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ABSTRACT
Background 
The Fontan circulation is a palliative procedure performed in patients with complex congenital 
heart disease (CHD), making transpulmonary blood flow dependent on the systemic venous 
pressure. In a Fontan circulation a low pulmonary vascular resistance (PVR) is crucial, as is 
epitomized by the observation that a high PVR is a strong predictor of mortality. Long-term 
follow-up has shown that PVR may rise many years after the Fontan procedure has been 
performed, possibly due to micro-emboli from a dilated right atrium or from the venous system. 
Other mechanisms of increased PVR might be aging, obstructed airways caused by 
lymphatic dysfunction, lack of pulsatile pulmonary flow causing a release of endothelium-de-
rived vasoactive molecules, and prolonged overexpression of vasoconstrictors such as endo- 
thelin-1. Mean plasma level of endothelin-1 has been shown to be significantly higher in Fontan  
patients compared to healthy controls. In patients with pulmonary arterial hypertension (PAH), 
therapy with bosentan, an endothelin-1 receptor antagonist, has demonstrated to improve  
exercise capacity and to reduce the elevated PVR. In addition, reduction of PVR is shown 
early and late after the Fontan procedure on treatment with exogenous NO, another advanced 
PAH therapy. However, the long term effect of reducing the PVR by bosentan treatment on 
exercise capacity in Fontan patients is still unknown. 

Methods
We designed a prospective, multicenter, randomized open label trial to study the effect of 
bosentan in Fontan patients. The primary endpoint will be the change in maximum exercise 
capacity (peak V’O2).

Conclusion 
We hypothesize that treatment with bosentan, an endothelin-1 receptor antagonist, improves 
maximum exercise capacity and functional capacity in adult Fontan patients.
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1. BACKGROUND
The Fontan circulation is a palliative procedure performed in patients with complex congenital 
heart disease (CHD), which is usually achieved in early childhood in case biventricular repair 
is not possible. After the Fontan procedure, blood flows passively through the lungs bypassing 
the right ventricle. As the systemic venous pressure is the driving force, pulmonary vascular 
resistance (PVR) must be low enough to generate acceptable antegrade transpulmonary flow 
in order to maintain adequate left ventricular (LV) filling.1,2 The importance of PVR is illustrated 
by the observation that  high PVR is a strong predictor of mortality.3 Long-term follow-up 
showed that PVR may rise years after the procedure. Possibly, micro-emboli from a dilated 
right atrium or from the venous system may gradually reduce pulmonary perfusion, which 
will lead to an increase of the PVR. Other mechanisms of increasing PVR might be aging,4 
obstructed airways caused by lymphatic dysfunction,5 lack of pulsatile pulmonary flow causing 
a release of endothelium-derived vasoactive molecules6 and prolonged overexpression of  
vasoconstrictors such as endothelin-17. Endogenously generated endothelin-1 appears to 
play a modest role in the healthy organism, but it likely plays a major role in many pathophysi-
ological states.8 Inai et al showed that mean plasma levels of endothelin-1 are significantly 
higher in Fontan patients compared to healthy controls.9 At first systemic venous pressure 
will rise, but ultimately cannot compensate for a further increase of PVR, at which moment 
lung flow and cardiac output will start to decrease. Therefore, Fontan patients are at risk for 
backward failure and premature mortality. In patients with pulmonary arterial hypertension, 
advanced therapy with bosentan, an endothelin-1 receptor antagonist, has demonstrated to 
reduce the elevated PVR.10–12 Moreover exercise capacity improved in these patients. Studies 
on advanced therapies targeting the PVR in Fontan patients are scarce, however. Mean PVR 
has been shown to decrease in pre-operative Fontan patients with mild pulmonary arte-
rial hypertension treated with beraprost, a prostacyclin.13 Exogenous NO, a vasorelaxant, 
has been shown to reduce PVR late after the Fontan procedure.14 In addition, early after the 
Fontan procedure a combination of milrinone and exogenous NO showed reduction of the 
transpulmonary pressure gradient in patients with high PVR.15  No significant improvement 
in six minute walking distance was seen in a small group (n = 10) of failing Fontan patients 
treated with bosentan for 12 weeks.16 However, the long term effect of bosentan treatment 
on exercise capacity in non-failing Fontan patients is still unknown. Therefore we hypoth-
esize that bosentan will improve maximum exercise capacity as measured by peak oxygen  
consumption (peak V’O2) in Fontan patients by supporting the systemic-to pulmonary circulation.

2. STUDY OVERVIEW AND DESIGN
We designed a prospective, multicenter randomized open label blinded endpoints   trial to 
evaluate the effect of bosentan on exercise capacity (peak V’O2). The design of the study 
is shown in Figure 1. Primary hypothesis of this study is that bosentan improves maximum 
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exercise capacity and functional capacity. Secondary hypotheses are that bosentan improves 
quality of life, cardiac output, arterial oxygen saturation, and decreases the prevalence of 
arrhythmias, congestive heart failure, protein losing enteropathy and lowers serum neurohor-
mone levels. The study is being conducted in five tertiary referral centers in the Netherlands. 
The protocol has been approved by the institutional ethics committees of each participating 
center. The authors are solely responsible for the design and conduct of this study, all study 

Figure 1. Study Flow chart
Abbreviations: ECG: electrocardiography; QoL: Quality of Life; CPX: Cardiovascular exercise testing; 
SaO2: Arterial oxygen saturation; LFT: Liver function test
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analyses, the drafting and editing of the paper and its final contents. The trial is registered at 
http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=1557.

3. PATIENT SELECTION
Fontan patients above 18 years of age from five participating centers in The Netherlands 
(Academic Medical Center, Amsterdam, Radboud University Nijmegen Medical Centre,  
University Medical Center Utrecht, Leiden University Medical Center and University Medical 
Center Groningen) are eligible for this study. All different types of Fontan procedures may be 
included in this study, that is 1) twelve patients with atriopulmonary-connection 2) two patients 
with intracardiac total cavopulmonary connection (lateral tunnel) and 3) fifteen patients with 
extracardiac total cavopulmonary connection. None of the patients met the exclusion criteria. 
Inclusion and exclusion criteria are listed in Table 1. Eligible candidates are identified via 
the CONCOR database, the Dutch national database and DNA bank of adult patients with 
congenital heart disease.17,18 If a patient meets all inclusion criteria, and violating none of the 
exclusion criteria, the patient is invited to the outpatient clinic for a detailed explanation of the 
study and asked for informed consent.

Table 1. Inclusion and exclusion criteria

Schuuring proefschrift.indd   105 05-03-14   14:20



106

8

4. RANDOMIZATION AND MASKING
Patients are randomly assigned in 1:1 ratio using blocks of 10, stratified by site. Patients either 
directly start bosentan treatment or start bosentan treatment three months after baseline, see 
Figure 1.  Randomization is performed by the investigator using a computerized randomisa-
tion tool. Consequently, study personnel, but not patients, are blinded to the treatment. 

5. STUDY MEDICATION
Patients in the bosentan group start on 62.5 mg twice daily. After four weeks, the dose is 
increased to 125 mg twice daily if liver function tests remain in safe range (below 5 times of 
upper limits of normal). There is no data on the appropriate dose of bosentan in the treat-
ment of the patients with Fontan circulation. Pragmatically, the regular dosing scheme for the 
treatment of patients with pulmonary arterial hypertension and Eisenmenger syndrome was 
chosen, which proved both efficacious and safe.10

6. OUTCOME MEASURES
Study measures (i.e. extensive history-taking, physical examination, 24-hours ambulatory 
electrocardiography, 12-lead electrocardiogram, Doppler echocardiography, laboratory testing, 
cardiopulmonary exercise testing and quality of life questionnaires) are obtained in all partici-
pating patients at baseline. These will be repeated at three and six months follow-up (Figure 1).

7. CLINICAL DATA AND DEFINITIONS
7.1 Arterial Oxygen saturation
Arterial oxygen saturation is measured non-invasively by pulse oximetry after five minutes of rest.

7.2 Twentyfour-hour ambulatory electrocardiography
24-hour ambulatory ECG is performed at baseline and will be repeated at follow-up visits. 
A 24-hour ambulatory ECG is acquired with a three channel Holter-monitor during normal 
out-of-hospital activities. The ECG-registration is analyzed for the presence of (supra-)  
ventricular arrhythmias. Any complaints during the ambulatory ECG are noted and compared 
to the registration.

7.3 Echocardiography 
Echocardiography will be performed on commercially available platforms. Echocardiographic 
data included the measurements of cardiac dimensions (if possible, from standard views) 
resulting in an assessment of wall thickness, ventricular function, atrial dimensions and  
diameters of the extracardiac conduit or tunnel. LV diastolic filling patterns were assessed 
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by the dominant atrio-ventricular valve pulsed-wave Doppler velocity. Pulsed wave TDI was 
performed with the sample volume positioned at the basal lateral wall to obtain early and late 
diatolic velocities. Quantification of valve regurgitation and stenosis was according to recent 
recommendations.19,19 All echocardiographic studies were stored digitally.

7.4 Cardiopulmonary exercise testing
Cardiopulmonary exercise tests (CPX) are performed to assess maximal exercise capacity, 
according to guidelines of the American Thoracic Society.20 Patients are placed on a cycle  
ergometer and continuous measurements with K4B 2 (Cosmed, Rome, Italy) are made of 
minute ventilation, oxygen consumption (peak V’O2), heart rate, blood pressure, and elec-
trocardiogram. Workload is increased by 5 to 15 W per minute, depending on the predicted 
maximum exercise capacity and in such a way that maximal effort is attained within approxi-
mately 10 to 15 minutes. Calibration of the system is performed before every test according 
to manufacturer specifications.

7.5 Laboratory testing
The following parameters are assessed: hematocrit, erythrocytes, leukocytes, trombocytes, 
hemoglobin, creatinin, ureum, total protein, albumin and the neurohormone N-terminal pro 
brain natriuretic peptide level (NT-proBNP). Repeated measurements of liver transaminases 
are performed for safety monitoring. 

7.6 Quality of life questionnaires 
Patients are requested to fill out the the SF-36 quality-of-life questionnaire and the SQUASH 
(the short questionnaire to assess health enhancing physical activity at baseline and at the  
follow-up visits. The SF-36 is a well-documented, widely used and validated, self-administered 
quality-of-life scoring system incorporating 36 questions. It includes 8 independent scales 
(scored as a number between 0 and 100) that assess the following general health concepts: 
physical functioning, limitations because of physical health problems (role physical), bodily 
pain, general health perceptions, vitality, social functioning, limitations because of emotional 
problems (role emotional), and mental health.5 

8. STATISTICAL CONSIDERATIONS
Sample size calculation is based on the primary endpoint change in exercise capacity 
(percentage of predicted peak V’O2); the primary outcome variable. Giardini et al found a 
mean improvement in peak V’O2 of 1.9 ml/kg/min (change 9 % ± 5.2%) after treatment with 
sildenafil in 18 patients with a Fontan circulation.21  Based on a standard deviation of 1.89 we 
calculated that 32 patients are required to obtain 80% power to detect a difference in mean 
percentage of peak V’O2 2.0 ml/kg/min between the two groups after 12 weeks with a 2 sided 
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α of 0.05. Considering a possible drop-out of 20%, at least 38 patients need to be included. 
For statistical analyses, SPSS 16.0 (SPSS Inc., Chicago, Illinois) for Windows is used. A 
2-tailed probability value of < 0.05 is used as a criterion for statistical significance. Descriptive 
data will be presented as numbers with percentage, as mean with standard deviation, or as 
median with range, as appropriate. The primary analysis will be according to the intention-to-
treat principle. Chi-square for qualitative data and independent t-tests for quantitative data 
will be applied to detect differences between the bosentan group and the not treated group at 
baseline. If there are significant differences between groups on parameters that could influ-
ence study outcome, we will perform covariate-adjusted comparisons as a secondary analysis. 
Differences between baseline and follow-up within groups will be assessed using a paired  
t-test. To detect differences in the endpoints between the bosentan and not treated group, 
again chi-square and independent t-test will be applied.

Figure 2. Flow diagram of ongoing patient enrollment

Table 2. Baseline comparison between eligible patients that 
consented and eligible patients that refused participation
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Table 3. Baseline characteristics of study population

Abbreviations: NYHA; New York heart association functional class; n; numbher, y; year
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9. TIME LINE AND TRIAL ENROLMENT
Patients are being enrolled in the study from July 2009. In September 2010, 32 patients were 
included (Figure 2). Initial diagnosis and types of Fontan procedures are shown in Table 2. 
Of 77 eligible patients, 32 (42%) gave informed consent and 16 (21%) refused participa-
tion. So far no significant differences between eligible patients that consented and eligible  
patients that refused participation could be identified (Table 2). Three of the consenting patients  
discontinued their involvement. Reasons for discontinuation were non medical: one patient 
was lost in follow up, one patient moved to another country and, one patient was not motivated 
to continue. One patient developed an adverse effect, an itching sensation over his entire 
body, which resolved after two weeks of treatment. None of the patients developed elevated 
liver transaminases. Table 3 summarizes the baseline characteristics of the study population. 

10. DISCUSSION
The current study is the first prospective, multicenter randomized open label blinded  
endpoints trial that evaluates the effect of bosentan on the maximum exercise capacity in non-
failing Fontan patients. In a single centre open label study in patients with a Fontan circulation, 
improvement of exercise capacity has been shown directly after taking a single oral dose of 
sildenafil, a therapy in pulmonary arterial hypertension.21 However, the long term effect on 
exercise capacity in these patients is still unknown. 
Late complications are common in patients with a Fontan circulation.22 Such complications 
include early and late mortality, decreased exercise tolerance, ventricular dysfunction, rhythm 
and conduction disturbances, hepatomegaly, lymphatic dysfunction, protein losing enteropathy, 
systemic venous thrombi, ascites, development of collaterals leading to cyanosis and periph-
eral edema.23  Many of these complications are considered to arise as a result of increased 
venous pressure and congestion, and chronic low cardiac output. Given the lack of ventricular 
force to drive blood through the pulmonary arteries, a low PVR is crucial for a well-functioning 
Fontan circulation, as is illustrated by the finding that a high PVR is a strong predictor of mor-
tality.3 The exact underlying mechanism behind increase in PVR in Fontan patients is as yet 
unclear, but is likely to be multi-factorial.24 Hypothesized mechanisms are an increase of PVR 
caused by venous micro-emboli, aging, obstructed airways or the release of endothelium-
derived vasoactive molecules such as endothelin-17 Endothelin-1, one of the endothelium 
derived vaso-active molecules, is one of the most potent vasoconstrictors in humans and 
has proliferative and hypertrophic effects on vascular smooth muscle cells. Although data are  
conflicting, it appears that endothelin-1 levels are increased in Fontan patients, both in the 
acute postoperative phase and long time after surgery.24  Endothelin-1 levels were also found 
to be elevated in late-phase Fontan patients compared with healthy controls.9

The role of bosentan in the treatment of patients with a Fontan circulation is still unclear. No 
significant improvement in six minute walking distance was seen in a small group (n = 10) of 
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failing Fontan patients treated with bosentan for 12 weeks.16 However, bosentan treatment 
showed reduction of PVR in patients with chronic increased PVR due to pulmonary arterial  
hypertension (PAH).10,25 Although the patho-physiological mechanisms of the Fontan circula-
tion admittedly differ from those in patients with pulmonary arterial hypertension, it is essential 
to lower PVR in both diseases. An improvement in exercise capacity during bosentan treat-
ment is predictable in patients with pulmonary hypertension using the baseline right ventricular 
contraction duration,26 which is not possible in Fontan patients. We hypothesize that Fontan 
patients are likely to benefit from bosentan. Until today, no such studies have been performed.
 Major cardiac events, cardiac transplantation, and (cardiac) death could be considered  
superior endpoints, compared to exercise capacity (peak V’O2), as was used in the present 
study. However, these events are relatively rare.  Performing a randomized trial that assesses 
differences in hard clinical endpoints seems unrealistic in these patients, as it would involve 
very large patient numbers and very long follow-up period. Consequently, we chose endpoints 
representing daily life, which is frequently compromised in these patients. The peak V’O2 
for measurement of exercise capacity has shown to be a superior outcome compared to six 
minute walking distance in patients with mild pulmonary arterial hypertension treated with 
bosentan.27 The sample size calculation for this study indicates that 38 patients need to be 
included, and so far 32 patients consented. The sample size calculation that aimed at detecting 
a small difference of 2.0 ml/kg/min is based on an estimation of 1.89 for the standard deviation 
for the difference in peak V’O2 at baseline and at follow-up visits as measured by cardiopul-
monary exercise testing. 
Patients with a Fontan circulation display a wide range of symptoms, both in variety and 
severity. Many patients remain asymptomatic for a very long period, have no complications 
and do not use cardiac medication. These patients might be less inclined to participate in a 
study, as they feel that they have little to gain. Conversely, symptomatic patients might hope to 
improve as a result of the study-medication, and may be more likely to participate. This might 
create an inclusion bias, favoring symptomatic patients. However, a comparison between 
patients who were included and those that refused participation did not show significant differ-
ences, although in particular male subjects tended to be slightly older.

11. CONCLUSION 
We hypothesize that treatment with bosentan, an endothelin-1 receptor antagonist, improves 
maximum exercise capacity and functional capacity in adult Fontan patients
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