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REVIEW

Issues related to the management and
therapy of paediatric pulmonary

nypertension

I. Schulze-Neick* and M. Beghetti”

ABSTRACT: An increasing number of medical services dedicated to the diagnosis, treatment and
follow-up of pulmonary hypertension (PH) in children are being established. This has, in turn,
increased the need to adapt current guidelines for the treatment of PH to be more relevant to
paediatric patients with PH. This article will summarise the data obtained so far from paediatric
registries, national cohorts and clinical trials and discuss the best approach for developing a
treatment algorithm designed for children with different types of PH. The many unanswered
questions, challenges and issues relating to the PH in the paediatric population will also be

discussed.
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eneral awareness of the rare and devas-
G tating disease, pulmonary hypertension

(PH), has increased significantly in
recent years. As a result, many large clinical
trials have been completed or are under way, and
medical services dedicated to the diagnosis,
treatment and follow-up of this disease have
been established. A number of these services are
exclusively devoted to children with all their
different forms of PH. As most guidelines for the
treatment of PH are based on data from clinical
trials of adults, they are yet to be adapted to the
needs of children. We are now at the exciting
time when emerging data, as well as clinical
experience, can assist in this adaptation.

There is still much to be done; improved referral
rates to specialist paediatric centres are required
for some of the specific forms of paediatric PH,
together with more data from prospective trials.
More information is also required about symp-
toms, diagnosis and outcome of paediatric
patients in a real-life setting. These limitations
need to be overcome if a specific treatment
strategy is to be recommended.

Therefore, the task now ahead for the experts in
the field of PH is to amalgamate the findings
from paediatric registries, national cohorts and
clinical trials, and translate them into meaningful
practical advice for paediatricians. This article
will summarise the data obtained so far and
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discuss the best approach for developing a
treatment algorithm designed for children with
different types of PH. The challenges ahead will
also be discussed; there are still many unan-
swered questions, difficulties and issues relating
to the PH in the paediatric population.

DIFFERENCES OF PH IN ADULTS AND
CHILDREN

At present, the sparse evidence we have does not
provide enough detail on whether there are any
substantial differences in the way that PH devel-
ops and progresses in adults compared with
children. However, data from paediatric cohorts
and national registries suggest that there is indeed
a difference between adults and children with PH
in terms of aetiology; this affects the approach
to treatment. For most adult patients, PH is
associated with factors such as left-heart disease,
whereas the most common forms of PH in chil-
dren are idiopathic/heritable pulmonary arterial
hypertension (IPAH/HPAH), PH due to an
underlying congenital heart defect (CHD), and
patients with a parenchymal pulmonary disease
[1]. Some data relating to the treatment of
paediatric PH patients are available; current
treatment strategies include treatment with syn-
thetic prostacyclins and their analogues (known as
prostanoids), endothelin receptor antagonists
(ERAs), and phosphodiesterase type-5 (PDE-5)
inhibitors.
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PATHOPHYSIOLOGY AND DEVELOPMENT OF PH

PH is a disease characterised by vasoconstriction, and hyper-
trophy of the vascular smooth muscle cells in the pulmonary
arteries, resulting in reduced individual vascular areas and
total perfusion areas. Cardiac output is maintained by right
ventricular hypertrophy and dilatation, and pulmonary arterial
pressure increases. Right heart hypertrophy and dilatation then
lead to right heart failure and, eventually, death. Current
pulmonary arterial hypertension (PAH)-specific therapies,
therefore, primarily re-establish pulmonary vasodilation and,
to some extent, reduce smooth muscle proliferation and
hypertrophy in the pulmonary arterial vessels. Three main
pathways known to be involved in these processes in PH, the
prostacyclin pathway, the endothelin pathway and the nitric
oxide pathway, are targeted using prostanoids, ERAs and
PDE-5 inhibitors, respectively (fig. 1) [2].

Translating current therapeutic knowledge to the paediatric
population requires that there are no significant differences in
the way that these pathways behave within developing tissue
in the lungs and heart. It is also important that PH treatments
affect vascular remodelling and endothelial dysfunction in a
similar way. Indeed, aside from the fact that the heart and
lungs are still growing in children, it appears that there is little
difference at the molecular level compared to adults. The
endothelial dysfunction observed in children is essentially the
same as that seen in adults and most histological findings are
also similar. While no discernable difference has yet been
reported in the expression of endothelin and prostacyclin
receptors, and the levels of signalling molecules in normal and
diseased tissue, it is probably fair to assume that the processes
of growth will affect the mechanisms of disease and treatment
effects, either directly or indirectly. For example, children tend
to show more medial hypertrophy [3], and it is unclear
whether this has an effect on treatment choice. For the time
being and in the absence of clear evidence to the contrary, it
appears appropriate to view the process of PH progression in
children in the same way as in adults and to conclude that
similar treatment and strategies can be used for children.

CONSIDERATIONS ON EXAMINING EPIDEMIOLOGY
AND CHARACTERISTICS OF PAEDIATRIC PH

When developing clinical programmes for paediatric patients,
data obtained from registries and national cohorts are very
useful. Epidemiological measures, such as the number of new
cases every year (incidence) and the number of cases in a
population at a point in time (prevalence), can provide
important information when developing management ser-
vices. Survival data can also be collected, as well as the age at
which PH presents itself, the severity of the disease at
presentation, and more data on the natural history of PH.
These data can help quantify the extent of PH, obtain a more
accurate picture of the disease course in children, and identify
management strategies currently employed.

A key consideration when planning a treatment strategy for
paediatric patients with PH is its aetiology, as this will have an
influence on the nature and speed of disease progression, as
well as the treatment choice. For example, in the majority of
adult patients with PH, it is associated with left-heart disease
or lung disease/hypoxaemia [4], for which treatment of the
underlying cause of PH is the logical approach [5]. A small
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percentage of adult patients with PH are classified as having
group 1 PH (known as PAH); for this type of PH, the use of
PAH-specific therapy alone or in combination with treatment
of the underlying cause of the PH is appropriate.

Current treatment guidelines for PH focus on patients with
PAH because of the availability of good quality evidence from
clinical trials [5]. Within this subgroup of PH, the largest adult
patient population consists of those for whom there is no clear
cause (IPAH) or PH associated with particular mutations
(HPAH) [6, 7]. Other causes for PAH are connective tissue
disease, such as scleroderma (PAH-SSc), or congenital heart
disease (PAH-CHD). In adults, PAH-SSc is described to
progress more rapidly than in those with other aetiologies [8],
followed by patients with IPAH/HPAH [9], while the PH tends
to be more stable in those with CHD [10]. However, these
statements cannot be extrapolated to children without extreme
caution, due to the lack of sound evidence. This is especially
true for patients with CHD, where PH may be associated with a
wide spectrum of functional ability, from patients who show
almost normal clinical and exercise tolerance data despite
complex lesions, to those who are severely restricted in
functional capacity and quality of life [11].

In order to get insight into the distribution of different types of
PH in children, information from real-world data is required.
Over the past few years, the results of different European
registries have been made available, varying greatly in the time
period covered (from 5 yrs of follow-up for the Netherlands
[12] and the UK [1], to 2 yrs for the Swiss [13] and French [14]
registries), the population size they are based on (Swiss [13]
versus UK [1]), and the types of PH included (France [14]).
Some useful information on prevalence and incidence data can
also be derived from single-centre studies, together with
information on disease progression and the effects of treat-
ment. The most useful type of information from the real-world
is from long-term data provided by larger national networks.

The prevalence of all types of PH in Europe, where awareness
of PH is increasing and management of children with CHD is
generally state of the art, is estimated between 3.7 [14] and
approximately 5.0 [1] cases per million children. Although
there are limited data on incidence of paediatric PH, the
incidence of IPAH in the UK is estimated to be 0.48 cases per
million children, per year [1, 15]. Data also show that the
majority of children with PH fall into three categories, which
account for at least 70% of all patients: those with IPAH/
HPAH, those with PH due to an underlying congenital heart
defect, and patients with a parenchymal pulmonary disease
[1]; PAH associated with connective tissue disease and
portopulmonary hypertension are extremely rare aetiologies
(fig. 2). Persistent PH of the newborn is a serious form of PH
with its own set of aetiologies, treatment approach and
outcomes, which is inherently different to the other forms of
PH [16]. It is not discussed in detail in this article or other
current guidelines on paediatric PH [5] because it is confined
exclusively to the neonatal paediatric age group.

When considering these emerging data, there are at least two
very important points to note. First, the different causes of the
vast variation of incidence of PH in children between different
reports and the inherent bias represented by the recruitment
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FIGURE 1. Key pathways involved in the pathophysiology of pulmonary hypertension. Three main pathways are known to be involved in pulmonary vasodilation and, to
some extent, smooth muscle proliferation and hypertrophy in the pulmonary arterial vessels: the prostacyclin pathway, the endothelin pathway and the nitric oxide pathway.
These pathways are targeted by prostanoids, endothelin receptor antagonists and phosphodiesterase type-5 inhibitors. cAMP: cyclic adenosine monophosphate; cGMP:

cyclic guanosine monophosphate. Reproduced from [2] with permission from the publisher.

criteria for each registry or collection should be considered. For
example, the French paediatric registry specifically excluded
children with significant congenital cardiac shunts thought to
be responsible for the development of PH [14], whereas these
patients comprise between 40% and 50% of patients in other
studies [1, 12, 13]. The second point may be even more
important, because it is not inherent in the methodology, but in
the data themselves. In PH due to CHD, the PH is, notably, not
exclusively a result of any “inherent” genetic or idiopathic
factor but it is related, in part, to the availability and timeliness
of surgical repair in individual countries. Thus, it does not
reflect a natural incidence, but one due to medical practice. In
other words, PH in children with CHD is relatively low in
developed countries due to the advanced medical and surgical
care practiced in paediatric cardiology. In other less developed
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nations, where CHD may not be repaired in early infancy, rates
of paediatric PAH-CHD are likely to be higher [17]. It is
very difficult, and even more fascinating, to separate true
population-based differences in the pattern of PH associated
with CHD from this bias. Finally, we should not forget that not
only does epidemiology data indirectly reflect the standard of
treatment for IPAH and its associated diseases, but also the
referral pattern to the specialised paediatric PH centres from
our collaborating colleagues.

A very interesting initiative in this context is the foundation of
the TOPP (Tracking Outcomes and Practice in Pediatric
Pulmonary Hypertension) registry, an international paediatric
PH registry drawing data from centres for PH in children from
around the world [18]. These data will include details from
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FIGURE 2. Prevalence of different aetiologies of pulmonary hypertension (PH)
in the paediatric population (results from national registries and paediatric cohorts).
W idiopathic/heritable pulmonary arterial hypertension; M: PH associated with
congenital heart disease (CHD); : PH associated with connective tissue disease;

. PH associated with lung disease; [I: other. Data shown are taken from
registries/paediatric cohorts in Switzerland [13], the UK [1], the Netherlands [12]
and France [14]. The most common forms of PH in children are idiopathic/heritable
pulmonary arterial hypertension, PH associated with CHD and PH associated with
lung disease. *: patients with PH associated with CHD were excluded from this
cohort; patients shown here were diagnosed with CHD, but this was not thought to
be the cause of the PH.

more than 38 centres in 22 countries and on more than 400-450
cases, and promise to deliver a wealth of urgently needed
information on all of the aspects mentioned above, and more.

PRINCIPLES OF TREATMENT IN PH IN ADULTS AND
CHILDREN

Current treatment strategies for treating children with PH are
analogous to those in adults and are dependent on the
characteristics and severity of the disease at presentation.
This very complex algorithm can be summarised as follows: if
patients show signs of mild to moderate PAH (those in World
Health Organization functional class (WHO FC) II or III),
together with the appropriate haemodynamic findings, treat-
ment with a single pulmonary vasodilator is the preferred
approach. Patients who are acutely vasoreactive can also be
treated with calcium channel blockers. If the therapeutic effect
is insufficient or waning, or signs of right heart dysfunction
become evident, then treatment escalation is recommended.
Escalation of treatment includes the use of combination
therapy, as well as interventions such as balloon atrial
septostomy, in order to prevent low cardiac output status in
patients with severely compromised pulmonary blood flow.
Other interventions with the same aim, such as the Pott’s shunt
[19], may be considered if lung transplantation is not available
or inappropriate, but may be of high risk and thus are
controversial. Eventually, depending on right heart function,
lung transplantation alone or a combined heart and lung
transplant may be required, although the reality of obtaining
organs for this size and age group remains very sobering.

This approach is reflected, and given in all necessary detail, in
recent evidence-based, diagnostic and therapeutic guidelines
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published jointly by three major European medical societies
(the European Society of Cardiology, the European Respiratory
Society and the International Society of Heart and Lung
Transplantation) [5]. These guidelines state that the same treat-
ment paradigm for adults could be considered for use in chil-
dren, and that the weight of evidence/opinion for treatments
used in adults is in favour of efficacy and safety. However,
they recognise that the level of evidence for employing these
strategies in children is low [5].

Although paediatric PH centres currently use a more case-by-
case approach, based on their own experience and interpreta-
tion of the available data, adapted for their young patients,
some evidence has been accumulated. The UK Service for
Pulmonary Hypertension in Children has recently published
their retrospective analysis of management for paediatric
patients with IPAH [15]. Together with improved survival
estimates, these data provide the first quantitative data which
might guide treatment decisions (fig. 3). These data support
the use of an aggressive approach to treatment in the form of
combination therapy which uses two or three classes of drugs,
depending on the clinical and haemodynamic stage of PH in
children. Management strategies will also depend on what is
available for use in different countries and the prevailing
philosophy in that country. The management strategy described
for the UK uses combination therapy from the initiation of
treatment, for example [15], whereas PH centres in France use a
step-up approach similar to that advocated in the adult guide-
lines; some centres may endorse the use of intravenous
epoprostenol in infants, while others do not.

There are several questions that are unique for the paediatric
patient population, especially considering that children are often
growing rapidly and developing while on treatment. Although
the latest evidence does suggest that growth and maturity are
not impaired in children treated with bosentan (A. Hislop and
co-workers, Great Ormond Street Hospital for Sick Children,
London, UK; unpublished data) [20], there are still some key
issues to consider. A dedicated trial assessing the pharmacoki-
netics of a paediatric formulation of bosentan [21] surprisingly
demonstrated that in young children, maximum plasma avail-
ability of this drug was reached at a lower dose than expected.
Clearly, similar trials in children are needed for other PH
therapies. There is also clear evidence that PH treatments are
practical and efficacious to use in babies and young infants [22],
and well tolerated in this patient population [23].

AVAILABLE DATA ON PAH-SPECIFIC DRUGS IN THE
PAEDIATRIC POPULATION

Historically, the first drugs used in the treatment of paediatric
PAH were the prostanoids, as was the case for adults.
Intravenous epoprostenol has been used in most of these cases
improving survival compared with historical data and increas-
ing exercise tolerance [24-26]. The use of subcutaneous
treprostinil is another treatment option for paediatric PH
patients, but no specific data on its use in children have been
published (table 1). Finally, there are some data from studies
investigating inhaled iloprost [28]. As in the adult population,
comparing therapy efficiency, in this case between different
prostanoids and their modes of application, is not at all trivial
and needs careful and sometimes not possible normalisation for
disease type, severity, criteria and practicalities of treatment.
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FIGURE 3. Retrospective analysis of paediatric patients included in the UK
National Service for Pulmonary Hypertension in Children. Children were treated with
calcium channel blockers (CCBs) + sildenafil, bosentan + sildenafil or prostacyclin
+oral therapy according to vasoreactivity and symptom severity. Decreases in
pulmonary vascular resistance index (PVRI) were observed for each treatment
regimen. WHO FC: World Health Organization functional class.

Oral therapy is obviously a more convenient mode of
application in children, due to tolerability issues. The first
data relating to oral therapy were from a small number of case
studies using the PDE-5 inhibitor, sildenafil [29]. Indeed,
sildenafil was used in children before any other oral treatments
were approved for the treatment of PAH, both because it was
widely available as a treatment for its main indication (erectile
dysfunction in adults) and also because trials with its
precursor, dipyridamole, were already under way. Therefore,
the role of sildenafil in PAH therapy was instantly recognised
and established. Treatment with sildenafil was associated with
improvements in haemodynamics and exercise capacity [30—
32], as well as improvement in WHO FC [32]. However, the
number of patients enrolled in these studies was relatively
small and most data are from single-centre case series (table 2).
Perhaps because of its use before any oral treatments were
approved for PH, it continues to be prescribed in a highly
variable mode, while there is a real need for more data on the
effect of sildenafil in children. Fortunately, a number of trials
with at least one major randomised controlled clinical trial
are currently underway and should result in valuable data
very soon.

In contrast, because of the well-orchestrated and co-ordinated
approach to the clinical trials investigating bosentan leading to

EUROPEAN RESPIRATORY REVIEW

REVIEW: ISSUES WITH PAEDIATRIC PH

its approval as a PAH-specific therapy in adults, more
opportunities were available and more attention was given to
its efficacy and safety in children. Indeed, bosentan is
approved for the treatment of children with PAH in Europe,
based on the results of studies in children. This includes data
which demonstrate that although the pharmacokinetics of
bosentan were similar in healthy adults and children with PH
[33], exposure to bosentan in children plateaus out at lower
doses relative to patient weight [21]. Treatment with bosentan
in paediatric PH patients is associated with improvements in
haemodynamics [33-35], improved WHO FC [20, 35] and
improved survival compared with historical controls [20, 36].
Table 3 summarises the data from clinical trials investigating
bosentan as a treatment for children with PH. As part of the
post-marketing surveillance of bosentan, 146 children aged 2-
12 yrs with a median exposure to bosentan of 29.1 weeks were
analysed and compared to the adult population [23]. This
analysis demonstrated that bosentan was well tolerated by
children. In particular, the incidence of elevated aminotrans-
ferases in children is lower than that observed in adults [23].

Fortunately, with these oral drugs there are two very effective
treatments which continue to show a wide therapeutic breadth
and excellent tolerability profile in children. However, as
pulmonary hypertension remains a potentially very aggressive
disease especially in children, clearly more data and also other
novel substance are of vital interest.

LIMITATIONS AND CHALLENGES

The awareness of physicians concerning the nature of PH has
improved significantly in recent years. However, there are still
many limitations and challenges that need to be overcome
before the learning curve for paediatric PH reaches the more
reassuring plateau that it is approaching for adults.

One of the most important issues that need to be addressed
remains related to increased awareness. Because knowledge of
PH is reasonably widespread throughout well-educated
medical communities, children with suspected PH are fre-
quently started on treatment by diagnosing and concerned
paediatric cardiologists, or respirologists with special PH
interest, without proper or timely referral to a dedicated PH
centre. The epidemiologically important result of this is that
these patients are not registered within national patient cohort
studies until they are referred to specialised, tertiary PH
centres. Often, there is a significant time delay after initial
diagnosis and a clear deterioration in the patient’s condition.
Thus, vital information which could help the care and
treatment of children with PH in the future is lost; this is
exemplified by the widespread use of long-term sildenafil
treatment in infants, school children and adolescents.

Another substantial obstacle is the dearth of prospective studies
specifically investigating the efficacy and safety of PH-specific
drugs in the paediatric population. Although we already have
some valuable evidence that can form the basis of recommenda-
tions, more data are required for detailed guidelines. This is
especially the case for data from randomised clinical trials. The
logistics of running this type of trial in this disease is limited
by small patient numbers available but there are also other
limitations, such as clear ethical and practical restraints on
the design of the trials. Running placebo-controlled trials of
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TABLE 1

First author [Ref.] Patients n

Dosage ng-kg™-min"’

Description

I. SCHULZE-NEICK AND M. BEGHETTI

Studies of prostanoids in paediatric pulmonary hypertension patients

End-points

Results

Yuna [24] 35 Not specified
NAKAYAMA [25] 27 24.7+6.7
LAMMERS [26] 39 325+12
BARST [27] 31 122+ 36
Ivy [28] 22 N/A

Retrospective study of children
treated with i.v. epoprostenol

Single-centre study of paediatric
patients receiving i.v. epoprostenol
investigating survival

Single-centre study of children
with IPAH and PAH-CHD treated
with i.v. epoprostenol

Nonresponders to CCBs were
treated with i.v. epoprostenol
Short- and long-term outcome of
children with IPAH and PAH-CHD

Treatment success, defined as

freedom from death, transplantation,

or atrial septostomy
WHO FC
Plasma brain natriuretic peptide
Echocardiography,
6MWD
Haemodynamic parameters
Survival
WHO FC
Echocardiography
6MWD
Survival
Haemodynamics
Cardiac catheterisation
Standard lung function testing

Significant improvement
in survival

Improvement in survival
and 6MWD

Improved survival, WHO
FC, exercise tolerance
and ability to thrive

Improved survival, and
haemodynamics
Sustained improvement
in WHO FC observed in

treated with inhaled iloprost

6MWT
WHO FC
Haemodynamic parameters

some children

Doses are presented as mean +sp. WHO FC: World Health Organization functional class; 6MWD: 6-min walk distance; PAH: pulmonary arterial hypertension; IPAH:
idiopathic PAH; CHD: congenital heart disease; 6BMWT: 6-min walk test; CCB: calcium channel blocker.

monotherapy in children is clearly not ethical in such a
progressive and devastating disease, although trials of combi-
nation therapy which use placebo in addition to other back-
ground treatments may be acceptable.

Appropriate end-points also need to be properly defined and
characterised for paediatric studies, as those used in adult
studies are difficult to validate in children. This should begin
with a more objective determination of WHO FC, which may

be trivial for adolescents but is less so for younger children,
who are not capable of performing a formal cardiopulmonary
exercise test, and infants. For example, the measurement of
exercise capacity using 6-min walk distance (6MWD), the
primary end-point used in most previous trials, is difficult and
very debatable despite established normal values for different
ages of children [38]. Although it remains a useful tool for
evaluating each child during treatment, it is not possible to
perform any 6-min walk tests reliably in children aged <56 yrs.

ay:\:1B - Studies of phosphodiesterase type-5 inhibitors in paediatric pulmonary arterial hypertension (PAH) patients

First author [Ref.] Patients n Description Age of patients yrs End-points Results
OLIVEIRA [30] 6 Case series of children with IPAH 10 (3-19) Haemodynamics Improved WHO FC and systemic
treated with sildenafil 6MWD arterial oxygen saturation in all
WHO FC patients
Oxygen saturation Some improvements in haemo-
dynamics and exercise capacity
KARATZA [31] 8 Case series investigating oxy- 10.4 (6-13) Haemodynamics Improved WHO FC and exercise
haemoglobin saturations and 6MWD capacity observed in all three
exercise tolerance in children WHO FC patients
treated with sildenafil
HuwmpL [32] 14 Open-label study of children with 10.5 (5-18) 6MWD Improvements in haemodynamics

IPAH and PAH-CHD
sildenafil

Haemodynamics and exercise capacity observed

Data for age is presented as mean (range). IPAH: idiopathic PAH; CHD: congenital heart disease; 6MWD: 6-min walk distance; WHO FC: World Health Organization

functional class.
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17:\:1E58 Studies of endothelin receptor antagonists in paediatric pulmonary arterial hypertension (PAH) patients

First author [Ref.] Patients n Description Age yrs End-points Results
BARST [33] 19 Pharmacokinetics and efficacy NS (3-15) Pharmacokinetics Pharmacokinetics of bosentan in children
of bosentan investigated Haemodynamics with PAH comparable to healthy adults
6MWD Improvement in haemodynamics
WHO FC WHO FC improved or stabilised
BEGHETTI [21] 36 Pharmacokinetic study of 7.0 (2-11) Pharmacokinetics An exposure plateau appears to be reached
novel paediatric formulation in children at the dose of 2mg-kg™
of bosentan
GILBERT [34] 7 Uncontrolled study of bosentan ~ 3.8% (1.5-6.4) Clinical parameters Significant reduction in right ventricular
in patients with PAH-CHD Echocardiography systolic pressure
Haemodynamics
SIMPSON [36] 7 Open-label study of children NS Survival Improved survival and delayed disease
with IPAH treated with bosentan, Addition of epoprostenol progression
compared with historical due to disease progression
controls
ROSENzWEIG [35] 86 Long-term retrospective study of 11 (0.8-18) WHO FC 46% improved WHO FC
patients treated with bosentan Haemodynamics Improved haemodynamics
over median Survival
exposure 14 months
Maiya [20] 40 Long-term retrospective study 8.3 (0.6-16) WHO FC Children with IPAH stabilised (with
of children with IPAH and Stabilisation of the addition of epoprostenol)
PAH-CHD treated with clinical condition WHO FC improved significantly for
bosentan 6MWD patients with PAH-CHD
Improved 6MWD
VAN LooN [37] 10 Long-term response to 11.8 (4.7-17.3) WHO FC Survival not significantly different

bosentan in children
compared to adults

Transcutaneous oxygen between adults and children

saturation Persistence of treatment effect lower

Heart rate and blood in children

pressure Improvement in MWD at 1 yr but
6MWD then declined
Survival WHO FC improvement persisted over 1.5 yrs

Persistence of
treatment effect

Data for age presented as mean (range), unless otherwise indicated. *: median (range); CHD: congenital heart disease; IPAH: idiopathic PAH; NS: not specified;

6MWD: 6-min walk distance; WHO FC: World Health Organization functional class.

The distance walked at age 6 yrs will be very different from
what is possible for an older child even when normalised for
age. The variability of the 6MWD in children is very high and
can easily offset treatment effect; as such, its utility is limited
as an end-point. Laboratory markers, such as brain natriuretic
peptide [39], could be utilised as surrogate clinical assess-
ments, but have the disadvantage of needing a blood sample:
another fact which is trivial in the adult world but which can
be a real obstacle in effective long-term care in children. Well-
defined and characterised parameters from echocardiograms
may be close to ideal as end-points. Although these non-
invasive end-points show promise for the future, they have
not yet been validated and would require dedicated studies
aimed at assessing them. Similarly, although magnetic
resonance imaging provides exquisite data on cardiac func-
tion and flows, it lacks pressure data, which are necessary for
a valid calculation of pulmonary vascular resistance and
still can only be obtained by cardiac catheterisation. Even
invasively obtained gold standard, end-point measure-
ments from right heart catheterisation are very sensitive to
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respiratory support, specifically changes of plasma CO,
levels and anaesthetic management in general, and may be
flawed when not performed in a careful and standardised
way.

Finally, specific data are required for paediatric patients with
PAH-CHD, as data on survival and treatment typically have
described adult patients with IPAH. Data on children with
IPAH are due to emerge very soon [15], and might still reflect
the optimised practice of PH treatment in children more than
the true targeted treatment effects on survival of patients with
paediatric PH. In contrast to IPAH, and as discussed previously,
the complex group of patients with PH associated with CHD
does not originate and progress in the same way as patients with
IPAH. There are a wide range of physiologies of PH associated
with CHD, ranging from candidates for Fontan and Glenn
operations who have low pulmonary vascular resistance which
is yet not low enough to operate at acceptable risk, to the
intricacies of left-heart PH and the different types of the
Eisenmenger syndrome. For each of these patients, treatment
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need to be individually considered, and a careful choice of
end-points is essential for clinical trials which includes such
patients [40].

In conclusion, it is currently an exciting time in the field of
paediatric PH. Sufficient data are becoming available for us to
begin to draw conclusions on how children may best be treated
and managed with currently available therapies. The first
treatment algorithms specifically designed for children (fig. 4)
[41], and the data to support them (fig. 3) [15], are now being
published. However, although much information has already
been gained from large cohorts and national registries on the
epidemiology of paediatric PH and current treatment strate-
gies, there is still much to be learnt. More information is
required about symptoms, diagnosis and outcome of paedia-
tric patients in a real-life setting in order to design and

Conventional treatment

Acute vasodilator

Yes resplonse No
y A
Responder Non-responder
¥ A
Calcium channel Right heart failure
blocker
Bosentan oral No
Ambrisentan oral
Incomplete Sildenafil oral
response TTadalaf'n pral
reprostinil s.c.
Beraprost inhaled Yes
Treprostinil inhaled
Incomplete |
response
Combination of drugs
Incomplete |
response
i.v. prostanoids
(epoprostenol,
treprostinil)
Incomplete |
response
Atrial septostomy
Incomplete |
response
Transplantation

FIGURE 4. An example of a treatment algorithm specifically designed for
paediatrics, in which recommended treatment depends on a variety of factors,
including acute vasoreactivity, signs of right heart failure and response to treatment.
This algorithm is supported by the treatment algorithm used by the UK National
Service for Pulmonary Hypertension in Children, with corresponding clinical and
haemodynamic data given in approximate intervals (see fig. 3). s.c: subcutaneously;
i.v.: intravenous. Reproduced from [41] with permission from the publisher.
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recommend specific and appropriate treatment strategies for
children.
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