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ABSTRACT 
Objective The dual endothelin receptor antagonist bosentan is known to be safe and 
effective in adults with pulmonary hypertension (PH). There is little experience in 
children. 
Design  In this retrospective, observational study the UK Service for Pulmonary 
Hypertension for children treated 40 children with bosentan, twenty with idiopathic 
pulmonary arterial hypertension (IPAH) (mean age 8.03 years, range 1.2-17) and twenty 
with PH associated with other conditions (congenital heart disease, parenchymal lung or 
connective tissue disease, HIV). The mean age was 8.3 years (range 0.6-16). 
 Patients Thirty-nine patients were in WHO Class III and IV, and all had shown recent 
deterioration. In IPAH the mean pulmonary vascular resistance (PVR) was 21.7 units.m2 

(range 5.6 - 42.8).  In secondary PH the mean PVR was 18 units.m2 (range 4.9 - 49). No 
child had a positive response to vasodilator testing with nitric oxide. 
Interventions Bosentan was given as first-line therapy to 25. Nine were on intravenous 
epoprostenol. Children were treated for a mean of 12.7 months (range 2-24).   
Main Outcome measures Response to therapy was judged by WHO Functional Class, 6-
minute walk test, weight, the ECG and echocardiographic findings and need to add 
additional therapy. 
Results Bosentan was well tolerated. In IPAH bosentan treatment achieved stabilisation 
in 95%, but combined therapy with epoprostenol was necessary in 60% of cases. In 
secondary PH, WHO Class, 6-minute walk test and weight gain improved significantly. 
Conclusion Bosentan helped stabilise children with IPAH but intravenous epoprostenol 
was also needed in 60%. Improvement occurred in secondary PH. 
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INTRODUCTION   
Pulmonary hypertension (PH) is a debilitating disease characterised by an increase in 
pulmonary vascular resistance leading to progressive deterioration, right ventricular 
failure and death. Sporadic pulmonary arterial hypertension (PAH) with no apparent 
aetiology is called idiopathic pulmonary arterial hypertension (IPAH).[1] PH in childhood 
which is not IPAH is usually caused by congenital abnormalities of the heart or 
parenchymal lung disease, less commonly by connective tissue and other diseases.[2] In 
the WHO (Evian 1998) classification the term secondary PH was abandoned in favour of 
a more precise anatomical and functional definition. But the term has been used in the 
present study as a means of discussing a group of pulmonary hypertensive children with 
disparate underlying disorders.  
Treatment options are more limited in children than adults. Only a small proportion of the 
children presenting to the UK Service for Children with Pulmonary Hypertension have 
been suitable for treatment with oral calcium channel antagonists [1] and for other 
children the only drug of proven efficacy is epoprostenol,[3] given as a continuous 
intravenous infusion with all the disadvantages that this entails. The introduction of the 
endothelin receptor antagonist bosentan offered a much needed alternative oral therapy. 
Endothelin appears to be important in the pathogenesis of PAH.[4][5][6] Its actions are 
mediated by 2 receptors ETA and ETB. The dual endothelial receptor antagonist bosentan 
diminishes or abrogates ET- induced smooth muscle cell contraction, hypertrophy and 
hyperplasia, and fibrosis and reduces both the haemodynamic and structural response to 
experimentally induced pulmonary hypertension.[7][8] In 2002 bosentan was shown to be 
safe and efficacious in the treatment of adults with PAH and benefit is generally sustained 
for at least 1 year.[9][10][11] Derangement of liver function, elevation of hepatic 
aminotransferase levels (AST), was the commonest side effect. A later study 
demonstrated that the drug was safe to use in children and that it had a safety profile 
similar to that in adults.[12] In the present study we report our early experience of treating 
40 children with bosentan (Tracleer, Actelion). They were referred to the UK Service for 
Pulmonary Hypertension.  
 
METHODS 
The Patient Population 
Forty children with pulmonary arterial hypertension were treated with bosentan. All were 
in WHO Functional Class III and IV except one patient with IPAH who had been treated 
with intravenous epoprostenol for 5 years following a cardiac arrest and was now in Class 
II.  Twenty cases had IPAH and twenty had secondary PH (Table 1, 2, 3).  All the 
children had shown recent, marked deterioration and had poor exercise tolerance. The 
older children had stopped attending school. Three children with IPAH had had syncopal 
attacks. Three children with chronic lung disease were oxygen dependant. The mean age 
range at the start of treatment was 8.03 years for IPAH and 8.3 years for secondary PH. 
There was a female predominance in IPAH but not in secondary PH. Medications the 
children were receiving when started on bosentan are presented in Table 1. Seven 
children with IPAH and two with secondary PH were receiving intravenous epoprostenol 
and deteriorating on a mean dose 39ng/kg/min when treatment with bosentan was started. 
The electrocardiographic and transthoracic echocardiographic findings are summarised in 
Table 1. 
In the group with IPAH signs of right atrial and right ventricular hypertrophy were 
invariably present in the ECG, and 75% of patients showed a RV strain pattern.  
Echocardiography revealed right ventricular hypertrophy in all children and systolic 
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function was impaired in 60%. A tricuspid regurgitant jet was invariably present and the 
velocity exceeded 4 m/s in 95% of children. Pulmonary regurgitation was present in 52%. 
 
Table 1 Summary of patient demographics and baseline characteristics 

 Idiopathic PAH (n = 20) Secondary PH (n = 20) 
Age at treatment 
Mean  
Range  

 
8.03 years 
1.2 – 17 years 

 
8.3 years 
0.6 – 16 years 

Male : Female 
 

5 :15  9:11 

Ethnicity 
Caucasian 
Afro Carribean 
Asian 
 

 
19 
 
1 

 
18 
2 
 

Weight  27.5 (8 – 70 ) Kg 23.9 (6.8 – 59.3) Kg 
   
WHO Functional Class 
II 
III 
IV 
 

 
1 
11 
8 

 
 
13 
7 

ECG  findings 
Sinus rhythm 
Right axis deviation 
Right ventricular hypertrophy with 
strain 
 

 
20 
20 
15 

 
18 (1 Jx, 1 paced) 
14 (5 sup axis, 1 paced) 
9 

Echocardiography 
Tricuspid jet velocity 
Poor RV function 
Atrial communication 

 
4.6 m/s 
12 
11 

 
4.14 m/s 
5 
5 

 
Cardiac Catheter 
PAP > SAP 
PAP = SAP 
PAP < SAP 
 
PVR  
 

 
 
9 
7 
4 
 
21.7 (5.6 – 42.8) units.m2 
 

 
 
3 
7 
8 
 
18.0 (4.9 – 49) units.m2 (n=18) 
 

Treatment at start of study  
Nocturnal Oxygen 
Diuretics 
Nifedipine 
Sildenafil 
Epoprostenol 
Anticoagulation 
 

 
20 
5 
0 
2 
7 
12 (6 Aspirin, 6 Warfarin) 

 
20 
6 
4* 
4 
2 
2 

Duration of treatment 13.1 (3 – 24) months 12.2 (2 – 22) months 
 

* 3 patients had systemic hypertension associated with connective tissue disease 
Jx- junctional rhythm 
sup axis- superior axis  
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An atrial communication was present in 55% of children, either a patent foramen ovale, 
secundum ASD, or atrial septostomy. A septostomy had been done in 5 cases, including 
one done for recurrent syncope at the time bosentan was introduced.   At cardiac 
catheterisation (Table 1, 2), the pulmonary arterial pressure (PAP) was similar to the 
systemic arterial pressure or higher in most children. The mean pulmonary vascular 
resistance (PVR), measuring oxygen consumption, was between 5.6 and 42.8 units.m2 
(mean 21.7). Ten children were aged 5 years or less and the PVR in this group was as 
great as in the older children (23.26 v. 20.22 units.m2).The six children in WHO Class III 
and IV already being treated with epoprostenol had a mean PVR of 28.7 units.m2 which 
was not significantly different to the rest of the group. Pulmonary vascular reactivity was 
assessed by the response to an increase in inspired oxygen concentration and 
administration of inhaled nitric oxide. No child had a positive response. 
 
In the group with secondary PH electrocardiography showed signs of hypertrophy in the 
subpulmonary ventricle, with a strain pattern in 45% of all cases.  Echocardiography 
revealed hypertrophy of the sub pulmonary ventricle in all and impaired systolic function 
in 60% of children. A tricuspid regurgitant jet was invariably present, with a velocity 
exceeding 4 m/s in 95% of children. Pulmonary regurgitation was present in 52%. At 
cardiac catheterisation (Table 1, 3), all patients had severe PH and the mean PVR was 18 
units.m2 (range 4.9-49). No child had a positive vasodilator response.  
Treatment and Follow-up 
Children were treated for a mean of 12.7 months (range 2-24 months). They were given 
bosentan orally and dosed according to body weight: <10kg, 15mg b.d.; 10-20kg, 
31.25mg b.d.; 20-40kg, 62.5mg b.d.;>40kg, 125mg b.d.[12] Liver function tests and a full 
blood count were carried out before starting treatment and at monthly intervals thereafter.  
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Table 2:  IPAH Clinical Summary 
 

            
        WHO class 6 min walk Weight (kg) 

Case 
no Sex age(y) 

Mean 
PAP 

(mmHg) 

PVR 
(units.m2) 

Pre- 
epo 

duration 
treatment 

(m) 

epo 
added baseline 

Change 
on 

bosentan 
baseline 

 % 
change 

on 
bosentan 

baseline 

% 
change 

on 
bosentan 

1(died) F 1.2 31 12.3  4  IV    8 2.5 

2 M 1.2 91 23.9  10  III 0   8.5 18 

3 F 2.3 71 33  20 Y IV 0   12.8 14 

4 M 2.7 89 38.9 Y 15  IV -1   9 33 

5 F 3.4 74 18.6  19  III 0   10.3 30 

6 F 3.9 65 42.8  14 Y III 1   16.3 3 

7 F 4.1 25 12  11 Y III 1   14.3 10.4 

8 M 4.3 54 13.5  18 Y IV 0   17.4 4 

9 F 5.4 50 14.6  22  III 0   17.4 19 

10 F 5.5 71 23  18 Y IV 0   15.7 28 

11 M 7.2 66 18.6 Y 3  III -1 262 -14 20.9 -3.3 

12 F 7.8 68 30 Y 11  III -1 180 83 17.1 -2.9 

13 M 9.75 59 18.5 Y 21  III 0 315 -1.9 28.8 13.8 

14 F 12.4 68 16.1  7  III 0 334 -43 31 -2.5 

15 F 12.5 61 16.9  11  III -1 250 92 57.5 12.8 

16 F 13.7 49 18  4  IV -1 430 -2.3 55 1.8 

17 F 14.6 25 5.6 Y 9  II 0 300 21.3 52.6 -7.4 

18 F 15.5 51 12.5  12  III -1 140 157 51.3 -2.1 

19 F 16.2 88 27 Y 24  IV -1 80 275 36.9 19 

20 F 17 73 39 Y 10  IV -1 160 -0.6 70 -1.1 

              
 
pre-epo – receiving epoprostenol before treatment with bosentan
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Table 3:  Secondary PH Clinical Summary 
 

       WHO 6 min walk Weight (kg) 

Case 
no Sex Age 

(y) Diagnosis 
Mean 
PAP 

(mmHg) 

PVR 
(units.m2) 

duration 
treatment 

(mon) 
baseline change baseline % 

Change baseline % 
change 

1 F 1.7 AVSD (E) 57 12 22 III -1   8.7 18 

2 M 2.7 TGA/Rastelli 37 36.1 22 IV 0   10 55 

3 F 4.2 AVSD,po 38 4.9 16 III -1 240 76 15.3 16 

4 F 4.3 AVSD,po - 20 7 III 0   15 11 

5 M 5.8 TGA,VSD Switch 57  9.4 12 III -1 110 183.5 13.4 6.7 

6 F 10.1 AVSD (E) 83 36.9 17 III 0 80 125 27.9 12 

7 F 11.3  TA,VSD (E)† 38 18.7 11 IV -1 210 24.5 18.5 19 

8 M 14.2 TAPVD,po 53 13.3 19 IV -1 310 36 25.8 9.26 

9 M 14.3 TGA/Senning 51 8.1 18 III -1 290 82 59.3 17 

10 M 15.1 DORV (E) 72 17.3 11 III 0 80 127.5 44.1 7.5 

11* F 15.2 TGA/Senning 53 18.4 16 IV -1 160 187.5 42.1 7.7 

12 F 15.7  pAVSD,po 49 13.2 7 III 0 400 7.5 31 4.5 

             

13 F 0.6 Chronic lung disease - - 2 IV 0   6.8 25 

14 F 1.9 Chronic lung disease 32 10.1 19 III -1   9.3 0 

15 M 2.4 Chronic lung disease 78 49 12 III -1   12 29 

16* M 3.3 
Systemic 

sclerosis+SAH 43 8 8 III 0   9.6 -6.7 

17 M 7.3 
Diffuse interstitial lung 

disease+SAH 
48 19.1 6 IV 0   33.5 7.2 

18 M 8.1 Cutis marmorata 43 8.25 5 III -1 312 33.3 19.9 22.4 

19 F 12.25 
CT 

disorder/pulmonary 
fibrosis+SAH 

- - 9 IV -1   32.8 19.6 

             

20 F 16 HIV 80 22.1 6 III 0 340 -5.8 44.4 4.95 

 

* on epoprostenol at start  †repaired truncus arteriosus with interrupted LPA and residual VSD 
po = post-operative 
SAH = systemic arterial hypertension 
E = Eisenmenger 
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Treatment was initiated in hospital for the first few days at half the target dose and the 
systemic arterial blood pressure and vital signs monitored.  The target dose was 
achieved within a month. All continued to receive nocturnal oxygen and other 
medications except calcium channel blockers. Eight were anti-coagulated with warfarin 
(Table 1). Children were evaluated on an outpatient basis at 1–2 monthly intervals or 
less. They were assessed for change in WHO Class, weight and physical activity and 
stabilisation of the clinical condition as indicated by improved well being and a return 
to school/preschool. The children aged 5.5 years or more did a 6-minute walk test at 
every out-patient visit. The ECG and echocardiography findings were also assessed. 
Clinical deterioration necessitated the addition of intravenous epoprostenol therapy.  
Statistical Analysis 
We compared the percentage improvement in six minute exercise from the pre-
treatment baseline to the current post-treatment evaluation using a one sample t-test and 
the mean difference in distance by paired t-test. The standard deviation score of the 
weight (matched to chronological age and gender) was calculated for both the baseline 
and endpoint and values were then compared by paired t-test. The percentage weight 
gain and the percentage improvement in the exercise test were correlated with 
pulmonary vascular resistance. The Wilcoxan matched paired test was used to calculate 
the significance of changes in WHO classification before and after treatment. 
 
RESULTS 
The drug was well tolerated in all patients, including those receiving simultaneous 
epoprostenol. Liver function tests remained within normal limits in all but one patient in 
whom the AST was slightly elevated to less than twice the upper limit of normal. The 
other adverse effects previously noted in a small proportion of adult patients receiving 
bosentan, including headache, dizziness, cough, dyspnoea, and flushing, were not 
encountered in the children.[10] The study included 4 patients with the Eisenmenger 
Syndrome and none of these patients experienced a significant fall in systemic arterial 
oxygen saturation. The electrocardiographic and echocardiographic findings did not 
change significantly in any patient during the course of the study. The children have not 
been re-catheterised. 
Outcome in children with IPAH 
Of the eleven children receiving bosentan as sole therapy, five subsequently needed to 
be given epoprostenol in addition to bosentan (Table 2). All were 5 years old or less.  
Three of the five children initially improved on bosentan, two returning to school, but 
all 5 eventually deteriorated clinically and treatment with epoprostenol was started after 
a mean of 4 months (range 2-6 months).One of these children also had an atrial 
septostomy for recurrent syncope. One child died suddenly after 3 months’ treatment 
(Case1). Thus only five out of eleven patients continued to receive bosentan as sole 
therapy.   
At the time treatment with bosentan was started, 7 of 20 patients were already receiving 
epoprostenol.  Following the addition of bosentan, six showed clinical improvement, 
and one has been transitioned off epoprostenol (Case 17).  Two of the 20 patients (2 and 
16) receiving sildenafil prior to commencing bosentan also improved with addition of 
bosentan. 
All but one case were in WHO classification III and IV at the start of treatment.  A 
score shift indicated improvement in eight patients but overall there was no significant 
change in classification p=0.1 (Figure 1). A six-minute walk test was performed on the 
10 older children. The mean distance walked was 245m (range 80-430m). The group 
showed a mean improvement of 68m (CI, 25–161m), a 57% improvement which was 
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not statistically significant. Five of the 10 children did, however, show a substantial 
improvement in exercise capacity (mean improvement 176.8m) (Table 2, Figure 1). 
Assessing the 20 patients, before treatment six were below normal weight for age and 
gender and 14 were within two standard deviations of the normal. These relationships 
did not change with treatment (p=0.55). In the older 10 patients only four gained weight 
and the mean gain was only 3%. In the 10 younger patients in whom weight gain was 
taken as a marker of improvement, mean weight improved by 2.15 Kg (p = 0.01), a 
mean gain of 16%.  Neither improvement in weight nor 6-minute walk test correlated 
with PVR.  
In summary, in the group with IPAH all children were deteriorating clinically when 
treatment with bosentan was started and all  except one were stabilised (Table 2).   
 
Outcome in children with secondary PH 
Of the 14 patients given bosentan as sole therapy, only the patient with HIV 
subsequently needed the addition of epoprostenol (20). At the time treatment with 
bosentan was started two patients (11 and 16) were already being treated with 
epoprostenol. Both have improved and one has been transitioned off epoprostenol (16). 
Four other patients were already receiving sildenafil.  The three children with chronic 
lung disease were no longer oxygen dependant throughout the 24 hours. All cases were 
in WHO Class III and IV at the start of treatment and there was a significant 
improvement (p=0.001) (Figure 1).  None deteriorated and the score shift indicated 
improvement in 11. 
Eleven older patients performed a 6-minute walk test before and after treatment, and 10 
improved on treatment. The 11 children showed a mean increase in distance of 128.2m 
(20-300m) (Table 3, Figure 1). The mean % improvement of 80% was statistically 
significant (p = 0.002). On bosentan weight increased in all but one of the 20 children, 
the mean increase being 14.25%. Before treatment 10 of the children were below the 
normal weight for age and gender and the remainder were within two standard 
deviations and these relationships did not change with treatment (paired t test p=0.38). 
Clinical response was judged by weight alone in the children too young to do a 6-
minute walk test. The nine young children showed a mean increase in weight of 17.5% 
(p= 0.01). Neither the improvement in exercise performance in the older children or in 
weight gain in the young children correlated with baseline PVR.  
In summary, in the children with secondary PH all were deteriorating at the onset of 
treatment and there was a significant improvement in WHO class after bosentan. In 
addition, the older ones showed a significant improvement in the 6-minute walk test 
while the younger ones showed a significant increase in weight. The number of patients 
with heart or lung disease was too small to permit subgroup analysis.  
 
DISCUSSION    
This observational study reporting our experience of treating 40 children with severe, 
symptomatic pulmonary arterial hypertension with bosentan is encouraging.  The drug 
was given as first-line therapy to 25 children and to another 15 who were deteriorating 
on their existing therapy. Six children failed to maintain an improvement on bosentan 
and another specific therapy was added. With or without an additional therapy, of 20 
children with IPAH stabilisation and clinical benefit was achieved in 19 and in 20 
children with secondary PH there was objective evidence of clinical improvement. The 
drug was well tolerated in all patients, including those with the Eisenmenger Syndrome. 
The major limitation of this study is the relatively small number of children treated, 
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making it impossible to analyse outcome with respect to disease aetiology in children 
with secondary PH.  
In 20 children with IPAH it was encouraging to have achieved stability and even some 
improvement, given the appalling prognosis in this disease.[3] [13] The mean PVR at 
the start of treatment was higher in the present study than the baseline resistance 
reported in previous adult studies in which bosentan was trialled.[10] [14] Finding that 
the resistance was as high in children <5 years of age as in the older children indicates 
the aggressive nature of the disease in the very young and supports the contention that 
the resistance is high from birth in some patients. After treatment however, we found 
that the mean distance walked in 6-minutes by the 10 older children had not decreased 
with time and the weight of the younger children had not decreased, in fact both had 
increased. Nor was there any further deterioration in the electrocardiographic or 
echocardiographic findings. In the 11 children given bosentan as first-line therapy five 
remained well on bosentan monotherapy. In a large recent adult study 85% of patients 
in WHO class III and IV remained alive and well on bosentan monotherapy at one 
year.[15] Five of our other patients showed an initial improvement, deteriorated after a 
mean of 4 months and showed a sustained improvement following the addition of 
intravenous epoprostenol. We noticed that the children could deteriorate suddenly and 
unexpectedly and they were all monitored closely. The variability in response 
presumably reflects the state of disease at the onset of therapy and varying rates of 
disease progression. The findings in this small study are similar to those in an adult 
study of 169 patients in which the Kaplan-Meier survival estimate of survival at one 
year was 96% for patients given bosentan as first line therapy with the later addition of 
other specific therapies as indicated.[15]  
Seven children with IPAH deteriorating on what were considered to be adequate doses 
of epoprostenol improved when given bosentan. Children tolerate and indeed need 
higher doses of epoprostenol than adults but since aggressive uptitration in adults can 
lead to high output cardiac failure we tried to avoid this complication in our paediatric 
patients. [16] Pharmacokinetic interaction is unlikely, since the drugs have different 
metabolic and excretory pathways [17][18] and the pharmacokinetics of bosentan are 
not affected by concomitant treatment with epoprostenol.[12] One patient with a PVR 
5.6 units.m2 on long term, low dose epoprostenol was transitioned off the drug as has 
previously been reported.[19][20]  
Thus treatment with bosentan was beneficial in 95% of the children with IPAH, but 
combined therapy with epoprostenol was necessary in 60% of patients. A better 
outcome might have been achieved had the drugs been given simultaneously from the 
beginning, particularly as we were treating children in whom the pulmonary vasculature 
is remodelling rapidly even in the normal child. In a recent small adult study lasting 16 
weeks there was a trend towards greater clinical and haemodynamic benefit in those 
receiving both therapies but the trend did not reach statistical significance.[21]  
 
In children with secondary PH bosentan produced a significant improvement in WHO 
class, exercise capacity as reflected in the 6-minute walk test and weight gain.  Eight 
children with congenital heart disease had had a technically successful intracardiac 
repair.  Acceleration of pulmonary vascular disease after cardiac repair is well 
recognised and the children in the present study were deteriorating rapidly until 
treatment with bosentan was instigated. Given the similarities in pulmonary vascular 
pathology it is logical to offer them the same treatment as children with IPAH. One 
child was already being treated with epoprostenol, known to achieve clinical and 
haemodynamic improvement in such patients,[3] but was deteriorating until he was also 
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treated with bosentan. Four children had the Eisenmenger Syndrome and showed 
evidence of clinical improvement following treatment, with no deleterious effects such 
as a fall in systemic arterial pressure or arterial oxygen saturation. The six minute walk 
test showed an improvement in the distance walked in the three children old enough to 
do the test as it did in the ten adults with Eisenmenger Syndrome recently reported by 
Gatzoulis et al.[22] There were three severely symptomatic children with chronic lung 
disease and three children with connective tissue disease also had pulmonary fibrosis. 
After treatment with bosentan four of these six children had a beneficial shift in WHO 
class, their oxygen requirements decreased and one child with systemic sclerosis was 
transitioned off epoprostenol. The patient with HIV showed an initial improvement on 
bosentan but it became necessary to add epoprostenol. Both drugs are efficacious in 
adults with HIV.[23][24] Four children received sildenafil in addition to bosentan, 
before it was shown that bosentan decreases the plasma concentration of sildenafil.[25]  
In assessing the response to bosentan there are several issues which are specific to 
children.  In most adult trials of bosentan exercise capacity as reflected in the 6-minute 
walk test has been taken as the primary end-point, but its use is obviously restricted by 
age. It has been shown to be reliable in children [26] and has previously found to be 
reliable in children with pulmonary hypertension aged 7 years and upwards. [20] [27]  
Nor is quality of life assessment as straightforward as it is in adults, reflecting as it does 
an indirect assessment of how the child is feeling. We found weight particularly useful 
as an indicator of response and well being in young children. In the present study the 
electrocardiogram and echocardiogram were helpful in that we did not find evidence of 
deterioration in cardiac performance but they gave us no indication as to how bosentan 
might have improved performance, if at all.  
 
In conclusion, in the present study bosentan stabilised and improved the clinical 
condition of children with IPAH although combination therapy with intravenous 
epoprostenol was necessary in 60% of cases. Significant benefit was achieved using 
bosentan as a monotherapy in a group of children with severe secondary PH. Larger 
studies are indicated to establish criteria for selecting the most appropriate therapy for 
first-line treatment in each individual child, and whether in children there is an 
advantage to giving a combination of bosentan and epoprostenol at the onset of 
treatment to achieve maximum early benefit.        
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Figure Caption 

         The WHO classification and results of the 6-minute walk test before and after treatment 
with bosentan in idiopathic (IPAH) and secondary (SPH) pulmonary arterial 
hypertension 

 
 
Reference List 

 
 1.  Rubin LJ. Diagnosis and management of pulmonary arterial hypertension: ACCP 

evidence-based clinical practice guidelines. Chest 2004;126:7S-10S. 

 2.  Simonneau G, Galie N, Rubin LJ et al Clinical classification of pulmonary 
hypertension. J.Am.Coll.Cardiol. 2004;43:5S-12S. 

 3.  Barst RJ, Maislin G, Fishman AP. Vasodilator therapy for primary pulmonary 
hypertension in children. Circulation 1999;99:1197-208. 

 4.  MacLean MR. Endothelin-1: a mediator of pulmonary hypertension? 
Pulm.Pharmacol.Ther. 1998;11:125-32. 

 5.  Allen SW, Chatfield BA, Koppenhafer SA, et al Circulating immunoreactive 
endothelin-1 in children with pulmonary hypertension. Association with acute 
hypoxic pulmonary vasoreactivity. Am.Rev.Respir.Dis. 1993;148:519-22. 

 6.  Giaid A, Yanagisawa M, Langleben D et al. Expression of endothelin-1 in the 
lungs of patients with pulmonary hypertension. N.Engl.J.Med. 1993;328:1732-9. 

 7.  Chen SJ, Chen YF, Meng QC et al Endothelin-receptor antagonist bosentan 
prevents and reverses hypoxic pulmonary hypertension in rats. J.Appl.Physiol 
1995;79:2122-31. 

 8.  Holm P, Liska J, Clozel M, et al. The endothelin antagonist bosentan: 
hemodynamic effects during normoxia and hypoxic pulmonary hypertension in 
pigs. J.Thorac.Cardiovasc.Surg. 1996;112:890-7. 

 9.  Channick RN, Simonneau G, Sitbon O et al. Effects of the dual endothelin-
receptor antagonist bosentan in patients with pulmonary hypertension: a 
randomised placebo-controlled study. Lancet 2001;358:1119-23. 

 10.  Rubin LJ, Badesch DB, Barst RJ et al. Bosentan therapy for pulmonary arterial 
hypertension. N.Engl.J.Med. 2002;346:896-903. 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2005.072314 on 10 O

ctober 2005. D
ow

nloaded from
 

http://heart.bmj.com/


 13

 11.  Sitbon O, Badesch DB, Channick RN et al. Effects of the dual endothelin receptor 
antagonist bosentan in patients with pulmonary arterial hypertension: a 1-year 
follow-up study. Chest 2003;124:247-54. 

 12.  Barst RJ, Ivy D, Dingemanse J et al. Pharmacokinetics, safety, and efficacy of 
bosentan in pediatric patients with pulmonary arterial hypertension. 
Clin.Pharmacol.Ther. 2003;73:372-82. 

 13.  D'Alonzo GE, Barst RJ, Ayres SM et al. Survival in patients with primary 
pulmonary hypertension. Results from a national prospective registry. 
Ann.Intern.Med. 1991;115:343-9. 

 14.  Sitbon O, Badesch DB, Channick RN et al. Effects of the dual endothelin receptor 
antagonist bosentan in patients with pulmonary arterial hypertension: a 1-year 
follow-up study. Chest 2003;124:247-54. 

 15.  McLaughlin VV, Sitbon O, Badesch DB et al. Survival with first-line bosentan in 
patients with primary pulmonary hypertension. Eur.Respir.J. 2005;25:244-9. 

 16.  Rich S, McLaughlin VV. The effects of chronic prostacyclin therapy on cardiac 
output and symptoms in primary pulmonary hypertension. J.Am.Coll.Cardiol. 
1999;34:1184-7. 

 17.  Weber C, Gasser R, Hopfgartner G. Absorption, excretion, and metabolism of the 
endothelin receptor antagonist bosentan in healthy male subjects. Drug Metab 
Dispos. 1999;27:810-5. 

 18.  Brash AR, Jackson EK, Saggese CA et al. Metabolic disposition of prostacyclin in 
humans. J.Pharmacol.Exp.Ther. 1983;226:78-87. 

 19.  Kim NH, Channick RN, Rubin LJ. Successful withdrawal of long-term 
epoprostenol therapy for pulmonary arterial hypertension. Chest 2003;124:1612-5. 

 20.  Ivy DD, Doran A, Claussen L et al. Weaning and discontinuation of epoprostenol 
in children with idiopathic pulmonary arterial hypertension receiving concomitant 
bosentan. Am.J.Cardiol. 2004;93:943-6. 

 21.  Humbert M, Barst RJ, Robbins IM et al. Combination of bosentan with 
epoprostenol in pulmonary arterial hypertension: BREATHE-2. Eur.Respir.J. 
2004;24:353-9. 

22.  Gatzoulis MA, Rogers P, Li W, et al. Safety and tolerability of bosentan in adults 
with Eisenmenger physiology. Int.J.Cardiol. 2005;98:147-51. 

 23.  Nunes H, Humbert M, Sitbon O et al. Prognostic factors for survival in human 
immunodeficiency virus-associated pulmonary arterial hypertension. 
Am.J.Respir.Crit Care Med. 2003;167:1433-9. 

 24.  Sitbon O, Gressin V, Speich R et al. Bosentan for the treatment of human 
immunodeficiency virus-associated pulmonary arterial hypertension. 
Am.J.Respir.Crit Care Med. 2004;170:1212-7. 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2005.072314 on 10 O

ctober 2005. D
ow

nloaded from
 

http://heart.bmj.com/


 14

 25.  Paul GA, Gibbs JSR, Boobis AR et al. Bosentan decreases the plasma 
concentration of sildenafil when coprescribed in pulmonary hypertension. British 
J.Clin.Pharmacol 2005. 

26.  Li AM, Yin J, Yu CC, et al. The six-minute walk test in healthy children: reliability 
and validity. Eur.Respir.J. 2005;25:1057-60. 

27.  Garofano RP, Barst RJ. Exercise testing in children with primary pulmonary 
hypertension. Pediatr.Cardiol. 1999;20:61-4. 

 

 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2005.072314 on 10 O

ctober 2005. D
ow

nloaded from
 

http://heart.bmj.com/


0

2

4

6

8

10

12

14

Class II Class III Class IV

N
u

m
b

er
 o

f 
ca

se
s

WHO before WHO after

0

2

4

6

8

10

12

14

Class II Class III Class IV

N
u

m
b

er
 o

f 
ca

se
s

WHO before WHO after

0

100

200

300

400

500

M
e

te
rs

0

100

200

300

400

500
M

e
te

rs

WHO classification

6-minute walk test

IPAH Secondary PH

p=0.1 p=0.001

p=0.002

before beforeafter after

p=0.3

Achievement: stabilisation Achievement: improvement

 on May 21, 2023 by guest. Protected by copyright. http://heart.bmj.com/ Heart: first published as 10.1136/hrt.2005.072314 on 10 October 2005. Downloaded from 

http://heart.bmj.com/

