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ABSTRACT
Background
The present study focuses on assessing the physical activity level of children with Fontan circulation for Hypoplastic Left Heart Syndrome, and identifying potential barriers and facilitators toward their participation in physical activity. 
Patients and Methods
Seven children aged 5 to 16 years (mean(SD) 8.8 (3.7) years) with a Fontan procedure for HLHS, their parents (n=7) and siblings (n=1) were recruited. Data were collected using a mixed-methods approach: (i) children wore an activity monitor for 7 days to record physical activity, with sedentary time and level of activity calculated from accelerometer data; (ii) children completed a bespoke questionnaire recording limitations in physical activity; (iii) parents completed a semi-structured interview discussing perceptions about their child’s physical activity participation. Qualitative data were analysed using thematic analysis.
Results
[bookmark: _Hlk117505961]Activity monitors data recorded highly active children with a mean(SD) of 153(36) minutes/day spent in moderate-to-vigorous physical activity. Time spent in sedentary behaviour was also high (57.5% of total accelerometer wearing-time). Four key themes relating to parental perceptions of physical activity were identified: (i) A new lease of life –post Fontan; (ii) Setting limits – managing limitations; (iii) The wider world – how others set limits; and (iv) “I fear the future” – parental concerns. 
Conclusion
Following completion of the Fontan circulation, children engaged in higher levels of physical activity in comparison to the national average. However, more than half their time was spent in sedentary behaviour. Fears and anxiety from parents and teachers may act as a barrier toward physical activity participation.
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INTRODUCTION
[bookmark: _Hlk117690427]Congenital heart disease (CHD) is a broad term that defines a range of conditions involving the structure of the heart  present at birth1. CHD is the most common type of birth defect, affecting around 8/1,000 babies born in the UK2. Hypoplastic Left Heart Syndrome (HLHS) is a severe defect, where the left-sided structures of the heart are severely underdeveloped, leaving the right ventricle as the only functional pumping chamber of the heart.HLHS, accounts for 2-3% of all CHD and if left untreated leads to heart failure and death in the first weeks of life3.  After birth, the neonate will present with cyanosis, failure to thrive, tachypnoea and lethargy4. Treatment involves a series of staged surgical interventions aiming to use the only functioning ventricle (right) to support the systemic circulation, while the systemic venous return is redirected to the lungs, bypassing the heart5. This is achieved with the Norwood sequence (involving three stages): Stage I, uses the Right Ventricle to pump blood systemically via a common outlet provided by a reconstructed aorta together with the pulmonary artery, while pulmonary blood flow is provided by a systemic to pulmonary shunt; Stage 2 occurs at around 3-4 months of age when the systemic to pulmonary shunt is exchanged for a Glenn Shunt, where the superior vena cava is redirected to the pulmonary artery; and Stage 3, the Fontan procedure, to redirect blood from the inferior vena cava to the pulmonary artery via a conduit. Thus, the systemic venous return is separated from the pulmonary venous return avoiding intracardiac mixing of blood and cyanosis. Despite advancements in treatment and surgical techniques during the last 30 years6, children and adults with HLHSstill report several physical limitations during daily activities, a reduced exercise capacity, and a poorer quality of life overall7.

Physical activity plays a fundamental role in childhood development,  contributing to healthy growth8; improved cardiovascular fitness; and quality of life. For children with CHD, these benefits may be heightened9. However, children diagnosed with CHD (irrespective of complexity) usually report more sedentary behaviours compared to peers, and reduced physical activity participation10. This worsens with age and disproportionately affects girls, and those from areas of higher deprivation10. Several barriers to physical activity participation, such as social stigma and parental overprotection, have been identified in children with CHD11. Currently, there is no consensus on what constitutes optimal activity levels. However, based on evidence from other chronic conditions, an individualised approach to physical activity, with adaptation over the life-course is likely to be beneficial12. 

The aim of this study was to explore the engagement in physical activity and activity levels in these children, and how family social functioning/lifestyle acts as barriers or enablers.

PATIENTS AND METHODS
Data were collated via a combination of activity monitors, questionnaires and semi-structured interviews. 
Participants
Children with a Fontan circulation for HLHS, aged 5-16 years were identified via a research database at AlderHey Children’s Hospital, and social media between June 2021 and March 2022. Each participant received information explaining the study. Written consent was recorded from participants aged 16 years and older, with assent from those<16 years.  Inclusion criteria comprised diagnosis of a single ventricle heart pathology in the child, and subsequent Fontan circulation. 
Data Collection
Data collection comprised three stages: (i)children wore an activity monitor for ≥7 days; (ii)children and siblings (if any) completed a bespoke questionnaire (10-15 minutes to complete); and (iii)parents completed a semi-structured interview (20-30 minutes). 
Activity Monitors
Physical activity was monitored using a tri-axial accelerometer (Actigraph wGT3x-BT) worn on the right hip for 7 consecutive days, with removal for sleeping and water-based activities. Times the device was worn were recorded manually. Accelerometer non-wear time was defined as 60 consecutive minutes of zero counts/min-113. Data were considered for analysis if there was >7 hours of wear time per day14, for a minimum of 4 days, including at least one weekend day15. 
Activity Monitors’ Data Analysis
The ActiLife software, version 6.2 (ActiGraph, Florida) was used to download the data and perform scoring and wear-time validation analysis. Raw acceleration data were converted to 60s-epoch activity count data (counts∙min-1). Physical activity intensity was based on the following cut points (counts.min-1)16: light (≥150), moderate (≥500), and vigorous (≥4000). Total time (minutes) spent in the above thresholds was calculated (Figure 1).
Children/Siblings questionnaire
Two questionnaires were developed: one for children with CHD, and one for siblings. Questionnaires comprised two sections: (i)multiple choices questions based on “emoji scores” 17 and (ii)free narrative section where the child could describe daily routines. For children with CHD, the questions (Supplementary Table S1) related to aspects of daily life, providing insight into barriers/facilitators in physical activity. The sibling questionnaire, enabled the children to record the impact of their siblings’ condition on their life.  Questionnaires were developed and piloted with a dedicated Patient and Public Involvement group.
Children/Siblings’ Questionnaire Analysis
The results of the questionnaires were reported using descriptive statistics. No formal statistical significance testing was undertaken due to small numbers. 
Parents’ interviews
The interviews explored parental experiences, particularly the impact of CHD on family activities, daily activities, sport, and physical activity. A semi-structured interview format was utilised, with each interview lasting   ̴30 minutes.
Parents’ interview analysis
Interviews were digitally recorded and transcribed verbatim. Data was analysed in accordance with the 6-step thematic analysis18. All transcripts were read by three researchers (DGL/DAL/RRL) and discussed in dedicated meetings.
Results
Participants
Fifteen participants were recruited, 7 parents and 7 children (3 girls/4 boys), ranging from 5-16 years (mean (SD) 8.8 (3.7) years; one aged>11 years). Only one sibling was recruited and therefore this data was excluded to ensure confidentiality. 
Activity Monitors 
All children wore the activity monitors for ≥7 hours per day. Mean daily sedentary time (ST) over 7 days (including two weekend days) was higher (57.5% of wear time) than mean daily total activity (TA) time (42.5% of wear time). Mean (SD) daily time spent in moderate-to-vigorous activity was 153 (36) minutes (26.5% of the total wear time) (Figure 1). No difference in activity level was observed between weekdays and weekends(Table 1). 

Children/Siblings questionnaires
Results from children’s questionnaires are presented in Figure 2. Physical activities of interest suggested by the children (H.7–Supplementary Table S1) were dance (33%), short walks (17%), and climbing (17%).
 
Parents’ interviews
Data generated from six interviews (one interview undertaken with parents together) were analysed. Four key themes were identified. A new lease of life – post Fontan highlights the impact of the surgery on physical activity engagement by children following completion of the Fontan circulation.  Setting limits – managing limitations explores the different mechanisms through which families managed physical activity with a child with a single ventricle. The wider world – how others set limits examines the way in which the community affects engagement in physical activity in children with a single ventricle. Finally, I fear the future – parental concerns examining fears and anxiety that parents experience in relation to their child’s condition. 
A new lease of life – post Fontan
All the parents spoke about the positive impact of the Fontan circulation on their child’s ability to engage in physical activity. Post-surgery, parents reported that their child was less exhausted and had fewer limitations in physical activity participation:
“Before his operation he was taking Wednesday off as he was exhausted. After the operation he is in full time school, he keeps up with his peers. I’m thrilled about it”[05 Mother]
Prior to completion of the Fontan circulation, cyanosis on exertion was common. Parents frequently described these changes as visible indicators of the child’s limitations, providing a measure of how much a child could do. 
“He would join PE, but his teachers are really aware of his condition, so if his lips get blue or if he gets breathless, then they make sure he sits down and rest.”[09 Mother]
However, these external markers disappeared post-surgery, and changed the way the child was perceived. 
“Since he started school, it shocked the people I tell it to, they are like “has he?!”. This because he is doing just fine… he doesn’t look like he has got a heart condition. People are very shocked”[05 Mother]
For some parents, this raised concerns that their child risked being pushed too hard when it came to engaging in physical activity:
“He had some swimming lessons at a sport facility and the instructor was like ‘ok, ok, I got it’ [referring to #03’s condition] and then one day she [the instructor] pushes (#03)too much and (#03)is like ‘I am not coming again’… because she [the instructor] just did not get it…”[03 Mother]
Setting limits – managing limitations
Parents managed their child’s condition in different ways, influencing the way in which limits were imposed and the way the child was included in their activities as a family. In general, the parents interviewed recognised the importance of physical activity to improve their child’s fitness and cardiovascular health:
“When she got 6 months old I would let her participate in ‘water babies’, which I thought was a good respiratory training… and from there I always tried to keep her active.”[01 Mother]
For some parents, this meant supported the child to effectively judge when to push themselves, as well as when to stop and have a quick break: 
“He self-manages himself very well. So, he understands his limitations and knows when he has to stop, … he does self-manage very well.”[03 Father]
On occasions this could mean pushing their own concerns away and allowing the child to make their own decisions.
“If he want to do something we completely let him do that, even if sometimes we caught us thinking ‘uhm… not so sure about that… it could be dangerous…’ “[03 Mother] 
However, other parents reported a more risk-averse approach, stepping in when they perceived their child was overdoing things:
“He just keeps going, to the point I have to tell him ‘come and get your drink, you are getting very hot’”[05 Mother]
All the parents discussed their attempts not to treat their child differently to their siblings. However, for some families, this meant adjusting activities to enable the child to participate: 
“We are very active, really…But when #03 was 3 he was riding a quad bike because there was a significant difference in mobility… he couldn’t keep up with his brother and his cousins …” [03 Mother]
Conversely, others reported adapting family activities to their child’s condition, thereby avoiding activities that could potentially exhaust their child:
“We don’t tend to do anything in the evening as a family because of #09 limitations. What we don’t want to do is to tire him out to the point where he can’t attend school the next day.” [09 Mother]
Additional limitations to engaging in physical activity were associated with environmental factors, such as temperature:
“He struggled a little when he joined the football team, and it [the training] was outside and was in the winter… and he got too cold even if he had thermal clothes on, we had to stop him from continuing with the training." [08 Mother]

The wider world – how others set limits
Parents spoke about a spectrum of approaches to managing engagement in physical activity at school.  For some, it was treated as a risky activity by the school, resulting in limitations placed on the child. 
“School, obviously there was always the risk assessment… I mean, why shouldn’t she do PE? You know, she can sit down if she needs to rest… I don’t see the point to limit her participation i.” [01 Mother] 
For others, whilst the child was included in activities, they were identified as ‘disabled’ by the teacher: 
 “At school they were letting them have a race and were trying to make it even for everyone […] and they had to wear a head-band to let the other boys know they had to give them a chance in the race, but he literally outraced everyone” [05 Mother]
In contrast, other children were trusted by their parents and teachers to self-manage. 
“They know he has a problem, but I don’t think it worries them at all [in limiting what he can do], so I don’t think they are limiting him but as soon as he says ‘I would like to sit down for a minute’ they are quite happy to allow him to step back.”[03 Father]
Fear for the future – parental concerns
Uncertainty about the future, led all interviewed parents to express fear, with most of them preferring to live in the present and not talk/think about the future.  
"I think it is quite hard to know what to plan for the future not knowing how much time we have got with them [their children]…"[09 Mother]

DISCUSSION
The children recruited for this study reported an average daily physical activity higher than the minimum recommended by the national guidelines, but also a high proportion spent in sedentary behaviours. The interviews highlighted different mechanisms for managing their child’s level of physical activity. Whilst some parents supported the child in self-managing activities, others felt it necessary to impose limitations to protect their child. This was confounded by the spectrum across which the wider community perceived their child, either adding to restrictions, or being unaware of the child’s limitations. Whilst the children were all much more active following completion of the Fontan circulation, parents had ongoing concerns over the future. 

Evidence examining engagement and perception of physical activity in children with a Fontan circulation is limited.  This study demonstrated an average daily moderate-to-vigorous activity more than 2.5 times the recommended 60 minutes for children and adolescents19. Other observational studies measuring physical activity in healthy children in England20,21 suggest that only 31% of boys and 22% of girls aged 4-15 years in England20, and 27% of children living in the North-West21 meet recommended levels of daily physical activity. Moderate-to-vigorous activity has been shown to decrease with age, with children aged 4-7 averaging 124 minutes per day (boys) and 101 minutes (girls), dropping to 52 (boys) and 28 (girls) minutes in those aged 12-15 years20. Data derived from the CHD population is variable, with some evidence of reduced physical activity levels and increased sedentary behaviour22, while others have shown that despite a CHD diagnosis, children are meeting physical activity recommendations23 with no significant differences in sedentary time24. Sedentary behaviour in children has been identified as a risk factor for obesity and cardio-metabolic diseases25 which may disproportionately impact those with CHD26, further reducing physical fitness and negatively impacting quality of life.27 Physical activity interventions have shown to increase the submaximal cardiorespiratory fitness in children with CHD28. However, children with HLHS represent the highest risk group among CHD and further studies are required to assess the effects of physical activity/exercise intervention in this population before making appropriate recommendations.

Parental attitudes to physical activity were predominantly positive, although approaches to moderating exertion differed. The impact of parental fears and anxiety on physical activity are well documented,29 with a positive parental attitude toward physical activity important in promoting self-efficacy in CHD children.30 Parental perceptions of staff attitudes, suggests teachers often adopt a precautionary approach to physical activity in children with CHD. Since children spend a considerable proportion of their waking time at school,31 limiting physical education and other play activities may significantly impact overall physical activity levels. Perceived risk of physical activity in children with CHD therefore needs to be more widely addressed, with effective support in place for schools and families. 

Study limitations
The sample size is small, although acceptable as a pilot study.  Geographic diversity of the sample was limited, and participation was likely to be biased towards families who had a more positive attitude towards physical activity. Additionally, activity level of the children in the sample may have been modified by observation (Hawthorne effect).
PRACTICAL IMPLICATIONS
[bookmark: _Hlk117516625]Although the level of sedentary behaviour of children in this study was similar to their healthy peers, the children spent a significant time sedentary. Reducing sedentary behaviour is crucial in preventing co-morbidities and further reducing quality of life in this cohort26. Children with HLHS (and CHD in general) have been shown to have a reduced exercise capacity32, which has been linked to reduced neurodevelopment33. Physical activity increases exercise capacity for children with single ventricle heart disease32, and has also been shown to potentially reduce NT-proBNP levels (markers of cardiac stress) in these children34. Despite this, physical activity participation is still restricted in these children due to healthcare professionals and parents’ concerns regarding safety35. Further studies that assess the long-term effects of physical activity in children with CHD are required28, with appropriate assessment of cardiorespiratory fitness pre- and post-intervention. Engaging the whole family in physical activity36, and reducing barriers through increased awareness of the beneficial effects, and safety of physical activity, are the first steps to improving physical activity participation. 

CONCLUSION
Children with a Fontan circulation appear to participate in physical activity commensurate with national recommendations, with similar time spent engaged in sedentary behaviours. Parents’ support and external influences (e.g., teachers/relatives) play an important role in supporting engagement in physical activity. Increased awareness of the safety and effectiveness of physical activity in children with CHD amongst parents, supported by educational materials around physical activity for the wider community are needed to promote greater engagement. Further studies to investigate interventions that promote physical activity participation and the long-term effects of physical activity in this population are required. 
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