
Pulmonary hypertension is a rare condition

previously associated with a relentless course

and few treatment options. The last 10 years

have seen it become increasingly recognized in

association with other conditions and the

development of effective therapies.

Pulmonary hypertension is defined as a

mean pulmonary artery pressure (MPAP)

�25 mm Hg at rest or 30 mm Hg on exercise.1

At the ‘‘World Symposium on Pulmonary

Arterial Hypertension’’ in 2003, the clinical

classification of pulmonary hypertension was

revised2 to identify fivemajor groups (Table 1).

The cause of pulmonary hypertension is of

critical importance as it defines subsequent

treatment. Patients with chronic thromboem-

bolic pulmonary hypertension (CTEPH) can

potentially be cured by surgery (pulmonary

endarterectomy) with lifelong anticoagulation

to prevent disease recurrence. Those with pul-

monary arterial hypertension (PAH) (Table 2)

can be treatedwith selective pulmonary arterial

vasodilators.

Pulmonary hypertension is a challenging

disease to diagnose accurately and treat.

There is often a delay from first symptoms to

diagnosis of up to 3 yr,1,3 and the diagnostic

process requires invasive investigations. Prior

to transplantation there was no specific treat-

ment for pulmonary hypertension, but the last

two decades have seen significant advances.

New therapies have been developed, which

improve the symptoms and survival. Previ-

ously, those with severe disease had a 5 yr sur-

vival of only 27% with supportive treatment;

this is increased to 54% with certain targeted

therapies.1 These treatments are often com-

plicated and their use requires significant

expertise. As such, the investigation and treat-

ment of certain forms of pulmonary hyper-

tension are currently focused at nationally

designated specialist centres. In the UK, cen-

tres currently exist in Glasgow, Newcastle,

Sheffield, Cambridge, and London. There is

also a specialist centre in Dublin, Ireland.

Epidemiology

Idiopathic pulmonary arterial hypertension

(IPAH), previously knownas primary pulmon-

ary hypertension, has an annual incidence of

1–2 cases per million and is three times more

common in women.3 It has a median survival

of 2.8 yr from diagnosis without targeted

therapy. PAH and CTEPH are rare (estimated

prevalence of 30–50 cases per million).

PAH is now increasingly recognized in asso-

ciation with other diseases such as systemic

sclerosis where patients may have a lifetime

risk of 10–20% of developing significant PAH.

Prevalence ofPAHin sickle cell disease patients

has been estimated �20–30%.4 PAH likely to

respond to treatment includes that seen in asso-

ciationwithportalhypertension,HIVinfection,

and a large group of patients with congenital

heart disease. In these conditions the presence

of PAH can significantly influence patients’

subsequent prognosis. This is certainly so in

sickle cell disease4 and in systemic sclerosis

where the 5 yr survival of patients without

and with PAH is 80 and 40%, respectively.5

Table 1 World Health Organization classification of

pulmonary hypertension

WHO Classification of pulmonary hypertension 2003

Pulmonary arterial hypertension (see Table 2)

Pulmonary hypertension with left heart disease*

Pulmonary hypertension associated with lung diseases

and/or hypoxaemia*

Pulmonary hypertension due to thrombotic and/or

embolic disease

Miscellaneous group

�In these instances treatment is best aimed at the underlying

disease and usually these patients do not require specialist

assessment (see text).

Table 2 Classification of pulmonary arterial hypertension

Pulmonary arterial hypertension

Idiopathic pulmonary hypertension:

Sporadic

Familial

Related to:

Collagen vascular disease

Portal hypertension

Congenital heart disease

HIV infection

Drugs/toxins

Persistent pulmonary hypertension of the newborn

PAH with significant venous or capillary involvement
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Key points

Idiopathic pulmonary arterial
hypertension may be rare but
pulmonary hypertension is
increasingly recognized in
association with other disease
processes.

Accurate clinical classification
is crucial in themanagementof
the disease.

There are effective
treatments for pulmonary
hypertension.

Nationally designated
specialist centres exist to
assist in the diagnosis and
treatment of patients with
pulmonary hypertension.

When patients have
unexplained dyspnoea,
particularly in high-risk
groups, consider pulmonary
hypertension.
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After pulmonary embolism, it has been suggested that between

0.01 and 15% may go on to develop CTEPH (depending on

populations studied). However, a recent study of patients after

symptomatic pulmonary embolus has estimated the cumulative

incidence of CTEPH as 3.8% at 2 yr.6 At highest risk are patients

who have sustained a massive pulmonary embolus, or have a

history of DVT or pulmonary embolus with ongoing breath-

lessness. In the absence of pre-existing pulmonary vascular dis-

ease, the healthy right ventricle is only capable of generating a

systolic pulmonary artery pressure of approximately 50 mm Hg.

Therefore, if a patient diagnosed with an acute pulmonary

embolus has an echo showing higher pressures, it should raise

the possibility of pre-existing pulmonary vascular disease and

CTEPH. The clue is usually in the history (not always clearly

volunteered) with a history of breathlessness prior to the ‘acute’

event.

Recent interest has focused on the genetic basis for IPAH and,

although the majority of cases are sporadic, the NIH registry

identified a positive family history in 6% of patients. Family

studies have revealed that the disease is inherited as autosomal

dominant with low penetrance (�10–20%). Studies mapped a dis-

ease locus (designated PPH1) to the long arm of chromosome 2.

Subsequently, mutations in the bone morphogenetic protein

receptor type 2 (BMPR-2) have been identified in a subset of

families with IPAH. More recently a second PAH gene was

found in patients with hereditary haemorrhagic telangiectasia

(HHT). Mutation in activin-like kinase type-1 (ALK1) receptor

confers susceptibility to pulmonary hypertension in addition

to HHT lesions. This appears to be a less common cause of

inherited PAH.

Pathophysiology

The hallmark of pulmonary hypertension is increased pulmonary

vascular resistance (PVR) with increased work placed on the

right side of the heart. The precise pathological changes causing

this are to some degree dependant on disease aetiology, with some

common features. In IPAH, changes are seen in small arteries with

medial smooth muscle hypertrophy, thickening or fibrosis of the

vessel intima with in situ fibrosis, and in some cases plexiform

lesions. In CTEPH, the pulmonary vascular bed is obstructed

by organized thrombus, although, interestingly, these patients

also have changes of PAH, part of the rationale for treating

some of these patients with pulmonary arterial vasodilators.

With disease progression, the PVR increases and so too does

the load on the right heart. Cardiac output subsequently falls

and right ventricular failure ensues.

Clinical features

One of the major challenges to clinicians is the identification of

patients with pulmonary hypertension. The non-specific symp-

toms and subtle signs often delay making the diagnosis. The

cardinal symptom of pulmonary hypertension is breathlessness.

This may be mild initially but progresses and can later be accom-

panied by chest pains (frequently similar to angina) and syncope,

often on exercise. Syncope usually reflects a low cardiac output

and indicates severe disease. This may be compounded by

impaired filling of the left ventricle due to its compression by

enlarged right-sided chambers. Syncope at rest should raise the

suspicion of arrhythmias but can simply reflect severe disease.

The presence of symptoms such as unexplained dyspnoea,

unexplained or exertional syncope, a family history of similar

symptoms, or sudden death, should all alert to the possibility

of pulmonary hypertension.

Initially, signs on examination may be minimal. In severe

disease with decompensated right heart failure, a constellation of

signs can be more readily seen such as tachycardia, elevated jug-

ular venous pressure, right ventricular heave, tricuspid regurgita-

tion and a loud pulmonary component of the second heart sound.

Abdominal distension due to hepatomegaly and ascites can also

be seen. It should be noted that ankle swelling sometimes occurs

very late in the natural history of the disease and can be absent

in severe pulmonary hypertension, even in the presence of ascites.

In severe pulmonary hypertension, there is little cardiac

reserve in the event of additional stresses such as sepsis and adverse

haemodynamic effects of some drugs. These patients often tole-

rate intercurrent illness and negatively inotropic drugs poorly.

Investigations

Patients with significant dyspnoea will usually seek medical

advice and have some basic investigations that may alert to the

presence of pulmonary hypertension. These include:

Electrocardiogram

This can be normal, abnormalities range from sinus tachycardia

through to overt right ventricular hypertrophy and strain with a

dominant R wave in V1, right axis deviation, right bundle branch

block and T wave inversion (Fig. 1). Right ventricular hyper-

trophy is said to be present in 87%, right axis deviation in 79%

of patients with IPH.2 However, ECG lacks the sensitivity and

specificity to be used alone as a screening tool for detecting

pulmonary hypertension.

Chest X-Ray

This can also be normal, though often it demonstrates prominent

pulmonary arteries, peripheral pruning of vessels in PAH, and

cardiomegaly (Fig. 2). Plethoric lung fields should raise suspicion

of pulmonary venous hypertension or a systemic to pulmonary

shunt.

CXR and/or ECG are said to be abnormal in 80% of patients

with established disease.

Pulmonary Function Tests

These are often normal in IPH although a reduced gas transfer

of carbon monoxide may be present. Patients may have mild
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restrictive or obstructive defects but the degree of breathlessness

is disproportionate to that expected by the pulmonary function

tests alone.

Trans-thoracic echocardiogram (TTE)

This is the most common non-invasive investigation suggesting

pulmonary hypertension. With TTE the systolic pulmonary

artery pressure (SPAP) can be estimated from the velocity of

the tricuspid regurgitation jet (v) and an estimate of right atrial

(RA) pressure using the modified Bernoulli equation:

SPAP¼ 4v2 þRA:

RA is taken as a relatively standard value (10 mm Hg is often

used, although this is an overestimate for the purposes of screen-

ing) or is estimated at TTE from the degree of inferior vena cava

collapse on inspiration. In addition, other features may suggest

Fig. 2 Idiopathic pulmonary arterial hypertension.

Fig. 1 ECG demonstrating changes typical of pulmonary hypertension.
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pulmonary hypertension (dilated right-sided chambers, right vent-

ricular hypertrophy) and causes of pulmonary hypertension can

be diagnosed (valvular heart disease, left ventricular dysfunction,

intra-cardiac shunts).

If significant pulmonary hypertension is suspected, the patient

should be referred to a specialist centre for further assessment.

In patients with pulmonary hypertension due to left-sided heart

problems and respiratory disease, the most effectively treatment

is usually that of the underlying cause. Of late there is renewed

interest in therapies for pulmonary hypertension complicating

respiratory diseases. In patients with severe pulmonary hyper-

tension associated with interstitial lung disease or sarcoidosis

for example, specific pulmonary arterial vasodilators may be of

value.

Specialist assessment

Once referred to a specialist centre, the aim is to confirm or

exclude a diagnosis of pulmonary hypertension and, if present,

assess disease severity and establish its aetiology. Once this is

accomplished, a management plan can be instituted. It is parti-

cularly important to recognize those patients with CTEPH as

a proportion can be returned to an almost normal quality of

life by pulmonary endarterectomy and subsequent lifelong

anticoagulation.

Key Investigations

Particular attention is paid to the assessment of exercise capacity

and right heart catheterization with a vasodilator challenge

to establish the diagnosis and provide important prognostic

information for each patient.

The most common use of exercise testing is to establish a

baseline of exercise capacity against which serial measures can

be compared. This enables monitoring for clinical worsening or

a treatment response. The most established exercise test in this

context is the six-minute walk test (6 MWT). In IPAH, studies

have demonstrated a prognostic significance of both distance

walked and oxygen desaturation during the 6 MWT. The distance

walked correlates with cardiac output and peak exercise oxygen

consumption (VO2). IPAH patients able to walk further than

332 mon 6 MWThad a significantly improved survival compared

with those walking <332 m (20 month survival <20%).

Right heart catheterization is required to confirm the diagnosis

of pulmonary hypertension. As well as MPAP, it allows the

measurement of RA pressure, cardiac output, and pulmonary

capillary wedge pressure (PVR can therefore be calculated); the

presence of an intra-cardiac shunt can also be established. Para-

meters indicating a poor prognosis include RA > 10 mm Hg,

cardiac index <2.1 and mixed venous oxygen saturation <63%.

A vasodilator challenge is an integral part of the assessment. This

involves the administration of a short-acting vasodilator (e.g.

intravenous epoprostenol, inhaled nitric oxide, or intravenous

adenosine) while monitoring haemodynamics. Those with PAH

who have a significant drop inMPAP fall into a better prognostic

group and appear to benefit from treatment with high-dose

calcium antagonists. There is no evidence that the vasodilator

response identifies patients with other forms of pulmonary

hypertension that will benefit from calcium antagonist therapy.

It should be noted that this test can be hazardous, and patients

with a ‘down stream’ obstruction (i.e. pulmonary venous

hypertension) can develop life-threatening pulmonary oedema.

This diagnosis may be suspected from the clinical history as

orthopnoea and paroxysmal nocturnal dyspnoea are not features

of PAH. A rare cause of pulmonary hypertension with a signific-

ant venous component is pulmonary veno-occlusive disease that

can have characteristic CT appearances (ground glass opacifica-

tion, septal lines, and lymphadenopathy). In this groupof patients,

chronic vasodilator treatment is contraindicated.

Further investigations are shown in Table 3 and are intended

to clarify the aetiology of the pulmonary hypertension. The results

of these investigations are reviewed and discussed by a multi-

disciplinary team usually allowing a clear pulmonary vascular

diagnosis. With this comes the establishment of a management

plan in conjunction with each individual patient.

Treatment

Treatment of patients with pulmonary hypertension should

ideally be instituted in a specialist centre with experience in the

initiation, continued use, and monitoring of targeted drug

Table 3 Investigations into the cause and severity of pulmonary hypertension

Investigations Rationale

Imaging

CXR Cardiomegaly, large vessels

Ventilation perfusion scanning Evidence CTEPH

HRCT lungs Abnormal perfusion in CTEPH may

show alternate cause of dyspnoea

Contrast helical CT

pulmonary arteries

Signs CTEPH, vessel and

chamber size

Magnetic resonance angiography Angiogram, plus cardiacMR assessment

of chamber size and function

Pulmonary angiogram

(in selected cases)

Diagnosis of CTEPH and

surgical accessibility

Pulmonary

Arterial blood gases Detection of hypoxaemia

Lung function Identify low transfer factor and

other lung pathology

Nocturnal oxygen saturation

monitoring

Detection of obstructive sleep apnoea

and nocturnal hypoxaemia

Exercise test (6-min walk/shuttle) Baseline and follow up measure of

exercise capacity, prognostic value

Cardiology

ECG Typical changes may be present

Echocardiography Non-invasive measures and

anatomical data

Cardiac catheterization To confirm diagnosis and assess severity

Blood

Routine haematology and

biochemistry

Identifying metabolic or haematology

disorders

Thrombophilia screen To detect thrombotic tendency

Autoimmune screen To diagnose associated disorders

HIV testing In selected cases as disease association
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treatments; a view shared by patient groups (UK Pulmonary

Hypertension Society: PHA-UK). The treatment of these patients

is demanding but also rewarding. The right ventricle has a huge

potential to remodel if the PVR can be reduced. Currently, stand-

ard treatments include warfarin, diuretics (in the presence of heart

failure or raised RA pressure) with digoxin and oxygen therapy

where appropriate. Patients with thromboembolic disease should

be assessed for pulmonary endarterectomy.

The last 5 yr have seen the number of targeted pulmonary

vascular therapies increase dramatically following the completion

of several phase 3 randomized controlled trials. These drugs

include epoprostenol (prostacyclin) with its analogues (iloprost

and treprostinil) and the endothelin receptor antagonist bosentan.

The phosphodiesterase inhibitor sildenafil has been shown in a

number of small studies to reduce pulmonary artery pressure and

the results of a phase 3 multi-centre study have recently been

presented showing an improvement in 6MWT distance and pul-

monary haemodynamics. (Sitaxsentan and ambrisentan are also

orally active endothelin receptor antagonists, which are the

subject of phase 3 randomized controlled trials.) These treatments

have also been used extensively off-label in other categories of

the disease, including CTEPH, as a bridge to pulmonary endar-

terectomy, or as a definitive treatment in inoperable disease.

Intravenous prostacyclin has been shown to improve life

expectancy, haemodynamics, 6 min walk, and quality of life in

patientswith severe IPH inNewYorkHeartAssociation (NYHA)

Class III and IV.7 Originally, this treatment was looked upon as a

‘bridge to transplantation’; however, survival figures have shown

that this treatment is at least as effective as transplantation in

terms of extending life. Unfortunately, this form of therapy

requires continuous infusion via a Hickman line with not only

significant body image problems but also a significant risk of

infection. Interestingly, in patients presenting with line infections,

features of frank sepsis are often absent; they usually complain of

non-specific worsening of dyspnoea and lethargy. It is important

to be aware of this complication and its presentation as the

mortality may approach 15–30%. This also underscores the

brittle nature of these patients and their inability to tolerate

the cardiovascular stresses associated with infection.

Iloprost is a prostacyclin analogue commonly used to treat

pulmonary hypertension in the UK. It is more stable than epo-

prostenol and can be delivered via a Hickman line or a nebulizer.

The latter device has been shown to be an effective treatment

for PAH in the context of a multi-centre randomized controlled

trial8 and has recently gained a licence for this indication.

However, it has a short half-life and patients need to administer

the nebulizer �6–9 times per day. Treprostinil is another pro-

stacyclin analogue shown to be efficacious in the largest random-

ized controlled trial ever conducted in pulmonary hypertension.9

This drug can be infused subcutaneously into the abdomen,

thighs, or arms. Problems associated with this form of therapy

include infusion site pain.

Oral treatments are available, including calcium channel

blockers. Although these drugs are often advocated as a cheap

treatment for PAH, no large-scale randomized controlled trials

have ever been carried out in pulmonary hypertension. Their use is

limited to a small minority of patients with IPH who demonstrate

a significant vasodilator response at cardiac catheterization

(10% of IPH patients). Indeed, in patients with significantly

impaired right ventricular function, their use can be hazardous.

Oral beraprost is an orally active prostaglandin that has been

shown to be effective in terms of improvements in the 6 min

walk in patients with milder disease (NYHA Class II and III).

However, the beneficial effect seen at 3monthswasnotmaintained

at 6 and 12 months. The endothelin receptor antagonist Bosentan

is, at present, the only licensed oral treatment for PAH in the UK.

It has been shown to improve the symptoms of pulmonary

hypertension, physiological markers of disease severity and

delay clinical worsening.10 The results of a phase 3 study exam-

ining the potential role of sildenafil are eagerly awaited. There

have also been a number of reports suggesting benefit from

combination treatment and in the future this may be a much

more common strategy.

Pulmonary hypertension is characterized by reduced levels

of nitric oxide (which modulates pulmonary vascular tone) and,

in some circumstances (persistent pulmonary hypertension of the

newborn and in some centres when patients are critically ill),

inhaled nitric oxide is used as a pulmonary vasodilator. However,

concerns do exist regarding the production of toxic metabolites

that have limited its long-term use to date. Some recent studies

have suggested a beneficial effect of arginine supplementation

(substrate for the production of nitric oxide) in pulmonary hyper-

tension associated with sickle cell disease but this remains to be

tested in the wider population.

As well as transplantation (which is usually reserved for

patients deteriorating on pulmonary vascular directed therapy),

other surgical/procedural options are available. Patients with

CTEPH and surgically accessible disease can be ‘cured’ by pul-

monary endarterectomy, which offers a return to almost normal

quality and quantity of life in a proportion of patients. There is

a 5–10% operative mortality in experienced hands compared with

a 5 yr survival of <10% in this form of pulmonary hypertension

once the MPAP exceeds 50 mm Hg.

Balloon atrial septostomy is another option. This procedure

can be performed at cardiac catheterization and involves

controlled perforation of the inter-atrial septum. Its exact place

in treatment is yet to be defined since efficacy has been demon-

strated only in case reports and a few small series. It has mainly

been used in severely ill patients awaiting transplantation and

has a reported mortality of 5–15%. It appears to be an effective

way of off-loading the right ventricle, improving haemodynamics

and symptoms. It is currently reserved for those patients

with severe disease, failing on medical therapy as a ‘bridge’ to

transplantation.
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Note in proof

Since the original submission of this article the results of a double-

blind, placebo controlled study investigating the use of sildenafil in

Pulmonary Arterial Hypertension have been formally pub-

lished.11 This showed an improvement in exercise capacity,

WHO functional class and pulmonary haemodynamics in symp-

tomatic subjects with Pulmonary Arterial Hypertension. As a

result this therapy is now licensed for the treatment of Pulmonary

Arterial Hypertension in the United States of America.
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Please see multiple choice questions 14–16.
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