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Introduction: Treating pediatric voiding dysfunction involves behavioral changes
that require significant time or medications that are often avoided or discontinued
due to side effects. Using parasacral transcutaneous electrical nerve stimulation
(PTENS) has shown to have reasonable efficacy, but the safety and feasibility of its
off-label use for pediatric voiding dysfunction are not well-established. Concerns
have also been raised over treatment adherence. In-home therapy might improve
adherence compared with office-based therapy; however, no studies have
evaluated in-home feasibility to date. This study aims to assess the safety and
feasibility of off-label use of PTENS for pediatric voiding dysfunction.
Materials and methods: A single-institution prospective, randomized controlled
study was conducted from March 2019 to March 2020. Participants aged 6–18
years diagnosed with voiding dysfunction, overactive bladder, or urinary
incontinence were eligible for the study. Those with known neurologic disorders,
implanted electrical devices, anatomic lower urinary tract abnormality, and
recurrent urinary tract infections and those taking bladder medications were
excluded. Children with primary monosymptomatic nocturnal enuresis were also
excluded due to previous work suggesting a lack of efficacy. Participants were
randomly assigned to receive 12 weeks of urotherapy alone (control) or
urotherapy plus at-home PTENS treatment. Families were contacted weekly to
assess for adverse events (AEs) and treatment adherence. The primary and
secondary outcomes were safety, defined as the absence of AEs and treatment
adherence, respectively.
Results: A total of 30 eligible participants were divided into two groups, with
15 participants in each arm. The median age was 9.4 years (interquartile range:
7.7–10.6). In total, 60% were male. Baseline demographics and urotherapy
compliance were similar between the two groups. With PTENS use, two AEs were
reported, including mild pruritus at the pad site and discomfort when removing
pads, while no AEs were noted in the control group. In total, 60% of patients
completed three 30-min sessions per week, and all participants were able to
complete treatment sessions for at least 10 weeks, involving 30 min of PTENS
treatment each time.
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Conclusion: This randomized controlled study confirms that at-home use of PTENS is
feasible with reasonable treatment adherence and minimal AEs. Future collaborative, multi-
institutional studies may better determine the efficacy of this treatment modality.
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Introduction

Overactive bladder and urinary incontinence are some of the

most common voiding dysfunctions in children (1). While many

children may outgrow these issues, symptoms persist for some

children and can lead to emotional, social, behavioral, and

physical problems. Treating voiding dysfunction is often

multimodal. Behavioral therapy, also called urotherapy, is typically

considered first-line treatment, often with the addition of

anticholinergic medications, alarm therapy, physiotherapy, or

biofeedback (2). A recent meta-analysis found that over the course

of 1 year, approximately 50% of patients treated with urotherapy

benefited, compared to 15% of patients who improved with no

therapy at all (3). However, many behavioral and lifestyle change

treatments involve significant time or office visits. Furthermore,

families often avoid or frequently discontinue medication therapy,

even when there is an improvement in symptoms, due to the

bothersome side effects associated with these medications.

Methods of nerve stimulation used in adults have been

introduced into the pediatric population over the past two

decades (4). For example, implantable sacral neuromodulation

involves placing an implantable pulse generator, electrodes, and a

battery. In children, this procedure requires administering general

anesthesia twice, and if the treatment is ineffective, a third

procedure may be necessary for device explantation (5).

Transcutaneous sacral nerve stimulation is a corollary treatment

that does not need general anesthesia or an implantable device

(6). The procedure involves placing transcutaneous electrode

pads at the sacral outflow level of S2 and S3. Pads are placed

posteriorly one fingerbreadth away from the midline (6).

This therapy is known as parasacral transcutaneous electrical

nerve stimulation (PTENS). PTENS has been shown in some

studies to have reasonable efficacy for treating lower urinary tract

dysfunction in children (7).

PTENS requires time for treatment and regular visits to a local

clinic for weekly sessions and incurs costs for both the procedure

and the device. Most protocols in the pediatric population utilize

nerve stimulation regimens of several sessions per week in the

office. These protocols are time-consuming and resource-

intensive for patients, families, and clinics. Adherence to the

treatment regimen maximizes success in pediatric voiding

dysfunction, but ensuring adherence is proven challenging (2).

Because of the increase in the potential use of PTENS and the

changes in healthcare delivery due to the global pandemic, it will

be essential to address barriers to care effectively. One method

for improving treatment adherence could be in-home therapy

instead of office-based therapy. The feasibility of in-home

therapy has been demonstrated with percutaneous posterior tibial
02
nerve stimulation, a similar modality, in North America and

recently with PTENS in Europe (8, 9).

Currently, no transcutaneous electric nerve stimulation devices

for pediatric voiding dysfunction have been approved by the Food

and Drug Administration (United States) or the Therapeutic

Products Directorate (Canada). As such, discussion of the safety

of these devices in the pediatric population is limited. Although

there are some reports of adverse events (AEs), the evaluation of

the incidence of AE with PTENS is inadequate, particularly with

at-home use (6, 9). This study aims to assess the feasibility of

off-label use of transcutaneous electric nerve stimulation units for

pediatric voiding dysfunction and evaluate adherence to

treatment regimens. We hypothesized that serious AEs with in-

home use of PTENS would be rare and that families could

reliably adhere to the home treatment regimen. We present the

following article in accordance with the Consolidated Standards

of Reporting Trials (CONSORT) reporting checklist (10).
Materials and methods

We conducted a single-institution prospective, randomized

controlled study to examine the safety and feasibility of PTENS

for pediatric voiding dysfunction. This study was approved by

our institutional review board (IRB_00117756). The study period

was from March 2019 to March 2020. Based on data from a

previous pilot study, the intention was to include 12 participants

in each study arm (11). After expecting a 20% dropout rate, the

goal was to enroll 15 patients per group. Male and female

participants were recruited from the voiding dysfunction

subsection of a tertiary care academic pediatric urology clinic.

Sex was extracted from the registration records. Participants aged

6–18 years diagnosed with voiding dysfunction, overactive

bladder, or urinary incontinence were eligible for the study; 6

years was set as the lower age limit to ensure that all patients

were toilet-trained. Those with known neurologic disorders,

implanted electrical devices, anatomic lower urinary tract

abnormality, and recurrent urinary tract infections and those

taking bladder medications, such as anticholinergics, were

excluded. Children with primary monosymptomatic nocturnal

enuresis were excluded due to previous work, suggesting a lack of

efficacy in this group (12, 13). The study was concluded

12 weeks after the intended number of participants was reached.

All participants underwent a clean-catch mid-stream urinalysis

and urine culture to rule out infection. Participants also

underwent a renal and bladder ultrasound, uroflowmetry, and

post-void residual urine test to rule out obvious anatomic

abnormalities or obstruction.
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TABLE 1 Participant demographics.

Control n = 15 PTENS n = 15

n % n %

Sex
Female 5 33% 7 47%

Male 10 67% 8 53%

Race
White 13 86% 12 80%

Black 1 7% 0 —

Mixed 0 — 1 7%

Unknown 1 7% 2 13%

Median IQR Median IQR
Age (years) 10.0 8.6–10.6 9.1 7.6–10.6

Initial DVSS score 10 7.5–12.5 (n = 15) 11 10–13 (n = 15)

6-week DVSS score 8.6 6–11 (n = 7) 9.1 8–11 (n = 7)

12-week DVSS score 8.2 6–7.8 (n = 6) 8.6 8–10 (n = 9)
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The participants were randomly assigned to receive 12 weeks of

either urotherapy alone (control) or urotherapy plus at-home

PTENS treatment using a web-based randomization module

housed in the Research Electronic Data Capture; simple

randomization was employed (14). These two parallel groups had

a 1:1 allocation ratio. The provider in the office performed the

randomization at the time of the enrollment appointment. The

allocation was revealed to the participant and the provider

simultaneously. Urotherapy included managing constipation with

fluid, fiber, and polyethylene glycol, counseling on timed voiding,

maintaining proper voiding hygiene, and increasing physical

activity. The treatment arm received the same urotherapy along

with PTENS treatment. Urotherapy compliance was recorded for

each group.

Commercially available TENS 3000 units (LG Med Supply,

Cherry Hill, NJ, USA) were loaned to families during their

enrollment visit. Detailed instructions on placing the

transcutaneous pads and using the PTENS unit were given

during the enrollment visit in the clinic, with take-home

handouts provided for reference. Transcutaneous pads were

placed bilaterally on the parasacral region, one fingerbreadth

away from the midline. They were instructed to complete three

30-min sessions per week. The units were set to 10 Hz and

200 ms pulse width. The length of the session and the pulse

width were determined based on their efficacy in prior literature

(9, 15–17). The participants set the current to the highest

tolerable setting, ranging from 10 to 40 mA. Families were

advised not to exceed 40 mA due to concerns about painful

stimuli. Treatments took place in the participants’ homes.

Although office demonstrations and weekly check-in phone calls

were conducted, visual monitoring of at-home use of PTENS was

not performed. Medical assistants were available as needed to

answer questions by phone or email. No changes to the study

design or treatment protocol were made.

Dysfunctional voiding scoring system (DVSS) scales were

requested at the study initiation, 6 weeks into treatment, and

after completion at 12 weeks (18). Families were contacted

weekly via telephone or electronic medical record messaging, at

their preference, to assess for AEs and treatment adherence. A

standardized script was read to each family. AEs were pre-

specified as pain, skin breakdown or redness at the

transcutaneous pad site, or any other treatment-related

discomfort. Families were asked about additional AEs during

each follow-up interaction. Severe, unforeseen, or frequent

(occurring in >20% of participants) AEs were predefined as

reasons for stopping the study prematurely.

The study aimed to assess the safety and treatment adherence

to at-home use of PTENS for voiding dysfunction. The primary

outcome was safety, defined as the absence of AE. The secondary

outcome was treatment adherence, defined using three PTENS

sessions per week, each lasting 30 min. Initially, the 6-week and

12-week DVSS scales were recorded. Pretreatment DVSS scores

were presented to demonstrate equal randomization.

Descriptive statistics were expressed as counts and

percentages. Analysis was performed using the Mann–Whitney

U-test for non-parametric data. SPSS Version 25 (IBM,
Frontiers in Pediatrics 03
Armonk, NY, USA) was used for data analysis. All analyses

included the intention to treat the population. Results were

reported in accordance with the CONSORT guidelines and the

CONSORT checklist (10).
Results

A total of 30 eligible participants were randomly divided

into two groups, with 15 participants in each arm. The

median age was 9.4 years [interquartile range (IQR): 7.7–

10.6]. In total, 60% were male. Baseline demographics were

similar between groups (Table 1). The presenting clinical

symptoms included nocturnal enuresis (n = 9), daytime

incontinence (n = 13), bladder dysfunction or detrusor

instability (n = 5), and first-time urinary tract infection

(n = 3). The median initial DVSS score was also similar

between groups [control: median 10 (IQR: 7.5–12.5); PTENS:

median 11 (IQR: 10–13); p = 0.8] (Table 1). There was no

significant difference in urotherapy compliance between the

two groups [control 67% vs. PTENS 68%, (p = 0.9)].

One participant from each arm withdrew during the study for

reasons unrelated to AEs. One participant withdrew after 10 weeks

in the control group as she did not wish to continue the treatment

protocol and desired medication therapy. One participant

withdrew after 10 weeks in the treatment group for unknown

reasons. He did not report any AE in the first 10 weeks. Four

participants were excluded due to non-adherence with initial

study protocols or phone follow-ups (Figure 1).

The reported AEs in the treatment arm included mild pruritus

at the pad site (n = 1, 8%) and discomfort when removing pads

(n = 1, 8%). No factors or features were identified in the two

cases that had adverse events that differed from the rest of the

sample. No participants or families reported pain at the electrode

site, redness, or skin breakdown. No AEs were reported in the

control arm. Primary and secondary outcomes were reported as

intended without any changes after trial initiation.
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FIGURE 1

Flow diagram of study participants.
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Of the 15 patients, 9 (60%) met the secondary outcome

definition. Of those that did not meet the pre-specified adherence

goal, the most common deviation from recommended use was

treatment with PTENS twice rather than thrice a week, which

occurred in six participants for at least 1 week and in one

participant for 2 weeks. All participants were able to complete

treatment sessions for at least 10 weeks, involving 30 min of

PTENS treatment each time. No families had technical difficulties

using the device. Three families had the battery run out once over

the 12-week period; these families continued using the device once

the batteries were replaced. In addition, the two patients who

experienced AEs were not considered adherent to treatment as

they dropped out of the trial after these events occurred.
Discussion

Managing pediatric voiding dysfunction requires a multimodal

approach (2). Using PTENS has been shown in some studies to

have reasonable efficacy; however, the safety and feasibility of

this off-label use have not been previously well-established (7).

Our randomized controlled study confirms minimal AE and

acceptable adherence with at-home use.

No major AEs were found with at-home use of PTENS

therapy in this study. Most prior studies have a limited

discussion of AE (15, 19–22). For example, one of the earliest

studies by Bower et al. (6) regarding at-home PTENS in

children with urgency or urge incontinence did not report on

AE. Tugtepe et al. (23) initially used PTENS in the office but

transitioned patients to in-home use after three sessions; they

also did not report on AEs. Malm-Buatsi et al. (24) reported

that PTENS was “well tolerated,” but they did not provide

details on any AE, if there were any. A recent report by Casal-

Beloy et al. (9) reported no complications with PTENS

application. One prior study on children with overactive

bladder did have a single patient withdraw due to “adverse

effects of the electrodes,” but further details were not specified

(25). Skin irritation and electrode site discomfort have been

reported in up to 17% of patients undergoing PTENS for
Frontiers in Pediatrics 04
primary monosymptomatic nocturnal enuresis, but these

resolved with decreasing intensity (12). One study that required

using PTENS while the patient was asleep reported a child

becoming entangled in the electrical cords. Our study showed

low rates of application site AE, including pruritus and

discomfort with pad removal. These did not cause study

dropout and improved with continued use of PTENS. No AEs

were reported in the control arm. Although using PTENS for

pediatric voiding dysfunction is not approved by the FDA, it

can be considered safe. Patients and families should be

informed about the possibility of minor AEs before starting the

therapy. We do not recommend use while the patient is asleep,

not only to prevent entanglement in the cords but also to

enable the patient to communicate any AE verbally. Ongoing

studies should consider reporting this data in their publications

to understand AEs further.

Treatment adherence maximizes success in voiding

dysfunction. Previous research has shown that patients can use

PTENS, but it has not specifically examined adherence to the

prescribed treatment regimen (6, 9, 23). The initial report of at-

home PTENS required twice-daily use for 1 h, which was

considered burdensome for both the patient and their family

(6). Since then, various treatment schemas have been employed,

including the initial twice daily for 1 h (12), twice daily for

20 min (24, 25), once daily for 20 min (9, 23), three times

weekly for 20 min (15, 19, 21), and once weekly for 20 min (26).

As such, the comparison of treatment adherence is challenging.

Furthermore, few groups report on specific treatment adherence,

besides excluding those patients who were “non-compliant”

(12, 25). Among those who reported on treatment adherence,

Malm-Buatsi et al. (24) found that 12.5% of families had

inconsistent use of PTENS. Our results revealed a similar rate

(15%) of difficulty adhering to the prescribed treatment.

Anecdotally, this was attributed to the time and effort required to

use PTENS thrice weekly, which sometimes conflicted with other

familial obligations. Jorgensen et al. described this as families “not

having the energy to use the device as instructed” (12).

The major limitation of this study is the small sample size. While

we found low rates of AEs, a larger population will allow for a more

robust understanding of AEs. Another potential limitation of this

study is the relative lack of generalizability. Participants were

recruited from a single geographic area and were primarily

Caucasian. Furthermore, they may have been more likely to

adhere to treatment as they had already adhered to referral to a

specialty clinic for voiding dysfunction. The strengths of this study

include employing a control group and systematically investigating

potential AEs rather than solely relying only on participants or

families to report such events voluntarily.
Conclusion

At-home use of PTENS is feasible with reasonable treatment

adherence and minimal AEs. Collaborative, multi-institutional

studies should be considered to determine the efficacy of this

treatment modality better.
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