
ORIGINAL RESEARCH
published: 16 April 2020

doi: 10.3389/fped.2020.00169

Frontiers in Pediatrics | www.frontiersin.org 1 April 2020 | Volume 8 | Article 169

Edited by:

Christophe Faure,

University of Montreal, Canada

Reviewed by:

Carlo Di Lorenzo,

Nationwide Children’s Hospital,

United States

Duška Tješić-Drinković,
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Background/Aims: Constipation shows both, a high prevalence and a significant

impact. However, it is often perceived as minor and treatment choices are limited. The

neuromodulation approach is a valuable option to be considered. This study assesses

the use of non-invasive sacral nerve stimulation to reduce constipation in children.

Methods: Between February 2013 and May 2015, pediatric patients with chronic

constipation were treated with this non-invasive neuromodulation procedure, adapted

from classical sacral nerve stimulation. A stimulation device attached to adhesive

electrodes on the lower abdomen and back generated an electrical field with a stable

frequency of 15Hz via variable stimulation intensity (1–10V). The effect of therapy was

evaluated in routine check-ups and by specialized questionnaires.

Results: The study assessed non-invasive sacral nerve stimulation in 17 patients (9

boys, 8 girls, mean age 6.5 years). They underwent stimulation with 6–9V for a mean of

11 h per day (range 0.5–24 h) over a mean of 12.7 weeks. Improvement of constipation

was achieved in more than half of the patients (12/17) and sustained in almost half of

these patients (5/12). Complications were minor (skin irritation, electrode dislocation).

Conclusions: Non-invasive sacral nerve stimulation appears to be effective in achieving

improvement in pediatric patients with chronic constipation. As an additional external

neuromodulation concept, this stimulation may represent a relevant addition to currently

available therapeutic options. Further studies are needed to confirm these results.

Keywords: pediatric surgery, electrostimulation, non-invasive sacral nerve stimulation, slow-transit constipation,

Hirschsprung’s disease

INTRODUCTION

The high prevalence of constipation and an increasing understanding of gastrointestinal function
have encouraged interest in new therapeutic approaches (1–3). Although obesity, with its effects, is
perceived as a public health problem, constipation is sometimes trivialized. Affected patients have
a high level of psychological distress (4), leading to a reduced quality of life (5, 6), which both is
resulting in increasing health-related costs (7).
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Constipation is a heterogeneous complex of symptoms (8).
Incidences are thus strongly dependent on selection criteria
and are broadly distributed. Data on incidences in children are
sparse. Prevalence rates in adults are observed at 24.2% by an
Italian study using the Rome III criteria, whereas subjective
assessment ranks at 34.1% (9). The Rome III Classification
System (10) defines criteria for chronic constipation as three
or fewer defecations per week, difficult stool straining, a
sensation of anorectal obstruction or incomplete evacuation,
and/or manual maneuvers to aid defecation in at least 25%
of occasions. Furthermore, loose stools must rarely be present
without laxatives, and irritable bowel syndrome is excluded.With
at least two of these symptoms present for at least 3 months,
chronic constipation is diagnosed (11).

Whereas, therapeutic options are limited, sacral
neuromodulation (SNS) is a promising option in adult treatment.
SNS can affect multiple physiological functions of the pelvis and
lower abdomen, and it supports propulsive peristalsis of the
intestine, which is of special interest in slow-transit constipation
(STC) (12, 13). Additionally, SNS was reported to reduce the
need for anterograde colonic lavage in chronically constipated
patients who used MACE (Malone antegrade continence
enema) (14).

In pediatric patients, a child-friendly application of
electrostimulation therapy is desirable. However, the large
size of the devices is incompatible and the implanted electrodes
are likely to dislodge due to child’s activity and body growth.
Thus, SNS has rarely been used in pediatric patients (15–17).

However, non-invasive neuromodulation for pediatric
patients with chronic constipation has been presented by
multiple authors with promising results so far (18–24).
Nevertheless, there are important differences in stimulation
variables and outcome of patients. This study explored
the impact of non-invasive sacral nerve stimulation, a
transabdominal neuromodulatory approach via electrical
stimulation in treatment of pediatric patients by analyzing
improvement in symptoms. The patients presented with chronic
constipation of heterogeneous origin.

PATIENTS AND METHODS

Between February 2013 and May 2015, more than 70 patients
with chronic constipation (>3 months) were treated in our
pediatric surgery department. All patients run through a
diagnostic course, including medical and behavioral treatment.
Diagnosis was made in case of both, clinical signs of defecation
disorder and pathological results in imagine diagnostics
(contrast-based X-ray). Medical treatment had already been
started by pediatricians in every case. After therapy with a
plurality of options and their combinations, symptoms persisted.
We defined failure of conservative medical treatment in cases
of chronic constipation >1 year as inclusion criteria and
proposed stimulatory therapy to all of these complex patients,
irrespective of underlying diagnoses or secondary diagnoses such

Abbreviations: SNS, sacral nerve stimulation; STC, slow-transit constipation; TES,

transabdominal electrical stimulation.

FIGURE 1 | Placement of the adhesive electrodes: the ventral electrode is set

paraumbilically on the left side, the dorsal one paravertebrally on the right side.

as encopresis or enuresis. Accordingly, 23 patients were entered
into this pilot study. Clinical patient data were recorded with
emphasis on accompanying illness, previous operations, genesis
of the disease, and concomitant medical treatment. The study
was conducted according to the Declaration of Helsinki and was
approved by the local ethics committee. Consent was obtained
from all included patients.

Clinical Management of Non-invasive
Sacral Nerve Stimulation
The non-invasive sacral nerve stimulation consists of a
stimulator [Model 3625 Interstim R©, Medtronic GmbH, 40670
Meerbusch (www.medtronic.com) (25)] connected via cable
to a pair of body-adhesive electrodes [Stimex R©-electrodes,
Pierenkemper GmbH, 35630 Ehringshausen (pierenkemper.eu)].
The stimulator allows adjustments of voltage, pulse width,
and frequency.

Two adhesive electrodes were applied. The first was placed
paraumbilically on the left lower abdomen, the dorsal electrode
paravertebrally on the right side near the lumbar spine
(Figure 1). This diagonal positioning enables a maximum
electrical field.

Unipolar stimulation was applied equally in every patient:
pulse width was set at 210 µs, frequency at 15Hz. Stimulation
intensity could be adjusted by patients at any time between 1 and
10V; however, it was recommended to set the voltage between 6
and 9V. Daily duration of stimulation was restricted to 6–8 h in
the trial phase. After proven tolerability for 7 days, the duration
of stimulation could be extended up to 24 h per day based on
patients’ well-being and compliance.

The patients and their parents were advised to apply the
stimulation for as long as possible (per 24 h), although it was
acknowledged that the pacemaker should not restrict normal
daily activity. Additionally, the patients/parents were instructed
to switch off the pacemaker during defecation and micturition.
The stimulation intensity was adapted to symptomatic changes
to maximize the clinical benefit. Patients’ parents were instructed
to observe and document their child’s behavior. If restlessness or
discomfort was noted, the intensity of stimulation was reduced,
and all individual adjustments were documented in a provided
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checklist. A questionnaire was used to address issues related to
the application and effect of stimulation.

Patients were contacted weekly to monitor progress and
address side effects immediately. Determined questions on
defecation frequency, stool consistency, soiling and quality of life
were assessed routinely in a structured manner by the attending
physician (see Supplementary File 1: non-invasive sacral nerve
stimulation - evaluation form). In cases of insufficient efficacy,
the position of the electrodes was changed after 2 weeks
of ineffective therapy (new position: paraumbilically on the
right lower abdomen and on the left side near the lumbar
spine). The first follow-up appointment was conducted at
4 weeks and evaluated the clinical benefit and individual
adjustments to stimulation (intensity, duration of stimulation).
Therapeutic benefit was defined in cases of elevated stool
frequency, improved stool consistency, and less abdominal
pain, which was described by the parents and confirmed
in physician’s appointments. Improvement of quality of life
was evaluated, focusing on abdominal pain, patient’s activity
and patient’s autonomy concerning defecation. Change of
previous medication/defecation maneuvers, e.g., laxatives or
rectal manipulations, was not recommended or conducted
during this initial test phase. Effectiveness of stimulation therapy
was defined in case of increased defecation frequency, reduced
abdominal pain and/or reduced soiling.

After this therapeutic period of 4 weeks, stimulation was
paused for 1 week to ascertain relapse or preservation of
symptom improvement. If symptoms had improved sufficiently,
stimulation was continued afterwards; otherwise, it was
terminated. If therapy had shown only a slight subjective
improvement (for example improved agility, less abdominal
pain), the duration and level of stimulation were intensified
as tolerated after this 1 week of therapeutic pause. If no
improvement resulted after 4 weeks, the therapy was terminated.

Evaluation of Outcome and Statistical
Analysis
Data on effectiveness and symptoms were descriptive and
based on assessment of clinical factors as well as a specialized
questionnaire. Although subjective descriptions of symptoms
were categorized in superordinate variables, analysis of data
remained challenging and limited. All statistical calculations were
performed with R for Windows software, release 3.4.0 (The R
Foundation for Statistical Computing, University of Auckland,
NZ, 2017). Clinical factors in correlation with effectiveness of the
therapy were analyzed with Fisher’s exact test for small group
sizes. Results were considered significant at p < 0.05.

RESULTS

Of the 23 patients entered into the study, completed
questionnaires were available in 17. Mean age of these 17 patients
was 6.5 years (range 1–11 years). In 6 patients non-invasive
sacral nerve stimulation was applied, but further participation
in the study was withdrawn because of unwillingness to adhere
to the study protocol, as well as due to lack of acceptance of

TABLE 1 | Patients’ clinical characteristic.

n = 17

Sex

Male 9

Female 8

Age (years, range) 1–11

Diagnosis

Chronic constipation of idiopathic genesis 12

Hirschsprung’s disease 5

Other conducted therapies

None 9

Intramuscular Botox injections 3

Intestinal surgeries 5

Previous intestinal surgeries

(Partial) rectal resection 4

Appendectomy 1

Medical treatment at the beginning of stimulation

None 4

Polyethylenglycol single medication (Movicol junior®,

Macrogol®, Dulcolax®)

7

Klysmata single medication (Microlax®, Microlist® ) 2

Polyethylenglycol (Movicol junior®, Macrogol ®, Dulcolax® ) and

Klysmata (Microlax®, Microlist® )

4

the therapy by younger children. Treatment had never been
terminated by physicians.

Main clinical characteristics are shown in Table 1. Gender was
evenly distributed (9 boys, 8 girls). In 10/17 cases, defecation
disorders had existed since birth or the first year of living. Mean
age at beginning of symptoms was 2 years (range 0–4 years)
and treatment of defecation disorders had been conducted for
5 years (mean value, range 1–10). Fecal incontinence was seen
in 6 patients, soiling solely in further 5 patients. Defecation
consistency was described in 15/17 patients as predominantly
hard. Normal consistency could be achieved under conservative
treatment in 2 cases only. Intermittent diarrhea, as known
in overflow incontinence, occurred in 8 patients. Whereas,
reduced eating habits could be seen in the majority of the cases,
nausea and vomiting occurred seldom. Abdominal pain and
psychological distress were seen in all patients (17/17). Two
patients suffered from concomitant urinary incontinence and
considered this the leading disorder. Exclusion of other causes
of constipation, such as hypothyroidism or celiac disease, had
been routinely conducted. All patients presented with chronic
constipation refractory to conservative treatment. Treatment
included lifestyle changes and improved toilet training in
all cases. Further conservative options, such as biofeedback-
training or regular disimpactations, had been used occasionally
(biofeedback 7 patients of 6 patients with encopresis and one in
trail application because of soiling, routine disimpactations 4/17
patients). In all patients, either single or combinatory therapy
of oral and rectal medication (polyethylenglycol, klysmata) had
been used previously within therapeutic management to ensure
regular defecation. At the time of start of non-invasive sacral
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TABLE 2 | Treatment characteristics of non-invasive sacral nerve stimulation.

Responders Non-responders

n = 10 n = 7 P-values

Duration of stimulation (weeks) 0.88

<4 1 2

5–10 3 2

11–20 4 1

>21 1 1

Not known 1 1

Stimulation (time of day) 0.77

24 h 3 1

Day 1 2

Night 3 2

Not known 3 2

Duration of stimulation (hours per day) 0.91

24 3 1

9–16 3 3

8–4 1 1

<3 2 2

Not known 1 0

Intensity of stimulation (V) 0.30

1–5 3 4

6–10 6 2

Not known 1 1

Side effects: micturition 0.49

Yes 2 0

No 7 6

Not known 1 1

Complications (skin irritation after

application of electrodes)

0.09

Yes 4 0

No 5 7

Not known 1 0

nerve stimulation, oral or rectal medication was necessary
in 13/17 patients (see Table 1). In 4 patients, defecation was
conducted after rectal manipulations at study entry (with
or without sodium chlorid enemas), as medical therapy had
been stopped previously due to side effects. All treatments
(oral/rectal medication, rectal manipulations) were not altered
without prior consultation. Prokinetics were not used within
our study population at start of non-invasive sacral nerve
stimulation. Their application was tested in 3 cases without
sufficient success. Botox injections were applied in 3 patients
of functional constipation and did not show a sufficiently
lasting effect. Rectal biopsies for exclusion of Hirschsprung’s
disease were conducted in 16/17 patients. In 5 patients,
Hirschsprung’s disease had been histologically confirmed. Five
patients had undergone prior abdominal surgery. In 4 cases,
resection of aganglionosis due to Hirschsprung’s diseases was
conducted and in one patient laparoscopic appendectomy due
to appendicitis.

TABLE 3 | Outcome values of non-invasive sacral nerve stimulation, presenting

the individual effectiveness in the included patients.

n = 17

Defecation frequency

Improvement to daily/every second day 10

Improvement to increased frequency 2

No influence 5

Stool consistency

Improvement to normal consistency 4

Changes in stool consistency 6

No influence 7

Abdominal pain

Reduction of abdominal pain 13

No influence 4

Increase of abdominal pain 0

Soiling (affected cases: 11 patients)

Improvement of soiling 9

No influence 2

Overall effectiveness of the non-invasive sacral nerve stimulation therapy was seen in 59%

of patients (n = 10, responders).

Treatment characteristics, response, and complications are
shown in Table 2. Neuromodulatory therapy was continued for
a mean of 12.7 weeks (range 2–52 weeks). The duration of
stimulation was conducted for a mean of 11 h per day (range
0.5–24 h). Stimulation intensity ranged from 3 to 9V (mean
6V). In 6 cases, electrodes had to be switched to twisted
position as mentioned above, as routine settings did not lead
to any therapeutic effect. We observed an improved therapeutic
result in cases, which applied electric stimulation during night
and for a prolonged time. Individual results are confirming
this trend.

A change of symptoms was reported in 12 cases, with 10
(10/12) considering the increased regularity of stool frequency
and decreased abdominal pain beneficial and satisfying. The
clinical effect was considered to be low in 2 cases. In further 2
patients, a change in daily behavior was observed, leading to a
substantial improvement in quality of life. In only 3 patients no
clinical effect was observable (nor was any side effect). Individual
improvements are presented in Table 3. In all cases considering
the effectiveness of treatment satisfying (n = 10), all three
primary outcome values (defecation frequency, abdominal pain,
soiling) improved simultaneously. Symptom improvement was
sustained in 5 of 12 patients reporting a change of symptoms.
Although individual cases confirmed successful treatment, no
significant correlation between therapeutic effect of non-invasive
sacral nerve stimulation and clinical parameter was found.

Positive side effects of therapy included increased agility
during the day. Sleep disturbance did not occur. Parents
described an essential improvement in the children’s quality
of life. Individual improvement of patients’ well-being was
not clearly related to objective measurements such as bowel
movements, even though parents reported a more regular
bowel pattern.
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Complications of the therapy were rarely seen: urinary
frequency increased in the 2 patients with previously
diagnosed micturition disturbances. Frequent electrode
detachment was seen in one patient and abdominal
and dorsal skin irritation in 3, treated successfully with
hypoallergenic electrodes.

DISCUSSION

Non-invasive sacral nerve stimulation is an innovative approach
for treatment of chronic constipation in children, which was
tested within a small heterogeneous group of patients in our
institution. This external technique creates an electrical field
that affects a large target area of the lower abdomen and
pelvis and may thus have an advantage compared to direct
nerve stimulation.

The mechanism of action can only be hypothesized based
on knowledge of the effects of current on conductive tissue. A
multimodal effect on sacral somatomotor, somatosensory, and
autonomic nerves, as well as on the enteric nervous system can
be postulated and may include influence on neuroplasticity of
sensory nerve fibers in the skin, sensory and motor nerves in
the spinal nerves, sympathetic and parasympathetic nerves, as
well as direct activation and/or structural changes of cells of the
enteric nervous system or interstitial cells of Cajal (intestinal
pacemaker cells), and intestinal muscle cells (26). Additionally,
it was suggested that there may be a change and strengthening in
pelvic floor muscles, and a neuromodulation of the sacral reflexes
as well (26, 27). Accordingly, we also assume that a modulation
of central nervous functions via the brain-gut axis may occur
(28). A lingering effect consists additionally of hormonal changes
(29, 30).

The precise understanding of the impact of this stimulation
on anatomical structures, and on endocrine, or other biochemical
activities requires further research. However, there is an ongoing
discussion and presentation of prokinetic effects of intestinal
electric stimulation within experimental canine research (31, 32),
failing to explain the exact pathophysiological mechanisms.

Although comparable approaches of electrostimulation in
pediatric constipation are sparse, there are previously published
neurostimulatory methods, presenting the application of
interferential electric stimulation of the gut via external, adhesive
surface electrodes in children and adolescents. An Australian
research group focused within this context on the therapy of
slow transit constipation (18–20, 33, 34). This transabdominal
electrical stimulation approach (TES) was conducted with
a medium beat frequency (80–150Hz) of two out of phase
channels producing a beating current and a pulse of 250 µs.
Intensity levels could be chosen individually, aiming at a
maximum current intensity below the pain threshold. Four
electrodes were used to create a high field stability and a deep
penetrating, interferential current (35). Commonly, electrical
stimulation was applied physiotherapist-administered for
20min in three times per week (20, 25). Within randomized
case-control trails, Leong et al. was able to prove increased
defecation frequency, improved stool consistency and decreased

abdominal pain in 73% of the study population with lasting
effects over more than 2 years in one third of the children (20).
Accordingly, Yang et al. confirmed similar results in adults in
2014 (25). In more recent single cohort studies in children, Yik
et al. (21) and Gunawan et al. (36) extended the application
time within consisting variables to 1 h per day over 4–6 months,
presenting equally significant results on the effectiveness of this
new therapy. In 2016, Yik et al. (37) introduced the electrical
stimulation therapy to a small group of children with chronic
constipation due to anorectal retention, excluding patients with
slow transit constipation or any underlying diseases. These
patients’ characteristics are most likely comparable to our
heterogeneous cohort. However, this interferential stimulation
was now applied with high-frequency pulses between 4080 and
4160Hz daily for 1 h per day. Subsequent to these early studies,
an application of stimulation was pursued in an autonomous use
at home (19, 38, 39).

There is only one study so far, evaluating the effect
of interferential electrical stimulation on patients with
Hirschsprung’s disease after resection of affected colic and
rectal segments. Ladi-Seyedian et al. (22) was able to present
results of a randomized case-control trail, adopting electrical
variables and setting of the TES-approach (20min of stimulation
two times per week; field with 4 electrodes; individual intensity
level 0–50mA). However, the stimulation was applied with a low
frequency of 5–25Hz. Constipation symptoms and frequency
of defecation per week were improved significantly in study
group of interferential electrical stimulation in combination with
behavioral therapy in comparison to their counterparts (only
behavioral therapy).

Conclusively, positive influence of interferential electrical
stimulation (short-term, medium- to high frequency) on any
kind of chronic constipation could be seen (23). Nevertheless,
the optimal stimulation parameters have not yet been determined
and, while presented results in children are encouraging,
multicenter studies are needed to confirm the positive impact on
constipation and fecal incontinence (26).

Additionally, sacral nerve stimulation is a therapeutic
approach for patients with chronic constipation and fecal
incontinence and is well-established to prevent further intestinal
surgeries. It is delivered via a percutaneous transforaminal
surgery, placing electrodes for continuous and direct stimulation
of the sacral nerve roots. This leads to reduction of fecal
and urinary incontinence, improvement of stool frequency and
consistency in chronic constipation, and a general improvement
in quality of life with promising results (12, 40). However, the
exact mechanism of action remains elusive and the discussion on
outcomes, especially in children and adolescents, remains to be
controversial (15, 16, 41).

We built on this knowledge and adapted this external
electrical stimulatory method to our complex patients, referring
to principles of sacral nerve stimulation. Our aim was
therefore to apply a non-invasive and cost-efficient therapy for
administration at home, with low frequency stimuli (15Hz)
in rectangular pulses of a single channel stimulation during a
maximum of time to simulate physiological bowel movement.
The basic calibration of the non-invasive sacral nerve stimulation
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was set before the initial appointments and could not be changed
by patients. Standard parameters for SNS (13, 42) and data from
Edel (43) for electro-medicine were used. We preferred to accept
a wide range of intensity in our study (3–9V), allowing to adapt
to changing needs (e.g., post- irrigation) in the individual patient
and promoting acceptance and compliance to the approach. An
improved formation of the spanned field can be assumed in
our cohort due to the reduction of electrodes to only one pair:
with only one electrical field influencing the intestinal movement,
efficacy and side effects are more controllable. In addition, the
smaller number of adhesive electrodes carries less risk of skin
irritation. Conclusively, these facts impede a direct comparison
of both therapeutic approaches.

We are able to see an increased effect of electrical stimulation
in application during nighttime, as it can additionally be
seen in continuous application (only one out of 4 patients,
applying continuous non-invasive stimulation over 24 h per
day, was a non-responder to treatment). This might underline
the physiological impact of the permanent stimulation and the
increased motility during parasympathetic dominated phases.

Furthermore, we are able to present comparatively high
efficacy as previously published. Efficacy was achieved in 12/17
patients and was considered strongly positive in the majority
(10/12 patients). After discontinuation of stimulation, almost
half of the patients confirmed sustained improvement (5 of the
12 patients reporting a change of symptoms). This effect of a
neuromodulatory stimulation has already been reported (20). As
previously discussed, we postulate that this carry-over effect may
be related to the conditioning of the neurotransmitter system
in children. Cross-linking mechanisms of the central nervous
system have been described in biofeedback training in the context
of therapy for urge incontinence in children (30).

Intestinal complications, such as previously reported diarrhea
(18), were not observed. Intermittent electrode detachment and
skin irritation led to improvement of fixation and the application
of hypoallergenic electrodes in the four affected patients. When
increased micturition frequency was reported (as it was in
two patients with concomitant micturition disorders), it was
resolved by change of position of the electrodes to adjust the
electrical field.

This is a pilot study of non-invasive sacral nerve stimulation
in a small and heterogeneous population of children and
adolescents. Thus, there are certainly limitations to the
presented results and conclusions may have to be drawn with
caution. We are only able to confirm trends of efficacy. We
established a protocol with clear therapeutic measurements,
while responding to different needs of our patients. This results
in variable stimulation times and intensities and certainly
limits the evaluation and conclusion of our data, although this
adaptability surely is one of the great strengths of the non-
invasive treatment.

Furthermore, there is a lack of outcome measures. Although
there are existing different standard daily defecation diaries
and quality of life assessment forms, the heterogeneous
clinical presentation of chronic constipation complicates the
classification of symptoms and improvement. A substantial
externalization remains thus to be a challenge and should be

interpreted and categorized with great caution. We therefore
focused primarily on an individual evaluation of defecation
frequency, stool consistency, quality of life and abdominal pain.
The reported observations will serve as a basis in the process for
the development of new specialized questionnaires and research
fields in subsequent studies. We are working on child-friendly
questionnaires aiming to objectify results.

Finally, we are describing a therapeutic approach within a
heterogeneous study population. Despite well-known diseases as
Hirschsprung’s, classification of chronic constipation in terms of
idiopathic constipation or slow-transit constipation might still
include a variety of different underlying causes. We therefore
offered the treatment to all of the affected patients with chronic
constipation, refractory to treatment. In our study cohort,
13/17 patients received medical therapy at study entry and
all patients had received conservative treatment in accordance
with a standardized treatment algorithm, but without sufficient
therapeutic success (see Table 1).

Approximately one-fourth of patients presented with
confirmed Hirschsprung’s disease (n = 5). After multiple
surgeries for resection of affected colic segments and regaining
intestinal consistency, these patients are frequently still
suffering from chronic constipation and remaining in difficult
conditions. A new therapeutic option for this subgroup of
patients with chronic constipation is essential for optimal
treatment and improvement of quality of life. This small
number of 5 patients within our study impedes to draw strong
conclusions or subgroup analyses. Yet, non-invasive sacral nerve
stimulation in these patients might have a therapeutic impact
and specific effects on treatment changes have to be investigated
further.

Conclusively, non-invasive sacral nerve stimulation might
be a valuable option in pediatric constipation within a
heterogeneous population and despite underlying diseases, as
there is a great need to optimize treatment. The obtained results
will have to be confirmed by an independent study population.

CONCLUSION

Management options of chronic constipation in children and
adolescents are limited, with options based mostly on best
clinical practice without clear evidence. Thus, the demand
for specialized research and innovative treatment pathways
is urgent (44). With electrical stimulation via non-invasive
sacral nerve stimulation, we propose a feasible method
shown to be effective in this pilot study, which may add
a valuable, complementary option to the treatment of this
multicausal symptom complex. Main advantages, such as rapid
therapeutic responses, high comfort and usability, minimal
amount of side effects, and especially the individual management
concerning treatment intensity and treatment time, should be
noted. Strong conclusions though may be made cautiously
based on our results of a small and heterogeneous study
population, but further investigations on this topic seem to
be crucial in clinical research of pediatric chronic defecation
disorders. Our institution’s algorithm for chronic constipation
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in childhood and adolescence assumes close collaboration with
Pediatric Gastroenterology to find optimal treatment for these
complex cases.
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