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Abstract

Congenital heart disease (CHD) is one of the most common causes of pulmonary arterial hypertension (PAH), with
a prevalence nearing that of idiopathic PAH in registries. Despite similarities in pulmonary vascular pathology, PAH-
CHD differs from idiopathic PAH and other types of PAH. In fact, PAH-CHD is a term that includes a wide spectrum
of conditions and pathophysiologies, ranging from Eisenmenger syndrome to milder forms of PAH with systemic-to-
pulmonary shunts, to those with previously repaired defects. Significant expertise in both CHD and PAH is required to
manage these patients. We provide an overview of the modern management of the wide spectrum of PAH-CHD in
adults, both from a physician and clinical nurse specialist perspective.
Background
Congenital heart disease (CHD) is one of the most
common causes of pulmonary arterial hypertension
(PAH) [1]. Any type of CHD that allows significant
systemic-to-pulmonary shunt to occur, can ultimately
lead to the development of PAH and affecting outcome
[2, 3]. Exposure of the pulmonary circulation to high
flow and pressure can trigger the development of pul-
monary vascular disease (PVD). Despite significant
similarities in pulmonary pathology, PAH-CHD differs
from other types on PAH and expertise in both CHD
and PAH is required for optimal management. While
conventional measures and avoidance of pitfalls remain
extremely important, the recent availability of PAH
therapies has revolutionized the treatment of PAH-CHD
[4, 5]. We provide an overview of the modern manage-
ment of the entire spectrum of PAH-CHD in adults, both
from a physician and clinical nurse specialist perspective.
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Clinical classification of PAH-CHD
PAH-CHD represents a wide spectrum of conditions,
which differ in terms of the severity of PAH and the
underlying cardiac anatomy and physiology. For this
reason, PAH guidelines have proposed the following
classification for PAH-CHD (Table 1) [2, 6].

A. Eisenmenger syndrome
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Eisenmenger syndrome (ES) is the extreme
manifestation of PAH-CHD in terms of the
severity of the PVD. ES is a multiorgan disease
and is characterised by significant morbidity and
mortality, even though prognosis may not be as
adverse as that of patients in group D (PAH-CHD
post-repair) [7–11].
ES is characterised by cyanosis at rest or on effort.
Chronic cyanosis, together with PAH and the
underlying congenital heart defect is responsible for
the significant morbidity and mortality of this
condition. Exercise intolerance is the most
important symptom of ES and affects patients’
quality of life [12–14]. Tolerance to effort is
extremely limited in these patients, with an average
peak oxygen consumption well below 15 ml/kg/min,
frequently less than half that predicted for healthy
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Table 1 The wide spectrum of PAH-CHD

A. Eisenmenger syndrome Includes all systemic-to-pulmonary
shunts due to large defects leading
to a severe increase in pulmonary
vascular resistance (PVR) and reversal
of the shunt, which becomes
pulmonary-to-systemic or bidirectional.
Cyanosis, erythrocytosis, and multiple
organ involvement are common.

B. Pulmonary arterial
hypertension associated
with systemic-to-
pulmonary shunts

Patients with moderate to large
defects, in which the increase in PVR
is mild to moderate, left-right shunt
is still present and there is no cyanosis
at rest.

C. Pulmonary arterial
hypertension with
small defects

Patients with small (coexistent)
defects and a clinical picture very
similar to idiopathic PAH. Includes:
• ventricular septal defects
<1 cm in diameter

• atrial septal defects
<2 cm in diameter

D. Pulmonary arterial
hypertension after
corrective cardiac
surgery

Congenital heart disease has been
corrected but PAH has persisted
after surgery, or has developed
several months or years after surgery
in the absence of a significant
residual defect.

Other types of pulmonary
vascular disease in CHD
patients

Segmental pulmonary
arterial hypertension

Segments of the lung vasculature
develop pulmonary vascular disease,
while other parts may be normally
perfused, hyper or hypoperfused.
This is now included in group 5 after
Nice 2013 [6]

Pulmonary vascular
disease in Fontan
patients

A rise in PVR may occur in patients
with a Fontan-type circulation and
low pulmonary blood flow, despite
low pulmonary arterial pressures.
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individuals. Despite this, ES patients often deny
significant limitation, due to adaptation of their
ordinary activities to their ability from a young age.
For this reason, physicians and nurses are urged to
assess functional class by means of examples of
physical effort, distance walked to landmarks, or
comparison to peers [9]. This has implications on
deciding management, including the use of PAH
therapies.
ES also has significant hematologic effects,
mainly related to chronic, long-standing cyanosis
[15, 16]. Hypoxia in ES typically leads to secondary
erythrocytosis, i.e. an isolated rise in red cell count
and haemoglobin concentration. This is nowadays
felt to be a compensatory mechanism, aimed at
increasing the oxygen-carrying capacity of the blood
and hence increase delivery of oxygen to the tissues,
with the result of increased blood viscosity [1, 17].
The latter has in the past raised great concerns, and
routine venesections were performed to avoid the
onset of hyperviscosity symptoms or embolic events
[18]. However, current practice has moved away
from venesections, which are rarely required when
very high haematocrit levels are associated with
severe hyperviscosity symptoms in the absence of
dehydration. The reason for this change in practice
has been the realisation that erythrocytosis is a
beneficial compensatory mechanism aimed at
increasing the blood’s oxygen carrying capacity and,
hence, oxygen delivery to tissues. Indeed, there is
some evidence to suggest that routine venesections
leading to significant iron deficiency may even
promote cerebrovascular events [18].
Erythrocytosis is often associated with
thrombocytopenia and possibly platelet dysfunction.
Moreover, coagulation abnormalities can be present
in ES, creating a paradoxic state of
hypercoagulability (frequently seen as in situ
thrombosis within the pulmonary arteries) but
also tendency to bleed (epistaxis, haemoptysis,
gastrointestinal bleeds, menorrhagia, etc.). For
this reason, the use of anticoagulants remains
controversial in ES [19]. In our centre, ES patients
are not routinely anticoagulated, as evidence in
this and other cohorts of associated PAH is lacking:
[2, 20] anticoagulation is reserved for patients with
previous thromboembolic events, arrhythmias,
known in-situ pulmonary artery thrombosis
and congestive heart failure, in the absence of
contraindications. In-situ thrombosis is, in fact,
quite common and is associated with more
advanced disease (lower exercise capacity, higher
levels of natriuretic peptides and worse ventricular
function) [21]. In these patients, anticoagulation
should always be considered. With regards to patients
on intravenous prostanoids, full anticoagulation
should be considered in view of the risk of line-related
thrombosis and paradoxic emboli. This, of course, has
to be balanced against the risk of bleeding, possibly
exacerbated by the antithrombotic properties of
prostanoid therapy [22].

B. Pulmonary arterial hypertension associated with
systemic-to-pulmonary shunts (and moderate-to-
large defects)
Patients in this group, by definition, have milder
forms of PAH compared to Eisenmenger patients,
not high enough to cause reversal of the shunt.
In the presence of a left-to-right shunt, accurate
calculation of pulmonary vascular resistance (PVR) is
essential [1]. Indeed, the shunt itself can cause an
increase in pulmonary arterial pressure, with little
or no PVD, making such patients amenable to repair
of the defect. In the presence of a high PVR, patients
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are likely to do better without repair, as the defect acts
as a relief valve for the overloaded right ventricle.
Cut-offs for indexed PVR were recently proposed
at the World Pulmonary Hypertension Symposium
in Nice (2013) and most recent guidelines
(Table 2), but there is little evidence to support
these or other haemodynamic cut-offs [2, 6]. Thus,
decision to close or not a defect should be left to
experienced centres, especially for borderline cases in
the “grey area”.

C. Pulmonary arterial hypertension associated with
small (coexistent) defects
These are patients in whom the pulmonary
hypertension cannot be explained by the small
intracardiac defect. In a few cases, a large ventricular
septal defect causing the development of PAH can
become smaller over time (e.g. partially covered by
tricuspid valve tissue in the case of perimembranous
defects). However, in the majority of cases in this
group, the development of PAH may be attributable
to an intrinsic predisposition of the pulmonary
vascular bed, perhaps triggered by the presence
of the defect. Patients in this group tend to present
and behave like those with idiopathic pulmonary
hypertension and repair of the defect is generally
contraindicated [2].

D. Pulmonary arterial hypertension after corrective
cardiac surgery
This is a growing population and is likely to overtake
ES in prevalence over the next decade. These are
patients in who PAH persists or develops after repair
of the defect. PVD may be mild to severe, and the
absence of a defect means that the right ventricle
(RV) lacks a “relief valve” [1, 23]. Hence, depending
on the severity of the PVD, clinical presentation can
be quite severe and rapidly progressive compared to
adult ES and demand aggressive management [7].

E. Additional types of PAH-CHD
“Segmental pulmonary hypertension” refers to PVD
which involves portions of the pulmonary vascular
bed [1, 24]. This is not uncommon in CHD, as
pulmonary vasculature can be partially “protected”
(from developing PVD) by peripheral pulmonary
stenosis, congenital or acquired atresia of one the
pulmonary arteries (e.g. after a Blalock-Taussig shunt
ble 2 Proposed criteria for closing cardiac shunts in PAH-
D [6]

RI, WU×m2 PVR, WU Correctable

<2.3 Yes

>4.6 No

8 2.3–4.6 “Grey zone”: evaluate in specialist centres

RI pulmonary vascular resistance indexed, WU wood units, m2 square
eters, PVR Pulmonary vascular resistance
or “slipped” pulmonary artery band) or complex
pulmonary atresia. In the latter, the presence of
alternative sources of pulmonary perfusion by means
of multiple aortopulmonary collaterals (MAPCAs) of
various sizes and palliative shunts (e.g. Waterstone or
Blalock-Taussig shunts) can result in areas of the lung
being excessively perfused, which can develop PVD.
There is currently little evidence to support treatment
of these patients with PAH therapies. Segmental
pulmonary hypertension has been added to group 5
(pulmonary hypertension with unclear and/or
multifactorial mechanisms) of the classification of
pulmonary hypertension in recent guidelines [2].
In patients with a univentricular heart and a Fontan
circulation, PVD may also be present, in the absence
of significantly raised PA pressure. Patients with a
“failing Fontan” and no significant ventricular or
valve dysfunction may have a low pulmonary blood
flow and raised PVR. In the absence of a
subpulmonary ventricle, this results in a further rise
in central venous pressure, congestion and further
decline in cardiac output. Treatment of such
patients with PAH therapies have been advocated
but data remain contoversial [25].
Diagnosis: invasive and non-invasive
The diagnosis of PAH in patients with CHD often re-
quires high levels of expertise. Echocardiography and
cardiac catheterisation are the mainstay of diagnosis, but
important clues can be obtained on physical exami-
nation, electrocardiography, chest X-ray, computed to-
mography and magnetic resonance imaging [26–28].
Echocardiography may be deemed sufficient for esta-

blishing the presence of systemic levels of pulmonary
arterial pressure in cyanotic patients with post-tricuspid
defects and a low-velocity bidirectional shunt (Eisenmenger
ventricular septal defect, atrioventricular septal defect
and at times patent ductus arteriosus), for the purpose
of avoiding invasive assessment. However, cardiac cath-
eterisation is essential for the calculation of PVR in all
pretricuspid shunts and all non-cyanotic patients or
those with persistent left-right shunt [1]. It is also es-
sential in patients with previously repaired defects and
those with a Fontan circulation. Accurate estimation of
pulmonary blood flow using the direct Fick principle
(not thermodilution) and, thus, PVR is recommended.
However, this is not straight-forward in patients with
more than one sources of flow to the lungs (patent
ductus arteriosus, Fontan circulation with a Glenn
anastomosis) and those with complex intracardiac ana-
tomy (e.g. double inlet left ventricle). Hybrid proce-
dures, with calculation of pulmonary blood flow using
magnetic resonance imaging have been suggested.
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The management of PAH-CHD
General management principles
General management principles which apply to ES and
most PAH-CHD include: [1]

� Avoid dehydration, as this can promote
hyperviscosity symptoms and affect renal function.

� Avoid extreme isometric exercise, sudden strenuous
efforts, which may lead to excessive cyanosis
syncopal episodes.

� Avoid high altitude for long periods, as the lower
oxygen concentration in ambient air compared to
sea level may lead to a decline in resting oxygen
saturations and symptomatic deterioration.
However, air travel appears to be safe and few
patients require supplemental oxygen for relatively
short flights (<4–5 h)

� Special anaesthetic management: general anaesthesia
and sedation carry significant risks for patients with
PAH-CHD. Any essential intervention should be
organised in CHD and PAH centres, under the care
of anaesthetists with experience in such conditions.

� Special care around angiography and non-cardiac
surgery: beyond the risk of general anaesthesia, there
is a high risk of bleeding in patients with chronic
cyanosis and the detrimental effects of pain and
analgesia, immobilisation, etc..

� Avoid pregnancy: pregnancy is generally
contraindicated in PAH-CHD patients. A high
maternal mortality risk is reported (30–50%
in older series and 17–33% in more recent
papers) in patients with severe PAH and
Eisenmenger syndrome. Adequate (progesterone-
only) contraception is essential, as interruption
of pregnancy also carries risks.

� Long-term oxygen rarely used: there is little
evidence on the use of long-term oxygen in PAH-
CHD patients, even in patients with long-standing
cyanosis. International guidelines suggest that
supplemental O2 therapy should be considered
in cases in which it produces a consistent increase
in arterial O2 saturation and reduces symptoms
(recommendation class IIa, level of evidence C) [2].

� Endocarditis prophylaxis: both the AHA and ESC
endocarditis guidelines define cyanotic patients
with CHD as high risk of complications in case of
endocarditis (e.g. cerebral abscess) and recommend
prophylaxis for dental procedures. This is in
contradiction to UK (NICE) guidelines, which
recommend prophylaxis for no one. Certainly,
good dental and skin hygiene are essential [2].

� Iron deficiency should be sought and treated in all
cyanotic patients, as previously discussed, especially
when haemoglobin levels are lower than expected for
oxygen saturations. Care should be taken to monitor
for excessive erythropoiesis after iron
supplementation, even though this appears to be rare.

� Routine venesections are to be avoided: venesection,
with fluid replacement, is only recommended in
cases with very high haemoglobin or haematocrit
and severe hyperviscosity symptoms in the absence
of dehydration.

� Aggressive management of chest infections and
annual flu vaccine and the pneumococcal vaccine
are recommended in all patients. In fact, chest
infections can often lead to symptomatic
deterioration in these patients through right
ventricular failure or sepsis.

� Close monitoring of patients with haemoptysis:
haemodynamic and airway stability are essential.
Causes or facilitators of haemoptysis should be
addressed such as anticoagulation, chest infections,
strenuous effort or progression of PAH.

Pulmonary arterial hypertension therapies in PAH-CHD
BREATHE-5 is the largest trial performed in PAH-CHD,
demonstrating the safety (no decline in oxygen satura-
tions) and efficacy (improvement in PVR and 6-min
walk distance, as well as functional class) of bosentan,
an endothelin receptor antagonist in adult Eisenmenger
patients [29]. The beneficial effect was maintained du-
ring the 1 year open label extension [30]. To date, there
is little evidence on the use of other endothelin receptor
antagonists in PAH-CHD. A large randomised trial of
macitentan in Eisenmenger patients is on-going. Recent
guidelines recommend the use of bosentan in ES in func-
tional class III (recommendation class I, evidence level B)
but also recommend that other PAH therapies are consi-
dered (recommendation class IIA, evidence level C) [2].
PDE-5 inhibitors (sildenafil or tadalafil) are widely

used despite lack of large randomized trials in this popu-
lation. Sildenafil has been shown to be safe and effective
in small randomized trial and other studies, improving
exercise capacity, functional class and hemodynamics
[31]. An investigator-led randomized cross-over trial of
tadalafil in 28 adult Eisenmenger patients showed an
increase in 6MWT distance and decrease in PVR, with
improvement in functional class [32].
Limited evidence exists on the use of prostanoids in

adults with PAH-CHD [33]. Prostanoid therapy is often
reserved for patients in functional class 4, with some
concerns expressed with regards to line infections that
could lead to endocarditis, and systemic embolic phe-
nomena in cyanotic patients. Inhaled or subcutaneous
prostanoid formulations are potential alternatives, even
though small case series have shown good tolerability of
IV epoprostenol, with significant benefit in terms of exer-
cise capacity, haemodynamics and oxygen saturation.
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Few adult patients with PAH-CHD and a repaired de-
fect have benefitted from inclusion in the numerous
large trials of PAH therapies in idiopathic PAH and PAH
related to connective tissue disease. Longitudinal studies
have now demonstrated a long-term benefit from the
use of PAH-therapies in PAH-CHD, in terms of exercise
capacity and functional state, despite the progressive
nature of the disease [5]. Moreover, evidence of an im-
provement in survival with PAH-therapies is now avai-
lable from a retrospective propensity score adjusted
single centre study on a large number of ES patients [4].
While combination therapy is routinely used in PAH-
CHD, little evidence exists to support this [34, 35].
Current guidelines recommend that combination drug
therapy may be considered in ES (recommendation class
IIb, evidence level C), while calcium channel blockers
should be avoided [2].

Transplantation
Transplantation should be considered in all PAH-CHD
cases, especially those who have failed oral PAH therapy
and are considered for prostanoids. Few centres with
combined CHD and transplantation expertise may offer
lung transplantation plus repair of the defect and many
patients are being listed for heart-lung transplantation.
The timing of referral to transplantation is difficult, con-
sidering that the 5-year survival rate of patients after
heart-lung transplantation is only about 40% [2]. The
discussion with the adult PAH-CHD patient around
transplantation may be difficult. Many patients have
lived for several decades with PAH-CHD, often excee-
ding initial estimates of longevity given during child-
hood. Discussions on transplantation inevitably touch
upon prospected survival, causing anxiety to patients
and their families. Counselling by the physicians and
clinical nurse specialists, as well as clinical psychologists
is, thus, essential for limiting such anxiety, whilst provi-
ding patients with the best chance of being listed and
receiving a transplant.

Living with PAH-CHD
Complications of PAH-CHD and impact on lifestyle
Beyond improving outcome, what needs to be consi-
dered in the setting of counselling and advising PAH-
CHD patients is the specific impact that the disease has
on their quality of life, i.e. living with this condition [36].
It would be a mistake to presume that patients with
PAH-CHD have good knowledge of their condition and
its effects on everyday life. Counselling should focus on
maintaining a healthy lifestyle, reducing the risk of acute
illness and disease progression, while empowering
patients to manage uncertainty and live well with the
disease. Clinical nurse specialist-led clinics are ideal for
addressing such key areas. The merits and worth of the
CNS have been described and are measurable [37]. Their
role should reflect a high standard of practice, aimed at
achieving high-quality, patient-centred care. The pul-
monary hypertension CNS undergoes extensive training
on all aspects of the disease and is able to manage both
stable and deteriorating patients. They are instrumental
in helping physicians achieve the correct diagnosis but
especially formulate and implement a management plan
that will optimise outcomes and improve quality of life.
They are ideally placed in communicating with patients
at all stages of their disease, especially with regards to
living with pulmonary hypertension and regularly at-
tending clinics [38]. CNSs are best placed for discussing
prognosis, complex therapies and their complications,
palliative care and end-of-life care issues with the pa-
tients. Indeed, the CNS has a central, overarching role in
the multidisciplinary approach to pulmonary hyperten-
sion, with a remit which is broader than just that of a
healthcare provider. They are also researchers, educators
and friends to the patients [39, 40].
Reducing the risk of acute illness and associated com-

plications is important, both in terms of quality of life
and outcome. A common cause of hospitalisation in
PAH-CHD is lower respiratory tract infections, which
can exacerbate the underlying disease and trigger haem-
optysis. Haemoptysis is not uncommon in PAH-CHD
and is an emergency situation, which generally requires
admission to hospital [41]. It is a frightening experience
for patients, as it is a potential cause of death and re-
quires prompt care, depending on its severity. Recurrent
haemoptysis is not uncommon, significantly affecting pa-
tients’ quality of life.
Another potentially devastating complication of PAH-

CHD is endocarditis [42]. PAH-CHD patients are at
greater risk of complications, which are not easily ma-
naged. Any surgery, especially cardiac surgery, carries
prohibitive risks relating to the general anaesthesia and
cardiopulmonary by-pass. There is also a high risk of
systemic emboli and the development of a brain abscess:
neurological symptoms should never be ignored in cya-
notic PAH-CHD patients, even in the absence of overt
endocarditis.
Patient education emphasises on early detection of

signs and symptoms of the above complications, trigge-
ring assessment by the general practitioner or specialist
PAH-CHD service. When required, early treatment of
lower respiratory tract infections with antibiotics is indi-
cated, reducing the risk of deterioration and the need for
hospitalisation. Patients should flag new signs and symp-
toms of deteriorating heart failure or persistent pal-
pitations requiring prompt attention. They should
understand the importance of preventive measures for
endocarditis, such as good dental hygiene and avoidance
of body piercing or tattoos. Patients should also be able
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to recognise the signs and symptoms of endocarditis and
understand modern recommendations for endocarditis
prophylaxis: despite on-going controversy and diver-
gence between UK (NICE) and European or American
recommendations, clear and consistent advice should be
provided to patients and adhered to.
It is important that all PAH-CHD patients remain ac-

tive within their abilities, avoiding detraining and obe-
sity, which can lead to a decline in effort tolerance [43].
Patients should be urged to increase their levels of sta-
mina slowly, through gradual low intensity aerobic exer-
cise, avoiding isometric or sudden/strenuous effort. The
advice can be prescriptive for some and there is, indeed,
evidence that a tailored rehabilitation programme can
greatly improve exercise capacity in PAH [44]. However
simple advice on walking and swimming, combined with
a healthy diet is acceptable.
There is little evidence for or against long-term oxygen

use in PAH-CHD (outside acute exacerbations, chest in-
fections etc.). Long-term oxygen is acceptable as long as
it does not impose restriction on personal activities and
lifestyle. Anecdotally, patients report three different sce-
narios/responses when long-term oxygen is prescribed:
it either gives them an extra “boost of energy”, it makes
no noticeable difference or it makes things worse, e.g.
due to dry nasal passages and disturbed sleep. It may, at
times, be difficult to wean patients off long-term oxygen,
when it is perceived as a “crutch” to life. While oxygen
is often prescribed for use while travelling in commercial
aircraft, there is evidence of safe travelling without it
[45]. Standard fitness to fly testing does not account for
ES physiology and will invariably conclude that oxygen
is required, making it unhelpful. However, travelling at
high altitude for long periods (days or weeks) may not
be advisable for cyanotic patients with PAH-CHD.
Pregnancy carries prohibitive risks in PAH-CHD and

contraception is imperative, avoiding oestrogen-containing
compounds [46, 47]. Most deaths tend to occur in the last
trimester of pregnancy and especially in the days, weeks or
even months after delivery, relating to pulmonary hyper-
tensive crises, right heart failure or thrombotic events.
Even though patients with higher pulmonary pressures are
at higher risk of complications, even patients with milder
forms of PAH are at risk, as pregnancy may trigger a pro-
gression of PAH. Moreover, there are significant risks to
the fetus/baby, not only in relation to the high risk of early
miscarriage due to maternal cyanosis, but also relating to
prematurity and low birth weight. Despite this and ade-
quate counselling, maternal drive for some women is high.
Patients must never feel deterred from seeking expert
help from the pulmonary hypertension centre when
seeking pregnancy, despite strong advice against this.
Pregnant PAH-CHD patients should be aided in ma-
king the difficult decision: continue with the pregnancy
or choose termination. Whichever option is taken,
multidisciplinary specialist care is essential.
To live well with PAH-CHD, there are basic socioeco-

nomic factors relating to education, work life and wel-
fare rights that need to be appreciated and discussed in
clinic. Milestones of adult development might be slower
and more difficult to achieve in patients with PAH-
CHD. Help should be provided in making realistic
choices for the future, including education and employ-
ment. Support should be provided by specialist teams to
patients who are eager but fail to cope with full or part-
time occupation, in the form of letters of support and
guidance with regards to adjusting the work environ-
ment. Employment law might need to be referenced to
protect both employee and employer and achieve a ba-
lanced outcome. For patients unable to work, an overview
of welfare law and entitlement is necessary, directing pa-
tients to expert advice such as the Citizens Advice Bureau.
Patient associations can be helpful in these circumstances.

Managing therapies, including inhaled and intravenous
prostanoids: the role of the clinical nurse specialist (CNS)
Starting a patient on PAH therapies requires significant
input from both physicians and the CNSs. Whether it is
for oral, inhaled or intravenous treatment, a process of
education, monitoring and support is required. Indeed,
patient adherence is essential if treatment outcomes are
to be maximised. Oral medication is relatively easily
managed, provided that patients are educated on side ef-
fect profiles and the need for adherence. It is particularly
important that patients are well aware of possible visual
and hearing impairment, which can be permanent with
PDE-5 inhibitors. Monthly liver function testing remains
a legal obligation for most ERAs in most countries. Fe-
male patients are counselled on interaction of bosentan
with progesterone based contraception and the need for
double contraception for all ERAs. Emerging new oral
therapies, such as riociguat and selexipag, will eventually
find their place in the treatment of PAH-CHD. Up-
titration of these drugs can be more complex, requiring
several weeks of close contact with the pulmonary
hypertension clinical team, especially CNSs.
Initiation of inhaled and intravenous prostacyclines is

more onerous in terms of time required to educate and
monitor patients. Training to use the inhaled iloprost,
with the I-neb nebuliser, is moderately straight forward,
but patients need to understand the importance of ad-
hering to a regime of at least six inhalations a day, as
well as being meticulous in cleaning the components of
the I-neb after each use. Inhalation time can range bet-
ween 10 and 20 min:The I-neb uses adaptive aerosol
delivery technology to deliver the drug and adapts to
each patient’s breathing pattern. The inhalation time is,
therefore, dependant on several factors including the
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breathing pattern of the patient, number of pauses made
during treatment and appropriate cleaning of the cham-
ber mesh lid. Inhalation time can be prolonged if the
fine mesh consumable is not cleaned as instructed and,
indeed, can affect compliance. A daily care kit has been
manufactured to help with the inconvenience of taking
the medication frequently. The treatment is well toler-
ated and side effects rarely lead to discontinuation. The
I-neb itself can be interrogated for patient education on
adherence, as the device stores information on each in-
halation and its duration.
Intravenous epoprostenol is, by many experts, felt to

be the strongest available PAH-therapy [22]. Even more
so than inhaled iloprost, it requires a high level of com-
mitment by the patient and requires strategic planning
to accommodate into a patient’s life. As patients come to
terms with the thought of living with a central venous
catheter, a drug seen as the “final resort” with perils and
the discomfort relating to its short half-life and debilita-
ting side effects, it can take time and effort before treat-
ment can be started electively. Some patients will adapt
more easily than others, especially if they can be con-
vinced that their quality of life and life expectancy can
improve with this medication. An intensive training
programme is part of the initiation of intravenous epo-
prostenol, including aseptic and non-touch techniques
for line management and drug reconstitution, as well as
managing and troubleshooting the infusion pump. Com-
prehensive paperwork should be provided to the patient
on how the pump and infusion should be managed in a
local casualty department in case of emergency, as well
as the need to contact the specialist centre to arrange
urgent transfer, if required. On-going fears for healthcare
workers and especially the patients include line infec-
tions, progressive loss of efficacy and funding issues,
which may require withdrawal of other, previously effec-
tive medication. The advent of thermostable epoproste-
nol has made the prospect of living with intravenous
therapy more acceptable: this new product can be in-
fused for up to 48 h (as opposed to 12 h for previous
formulations) and can be reconstituted up to a week in
advance, if kept in the refrigerator [48].

End of life issues and palliative care
Despite advances in the modern treatment of PAH-
CHD, it is a progressive disease, which is ultimately life-
limiting. Early involvement of palliative care services can
be helpful and should follow the natural history of the
disease, rather than be reserved for the end of life. While
extensive literature exists on how to approach palliative
care and end-of-life issues in patients with chronic di-
seases, lifelong support by the pulmonary hypertension
team and especially the CNSs is essential and remains a
matter of experience, instinct, the art of nursing and
medicine combined and the ability to build a relation of
trust with the patients. Effective communication with
the patients and their families is particularly important
as the disease progresses and especially towards the end
of life. While palliative care services should be involved
as early as possible in the care of these patients, the
CNS is central in achieving adequate levels of support,
both from a symptom and a psychological point of view
[49]. The CNSs also helps co-ordinate individual care
plans and remains the point of contact for other pro-
fessionals in the hospital or the community and for the
patients and their families.

Conclusions
PAH-CHD is a condition that carries significant morbidity
and mortality. Expertise in both pulmonary hypertension
and CHD is required for the optimal management of these
patients, as well as a multidisciplinary approach in which
both physicians and nurse specialists play an important
role. It is important that all PAH-CHD patients are identi-
fied and treated appropriately, aiming to improve not only
their outcome but also their quality of life.
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