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FIGURE 1

Chest radiograph
showing enlargement
of the heart and
pulmonary arteries
in a patient with
pulmonary arterial
hypertension

\Wii=dare the [EeW do patients
underlying causes? present?

PULMONARY HYPERTENSION UNDERLYING CAUSES
(PH) IS A COMMON FINDING Identification of the cause of PH is crucial
IN A WIDE RANGE OF to ensure that the patient receives

DISEASES.'IT IS DEFINED

as an increase in mean pulmonary
arterial pressure > 25 mmHg at rest as
assessed invasively by right heart
catheterisation.? PH can affect patients at
any age and presents with non-specific
symptoms. Accurate diagnosis is
important as while PH is a potentially
lethal disease it is treatable.

appropriate management. Patients
should be referred to one of the
designated PH centres in the UK for
confirmation of the diagnosis and
identification of the underlying cause,
see below.

The causes of PH are listed in table 1,
p22. The most common causes are heart
and lung disease and specialist drug
therapies for PH are contraindicated in
these patients.

WEdare the
treatment options?

However, PH is also associated with a
diverse group of diseases. Pulmonary
arterial hypertension (PAH) is a rare type
of PH which may deteriorate rapidly
without treatment. There is a familial
form of this disease which can skip
generations. Specialist drug therapies for
PH will benefit patients with PAH.

Chronic thromboembolic pulmonary
hypertension (CTEPH) can be treated
by pulmonary endarterectomy which
offers excellent outcomes in selected  »
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Updated clinical classification of pulmonary hypertension®

Aetiology of PH Treatment

1Pulmonary arterial hypertension (PAH) PAH specific therapies

1.1 Idiopathic (Bosentan, ambrisentan,

1.2 Heritable macitentan®, sildenafil, tadalafil,

1.2.1 BMPR2 (bone morphogenetic protein receptor type 2)
1.2.2 ALK-1 (activin receptor-like kinase 1gene), endoglin
1.2.3 Unknown

1.3 Induced by drugs and toxins

1.4 Associated with pulmonary arterial hypertension (APAH)
1.4.1 Connective tissue diseases
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease
1.4.5 Schistosomiasis
1.4.6 Chronic haemolytic anaemia

1.5 Persistent pulmonary hypertension of the newborn

riociguat*, epoprostenol,
treprostinil*, iloprost)
* not yet licensed in the UK

1" Pulmonary veno-occlusive disease and/or pulmonary
capillary haemangiomatosis

Unclear if PAH therapies are
beneficial and may cause harm

2 Pulmonary hypertension due to left heart disease
2.1 Systolic dysfunction

2.2 Diastolic dysfunction

2.3 Valvular disease

PAH therapies are contraindicated

Treatment of underlying heart
disease and cardiovascular risk factors

3 Pulmonary hypertension due to lung disease
and/or hypoxia

3.1 Chronic obstructive pulmonary disease

3.2 Interstitial lung disease

3.3 Other pulmonary diseases with mixed restrictive
and obstructive pattern

3.4 Sleep-disordered breathing

3.5 Alveolar hypoventilation disorders

3.6 Chronic exposure to high altitude

3.7 Developmental albnormalities

PAH therapies are contraindicated

Treatment of underlying lung
disease

4 Chronic thromboembolic pulmonary hypertension

Lifelong warfarin

Pulmonary endarterectomy

PAH therapies may be beneficial in
some cases

5 Pulmonary hypertension with unclear and/or multifactorial
mechanisms

5.1 Haematological disorders: myeloproliferative disorders,
splenectomy

5.2 Systemic disorders: sarcoidosis, pulmonary Langerhans
cell histiocytosis, lymphangioleiomyomatosis,
neurofibromatosis, vasculitis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

5.4 Others: tumoral obstruction, fibrosing mediastinitis,
chronic renal failure on dialysis

Unclear if PAH therapies are
beneficial

Adapted from Simonneau G et al. Updated clinical classification of pulmonary hypertension. / Am Coll Cardliol 2009;54:543-S54

patients.* Inoperable patients are
offered specialist PAH drug therapies.

PRESENTATION
The most common symptom of PH is
breathlessness on exertion. Syncope
may be the presenting symptom
especially in children. Other PH
symptoms include: angina pectoris,
palpitations, dry cough, exertional
nausea and vomiting.

PH patients often receive treatment
for bronchial asthma before being

diagnosed with PH. Lack of response to
conventional treatment for dyspnoea
should alert the GP to search for another
cause of the patient’s symptoms, one of
which could be PH.

As most patients are not breathless
and their oxygen saturation is within
normal limits at rest, they can
erroneously be assumed to be well.

GPs should be aware that patients who
appear to be minimally symptomatic
may have severe PH with a right
ventricular decompensation on exercise.

Syncope is one of the most serious
manifestations of clinical deterioration in
PH patients.

On clinical examination the most
common clinical signs are:
® presence of right ventricular heave
@ loud pulmonary component of the
second heart sound
@ pansystolic murmur of tricuspid
regurgitation

In the presence of heart failure, clinical
examination may also reveal elevated
jugular venous pressure, ascites and
peripheral oedema. The chest is
commonly clear, unless there is an
underlying lung disease. Signs of
connective tissue disease and deep
venous thrombosis may also be present.

PRIMARY CARE INVESTIGATIONS
Patients should have an ECG, a chest
radiograph and a range of blood tests.

A chest radiograph can show
enlargement of the pulmonary arteries
and cardiac silhouette, see figure 1, p21.
In PAH, the ECG usually shows right axis
deviation, complete or incomplete right
bundle branch block and T wave
inversion in right precordial leads, V1-V3,
see figure 2, opposite. However, neither
anormal ECG nor a normal chest
radiograph will exclude PH.

Blood tests including a full blood
count, renal and liver function as well as
thyroid function tests may exclude
another cause of breathlessness.

REFERRAL

When PH is suspected, referral to the
local cardiology or respiratory
department is recommended. This
referral should be urgent if the patient is
syncopal, has rapidly progressing
symptoms or is in heart failure.

The investigation of choice for
detecting elevated pulmonary pressures
is the echocardiogram. As well as
detecting arise in estimated pulmonary
pressures, an echocardiogram can also
detect tricuspid regurgitation, a dilated
right atrium and ventricle with or without
impaired systolic function.

If the echocardiogram shows signs of
PH then the patient should be referred
to a designated PH centre if PAH or
CTEPH are suspected or if PH is of
uncertain cause.

The role of the PH centres (see useful
information box, p25) is to:

@ provide advice for healthcare
professionals

® make an accurate diagnosis

@ evaluate the severity of PH

® manage specialist drug therapies (see
table 1, above)
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CONTRACEPTION

Pregnancy in PAH patients has a high
maternal mortality rate.®”
Subcutaneously implanted hormonal
contraception is considered to be the
mainstay of contraception in PAH
patients, while dual contraception
(Implanon and Cerazette or two
Implanon devices) is needed for
patients on bosentan/ambrisentan.
Mirena coils should not be inserted or
removed outside hospital because of
the risk of vasovagal syncope.

The definitive diagnosis of PH can be
made only by a cardiac catheterisation
study which is usually performed in one
of the designated PH centres.

The functional classification of PH is
shown in box 1, below.

LIFESTYLE ADVICE

PH patients are generally advised to
keep themselves active and to exercise
to the extent that they do not get
breathless or dizzy and can hold a
conversation and complete sentences.
Furthermore, they should avoid lifting
heavy weights since this may cause
syncope.

Patients in functional class Il and IV
(see box 1, below) and those with PaO,
consistently lower than 8 kPa need
supplemental oxygen during long
flights.2

PHARMACOTHERAPY

Warfarin

In patients with CTEPH the mainstay of
treatment is warfarin. INR therapeutic
target is usually between 2 and 3 and it
is crucial that these patients be covered
with subcutaneous enoxaparin

1.5 mg/kg/day when they come off
warfarin for any reason (e.g. prior to

Functional classification of pulmonary hypertension °

Class| Patients with pulmonary hypertension but without resulting limitation of physical
activity. Ordinary physical activity does not cause undue dyspnoea or fatigue,
chest pain, or near syncope

Patients with pulmonary hypertension resulting in slight limitation of physical
activity. They are comfortable at rest. Ordinary physical activity causes undue
dyspnoea or fatigue, chest pain, or near syncope

Class Il

Patients with pulmonary hypertension resulting in marked limitation of physical
activity. They are comfortable at rest. Less than ordinary physical activity causes
undue dyspnoea or fatigue, chest pain or near syncope

Class Il

Patients with pulmonary hypertension with inability to carry out any physical
activity without symptoms. These patients manifest signs of right heart failure.
Dyspnoea and/or fatigue may even be present at rest. Discomfort is increased by
any physical activity

Class IV

cardiac catheterisation or any other
invasive procedure/surgery).

In addition, most PAH patients are
also treated with warfarin. As the
evidence for treatment only comes from
retrospective studies, warfarin in PAH
can safely be stopped for short periods.
If the risk of bleeding is high warfarin
should be avoided in these patients.

Diuretics
Many patients with PH appear with
signs of heart failure, mainly with
significant ascites sometimes more
marked than dependent oedema for
which they are treated with diuretics.
The main principles of diuretic
management are: adequate hydration
(no less than 1.5 L/day), avoidance of
drugs which may precipitate fluid
retention (e.g. NSAIDs or sodium-rich
antibiotics), restriction of sodium intake
from food and regular renal function
and electrolyte checks.

PH patients with heart failure may also
need support from heart failure nurses.

Pulmonary arterial hypertension drugs
PAH drugs are prescribed by the PH
team but GPs should be familiar with
these drugs in order to recognise their
possible side effects and avoid
interactions with other medications.
PAH therapies include three classes
of drugs which act on different
pathophysiological pathways.
Endothelin pathway: The endothelin
receptor antagonists (ERA) act on
this pathway and include bosentan,
ambrisentan, and macitentan.
These drugs are administered orally.  »»
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Main side effects and interactions of pulmonary arterial hypertension medications

PAH drugs Side effects Main Interactions
Endothelin receptor antagonists Liver toxicity Bosentan:
(bosentan, ambrisentan) Anaemia Ciclosporin (combination contraindicated)
Peripheral oedema Glibenclamide (combination contraindicated)
Headache Ketoconazole
Fluconazole
Hormonal contraceptives
Rifampicin
HIV protease inhibitors
Simvastatin
Ambrisentan:
Ciclosporin
Rifampicin
Phosphodiesterase type-5 inhibitors Headache Nitrates and nicorandil (combination
(sildenafil, tadalafil) Flushing contraindicated)

Flu-like symptoms
Vomiting and diarrhoea
Nasal congestion-sinusitis

HIV protease inhibitors
Ketoconazole/itraconazole

Epistaxis
Indigestion
Muscle pain

Vision or hearing loss

Prostacyclin analogues
(epoprostenol, treprostinil, iloprost)

Jaw pain
Headache
Flushing

Nausea and diarrhoea
Risk of local site/catheter infection and sepsis
Risk of catheter obstruction and pump

malfunction

When used with antihypertensive medications
they can further reduce blood pressure

Local pain at subcutaneous administration site

When used with antiplatelets or
anticoagulants may increase the risk of
bleeding

Nitric oxide pathway: Phosphodiesterase
type-5 inhibitors, sildenafil and tadalafil,
and the soluble guanylate cyclase
activators e.g. riociguat are administered
orally.

Prostacyclin pathway: Prostacyclin
analogues which include epoprostenaol,
iloprost and treprostinil are administered
parenterally.

Epoprostenol and treprostinil are
administered intravenously via a
permanent tunnelled central venous
catheter and a pump as a continuous
infusion. Treprostinil can also be given
subcutaneously as a continuous infusion
with the use of a pump while iloprost is
administered as aninhaler.

The main side effects and interactions
of these drugs are listed in table 2,
above®The major side effect of ERA is
an increase in transaminases in around
10% of patients treated with bosentan
and 2% with ambrisentan. Hence
patients on ERA are required to have
monthly liver function tests. If
transaminases increase >3 times the
upper limit of normal, the blood test

should be repeated urgently and
management should be discussed with
the PH team. Phosphodiesterase type-5
inhibitors should never be used
concomitantly with nitrates or nicorandil
because of the high risk of profound
hypotension.

Patients on intravenous prostacyclin
analogues will be fully trained by PH
clinical nurse specialists in the use of the
pump. Patients will always have a spare,
so that the pump can be replaced if it
becomes damaged or malfunctions.
Specialist homecare delivery companies
also provide support in the community.

These patients are at risk of line
infection and sepsis. Any bleeding,
swelling or redness around the tunnelled
catheter or any pyrexia should be
considered as a potential line infection
(unless another source of infection is
detected). Blood cultures should be
taken and the PH team consulted. In the
case of a line infection the patient needs
to be admitted to the PH centre and an
intravenous catheter change is
mandatory. Patients on prostacyclin
infusions also seem to be at risk of

developing thyrotoxicosis.”

A few PAH patients may be on
calcium channel blockers. These drugs
are prescribed only in patients with a
positive vasodilatory response after
nitric oxide inhalation during the cardiac
catheterisation study. They are
uptitrated to the highest tolerated dose
which is usually much higher than other
clinical indications?

PAH drugs should never be stopped
or downtitrated without discussion with
the PH team.

COMPLICATIONS

Loss of atrial contraction can have a
detrimental effect on patients’ exercise
capacity. Atrial flutter is the most
common arrhythmia that PAH patients
may develop, and usually necessitates
urgent admission to hospital.

PAH patients are susceptible to
developing pneumonia which may not
be accompanied by fever, with an
increased mortality risk. Vaccination
against influenza and pneumococcal
pneumonia is recommended.

Other reasons for deterioration may

thepractitioner.co.uk



key points

Dr Peter Saul
GP, Wrexham and Associate GP Dean for North Wales

Pulmonary hypertension (PH) is defined as an increase in
mean pulmonary arterial pressure > 25 mmHg at rest as
assessed invasively by right heart catheterisation. It can
affect patients at any age and presents with non-specific
symptoms. Accurate diagnosis is important as while PH
is a potentially lethal disease it is treatable. [dentification
of the cause of PH is crucial to ensure that the patient
receives appropriate management. The most common
causes are heart and lung disease and specialist drug
therapies for PH are contraindicated in these patients.
However, PH is also associated with a diverse group

of diseases.

The most common symptom of PH is breathlessness on
exertion. Syncope may be the presenting symptom
especially in children. Other PH symptoms include: angina
pectoris, palpitations, dry cough, exertional nausea and
vomiting. Lack of response to conventional treatment for
dyspnoea should alert the GP to search for another cause
of the patient’s symptoms, one of which could be PH.

Syncope is one of the most serious manifestations of
clinical deterioration in PH patients. On clinical examination
the most common clinical signs are: presence of right
ventricular heave, loud pulmonary component of the
second heart sound and a pansystolic murmur of tricuspid
regurgitation. In the presence of heart failure, clinical
examination may also reveal elevated jugular venous
pressure, ascites and peripheral oedema.

Patients should have an ECG, a chest radiograph and a
full blood count, renal and liver function as well as thyroid
function tests. When PH is suspected, referral to the local
cardiology or respiratory department is recommended.
This referral should be urgent if the patient is syncopal,
has rapidly progressing symptoms or is in heart failure.
The investigation of choice for detecting elevated
pulmonary pressures is the echocardiogram. If the
echocardiogram shows signs of PH then the patient
should be referred to a designated PH centre if pulmonary
arterial hypertension (PAH) or chronic thromboembolic
pulmonary hypertension (CTEPH) are suspected or if PH
is of uncertain cause.

In patients with CTEPH the mainstay of treatment is
warfarin. Most patients with PAH are also treated with
warfarin. PAH drugs are prescribed by the PH team but
GPs should be familiar with these drugs in order to
recognise their possible side effects and avoid interactions
with other medications. PAH drugs should never be
stopped or downtitrated without discussion with the PH
team. PAH patients are susceptible to developing
pneumonia, which may not be accompanied by fever,
with an increased mortality risk. Vaccination against
influenza and pneumococcal pneumonia is recommended.

be anaemia (especially in elderly
patients on sildenafil and warfarin who
are at risk of bleeding), a new
pulmonary embolism (especially in
patients with CTEPH with poor
anticoagulation control), deterioration
of a systemic disease (e.g. scleroderma)
or thyrotoxicosis.

All the complications mentioned
above should be treated as in any other
case, but always in collaboration with
the PH team.

Referral to specialist local palliative
care services is indicated when patients’
needs are beyond the expertise of the
PH team.

‘Unexplained
breathlessness or
breathlessness
resistant to
conventional
treatment for
lung or heart
disease should
always raise the

suspicion of PH’

CONCLUSIONS

PH can affect patients at any age. PAH is
a lethal disease and early diagnosis is
crucial. Any cases of unexplained
breathlessness or breathlessness
resistant to conventional treatment for
lung or heart disease should always
raise the suspicion of PH.

Patients with syncope require either
urgent referral (for new patients) or
urgent discussion with the PH team (for
patients already diagnosed with PH).

PAH specific therapies are prescribed
by the PH team but the GP should be
aware of their common side effects and
interactions.

Arrhythmias in PAH patients or any
suspicion of line infection and sepsis in
patients on parenteral PAH therapies
should be urgently discussed with the
PH team.

Common medical problems should
be managed in PH patients as in any
other patient however, consultation with
the PH team is advisable. GPs should
always seek advice from the PH centres
for any problems that arise in their
patients with PH.
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Useful information

Pulmonary Hypertension Association UK
www.phassociation.uk.com

Pulmonary Hypertension
Professionals group
www.phprofessionals.org.uk

Pulmonary Hypertension Centres
Contact details for these centres and
useful information can be found at:
www.pulmonaryhypertensioncentres.co.uk
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