
Exercise prescription for patients with a
Fontan circulation: current evidence and
future directions

It is well documented that children with a Fontan
circulation have a reduced exercise capacity. One
of the modalities to improve exercise capacity might
be exercise training. We performed a systematic
literature review on the effects of exercise training
in patients with a Fontan circulation. Six published
studies were included that reported on the effects
of exercise training in 40 patients. All studies had
a small sample size and/or did not include a control
group.
Based on the six published studies we can conclude
that children who have undergone a Fontan
operation and who are in a stable haemodynamic
condition can safely participate in an exercise
training programme and that exercise training
results in an improved exercise capacity. However,
more research is needed to establish the optimal
exercise mode, dose-response relation, and the
effects of exercise training on cardiac function,
peripheral muscle function, physical activity, and
health-related quality of life. (Neth Heart J 2007;
15:142-7.)
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Congenital heart defects have a reported incidence
of 4 to 8 per 1000 live births and encompass a

broad spectrum of disorders.1 Two percent of these
children have a single functioning ventricle. Single
ventricle hearts comprise a heterogeneous group of
defects which are not suited for a two ventricle repair.
In 1971 Fontan et al.2 described a surgical procedure
to palliate such hearts by separating the systemic and
pulmonary venous return. This was introduced to
obtain normal oxygenation and to avoid volume over-
loading. The ‘Fontan circulation’ procedure connects
the systemic venous return to the pulmonary arteries
without the interposition of an adequate ventricle and
all shunts at the venous, atrial, ventricular and arterial
level are interrupted.3

Patients with a Fontan circulation possess a unique
physiological response to exercise. Although there is
wide range in peak oxygen uptake (VO2peak) during
exercise between patients,4 all patients have a reduced
VO2peak,4 compared with healthy controls.

According to Fick’s equation, VO2peak is the product
of cardiac output (stroke volume x heart rate) and
peripheral O2 extraction.5 As can be appreciated from
figure 1, the reduced VO2peak can be caused by a
combination of several factors. Previous studies have
indicated that chronotropic incompetence may partly
explain the diminished VO2peak in Fontan patients.4

Moreover cardiac stroke volume might also be a
limiting factor for these patients, as has been found
previously.6,7 The reduced stroke volume might be
explained by a limited diastolic return to the systemic
ventricle,8 or by a chronic volume overload,9 or im-
paired function (diminished contractile response and
impaired diastolic filling).10

At rest and up to submaximal levels of exercise, arterial
blood pressure is relatively well-maintained in Fontan
patients, partly due to increased systemic arterial
resistance.7 Peak blood pressure, however, is usually
lower than in healthy subjects because of an impaired
increase in cardiac output at peak exercise.11

Peak minute ventilation (VE) during exercise is
decreased in Fontan patients and is also related to
VO2peak and might be explained by a low pulmonary
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blood flow.12-14 In patients with a Fontan circulation
the non-pulsatile pulmonary blood flow might lead to
a deterioration in gas exchange in the lungs.13 More-
over, an increased pulmonary vascular resistance, which
is observed in congenital heart disease, might con-
tribute to a reduced pulmonary blood flow, and hence
a reduced cardiac output and impaired gas exchange.15

In a recent study we found that ventilatory effi-
ciency (VE/VCO2; an index of dead space ventilation)
was significantly negatively correlated with VO2peak.12

Ventilation/perfusion mismatching has been identified
as a major factor contributing to an increase in physio-
logical dead space in Fontan patients.16 Moreover,
patients with a Fontan circulation have small lungs,13

requiring a higher breathing frequency to obtain a cer-
tain minute ventilation. A reduced pulmonary function
has been shown to be related with VO2peak in patients
with a Fontan circulation.14

A reduction in SaO2% is frequently observed during
exercise, showing the reduced arterial oxygen saturation
and hence limitations in oxygen transport.4 Since pa-
tients with a Fontan circulation have a larger arterio-
venous O2 difference during exercise (to compensate
the reduced cardiac output),7 a reduced SaO2% con-
tributes further to a limitation in VO2peak.

Moreover, recent studies have suggested skeletal
muscle impairment in patients with a congenital heart
disease.17 Inai et al. found a reduced muscle blood flow
during exercise in children with a Fontan circulation
as measured with near-infrared spectroscopy.18 Mertens
et al. reported slower oxygen uptake kinetics in patients
with a Fontan circulation, reflecting the impaired
oxygen delivery at the working muscles.19 Moreover,
compared with healthy peers, a reduced body mass is
frequently observed in patients with congenital heart
disease.20 A lower muscle mass also contributes to a
lower oxygen utilisation during exercise and a lower
VO2peak.21

Patients with a Fontan circulation who are in good
condition are advised to participate in regular low-
intensity aerobic exercise to increase their physical
fitness.22 However, in another study the combination
of strength and aerobic exercises was advocated.23

These differences in exercise programming highlight
the need for a better understanding of the trainability
in Fontan patients and the need for practical exercise
guidelines.

The significant reduction in exercise capacity in
Fontan patients compared with healthy peers is worri-
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Figure 1. Limitations of VO2peak in patients with a Fontan circulation and the effects of exercise training. SaO2%=arterial oxygen saturation,
Hrmax=maximal heart rate, Hrsubmax=heart rate during submaximal exercise, + indicates improvement after exercise training, =
indicates no change after exercise training, ?=no data available. 



some, as health outcome and survival may be directly
related to exercise capacity.24 As exercise capacity is an
important predictor of health outcome and survival in
adult patients with cardiovascular disease,24 children
with pulmonary diseases,25 as well as in healthy sub-
jects,24,26 the purpose of this systematic review is to
summarise the effects of exercise training in patients
with a Fontan circulation and to provide practical
guidelines concerning exercise counselling for the
practitioner. 

Search strategy
Literature was selected from 1966 until November
2006 using Medline, Embase and Sportdiscus data-
bases. Search terms were “physical fitness”, “exercise
training”, “cardiac rehabilitation”, “exercise”, “exercise
capacity”, “exercise tolerance”, “Fontan” and “uni-
ventricular”. References of the selected publications
were tracked to find additional publications on this
subject. Inclusion criteria consisted of studies with at
least a three-week training period and a minimum of
six training sessions.

Experimental findings
Six studies were identified in the literature, one of
which was a case report. Two of the studies included
children with congenital heart diseases other than
Fontan circulation.27-29 The characteristics of the six
studies are displayed in table 1.

McCall and Humphrey were the first to document
training effects of a formal exercise programme in a
single patient with a Fontan circulation.30

The patient attended cardiopulmonary training sessions
two to three times a week for 22 weeks at a moderate
intensity. Training sessions consisted of a combination
of cardiovascular exercise, both treadmill and stationary
cycle, and light resistance training with weights (table 1).
The patient was unable to complete formal exercise
testing prior to the training programme; however,
formal exercise testing was successfully conducted on
the patient following the exercise training programme.
As expected, exercise capacity was still much lower
than normal values after the training programme. 

Minamisawa et al.31 studied exercise programmes
in 11 patients with Fontan circulation, each subject
entered an exercise programme that was individually
prescribed. The exercise programme consisted of three
supervised training sessions in the first three weeks of
the programme; thereafter the training was continued
using home-based exercise training sessions. The exercise
training was performed two to three days a week for two
to three months. Patients underwent fast walking or
jogging for 20 to 30 minutes at a moderate intensity
(table 1). After the training programme, there was a
significant improvement in peak oxygen uptake (VO2peak;
table 2); however, the improvement was lower when
compared with the results of the other studies. Lower
VO2peak values obtained in the Minamisawa study might
be explained by the use of a bicycle ergometer test to
evaluate a running-based exercise training programme.
Training effects are exercise mode specific with only a
small transfer effect to other exercise modalities.32,33

Opocher et al.34 studied the effects of an eight-month
training programme in ten children with a Fontan
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Table 1. Characteristics of the exercise training studies.

Author Age Patients Type of exercise Training Frequency Intensity Time
(n) duration

McCall & Humphrey30 18 1 Aerobic 22 weeks 2-3/week 50-70% VO2peak 20-30 min
(bicycle, treadmill)
Resistance 22 weeks 2-3/week 12-15 repetitions, 

light exercises

Minamisawa et al.31 19±4 11 8-12 weeks 2-3/week 60-80% HRpeak 20-30 min

Opocher et al.34 8.7±0.6 10 Aerobic (cycling) 8 months 2/week 50-70% VO2peak 30-45 min

Rhodes et al.28 11.9±2.1 11 Fontan, Aerobic 12 weeks 2/week* 55-58% VO2peak 60 min
5 other CHD

Resistance 2/week Light resistance

Moalla et al.27,29 13.0±1.4 2 Fontan, Aerobic (cycling) 12 3/week 62% VO2peak 45 min
8 other CHD

Brassard et al.23 16±5 5 Aerobic 8 weeks 3/week 50-80% VO2peak 20-30 min
Resistance 12-15 repetitions

* Patients were encouraged to exercise an additional twice a week at home. CHD=congenital heart disease, VO2peak= peak oxygen uptake, HR peak=peak heart rate.



circulation. Supervised training sessions were held twice
a week for the first three weeks (10 sessions) and then
once a month for the next four months of the training
programme (table 1). Home training sessions were held
at each child’s home twice a week for 30 to 45 minutes.
The exercise level during training was designed to range
from low to moderate intensity (table 1). 

A clinically significant increase in VO2peak was noted
(table 2), as well as a decrease in the heart rate curve
and an increased oxygen pulse (the ratio of oxygen
uptake and heart rate) during submaximal exercise. 

In a study by Rhodes et al.,28 16 children with con-
genital heart disease (11 Fontan patients, 5 with other
congenital heart disease) performed an exercise test
before and after a rehabilitation programme. The
rehabilitation programme consisted of one hour of
aerobic and light weight resistance exercise twice a
week for 12 weeks (table 1). Patients were encouraged
to exercise at a heart rate that was equivalent to their
ventilatory anaerobic threshold measured during their
baseline exercise test. They reported a significant in-
crease in VO2peak (table 2) and other physiological
parameters during exercise upon completion of the
exercise rehabilitation programme. The peak exercise
systolic blood pressure was not affected by the pro-
gramme. However, the patients’ peak exercise diastolic
blood pressure was significantly higher after rehab-
ilitation. Also a rise in peak minute ventilation (22%)
was reported, which resulted in an insignificant decline
in the breathing reserve. Exercise rehabilitation had
no effect on peak exercise oxygen saturation. The
authors suggested that the improvements were related,
at least in part, to an exercise-induced increase in
muscle strength, muscle mass, and pumping capacity
of the skeletal muscles.28

In a recent study by Brassard et al.23 five Fontan patients
were enrolled in an eight-week trial of combined
aerobic and resistance training programmes. Two pa-
tients exercised in hospital and three patients exercised
at home. Aerobic training consisted of exercise on a
cycle ergometer, 20 to 30 minutes/session, twice a
week. The training programme was individually
prescribed to allow the subjects to work progressively
at 50 to 80% of their V02peak throughout the eight weeks
(table 1). Resistance training exercises were also
performed and consisted of an eight exercise circuit
training programme without rest between the exercises
(table 1). Brassard et al. included resistance exercise
because they found a strongly significant correlation
between muscle strength and VO2peak,23 suggesting a
role for peripheral muscle strength as one of the causes
of exercise intolerance. However, they did not find sig-
nificant changes in VO2peak, VO2peak/kg and skeletal
muscle strength after exercise training (table 2).

Moalla et al.27,29 also studied a training programme in
children with congenital heart disease. The training
programme was 12 weeks in duration with three exercise
training sessions per week, 45 minutes per session
(table 1). A six-minute walk test was used in this study
to measure the outcome of the programme instead of
using a maximal cycle ergometer test. After the training
programme the mean distance walked improved
significantly (+62 meters). An increase in ventilatory
anaerobic threshold, VO2peak, heart rate and minute
ventilationwere also reported. No significant difference
for SaO2% were found before or after training.27

Discussion
The purpose of this review is to summarise the effects
of exercise training in patients with a Fontan cir-
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Table 2. Outcome instruments used and reported results of exercise training.

Study Outcome measure Results

McCall & Humphrey30 Exercise capacity (treadmill exercise test) Improvement in exercise capacity
Minamisawa et al.31 Exercise capacity (bicycle ergometer) 7% improvement in VO2peak

Opocher et al.34 Exercise capacity (treadmill exercise test) 19% improvement in VO2peak

Rhodes et al.28 Exercise capacity (bicycle ergometer) 22% improvement in VO2peak

Rhodes et al.28 Pulmonary function 7% improvement in FEV1
Moalla et al.27,29 Exercise capacity (bicycle ergometer) 8.1% improvement in VO2peak

Moalla et al.27 Six-minute walk 13% improvement in walking distance
Moalla et al.29 Oxygenation respiratory muscles (NIRS) 28% improvement in respiratory muscle oxygenation
Moalla et al.29 Pulmonary function Nonsignificant improvements in FEV1 (7.5%), FVC (6.2%),

TLC (4.2) and MVV (5.7%)
Brassard et al.23 Exercise capacity (bicycle ergometer test) No significant improvement in VO2peak

Brassard et al.23 Muscle strength No significant improvement in MVC
Brassard et al.23 Blood pressure Significant improvement in ergoreflex

NIRS=near infrared spectroscopy, FEV1=forced expiratory volume in 1 second, FVC=forced vital capacity, TLC=total lung capacity, MVV=maximum voluntary ventilation,
MVC=maximum voluntary contraction.



culation. All six published studies showed that exercise
training could improve exercise capacity in patients
with a Fontan circulation. However, the included
patients in the studies were patients with a stable
haemodynamic condition. It is preferable to screen
patients for abnormalities during an exercise test (e.g.
exercise-induced arrhythmias, ST depression, hyper-
tension, hypotension, cardiac chest pain, or systemic
desaturation <80%) before they start participating in
exercise training.28,35

In a recent publication, Rhodes et al. showed that
the effects of exercise training on VO2peak and ventilatory
anaerobic threshold could be sustained in the patients
after a seven-month follow-up period.36 Moreover,
they reported positive effects of exercise training on
physical and psychosocial functioning of children with
congenital heart disease.36

The improvements in exercise capacity (VO2peak)
after exercise training could be explained by improve-
ments on several factors. As described above, VO2peak is
dependent on cardiac, pulmonary and muscular
function. Improvements have been reported after
exercise training for all three domains (figure 1);
however, the effects of exercise training on muscular
function in patients with a Fontan circulation are not
yet well established.17

During submaximal exercise, heart rates of children
with a Fontan circulation were decreased, whereas
oxygen uptake did not change, increasing the oxygen
pulse. An increased oxygen pulse is a reflection of an
increased stroke volume and/or an increased peripheral
oxygen extraction. Exercise training did not improve
arterial oxygen saturation, or peak heart rate. 

Practical implications
Exercise training seems to improve cardiopulmonary
fitness in patients with a Fontan circulation with a stable
haemodynamic condition. The training programme
should be preceded by a maximal exercise test to screen
for possible contraindications for exercise training.35

The prescribed exercise intensity should be low to
moderate (i.e. 50 to 80% of Vo2peak), the sessions should
last between 20 and 45 minutes, and a training
programme should last for at least two to three months.
The additive effect of light resistance exercise is unclear.
Exercise training programmes should be evaluated
using mode specific ergometers (e.g. running-based
programmes should be evaluated using a treadmill
test).

Directions for further research
Studies of the effect of exercise training on patients
with a Fontan circulation have only recently been
performed. Only six small studies have been conducted
that focus on outcomes of physical performance
measures such as VO2peak and pulmonary function. One
study incorporated a functional outcome measure, the
six-minute walk test.27 To date, the effects of exercise
training on perceived competence, self-esteem, physical

activity and health-related quality of life have not been
studied.

Studies with a more rigorous research design (i.e.
larger sample size, control group, blinded observers,
etc) and a longer follow-up are indicated. In addition,
the effect of exercise training on peripheral muscle
function needs further study.

Conclusion
Based on these six studies, training programmes in
Fontan patients with a stable haemodynamic status are
safe, result in improved aerobic capacity, ventilatory
anaerobic threshold, and respiratory indices, and can
be performed without adverse effects. No significant
effects of exercise training on oxygen saturation and
peak heart rate were reported in these studies. After
training, exercise capacity was still significantly lower
than those reported in healthy children. More research
is needed to establish the optimal exercise mode, and
the effects of exercise training on cardiac and peripheral
muscle function, physical activity, and health-related
quality of life. ■
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