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Long-term efficacy of bosentan in treatment
of pulmonary arterial hypertension in
children

A.A. Hislop**', S. Moledina*", H. Foster*, . Schulze-Neick* and S.G. Haworth**

ABSTRACT: The aim of the present study was to evaluate a 5-yr experience of bosentan in
children with pulmonary arterial hypertension (PAH). A retrospective, observational study was
made of children in the UK Pulmonary Hypertension Service for Children (Great Ormond Street
Hospital for Children, London, UK) who were given bosentan as monotherapy or in combination,
from February 2002 to May 2008 and followed up for >6 months.

Detailed studies were made of 101 children with idiopathic PAH (IPAH) (n=42) and PAH
associated with congenital heart disease (n=59). Before treatment, World Health Organization
(WHO) functional class, 6-min walk distance (6MWD), height, weight and haemodynamic data
were determined. Evaluations were analysed after 6 months and annually to a maximum of 5 yrs.

Median duration of treatment was 31.5 months. Initial improvement in WHO functional class and
6MWD was maintained for up to 3 yrs. Height and weight increased but the z-scores did not
improve. After 3 yrs, bosentan was continued as monotherapy in only 21% of children with IPAH,
but in 69% of repaired cases and 56% of those with Eisenmenger syndrome. The Kaplan-Meier
survival estimates for the 101 patients were 96, 89, 83 and 60% at 1, 2, 3 and 5 yrs, respectively.

A treatment regime that includes bosentan is safe and appears to be effective in slowing

disease progression in children with PAH.

KEYWORDS: Bosentan, idiopathic pulmonary arterial hypertension, paediatric pulmonary arterial
hypertension, pulmonary hypertension in congenital heart disease

obiology of pulmonary arterial hyper-

tension (PAH) [1-3] and plasma levels
are elevated in both adults and children with
PAH. Its actions are mediated principally by two
receptors, ET4 and ETg. The dual endothelin
receptor antagonist bosentan has been shown to
be safe and efficacious in the treatment of adults
with PAH [4, 5]. Recent studies have shown that
benefit is generally sustained for >1 yr [6-9]. In
children, evidence for efficacy is limited. In 2003,
a small, 12-week trial of 19 children [10] showed
that the drug was efficacious and could be used
safely in the young. 2 yrs later, ROSENZWEIG et al.
[11] reported on 86 children with idiopathic PAH
(IPAH) and PAH associated with either congeni-
tal heart disease or connective tissue disease. The
median duration of exposure to bosentan was
14 months and the drug was considered effica-
cious, whether given as monotherapy or with a
prostanoid. In 2006, we reported on 40 children
treated for a mean of 12.7 months by the
UK Pulmonary Hypertension Service. In those

E ndothelin-1 (ET) is important in the path-
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with IPAH, clinical stability was maintained or
achieved, but 60% of the children also required
epoprostenol [12]. Those with associated PAH
(APAH) showed a significant improvement in 6-
min walk distance (6MWD) and World Health
Organization (WHO) functional class, the major-
ity of whom were receiving bosentan monother-
apy. In the present study, we describe a 5-yr
experience of using bosentan both as a mono-
therapy, and in combination with a prostanoid
and/or the phosphodiesterase inhibitor sildenafil
in 101 children with IPAH and APAH.

PATIENTS AND METHODS

Between February 2002 and May 2008, 101
children with IPAH (n=42; two cases familial) or
APAH, either post-repair (n=31) or with Eisen-
menger syndrome (n=28), were treated with
bosentan. 32 of these patients, 20 with IPAH and
12 with APAH, had been the subject of our previous
report on the short-term efficacy of bosentan [12]. 20
children had trisomy 21, the majority of these
having Eisenmenger syndrome (table 1).
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pulmonary arterial hypertension (IPAH) and pulmonary arterial hypertension associated with congenital heart disease

1y:\:18=5 8 Demographic, clinical and haemodynamic characteristics at start of bosentan treatment in children with idiopathic

Characteristic All subjects IPAH Repaired Eisenmenger p-value”
syndrome
Demographic
Subjects n 101 42 31 28
Females % 58 62 51 61 0.66
Trisomy 21 n (%) 20 (20) 2 (5 3 (10) 15 (54) <0.001
Age at presentation yrs 8.9+53 74454 8.7+5.1 11.5+45 0.005
Age starting bosentan yrs 9.7£5.5 8.0+5.7 9.6+5.0 12.3+4.7 0.004
Monotherapy n (%) 67 (67) 24 (57) 20 (64) 23 (82)
Clinical
Weight z-score -0.95+1.8" -0.66+1.77" 1.71+1.927 -0.49+1.42 0.02
Height z-score -0.94+15" -0.72+1.45" -1.44+1.46" -0.65+1.54" 0.12
WHO functional class I/lI/II/IV n (mean) 6/25/56/14 (2.8) 2/8/25/7 (2.9) 4/9/12/6 (2.6) 0/8/19/1 (2.8) 0.43
6MWD m (% pred) 40.69 (18.7) 43 (21.03) 46.93 (18.9) 33.5 (14.4) 0.08
Haemodynamic
Subjects n 79 40 21 18
Pra mmHg 7.6+3.4 6.9+3.5 8.9+3.4 8.1+2.2 0.05
Ppa mmHg 56.4+21.4 60.9+24.1 45+17.9 61.3+11.3 0.003
Ppa on iINO mmHg 53.13+19.5 56.2+21 42.5+16.9 60.9+11.8 0.0066
PVRI U-m? 21.07+13.8 225+13.8 14.2+10.1 28.12+15.2 0.003
PVRI on iNO U-m? 17.37+12.6 176+117 11.3+£741 27.07+16.5 0.003
Qp L-min-m™® 2.68+1.19 2.68+1.13 2.38+0.55 291418 0.90
Qp on iNO 3.36 +£2.36 3.46+2.45 3.4+2.6 2.944+1.93 0.62

Data are presented as mean+ sp, unless otherwise stated. WHO: World Health Organization; 6MWD: 6-min walk distance; % pred: % predicted; Pra: right arterial

pressure; Ppa: mean pulmonary artery pressure; iNO: inhaled nitric oxide; PVRI: pulmonary vascular resistance index; Qp: pulmonary blow flow. #: between groups;

Y significantly different to normal.

In all patients, the investigations confirmed the presence
of PAH and determined its causality. An ECG, transthoracic
echocardiogram, chest radiograph and, where indicated,
computed chest tomography were carried out at presentation.
Cardiac catheterisation was carried out under general anaes-
thesia. The pulmonary blood flow was calculated based on
measured oxygen consumption in the majority of cases and
acute vasodilator testing was carried out using inhaled nitric
oxide. Baseline haemodynamic data were recorded (table 1).

The treatment algorithm used was based on the European Society
of Cardiology algorithm for the management of adult patients
with IPAH and the national guidelines [13, 14], which were
adapted for children. The few children with a positive response to
acute vasodilator testing with nitric oxide at cardiac catheterisa-
tion were given a calcium channel antagonist, nifedipine. For the
nonresponders, in IPAH and post-operative pulmonary hyper-
tension, all functional class IV patients were treated with epo-
prostenol at presentation, as were the severely symptomatic
children in functional class III. Less symptomatic children in class
III were treated with bosentan either as monotherapy or in
combination with sildenafil, with escalation of therapy if they
failed to demonstrate a response. Children with unrepaired
congenital heart disease received bosentan or bosentan was
added to the sildenafil they were receiving before referral to the
Service. Those with IPAH and post-operative pulmonary
hypertension were anticoagulated with warfarin, but the younger
children were given aspirin. The therapeutic regimen was

EUROPEAN RESPIRATORY JOURNAL

tailored to the needs of each child and adjusted according to
response. The target dose of bosentan was 31.5-125 mg b.i.d.
according to weight [11, 12]. Children <10 kg in weight were
given 15 mg b.id. If patients deteriorated on bosentan mono-
therapy then sildenafil or epoprostenol were added as required.
All children were known to have normal liver function and
haematological studies before bosentan was prescribed.

It should be noted that management changed as new drugs
became available during the course of the study period, from
early 2002.

Of the 101 cases with IPAH and congenital heart disease, bosentan
was given to 67 children as monotherapy (24 with IPAH and 43
APAH). 58 of these children had not been treated previously
(treatment naive) and nine had their medication changed to
bosentan. In 34 patients (18 IPAH and 16 APAH), bosentan was
added to an existing pulmonary hypertension-specific therapy,
either sildenafil or a prostanoid, or both. Immediately before
starting treatment, the weight, height and WHO functional class
were determined. The 6MWD was measured in those children old
enough and developmentally able to carry out the test success-
fully (n=>51). In 59 out of the 101 children (24 with IPAH, 16 with
repaired defects and 19 with Eisenmenger syndrome), the height,
weight, WHO functional class and 6MWD had also been recorded
~6 months (mean+sp 4.9+2.8 months) before being started
on bosentan, and 23 (39%) of these children were already on
alternative specific treatment for pulmonary hypertension.

VOLUME 38 NUMBER 1 71



PULMONARY VASCULAR DISEASE

a) Time on bosentan months
Prior 0 0 6 12 24 36 48 60
1 1 1 1 1 1 1 1 1
-05= -
@
3 -1.0
N
-1.5 =
-2.0=

AA. HISLOP ET AL.

b) Time on bosentan months
Prior 0 0 6 12 24 36 48 60
L] L] L] L | L | L | L | L | L |

FIGURE 1. Mean a) weight and b) height z-scores throughout the study period, showing no significant change with treatment. Values for the cases assessed prior to the

start of treatment (time 0) are shown in grey.

In all children, the weight, height, WHO functional class and
6MWD were assessed at 6 months (6.3+1.4 months), 1 yr
(12.24+1.5 months), 2 yrs (23.9+2.02 months), 3 yrs (35.5+
1.8 months), 4 yrs (47.9+1.7 months) and 5 yrs (60.3+1.8
months) after starting treatment with bosentan. Liver func-
tion tests were carried out at monthly intervals. 19 children
had a second cardiac catheterisation study. Initiation of addi-
tional therapies and discontinuation of bosentan was noted.

Statistical methods

Data are presented as mean+sD or median (interquartile
range), as appropriate. Height and weight are expressed
as standard deviation scores (z-scores) based on data from
normal British children [15] or data specific for children with
Down’s syndrome [16]. 6MWD is expressed as % predicted
based on a published regression equation for children [17].

The Kruskal-Wallis test was used to compare variables
between diagnostic groups. Comparison of height z-score,
weight z-score and 6MWD between baseline and follow-up
visits was performed using the paired t-test. The Wilcoxon
matched paired test was used to test the significance of
changes in WHO functional class over the appropriate time
intervals. Survival, assessed from starting bosentan to death or
the end of the study, was summarised using Kaplan—-Meier
estimates. Patients were censored at transplantation, disconti-
nuation of bosentan or the end of follow-up. Treatment failure
in the monotherapy group was defined as time from start-
ing bosentan to discontinuation of bosentan for any reason,
initiation of additional medical therapy, transplantation or
death. Statistical analysis was performed using GraphPad
Prism version 4.0 (GraphPad Software Inc., San Diego, CA,
USA). This work was approved by the ethics committee of
Great Ormond Street Hospital and University College London
Institute of Child Health (London, UK).

RESULTS

Baseline characteristics

Findings at the start of bosentan treatment (baseline) are
shown in table 1. The mean+sSD age at the start of treatment
was 9.7 +5.5 yrs. The youngest child treated was 1 month old.

72 VOLUME 38 NUMBER 1

Females predominated, with the sex ratio being 1.63:1 in IPAH
and 1.35:1 in APAH.

Both height and weight were below normal (table 1 and fig. 1).
The children with repaired congenital heart disease (CHD)
were of particularly low weight. The mean baseline WHO
functional class was 2.8 (fig. 2), and both the mean and class
distribution was similar in the different subgroups (table 1). 51
children were able to perform a 6-min walk test reliably. Their
mean age was 11.7 yrs. The mean+sD distance walked
was 258 +127 m (40.7% pred for age) (fig. 3). There was no
significant difference between the different diagnostic groups.
Comparing children with and without Down’s syndrome,
there was no difference at baseline in the % pred 6MWD and
WHO functional class.

79 children had a cardiac catheterisation study (table 1). The
pulmonary artery pressure and pulmonary vascular resistance
were significantly higher in those with IPAH or Eisenmenger
syndrome than in the repaired CHD cases.

Clinical change prior to initiation of bosentan therapy

The 59 children (mean+sp age 10.3+5.4 yrs) assessed
~6 months (mean 4.9 months) prior to starting bosentan
therapy had deteriorated during this time interval. They had
failed to thrive. The z-score for height deteriorated from
-0.81+1.65 to -1.08 +1.4 (p=0.08) and the score for weight fell
from -0.76 +1.6 to -0.93+ 1.7 (p=0.02) (fig. 1). The mean WHO
score had deteriorated from 2.5 to 2.8 by the time bosentan
therapy was started (p=0.04) (fig. 2). The 6 MWD was recorded
before treatment in 15 of these children and, at 39% pred, had
not changed significantly by the time bosentan was first given

(fig. 3).

Clinical response to therapy

The median duration of bosentan treatment was 31.5 months
(range 6-73 months). There were no serious side-effects.
The liver function tests became abnormal in three children,
necessitating dose reduction in one, temporary suspension of
treatment for 1 month in one and replacement by sildenafil in
the third child.

EUROPEAN RESPIRATORY JOURNAL
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FIGURE 2. a) World Health Organization (WHO) functional class ~6 months
prior to instituting bosentan therapy, at the start of bosentan treatment (time 0), and
after 0, 6, 12 and 36 months. Values for the cases assessed prior to the start of
treatment are shown in grey. Data are presented as mean+sp. b) The percentage
of cases in each WHO functional class. c) The percentage of cases improving,
worsening or staying the same with time. *: p<0.05.

The height and weight z-scores did not change significantly
during follow-up, indicating no further deterioration in failure
to thrive but no significant catch-up growth (fig. 1). WHO
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functional class improved after 6 months treatment, decreasing
from a mean of 2.8 to 2.4+0.8 (p<<0.001). In the survivors,
improvement was maintained for up to 3 yrs (n=48) (fig. 2).
All three subgroups showed an improvement in functional
class and a similar pattern of response was seen whether
bosentan was given as a monotherapy or as an add-on
combined therapy.

Exercise tolerance also improved. The 6MWD increased from a
baseline of 40.9% pred (258 m; n=>51) to 49.3% pred (312 m) at
6 months (p<0.01), an increase maintained at 1, 2 and 3 yrs
(p<<0.01 for all years; n=51, n=48 and n=39, respectively)
(fig. 3a). MWD increased from 42.9 to 58.6% pred (p<<0.01) at
6 months in those with IPAH, while the repaired cases showed
a significant increase to 57% pred, but only after 1 yr (p<<0.01)
(fig. 3b). Although there was no significant difference between
the three subgroups at the start of bosentan treatment, those
with Eisenmenger syndrome improved less than those in the
other two groups combined at 6 months and 1 yr (p<<0.05).

In the entire cohort, there was no significant difference
between those with or without Down’s syndrome in the
response to treatment, or specifically within the group of
children with Eisenmenger syndrome, which had the majority
of patients with Down’s syndrome.

On repeat cardiac catheterisation (n=19), after a median of
17 months (range 8-33 months), there was no significant
change in either mean+sp pulmonary artery pressure (48.8 +
16.6 versus 48.3+16.2 mmHg) or pulmonary vascular resis-
tance index (16.54+2.6 versus 14.1+2.0 U-m?). 15 of these
patients were on bosentan as monotherapy, and catheterisation
was carried out to confirm that they remained stable and no
intensification of therapy was needed. They were indeed found
to be stable.

In the subgroup of 59 children who had been assessed
~5 months prior to treatment with bosentan, after 6 months
of treatment, there was a small but nonsignificant increase in
z-score for height and weight, an increase in 6MWD and a
decrease in WHO functional class. Their response to bosentan
was not as great as that of the group as a whole (fig. 4).
However, the survival of these 59 prior patients was not
significantly different to the other cases (94.8, 90.8, 85.9 and
60.2% wversus 97.6, 86.8, 79.6 and 74.3% at 1, 2, 3 and 5 yrs,
respectively; p=0.83).

Changes in treatment

Bosentan was discontinued in seven children. One child had a
persistently raised alanine transaminase level to more than
three times the upper limit of normal, even when the bosentan
dose was decreased, but became normal when the drug was
discontinued. One child with Eisenmenger syndrome had mild
systemic hypotension, one was successfully weaned off the
drug and four repeatedly refused to have liver function tests
carried out.

Escalation of therapy

Of the 24 children with IPAH started on monotherapy, 14
(58%) required additional therapy for worsening of symptoms
(fig. 5a). Sildenafil was added in seven children, intravenous
epoprostenol in six children and both drugs in one child. Of
the 43 cases with APAH who were started on monotherapy,
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FIGURE 3. a) 6-min walk distance (6MWD). % predicted (% pred) for age prior to starting treatment and during treatment with bosentan. Values for the cases assessed

prior to and at the start of treatment (time 0) are shown in grey. b) 6MWD % pred by diagnostic group. IPAH: idopathic pulmonary arterial hypertension. *: p<<0.05.

16 (37%) needed an additional medication (fig. 5a). Sildenafil
was added in 12 children, epoprostenol in two and both drugs
in two cases.

In those children in whom bosentan was added to an existing
medication, no further changes in treatment were made. Seven
children, all with IPAH and on combination therapy, had a
bilateral lung or heart-lung transplant, having been on
bosentan for a mean time of 18.4 months. All were still alive
a mean of 37 months later. Thus, over the course of follow-
up, bosentan was discontinued in seven patients, additional
therapy was given to 30, seven patients underwent transplan-
tation and 21 patients died. Those in whom bosentan was
discontinued were still alive at the end of the study period.

Survival

For the 101 patients, the Kaplan-Meier survival estimates were
95, 89, 83 and 60% at 1, 2, 3 and 5 yrs respectively. Eight
children with IPAH and 13 children with APAH died. The
survival values for IPAH were 95, 95, 95 and 55%, for the
repaired cases were 97, 86, 78 and 58%, and for Eisenmenger
syndrome were 92, 84, 74 and 74%, at 1, 2, 3 and 5 yrs,
respectively, (fig. 5b) with no significant difference between
the groups. The data for transplant-free survival at 1, 2, 3 and
5 yrs in the IPAH group were 94, 83, 75 and 56%.

DISCUSSION

Our study shows that a treatment regime that includes
bosentan is safe and efficacious in the long-term management
of children with PAH. We have extended the findings of earlier
studies [11, 12] by showing that bosentan is efficacious for a
median time of 31.5 months in a large cohort of children with
PAH. We previously reported on 40 children, those with IPAH
showed stabilisation after a mean follow-up of 12.7 months
on bosentan, while those with APAH showed a significant
improvement in New York Heart Association (NYHA) func-
tional class, (MWD and weight [12]. In the current series of 101
children with IPAH and APAH as a result of congenital heart
disease, improvement was seen within 6 months and could be
maintained for up to 3 yrs, giving bosentan either as mono-
therapy or in combination with other specific therapies. 10
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children were successfully maintained on bosentan for 5 yrs,
with half receiving the drug as a monotherapy. The drug
appeared safe, in that the aspartate transaminase levels became
persistently elevated in only one child, confirming earlier
paediatric studies [11, 12]. Recent post-market surveillance
reported elevated transaminases in 2.7% of children, compared
with 7.8% in patients >12 yrs of age [18]. Young age should
not be a deterrent to treatment with bosentan. The youngest
child treated in the present study was 1 month old. Our
experience confirms that of others [19]. In addition, a new
paediatric formulation has just been trialled successfully and
the formulation has been approved, easing the management of
infants and young children [20].

Bosentan is used most widely in both children and adults with
IPAH and congenital heart disease, and we focussed on these
diagnostic groups in the present paper. The median follow-up
for these 101 children was 31.5 months, comparing favourably
with a mean follow-up of 24 months in an adult cohort with
IPAH [8] and a median of 29 months in adults with
Eisenmenger syndrome [9]. In the present study, the 1- and
2-yr survival for IPAH and APAH associated with congenital
heart disease combined was 95 and 89% respectively, with
no significant difference in survival between the diagnostic
groups or between the Down’s syndrome and normal children.
These figures compare favourably with the only other com-
parable paediatric study, which showed a 2-yr survival of
91% [11]. In adults with IPAH, the survival of patients treated
with bosentan as a first-line therapy with the addition of other
medicines as indicated was reported as 92 and 89% at 1 and
2 yrs in a European study [8], and 96 and 89%, respectively, in
an American study [21]. In a recent detailed study of IPAH in
children, we found no difference in survival between incident
and prevalent cases [22].

We had data on 59 children who had been assessed ~5 months
before treatment with bosentan was started. In the interim,
these children deteriorated rapidly, as judged by their height,
weight and WHO functional class. The need for prompt
referral to a pulmonary hypertension specialist centre is self-
evident, even when the symptomatology is mild. Early
treatment has been shown to be beneficial in adults [23]. In

EUROPEAN RESPIRATORY JOURNAL
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FIGURE 4. Comparison of the cases studied 4.9 months before starting
bosentan (n=59) and the remaining cases (n=42) for a) weight centile, b) World
Health Organization (WHO) functional class and c) 6-min walk distance (6MWD) %
predicted (% pred) at start of bosentan therapy and during follow-up. *: p<<0.05.

these 59 paediatric cases, bosentan restored the clinical status
to what it had been when the children first presented almost
5 months earlier, whether given as monotherapy or added to
an existing therapy. However, they did not catch up. Their
values for weight, WHO functional class and 6MWD during
follow-up were all less than in children treated more promptly,
although each parameter was not significantly poorer and

EUROPEAN RESPIRATORY JOURNAL
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the survival figures were not significantly different (p=0.83).
This mirrors the findings of the open-label extension of
the Bonsentan Ramdomized Trial of Endothelin Antagonist
Therapy (BREATHE)-5 study on adults with Eisenmenger
syndrome that those who had previously been in the placebo
arm did not increase their 6MWD after 24 weeks medication
with bosentan as much as patients treated with bosentan from
the outset [24]. Assessing the efficacy of medicines is difficult
in pulmonary hypertension, particularly in children. A positive
effect is conventionally accepted as an improvement in exercise
capacity (generally the 6MWD in adults and older children),
WHO functional class, absence of need to give additional
therapies or to transplant, and improved survival. We found
that both WHO functional class and 6MWD improved within
6 months of starting treatment, and improvement was main-
tained for at least 3 yrs, which is longer than previously
reported. In adults with IPAH, an improvement in 6MWD was
seen at 4 months and maintained at 1 yr [8], while improve-
ment was seen for <2yrs in those with Eisenmenger
syndrome and other types of congenital heart disease [9]. A
small study reported that an improvement in 6MWD seen after
4 months treatment was maintained in adults but not children
with either Eisenmenger syndrome or post-operative PAH
[25]. However, other investigators found that bosentan im-
proved or stabilised NYHA functional class in children
[11, 18, 26]. Growth may be an additional marker of treatment
efficacy in children [22]. Using these criteria, we found that the
children continued to grow but there was no change in the
z-scores for height and weight. Relatively few children were
recatheterised but those who were re-studied did not show a
change in haemodynamics. Others have reported an improve-
ment, although the absolute changes in pressure and resis-
tance have usually been modest in both children and adults
[8, 10, 11]. Given that pulmonary vascular disease is a pro-
gressive disease, it is reassuring to find that the patients did
not show a deterioration in haemodynamics.

In the course of the present study, 39% of all children started
on bosentan monotherapy needed additional sildenafil or
epoprostenol, or both. About 65% of children with IPAH
remained event-free at 1 yr and 38% at 2 yrs, without addi-
tional therapy for worsening of symptoms, transplantation or
death. The median time to treatment failure was 18 months.
An adult study found that 61 and 44% of patients had not
required either prostanoid therapy or transplantation at 1 and
2 yrs, respectively [8], figures not markedly different to our
own in children. As expected, the children with congenital
heart disease fared better than those with IPAH: only 37% of
those on bosentan monotherapy needed additional treatment
and the median time to treatment failure was longer (39.2 and
54.2 months for those with Eisenmenger syndrome and post-
repair pulmonary hypertension, respectively). Thus, although
survival in the three diagnostic groups was similar, the
children with pulmonary hypertension associated with con-
genital heart disease needed less additional therapy to main-
tain improvement than those with IPAH.

In summary, these studies indicate that bosentan alone or with
other pulmonary hypertensive treatment can be effective in the
long-term management of children with PAH. For at least the
first 3 yrs, the results of treatment are at least as good as those
in adults, and the children have been followed up for longer
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FIGURE 5. a) Kaplan-Maier analysis of treatment success for the patients with idiopathic pulmonary arterial hypertension (IPAH), repaired congenital heart disease and

Eisenmenger syndrome. The median time to treatment failure was 18 months for IPAH, 39.2 months for those with Eisenmenger syndrome and 54.2 months for the repaired

cases (p=0.03, log rank test for trend). b) Survival for these three groups of patients, with transplantation as a censoring event.

(<5 yrs) [8]. Side-effects are unusual, but monthly liver func-
tion tests remain mandatory. Pulmonary vascular disease is,
however, a progressive disease, and since the majority of
our patients with IPAH and a significant proportion of those
with APAH needed additional medication to sustain improve-
ment, these children need to be followed up very closely
indeed. The number of children followed up for 5 yrs is
relatively small, but it does appear that in IPAH, survival falls
significantly after 3 yrs of treatment, despite escalation of
therapy. This emphasises the need for a proactive, aggressive
approach to the management of IPAH in children with
combination therapy, treating the three signalling pathways
known to be involved in the pathobiology of pulmonary
vascular disease.

Based on our experience we would recommend: 1) close
follow-up supervision; and 2) starting combination therapy at
presentation. In patients with IPAH, dual oral therapy can be
used if the patient is in functional class I or II, or relatively
well in class III. All class IV and severely symptomatic class III
children should receive intravenous epoprostenol, and ideally
bosentan and sildenafil. In a less critical situation, the family
usually needs a few weeks on combined oral therapy to be-
gin to adjust to having a very sick child whom they had
previously thought normal, before starting intravenous
therapy. Quality of life, for the child and the family, is
extremely important, particularly when the disease can not
be cured.

We need new drugs that target deranged signalling pathways.
This will entail designing clinical trials specifically for children
to determine safety, efficacy and optimum dosing criteria. The
need for long-term follow-up to detect any detrimental effect
on the growing child is self-evident, and applies to all existing
and new drugs used to treat pulmonary hypertension in
children.
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