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Abstract

Introduction: We evaluated the safety and feasibility of high-intensity interval training via a
novel telemedicine ergometer (MedBIKE™) in children with Fontan physiology. Methods:
The MedBIKE™ is a custom telemedicine ergometer, incorporating a video game platform
and live feed of patient video/audio, electrocardiography, pulse oximetry, and power output,
for remote medical supervision and modulation of work. There were three study phases: (I)
exercise workload comparison between the MedBIKE™ and a standard cardiopulmonary exer-
cise ergometer in 10 healthy adults. (II) In-hospital safety, feasibility, and user experience (via
questionnaire) assessment of a MedBIKE™ high-intensity interval training protocol in children
with Fontan physiology. (III) Eight-week home-based high-intensity interval trial programme
in two participants with Fontan physiology. Results: There was good agreement in oxygen con-
sumption during graded exercise at matched work rates between the cardiopulmonary exercise
ergometer and MedBIKE™ (1.1 ± 0.5 L/minute versus 1.1 ± 0.5 L/minute, p= 0.44). Ten youth
with Fontan physiology (11.5 ± 1.8 years old) completed a MedBIKE™ high-intensity interval
training session with no adverse events. The participants found the MedBIKE™ to be enjoyable
and easy to navigate. In two participants, the 8-week home-based protocol was tolerated well
with completion of 23/24 (96%) and 24/24 (100%) of sessions, respectively, and no adverse
events across the 47 sessions in total. Conclusion: The MedBIKE™ resulted in similar physio-
logical responses as compared to a cardiopulmonary exercise test ergometer and the high-
intensity interval training protocol was safe, feasible, and enjoyable in youth with Fontan physi-
ology. A randomised-controlled trial of a home-based high-intensity interval training exercise
intervention using the MedBIKE™ will next be undertaken.

The Fontan surgery, serving as the final of three procedures that culminate in a total cavopul-
monary connection, has contributed significantly to the dramatic improvements seen in the
survival of patients with single-ventricle CHD physiology.1,2 With improved survival, there
has been an increased focus towards optimising physical functioning and quality of life in this
population.

Children with Fontan physiology have reduced exercise capacity compared with children
with healthy hearts.3 This is due to specific limitations in the patient’s cardiorespiratory circu-
lation, including a limited ability to generate adequate cardiac output during exercise, elevated
pulmonary vascular resistance, decreased lean muscle mass, and other variables, including the
impact of medications, non-cardiac conditions, and the presence of residual cardiac lesions.3

Parental attitudes and patient feelings of self-efficacy also play an important role in exercise
participation.4,5

Traditional exercise programmes involving moderate-intensity continuous exercise have not
consistently produced clinically significant improvements in exercise capacity in the Fontan
population.6–10 High-intensity interval training, consisting of short, intense bursts of exercise
interspersed with rest periods,11 is an appealing model to improve strength and fitness in paedi-
atric and adult populations. It repeatedly brings the individual close to or at their peak workload,
promoting superior training adaptations.12 To this end, in numerous paediatric11,13 and adult
populations,14–16 high-intensity interval training has yielded equivalent or better increases in
exercise capacity compared to moderate-intensity continuous exercise, while remaining safe
and well tolerated. To date, high-intensity interval training has not been evaluated in the
single-ventricle population, or any CHD population for that matter. Herein, we evaluated
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the feasibility and safety of a new home-based high-intensity inter-
val training programme in youth with Fontan physiology, using a
supervised video game-linked telemedicine ergometer known as
the MedBIKE™.

Methods

In collaboration with the Advanced Man-Machine Interface
Laboratory at the University of Alberta, a custom paediatric remote
cycle ergometer (MedBIKE™) was developed (Fig 1). This custom
telemedicine ergometer is linked to a video game platform and
allows networking for up to four participants per session. The
video game is interactive, and the user accrues in-game currency,
allowing them to “purchase” new animal avatars throughout the 8-
week programme. Music is played throughout the exercise session
that matches the cadence the participant should cycle at. During
high-intensity intervals, the complex, navigable environment is
replaced by a simple tunnel to ensure the participant is engaged
and to help prevent steering during high exertion. Medical super-
vision occurs via a live two-way audiovisual feed, providing
face-to-face communication, as well as electrocardiogram and
pulse oximetry monitoring. The MedBIKE™ allows live remote

modulation of participant workload throughout each session by
the supervising health care professional and communication of rel-
ative perceived exertion by the participant via a built-in tablet. The
MedBIKE™ has an accompanying user manual, and a technical
support group is available and aware of testing times. Health
Canada approval has been received for its home-based use
(Pro00057730). The current cost of each MedBIKE™ is approxi-
mately $4500 USD. Ethics approval was obtained from the
Research Ethics Board at the University of Alberta.

The study consisted of three phases. The first phase involved
comparing the exercise workload between the MedBIKE™ and a
standard cardiopulmonary exercise test cycle ergometer
(Ergoselect II 1200 Ergoline, Blitz, Germany). Healthy adult par-
ticipants were recruited within the Division of Pulmonary
Medicine, and the Division of Pediatric Cardiology, University
of Alberta. Following consent, 10 healthy adult participants com-
pleted 2 non-maximal graded exercise tests, 1 on a cardiopulmo-
nary exercise test cycle ergometer, and 1 on a MedBIKE™,
performed in random order with adequate breaks between the tests
(>60 minutes). Exercise tests consisted of a 2-minute steady-state
resting period followed by a 25-W stepwise increase in work rate
every 2 minutes until 125W. Oxygen consumption, carbon

Figure 1. The MedBIKE™ platform. (a) MedBIKE™with linked tablet and telemedicine system. (b) Built-in software on the supervisor’s end allows remote design andmodulation
of the exercise regimen. (c) A live audiovisual feed with oximetry and electrocardiography data is available for up to four participants at a time. (d) A more detailed telemetry
analysis is available. (e) Video game screenshots demonstrating the navigable environment during non-interval periods and the “worm-hole” tunnel to promote focus and less
steering during high-intensity intervals.
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dioxide production, and minute ventilation were determined
using expired gas breath-by-breath data (Encore229 Vmax,
SensorMedics, Yorba Linda, CA, USA).17 Delivery of exercise
workload was compared between the MedBIKE™ and cardiopul-
monary exercise ergometer primarily by comparingmeasured oxy-
gen consumption at a given power output, as described in the
Statistical Analysis section.

The second phase of the study involved the feasibility assess-
ment of a high-intensity interval training regimen for children with
a Fontan circulation. Eligible participants were those with Fontan
circulations between 10 and 18 years old. Those with known
arrhythmias, resting oxygen saturations <85% in room air, severe
ventricular dysfunction at their most recent clinical assessment, a
history of chest pain on exertion, or exercise restriction for any rea-
son by their paediatric cardiologist were excluded. All exercise
assessments were medically supervised.

Each participant underwent a baseline pulmonary function test
and cardiopulmonary exercise test assessment using a 10-W per-
minute ramp protocol to evaluate exercise capacity. Consistent
with standard guidelines,17 exercise workload was increased pro-
gressively, such that the exercise test lasted 8–12 minutes.
Oxygen consumption, carbon dioxide production, ventilation,
oxygen saturation, and blood pressure were monitored and
recorded throughout each exercise test. Key parameters obtained
from the cardiopulmonary exercise test included indexed peak
oxygen consumption, peak power output, and peak heart rate.
Participants returned at least 2 days following the cardiopulmo-
nary exercise test for their MedBIKE™ high-intensity interval train-
ing assessment. A baseline regimen was designed based on the
results of the baseline exercise test, consisting of a 5-minute
warm-up, seven 1-minute high-intensity intervals at 70–90% of
peak power output with 1-minute breaks at 40–50% peak power
output in-between, followed by a 5-minute cool-down (Fig 2).
To simulate the unique nature of the MedBIKE™ as a

telemedicine-equipped ergometer, the physician supervised the
session from an adjacent room. Therefore, all interactions, includ-
ing telemetry and oximetry monitoring between the participant
and the supervising physician, were through the telemedicine sys-
tem. A research assistant remained with the participant to obtain
blood pressure assessments and remain a direct point of contact as
needed. Relative perceived exertion on a 10-point scale was
obtained from participants via a built-in tablet MedBIKE™ soft-
ware. Interval intensity was modulated by the supervising staff
through each session based primarily on the relative perceived
exertion (goal 8–9), with the heart rate response (target 80–90%
peak heart rate) used as an additional measure of exertion, to
ensure a challenging yet achievable subsequent interval. All adverse
events were documented. In addition, any major adverse events,
including significant desaturations, chest pain, electrocardiogram
changes consistent with ischemia, reductions in blood pressure by
more than 20 mmHg, arrhythmias, or injury would result in imme-
diate stoppage of the exercise regimen and evaluation by the super-
vising physician with further consultation if necessary. Following
completion of theMedBIKE™ assessment, a brief questionnaire was
administered to the participant assessing ease of use of the
MedBIKE™, enjoyment, difficulty, and communication ease/bar-
riers (Supplementary File).

The third phase of the study involved assessing the feasibility of
an 8-week, three times weekly, home-based high-intensity interval
training programme. In addition to the inclusion and exclusion cri-
teria for phase II, eligible participants included those whose
parents/guardians committed to being available in person during
the sessions and consistently available by phone for communica-
tion with the research team and adequate space for installation of
the MedBIKE™ system. The preferred internet connection was one
that can sustain at least 5 Mbps down/5 Mbps up. For participants
without such internet connections, a temporary home internet
upgrade was subsidised as needed. Two participants with

Figure 2. High-intensity interval training protocol. Red bars indicate high-intensity intervals. The warm-up, rest periods, and cool-down were set at 40–50% of the peak power
output, based on the baseline cardiopulmonary exercise test. Intervals were set at 70–90% peak power output and were modified based on heart rate response and relative
perceived exertion (see text for details). Of note, for phase III, the warm-up and cool-down periods were modified to 3 minutes for each.
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Fontan physiology were recruited via convenience sampling, one of
which (Participant 2) had been a participant in phase II.
Appropriately sized MedBIKEs™ were installed at their home by
the research coordinator and one of the research team computer
scientists (WM) following a baseline cardiopulmonary exercise test
as described above for phase II. An onsite orientation was pro-
vided, including how to appropriately apply the pulse oximeter
and electrocardiogram stickers/leads, and the research coordinator
andWM remained present for the initial exercise session. Twenty-
four sets of disposable electrocardiogram sticker sets and one re-
usable oximeter were provided to each participant. A MedBIKE™
manual was provided for further reference as needed. A high-
intensity interval training program (as described in phase II,
Fig 2) was designed for each participant, with a 3-minute warm-
up and cool-down rather than 5minutes as in phase II to keep each
session under 20 minutes. A 20-point Borg relative perceived exer-
tion scale was used rather than a 10-point scale (as in phase II) to
provide improved precision in evaluating changes in perceived
exertion both within and across sessions.18 The relative perceived
exertion goal during intervals was 16–18. The interval intensity
prescription for each subsequent exercise session was based on
the achievements of the previous session, with an aim towards con-
tinuous improvement throughout the 8-week programme. Similar
to phase II, the remote supervising physician had a continuous
video feed of the participant with accompanied continuous oxime-
try and electrocardiogram monitoring, and all adverse events and
logistical issues were recorded. Each session required about a 30-
minute time commitment from the supervising physician and took
place at a dedicated laptop workstation with the necessary
MedBIKE™ software installed, with remote supervision possible
from the hospital office or home. Scheduling of sessions and res-
olution of scheduling conflicts that arose was facilitated by the
study research coordinator. Following completion of the 8-week
programme, a repeat cardiopulmonary exercise test was performed
within 1 week of ending the programme. The primary objective of
phase III was to evaluate the safety and feasibility of the home-
based MedBIKE™ high-intensity interval training programme.

Statistical analysis

Continuous demographic and clinical variables were described
using means and standard deviations or frequencies with percent-
ages, as appropriate. For phase I, a two-way repeated-measures
analysis of variance testing with Brown–Forsythe and Tukey’s

range testing was used to detect differences in measured indexed
oxygen consumption at various power outputs using the cardio-
pulmonary exercise test cycle ergometer and the MedBIKE™.

For phases II and III, oxygen consumption values were converted
to weight- and sex-based paediatric norms.19 For boys, the predicted
peak oxygen consumption was calculated as: peak oxygen consump-
tion (ml/min) predicted = (52.8 × weight(kg)) – 303.4; for girls the
calculation was calculated as: peak oxygen consumption (ml/min)
predicted= (28.5 ×weight(kg))þ 288.2.19 Peak predicted heart rate
was estimated using the Tanaka formula (208 – 0.7 × age).20 All
inferential statistical analyses were performed using SigmaPlot
Software version 13.0 (Systat Software Inc., San Jose, CA, USA),

Results

Phase I

Ten healthy adults (four female, mean age 31.7 ± 6.2 years) com-
pleted the comparison assessment between the cardiopulmonary
exercise test cycle ergometer and MedBIKE™. As expected, oxygen
consumption increased with intensity (p < 0.01); however, there
was no effect of condition (MedBIKE™ versus CPET) on oxygen
consumption, respiratory quotient, heart rate, or minute ventila-
tion response to workload (Table 1, Fig 3).

Phase II

Ten youth with Fontan physiology completed a cardiopulmonary
exercise test assessment and an individualised, in-hospital high-
intensity interval training session on the MedBIKE™ (mean age
11.5 ± 1.8 years, range 10–16 years old, 30% male, Table 2). The
mean baseline peak VO2 was 34 ml/kg/minute (88% predicted,
Table 2). All participants tolerated the high-intensity interval
training session with no adverse events. All 10 participants com-
pleted the post-testing questionnaire. Participants rated their expe-
rience on theMedBIKE™ favourably, with all participants finding it
more fun than the traditional cardiopulmonary exercise test cycle
ergometer, with a favourable user interface, appropriate difficulty,
and a sense that the MedBIKE™ experience had the participants
more likely to exercise compared with their experience on the
cardiopulmonary exercise test cycle ergometer (Table 3).

Phase III

Two participants, a 14-year-old male (Participant 1, diagnosis: tri-
cuspid atresia) and a 12-year old female (Participant 2, diagnosis:

Table 1. Delivery of exercise workload for MedBIKE™ and standard CPET ergometer*

VO2 (L/min) RQ HR (bpm) VE (L/min)

Power MedBIKE™ CPET MedBIKE™ CPET MedBIKE™ CPET MedBIKE™ CPET

Baseline 0.43 ± 0.16 0.39 ± 0.14 0.88 ± 0.09 0.88 ± 0.07 80 ± 10 86 ± 11 14.1 ± 3.8 12.8 ± 3.2

25 W 0.75 ± 0.13 0.67 ± 0.13 0.84 ± 0.03 0.87 ± 0.06 92 ± 12 94 ± 8 20.4 ± 3.2 18.8 ± 3.9

50 W 0.95 ± 0.10 0.95 ± 0.12 0.84 ± 0.04 0.89 ± 0.06 98 ± 13 104 ± 12 24.3 ± 2.8 24.8 ± 4.3

75 W 1.25 ± 0.17 1.25 ± 0.15 0.93 ± 0.07 0.97 ± 0.09 110 ± 17 117 ± 17 32.0 ± 4.0 34.2 ± 5.6

100 W 1.54 ± 0.17 1.51 ± 0.16 0.97 ± 0.08 1.02 ± 0.10 123 ± 21 132 ± 23 40.6 ± 5.3 42.6 ± 8.1

125 W 1.79 ± 0.23 1.79 ± 0.21 1.05 ± 0.12 1.05 ± 0.09 139 ± 29 144 ± 27 51.5 ± 10.0 51.6 ± 11.4

All values reported as mean ± standard deviation.
CPET= cardiopulmonary exercise test; HR= heart rate; RQ= respiratory quotient (VCO2/VO2); VE= ventilation; VO2= oxygen consumption.
*No main effect of condition (MedBIKE™ versus CPET) was observed for any measured physiologic variables (VO2 p= 0.44; RQ p= 0.20; HR p= 0.19; VE p= 0.75).
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double outlet right ventricle with hypoplastic left ventricle), com-
pleted the 8-week home-based MedBIKE™ high-intensity interval
training programme. Participant 1 completed 24/24 (100%) ses-
sions and Participant 2 completed 23/24 sessions (96%).
Participant 1 had an inter-current illness that resulted in tempo-
rarily pausing and extending the programme for 10 days.
Participant 1 had relatively low cardiorespiratory fitness at
baseline (peak oxygen consumption 51% predicted) compared
to Participant 2 who had normal exercise capacity at baseline (peak
oxygen consumption 111% predicted, Table 2). No adverse events
occurred for either participant in the 47 sessions. At the end of one
session, there was a temporary loss in the two-way audiovisual con-
nection for Participant 1. Participant 2 had inconsistent ST depres-
sion changes noted with exercise but this was not deemed to be
concerning for ischemia. Moreover, there were no symptoms con-
sistent with ischemia, including no chest pain. This was adequately
addressed by the MedBIKE™ technical support group and did not
recur. Electrocardiogram tracing artefact was typically amenable to
lead/sticker manipulation. Both participants increased their exer-
cise capacity parameters at the post-intervention cardiopulmonary
exercise test, including peak oxygen consumption (50% for
Participant 1 and 8% for Participant 2) and peak power output
(50% for Participant 1 and 8% for Participant 2) (Table 4).

Discussion

In the present study, we demonstrated that the physiological
responses on the MedBIKE™ were similar to a standard cardiopul-
monary exercise cycle ergometer (phase I), and that theMedBIKE™
high-intensity interval protocol was safe, feasible, and enjoyable in
10 children with Fontan physiology (phase II). Moreover, our pre-
liminary experience applying the MedBIKE™ high-intensity train-
ing protocol to an 8-week home-based programme in two
participants (phase III) suggests that this programme is safe
and achievable. Specifically, no adverse events were noted in
57 sessions across phases II and III. The telemedicine component
of the MedBIKE™, including the audiovisual, electrocardiogram

tracing, and oximetry connection, was consistent and reliable.
Importantly, the MedBIKE™ video game platform was able to
achieve excellent compliance (98%) in a demanding 8-week (24
sessions) programme. Moreover, the preliminary findings suggest
that the protocol may be effective in improving exercise capacity
parameters, though this requires further exploration. The findings
from the present study suggest that the MedBIKE™ high-intensity
training protocol can safely and reliably be applied to a home-
based programme for the Fontan population.

To the best of our knowledge, this is the first study to demon-
strate the safety and feasibility of a high-intensity interval training
programme in the Fontan population or the broader CHD popu-
lation. High-intensity interval training programmes are typically
shorter than traditional aerobic training11 and require minimal
equipment. This makes them particularly appealing for youth
and families, where time constraints and lack of access to facilities
may be key barriers to physical activity.11 Youth often require
vigorous physical activity to improve their exercise capacity.11

High-intensity interval training repeatedly brings the individual
close to or at their peak workload. By inducing greater cardio-
vascular stress compared with moderate-intensity continuous exer-
cise, high-intensity intervals promote superior training
adaptations.12 To this end, in numerous paediatric11,13 and adult
populations,14–16 high-intensity interval training has yielded equiv-
alent or better increases in exercise capacity compared to moderate-
intensity continuous exercise, while remaining safe and well toler-
ated in youth11,13 and adults.14–16 Moreover, high-intensity interval
training does not appear to impair systolic or diastolic function in
individuals with heart failure; rather, systolic and diastolic function
are improved in the immediate post-exercise period.21 While the
safety of high-intensity interval regimens have not been studied
in the Fontan population, other exercise interventions in this group
have consistently been shown to be safe and well tolerated, with no
direct major adverse events being reported to date.6,8–10 The findings
from the present study suggest that not only do youth with Fontan
physiology tolerate moderate-intensity continuous exercise and
other forms of submaximal exercise, but they also can safely partici-
pate in more intense regimens, including high-intensity interval
training. It is important to note that Participant 2 in phase III did
have inconsistent ST depression noted with exercise. This was felt
to be non-specific and not consistent with ischemic changes. To this
end, ST changes are known to commonly occur with exercise in
youth with Fontan physiology and typically do not reflect myocar-
dial ischemia.22 This is an important consideration and a potential
limitation in the remote monitoring of youth with Fontan physiol-
ogy participating in a home-based exercise programme.

In the Fontan and broader CHD population, early exercise
interventions typically focused on moderate-intensity continuous
exercise and demonstrated either modest or no improvements in
exercise capacity.7,9,10 More contemporary studies incorporated
static/resistance training components with mixed results.7,9,10

Gomes-Neto et al., in the only meta-analysis on the subject, dem-
onstrated an increase in peak oxygen consumption of 3.7 ml/kg/
minute (95% confidence interval 1.58–5.78) in five studies that
used peak oxygen consumption as an outcome.6 Given the incon-
sistent and generally modest improvements in exercise capacity as
a result of moderate-intensity continuous exercise-focused exercise
interventions in the Fontan population to date, evaluation of new
exercise strategies in this population is warranted.

Exercise interventions can either be facility- or home-based.
Facility-based programmes are often impractical or inaccessible
for patients and families, involving significant time and financial

Figure 3. Delivery of exercise workload for MedBIKE™ and standard cardiopulmonary
exercise test (CPET) ergometer. VO2 = oxygen consumption. p= 0.44.
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costs, particularly for those living in more remote communities,
resulting in suboptimal attendance.7,23 This is particularly relevant
for Canadian paediatric heart centres, as they provide regionalised
care serving many patients and families living remotely.24 Home-
based programmes present a more practical and attractive alterna-
tive. However, home-based programmes, by their nature, sacrifice
the ability for real-time supervision of safety, technique, and
compliance. Such programmes traditionally have relied on
weekly phone calls or visits to monitor participant progress.25,26

Lomgmuir et al. evaluated a 12-month parent-led home-based pro-
gramme for youth with Fontan physiology aimed towards improv-
ing physical activity and demonstrated sustained improvements in
moderate-vigorous physical activity.27 This programme, however,
was longer and more resource-intensive than typical clinical car-
diac rehabilitation programmes. The MedBIKE™ presents a unique

opportunity to leverage existing technologies to provide a super-
vised yet convenient and challenging programme for youth with
Fontan physiology. In addition, the video game component may
demonstrate increased physiologic responses during exercise28

and improved adherence and outcomes,29 as previously demon-
strated in healthy participants.

Numerous studies have demonstrated that youth with CHD,
including the Fontan population, have suboptimal physical activity
levels, falling short of existing recommendations.4,30–32 This
reduced physical activity may be due in part to restrictions
imposed by the child’s cardiologist, parents, teachers/coaches,
and/or themselves,33–35 as well as numerous perceived barriers
by the youth themselves.5,36–38 Fortunately, clinical recommenda-
tions have shifted from one of activity restriction to activity pro-
motion in the CHD population.39 Importantly, youth with CHD

Table 2. Fontan participant characteristics and cardiopulmonary exercise test data (phase II)

Cardiopulmonary exercise test data

ID
Age
(year) Sex

Ht
(cm)

Wt
(kg)

Systemic
ventricle
(RV or
LV)

Baseline
SPO2

Function (via
echo) Fenestration

Vasoactive
medication

HR
baseline
(bpm)

Peak HR
(% pred)

Peak VO2 (ml/kg/
min) (% pred)

Peak power
output (W)

1 12 M 155 44 LV 86% Normal No No 61 117 (59%) 37 (80%) 85

2 10 F 141 36 LV 90% Low-normal Yes No 109 150 (77%) 36 (99%) 69

3 16 F 152 47 RV 90% Mildly decreased No Enalapril 114 188 (96%) 28 (81%) 92

4 10 F 144 33 RV 88% Normal Yes No 94 191 (95%) 39 (105%) 78

5 12 F 141 38 LV 95% Normal No No 99 167 (84%) 30 (83%) 80

6 12 F 136 27 RV 99% Normal No Enalapril 69 79 (40%) 32 (82%) 70

7 10 M 145 36 RV 91% Normal No No 75 115 (57%) 32 (72%) 74

8 11 M 140 34 LV 90% Normal No No 111 150 (75%) 37 (84%) 71

9 11 F 141 35 RV 94% Normal No No 108 178 (89%) 32 (87%) 73

10 11 F 146 33 RV 97% Normal No No 113 176 (88%) 39 (105%) 76

HR = heart rate; Ht= height; LV= left ventricle; pred= predicted; RV= right ventricle; SPO2= oxygen saturation; VO2= oxygen consumption; Wt=weight.

Table 3. MedBIKE™ user experience questionnaire results

Participant

Compared with CPET,
MedBIKE™ (1: far less fun;

5: far more fun)

Set-up and user
interface

(1: complicated;
5: easy to use)

Exercise difficulty
(1: too difficult; 3:

just right;
5: too easy

Communication with remote
exercise supervisor
(1: too difficult;
5: very easy)

Video game (1: too
boring; 5: very fun)

Compared with CPET,
MedBIKE™ (1: less

likely to
exercise; 5: more
likely to exercise

1 4 3 3 3 2 4

2 5 3 3 5 5 4

3 5 3 4 5 4 3

4 5 4 3 3 5 4

5 5 5 2 5 4 4

6 4 5 2 5 4 4

7 4 5 2 5 3 3

8 4 5 3 5 4 4

9 5 5 3 Missing 5 5

10 5 5 2 5 5 5

Mean 4.6 4.3 2.7 4.6 4.1 4.0

CPET= cardiopulmonary exercise test.
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often have poor self-efficacy towards physical activity,40 which
itself is an important predictor of physical activity participation.4

The MedBIKE™ high-intensity interval training protocol, through
repeated supervised exercise sessions at maximal intensity, may
enable youth and their parents to have improved self-efficacy
towards exercise that, in turn, may yield long-term improvements
in physical activity.

The reduced exercise capacity associated with Fontan
physiology3,8 is due in part to suboptimal stroke volume
adaptations and blunted heart rate response.3 To this end, 5 of
the 10 participants in phase II of the study had a peak heart rate
<80% predicted. Despite this, in the present study, the mean peak
oxygen consumption of the 10 participants in phase II was 88%
predicted for normal, suggesting that the study cohort was more
fit compared with the general paediatric Fontan population.
This may reflect volunteer bias and is a limitation that must be
considered when interpreting the results of the study, as youth with
higher baseline fitness may have been more interested in partici-
pating in this exercise-related study compared to their less-fit
counterparts.

There are other limitations that also should be considered when
interpreting the study results. Healthy adult controls were
recruited for phase I, rather than Fontan participants, for conven-
ience purposes and as we were evaluating the MedBIKE™
technology, and not unique physiology, for this phase. For the
questionnaire, multiple questions compared the MedBIKE™ expe-
rience to that of the prior cardiopulmonary exercise test, which
had the added feature of oxygen consumption and carbon dioxide
production measurement. As such, the participants had an
uncomfortable mouthpiece and headgear on throughout the
assessment, likely reducing its enjoyability. The two participants
in phase III demonstrated the safety and feasibility of applying
the MedBIKE™ high-intensity interval training protocol as a
home-based exercise programme. However, the safety and compli-
ance demonstrated in these two participants do not indicate that
the programme will be equally tolerated and feasible in other youth
with similar physiology, including those with neurodevelopmental,
behavioural, or cognitive disorders. Therefore, rigorous safety
monitoring and individualised communication and trouble-
shooting approaches will continue to be applied for each partici-
pant moving forward. Finally, a series of exclusion criteria were
employed in order to safely evaluate a home-based programme
in youth with Fontan physiology. Therefore, while the exclusion
criteria are largely in keeping with previous exercise interventions
and clinical paediatric cardiac rehabilitation programmes, the

study findings may not be applicable for all children with
Fontan physiology.

Conclusions

TheMedBIKE™ is a novel telemedicine exercise ergometer that dem-
onstrates excellent agreement with respect to delivery of exercise
workload when compared with a cardiopulmonary exercise cycle
ergometer. A high-intensity interval training protocol using the
MedBIKE™ in a paediatric Fontan population appears to be feasible,
safe, and enjoyable. This is supported by the successful completion
by two participants of a home-based high-intensity interval regimen.
High-intensity interval training is a promising exercise strategy that
may yield important improvements in exercise capacity in a
population that previously has had inconsistent responses to more
traditional aerobic exercise protocols. To this end, a randomised-
controlled clinical trial evaluating the impact of the home-based
MedBIKE™ high-intensity interval training protocol on exercise
capacity, physical activity levels, and self-efficacy towards physical
activity in the CHD population will next be undertaken.
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