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THE PROBLEM

• 4 centers, n=321

• Age 21+/-9 years

• Fontan completion 
7.1 =/- 5.9 years

• Included 
atriopulmonary as 
well as 
cavopulmonary 
anastomosis

Diller et al.,  Eur Heart J 2010



THE PROBLEM

Goldberg et al., Ped Card 2021

• 95 cases with paired tests from 
Fontan 1 to Fontan 3 study with 
RER> 1.1 at both time points

• Percent (%) predicted VO2 at peak 
exercise and at the Ventilatory 
Anaerobic Threshold (VAT) declines 
over time



THE PROBLEM
• Systematic review: 7 eligible articles with ≥ 30 subjects and ≥16 yo

• Peak VO2 (percent predicted VO2) was diminished in all studies

• Peak VO2 (percent predicted VO2) as predictor of mortality/transplant was 
inconsistent between studies

• Decline in VO2 in serial studies associated with mortality/transplant

Udholm et al., Open Heart 2018



THE PROBLEM

• Systematic review: 7 eligible articles with ≥ 30 subjects and ≥16 yo

• Peak VO2 (percent predicted VO2) was consistently associated with 
morbidity, particularly cardiac hospitalizations

Udholm et al., Open Heart 2018



THE REASONS

• Absence of a sub-pulmonary pump
• “Ceiling” of central venous pressure

• Limited ability to augment stroke volume in response to demand

• No pulsatility with diminished recruitment of pulmonary bed

• Low cardiac output

• Chronotropic incompetence

• Cyanosis

• Restrictive lung function

• Reduced skeletal muscle mass Rychik et al Circ 2019



THE PAST: 1994

Graham et al., JACC 1994



THE PAST: 2015

• ACC/AHA Scientific 
Statement 2015

• Eligibility and 
Disqualification 
Recommendations for 
Competitive Athletes 
with CVS Abnormalities: 
Task Force 4: Congenital 
Heart Disease



THE PAST

© 2015 by the American Heart Association, Inc. and the American 

College of Cardiology Foundation.



CONSEQUENCES: INACTIVITY

McCrindle et al Arch Dis Child 2007

• 147 patients ages 7-18 yrs

• Measured time spent in moderate to vigorous physical activity by accelerometry

• Not related to self-reported activity levels



CONSEQUENCES: MYOPENIA
• Leg lean mass in 50 Fontan patients ≥ 5yrs

• Peak VO2 by CPET in 28 cases

Avitabile et al, Congen Heart Dis 2014



WHAT WERE WE WORRIED ABOUT?

• SUDDEN DEATH

• Long term effects



CARDIAC REHABILITATION: IS IT SAFE?

• Literature does not report sudden death associated with exercise

• Meta-analysis of 16 prospective intervention studies

• NO significant exercise-induced adverse events.

Scheffers et al., Eur J of Preventive Cardiology 2020



ACTIVE PATIENTS HAVE BETTER PEAK VO2

• 112 Fontan with max effort on CPET

• 22 had peak VO2 ≥ 80% predicted 
(High Capacity Fontan, HCF)

• Multivariable analysis associated with 
peak VO2:

• Self-reported active life-style

• Ventricular systolic function

• Physically active = regular attendance 
at fitness classes or moderate to 
vigorous exercise ≥ 4 days/week for 
≥ 30 min

Powell et al., Canadian J of Cardiol 2020



ACTIVE PATIENTS HAVE BETTER PEAK VO2

• 115 patients with complete 
extracardiac conduit Fontan had 
CPET

• 6-20 years, average 12.8 years

• Participation in sports clubs in 
middle (junior high school) and high 
school “not highly recommended” 
but 23% reported participating 
anyway.

Kodama et al Ped Cardiol 2018



WHAT ARE OUR PATIENTS DOING?

Pierick et al., Cardiol Young 2024  



WHAT ARE OUR PATIENTS DOING?

Pierick et al., Cardiol Young 2024  



WHY AREN’T THEY MORE ACTIVE?

Pierick et al., Cardiol Young 2024  



EXERCISE: YES! BUT HOW?



EXERCISE: YES! BUT HOW?

• We have to believe in it!



EXERCISE: YES! BUT HOW?

• TALK ABOUT IT!



FONTAN OUTCOME NETWORK (FON): PHYSICAL 
ACTIVITY AND IMPROVEMENT PROJECT

• Assess and Support Physical Activity

• Assess current physical 
activity levels using the 
PROMIS physical activity 
assessment tool

• Review and discuss the 
PROMIS score with patients 
and families



FONTAN CARDIAC REHABILITATION

Inspiratory 
Muscle 
Training

Lower Extremity 
Resistance Training

Aerobic Training



CARDIAC REHAB: TYPE OF INTERVENTION 
(OUTCOME = PEAK VO2)

Luna van de Ven et al., Medicina 2024

Aerobic

Resistance

IMT

Aerobic + Resistance

Aerobic + IMT

Overall

0



CARDIAC REHAB: BEST LOCATION?
(OUTCOME = PEAK VO2)

Luna van de Ven et al., Medicina 2024

Home-based

Supervised

Hybrid

Overall

0



TOOLS TO AUGMENT PARTICIPATION

• Commercial wearables

• Immediate feedback to patient

• Proprietary algorithms

• Research grade wearables

• 3 axial acceleration data to measure 
physical activity

• Collect data 10-200x/second

• Raw data collection allows application of 
different (and known) algorithms to 
quantify physical activity



TOOLS TO AUGMENT PARTICIPATION

• Apps

• Setting goals/schedules

• Tracking activity

• Communication

• Instructional videos

• Customizable to programs



TOOLS TO AUGMENT PARTICIPATION

• Incentives

• Gain-framed: awards accumulated if behavior 
change goals achieved

• Loss-framed: upfront endowment with 
deductions if goals not achieved

• Competition

• Individual or group

• Gamification



NEW TRIALS

Frontiers in Pediatrics 2022



NEW TRIALS

• 110 Adolescents and Adults (16-55 yrs)
• Gym-based: MVPA 3x/wk, 4 mos, 

supervised groups in local facility
• Telehealth: MVPA 3x/wk, 4 mos partially 

supervised
• Usual care

• 70 children (10-15)
• Exercise training program: 1x/wk, 4 mos 

in person, small local groups, and tasks to 
complete

• Usual care

• Detailed evaluation at enrollment
• 4 month intervention
• 8 month maintenance phase

• Repeat evaluations at 4 and 12 months

Tran et al., Frontiers in Pediatrics 2022



NEW TRIALS

Tran et al., Frontiers in Pediatrics 2022



NEW TRIALS

Scheffers et al Frontiers in Peds 2022

Goals:
1. Limitations to PA in 

children with different 
chronic diseases

2. Effects of tailored 
exercise regimen, 
possibly with dietary 
advice and/or 
psychological counseling
 



NEW TRIALS
• 150 Fontan patients (9-19 yrs): RCT into intervention or usual care

• Intervention:

• Live-video-supervised exercise sessions in small peer 
groups: 3x/wk, 3 mos

• Maintenance: live-video 1x/wk, independently 2x/wk

• Exercise includes aerobic and resistance training

Tierney et al.,  Am Heart J 2023



NEWEST TRIAL: FONTAN FITNESS AT CHOP
• Randomized case-control (n=120)

• Home-based, wearable device

• App for schedule, instructions & videos.

• Personalized physical activity designed 
with exercise physiologist.

• Aerobic and resistance

• 6 mos intervention, 6 mos f/u

• Engage family members

• Incentives included

• Goals: sustained ↑ PA and peak VO2

• Identify facilitators and impediments

• Identify why some “succeed” and some 
don’t to modify design

• Work towards an actual “prescription”

• Generalizable

• Accessible to all



TRIALS AND TRIBULATIONS

• The PREVAIL study in Norway for complex CHD

• Multicenter, RCT using e-Health, individually tailored encouragements to be 
physically active for one year (design published in 2012)

• Klausen et al. Internat’l J of Cardiol vol 221, 2016 publish results:
• 158 cases, 13-16 yrs with complex CHD rec’d intervention for 52 weeks.

• Adding tailored e-Health intervention had NO IMPACT on fitness, physical activity, or 
HRQoL

• Challenges: interest and retention 

• McKillop et al. Pediatr Phys Ther vol 30, 2018

• Pilot study in 36 patients to assess effect of motivational interviewing on 
physical activity (MVPA) in adolescents with CHD

• Both cases and controls given individualized exercise intervention but cases 
received 12 weeks of motivational interviews

• Interviews were acceptable but showed no effect on self-efficacy or exercise
• Possible that a small study not well powered to detect changes



TRIALS AND TRIBULATIONS: HEART CHARGERS

• 12-month partially 
reimbursable, home-base, 
personalized exercise 
prescription based on EST

• Given commercial 
monitoring device

• Aerobic activities, skeletal 
and inspiratory muscle 
training

• Support team 
communicating by phone, 
email and telemed check-
ins

Fernie et al., Pediatr Cardiol 2023



HOW DO WE GET ANYONE TO EXERCISE?

• In hospital versus at home?

• What kind of monitoring? 

• What kind of communication?

• Prescribed or personalized?

• Family engagement?

• Incentives?

• Generalizability?

• Incorporating into real life?

• Sustain the effort?

• Something we can prescribe?



HOW DO WE HELP FONTAN PATIENTS EXERCISE?

• Safety and efficacy

• Personalized intervention 

• Understand/change attitudes

• Facilitators/impediments

• As compared to or in combination with what other intervention?



FUNDAMENTAL QUESTIONS FOR FONTAN PATIENTS

• Which came first:

• Are they “Super Fontan’s” and therefore they CAN exercise? OR,

• Are they “Super Fontan’s” BECAUSE they exercise?

• If they are able to increase their peakVO2, will that translate into better 
long-term outcomes?

• How can the adolescent participate in organized sports or physical activity 
given competitive nature high-school teams?



EXERCISE, YES! BUT HOW (NOW)?

• First, let’s talk about it! Let’s measure it!

• Second, combination of aerobic and resistance workouts but details TBD.

• Third, location based on availability and need but should not be an impediment.

• For now: just do something!



IMAGINE THE FUTURE: A NEW PRESCRIPTION

• Create the mindset: Promote physical activity from the very beginning

• Develop age- and physiologically appropriate standards from which we can set goals

• Measure reported activity at every visit

• Measure actual activity periodically with wearable device

• If goals not met on measurement, prescribe intervention beyond encouragement

• Consider current medical status and level of physical activity
• Use wearable device and app to implement plan, track progress
• Personalized, home and family based.
• Goal: modify behavior

• Challenges:

• Same as any other child/person without Fontan
• Specific fears/medical and physical limitations of the Fontan
• Integration into a competitive sports environment



THE HOPE AND PROMISE?

• Improve medical outcomes and longevity

• Obviate the need for (some) medications

• Improve psychosocial aspects of chronic 
disease

• Likely many other benefits…

Avitabile et al., Int J of Cardiol 2021
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