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Abstract
In 7 of 8 children with idiopathic pulmonary arterial hypertension treated with intravenous
epoprostenol for > 1 year, concomitant use of bosentan allowed a reduction of epoprostenol and
decreased its associated side effects without deterioration of clinical and hemodynamic
parameters. In 3 children with normal or near-normal pulmonary artery pressure on epoprostenol,
the addition of bosentan allowed discontinuation of epoprostenol and stabilization of
hemodynamics for up to 1 year.

Long-term therapy with epoprostenol, a potent prostacyclin and short-acting vasodilator, has
been shown to improve hemodynamics, exercise capacity, and survival in adults and
children with pulmonary hypertension.1–6 However, epoprostenol has several inherent
drawbacks. Epoprostenol is administered through continuous intravenous infusion, and its
dosing and regulation is complex. Endothelin-1, a potent vasoconstrictor peptide, is
increased in the pulmonary arteries of patients with pulmonary hypertension7; endothelin
levels are also increased and correlated with the severity of disease in adults with idiopathic
primary pulmonary arterial hypertension (IPAH).8 Bosentan, a dual endothelin receptor
antagonist, lowers pulmonary artery pressure and resistance and improves exercise tolerance
in adults with pulmonary arterial hypertension.9 In children with pulmonary arterial
hypertension related to congenital heart disease or IPAH, bosentan lowered pulmonary
pressure and resistance and was well tolerated.10 A recent case series has suggested that
epoprostenol may be withdrawn from a select group of adult patients with normal
pulmonary pressure.11 Our study was undertaken to determine whether the addition of
bosentan concomitant with stepwise epoprostenol dose reductions could decrease the
severity of side effects experienced with epoprostenol while maintaining hemodynamic
stability in children with IPAH.

After institutional review board approval, informed consent, and assent where appropriate,
patients were enrolled in a longitudinal follow-up study. Pediatric patients with IPAH in
World Health Organization (WHO) functional class II or III, who received continuous
epoprostenol therapy for > 1 year at the Pediatric Pulmonary Hypertension Program of the
Children's Hospital in Denver, Colorado, were recruited (Table 1). All known causes of
pulmonary hypertension were excluded, including congenital heart disease and lung disease.
All patients had severe, life-threatening pulmonary hypertension before initiation of
epoprostenol (Table 2).

From April 2001 to July 2002, patients were enrolled and their treatment regimen was
modified to include bosentan, with dosing according to published guidelines.10 The target
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dose for children 10 to 20 kg was 31.25 mg twice daily, for children 20 to 40 kg, the dose
was 62.5 mg twice daily, and for children >40 kg, the dose was 125 mg twice daily.
Epoprostenol doses were decreased 1 to 2 ng/kg/min weekly, depending on stable or
decreasing right ventricular peak systolic pressure as determined by echocardiography and/
or cardiac catheterization. Patients remained on concomitant medications, including warfarin
(8 of 8 patients), digoxin (2 of 8), diuretics (2 of 8), dipyridamole (6 of 8), calcium channel
blockers (1 of 8), and nighttime oxygen (7 of 8). Cardiopulmonary stress testing was
conducted in all patients >7 years of age at start of the study. Maximal symptom-limited
exercise testing was performed on an electronically braked cycle ergometer using the James
protocol. After familiarization with the exercise testing procedure, patients underwent
testing before and periodically during weaning of their epoprostenol dosage. Also,
submaximal exercise capacity was tested periodically using the 6-minute walk test. WHO
functional class was assessed at start of the study and on the last assessment date.
Hemodynamic values were determined by cardiac catheterization before the beginning of
the study and at 3 months to 2.0 years after the addition of bosentan.

The patients' family members or primary caregivers graded epoprostenol-related side effect
severity. Symptoms were evaluated every 3 months on a 4-point scale. Liver enzyme levels
were monitored throughout the study; elevations were managed according to published
guidelines for bosentan.10 Parents and female patients were warned of possible teratogenic
effects and male patients were advised of the possibility of male infertility during treatment
with bosentan.

Baseline patient demographics are shown in Table 1. Eight patients, 4 of whom had
participated in the Bosentan Randomized Trial of Endothelin Antagonist Therapy 3,10 were
enrolled in the study. Epoprostenol doses were reduced steadily in 7 patients and increased
in 1. Mean epoprostenol dosage was downtitrated from study start to study end in November
2003 (p <0.05). Epoprostenol therapy was discontinued in 3 patients who had normal or
near-normal pulmonary artery pressure on epoprostenol (Table 1). In 1 patient (patient 1),
the epoprostenol dose was increased to treat progressive pulmonary hypertension. Results
from cardiac catheterizations performed before epoprostenol as well as before and after
treatment with bosentan are listed in Table 2. Exercise testing results are given in Table 3.
Despite the reduction in epoprostenol dosage, no patient demonstrated a decrease in aerobic
capacity. Peak workload and peak oxygen pulse increased (p <0.05), suggesting an
improvement in cardiac output on the subsequent exercise studies.

Epoprostenol side effects were monitored after the initiation of bosentan (Figure 1). Many
children experienced a transient worsening of epoprostenol symptoms after the initiation of
bosentan. All but 1 patient reported overall improvement in symptom severity soon after
epoprostenol doses were reduced. Before the addition of bosentan and reduction in
epoprostenol dosage, most of the patients experienced ≥3 of the 7 side effects monitored.
Headache and rash were the most frequent symptoms reported; fatigue and nausea/vomiting/
stomachaches were the least frequent symptoms noted. By study end, all patients reported
improvement or elimination of rashes. At the start of the study, 5 patients had reported jaw
pain, which was eliminated completely in the 4 patients who had epoprostenol reduced. By
study end, no side effect was rated severe by any patient, and ≥1 side effects were
eliminated in all patients.

Four patients experienced a liver enzyme elevation. One patient (patient 5) experienced
elevations 5× the upper limit of normal after treatment with oxacillin >1 year after the study
ended. Bosentan therapy for this patient was halted for 2 weeks and then reinstituted at the
initial dose and later increased to full dose without incident. By study end, only 1 patient
(patient 7) discontinued treatment with bosentan due to elevated liver function tests.
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Children receiving long-term epoprostenol therapy experience severe side effects associated
with high-dose treatment. Although reducing epoprostenol dosage can attenuate
epoprostenol-related side effect severity, this comes at the risk of reducing the beneficial
hemodynamic effects obtained at the higher dose. The addition of bosentan to the treatment
regimen may resolve this dilemma. Recent successes of bosentan in improving
cardiopulmonary hemodynamics in adults with IPAH9 and children with congenital heart
disease or IPAH10 make it reasonable to consider the concomitant use of these 2 agents,
which have different mechanisms of action.

In most children, as epoprostenol doses decreased dramatically, side effect severity also
decreased significantly, without clinical or hemodynamic deterioration. Patients with longer
term epoprostenol treatment withstood greater dose reductions, suggesting that the best
candidates for dose reductions may be those with a stable, extended duration of drug use.
We only attempted discontinuation of epoprostenol in children with normal or near-normal
pulmonary artery pressure. One patient (patient 1), who had been on epoprostenol therapy
the shortest time, was unable to reduce epoprostenol dose due to continued worsening of
pulmonary hypertension. Epoprostenol therapy was discontinued in 3 patients with no
clinical worsening or elevation of pulmonary pressure up to 1 year after epoprostenol
discontinuation.

This study has several limitations. The patient population was small, and it is possible that
these patients may have been able to wean off of epoprostenol without the addition of
bosentan. This was not attempted because IPAH is a progressive disease without a cure.
Most patients treated with bosentan in addition to epoprostenol did not show a marked
improvement in hemodynamics or exercise capacity; rather they showed a stable clinical
profile on weaning of epoprostenol. It is likely that the major beneficial effect was due to
prolonged epoprostenol therapy.3

We demonstrated that bosentan facilitates the reduction of epoprostenol dosages and its
associated side effect severity, without adversely affecting hemodynamic parameters in this
select pediatric patient population. Further randomized studies are required to determine if
use of bosentan concomitantly with epoprostenol improves hemodynamics and may allow
safe weaning or discontinuation of epoprostenol.
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FIGURE 1.
Epoprostenol side effect symptoms were evaluated at 3-month intervals after the initiation of
bosentan. Symptoms were evaluated on a 4-point scale (0 = no discomfort or interference
with daily activity; 1 = mild discomfort but no interference; 2 = moderate discomfort
sufficient to reduce or affect daily activity; and 3 = severe, incapacitating discomfort with
inability to perform normal daily activities).
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TABLE 3
Results of Exercise Testing Before and After the Addition of Bosentan to Epoprostenol (n
= 5)

Variable Before After p Value

Systolic blood pressure (mm Hg) 32 ± 15 43 ±11 0.22

Work (W) 73 ± 26 102 ± 21 0.02

Peak VO2 (ml/kg/min) 26 ± 4 29 ± 8 0.25

Predicted VO2 (%) 58 ± 6 66 ± 15 0.25

ΔVE/ΔVCO2 44 ± 9 45 ± 10 0.16

Predicted ΔVE/ΔVCO2 (%) 138 ± 28 140 ± 28 0.39

Peak oxygen pulse (ml/beat) 4.9 ± 1.3 5.4 ± 1.4 0.03

VO2 = oxygen consumption; ΔVE/ΔVCO2 = change in ventilation per amount of expired CO2.
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