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[bookmark: _Toc22069124]A1 STUDY ABSTRACT

AIM: The primary aim of this randomized, double blind clinical controlled trial is to evaluate the efficacy of transabdominal electric stimulation (TES) in children with chronic idiopathic constipation. 

BACKGROUND: Chronic constipation is a common and challenging paediatric problem with no organic cause identified in the majority cases. A substantial proportion of children fail the standard first line medical and behavioural therapy. Laxative therapy is also extremely challenging to administer to children with behavioural problems who often also have constipation. These children go on to have poor quality of life with significant developmental consequences arising from ongoing soiling accidents and functional abdominal pain. TES has been proposed as a novel therapy in the treatment of children with slow transit constipation. However, TES has not been evaluated on a heterogenous group of children with chronic idiopathic constipation.

METHODS: In this trial, eligible patients aged 5-15 years, with chronic idiopathic constipation presenting to an outpatient specialist paediatric service will be recruited and randomized to receive either home-based TES therapy or sham therapy daily for 6 weeks. The primary outcome is the number of complete spontaneous bowel motions (SBM) per week. Secondary outcomes include consistency of stool passed, number of soiling accidents and measures of quality of life based on the Neurogenic Bowel Dysfunction (NBD) Score.

[bookmark: _Toc22069125]A2: PRIMARY HYPOTHESIS

The central hypothesis of this trial is that TES will be an effective, safe and tolerable adjunctive treatment that will improve the number of spontaneous bowel motions in children with chronic idiopathic constipation, in addition to mainstay medical therapy. 


[bookmark: _Toc22069126]B: BACKGROUND

[bookmark: _Toc22069127]B1 PRIOR LITERATURE AND STUDIES


Chronic idiopathic constipation is a common paediatric problem that accounts for up to 5% of paediatric outpatient visits and has a significant negative impact on quality of life1.  Up to 30% of children are reported to develop constipation. The mainstay of management of chronic idiopathic constipation involves the use of regular laxative therapy and behavioural techniques to achieve normal stooling. 

Unfortunately, there are a significant number of children who do not respond to mainstay medical therapy2. Amongst children with a diagnosis of chronic idiopathic constipation, 30% go on to experience ongoing symptoms in adulthood2. These children go on to have poor quality of life with significant developmental consequences arising from ongoing soiling accidents and functional abdominal pain.

In addition, the majority of children with chronic idiopathic constipation continue to be dependent large doses of laxatives to continue to achieve bowel motions3. Children also have difficulty remaining adherent to the laxative regime owing to the adverse taste profile and the high impact they have on day-to-day life. Constipation is a common problem in children with behavioural conditions like autistic spectrum disorder and compliance to oral laxative therapy is an even greater challenge in these children.

Chronic idiopathic constipation has a multifactorial etiology. Constipation can be classified into functional and organic types. Functional constipation is usually is idiopathic in nature, although an inadequate behavioural response to the urge to pass stool is highly contributory. The majority of children presenting with chronic idiopathic constipation, however, do not have an organic cause identified4. 

Recent work, produced by the Murdoch Children’s Research Institute based in Australia, has identified slow transit as a cause of constipation in up to 90% of children with treatment resistant constipation5,6. A number of children with treatment resistant constipation were evaluated with radioactive tracer studies to evaluate colonic motility. Based on population-based nomograms, some of these children were classified to have slow colonic transit as an underlying cause of chronic idiopathic constipation.

Trans-abdominal electric stimulation (TES) with interferential current stimulation has been proposed as a novel treatment of constipation7. Improved colonic transit time has been reported in children treated with TES making it particularly useful in children with slow transit constipation7. In addition, trials conducted with home-based TES therapy has shown promise with up to 50% of patients with treatment-resistant constipation showing improved numbers of SBMs and improved colonic transit times8.

A Cochrane review was conducted in 2016 by Ng. et al to evaluate this therapy. The studies were criticized for having poor blinding and selection of outcomes resulting in uncertain results for the outcomes assessed. The authors of the Cochrane review have recommended further trials assessing the utility of TES in the management of childhood constipation9.
[bookmark: _Toc22069128]
B2 RATIONALE FOR THIS STUDY

Treatment resistant chronic idiopathic constipation is a frequently encountered and frustrating clinical problem for paediatricians and families. This study is based on studies conducted by the Murdoch Children’s Research Institute based in Australia which have identified slow colonic transit as an underlying etiology for a proportion of children with chronic idiopathic constipation. Small pilot studies and trials conducted regarding the utility of TES in these children have shown results favouring treatment over control. However, the recent Cochrane review on this treatment in 2016 concluded that more research in this area is required to further evaluate the value of TES in constipation. 

Prior studies have evaluated the utility of TES only in the treatment of slow transit constipation. While a variety of outcome measures were assessed in these studies, the majority have looked at the effect that TES has had colonic transit times.  

To date, this will the first study assessing the efficacy and value of TES in the treatment of chronic idiopathic constipation. This study seeks to further our knowledge on the value of TES in this heterogenous patient group.


[bookmark: _Toc22069129]C STUDY OBJECTIVES

[bookmark: _Toc22069130]C1 PRIMARY AIM
To evaluate the effect of TES on the number of spontaneous bowel motions/week in a heterogenous population of children with chronic idiopathic constipation.

[bookmark: _Toc22069131]C2 SECONDARY AIMS
· To assess the effect of TES above standard medical therapy in a group of children with chronic idiopathic constipation on stool quality, effort of defecation and frequency of soiling
· To assess the safety of the widespread use of TES in children with chronic idiopathic constipation
· To report any changes in quality of life based on the Neurogenic Bowel Dysfunction(NBD) scoring with the use of TES

[bookmark: _Toc22069132]C3 RATIONALE FOR SELECTION OF OUTCOME MEASURES

The trial aims to assess the effect of TES on a wider scope of patients with chronic idiopathic constipation. To date, no other RCT has evaluated TES in the treatment of general, idiopathic chronic idiopathic constipation. 

A wide variety of outcome measures have been used to study chronic idiopathic constipation. This is reflective of the heterogeneity of symptoms and the lack of a measurable biological parameter in chronic idiopathic constipation. The ROME IV consensus guideline defines “functional constipation” as below:
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Spontaneous, easy passage of stools on a regular basis in response to urge and elimination of soiling is the end-goal in treatment of constipation. The number of spontaneous bowel motions (SBM) a week is easily measured, reported and analysed. Hence, we have chosen this as our primary outcome.

However, a significant proportion of children with chronic idiopathic constipation present with >3 SBM’s a week. These children often have other symptoms including abdominal pain, straining to pass motions and a number have soiling mistaken to be SBMs. These problems, and quality of life, are assessable with the Neurogenic Bowel Dysfunction score which will help provide a measurable outcome in this group10.
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[bookmark: _Toc22069134]D1 TRANSCUTANEOUS ELECTRIC NERVE STIMULATION(TES) UNITS 

Transcutaneous Electric Nerve Stimulation (TES) units have been widely used in clinical practice in the treatment of pain. These are small devices, powered by AA batteries. Small pulsatile electric impulses are delivered through electrodes that have conductive adhesive pads attached to the skin.

The device that we plan to use in our study is the INF4160 a TES device manufactured by Fuji Dynamics based in Hong Kong, a company with more than 20 years experience manufacturing medical devices. The INF4160 is the identical TES unit that was used in the trials conducted by the Murdoch Children’s Research Institute in Australia, based off of which our study hypothesis has been formulated.

TES devices are classified by the Australian Therapeutic Good Administration (TGA) as
Class I(low risk).  TES devices are generally well tolerated with no significant adverse effects from this therapy reported in previous trials.

Adverse effects reported include a tingling sensation from delivery of impulses which can be perceived as uncomfortable. Other common adverse effects include skin irritation from the adhesive pads used. Cutaneous burns and skin injuries are uncommon due to the low amplitude of impulses delivered through these small battery-operated devices.

To date, we do not have clear evidence of the effects of TES on bowel motility. Although it is hypothesised that TES delivers inhibitory signals to the sympathetic nerves in the bowel wall, there have been no studies that have tested this hypothesis12. 
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Trials conducted have evaluated a variety of TES regimes. The initial pilot study evaluated TES for 20min, 3 times a week versus placebo for 4 weeks. Although there was a positive effect in colonic transit time, the clinical effect on SBMs in this study was minimal. 

Further studies were then conducted and these evaluated home-based TES therapy. In these studies, TES was applied one hour daily for a variable period of time between 4 weeks and 6 months. Experience from these studies guide us to understand that it takes an additional 15 minutes to train parents to perform TES therapy at home. Since these devices are small and portable, they do not take time away from the child’s routine and can be done more frequently. Study effect sizes were seen to be larger in the evaluation of home-based TES with more sustained effects.

We have elected to apply TES therapy in our study group for one hour daily for a period 6 weeks. We have chosen this duration of treatment as it reflects the mean period of time that participants of the largest home-based TES therapy trial to date have utilised8.

The placement of electrodes for TES treatment in our study will emulate the methods observed by the studies conducted by Prof John M. Hutson and group. The image below, illustrating the correct placement of electrodes so that the currents criss-cross in the abdomen, is courtesy of his group.

[image: ]
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[bookmark: _Toc22069137]E1 OVERVIEW OF DESIGN

We will need to recruit 90 patients with 45 in each arm – with a 20% dropout rate, we will target to recruit 108 patients in total over a period of 10 months. These sample size calculations have been based on an 80% power level to detect a statistically significant improvement in spontaneous bowel motions by a mean of 1.5/week from a mean of 1.5 to a mean of 3. These calculations were done with one-tailed tests and alpha level set at 0.05. The mean change of 1.5/week is expected based on previous trials conducted in adults on TES stimulation in functional constipation11. 

We will enrol patients presenting between January and October 2020 with a primary problem of chronic idiopathic constipation, between the ages of 5 and 15, to Waikato Hospital Paediatric Medical & Surgical Outpatient clinics. All patients, upon enrolment, will have consent taken and education provided for application of home-based TES therapy, 1hour a day, daily for 6 weeks. 

Identical devices would be supplied to all participants with the exception of participants in the control arm who will receive devices modified by the manufacturer to not deliver any current. Participants, clinicians and research staff will be blinded to this randomization. The details of this are mentioned in the section below. 

Patients will complete a Neurogenic Bowel Dysfunction(NBD) score upon recruitment and a bowel diary which will capture information including frequency of bowel passage, frequency of soiling incidents, Bristol Stool charting, presence of urge to pass stool, adherence to laxative therapy and adherence to TES therapy. This bowel diary will be completed through the course of the study over 6 weeks along with weekly NBD scoring. 

A further clinical or phone follow-up at 3 months from cessation of treatment will be conducted to repeat NBD scoring and assess sustained effects of TES therapy. Support for application of TES over the phone will be provided by a trained clinic research nurse. All adverse effects will be reported through a hotline. 
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[bookmark: _Toc22069139]INCLUSION CRITERIA
· Children from the 5th birthday onwards up till their 15th birthday
· Primary diagnosis of Chronic idiopathic constipation (Function Constipation)
· Presenting to the paediatric outpatient medical or surgical clinics at Waikato hospital

[bookmark: _Toc22069140]EXCLUSION CRITERIA
· Patients with an Organic Cause of their Constipation 
· Patients with Cystic Fibrosis
· Patients with Spina Bifida
· Known anorectal malformations
· Previous Surgery for constipation(does not include manual evacuation under anaesthesia or suction biopsy)
· Children under care of Oranga Tamariki or when parental consent cannot be easily gained
· Patients with appendicostomies
· Patients with a recent admission for a Bowel Washout within 6 weeks of recruitment

[bookmark: _Toc22069141]E3 RANDOMISATION METHOD AND BLINDING

50% of devices used in the study will have modifications made to deliver current for a brief minute and then ramp this down.  The devices will otherwise be entirely identical and have all functions as per a normal device. The tingling effect often described with application of TES tends to dissipate with time even when continuously applied. Hence, the sensory perceptions of patients in sham and treatment arms would be identical making blinding effective.

Upon enrolment, the clinician/research nurse seeing the child at the ambulatory clinic will phone the trial’s coordinating office for allocations.  Randomization will be done by the permuted block randomisation method. The online webservice www.sealedenvelope.com may be used to achieve this in an effective manner.  The ID number of the device provided will be documented on trial documentation. With this method, we will ensure that the Clinician and research nurse will remain blind to the device assigned.

Details on the identification of sham vs intact devices will be securely stored in a password protected document to be held by a neutral mediator of the study. 

[bookmark: _Toc22069142]E4 TRAINING

Clinicians involved in recruitment and consent taking for the study will be trained by the research team on the study protocol during weekly departmental meetings. Any feedback provided by clinicians will be documented. The research team will be readily contactable for any questions or queries around study recruitment process and protocol.
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[bookmark: _Toc22069144]F1 PROCESS OF INFORMED CONSENT

All participants will be informed that TES is experimental therapy and the clinician has discretion to institute standard medical therapy of his/her choice during the trial. All trial participants will be have informed consent taken and documented from parents. All trial participants will be informed, at time of consent, that their participation in this research is voluntary and that they may discontinue participation without penalty at any time

Data collected prior to participant withdrawal may be retained for up to 5 years and used in a manner that is consistent with the study purpose and procedures as noted in this protocol and supplemental documents, unless the study participant notifies the primary investigator that all participant information must be removed from the study.

[bookmark: _Toc22069145]F2 SAFETY AND COMPLIANCE MONITORING

An open hotline will be provided for trial participants to contact a clinic research nurse to provide support during the course of the trial. A fortnightly phone check on progress will also be done during the course of the trial. All adverse events will be reported through this hotline with direct clinical support offered if requested. Appropriate equipment including adequate adhesive pads will be provided to participants during the course of the study.

Compliance with TES therapy will be monitored through a self-reported component of the bowel symptoms diary. Any challenges with TES application can also be documented in free script by caregivers.

[bookmark: _Toc22069146]F3 EQUITY AND ETHICAL CONSIDERATIONS

This trial involves the study of a therapeutic device on children. Constipation in children follows a different natural history and has different contributing elements. TES has an existing hypothetical evidence base in paediatric constipation and hence, a trial on children with constipation would be the ideal way to study its therapeutic effect. 

To ensure equitable health outcomes, we will publish consent forms and symptom diaries in Te Reo Maori. In addition, during days of recruitment a Maori team member will be available to support families through the recruitment process. In addition, we will actively strive to achieve a 20% recruitment rate of Maori participants in our study.  

A midway review will be conducted once 50% of target recruitment is achieved by an independent set of clinicians and biostatisticians. The investigators of this study will remain blinded during this review. Adverse effects will be assessed and study will be terminated if there are significant concerns around the safety of ongoing TES device usage.
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[bookmark: _Toc22069148]G1 DATA COLLECTION

Paper diaries completed by families during the course of trial will be collected.  All study data will be manually entered in an electronic database using Microsoft Excel (Microsoft Office, 2017) by qualified research members, and will be performed under quality control checks. This will be kept on a secure, password-protected laptop computer. The study data will be destroyed 5 years after publication of the study. 

[bookmark: _Toc22069149]G2 STATISTICAL ANALYSIS

The statistical analyses will be performed using the SPSS 20.0 statistical software. Continuous data will be represented by the mean, standard deviation, median, minimum value, and maximum value. Categorical data will be represented numerically and by percentage. 

For the data with normal distribution, the t test will be used for continuous data, rank sum for nonparametric continuous data, and Chi square test for categorical data. Regression analysis will also be performed with covariates analysed including compliance to medication/stimulation therapy, age of child and type of laxatives used (lactulose vs PEG, presence/absence of stimulant laxative).

The primary outcome to be analysed is the number of spontaneous bowel motions/week. This will be analysed as a continuous variable with 2-sided t tests. A P value <.05 will be considered statistically significant. 

A further sub analysis will be conducted specifically looking at the children who started the trial with less than 3 spontaneous bowel motions a week. In this group, time to achievement of >3 SBMs/week will be plotted with a Kaplan-Meier method and a comparison will be made between the treatment and control arms. 

[bookmark: _GoBack]As a significant proportion of children do not fulfil ROME IV criteria for chronic idiopathic constipation and present with >3 bowel motions a week. Quality of life measures based on the Neurogenic Bowel Dysfunction Score will be analysed to assess success of treatment in this group.
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We plan to conduct an intention to treat analysis and per protocol analysis. Patients lost to follow-up will have their mean SBM’s/week analysed up till the point of last contact with the study participant. 
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G4 DATA HANDLING AND RECORD KEEPING

Confidential information sharing and informed consent will occur in a private room. All data will be collected and stored in a password protected file. Any hard copies of data will be locked in a secure cabinet in a locked office. Data will not be stored or shared on non-secure, non-encrypted cloud based storage solutions. Data will be destroyed 5 years after publication of the study.

[bookmark: _Toc22069152]G5 STUDY ADMINISTRATION

The location of the study will be 1 outpatient clinic center in Waikato Hospital, Hamilton, New Zealand, run by the Department of Paediatric Medicine & Surgery.
Funding for this study will be sought from by Waikato Medical Research Foundation.
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We plan to use the data to write a manuscript in a respective peer-reviewed journal in a timely fashion. The journal of choice will involve at least one paediatric surgical and one general paediatric journal. Research will also be presented at a general paediatric conference by means of a poster and oral presentation.
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J1 Informed Consent Document

J2 Patient Education Brochures
· Information regarding trial rationale
· Information on application on TES therapy and commonly encountered issues

J3 Symptom Documentation
· Symptom diary week 1 – 6
· Adherence Diary week 1 – 6
· Adverse Effect Report Compilation
· 2 month phone call form
· Neurogenic Bowel Dysfunction Score
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Ethics Application


Application of TES or Sham Therapy - 6 weeks


Collection of post study data - 4 weeks


Analysis of Data - 4 weeks


Generation of Manuscript and Submission for Publication - 6 weeks


Recruitment
of participants
- Jan-Oct 2020
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C2. Diagnostic Criteria“ for Functional Constipation
1. Must include 2 or more of the following:”

a. Straining during more than one-fourth (25%)
of defecations

b. Lumpy or hard stools (BSFS 1—2) more than
one-fourth (25%) of defecations

c. Sensation of incomplete evacuation more than
one-fourth (25%) of defecations

d. Sensation of anorectal obstruction/blockage
more than one-fourth (25%) of defecations

e. Manual maneuvers to facilitate more than one
fourth (25%) of defecations (eg, digital evacu-
ation, support of the pelvic floor)

f. Fewer than 3 spontaneous bowel movements
per week
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