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Congenital Heart Disease in the General Population Changing Prevalence and Age 
Distribution. J. Marelli et al. Circulation. 2007;115:163-172. 

Changings demographics in CHDs



• Congenital heart disease (CHD) 
refers to structural abnormalities of 
the heart present at birth, affecting 
approximately 1% of live births. 

• Advances in surgical techniques 
have dramatically increased survival 
into adulthood. 





J. Clin. Med. 2024, 13, 6839. https://doi.org/10.3390/jcm13226839 



Obesity in Congenital Heart Disease

Tamayo C., Manlhiot C., Patterson 
K., Lalani S., McCrindle B.W.: 
Longitudinal evaluation of the 
prevalence of overweight/obesity in 
children with congenital heart 
disease. Can. J. Cardiol. 2015 
Feb;31(2):117-123.  



DIFFICULTIES IN DAILY LIFE: 

• Sport (59%) 

• Employment (51%) 

• Education (34%)
Kamphuis M., et al.: Disease-related difficulties and satisfaction in adults with mild or complex 
congenital heart disease. Cardiol. Young



Obstacles to Exercise

ACHD specific obstacles 

• Cardiovascular limitations 
• Restrictive lung disease		  

• Skeletal muscle abnormalities
Physical Obstacles

Physo-Social Obstacles

• Busy schedules 
• Cost 
• Socio-economic status 
• Embarrassment 
• Cognitive limitations 
• Patient misconceptions 
• Physician cautions 
• Parental over-protection 

Misperceptions
>50% of individuals believed  

parents and doctors limited their 
activity more than they should have 

(Rhodes 2006) 



Sports trigger cardiac 
arrest in athletes who are 
affected by cardiovascular 
conditions which predispose 

to life-threatening 
arrhythmias



81% of sudden death events 
occurred during exercise



Causes of sudden death during 
physical activity 

• Mechanical 

• Electrical 

• Neuro-mediated 



• Multiple editorials summarizing risk/benefit 
considerations



Exercise is Beneficial in GUCH
• Exercise intolerance is predictive of mortality 

• Patients who exercise gain greater exercise capacity 

• Simple walking improves overall exercise performance 

• All patient groups benefit regardless of starting point 

Dua JS, Int J Cardiol. 2010 Jan 21;138(2):196-205

Tikkanen AU, Int J Cardiol. 2013 Oct 12;168(5):4685-91.

Dua JS, Int J Cardiol. 2010 Jan 21;138(2):196-205

Inuzuka R, Dimopoulos K, Circulation. 2012 Jan 17;125(2):250-9

Duppen N, Int J Cardiol 168 (2013) 1779–1787



Cardiovascular and peripheral adaptation to exercise in athletes





Exercise as therapy in  
Congenital Heart Disease

Consider: 

• Coarctation 

• L-R shunts 

• Valve dysfunction



 Congenital Heart Disease and Sport: 
Italian Experience

Linee Guida SICP 2001 COCIS 2023



Novità COCIS 2023



CONTROINDICAZIONI ASSOLUTE
Vi sono patologie che, per gravità e/o complessità, controindicano di per sé la pratica sportiva AGONISTICA: 
• Atresia della polmonare, a setto integro o con DIV          
      (quando non è stato possibile il recupero completo del VD);  
• Sindrome di Eisenmenger,  
• Ipertensione polmonare primitiva; 
• Cardiopatie con circolazione univentricolare; 
• Sindrome di Marfan, sindrome di Ehlers-Danlos e altre connettivopatie (associate a valvulopatie e/o 

dilatazione aortica). 
Naturalmente una controindicazione all’attività sportiva agonistica non implica l’esclusione da qualsivoglia 
attività fisica e sportiva con finalità ludico-ricreativa e RIABILITATIVA.  
Essa deve essere, tuttavia, programmata da medici competenti, sulla base di adeguati parametri clinici e 
funzionali (prescrizione dell’esercizio fisico).  

	



Thorax 1971; 26: 240-8





Improvement in Exercise 
Function
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Fontan Exercise
Overall studies are mixed but support benefit from recommended exercise
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Exercise Studies show improvement



Skeletal Muscle Mass  
Lower volume of Psoas Major Muscle (PMM) - Poorer prognosis of Heart Failure (HF)

Shiina Y et al. J Cardiol. 2021 



Skeletal Muscle Function  
"Fontan- related myopathy" 

↓ Peripheral blood flow supply  
↓ Post exercise oxygen resaturation 

Abnormal oxidative capacity of skeletal 
muscle  

Shift in muscle type IIB fiber 
Cordina R et al. Haert 2013 

Brassard P et al. Int J Cardiol. 2006  
Inai K et al. Am J Cardiol. 2004

↑ Ergoreflex sensitivity 
Brassard P et al. Int J Cardiol. 2006

Metaboreflex Mechanoreflex

Muscle Fatigue Dyspnea Adrenergic activation 



Adiposity

50% Moderate- high adiposity 
Android fat distribution +++

Cao JY et al. Int J Cardiol. 2021



Ventilatory efficacy 

Forced vital capacity (FVC) is a predictor of 
survival in adults with CHD 
≃ 50% of Fontan patients present FCV below 
normal, which is consistent with restrictive 
physiology  
Restrictive lung disease is associated with 
less pulmonary expansion during inspiration 
contributing to lower exercise capacity

Abdulkarim A et al. J Am Coll Cardiol. 2023 
Callegari A et al. Congenit Heart Dis. 2019 
Opotowsky AR et al. Am J Physiol Heart Circ Physiol. 2014

4-month supervised exercise training - 60-min exercise sessions

Turquetto ALR et al.  Int J Cardiol. 2021

The Inspiratory Muscle Training (IMT) 

increases inspiratory muscle strength and spirometry



Pulmonary Endothelial Function 
The absence of pulsatile pulmonary flow is a major factor negatively impacting pulmonary vascular 

development and pulmonary endothelial function  
 

Henaine R. J Thorac Cardiovasc Surg. 2013 



Functional Capacity

16 studies - 264 pts 
↑ Peak VO2 in 56% of the studies  
Average +1.72 ml/kg/min (+6.3%)



Functional Capacity

Cunningham JW et al. . Am Heart J. 2017



Functional Capacity

Khoury M  Canadian Journal of Cardiology 2022



Altered 
cerebral 

perfusion 

Placental 
insufficiency 

Genetic 
vulnerability 

Perioperative 
white matter 

injury 

Fontan associated cerebral findings 

Reduced Hippocampal Volume 
Altered white matter microstructure

Neuroprotective Role 

Memory Perfomance  

Executive functions 

Mood regulating processes 
Cognitive functions 

Verrall CE et al. Front Pediatr. 2023 
Selvanathan T at al. Can J Cardiol. 2022  
Pike NA et al. Brain Behav. 2021  
Beca J et al. Circulation 2013 



Sleep Quality 

Callegari A et al. . Front Cardiovasc Med. 2022 
Hedlund ER et al. Cardiol Young. 2019 
Verrall CE et al. Front Pediatr. 2023

Sleep time  
Sleep Efficancy  
Sleep Disorders 



Quality of life 
Fontan patients report a lower quality of 
life, both in the physical and 
psychosocial domains

Sutherland N. Et al. Cardiol. Young. 2018 
Uzark K et al. J Pediatr. 2016 
Hedlund ER Cardiol Young. 2018 
McCrindle BW Circulation. 2006

Hedlund ER Cardiol Young. 2018

12-week endurance training programme 





Screening and Prescription

Exercise Prescription

• Favorite lifestyle activities 
• Individualized exercises 

• Hospital based  
• Home based 
• Community based  
• Supervised 
• Semi-supervised 
• Unsupervised 

Setting  

• Disease Education  
• Physocological support 
• Lifestyle management  
• Nutritional Counselling  
• Breathing tecniques 

Individualized Action  
Plan 

• Structural Assessment 
• Functional Assessment 
• Rhythm Assessment 

Screening 



2007



Exercise as therapy in  
Congenital Heart Disease

• How to prescribe exercise? 

• How much to prescribe?



 CHD and exercise prescription: The Italian Experience

Task-Force 2007 Task-Force 2025











 Congenital Heart Disease and 
Exercise



“Pediatric congenital cardiac becomes a postoperative adult: the changing 
population of congenital heart disease” 
Perloff JK. Circulation 1973; 47:606-619

	 … we are obliged to 
look beyond the present 
and define our ultimate 
goal: the quality of 
long-term survival…



See you soon in Naples




