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1. Background Information and Scientific Rationale
1.1 Background Information

Physically Active Play is Critically Important for Children

Active play is critically important for young children® 111820 3¢ it is the foundation for childhood
socialization. It provides emotional, psychological and cognitive benefits® and is essential for childhood health?,
and biological and psychosocial development® 2%, Through active play, children develop skills, endurance,
coordination, strength?? and readiness for academic learning?3. As such, physical activity is highly correlated with
childhood health? and quality of life®. The physical health benefits of active lifestyles are widely recognized,
including decreased atherosclerosis, diabetes and obesity risk?® 2!, Active lifestyles also provide important
emotional health benefits; improved perceived well-being, self-esteem, self-efficacy, and academic/cognitive
performance? 24 The evidence-based Canadian 24-Hour Movement Guidelines!* recommend at least 180
minutes of physical activity per day in the early years (< 5 years of age)*. There is evidence that physical activity
declines from 3 years of age'?, although Canadian children 18-59 months of age typically perform 232 (218, 246)
minutes per day®.

Children with CHD are More Sedentary

We measured daily physical activity among 127 children with CHD (58 female), 30+11 months of age,
finding that their mean light + moderate + vigorous physical activity was 109£37 minutes per day. Children were
enrolled from 1 to 3 years of age and followed to 5 years of age (HSFC grant #G-13-0002720, Pl: Longmuir). We
assessed children with CHD not requiring treatment (n=41), CHD treated without cardiopulmonary bypass
(n=22), CHD treated with bypass (n=40) or an innocent heart murmur (n=24). At 12 to 18 months of age, the
boys (n=11, 76-124 mins) and girls in our study (n=9, 92-149 mins) had activity levels that were similar to data
for healthy infants (n=28, 94-142 mins®°). However, the healthy comparison group was considerably younger
(mean age 9.5 months (range 4 to 15)). Since activity levels increase with age in infancy (as children learn to walk
and crawl), it is of concern that the older infants seen in our cardiac clinic had activity levels comparable to much
younger children. Lower activity levels were also observed among our patients 18 to 59 months of age (boys:
n=58, 141-163 mins; girls: n=49, 134-155 mins) compared to their healthy peers (n=232, 218-246 mins)%.
Importantly, most of our patients did not achieve the 180 mins/day recommended for optimal health*. Some
have suggested that parental overprotection is a contributing factor to these sedentary lifestyles?®.

Children with CHD are at Increased Risk for Sedentary Lifestyle Morbidities

Motor skill delays and inactive childhoods triple the risk of sedentary lifestyles?’. Children with CHD have a
high risk for motor skill delays?® 2° affecting behaviour and visual-motor learning®®34. These deficits impact
academic learning, communication and the perceptual- and visual-motor coordination needed for successful
participation in active peer play. CHD treatment can also increase cardiovascular morbidity risk. For example,
blood flow or coronary artery abnormalities increase atherosclerosis risk3> and many CHD diagnoses are
associated with systemic hypertension or decreased ventricular function®. Studies suggest that the abnormal
myocardium among patients with CHD, and the ischemic stress during surgical procedures, may further increase
their risk for hypertension, diabetes and obesity®.

Children with CHD also have a high risk for psychosocial distress and reduced quality of life. Meta-analyses
indicate psychological adjustment problems in 20% to 50% of patients; most commonly internalizing symptoms
(anxiety, depression and withdrawal)®’. These concerns increase with age, and we have demonstrated that they
are associated with reduced emotional quality of life*®. Unfortunately, the hypoactive lifestyles of children with
CHD limit their access to the mental health benefits provided by physical activity®’. Given sedentary lifestyles®,
motor skill deficits®*® and psychological problems®” in children with CHD and considering the emerging evidence
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of a physical activity->heart health->quality of life relationship, enabling physically active lives and age-
appropriate motor skills among young children with CHD is extremely important.

Children with CHD Could be Active

Although most older children and adults with simple or complex CHD are more sedentary than healthy
peers?® 4041 exercise®?, fitness'®*3, or movement skill training®® improves their performance. Objective
measures consistently indicate a small proportion (5% to 10%) of children with CHD, even those with the most
complex form of CHD*, achieve the daily physical activity recommended for their age®. Given they respond to
interventions and those with complex CHD can achieve the recommended daily physical activity, we expect their
sedentary lifestyles are not solely attributable to their heart malformation. We hypothesize CHD treatment and
limitations reduce active play opportunities, delaying motor skill development® %1820 and preventing active
lifestyle habits from being established in early childhood.

Changing Parent and Child Perceptions

The hypoactive lifestyles** among children with simple or complex CHD are suggested to result from
limited self-efficacy for physical activity**, parental overprotection?® or perceptions of the child as fragile*% %2,
Increasing activity self—efficacy through rehabilitation is recommended for these children. Our research?’
suggests children and parents are often uncertain about appropriate physical activity for the child with CHD.
Uncertainty naturally leads to caution, and eventually a more sedentary lifestyle. We hypothesize that the time
of CHD treatment is particularly sensitive for an intervention targeting physical activity habits because activity
uncertainty peaks as activity limits are expected to change, highlighting the need for enhanced physical activity
support. Parents expect the child’s capacity for physical activity will change after treatment, but remain
uncertain of how/when it will change or how treatment/recovery will impact the child. Since uncertainty and
overprotection are not limited to children with the most complex forms of CHD, we also hypothesize that it is
important to examine the physical activity and motor skill of all children with CHD, irrespective of the specific
heart defect.

Sedentary Lifestyle Habits are Difficult to Change

Although childhood physical activity begins to decline at 3 to 5 years of age'* 3, interventions to enhance

active lifestyles among older children have had little to no effect*®. Duppen and colleagues® found no change in
daily physical activity despite improvements in cardiorespiratory fitness in their sample of adolescents and
young adults with CHD. A 1-year physical activity intervention implemented by Longmuir et al*? initially
increased daily physical activity. However, 12 months post-intervention activity had declined, although not to
the extent expected with participants’ increasing age. With evidence that activity tracks from childhood to
adolescence?!, interventions are required that target very young children so that active lifestyles can be
established before sedentary lifestyle habits emerge.

1.2 Rationale for this Study

Physically Active Lifestyles are Critically Important for Children with CHD

Twelve per 1000 children, or 3,500 Canadian children born each year?, live with congenital heart defects
(CHD)2 Treatment strategies are now exceptionally successful with over 90% of infants with CHD surviving to
adulthood®. Given this dramatic reduction in mortality, our focus must switch from enabling survival to
helping these children thrive! Thus, research addressing important morbidities must be given the highest
priority. Older children and adults with simple or complex CHD typically have hypoactive lifestyles* and higher
rates of diseases associated with sedentary lifestyles®, such as atherosclerosis, anxiety and depression®”. Since
childhood physical activity is essential for normal development?8, provides the foundation for childhood
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socialization and quality of life®, and habits track from childhood throughout life'?, ensuring active lifestyles is
critically important for children with CHD.

Sedentary Lifestyle Habits of Children with CHD Start in Infancy

Childhood physical activity decreases with increasing age'!, with the decline beginning as early as 3 years
of age'* 3, Our 5-year observational study of physical activity and motor skill in young children with CHD (HSFC
grant #G-13-0002720, PI: Longmuir) suggests they do not achieve the 180 mins of daily activity recommended
for optimal health!* even with age-appropriate motor skills (manuscript in preparation). Longitudinal analyses
indicate that physical activity at the first study visit was strongly associated with activity at subsequent study
visits. That the most sedentary children assessed in infancy continue to be the most sedentary children at school
age suggests that an effective intervention to enhance active play and prevent sedentary lifestyles must target
children with CHD in infancy.

Optimal Timing of an Intervention
Before Treatment

We hypothesize that intervening during the treatment (via surgery or oW EHD
catheterization) and post-treatment recovery phase would be optimal for
changing physical activity habits among young children with CHD. Prior to

treatment, activity limits are clear. The dramatic extent of change after Treatr'"t
treatment and the need for added limits early in recovery can lead to parent 6-week Recovery
uncertainty about the child’s capacity for physical activity. Providing an Movernent with
intervention as part of treatment recovery would support parents through [m
these changes, enabling them to establish appropriate active lifestyle

expectations and habits for their children and emphasizing that activity is not

only safe and appropriate, but also very important for their child’s recovery
and health.

How to be
active within

Post Recovery

Understand new Building age
appropriate

capabilities

We have shown a post-operative physical activity program, implemented through parent-led exercise
done at home, enables children with CHD to achieve normal fitness levels, regardless of defect severity or type
of surgery (repair or palliation)®®. These normal fitness levels were maintained 5 years post- intervention?®.
Importantly, the home-based program benefits accrued even if the child performed the exercises only 1 or 2
days per week; suggesting that the long-term fitness benefits were likely due to changes in habitual activity or
perceptions of the child’s capacity for exercise rather than physiological exercise training effects. However,
these studies were completed when CHD treatments were performed after 5 years of age. Currently, treatment
occurs very early in life, typically prior to 1 year of age for surgeries or prior to 3 years of age for treatments via
cardiac catheterization. Although we have shown that parents of children with CHD 12 to 24 months of age are
able to implement play-based interventions at home?’, that pilot study focused on age-appropriate motor
development so the effectiveness of such an intervention for promoting recommended daily physical activity is
unknown.

Gaps in Knowledge Prevent RCT Planning

Although we hypothesize that a 6-month intervention at the time of CHD treatment would effectively
enhance the physical activity habits of these young patients, we currently lack the data required to plan a
randomized controlled trial of such an intervention. Parents enthusiastically volunteered for our pilot study of a
parent-led intervention on the motor development of young children with CHDY, with the trial being fully
enrolled less than 1 week after trial information was disseminated by cardiologists. However, that study
targeted only children 12 to 24 months of age with very severe forms of CHD who are known to experience
substantial motor skill deficits. In addition, the intervention was limited to 10 weeks, the study required only
baseline and end-of-intervention assessments and families were not involved in CHD treatments at the time of
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study participation. We do not know if parents of younger infants and those with less severe forms of CHD
would be willing to enroll in a 6-month intervention at the time of treatment (i.e., recruitment feasibility). We
also require evidence to support the feasibility, and parent and healthcare professional acceptance of
completing recruitment and baseline assessments within the 4-6 week interval between scheduling of treatment
and treatment date. Data on intervention efficacy and compliance, and the willingness of patients to be
randomized to either intervention or control conditions are required to calculate an appropriate RCT sample
size. Data on the time to contact, enroll, and assess patients, as well as the time required to develop and
implement each child’s intervention are also required.

2. Study Objectives

Feasibility Outcomes to Generate RCT Hypotheses

This feasibility study will provide the data required to conduct a randomized controlled trial of a post-
operative physical activity intervention among infants and young children with CHD. The research question for
the RCT would be: Does a 6-month, home-based, parent-led, kinesiologist-designed physical activity program,
completed immediately after surgical or catheterization treatment, enable young children with CHD to achieve
the recommended 180 minutes of daily physical activity?

To prepare for the RCT examining intervention efficacy, this study will evaluate the feasibility of
participant recruitment, data collection procedures and outcome measures, the acceptability and suitability of
the intervention, and the resources required. We will also gather preliminary efficacy evidence of response to
the intervention, and professional and parent perceptions of study burden. This feasibility trial is also designed
to reveal unforeseen problems and provide an opportunity to find appropriate solutions that would optimize the
RCT design.

2.1 Primary Feasibility Objectives

To assess the feasibility of conducting a RCT to determine the impact of a 6-month physical activity
intervention immediately after CHD treatment, we will determine the following metrics:

1) Feasibility of participant recruitment:

a) # of patients treated per month, % ineligible, % willing to enroll, % missed, % who withdraw,
b) willingness of parents to be randomized to either intervention or control study groups,

¢) inclusion/exclusion criteria clear and sufficient or too inclusive or restrictive,

d) healthcare professionals ability to facilitate pre-treatment recruitment,

e) reasons for study refusal or ineligibility.

2) Data collection procedure feasibility:

a) % of patients with complete pre-treatment data,

b) time available prior to treatment for baseline data collection,

c) % of parents able to complete child accelerometer wear for 7 days,

d) % of control and intervention patients who complete all data collection sessions,

e) frequency of missing data due to medical condition/treatment, child cooperation, or other reasons,
f) parent and healthcare professional perceptions of time and burden for data collection.

3) Feasibility of physical activity intervention

a) retention and follow up rates for the intervention group,

b) % compliant with intervention and rate of adherence (# of sessions per week),
c¢) parent perceptions of the appropriateness, time and burden of the intervention.
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4) Resources to conduct the RCT

a) staff time required to identify, consent and follow patients and perceived burden of study activities,
b) space available for baseline testing,

c) kinesiologist time required to create and support parents in leading individualized interventions.

2.2 Secondary Efficacy Objectives
We will conduct a preliminary assessment of efficacy outcomes using the following metrics:

5) Promise of intervention

a) Time required after cardiac treatment intervention for child to achieve age-appropriate motor skills (Peabody
Developmental Motor Scales — 2),

b) Examination of participant-level activity data suggest the intervention is likely to be successful,

¢) Changes in outcome variables are in the expected direction,

d) Estimates of effect size suggest intervention has promise.

6) Sample size calculations

a) Change in daily minutes of physical activity from before the cardiac treatment intervention to the
achievement of age-appropriate motor skills (7-day accelerometry)

b) Change in motor skill and daily physical activity for 6 months after achievement of age-appropriate motor
skills (i.e., end of intervention)

3. Eligibility Criteria

3.1 Inclusion Criteria

a) Female or male at least 3 months of age but not more than 72 months of age (upper age limit for valid
Peabody Motor Development Scales-2 assessment)

b) Receiving elective treatment via cardiac surgery (Dr. G. Maharajh) or catheterization intervention (Dr. S. Lee)
for CHD at the Children’s Hospital of Eastern Ontario.

3.2 Exclusion Criteria

a) Genetic conditions or physical disabilities impacting motor development (e.g., Down syndrome)
b) Emergency treatment for child in critical condition

¢) Medical care not compatible with study assessments

d) No independent limb movement.

4. Study Design

This feasibility study includes comprehensive measures of motor skill and physical activity, uniquely
intervenes at a very young age, and targets the high risk status for sedentary lifestyles of children with CHD. The
lack of existing data or previous research on active play among infants during recovery from CHD treatment
limits our ability to evaluate intervention effectiveness in an appropriately powered RCT. This study will provide
essential data on patient recruitment, data collection procedures, the proposed physical activity intervention
and resources required to enable the design of an RCT to evaluate play-based, parent-delivered interventions
optimized to support age-appropriate physical activity and motor skills among young children with CHD.
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5. Expected Duration of Subject Participation

Each participant will be enrolled for 12 months.

6. Study Procedures and Evaluations

Based on hospital records, we expect 85 children will have cardiac surgery and 15 children will have a
catheterization intervention during the study recruitment period. Of these, 80% will be less than 72 months of
age. In our previous studies > 70% of families agreed to enroll, thus providing an initial sample of 56 study
participants. In our intervention studies < 15% have withdrawn, therefore we expect complete feasibility data
for 48 participants to conduct our assessment. Participants will be randomly assigned, in random blocks of 4 and
8, in a 3:1 ratio to the intervention (n=36) or control (n=12, standard care but no intervention) study group and
documented according to the CONSORT guideline®®.

6.1 Participant Identification & Recruitment

The research team will review the list of scheduled treatment procedures weekly, as the lists become
available, to identify patients who meet the study eligibility criteria. Eligible participants will be contacted by a
member of the circle of care when the treatment date (surgery or catheterization) is scheduled; 4 to 6 weeks
prior to the procedure. The clinical staff will ask parents if they are willing to speak with the researcher after
details of the treatment date/plan are provided. Alternatively, the study information can be sent by mail
(Appendix Q), and then the research team will follow-up with a phone call to eligible families, two weeks after
the letter is sent. If parents agree, the researcher will contact them to provide information about the study
(Appendix H) and will send them a copy of the consent (Appendix A) if desired. If parents’ consent to the child’s
study participation, written informed consent for the research will be obtained during the first study visit, which
will occur in conjunction with the pre-treatment clinic visit (i.e., families do not have to make an extra trip to
CHEO for the research study assessment). Given the young age of the participants, willingness to do the study
activities will indicate assent.

All children enrolled in the study will receive the standard of care for their treatment procedure and complete
four study visits. Study visit #1 (consent, baseline assessment) will occur during the mandatory pre-treatment
clinic visit, which is typically 1-2 weeks prior to treatment. Visits #2, #3, and #4 will occur 7 weeks and 6 and 12
months after treatment, respectively. After visit #1 is complete, children will be randomized to either the
intervention or control study group. Control participants will follow the same schedule of assessments but no

intervention will be provided.
Tx date set

The week 7 post-intervention visit corresponds to a regular post-

treatment follow up appointment and is also when post-operative activity o —
T i Pre Tx clinic with

restrictions (which allow the sternum to heal) are removed. The 6-month S
visit, also often corresponding to a follow-up in clinic, will evaluate motor [ = ][Imewenﬁon]
skill and physical activity changes at the end of the individualized physical e
activity intervention. The final assessment, 12 months after treatment, will TR Fimcues
provide preliminary efficacy data for the sustained impact of the

intervention. —
Week 7 Visit #2

The intervention group will complete individualized, parent-led, home and
play-based activity plans for 6 months, beginning as soon as the child returns
to the inpatient unit (i.e., not in ICU). While in hospital, the kinesiologist will
deliver the intervention daily, encouraging child/parents to enhance limb
range of motion, midline crossing, and recovery of pre-treatment mobility. ol Vi
Prior to discharge, the kinesiologist will give the parents a home mobility

6 months Visit #3
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intervention to follow until the week 7 visit. The home mobility intervention will be similar to the in-hospital
activities with the addition of motor skill development activities that do not require upper body weight bearing
or lifting and are appropriate to the child’s baseline assessment results. The kinesiologist will contact parents
weekly to provide support and assess adherence. At the week 7 visit, the first four weeks of the individualized
activity plan will be provided. It will be designed to enhance the child’s movement skills and daily activity beyond
their week 7 assessment results. The kinesiologist will demonstrate the planned activities and educate parents
on implementing the activities through active play. After the week 7 visit, the kinesiologist will contact parents
every 2 weeks to provide support and obtain feedback on the child’s progress. New individual activity plans will
be provided every four weeks until the 6-month study visit. The kinesiologist will assess the ability of parents to
lead the play-based activities as intended at each visit and monitor home-based adherence to assess
intervention fidelity.

All children (intervention and control) will complete all outcome measures at or after each 1-hour assessment
visit. Children will be given an omni-directional accelerometer to wear on a waist-worn belt for 7 days after each
visit, including 2 weekend days, to assess daily physical activity. Parents will be requested to position the
accelerometer over the right hip, in the mid axillary line. Movement skills will be assessed with the Peabody
Motor Development Scales (version 2). Parents will complete a demographic questionnaire, the Pediatric Quality
of Life Inventory (PedsQL®?) proxy report for toddlers/young children (Appendix I, K, L), the Social Skills
Checklist>?(Appendix J), Parenting Stress Index: short form®>3 (Appendix E), and parents of children 4 years or
younger will complete the Infant Quality of Life assessment (Appendix M). 100mm visual analogue scales will be
used to assess parent perceptions of the child’s activity and skill relative to peers (below/above), activity and
skill relative to optimal levels (below/above), and activity implications of the child’s CHD diagnosis and
treatment (uncertain/clear, very limited/none). The child’s medical history will be extracted from the medical
record (Appendix F).

6.2 Assessments

Motor Development: Children will be evaluated with the Peabody Developmental Motor Scales — 2>, a valid and
reliable (test-retest ICC = 0.97%%) measure of motor development from birth to 5 years of age that is sensitive for
detecting change over time>®. The child is asked to perform a series of play-based activities (building blocks,
reading books, jumping, etc.) beginning with activities that a child of similar chronological age would be
expected to perform successfully. The activities are then made progressively more or less difficult until the
actual skills of the child are determined. The Peabody has previously been used to assess children with heart
problems?” %5,

Demographics and Parent Perceptions: Cardiac treatment history will be compiled from medical record reviews.
Data extracted will include diagnosis, age at and time since repair, type of repair, length of hospital stay(s),
frequency and type of complications/hospitalizations, current medications, and any physical activity restrictions.
Parents will complete five questionnaires:

1) demographic (age, gender, # of siblings, family income, parent education, child illness/hospitalization or
medication/treatment changes outside of our institution, language spoken at home)

2) Pediatric Quality of Life Inventory (PedsQL) Parent Proxy Report for Toddlers (standardized measure of
physical, emotional, social and school/daycare quality of life widely used with children with CHD>?). Children 5
years of age and older will also complete the Peds QL child report (Appendix K).

3) Social Skills Checklist>? to assess the child’s skills and interactions with peers

4) Parenting Stress Index: short form>3 (PSI) as a measure of parent stress during the child’s treatment and
recovery.

5) Parents of children 4 years and younger will complete the Infant Quality of Life questionnaire (ITQOL-47;
Appendix M)
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Children 0-4 years of age questionnaires: Demographic, Peds QL Parent Report, Social Skill Checklist, Parenting
Stress Index and Infant Quality of Life.

Children 5-6 years of age questionnaires: Demographic, Peds QL Parent Report, Peds QL Child Report, Social Skill
Checklist and Parenting Stress Index.

We will use the demographic questionnaire developed for our longitudinal study (HSFC grant #G-13-
0002720, Pl: Longmuir) to obtain parent perceptions regarding the child’s physical activity participation
(Appendix B). Parent reported activity restrictions will be compared to medical record activity restrictions as an
index of overprotection. Scoring of the PedsQL, Social Skills Checklist, Parenting Stress Index and ITQOL-47 will
follow published procedures. All parents who do not complete the study and 10 parents randomly selected from
those with complete data will be asked to complete an exit interview. The semi-structured interview guide will
ask for the positive aspects of the study and how it could be improved. The interviews will be audio-recorded
and transcribed for inductive qualitative analysis to better understand their perceptions, barriers and facilitators
to study completion.

Physical Activity: Each child will wear an Actical Z series accelerometer (memory > 190 days) on a waistband
under the child’s outer garments®®. The goal is accelerometer wear 24 hours per day for 7 consecutive days to
minimize potential data loss (monitor forgotten, activity before or after a nap, etc.). The Actical Z series can be
worn for swimming or bathing. Parents will record wear, nap and sleep times, and reasons for device removal on
a log sheet (Appendix G). Established cut points® will be used to calculate daily minutes of sedentary and
light+moderate+vigorous activity. At least 3 weekdays and 1 weekend day of valid data (at least 5 hours of
recorded movement data not including sleep and nap times®®) will be required®. Accelerometers measure
activity intensity in children without?® and with heart problems®, distinct from emotional or medication
influences on heart rate. Children not yet independently mobile (i.e., cannot roll over, crawl or walk) will not
wear an accelerometer but will complete the Peabody Motor Development Scales-2

6.3 Intervention

Each child receiving CHD treatment randomized to the intervention group will be provided with 6 months of
parent-led, home and play-based activity plans. The activities in the plan will be tailored to each phase of
treatment (in hospital, discharge to week 7, week 8 to 6 months), follow a standardized format and provide
content individualized to each child’s age and previous visit assessments.

In-hospital: The in-hospital intervention (see Appendix C for sample plan) will begin when the child returns to
the regular hospital ward from the ICU. Play activities will focus on maintaining or regaining range of motion
(upper and lower limbs) and supporting midline crossing (e.g., hand clapping, reaching for toys). Resumption of
the motor skills and mobility demonstrated prior to treatment will be encouraged once all treatment equipment
(e.g., chest drains) has been removed.

Discharge to Week 7: A range of motion and mobility intervention will be provided. It will be similar to the in-
hospital plan but with the addition of lower body mobility activities to encourage movement skill development.
Upper body weight bearing and lifting activities are restricted for children undergoing surgical treatment until
the week 7 evaluation (for sternal healing). The kinesiologist will monitor/adjust the child’s physical activity on a
weekly basis until activity is unrestricted (i.e., after week 7).

Week 7 to 6 Months: Once physical activity is unrestricted, parent-led, home and play-based weekly plans
(effective in our previous research?’) will be desighed by the kinesiologist to encourage active lifestyle habits
(see Appendix D). Each plan will be individualized to the child’s age and assessment results. A new set of
progressive activity plans will be provided every four weeks until the end of the intervention (6 month visit),
using parent feedback regarding the child’s progress and the attainment of age-appropriate motor skills. The
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kinesiologist will also educate parents about their child’s assessed and desired level of daily physical activity and
support parents as they implement the activity plans at home.

Kinesiology Support: Ms. Miranda DiGasparro, Kinesiologist and Research Assistant, will see children daily during
their hospitalization, working with parents to implement the child’s personal activity plan. Collaborative
implementation will enable the kinesiologist to ensure accurate performance of target movements and answer
parent questions. From discharge to week 7, the kinesiologist will contact parents weekly to answer questions
and adjust the activities as needed to ensure they remain appropriately challenging and interesting as the child
recovers, grows and develops. After the week 7 visit, Ms. DiGasparro will prepare individualized activity plans
that progress activity type and difficulty. Each plan will reflect that child’s baseline and week 7 assessment
results and the goals of developing recommended daily activity habits and age-appropriate movement skills. The
kinesiologist will contact the family every two weeks to obtain feedback on each individualized plan and make
adjustments to the plans as necessary. A new set of four weekly plans will be sent to the family each month until
the 6-month study assessment.

6.4 Feasibility Study Timelines

Study Activity Jul 2020 to Jun 2021 Jul 2021 to Jun 2022 Jul 2022 to Jun 2023
Ethics Approval
Recruitment
Intervention
Assess #1 (base)
Assess #2 (wk 7)
Assess #3 (6 mo)
Assess #4 (post)
Data Analyses
RCT Design

7 Potential Risks & Benefits
7.1 Risks

There are no known ethical barriers or potential harms recognized for this study as the assessment activities
replicate childhood play. The Peabody Developmental Motor Scale — 2 (Peabody), is a valid and reliable measure
of motor development from birth to 5 years of age??, that is comprised of a series of play-based activities
(building blocks, reading books, jumping, etc.) that the child is asked to perform. All assessments have previously
been used, by ourselves and others, among children with simple and complex CHD. Accelerometers have also
been extensively used to measure the physical activity of young children, including toddlers, and are approved
by Health Canada as safe and effective for hospital use.

Patient participation will not require any change to the child’s medical treatment. The cardiologist
responsible for the child’s care will approve their enrolment into the study and their continued participation
prior to each study visit. The responsible cardiologist will also specify any medically necessary activity
restrictions that apply to the child.

The potential discomforts associated with this study are primarily related to the demands of the motor skill
assessments. During each assessment, children will be asked to perform tasks expected for their age, as well as
tasks expected for younger and older children, in order to properly evaluate their current level of development.
We anticipate that some parents may be uncomfortable watching their child attempt tasks that the child is not
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yet maturationally-ready to perform. Children may also experience some discomfort if they are unable to
perform an activity successfully (e.g., unable to retrieve a toy of interest).

We do not anticipate potential harms or discomfort associated with the wearing of the accelerometer.
Actical accelerometers are waterproof to a depth of 10 metres, and therefore are safe for bathing, swimming
and water play. The Actical is designed for use during high intensity physical activity. The force required to crack
the sealed case would be well beyond what a child could generate. The belt for wearing the accelerometer will
be individually sized for each child at each study visit to ensure that there are no loose ends or sections of strap
that could pose a choking or strangulation hazard. The accelerometer belt can be worn over the child’s under
clothes, minimizing the potential for skin irritation from the strap rubbing during movement.

The inconveniences associated with participating in this research include the time required to attend study
visits, the effort required to have the child wear the accelerometer belt and then return the accelerometer by
mail after each assessment, and the time required to answer the parent questionnaires. Those randomized to
the intervention group will also be required to complete the play activities with their child.

We anticipate that there will be no potential harms associated with participation in this project. There are
no known consequences for children or families who choose not to participate in this research.

The discomforts associated with being approached to participate in the study may include the perception
that non-participation would negatively impact current or future care. In order to address this issue, each family
will be clearly told that their decision regarding whether to participate is entirely voluntary, that choosing not to
participate will have no impact on their current/future care by their physician, other collaborating cardiologists
or anyone at CHEO.

7.2 Benefits

The participants may benefit from the satisfaction of knowing that they are contributing to our
understanding of physical activity among children with CHD. It is also possible that study participants may
benefit in the longer-term, if the intervention is successful and aids in their achievement of a healthy, active
lifestyle. Understanding their limitations and abilities will better support children with CHD and their families to
adopt healthy, active lifestyles.

Participants will be reimbursed for the parking costs associated with the study assessment visits. Upon
completion of the study participants will be given a $50 gift card, an End of Study Letter (Appendix R) in
appreciation of their time and effort, their child’s results of their study participation (Appendix S), and an
explanation of the assessment results (Appendix T).

8 Statistical Plan
8.1 Sample Size Determination

Based on hospital records, we expect 85 children will have cardiac surgery and 15 children will have a
catheterization intervention during the study recruitment period. Of these, 80% will be less than 72 months of
age. In our previous studies > 70% of families agreed to enroll, thus providing an initial sample of 56 study
participants. In our intervention studies < 15% have withdrawn, therefore we expect complete feasibility data
for 48 participants to conduct our assessment. Participants will be randomly assigned, in random blocks of 4 and
8, in a 3:1 ratio to the intervention (n=36) or control (n=12, standard care but no intervention) study group and
documented according to the CONSORT guideline®°.

Change in physical activity and motor skill effect sizes by study group will indicate potential intervention
impact, be used to calculate sample size for a fully-powered RCT, and confirm that changes in outcome variables
are in the expected direction.
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8.2 Feasibility Outcome Assessment and Analyses

Data from the total population treated for CHD at our site (medium patient load) over the study recruitment
period will be used to inform the design of the planned future multi-centre RCT. The Research Coordinator will
track all study details and patient interactions, including participation changes, information inquiries or time
required. Feasibility outcomes (participant recruitment, data collection procedures, intervention delivery, RCT
resources) will be assessed and calculated. Based on our previous intervention trials with children with CHD,
recruitment will be considered feasible if > 60% of families are willing to enroll and < 20% of patients are
ineligible, missed or withdrawn. Inclusion criteria will be revised if > 5% of patients require an MD consult to
determine eligibility. Data collection procedures will be feasible if > 80% of participants have complete pre-
treatment data, including accelerometer wear, and the scores from parents and healthcare professionals
indicate that both the time and burden of data collection are acceptable (> 60 mm on visual analogue scale).
Less than 20% of participants will have missing data or data collection sessions during study participation. The
intervention will be feasible if < 20% of families withdraw prior to study completion, and > 70% of families
complete the activities at least 3 times per week. The resources to conduct the RCT will be feasible if adequate
space is available for 100% of baseline testing sessions and the Research Coordinator has sufficient time to
identify, consent, assess and intervene with all children receiving CHD treatment.

8.3 Efficacy Outcome Assessment and Analyses

The same graduate student, blind to study group allocation, will conduct all assessments at each visit. To
minimize family impact, baseline efficacy outcomes will be assessed 1 to 2 weeks prior to the CHD treatment
date, in conjunction with the child’s pre-treatment clinic visit. Subsequent assessments will occur during week 7
post-treatment (post-op/post-cath visit and when activity restrictions for acute post-operative recovery end),

6 months post-baseline (post-cath visit and end of the intervention) and 12 months post-baseline (annual clinic
visit; 6 months without intervention).

Motor Development: The Peabody is comprised of 6 standardized subtest scores which each have a mean score
of 10 points: reflexes (child<12 months of age only), locomotor, stationary, grasping, object manipulation and
visual motor integration. Gross motor (object manipulation + locomotor + stationary (+reflexes if <12 months of
age); mean 30 or 40 points), fine motor (visual motor + grasping, mean 20 points) and total motor quotients
(gross + fine; mean 50 or 60 points) are calculated as scores standardized by chronological age. As such, the
motor quotients will remain the same over time if the child is acquiring skills at a developmentally appropriate
rate. If the child’s skills increase more rapidly than would be expected due to normal development the motor
qguotient would increase.

Demographics and Parent Perceptions: We will use the demographic questionnaire developed for our
longitudinal study (HSFC grant #G-13-0002720, PI: Longmuir) to obtain parent perceptions regarding the child’s
physical activity participation (Appendix B). Parent reported activity restrictions will be compared to medical
record activity restrictions as an index of overprotection. Scoring of the PedsQL, Social Skills Checklist, ITQOL-47
and Parenting Stress Index will follow published procedures. The exit interviews will be audio-recorded and
transcribed for inductive qualitative analysis to better understand their perceptions, barriers and facilitators to
study completion.

Physical Activity: At least 3 weekdays and 1 weekend day of valid data (at least 5 hours of recorded movement
data not including sleep and nap times>®) will be required®®. Although some movement detected by the
accelerometer will be attributable to the child’s caregiver (e.g., lifting the child or walking while carrying the
child), the impact of caregiver movement should be similar in both intervention and control groups. In our
studies, accelerometer malfunction occurs in 1% of assessments and < 20% of families forget the monitor on one
or more dates, although 24-h wear time minimized this risk in our previous study (HSFC grant #G-13-0002720,
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PI: Longmuir). To date, all families in our studies have been willing to replace missing data by repeating the
monitor measurements within 1 to 2 weeks, ensuring a complete data set for analysis.

Frequency tabulations and descriptive statistics (mean+SD or median [q1, g3] as appropriate) will describe study
participants. Logistic regression will evaluate study visit when (week 7/6 mos/12 mos) age-appropriate
movement skills (Peabody Total Score < 1 SD from mean) are achieved adjusting for age, sex and
intervention/control. Repeated measures ANOVA will evaluate change in physical activity, adjusting for age, sex
and study group (intervention/control). Change in physical activity and motor skill effect sizes by study group will
indicate potential intervention impact, be used to calculate sample size for a fully-powered RCT, and confirm
that changes in outcome variables are in the expected direction.

8.4 Protocol Deviations

Any and all deviations will be reported to the REB in a timely manner.

9. Data Handling and Record Keeping

9.1 Data Management Responsibilities

Personal Health Information will not be released externally and will be stored securely at all
times. Mobile devices (e.g., laptops, USB keys, PDAs) that contain study information will be stored securely.
Study data stored on these devices will be de-identified as much as possible. Electronic files stored on mobile
devices will be password-protected, and encrypted.

9.2 Confidentiality & Privacy Protection

The data collected through this study will be confidential. All conditions of Bill 49, the Municipal Freedom
of Information and Protection of Privacy Act 1989 and the Tri-Council Policy Statement on Research Ethics
(Version 2) will be respected. Research participants will be identified only by a coded subject identification
number that is not linked to personal identity. ID codes will not be based on date of birth, ethnicity, hospital
record number or residency. All hard copies of the research study data will be stored in a locked cupboard in a
locked office in the CHEO-RI (research data). Electronic copies of the research data will be password protected
and stored on the CHEO-RI internal computer system (REDCap or HALO drive). Only the research team will have
access to the research data. The list linking subject identification numbers to the research study participants
(e.g., hospital unique number used to retrieve data from the medical record) will be kept separate in a
password-protected and encrypted document. The only identifiable information collected during this study will
be the child’s name, parent name and contact information. This information will be kept separate from the study
data, on a master list linking the study ID numbers with participant names. The names and contact information
will be used to contact families during the study (e.g., to schedule assessment visits, monitor intervention
compliance or to notify families if an intervention session has to be postponed due to weather). The only limits
to the confidentiality of the research data will be in relation to legal proceedings requiring the data to be
released, or in the event of imminent harm to self or others. The data may also be reviewed by members of the
Research Ethics Board at the Children’s Hospital of Eastern Ontario as part of auditing procedures to ensure
study compliance with privacy laws and established Canadian research procedures.

9.3 Record Retention

Research study records will be retained for 7 years after study closure and final publication of study results.
Electronically stored information will be verified and validated for accessibility and correctness every 3 years.
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10. Budget & Finance

This project is funded by a 3- year grant-in-aid from the Heart and Stroke Foundation of Canada.

Budget Summary Year 1 Year 2 Year 3 Total
Personnel $70,000 $73,200 $76,500 $209,500
Benefits (28%) $16,800 $17,360 $17,920 $52,080
Supplies $12,935 $9.180 $3.530 $33,097
Travel $0 $0 $2.000 %2.000
Total $99,735 $99,740 599,950 $299.425

11. Dissemination \ Publication Plan

This

hypothesis-generating feasibility study will enable the design of a randomized controlled trial to

evaluate physical activity intervention impact during CHD treatment recovery. Clinicians will learn of the
feasibility results and planned RCT at a Grand Rounds presentation. All eight Canadian institutions that treat CHD
will receive a written project summary. Families will receive assessment outcomes for their children and study
results via the Healthier CHEO Kids web site (www.cheori.org). Scientific conferences (e.g., Canadian
Cardiovascular Congress) and peer-reviewed journal publications will disseminate feasibility project results and
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