Functional constipation is one of the most common disorders in children.

o Current management of functional constipation consists of an integrative approach that includes medications, diet and behavioral strategies.

What is New:

e Posterior tibial nerve stimulation is a novel noninvasive and easy to use therapy that can improve stool consistency, fecal incontinence and
blood in stools.
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Introduction Methods
Functional Constipation (FC) represents one of the most ~ Study design

common disorders in children worldwide with a pooled
prevalence of 9.5% [1]. FC is characterized by delayed or
infrequent passage of dry, hardened and painful stools that
may be accompanied by abdominal pain and/or fecal incon-
tinence (FI) [2, 3]. Constipation is a major cause of school
absenteeism, social isolation, and poor quality of life, par-
ticularly in cases associated with FI [4]. Current manage-
ment of FC consists of an integrative approach that includes
medications, diet and behavioral strategies. While the vast
majority of patients with FC respond to conventional treat-
ments [5], approximately 20% of children continue to suffer
of long-term constipation. This group of patients are consid-
ered to have intractable constipation [6, 7]. Management of
intractable constipation may include medications, antegrade
enemas, transanal irrigations and in some cases sacral nerve
stimulation (SNS) [8, 9]. SNS involves electric stimulation
of the sacral nerve root (S2-S3) by a permanently implanted
lead connected to a pulse generator battery. Although, the
mechanism of action of SNS in the treatment of FC is not
fully elucidated [10], it is thought to modulate the func-
tion of the bowel, bladder, and/or pelvic floor through direct
modulation of sacral nerve activity. Several studies have
shown that SNS can lead to improvement in symptoms and
quality of life in children with constipation [6, 11]. However,
SNS is only available in few centers, is expensive, surgi-
cally implanted and not devoid of complications [9, 12].
Therefore, it would be of importance to find an alternative
therapeutic approach.

The posterior tibial nerve is a distal branch of the sciatic
nerve (from sacral nerve plexus L4-S3). Similar to SNS,
posterior tibial nerve stimulation (PTNS) can modulate ano-
rectal neuromuscular function [13, 14] through depolariza-
tion and retrograde stimulation of the lumbar and sacral
afferent somatic fibers. An advantage of PTNS is that it
allows transcutaneous neuromodulation of the sacral nerve
in a non-surgical fashion via adhesive electrodes placed over
the skin of the ankle. Thus, PTNS is easy to apply, non-
invasive, does not require anesthesia and is less costly than
SNS. Transcutaneous PTNS has been used in children with
refractory overactive bladder and in adults with chronic anal
fissure and FI with a favorable response [14, 15]. However,
there are no published studies to assess the efficacy of trans-
cutaneous PTNS in children with FC.

The primary objective of this clinical trial is to assess the
efficacy and safety of transcutaneous PTNS in children with
FC. Secondary objectives are to evaluate treatment satisfac-
tion. We hypothesized that the transcutaneous application of
PTNS would be efficacious, safe, and well accepted.
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We conducted a single-center prospective interventional
study from January 7th to June 30th, 2020, in children that
consulted the pediatric outpatient clinic of the Mario Correa
Rengifo General Hospital of Cali, Colombia for FC.

Study population

Inclusion criteria Children between 4 and 14 years with a
diagnosis of FC per the Rome IV Criteria. Ability to com-
plete daily diaries and PTNS sessions.

Exclusion criteria Children that received treatment for FC
15 days prior to the study, had urinary incontinence, neu-
rological problems (cerebral palsy, epilepsy, psychomotor
retardation, language, or auditory cognitive impairment),
documented neuropathies, congenital gastrointestinal or
anorectal abnormalities, history of anorectal surgeries or
skin allergic reactions.

We obtained written informed consent from participant’s
parents and assent from children aged > 7 years. This study
was approved by the Institutional Review Board of Mario
Correa Rengifo General Hospital of Cali, Colombia (Reso-
lution 8430 of the Colombian Ministry of Health, approval
SDCI-2.0-11-02-183).

Measurements and procedures

At baseline, children underwent a medical visit which
included data collection and physical exam. All children
received 30-min daily sessions of transcutaneous PTNS for
10 days over a 2-week period resting weekends. Children
who were not able to attend the clinic daily, were visited at
home by a trained member of the research team that applied
the treatment at home. For PTNS, negative electrodes were
placed over the skin of the ankle posteriorly to the internal
or medial malleolus and the positive electrodes above the
negative electrodes. The exact placement and location of
the electrodes was individually adjusted according to size.
Confirmation of the correct placement of electrodes on the
anatomic route of the posterior tibial nerve with visualiza-
tion of rhythmic flexion of hallux during the initial stimula-
tion was performed prior to each application. Children that
had no BM for three consecutive days were considered treat-
ment failures. These children received rescue therapy and
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had their PTNS treatment discontinued. They were included
in the analysis as failures.

Transcutaneous PTNS PTNS was conducted through the
Biomeda 2000 XL, a small (3.9"L x2.75"W x 1"H) and
portable transcutaneous electrical nerve stimulation (TENS)
unit powered by a 9-V battery. The strength of the stimulus
was set just below the pain threshold, enough to produce
a tingling sensation without any muscle contraction. The
frequency of the stimulation (pulses per second) was set at
10 Hz with the width (duration) of the pulse set at 200 ps.
Settings were adjusted prior to each session.

Outcomes

Primary outcome—improvement in criteria of FC. Evalua-
tion of safety.
Secondary outcome—satisfaction with treatment.

Data collection and instruments

Patients recorded the presence and characteristics of their
bowel movements (BM) in a daily diary using the Bristol
Stool Scale for the 10 days of transcutaneous PTNS and the
following 7 days. Stool consistencies were categorized as per

the Bristol Scale; Normal Stool were type 3 and type 4 and
Hard stools type 1 and type 2. Satisfaction with treatment
was assessed through a standardized questionnaire at day 17
(3-point scale: not-satisfied, neutral, and satisfied).

Statistical analysis

Mean, median, standard deviation, and interquartile ranges
were calculated. The number of BMs and FC symptoms
before and during treatment were compared with 7-test analy-
sis for independent samples. The statistical analysis was per-
formed utilizing the STATA 15 program and the values were
considered statistically significant when p value was <0.05.

Results

We recruited twenty-three children with the diagnosis of
FC according to the Rome IV criteria. Eleven children
were treated outpatient and ten children in the home set-
ting. All of them provided daily data throughout the trial
and follow-up data on day seventeen. Two children were
excluded: one child for COVID-19 exposure and another
child for acute gastroenteritis. For the analysis of the
results, we included the 21 patients that received treatment
(Fig. 1), mean age of 8.4 + 3.2 years. There were fifteen

Fig.1 Flow diagram of partici- -
pants’ enrollment 30 Children
were invited to participate

7 Children
did not accept to
participate

23 Children
were enrolled

— 2 Children were excluded {1
for Acute Gastroenteritis

and 1 for COVID 19)

21 Children
received treatment

| - L Child requied rescue

medication {treatment
interrupted)

20 Children
completed treatment
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Table 1 Characteristics of
stools and abdominal pain

Features Day 1-baseline Day10 P value® Day17 P value®
(n=21) (n=20) (n=20)

Hard stools* 16(76.1%) 6(30%) 0.020 5(25%) 0.005
Normal stools* 5(23.8%) 10(50%) 0.020 12(60%) 0.549
Fecal incontinence 7(33.3%) 2(10%) 0.076 0 0.005
Blood in stools 4(19.0%) 0 0.042 0 0.037
Frequency of bowel movements (average) 0.8 +0.7 0.8+0.5 1.00 1.0+0.6 0.333
Abdominal pain 15(71.4%) 6(30%)  0.009 1(4.7%) < 0.001
Intensity of abdominal pain (average)** 24+33 1.5+25 0.332 0.2+0.5 0.005

p value for relationship between day 1 and day 10

®p value relationship between day 1 and day 17

“Hard stools and normal stools evaluated with Bristol Scale

** Abdominal Pain Intensity evaluated with numeric scale 0—10

female (71.4%) and six males (28.6%). Children had mean
duration of constipation of 5.3 + 3.5 months.

One child failed treatment due to no depositions over a
3-day period on day six of PTNS and required rescue ther-
apy. Out of the twenty remaining children all had clinical
improvement in at least one of the presenting symptoms. No
children worsened any of the presenting symptoms during
the 10 days of the trial or at follow-up. At the end of the trial
only two out of the twenty patients remained with FI that
resolved by day seventeen and one patient remained with
abdominal pain throughout the trial and follow-up. All other
patients resolved their symptoms. There was no significant
difference between children treated in the clinic and at home.

18

16

= [N =
o N Y

Children

Stool characteristics There were significantly more chil-
dren with normal stools at the end of day ten and follow-
up. There was a significant improvement in consistency
of BMs at the end of the trial and at follow-up (Table 1
and Fig. 2). On day 1, 76.2% of patients had hard stools
(Bristol Scale type 1, 2) while 30% of children had hard
stools on day 10 and 25% had hard stools at 7-day follow-
up. There was no significant improvement in frequency
of BMs at the end of the trial or at follow-up. There
was a significant improvement in blood in the stools.
By the end of the trial, no children had blood in the
stools (from 19% on day 1). This was sustained at 7-day
follow-up.

0

Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 pay 10 pay 11 pay 12 pay 13 pay 14 pay 15 pay 16 pay 17

e requency of Hard Stools

Fig.2 Evolution from baseline in stool consistency (dotted line)
abdominal pain (solid black line), FI (solid gray line) blood in stools
(dashed line) in patients that received transcutaneous PTNS. Time
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course of comparison shown in days (X axis), number of patients (Y
axis). Vertical dashed line represents day 10, completion of treatment
and beginning of follow-up
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Fecal incontinence We found a trend for improvement in
FI at the end of the 10 days of treatment and a significant
improvement by day seventeen. Two out of seven children
had episodes of FI on day ten and no children had FI on day
17 (Table 1).

Abdominal pain There was a significant improvement in
presence of abdominal pain. At day 1, 71.4% of children
reported abdominal pain compared with 30% of children at
day 10 and 4.7% at day 17 (Table 1 and Fig. 2). The intensity
of abdominal pain (numeric rating scale of 1-10) was signif-
icantly reduced by day seventeen but the improvement was
not statistically significant by day 10 (Table 1 and Fig. 3).

Safety Two children reported leg cramps that resolved by
changing the side of PTNS application.

Satisfaction with treatment There was 96.7% overall treat-
ment satisfaction. All children reported that they would
repeat the treatment if needed, 95% would recommend the
therapy and 95% reported that the treatment fulfilled their
expectations.

Follow up period No child worsened any of the presenting
features in the interval between day ten and day seventeen.
FI continued to improve in the interval. There was a signifi-
cant improvement in presence and intensity of abdominal
pain between days 10 and 17. At day ten, none of the chil-
dren had blood in the stools and continued with no blood in
stools at 17. More children had normal stools on day seven-
teen than on day ten.

Discussion

This is the first study to assess the efficacy of transcuta-
neous PTNS for the treatment of FC in children. In this
single-center prospective interventional study, we found

Fig.3 Changes from baseline
of intensity in abdominal pain
(measured in a scale from 1 to 3
10) in patients that received
transcutaneous PTNS. Time
course of comparison shown
in days (Y axis), intensity

of abdominal pain (X axis).
Dashed line represents Day 10,
completion of treatment and
beginning of follow-up

2.5

1.5

0.5

Intensity of Abdominal Pain

that the application of PTNS was associated with clini-
cal improvement in the great majority of children (20/21).
There were no differences in outcomes between the appli-
cation of the PTNS in the outpatient setting or at home.
Our results showed a significant improvement in consist-
ency of BMs, blood in the stools and abdominal pain.
Twelve out of sixteen (75%) patients who had hard stools
had normal stool consistency at the end of follow-up. None
of the children reported blood in the stools at the comple-
tion of the study. The beneficial effect of treatment was
also sustained for at least one week after treatment (Fig. 2)
with some children continuing to improve and none of
them worsening at follow-up once the intervention ended.
Only two children had episodes of FI at the end of the
study and no children had FI 1 week later.

Fl is a debilitating problem that significantly affects chil-
dren and families. Children with FI have worse quality of
life compared to those who have intractable FC without FI
[16]. Fl is also very distressing for caregivers. Families are
frequently distraught and seek consultation out of frustration
with the child’s progress and the school system that in many
cases is not prepared to manage and support children with
FI[17, 18]. There are few proven efficacious treatments for
the management of persistent FI. Some of them are inva-
sive, expensive and require a very selected and skillful team.
Novel pharmacological treatments that had proven success
in the treatment of adult population with FC have failed in
children. A common denominator of these clinical trials is
that they all failed to resolve FI. Linaclotide failed to provide
significant relief in symptoms of FC and FI and side effects
were common [19]. The clinical trial of prucalopride trial
was negative, mainly due to its inability to meet the FI end-
point [20]. The randomized clinical trial of lubiprostone is
yet to be published, but the open label trial have shown that
some children can have serious adverse events [21]. In our
study, transcutaneous PTNS has shown persistent efficacy
in treating FI. In the setting of the shortcomings of pharma-
cological and non-pharmacological treatments for the treat-
ment of intractable FC and FI, it is refreshing and exciting

Intensity of Abdominal Pain

e ntensity of Abdominal Pain
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to consider the possibility of novel treatments. Although,
we should not overemphasize the results of a small and non-
randomized study, the results are encouraging and merit fur-
ther investigations. If the results of this investigation are
confirmed in future studies, PTNS may become a suitable
alternative for SNS and other therapies [9].

SNS has been shown to be effective in treating both uri-
nary and FI in adults and children. A study by Lu et al. sug-
gested that SNS is a promising and durable treatment that
is particularly effective in decreasing FI in children with
refractory constipation [11]. Dinning et al. has shown that
SNS at a suprasensory threshold significantly increased the
antegrade pan-colonic wave sequence in adult patients with
slow transit constipation [22]. SNS may act at the spinal
cord level by modulation of the enteric nervous system or
reflex pathways to normalize transit [23]. However SNS is
expensive, requires surgical implantation and can be associ-
ated with postoperative complications such as leg discom-
fort, infections, further surgeries, and device removal or
replacement [11, 24]. The procedure is based on the electric
stimulation of the sacral nerve root by an implanted lead
wire connected to a pulse generator battery. By using, trans-
cutaneous PTNS, we are seeking to achieve similar results
as SNS in a noninvasive way. Posterior tibial nerve arises
from nerve roots L4-S3, the same nerve roots that supply the
pelvic floor and hindgut. Its mechanism of action remains
incompletely understood, but it has been hypothesized that
the stimulation of the PTNS could stimulate the pudendal
nerve (S2—-S4) via afferents fibers, leading to contraction of
striated pelvic floor fibers, activation of detrusor inhibitory
reflex, and improvement of transit time [25].

PTNS has been used in adults for the treatment of uri-
nary incontinence, chronic pelvic pain, sexual dysfunc-
tion, and FI for approximately 40 years [26]. In the pedi-
atric population, transcutaneous PTNS has been used for
refractory overactive bladder with observed urodynamic
improvement [15]. Although long-term outcomes of PTNS
for adults with fecal and vesical disorders have been
reported, information on long-term outcomes for children
with defecation disorders remains limited [13, 26]. Our
study suggests that transcutaneous PTNS has the potential
to fill a vacuum in the treatment of FC in children. Trans-
cutaneous PTNS is a noninvasive, easy to use treatment
that as our study showed can be used in home setting. As
reported by Igbal et al., daily self-administered bilateral
PTNS in adult patients with chronic constipation has been
used as a safe and effective method [27]. Similarly, PTNS
seems safe to be used in children. No children in our study
reported important side effects and only two children had
minor discomfort at the site of placement that resolved
with change of the electrodes to the other leg.

The study has several limitations. The sample size of
the cohort was small. Further studies with larger size
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sample are needed to address this limitation. Lack of
a control group for comparison should be addressed in
future studies. Our follow-up was limited to 7 days post-
procedure. This limited our assessment to observe if the
procedure maintains long-term effects. The study focused
on children with FC exclusively, this precludes us from
assessing the potential effect of PTNS on other gastroin-
testinal diseases.

In conclusion, we found improvement in stool consist-
ency, FI and blood in stools at the end of the trial with
sustained benefits in abdominal pain, blood in stools and
FI at 7 days follow-up. The treatment was safe, easy to
administer and well tolerated. PTNS may be a promising
noninvasive at home non-pharmacological treatment for
FC in children. Larger studies with long-term follow-up
should confirm our findings. Controlled randomized clini-
cal trials are recommended.
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