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Chapter 10
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The aim of the TOFFIT trial was to investigate if a standardized aerobic dynamic exercise 
training program is safe, effective and if it would improve quality of life in children and 
young adults with corrected tetralogy of Fallot and Fontan circulation.

In this chapter we will give an overview of our most relevant findings. We will first 
of all discuss if the training program was safe, then if it was effective and last of all if 
it improved the quality of life. We will describe the clinical implications as well as the 
strengths and limitations of our randomized controlled trial. This chapter concludes 
with suggestions for future research.

Is a standardized aerobic dynamic exercise training program 
safe?

To assess the safety of the exercise training program we examined the occurrence of 
adverse events, the remodeling of the heart, the wall shear stress in the pulmonary 
artery of Fontan patients and the neurohormonal status.

Adverse events: sudden cardiac death

The incidence of sudden cardiac death is 1 to 3 per 100 000 athletes. The incidence rises 
as the level of competition increases. Although the incidence is low, sudden cardiac 
death generates much public attention. In young athletes sudden cardiac death is often 
the first clinical manifestation of an underlying cardiovascular disorder1.

Parents, teachers and physical activity coaches often fear sudden cardiac death when 
confronted with ConHD patients wishing to engage in physical activity. This is despite 
important differences in underlying pathology between young athletes who die sud-
denly and children with ConHD2.

Exercise training studies that have included patients with ConHD did not report 
any case of sudden cardiac death (chapter 2,5). It should be acknowledged that most 
studies in ConHD populations excluded patients with sustained arrhythmias and severe 
obstruction to ventricular outflow. These are generally accepted contra-indications to 
perform physical exercise in patients with ConHD3.

The incidence rate of sudden cardiac death in athletes is low and the total sample size 
of 711 ConHD patients in all exercise training studies combined lacks power to compare 
the incidence rates of athletes to ConHD patients. Although we cannot assess the inci-
dence rate of sudden cardiac death in patients with ConHD, we know that the incidence 
is not as high as sometimes feared by parents, teachers and physical activity coaches.
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Remodeling

Training in healthy people, both adult as well as young athletes, results in enhanced 
contractility and improved diastolic filling of the heart. These positive changes are due 
to improved myocardial relaxation, better compliance, decrease in filling pressures 
and increased contribution of atrial contraction. Subsequently during exercise stroke 
volume increases and cardiac output may increase significantly4-6. Those studies that 
have assessed the physiological global or regional remodeling of the athletes heart were 
performed after years of exercise training5, 7-10.

In contrast to the assessment of the athletes’ heart after years of training, the effects 
of an exercise training program in patients with acquired heart disease have been 
assessed after a much shorter period, most often 12 weeks9, 11-14. In patients diagnosed 
with heart failure and reduced ejection fraction in the setting of acquired heart disease, 
positive cardiac outcomes have been reported after exercise training. These positive 
outcomes included: improvement of mitral inflow patterns; decrease of left ventricular 
dimension; increase in ejection fraction, decrease in mortality and hospitalization9, 11-14. 
Cardiac remodeling has not been a general finding in response to exercise training in 
patients with heart failure with preserved ejection fraction15. It is not yet clear whether 
the mechanism of heart failure, indicated by ejection fraction, accounts for the type of 
changes in cardiac outcomes.

The TOFFIT trial described in this thesis for the first time shows in a randomized con-
trol trial that exercise training in ConHD patients does not lead to adverse remodeling 
(chapter 5 and 6). The systolic as well as diastolic function remained unchanged. As 
diastolic dysfunction may precede systolic dysfunction, the lack of adverse changes in 
diastolic function is an important finding16. Previously 2 non-randomized ConHD exer-
cise studies focused on cardiac changes. Only one study, using MRI to assess cardiac 
effects in 4 Fontan patients, noted an improvement of global ventricular performance 
after resistance training17. Another study, using echocardiography to assess the effect of 
an aerobic training program in 11 young ToF patients did not report any change18.

The lack of remodeling, either positive or negative, seen in the TOFFIT trial may be 
due to several factors. Firstly no adverse remodeling may have occurred in these pa-
tients. The lack of positive remodeling might be due to the fact that the participants 
in our study were relatively too healthy to clearly measure the improvement in cardiac 
function, similar to patients with heart failure with preserved ejection fraction. Other 
factors, such as the duration or intensity of training, may account for the lack of clear 
improvement in cardiac function.

Wall shear stress in Fontan patients

Low dose dobutamine and physical stress MRI studies in Fontan patients have shown 
that end-diastolic volume decreases with stress19, 20. This may indicate diminished 
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ventricular performance or impaired preload in these patients19. Impaired preload may 
partly be due to pulmonary vascular dysfunction21. Pulmonary vascular dysfunction 
may be the result of increased pulmonary vascular resistance (PVR). In patients with a 
Fontan circulation PVR is thought to be a critical determinant of cardiac output20. The 
release of nitric oxide in the vessel results in vasodilation and subsequently decreases 
PVR. Shear stress at the vessel wall and pulsatility in the vessel regulate the release of 
nitric oxide by the endothelium22. Arterial remodeling has been associated with changes 
of wall shear stress (WSS) during exercise. In athletes vascular function improved due to 
arterial remodeling24. Hence if an exercise training program could enhance WSS in the 
pulmonary artery and if this might result in an increase of NO release in the pulmonary 
artery and thus in an enhanced ventricular preload reserve, this might ultimately result 
in an increase of cardiac output in Fontan patients. However, WSS did not increase after 
the exercise training program in our Fontan patients (chapter 7). Previous studies have 
shown that endothelial NO release was increased in patients with vascular dysfunc-
tion after exercise training, not in healthy people. It might be that pulmonary vascular 
dysfunction of our Fontan patients was not sufficiently impaired to show improvement 
with to be responsive to the type of training we prescribed24. In line with this hypothesis 
is the observation in a recent study that has shown that Fontan patients with a poorer 
baseline exercise capacity were able to enhance their exercise capacity more after 
the use of sildenafil, a NO pathway modifying drug, than those with higher baseline 
exercise capacity25.SA relatively young and healthy cohort of Fontan patients who used 
sildenafil for 6 weeks failed to significantly improve their exercise capacity26. The lack 
of improvement in that study could be due to the relative healthy cohort. Whether our 
exercise training did not influence NO release by endothelium in Fontan patients, or as 
previously stated, we selected a relative healthy Fontan cohort in which the room to 
improve was limited remains unknown.

Neurohormonal assessment

Exercise training has been associated with favorable changes in the inflammatory bal-
ance in studies with acquired heart disease patients27, 28.In heart failure patients a train-
ing program resulted in significant decrease of NT-pro BNP29. We did not see a decrease 
of NT pro-BNP levels in our patients (chapter 5). However, the baseline measurements 
in the heart failure studies were much higher than the NT-pro BNP measurements in 
our cohort. We measured NT pro-BNP levels within normal or slightly increased ranges. 
This may relate to differences in pathophysiology between acquired and congenital 
heart disease, or to differences in disease state at the time of the exercise training. Our 
patients were in relatively good clinical state, without signs of heart failure. This may 
explain the limited favorable effect that we noted.
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Is a standardized aerobic dynamic exercise training program 
effective?

Important aspects of an exercise training program are the effects on physical fitness and 
on physical activity levels. We will discuss these effects of the used standardized exercise 
training program.

Daily physical activity

Public health guidelines suggest that children should be moderately to vigorously 
active for at least 60 minutes per day. Nowadays children with ConHD are advised to 
follow the general health guidelines30. Seventy percent of our patients were moderately 
to vigorously active for more than 60 minutes per day at baseline, which is much higher 
than described in other international studies involving ConHD patients (chapter 4)31-33. 
Physical activity may be related to geographic location and associated cultural differ-
ences. For instance, in the United States of America commuting to school is mostly done 
by car or bus, whereas in the Netherlands most children use a bicycle.

We concluded from our study that encouraging patients with ConHD to participate in 
an exercise training program does not increase their physical daily activity. In contrast, 
physical activity of adolescents with ConHD has been shown to increase in an exercise 
training program which included psychological intervention34. A multidisciplinary ap-
proach may be required to successfully change daily physical activity levels35. Physicians 
can contribute by encouraging their ConHD patients to be physical active. Swan et al. 
reported that only 19% of the adult ConHD patients had been encouraged to exercise by 
their physician. In 71% of the patients the topic of exercise had not been raised by their 
physician36. Patients should be encouraged at a young age. An inactive adolescent is less 
likely to be active as an adult37.

Physical fitness

Physical performance increased after the exercise training program in ToF-patients, 
but not in Fontan-patients (chapter 4). In response to our training program, peakVO2 
increased in the ToF exercise-group, although this did not significantly differ from the 
control group. However, the significant increase in workload, ventilation and heart rate 
recovery in the ToF exercise-group compared to the control-group point in the direction 
of improved cardio-pulmonary fitness. The increase in peakVO2 of 3 ml/kg/min (5%) in 
our ToF-patients is in the same range as the increase in peakVO2 reported in a pilot study 
with adult ToF-patients as well as in other exercise studies among heterogeneous groups 
of ConHD patients and exercise studies in healthy adolescents (chapter 2) (5–6%)38, 39. 
We therefore think that the exercise training program has increased physical fitness in 
ToF patients.
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In contrast to the ToF-patients, Fontan-patients did not increase their peakVO2 after 
exercise training. The workload as well as ventilation and heart rate recovery did not 
increase either. The lack of increase in PeakVO2 is in contrast with most previous exer-
cise studies in adult Fontan-patients as well as in 3 out of 4 exercise studies in younger 
Fontan-patients17, 40-43. The most likely explanation for these contrasting findings may be 
related to the low baseline peakVO2 of 25-28 ml/kg/min in previous studies compared 
to a baseline peakVO2 of 33 ml/kg/min in our study44. A relatively high physical exercise 
capacity baseline may limit the room for improvement.

An additional explanation for the unchanged PeakVO2 after the exercise training 
program may be the lack of increase in stroke volume in Fontan patients, as we demon-
strated with (stimulated) cardiac stress, using low-dose dobutamine. This indicates that 
the increase in cardiac output relies on heart rate. Thus stroke volume will not increase 
as it would in healthy people when exercise demands it. The lack of increase in stroke 
volume most likely relates to preload impairment in the Fontan circulation as described 
in a paragraph above19, 45. This suggests that exercise capacity is intrinsically limited in 
Fontan patients. We speculate that Fontan-patients may reach a plateau in their capabil-
ity to enhance stroke volume and thus cardiac output, which may reduce the potential 
increase in peakVO2 with an exercise training program.

The standardized exercise training program

Strict supervision and monitoring of the training sessions and of training intensity 
assured that the required training effort was delivered. This is reflected in our below 
average drop out percentage (3%) in comparison to a mean of 16% in previous exercise 
studies in ConHD (chapter 2). Compared to previous studies, training adherence in our 
participants (89%) was also above the reported average of 80%. We consider the strict 
supervision and monitoring to be a strength of our study.

The large majority of the studies reported in literature on exercise in ConHD have used 
dynamic submaximal exercise. A small number the studies have used resistance training. 
Muscle strength is an important parameter for functional daily life activities and improve-
ment will benefit the patient46. Strength (resistance) training has been used in patients with 
heart failure in acquired heart disease9, 47, 48. Since muscle wasting is commonly observed, 
improved function of skeletal muscle, including breathing musculature, will result in posi-
tive effects of exercise training9, 47-49. High intensity training schemes have also been used 
in acquired heart disease patients nowadays. The results of both resistance and high in-
tensity training schemes in patients with an acquired heart disease have been equivocal14. 
Although strength training was not studied in ConHD often, it might be wise to reconsider 
the ‘no strength training’ dogma that is commonly applied in these patients50. We have 
not yet tested the different training types in large enough population with patients with 
ConHD to distinguish the most appropriate training program for this population.
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Can a standardized aerobic dynamic exercise training program 
improve the quality of life?

Children, especially those with a low baseline health related quality of life (HRQoL) im-
proved on self-reported cognitive functioning after the training program (chapter 8). In 
contrast in adolescents and young adults the exercise training program did not change 
the quality of life (QoL). This may be due to the fact that most adolescents had best-
possible scores at baseline. They also reported better QoL compared to peers. As the trial 
was optional for patients to join, a selection bias toward the more motivated patients 
may have occurred which may be reflected in the high baseline scores. This adds to 
the suggestion mentioned in one of the above paragraphs that we included a relatively 
healthy study population. The change in QoL has scarily been the subject of the exercise 
intervention studies so far51. Of the studies that have measured QoL, none has used a 
psychological intervention along the exercise training program. As mentioned above 
a multidisciplinary approach may successfully change daily physical activity levels. 
This might also change QoL after an exercise training program34, 35. The psychological 
intervention during the exercise training program should include the caregivers of the 
participants, since the psychological state of parents has an influence on the change of 
QoL after an exercise training program in their adolescents (chapter 9).

Clinical implications

ToF and Fontan patients are among the ConHD patients with the highest risk to develop 
heart failure52. Therefore, they may be considered the patients to benefit the most from 
potential positive effects of exercise training as seen in healthy peers53. Reluctance of 
physicians to refer patients with ConHD to exercise programs has been suggested to 
be among the reasons for low participation in exercise programs of these patients36, 54. 
Most studies involving children and young adults with ConHD exercise, including the 
study in this thesis, have reported an increase in exercise capacity and have shown that 
the training program is safe, despite large variation in training schemes, the type of 
supervision of training and outcome measures. The evidence for the absence of adverse 
remodeling in these patients was lacking so far. We, for the first time, have reported the 
effect of an exercise training program on cardiac remodeling. The findings of our study 
put the perception of children and adolescents with ConHD as being “at risk” during 
physical activity in another perspective2. This may be reassuring for patients, parents 
and caretakers, and may help them to encourage children and young adults with ConHD 
to engage in physical activities. If patients are physical active at school-age they are 
most likely to be physically active as an adult37.
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The results of our study may contribute to improve quality of current recommenda-
tions for physical activity and exercise training in patients with ConHD and endorse that 
physical exercise training becomes part of the ConHD treatment30, 55, 56.

Strengths and limitations

The study described in this thesis finds strength in the fact that it is a randomized con-
trolled trial. Further strength lays in the fact that all training sessions were supervised 
by a certified physiotherapist and every participant was given a heart rate monitor to 
ensure that exercise training sessions were performed within the desired heart rate 
range. This created an intervention period, in which it was ensured that the exercise 
training was well executed. The success of the study design was reflected in the 89% 
adherence to training sessions.

Exercise training studies in patients with acquired heart diseases have included up 
to 2311 patients. Our study included 93 patients, which is 15% of all ConHD patients par-
ticipating in exercise training programs that have been reported on in literature ever57. 
Our number of patients is the largest in exercise training studies performed in ConHD 
patients. The participation rate of 26% of the total eligible patients is in line with other 
exercise training studies40, 58. Most patients that did not participate judged the study to 
be too intense and time-consuming. The study consisted of two full-day hospital visits 
and a possibility to have to engage in exercise training 3 times per week for 12 weeks. The 
low-dropout rate of 3 patients (3%) indicates that the structured and supervised study 
was well executed.

Due to the intensity of the training we may have created an inclusion bias, as only the 
patients motivated to participate in exercise training sessions were enrolled. This may 
have resulted in a relative high exercise capacity at baseline, which may have restricted 
the room for improvement. In contrast to our design, other exercise training studies in 
ConHD patients have used an exclusion criteria of peakVO2 > 80%43, 51, 59. In retrospect, if 
we had used that exclusion criterion, we might have included a less physical fit group of 
ConHD patients. This might have resulted in different findings. On the other hand, this 
would have diminished the number of participants, and therefore decrease the power 
of the study.

Since this was a multi-center trial we had to use different set-ups for exercise testing in 
our study. However, we do not think that this has affected our main outcome measures, 
since all centers used the same protocol, had state of the art equipment and, moreover, 
patients served as their own controls. We have assessed our follow-up measurements 
within 2 weeks of the intervention period. We have not assessed long-term follow-up, 
potentially missing adverse or positive cardiac remodeling.
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Future research

The aim of this thesis was to investigate if a standardized aerobic dynamic exercise train-
ing program is safe, effective and quality of life improving in children and young adults 
with corrected tetralogy of Fallot and Fontan circulation.

On the basis of our results several questions remain. These include:

1) How to improve physical activity levels in congenital heart disease?

Our study has shown that exercise training alone does not increase physical activity 
in patients with ConHD. Other interventions, such as psychosocial, or combinations of 
interventions are required to achieve sustained changes in behavior that will increase 
physical activity levels in these patients. This may be of importance for prevention of 
general health problems, including cardiovascular disease, in these patients. Based on 
our results we suggest studying the effects of multidisciplinary and multimodal ap-
proaches.

2) Which type of exercise training program is most effective to improve fitness 
in patients with congenital heart disease?

Studies in patients with heart failure due to acquired heart disease have utilized dif-
ferent types of exercise training, such as high intensity / anaerobic exercise training, 
strength / resistance training and aerobic exercise programs. Our results indicate that 
dynamic aerobic exercise training may not be the single best option for all types of Con-
HD. Based on our results we suggest studying the effects of different types of exercise 
training in patients with different types of ConHD. In addition to assessing the different 
types we also recommend establishing a core-set of outcome measures to improve the 
benchmarking of different training protocols.

3) What are the long-term effects of an exercise training program in patients 
with congenital heart disease?

Information on long-term sustainability of training programs is scarce. The results of the 
available studies provide evidence for a long-term sustainability of improved exercise 
capacity, measured up to 10 months after the exercise program43, 51, 60. Although these 
results are encouraging, the sample size is small and follow-up duration is short. Further 
studies are required to assess the long-term effects of exercise training programs in 
congenital heart disease and the effects of different type of exercise training in these 
patients.
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4) Which mechanisms apply to the cardiac remodeling related to exercise 
training in congenital heart disease?

In acquired heart disease, beneficial effects of exercise training have been shown with 
regard to cardiac hypertrophy, the contraction and relaxation machinery, angiogenesis, 
inflammatory balance and renewal and regeneration capability. These effects have 
hardly been studied in ConHD. It may be hypothesized that some of these mechanisms 
may be used to add to the prevention of heart failure related to ConHD. Clearly, further 
studies are needed to study the basic mechanisms of cardiovascular changes in relation 
to exercise training in (models of ) congenital heart disease.

Our training program, with good adherence, did not lead to alterations in cardiac re-
modeling. Systolic and diastolic function, both global as well as regional, heart rate and 
arrhythmia, wall shear stress, distensibility and pulsatility did not change. To assess long-
term effects a second follow-up assessment would have been needed. We unfortunately 
were unable to include such a subsequent follow-up visit in our trial. We have chosen 
to perform an exercise study with an aerobic training design. We did not investigate the 
effects of resistance training or a high intensity exercise program. In addition further 
research is warranted to establish if this young cohort will remain free of morbidity as 
well as the effect of an exercise training program on future morbidity.
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In chapter 1 we elaborated on the prevalence of congenital heart disease (ConHD). We 
described the patient population with corrected tetralogy of Fallot (ToF) and the patient 
population with a univentricular heart who were given a Fontan circulation. We gave an 
overview of the randomized controlled trial used in part 2.

In chapter2 we discussed the known literature on the subject of exercise interven-
tion training in patients with ConHD. Although the design of the 29 included studies 
differed, most studies concluded that exercise training improves exercise capacity in 
patients with ConHD. A minority of the studies mentioned adverse events, and none of 
the studies elaborated on the effect of an exercise training on cardiac remodeling.

In chapter 3 we investigated the long-term outcomes in patients with tetralogy of 
Fallot (ToF). ToF patients corrected with the transatrial–transpulmonary approach have 
good long-term survival. Over several decades, the operative mortality (5 of 453 patients) 
was 1.1%, and 25-year overall survival rate was 92%, more specifically 91% in the transan-
nular patch (TP) group and 96% in the non-TP group. Pulmonary valve replacement was 
a frequent event at longer follow-up and other events are limited. The use of a TP is a 
predictor for poorer event-free outcomes.

In chapter 4 we showed that patients with corrected tetralogy of Fallot (ToF) improved 
their exercise capacity after an 12 week aerobic exercise training program. Patients with 
a Fontan circulation (Fontan patients) did not improve their exercise capacity. The Fon-
tan patients were relatively fit before the start of the trial. We speculated that they were 
unable to increase cardiac output and thus exercise capacity. Daily physical activity did 
not increase after the training program.

In chapter 5 and chapter 6 we showed that a 12 week aerobic exercise training pro-
gram did not result in adverse cardiac remodeling. Systolic and diastolic global cardiac 
function remained unchanged after the training program in ToF and Fontan patients. In 
line with the findings on global cardiac function, regional ventricular functioning did 
not change either.

In chapter 7 we assessed the wall shear stress (WSS) in the pulmonary artery in Fontan 
patients. WSS contributes to the release of NO in the vessel, allowing vasodilatation. WSS 
in the pulmonary artery was lower in Fontan patients that in healthy peers. A 12 week 
exercise training program did not change WSS levels in Fontan patients.

In chapter 8 we showed that an exercise program improved self-reported cognitive 
functioning in children between 10 and 15 years. In contrast, the exercise program 
did not improve the quality of life (QoL) of patients aged 16-25 years. This might be 
explained by their high self-reported baseline QoL. Another explanation is that a more 
age-appropriate sports-intervention, with more focus on obtaining autonomy and 
belonging to a peer-group, involving more ‘normal’ sports-participation with healthy 
peers, might have given better results.
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In chapter 9 we showed that parental mental health was a significant moderator for 
effects of exercise training on HRQoL in their children. Parental anxiety and overprotec-
tion may hamper participation of children with ConHD in physical activities. Adolescents 
in the exercise group reported a pre-post decrease in social functioning when their 
parents themselves reported more mental health problems and more specifically: more 
parental anxiety/insomnia and severe depression.

In chapter 10 we discussed the findings of the previous chapters. We concluded that a 
12 week aerobic exercise training program is safe. The training program improved exer-
cise capacity in tetralogy of Fallot patients, but not in relatively healthy Fontan patients. 
Cardiac function remained unchanged after the training program in ToF and Fontan 
patients. Health related quality of life improved after a training program, especially if 
baseline quality of life was low. We elaborated on the strength and limitations of the 
study. Based on our result we suggested ideas for future research.
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In hoofdstuk 1 hebben we de prevalentie van aangeboren hartafwijkingen besproken, 
waarbij we uitgebreid hebben stil gestaan bij de aandoeningen tetralogie van Fallot en 
het univentriculaire hart. Tevens hebben we in hoofdstuk 1 een uiteenzetting gegeven 
van het multi-centrum gerandomiseerde gecontroleerde experiment waarop de resul-
taten van hoofdstuk 4 tot 9 gestoeld zijn.

In hoofdstuk 2 hebben we de bekende literatuur over het effect van trainingspro-
gramma’s bij patiënten met een aangeboren hartafwijking bediscussieerd. De 29 
geïncludeerde studies verschillen in opzet. De meeste studies concludeerden dat de 
training het uithoudingsvermogen van patiënten met een aangeboren hartafwijking 
verbeterde. Een minderheid van de studies rapporteerde over het voorkomen van 
schadelijke incidenten. Geen van de studies onderzocht het effect van de training op 
cardiale veranderingen in de patiënten.

In hoofdstuk 3 hebben we de lange termijn uitkomsten van patiënten met een tetra-
logie van Fallot beschreven. Patiënten met een transatriale-transpulmonaire operatie 
hebben een goede lange termijn overleving. De mortaliteit tijdens de operatie was 1,1%, 
en de overleving van na 25 jaar was 92%. Uitgesplitst naar operatie techniek was de 
overleving 91% voor diegene waarbij een transannulair stuk gebruikt werd en 96% voor 
diegene waarbij geen transannulair stuk gebruikt werd.

In hoofdstuk 4 hebben we laten zien dat patiënten met een tetralogie van Fallot hun 
uithoudingsvermogen hebben verbeterd na een twaalf weeks trainingsprogramma. Pa-
tiënten met een Fontan circulatie verbeterden hun uithoudingsvermogen na hetzelfde 
trainingsprogramma niet. De patiënten met een Fontan circulatie die participeerden 
in het onderzoek waren relatief fit voor de start van het onderzoek. We speculeerden 
dat ze hun hartminuutvolume niet hebben kunnen verbeteren waardoor hun uithou-
dingsvermogen niet verbeterde. De patiënten in het onderzoek hebben hun dagelijkse 
fysieke activiteit niet verhoogd na het trainingsprogramma.

In hoofdstuk 5 en 6 hebben we laten zien dat het trainingsprogramma niet resul-
teerde in negatieve cardiale veranderingen. Zowel systolische als diastolische globale 
cardiale functies bleven onveranderd na het trainingsprogramma in zowel patiënten 
met een tetralogie van Fallot als patiënten met een Fontan circulatie. Ook de regionale 
cardiale functie veranderde niet na een trainingsprogramma.

In hoofdstuk 7 hebben we de schuifspanning van de pulmonale arterie in Fontan 
patiënten bestudeerd. De schuifspanning draagt bij aan het vrijkomen van stikstof-
monoxide (NO) in de arterie, wat zorgt voor vaatverwijding. De schuifspanning in de 
pulmonale arterie is lager in patiënten met een Fontan circulatie ten opzichte van 
gezonde leeftijdsgenoten. Het trainingsprogramma veranderde de schuifspanning niet 
in patiënten met een Fontan circulatie.

In hoofdstuk 8 hebben we laten zien dat het trainingsprogramma het zelf gerap-
porteerde cognitieve functioneren verbeterde in de groep patiënten tussen 10 en 15 jaar 
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oud. In contrast hiermee verbeterde de kwaliteit van leven niet van patiënten tussen de 
16 en 25 jaar. Een mogelijke verklaring hiervoor is de hoge zelf gerapporteerde kwaliteit 
van leven voor aanvang van het trainingsprogramma. Een andere verklaring kan zijn 
dat het gekozen trainingsprogramma niet optimaal was. Mogelijk had een meer leeftijd 
geschikte sport interventie, met de focus meer op het verkrijgen van autonomie en het 
kunnen participeren met gezonde leeftijdsgenoten, wel effect had gehad op kwaliteit 
van leven.

In hoofdstuk 9 hebben we laten zien dat de ouderlijke mentale gezondheid een mo-
derator is op het effect van een trainingsprogramma op kwaliteit van leven bij hun kin-
deren. Ouderlijke angsten en overbescherming kunnen een negatieve invloed hebben 
op de participatie aan fysieke activiteiten van hun kind met aangeboren hartafwijking. 
Adolescenten met ouders welke zelf angst en slapeloosheid rapporteerden scoorden 
hun sociaal functioneren na het trainingsprogramma lager.

In hoofdstuk 10 bediscussiërden we onze bevindingen in de bovengenoemde hoofd-
stukken. We hebben geconcludeerd dat een 12 weeks trainingsprogramma veilig is. Het 
trainingsprogramma verbeterde het uithoudingsvermogen in patiënten met een tetra-
logie van Fallot, maar niet in de al relatief fitte patiënten met een Fontan circulatie. De 
cardiale functie bleef onveranderd na een trainingsprogramma in zowel tetralogie van 
Fallot patiënten als patiënten met een Fontan circulatie. Kwaliteit van leven verbeterde 
na een trainingsprogramma. Met name als de kwaliteit van leven voor het trainingspro-
gramma laag was. We benoemden de sterke en minder sterke punten van de studie. Als 
laatste suggereerden we ideeën na aanleiding van onze bevindingen voor toekomstig 
onderzoek.
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List of abbreviations

A’	 peak late diastolic myocardial velocity
ANOVA	 analysis of variance
AP4CH	 apical four-chamber view
APSE	 annular plane systolic excursion
APVS	 absent pulmonary valve syndrome
AVSD	 atrioventricular septal defect
BSA	 body mass area
CF	 child form
CFD	 computational fluid dynamics
CI	 confidence interval
ConHD	 congenital heart disease
CONHD-TAAQOL	 congenital heart disease-TNO/AZL Adult Quality of Life
CONSORT	 consolidated standards of reporting trials
CPAP	 continuous positive airway pressure
CPET	 cardiopulmonary exercise test
D	 peak diastolic flow
DORV	 double outlet right ventricle
E’	 peak early diastolic myocardial velocity
ECC	 extracardiac conduit
EDV	 end-diastolic volume
EF	 ejection fraction
EMC	 Erasmus Medical Center
ESV	 end-systolic volume
GBA	 municipal basic administration
GHQ-28	 general health questionnaire-28
HR	 heart rate
HRQoL	 health related quality of life
ICD	 internal cardioverter-defibrillator
ILT	 intracardial lateral tunnel
IQR	 inter quartile range
IVS	 interventricular septum
IVSd	 interventricular septum thickness in diastole
IVSs	 interventricular septum thickness in systole
LAS	 linear analogue scale
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LPA	 left pulmonary artery
LVPWd	 left ventricular posterior wall dimension in diastole
MAPSE	 mitral annular plane systolic excursions
MET	 metabolic equivalent
MR	 magnetic resonance
MRI	 magnetic resonance imaging
NT-pro-BNP	 N-terminal pro-brain natriuretic peptide
OUES	 oxygen uptake efficiency slope
PA	 pulmonary artery
PA	 pulmonary atresia
PAH	 pulmonary hypertension
PC	 phase-contrast
peakHR	 peak heart rate
peakO2Pulse	 peak oxygen pulse
peakVE	 peak minute ventilation
peakVO2	 peak oxygen uptake
PF	 parent form
PR	 pulmonary regurgitation
PS	 pulmonary stenosis
PVR	 pulmonary valve replacement
RER	 respiratory exchange ratio
RPA	 right pulmonary artery
RUMC	 Radboud University Medical Center Nijmegen
RUPV	 right upper pulmonary vein
RVIDd	 right ventricle internal diameter in diastole
RVIDs	 right ventricle internal diameter in systole
RVOT	 right ventricular outflow tract
S	 peak systolic flow
S’	 peak systolic myocardial velocity
SD	 standard deviation
SF-36	 SF-36 Health Survey
SSE	� Family support for Exercise Habits Scale: Participation and 

Involvement
SSFP	 steady-state free precession
SV	 stroke volume
SVC	 superior vena cava
SVi	 indexed stroke volume
TACQOL	 TNO/AZL Child Quality of Life Questionnaire
TACQOL-CF	 TNO/AZL Child Quality of Life Questionnaire Child Form
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TAPSE	 tricuspid annular plane systolic excursions
TCPC	 total cavopulmonary connection
TDI	 tissue Doppler imaging
TGA	 transposition of the great arteries
ToF	 tetralogy of Fallot
TP	 transannular patch
TR	 tricuspid regurgitation
VACTERL	� vertebral anomalies, anal atresia, cardiac defects, tracheoesophageal 

fistula and/or esophageal atresia, renal & radial anomalies and limb 
defects

VATVO2	 ventilatory anaerobic threshold VO2

VCO2	 carbon dioxide outflow
VE	 minute ventilation
VE/VCO2-slope	 minute ventilation to carbon dioxide production slope
VO2	 oxygen uptake
VSD	 ventricular septal defect
WSS	 wall shear stress
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Patient information day PAH, Soest, the Netherlands (oral presentation) 2010 0.4

Sport and congenital heart disease, Munchen, Germany 2010 0.9

Joint scientific sessions SCMR/EuroCMR, Nice, France 2011 1.2

Scientific sessions SCMR, Orlando, USA 2012 0.9

Pediatric Clinical Exercise Testing, Utrecht, the Netherlands (poster) 2012 0.6

Sport and congenital heart disease, Munchen, Germany (oral presentation) 2012 0.6

World congress of paedatric cardiology and cardiac surgery,
Kaapstad, South Africa (poster presentation)

2013 2

AEPC working group Psycho-social care, Cologne, Germany (oral presentation) 2013 1.2

AEPC, London, United Kingdom (poster presentation) 2013 1.2

AEPC, Helsinki, Finland (poster and oral presentation) 2014 1.2
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YEAR ECTS

Seminars and workshops

COEUR

New clinical aspects of heart failure 2009 0.4

Coartation of the Aorta 2010 0.4

PhD day, COEUR 2010-2013 2.4

Congenital heart defects (oral presentation) 2011/2015 0.8

Biomechanics 2012/2014 0.4

Biomarkers 2012 0.4

Gender differences 2013 0.4

Debate, COEUR 2014 0.4

NHS (Dutch heart Foundation)

Cardiac Function and Adaptation, NHS 2011 2

Masterclass reporting your research, NHS 2011 0.2

Other

Advanced imaging for clinicians 2009 0.9

PhD integrity 2010 0.9

PHD day, Erasmus MC 2010/2011 0.8

The why and how of readable articles 2010 0.6

NWO talent day 2011 0.6

Teaching activities: supervising research project from ErasmusMC and Radboud university MC students

Correlation of activity and heart rate in pediatric congenital heart disease patients 2011 2

Testing cardiorespiratory function in children with Tetralogy of Fallot: using maximal or sub-
maximal exercise parameters?

2011 0.5

The effect of a three month training program on patients with a Tetralogy of Fallot or a 
Fontan-circulation

2012 0.5

Long-term follow up in patients with corrected Tetralogy of Fallot: A multicenter 
retrospective study (published article)

2012 3

The effect of aerobic exercise training on the atrial function and ventricular diastolic 
function in patients with corrected Tetralogy of Fallot

2013 1.5

Committee

COEUR PhD committee 2011-2014

PhD committee 2012-2014
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DAT IS SPORT

Een paar seconden voor de race.
Je hebt fans. Ze worden hees.
Ze verwachten een sensatie.
Ademhalen. Concentratie.
En dan opeens verstomt hun lied.
Wat er gebeurt, begrijp je niet.
Je sluit ze af. Je gumt ze uit.
De wind steekt op binnen je huid.
Je wordt een suizende orkaan
en het schijnt dat je gaat staan,
Dat je verandert in een vorm,
die gehoorzaamt aan een storm.
Die jou laat doen wat je moet doen.
Je springt. Daar ga je. Kampioen.
En terwijl je toegejubeld wordt
denk je: wég zijn – dat is sport.
Je bent getraind en voorbereid,
maar pas als je precies op tijd
Afwezig bent, leeg, en stil,
doet je lichaam wat je wil.
Word je mee op reis genomen.
Dat is sport. De mooiste dromen
worden aan je toegekend
terwijl ergens anders bent.

E van de Vendel
Uit: Ik juich voor jou




