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Of 411 subjects tested (12.43.2 years of age), 166 achieved a maximal 

aerobic capacity. Peak oxygenconsumption (VO2) was 26.3 ml/kg/min 

(65% of predicted for age and gender [% predicted]) for the 

entirepopulation



Aorta

Ventricle

Atrium

Systemic veins

Pulmonary artery

The Fontan Circulation
P
r
e
s
s
u
r
e

Systemic vascular resistance=SVR

Pulmonary vascular resistance=PVR

SVR

PVR

High systemic venous pressure

Low preload = �SV rise during exercise

Bottleneck

Courtesy of Marc Gewillig



Aorta

Ventricle

Atrium

Systemic veins

Pulmonary artery

The Fontan Circulation
P
r
e
s
s
u
r
e

Systemic vascular resistance=SVR

Pulmonary vascular resistance=PVR

SVR

PVR

Bottleneck

Courtesy of Marc Gewillig

Pulmonary vascular remodelling

Ishida et al. Int J Cardiol 2012

Ridderbos et al. JHLT 2015

Hays et al.  Heart 2017



Cordina et al. Heart  2013

Mean T-score was 

-1.47 ± 0.21

Mean Z-score was 
markedly abnormal 

−1.46 ± 0.22  

(p<0.0001)

A Fontan Myopathy?



Heart  2014

A Fontan Myopathy?



Cordina et al. Heart  2013

The ability of skeletal muscle 

to extract oxygen during 
exercise and post-exercise 

reoxygenation is abnormal.
Inai et al. American Journal of 
Cardiology 2004

Important skeletal muscle 
afferent nerves that control 

blood flow and other 
autonomic responses are 

impaired in Fontan. 
Brassard et al. International Journal of 
Cardiology 2006

After 8 weeks of aerobic and light 

resistance training, ergoreceptor
function normalised.

A Fontan Myopathy?

Sinoway and Li. J Applied Physiol 2005
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Mean Age 

(yr ± SD)

n Training Design Results

Minamisawa

et al. 2001

19 ± 4 16 2-3 months home-based aerobic exercise 

(60-80% peak HR)

Uncontrolled

�VO2 (7%)

O2 pulse tended to 

improve (5%)

Rhodes

et al. 2005

12 ± 2 11/16 

Fontan

12 weeks aerobic (game-based) + light 

resistance

Uncontrolled

�VO2 (22%) and 

O2 pulse (18%) 

Opocher

et al. 2005

9 ± 1 10 8 months of aerobic home-based training 

(up to 70% VO2peak) 

Uncontrolled

�VO2 (20%) and 

O2 pulse (16%)

Longmuir

et al. 2013

9 ± 2 61 12 month physical activity prescription vs. 

education and game-based intervention

Both �VO2 (5%) 

and motor skills 

Maintained � in 

physical activity at 

2y

Aerobic training can also  improve exercise capacity

200 patients, no adverse events
What are the mechanisms that drive improvement?





� We hypothesised that resistance training to 

augment the peripheral muscle pump in 

subjects with a Fontan circulation might 

improve:

� Cardiac filling

� Stroke volume and 

� Exercise capacity

� 11 adults (mean 31 years, 2 females, 6 trainers 

and 5 controls) were recruited

� 3 days/week of high-intensity total body   

resistance training for 20 weeks. 

Carefully

trained and supervised                                  

Strength increased by 43 ± 7 % 
(p=0.002)

Cordina...Celermajer, International Journal of Cardiology 2013

Can the muscle pump be augmented?



Oxygen pulse = VO2 ÷ HR 

∝ Stroke volume

Cordina et al. International Journal of Cardiology 2013

Peak VO2 increased by 10% (p=0.03)



Respiratory Dependence in Fontan

Fontan CirculationNormal Circulation

Cordina et al. International Journal of Cardiology 2013



Respiratory Dependence in Fontan

Fontan Circulation

Cordina et al. International Journal of Cardiology 2013

�Trained

�Untrained

�Normal 

p=0.006



Effects of Training on Tolerance to Inspiratory Stress

Assessed at Free Breathing Real-Time MRI

p=0.05

p=0.04

Cordina et al. International Journal of Cardiology 2013

�Trained

�Untrained

�Normal circulation



p=0.04

Cordina et al. International Journal of Cardiology 2013

�Trained

�Untrained

�Normal circulation

Real time free-breathing MRI



Laohachai..Ayer, JAHA 2017

Impact of Inspiratory Muscle Training in Fontan
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133 pts who had a recent CPET study

14 (11%) had VO2 max > 80% of predicted value

All of them participating in moderate to vigorous 

sporting activities at least 3 times a week.

All employed or studying full time for graduate or 

post-graduate education





Normal flow profile in pulmonary artery

Fontan flow profile





Fontan - Pulmonary Endothelial Function

� There is evidence for 
pulmonary endothelial 
dysfunction that probably 
relates to reduced flow 
and pulsatility in the 
vascular bed.

Kurotobi et al., JTCVS 2001 

Khambadkone et al., Circ 2003.

Kurotobi et al. JTCVS 2001 



Ouvroutski et al. Annals of Thoracic Surg 2009 

Fontan - Pulmonary Artery Growth

� Pulmonary artery growth is 

probably attenuated or 

even ceases at Fontan 

completion



Lower physical activity score at first testing was predictive of death and transplantation !!!

In the meantime, the only advice that I will keep giving to the young patients who are 

coming to see me after Fontan procedures is“Exercise, exercise, exercise!”
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Regular Exercise 

for the Fontan Circulation: 

How?



Conclusions 

�A Fontan myopathy exists that has important 
implications for the peripheral muscle pump and 
venous return

�Regular exercise to maintain peripheral muscle bulk 
improves cardiac preload and exercise capacity

�? Periodically increasing pulmonary blood flow with 
exercise may have beneficial effects on pulmonary 
vascular physiology

�Frequent vigorous exercise is central to a well-
functioning Fontan circulation
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