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Clinical features

ANDREW J. PEACOCK AND A. COLIN CHURCH

INTRODUCTION

Pulmonary hypertension is a syndrome in which the pres-
sure in the pulmonary circulation is raised. Its features 
are mostly related to the effects of elevated pressure on 
the right ventricle (RV). Although idiopathic pulmonary 
arterial hypertension (IPAH) is a rare disease, pulmonary 
hypertension is estimated to be the third most common 
cardiovascular syndrome after coronary artery disease and 
systemic hypertension. Previous etiologic classifications of 
pulmonary hypertension distinguished between primary 
pulmonary hypertension, where the cause is unknown, 
and secondary pulmonary hypertension, which occurs in 
response to a known stimulus. This classification outlived 
its usefulness when it became clear that several types of 
“secondary pulmonary hypertension” had similar histology 
to primary pulmonary hypertension, suggesting common 
biologic pathways. Furthermore, with the advent of success-
ful treatment for pulmonary hypertension, it became clear 
that primary and secondary pulmonary hypertension due 
to connective tissue disease, HIV, and portal hypertension 
responded in a similar fashion to therapies such as epopro-
stenol. This prompted the Evian symposium in 1998 and 
subsequent world symposia in Venice in 2003, Dana Point 
in 2008, and Nice in 2013, where physicians and scientists 

developed new classifications for pulmonary arterial hyper-
tension (PAH) (see Chapter 15).

Within the general category of PAH, pathology and 
response treatment may be similar, suggesting a common 
final pathobiologic pathway (see Chapter 7). The cellular pro-
cess may be a primary process but may also be a response to 
the deranged hemodynamics (1), suggesting that the histo-
logic change may be coupled to the vasomotor response (2). 
Despite similarities in histology, there may be marked dif-
ferences in the rate of onset of the disease, its progression, 
and its response to treatment. For example, congenital heart 
disease with left to right shunt causes a gradual increase in 
pulmonary artery pressure, which can reach systemic lev-
els. IPAH is more rapidly progressive than congenital heart 
disease–associated pulmonary hypertension, but the most 
rapidly progressive form of PAH is pulmonary hypertension 
associated with calcinosis, Raynaud phenomenon, esopha-
geal dysmotility, sclerodactyly, and telangiectasia (CREST) 
syndrome, which also tends to be resistant to medical therapy. 
The differences in progression and in etiology, whether famil-
ial, related to infection, auto-immune disease, or anorexigen 
use, have led to the “single, dual or multiple hit” hypothesis—
that is, a genetic susceptibility is present that only results in 
clinical signs of disease when an additional factor exists, such 
as anorexigen use, exposure to high altitude, or pregnancy.
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The main problem for clinicians interested in the pulmo-
nary circulation has been the long delays between the onset 
of disease and its diagnosis, which are due to the following:

 ● Diagnosing is difficult because the symptoms and signs 
are vague and routine testing is unhelpful.

 ● Until recently, physicians were unable to offer much in 
the way of disease-modifying therapy so no urgency in 
establishing a diagnosis was felt.

 ● Pulmonary hypertension was considered to be a rare 
condition and therefore did not prompt a high index of 
suspicion for the diagnostician.

 ● Measurements of pressure and flow can only be made 
invasively by right heart catheterization. This obvious 
hurdle in the diagnosis pathway has meant that the 
average delay between onset of symptoms of pulmonary 
hypertension and diagnosis was 2 years in most studies 
(3). This delay is now being overcome.

The reasons for improved diagnosis are as follows:

 ● A gene for pulmonary hypertension was discovered. 
The discovery of mutations in the bone morphogenetic 
protein receptor, type II (BMPRII) has given a firm 
genetic basis for this disease. This is present in up to 
80% of cases of familial IPAH, and approximately 
25% of cases of sporadic IPAH. Its discovery will 
most likely lead to genetic screening (e.g., current UK 
genetic screening of IPAH population) and has also 
prompted new avenues of pathobiologic research (see 
Chapter 18).

 ● Noninvasive screening in the form of echocardiography 
is now widely available (see Chapter 10).

 ● The availability of noninvasive testing and the new clas-
sification of pulmonary hypertension allow us to screen 
more effectively for the presence of pulmonary hyper-
tension even in the asymptomatic stage.

 ● Effective treatment is available.
 ● Awareness of the condition increased, and physicians 

are now considering PAH as a potential diagnosis ear-
lier than before.

 ● Better techniques for evaluating the effectiveness of 
treatment, in particular sophisticated studies of hemo-
dynamics by cardiac catheter, echocardiography, mag-
netic resonance imaging (MRI), or cardiopulmonary 
exercise testing, are available.

EPIDEMIOLOGIC FEATURES ASSISTING 
THE CLINICAL DIAGNOSIS OF 
PULMONARY HYPERTENSION

The syndrome of pulmonary hypertension has many causes, 
risk factors, and associations. A thorough knowledge of 
these factors may help both in improving clinical diagnosis 
of pulmonary hypertension and in allowing a better under-
standing of its clinical and pathobiologic course.

Pulmonary arterial hypertension

GENETIC ASPECTS

A germ-line mutation in the gene for bone morphogenetic 
protein receptor 2 (BMPR2) has been found in a number of 
families with PAH (4–6). This mutation occurs in most cases 
of familial PAH but also occurs in up to 25% of patients 
with “sporadic” IPAH (7). Furthermore, it is apparent that 
patients with “sporadic” IPAH can transmit the disease. 
BMPR2 may not, however, be the only important genetic 
polymorphism. Mutation of the ALK-1 gene, another mem-
ber of the TGF beta superfamily (like BMPR2), is found in 
the rare condition of IPAH associated with hereditary hem-
orrhagic telangiectasia (8). The deletion homozygote of the 
ACE gene may be important in patients who have chronic 
hypoxic lung disease (9) and is also associated with an 
inability to ascend to extreme altitude, possibly because of 
the excessive hypoxic pulmonary vasoconstriction limiting 
exercise. Abnormalities of the serotonin transport gene pro-
moter seem to be more common in patients with IPAH, pos-
sibly because the increased transcription of the serotonin 
transporter results in an increased take-up of serotonin into 
the cell where it can act as a growth promoter (10). Most 
recently, novel mutations have been implicated in the devel-
opment of PAH (see Chapter 17).

Progress has already been made in early screening 
programs in at-risk populations; it has been shown that 
asymptomatic carriers of the BMPR mutation have abnor-
mal pulmonary artery pressure responses to exercise and 
hypoxia (11). This, of course, raises three issues:

 1. Should patients with abnormal gene mutations and 
polymorphisms be subjected to tests to indicate the 
presence of early pulmonary vascular disease?

 2. If early disease is found, should the patient be treated 
before symptoms develop?

 3. Should the patient receive genetic counseling to try and 
ensure that the gene is not transmitted?

These are important ethical questions discussed later in the 
chapter.

DEMOGRAPHICS

IPAH is more common in women. This had been thought 
to be due to the fact that males with the condition died in 
utero, but interestingly, in children the female-to-male ratio 
is 1:1 and then becomes 1.7:1 in adults (12). There appears 
to be no relationship between pulmonary hypertension and 
race. The mean age for developing the condition is 40 but 
8% of patients are aged over 60 (12). There is evidence that 
elderly people have diastolic dysfunction of the heart and 
decreased compliance of both systemic and pulmonary ves-
sels. It may be these features that act as triggers when there 
is an underlying tendency to pulmonary hypertension. The 
association between the two is not yet understood, and arte-
riosclerosis is extremely rare in the pulmonary circulation. 
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The development of registries, such as the UK Public Health 
registry, the French registry, and REVEAL, have provided 
information as to the changing demographics of PAH in the 
modern era (13–15). This subject is dealt with more compre-
hensively in Chapter 27.

ENVIRONMENTAL FACTORS

The best-known external trigger to pulmonary hyperten-
sion is anorectic drugs. The first World Health Organization 
symposium was held after the 1960s epidemic when the 
appetite suppressant Aminorex was responsible for a 1000-
fold increased risk of pulmonary hypertension. This les-
son was not learned, however, and new anorectic drugs 
appeared; subsequently, over 5,000,000 prescriptions were 
written for fenfluramine anorectics before they were with-
drawn from the marketplace (16). Luckily, the association 
was discovered early and a case controlled study showed 
that there was an overall increase in risk using these drugs 
of 6.3-fold, or 23-fold if they were used for more than 3 
months (17). Subsequently, a study of 579 patients in 
the United States (18) showed that the risk of IPAH was 
increased by 7.5 times if anorectics were used for more than 
6 months. Not surprisingly, there is an increased female-
to-male ratio of pulmonary hypertension secondary to 
anorectic drugs, and this is particularly true in Belgium 
and France where the greatest number of prescriptions per 
capita were written (19). The exact mechanism by which 
anorexigens cause pulmonary hypertension is not under-
stood (see Chapter 19). A front-runner is likely to be the 
change in 5-HT transport that occurs in response to the 
anorexigens (20).

CONNECTIVE TISSUE DISEASE

The fact that up to 10% of patients with IPAH have 
Raynaud’s phenomenon has prompted exhaustive investi-
gation into the association between autoimmune disease 
and pulmonary hypertension. The rates of pulmonary 
hypertension in these diseases seem to vary from one 
study to another. In France, approximately 10% of patients 
with PAH have connective tissue disease (12). However, 
in the recent treatment trials for PAH approximately 50% 
of the patients had connective tissue disease–associated 
pulmonary hypertension. In order to decide whether or 
not to screen patients with connective tissue disease for 
the presence of pulmonary hypertension, it is necessary 
to look at the figures another way. Hoeper (21) found that 
approximately 5% to 10% of patients with systemic lupus 
erythematosus (SLE) had pulmonary vascular disease. In 
patients with the CREST variant of systemic sclerosis, esti-
mates range between 10% and 30%; postmortem studies 
suggest that up to 50% of patients with CREST have pul-
monary vascular disease. Figures from Japan suggest that 
6% of patients with SLE (22) have pulmonary vascular dis-
ease and that it improves with treatment of the SLE using 
cyclophosphamide. This is also seen in mixed connective 
tissue disease (MCTD) (23).

HIV INFECTION

The association of pulmonary hypertension with HIV 
infection has been known for several years (see Chapter 19) 
but the mechanism remains unknown. The histologic char-
acteristics are similar to IPAH. The syndrome appears to be 
particularly prevalent in IV drug abusers (12), suggesting 
that intravenous injection is an additional risk factor. The 
incidence of pulmonary hypertension in HIV infection in 
France is 0.6%. Survival of HIV pulmonary hypertension is 
poor, averaging 6 months in one study (24), although case 
reports have suggested that antiretroviral treatment may 
improve the pulmonary hypertension (25). Furthermore, 
treatment with disease-targeted therapy, especially epopro-
stenol, has shown improvement in survival (26).

PORTAL HYPERTENSION

The incidence of pulmonary hypertension occurring in the 
setting of cirrhosis and portal hypertension varies from 
0.7% to 3.1% (12,27). In the National Institutes of Health 
(NIH) Registry (3) 8% of the patients with PAH also had 
portal hypertension. Patients with cirrhosis but without 
portal hypertension do not develop pulmonary hyperten-
sion, suggesting that the development of pulmonary hyper-
tension must be related to changes in the portal circulation 
(see Chapter 21). The role of PAH-targeted therapies in this 
condition is unclear, although case reports have suggested 
patients respond to treatment (28).

OTHERS

PAH is associated with thyroid disease (in one study 22% 
of patients with IPAH were hypothyroid) (29); with amy-
loid (30); with hemoglobinopathies (12); with splenectomy 
(31), and with the ingestion of toxic rapeseed cooking oil, 
cause of an outbreak in Spain (32). Some of these syndromes 
are reversible: approximately 8% of those with toxic oil syn-
drome (TOS) developed PAH, which regressed in 74%, sug-
gesting that once the cause was removed the process was 
reversed. In patients with splenectomy, it is possible that the 
abnormal red cells that would normally be cleared by the 
spleen result in platelet activation in the pulmonary vascu-
lar bed causing in situ thrombosis that is often difficult to 
distinguish from plexogenic pulmonary arteriopathy (33).

Exercise-induced pulmonary hypertension

The clinical relevance of exercise-induced pulmonary 
hypertension is unclear. Studies have shown that subjects 
with a PA pressure of greater than 30 mm Hg on exercise 
either can be asymptomatic or have reduced exertional 
capacity. This led to a change in the definition of pulmonary 
hypertension at the Dana Point (California) world sympo-
sium (see Chapter 19), which can no longer be diagnosed on 
the basis of exercise-induced pressures. Exercise has been 
used in studies of family members of patients with heritable 
pulmonary arterial hypertension (HPAH) to identify those 
subjects who may have incipient PAH. The natural history of 
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exercise-induced PAH remains unclear, and it is not known 
whether this condition leads inexorably to the development 
of PAH at rest.

Tolle et al have presented evidence that exercise-induced 
PAH is indeed an early, mild, and clinically important stage 
in the development of PAH (34). This group found that 
patients with exercise-induced PAH had mean pulmonary 
artery pressure (mPAP) and pulmonary vascular resistance 
(PVR) values in between those of normal and resting PAH. 
Although not as robust, similar findings have been sug-
gested by a study in patients with systemic sclerosis (35).

The importance of discovering early pulmonary vascu-
lar disease has been highlighted by the EARLY study that 
showed benefit in treating patients with disease-targeted 
therapy at a very early stage of their disease process (36). 
Thus, if exercise-induced PAH were confirmed to be a pre-
clinical stage of the disease, commencing therapy would be 
warranted. At the very least those with exercise-induced 
pulmonary hypertension should be followed closely.

Hypoxic lung disease

Alveolar hypoxia is a potent pulmonary vasoconstrictor. 
Hypoxia-induced pulmonary hypertension can be found 
in 5% of those residing at altitude between 3000 and 5000 
meters and 27% of those living between 4500 and 5000 
meters (12). The most common cause of hypoxia-associated 
pulmonary hypertension is chronic obstructive pulmonary 
disease (COPD), where it appears that a minimum daily level 
of hypoxia is necessary (37). There are several mechanisms 
by which hypoxia could cause pulmonary hypertension:

 1. Hypoxia causes contraction of the entire pulmonary 
vascular bed, of isolated pulmonary arteries and even 
isolated pulmonary artery smooth muscle cells.

 2. Hypoxia stimulates both the production of hypoxia 
inducible factor α (HIF-α) and the signaling pathways 
associated with the stress kinase p38.

This raises the possibility that hypoxia may be an additional 
element in the development of PAH even when it is not the 
primary cause. To this end, it has been noted that patients 
with IPAH tend to desaturate at night, possibly related to 
reduced ventilation. It is also known that up to one-fourth 
of patients with obstructive sleep apnea develop pulmonary 
hypertension (38) (Chapter 43).

The degree of pulmonary hypertension in patients with 
stable COPD is often mild-moderate, with mean pulmo-
nary artery pressures in the range of 20 to 35 mm Hg with 
preserved cardiac output. These patients may also have 
comorbid conditions that may contribute to pulmonary 
hypertension such as sleep apnea or left heart disease.

However, there is emerging evidence to suggest the exis-
tence of a subgroup of COPD population (maybe as many as 
5%) who have severe pulmonary hypertension as defined by 
mPAP > 40 mm Hg. These COPD patients have pulmonary 
vascular disease more akin to IPAH rather than the hypoxic 

induced group. It is possible that this group may respond to 
PAH-targeted treatment (39,40).

Pulmonary venous hypertension

Another large group of patients with pulmonary hyperten-
sion are those that have pulmonary hypertension resulting 
from left heart dysfunction. The most common causes are 
mitral valve disease or left ventricular diastolic dysfunc-
tion. The latter condition is increasing in incidence possi-
bly reflecting the rise in diabetes and other risk factors such 
as systemic hypertension, obesity, coronary artery disease, 
and insulin resistance (41).

In these patients, orthopnea and paroxysmal noctur-
nal dyspnea (PND) often occur as a predominant feature; 
electrocardiogram (ECG) may show left axis deviation and 
left ventricular hypertrophy, chest x-ray (CXR) may show 
pulmonary venous congestion, and echo can demonstrate 
impaired relaxation of the left ventricle (LV). Recently it has 
been shown using cardiac magnetic resonance (CMR) that 
a raised left atrial volume almost always excludes IPAH (42). 
If in doubt, right heart catheterization is necessary to differ-
entiate between pulmonary venous hypertension and PAH. 
Treatment of these patients is uncertain.

Thromboembolic pulmonary hypertension

This is defined as obstruction of the pulmonary arteries by 
a clot causing pulmonary hypertension. Because removal 
of the clot at surgery does not always cure the pulmonary 
hypertension, intrinsic abnormalities in the pulmonary 
vessel, in addition to the mechanical obstruction from the 
clot, may also be responsible (see Chapter 47). Furthermore, 
controversy exists about whether the clot really migrated 
from peripheral veins or develops in situ (43). To add to 
this debate, it has been found that although thrombotic risk 
factors are not usually present in IPAH, antiphospholipid 
antibodies are present in both IPAH (10%) and thromboem-
bolic pulmonary hypertension (20%) (12). The pathologic 
variant of pulmonary hypertension known as thrombotic 
pulmonary hypertension likely results from thrombosis in 
situ due to low flow in the pulmonary circulation, causing 
endothelial damage, abnormal circulating platelets, or other 
elements. Because anticoagulants alone improve survival in 
IPAH, thromboembolic pulmonary hypertension and IPAH 
might have more in common than previously suggested. A 
recent landmark study has shown efficacy of a soluble gua-
nylate cyclase activator in both IPAH and chronic throm-
boembolic pulmonary hypertension (CTEPH) (44,45), 
Exercise capacity and pulmonary vascular resistance have 
been shown to predict outcome after pulmonary thrombo-
endarterectomy (46,47).

Congenital heart disease

Approximately 5% of patients with congenital heart disease 
will develop pulmonary hypertension. It is thought that in 
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the setting of interatrial or interventricular septal defects, 
left to right shunting results in high flow and higher pres-
sure in the low-pressure right circulation causing sheer 
stress and endothelial damage, leading to pulmonary vas-
cular remodeling and pulmonary hypertension. However, 
in some cases the pulmonary hypertension is out of pro-
portion to the degree of shunt (48), suggesting that these 
pulmonary vessels have a propensity to develop histologic 
changes in the presence of shunt-induced higher flow. 
Evidence has now shown that patients with Eisenmenger 
syndrome may benefit from treatment with bosentan (49).

SYMPTOMS

The classical, albeit nonspecific, symptom of PAH is exer-
tional breathlessness, which is present in up to 60% of cases. 
A typical case was a young woman presenting to another 
hospital in her 20s with breathlessness. Initially this had been 
put down to lack of physical fitness. Later it was put down to 
hyperventilation syndrome and the diagnosis only became 
apparent when additional factors developed (i.e., chest pain, 
syncope, and ankle swelling) (3). The pathophysiology of exer-
tional breathlessness in PAH is multifactorial. The potential 
mechanisms include (a) the inability of the right heart to raise 
cardiac output on exercise, thereby reducing oxygen delivery 
to tissues; (b) a lactic acidosis that occurs earlier compared to 
normals leading to increased CO2 production, and (c) reduced 
perfusion of ventilated lung. It is now becoming clear that 

cardiac index is the most useful prognostic factor in patients 
with PAH. It is said that symptoms do not develop until the 
pulmonary artery pressure has doubled, but breathlessness 
can vary depending on the etiology and severity of the pul-
monary hypertension. For example, Delcroix (19) showed that 
anorexigen-induced pulmonary hypertension is commonly 
associated with shortness of breath, but the severity is gener-
ally less than that seen in patients from the NIH Registry for 
the same degree of pulmonary arterial pressure. An interest-
ing observation is that the duration of breathlessness appears, 
at least in one study, to be inversely related to the survival (50). 
This might suggest that the breathlessness is not simply related 
to the pulmonary vascular changes but has other causes; it is 
possible that an increased sensation of breathlessness might 
protect the patient from high exertion which, in turn, induces 
worsening vascular changes. While breathlessness is the most 
common symptom, the other two symptoms that usually lead 
to the diagnosis are syncope and chest pain.

Chest pain is thought to be due to ischemia of the right 
ventricular myocardium: Coronary artery anatomy is usu-
ally normal, but because of the grossly thickened right ven-
tricle, there is inadequate blood supply. Furthermore, the 
reduced cardiac output and reduced intra-aortic pressure 
reduce the coronary artery perfusion pressure.

Syncope, which usually occurs on exercise, is thought to 
be due to right ventricular encroachment on the left ven-
tricle, decreasing left ventricular stroke volume particularly 
on exercise and thus reducing forward systemic cardiac 
flow. It may however also result from a reduction in the 
left ventricular end diastolic volume secondary to a lower 
stroke volume from the failing right ventricle. Whatever the 
mechanism, syncope is usually thought of as an ominous 
sign because it indicates severe pulmonary arterial changes 
and dilating right ventricle.

Fatigue is another nonspecific symptom often encoun-
tered and is believed to reflect the poor cardiac output. A 
more unusual presentation is that of Ortner’s syndrome in 
which the patient suffers from hoarseness as a direct result 
of compression of the left recurrent laryngeal nerve by an 
enlarged pulmonary artery (51).

Shortness of breath, chest pain, and syncope are the clas-
sic symptoms of pulmonary hypertension, but other symp-
toms related to right ventricular dysfunction may also be 
present, such as ankle swelling, ascites (which appears to 
occur in patients on prostacyclin even where there is very 
little ankle swelling suggesting a local hepatic dysfunction), 
and anorexia presumably due to gastric mucosal edema. 
Finally, there may be other symptomatic clues that are help-
ful, for example, the syndrome may have been brought on by 
triggers such as pregnancy (especially in atrial septal defect 
[ASD]), high altitude (particularly in pulmonary artery 
vascular abnormalities such as pulmonary artery atresia), 
and the use of anorexigens. There may also be symptoms of 
other underlying diseases that are known to be associated 
with pulmonary hypertension such as HIV infection, thy-
roid disease, connective tissue disease, venous thrombotic 
disease, or primary cardiac disease (Tables 9.1 to 9.6).

KEY POINtS

From this brief survey of known causative factors of 
PAH, we can gain the following insights:

 ● Because the histology in PAH from various 
causes such as IPAH, HIV-associated PAH, 
CTD-associated PAH, and portal hypertension 
PAH is similar, it is likely that these conditions 
share a final path, consistent with the “double 
hit” hypothesis (i.e., an initial propensity and a 
subsequent secondary trigger).

 ● Because in some cases the PAH will regress with 
treatment of the underlying disease as is seen 
particularly in SLE or HIV, it is possible that the 
histologic lesions seen in pulmonary hyperten-
sion can regress provided the causative stimulus is 
removed.

 ● There is clearly an interaction within the pul-
monary circulation between vasospasm, histo-
logic changes, and the presence of intravascular 
thrombosis. Understanding the link between 
these will be critical if we are to unravel the 
pathobiologic pathways for pulmonary hyper-
tension and develop treatments that will reverse 
these pathways.
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SIGNS

The clinical signs in pulmonary vascular disease should be 
considered in the same way as the clinical symptoms (i.e., 
the signs associated with pulmonary hypertension, the 
signs associated with right ventricular dysfunction, and 
signs associated with primary disorders that cause pul-
monary hypertension). Typically the signs of pulmonary 
hypertension are difficult to discern even when the exam-
iner already knows that the pulmonary artery pressure is 
high. Cyanosis can have two causes: (a) the decrease in 
mixed venous oxygen tension that is characteristic of the 
low cardiac output in pulmonary hypertension, and (b) 
the right to left shunt that may occur, particularly on exer-
cise, when a patent foramen ovale opens (52). The jugular 
venous pressure may reveal enlarged “a” waves thought 
to be secondary to poor compliance of the right ventricle 
and “v” waves due to tricuspid regurgitation. The tricuspid 
valve is a naturally leaky valve, and the presence of the 
murmur of tricuspid reflux does not necessarily indicate 
right ventricular failure. Right ventricular hypertrophy 
can be determined from left parasternal or subxiphister-
nal pulsation, although this may be absent when there is 
a relatively hyperinflated chest. Pulmonary hypertension 
produces a loud pulmonary component of the second 
heart sound (3) often associated with “normal” splitting 
of the second sound (i.e., the split widens on inspiration as 
blood is sucked into the chest and right ventricular preload 
increases). This is said to be present in up to 93% of cases 
(3). A shunt such as an ASD should be considered when the 
splitting of the second sound is fixed and wide.

The pansystolic murmur of tricuspid regurgitation or 
the early diastolic murmur of pulmonary regurgitation 
can also be appreciated in the failing ventricle as the valve 
annulus starts to stretch and become dysfunctional. There 
may also be signs of right ventricular dysfunction includ-
ing raised jugular venous pressure with prominent “v” 
waves, ascites, hepatomegaly, and swollen ankles. All these 
features are due to backpressure on the right atrium from 
the dilated right ventricle. Interestingly, sometimes the 
signs are dissociated, for example, in patients on prosta-
cyclin it is not uncommon to find ascites, which raises the 
possibility of primary liver disease: It may simply be that 
hepatic hemodynamics are changed by the prostacyclin. 
Hypotension and cool peripheries reflect the development 
of a severe reduction in cardiac output and are an indica-
tor of poor prognosis.

Other physical signs can suggest the underlying cause 
of PAH: the skin manifestations of scleroderma and basal 
crackles on auscultation of the chest suggesting intersti-
tial lung disease are just a few. Digital clubbing can be seen 
rarely but may indicate underlying congenital heart disease 
or pulmonary veno-occlusive disease.

A recent study has confirmed that clinical findings on 
examination are unreliable in determining the presence or 
absence of pulmonary hypertension (53).

Table 9.1 Symptoms of pulmonary hypertension

• Shortness of breath
• Syncope
• Chest pain

Table 9.2 Symptoms of right heart dysfunction

• Breathlessness
• Ascites
• Ankle swelling
• Poor appetite

Table 9.3 Symptoms of disease associated with 
pulmonary hypertension

• Hypoxic lung disease
• Congenital heart disease
• Left heart disease
• Thromboembolic disease
• Thyroid disease
• HIV
• Cirrhosis of the liver

Table 9.4 Signs associated with pulmonary 
hypertension

• Loud split P2
• Right ventricular hypertrophy
• Increased “a” waves
• Increased “v” waves
• Diastolic murmur (pulmonary valvular reflux)
• Pansystolic murmur (tricuspid reflux)

Table 9.5 Signs of right heart failure

• Poor peripheral perfusion
• Raised RAP
• Right ventricular third and fourth heart sounds
• Tricuspid regurgitation
• Ejection systolic murmur across the pulmonary valve

Table 9.6 Signs of associated conditions

• Connective tissue disease especially scleroderma
• Hypoxic lung disease especially

• COPD
• Interstitial lung disease
• Kyphoscoliosis

• Signs of left heart disease
• Signs of congenital disease
• Signs of thyroid disease
• Signs of portal hypertension
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There are a number of important points that can be made 
about the clinical signs:

 ● Where there is evidence of an intracardiac shunt, it is 
important to consider whether the shunt is the cause of 
the pulmonary hypertension or simply coincidental.

 ● Where there are signs of connective tissue disease, one 
should determine whether the breathlessness and poor 
exercise tolerance are consequences of the PAH or asso-
ciated interstitial lung disease.

 ● Where there is evidence of peripheral edema, it is impor-
tant to consider whether this is due to raised right atrial 
pressure, hypoalbuminemia or drug such as calcium 
antagonists, or the endothelin receptor antagonists.

 ● There is great confusion about the term cor pulmonale. 
The WHO definition is right ventricular hypertrophy 
as a consequence of pulmonary disease, but it has come 
to mean the presence of fluid retention in hypoxic lung 
disease. In hypoxic lung disease, fluid retention is likely 
to be due to renal causes (54) because cardiac output in 
these patients is usually normal. However, when periph-
eral edema is seen in the context of IPAH, it is likely 
that right ventricular failure is the cause, and this will 
be associated with a low cardiac index.

INVESTIGATION OF PULMONARY 
HYPERTENSION

When faced with a breathless patient, the cardiologist or 
respiratory physician normally undertakes a number of 
investigations including ECG, chest x-ray, pulmonary func-
tion tests, ventilation-perfusion (V/Q) scan, computed 
tomography (CT) scan, and echocardiography as well 
as routine blood tests and arterial blood gases. We have 

therefore taken these investigations as the starting point. 
We have divided them into (a) those investigations that 
suggest the presence of pulmonary hypertension, (b) those 
investigations that suggest the cause of pulmonary hyper-
tension, and (c) those investigations that give us some idea 
of the severity of pulmonary hypertension.

Investigations suggesting the presence of 
pulmonary hypertension

CHEST X-RAY

Classically the chest x-ray would show enlargement of the 
right side of the heart, enlargement of the main pulmonary 
artery, and enlargement of both hila due to enlarged pul-
monary arteries. There may also be loss of vascularity in 
the peripheral lung due to diminished blood flow as a con-
sequence of the high peripheral resistance (often referred 
to as “pruning of the vessels”). The lateral chest x-ray may 
show loss of the retrosternal space due to enlargement of 
the right ventricle. The chest x-ray is not, however, wholly 
reliable; although these features are common when there 
is severe pulmonary hypertension, the chest x-ray may be 
entirely normal. (Figure 9.1 presents an x-ray from a young 
man dying from thromboembolic pulmonary hyperten-
sion. Figure 9.2 shows a chest x-ray of a young woman with 
IPAH.) For review of radiology see Chapter 11.

ELECTROCARDIOGRAM

The electrocardiogram classically shows features of right 
atrial and right ventricular hypertension (i.e., large p wave 
especially in II, right axis deviation, tall R waves and ST 
depression in the right-sided chest leads). Once again these 
features may be absent (Figure 9.3, electrocardiogram of a 
young man dying from thromboembolic pulmonary hyper-
tension; Figure  9.4, ECG of a young woman with IPAH), 

KEY POINtS

 ● Symptoms and signs of PAH are vague and are 
often missed.

 ● The symptom of excessive exertional breath-
lessness in association with “normal” physical 
examination should alert the physician to the 
possibility of pulmonary arterial disease.

 ● Resting pulmonary artery pressure has already 
risen considerably by the time symptoms due to 
pulmonary hypertension develop—methods for 
earlier screening are necessary.

 ● The clue to the presence of pulmonary hyperten-
sion is often given by the associated condition 
such as connective tissue disorder, congenital 
heart disease, or hypoxic lung disease. Patients 
with any of these syndromes should be examined 
with a view to determining the functional status 
of the pulmonary circulation.

Figure 9.1 Chest x-ray of a young man fatally ill with 
thromboembolic pulmonary hypertension. There is little 
evidence of pulmonary hypertension on this x-ray.
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and a normal ECG does not exclude significant PH. Indeed, 
the lack of sensitivity and specificity has rendered it unsuit-
able as a screening tool for pulmonary hypertension (55). 
Patients are usually in sinus rhythm, possibly because 
arrhythmias are often fatal.

PULMONARY FUNCTION TESTS

These are most useful to exclude COPD and interstitial lung 
disease. In the NIH Registry Study (3), patients with IPAH had 
mild restriction but diminished gas transfer. Similar results 

were seen in the Israeli study (56). It has always been assumed 
that the loss of gas transfer is due to diminished pulmonary 
capillary blood volume, as a consequence of constriction of 
small peripheral pulmonary arteries, but studies where pul-
monary capillary blood volume has been separated from gas-
eous diffusion have suggested that most of the loss of DLCO in 
IPAH and chronic thromboembolic pulmonary hypertension 
is due to a decrease in the diffusion at the membrane level (57). 
The mild restriction to ventilation is not really understood but 
could be due to the thickening of peripheral vessels, which 
diminishes lung compliance. Other studies have also shown 
mild airflow obstruction in IPAH, particularly at the level of 
peripheral airways, with changes in the flow independent sec-
tion of the flow volume loop (58). The reason for this periph-
eral airflow obstruction is not understood.

VENTILATION-PERFUSION SCAN

The V/Q scan is classically used as a means for distinguish-
ing pulmonary thromboembolism from other causes of 
breathlessness. The situation in PAH is, however, more com-
plicated because there may be in situ thrombosis in IPAH, 
which can closely mimic pulmonary embolism (59–62). 
Generally, however, the loss of perfusion is segmental and 
asymmetric in thromboembolic pulmonary hypertension, 
whereas it is more generalized in IPAH (Figure  9.5, V/Q 
scan from a patient with IPAH; Figure 9.6, V/Q scan from 
a patient with thromboembolic pulmonary hypertension). 
For review of V/Q see Chapter 11.

CT SCAN

The main purpose of the CT scan is to distinguish pulmo-
nary hypertension from other causes of progressive breath-
lessness, particularly emphysema and interstitial lung 
disease (63,64). In “pure” IPAH the CT scan will demon-
strate enlarged pulmonary arteries with diminished periph-
eral vascularity. For review of CT radiology see Chapter 11.
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Figure 9.3 Electrocardiogram of a young man dying from thromboembolic pulmonary hypertension. There is little evi-
dence of a right ventricular response to his high pulmonary artery pressures.

Figure 9.2 Chest x-ray of a young woman with primary 
pulmonary hypertension who remains symptomatically 
well on continuous intravenous prostacyclin 7 years after 
the original diagnosis.
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BLOOD TESTS

Typically, arterial PO2 is low, and there is an accompanying 
decrease in arterial PCO2 due to increased ventilation. The 
low PO2 is a consequence of low mixed venous O2, in turn a 
consequence of the poor cardiac index. There is probably no 

significant defect in gaseous diffusion despite abnormalities 
in DLCO as described above.

ECHOCARDIOGRAM

This is the definitive screening test for the presence of pulmo-
nary hypertension and is dealt with elsewhere (Chapter 10). 
Echocardiogram will demonstrate right ventricular dila-
tion; an estimate of pulmonary artery systolic pressure can 
be obtained from a measurement of tricuspid regurgitant 
jet wave velocity. However, recently data have suggested that 
echo may underestimate the pulmonary artery pressure and 
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Figure 9.4 Electrocardiogram of the young woman in Figure 9.2 showing right ventricular hypertrophy with right axis 
deviation.

(b)

(a)

Figure 9.5 (a) Ventilation and (b) perfusion scans from 
patient with primary pulmonary hypertension showing 
patchy (“moth-eaten”) appearances to the perfusion 
images. These changes are thought to represent pulmo-
nary artery thrombosis.

Figure 9.6 Ventilation-perfusion scan from patient with 
thromboembolic pulmonary hypertension showing normal 
ventilation (upper panels) but abnormal perfusion (lower 
panels) due to vascular obstruction by clot.
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cardiac output in up to 50% of cases (65). The role of newer 
echocardiography techniques in the diagnosis and follow-
up of pulmonary hypertension, such as 3-dimensional echo 
or exercise echo, is still unclear.

Investigations suggesting the cause of 
pulmonary arterial hypertension

From the classification of pulmonary hypertension (see 
Chapter 19) it is clear that there are many causes, some of 
which can be determined by basic investigation. Because 
pulmonary hypertension is difficult to treat it is very impor-
tant to establish a diagnosis if there is a causative disease 
that can be independently treated with benefit to the pul-
monary circulation (particularly in SLE, HIV, COPD, and 
left heart dysfunction).

CHEST X-RAY

The chest x-ray may show evidence of COPD, interstitial 
lung disease, or abnormalities of the chest wall causing 
hypoventilation. Focal areas of oligemia may suggest under-
lying CTEPH.

ELECTROCARDIOGRAM

The electrocardiogram may demonstrate ischemic heart 
disease or systemic hypertension.

PULMONARY FUNCTION TESTS

These may show the presence of COPD, restriction due to 
chest wall disease, or restriction due to interstitial lung 
disease. The patients with “pure” IPAH will also have mild 
restriction and low gas transfer. Clearly it can be difficult 
to determine whether or not there is significant intersti-
tial lung disease from the pulmonary function tests and 
whether this is contributing to the restriction and loss of gas 
transfer. Careful evaluation of the pulmonary function tests 
in conjunction with high-resolution CT scan of the chest 
and clinical examination are necessary.

Screening overnight pulse oximetry can be a simple and 
very useful test in detecting the presence of underlying sleep 
disordered breathing, especially obesity hypoventilation, 
that may be the cause of the pulmonary hypertension.

VENTILATION PERFUSION SCAN

A V/Q scan will show patchy loss of ventilation in primary 
lung disease (59,61) and the presence of asymmetric perfu-
sion defects in thromboembolic pulmonary hypertension, 
but there can be confusion because of a similar appearance 
that occurs in the thrombotic variant of IPAH. The main 
differentiating factor between the conditions is the local-
ization of the perfusion defects. In IPAH the defects are 
patchy and nonsegmental and said to be of low probability, 
which contrasts with the multiple segmental and sharply 

demarcated defects in CTEPH (66,67). In addition, while it 
is true that normal V/Q scans effectively rule out the diag-
nosis of chronic thromboembolic disease, it is important to 
state that segmental defects do not always represent CTEPH 
and other conditions such as mediastinal fibrosis, pulmo-
nary artery vasculitis, and tumors can also give rise to simi-
lar appearances. For review of V/Q see Chapter 19.

The perfusion scan may also give some clue about the 
presence of pulmonary venoocclusive disease. This variant 
was thought to be rare but is now believed to be more com-
mon. It is very important to make the diagnosis because 
treatment with standard vasodilators may be fatal (68).

Recently the role of V/Q scanning has been questioned 
with the advent of routine CT-pulmonary angiography 
(CTPA). However, evidence exists that suggests that V/Q 
scanning is much more sensitive and specific for picking 
up CTEPH when compared to CTPA (69). Thus, V/Q scan-
ning should remain an integral part of the investigation 
of PH.

ECHOCARDIOGRAPHY

Echocardiogram may show evidence of left ventricular dis-
ease, either hypertrophy or dysfunction, the presence of 
proximal thromboembolism, or the presence of left-to-right 
cardiac shunt. For further evaluation of possible shunts a 
transesophageal echo can be used. If a right-to-left shunt is 
suspected then “bubble” contrast echocardiography should 
be performed.

CT SCAN

It is our practice to perform a high-resolution CT (HRCT) 
scan to look for evidence of interstitial lung disease or pul-
monary venoocclusive disease (PVOD) (64,70–71). The 
presence of lymphadenopathy, nodular opacities, septal 
lines, and small pleural effusions is typical of PVOD, which 
is difficult to diagnose otherwise, even on cardiac catheter-
ization. We also perform CT pulmonary angiography to 
look for proximal, surgically removable clots (71,72). For a 
review of radiology see Chapter 11.

BLOOD TESTS

Arterial blood gases do not help to find the cause of pul-
monary hypertension but other blood tests can be helpful. 
In particular, serology to test for includes antinuclear and 
anti-DNA (SLE), anti-Scl-70 and antinuclear (scleroderma), 
anticentromere (limited scleroderma or CREST syndrome), 
rheumatoid factor (rheumatoid arthritis), anti-Ro and 
anti-La (Sjögren’s syndrome), antiJo-1 (dermatomyositis/
polymyositis), and anti-U1 RNP (MCTD). There may also 
be thrombocytopenia and raised ANCA in CTD, and HIV 
serology will be positive in HIV-associated pulmonary 
hypertension.

ABDOMINAL ULTRASOUND

This should be performed in all patients with PAH and 
abnormal liver function to exclude cirrhosis of the liver with 
or without portal hypertension.
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Investigations indicating severity of 
pulmonary arterial hypertension (including 
clinical endpoints)

The principal complaint of patients with pulmonary hyper-
tension is breathlessness on exertion; thus, some form of 
functional test performed on exertion is going to give the 
most useful information about the severity of pulmonary 
hypertension. This should be compared with assessments of 
quality of life in order to determine the functional sever-
ity of disease and to determine the impact of therapy. After 
the 1998 Evian Symposium a classification of breathless-
ness was formed based on the New York Heart Association 
(NYHA) criteria, and this is given in Chapter 19.

Basic static investigations that give some idea of severity 
are as follows.

QUALITY OF LIFE ASSESSMENT

All recent treatment trials in pulmonary hypertension used 
some measure of quality of life; while none is perfect, these 
have included the medical outcomes trust short forms 12 
(SF12) and 36 (SF36); the EQ-5D, and for most of the trials, 
a modification of the Minnesota Living with Heart Failure 
questionnaire. None of these quality of life tests were devel-
oped specifically for pulmonary hypertension. However, 
there is now a quality of life questionnaire that has been 
specifically developed for assessment of pulmonary hyper-
tension patients: the Cambridge Pulmonary Hypertension 
Outcome Review (CAMPHOR) (73). This has now been val-
idated in the United Kingdom, United States, and Canada 
as an effective tool. There are now other emerging question-
naires such as Emphasis-10, which may prove to be slightly 
easier for the patient to complete (74).

CHEST X-RAY

An enlarging heart indicates that it is failing in response to 
high outflow impedance.

ELECTROCARDIOGRAM

There is some evidence that size of p-wave amplitude and 
development of features of right ventricular hypertrophy relate 
to prognosis in IPAH (75). Furthermore a linear relationship 
between the p-wave amplitude in lead II and pulmonary vas-
cular resistance has been demonstrated, and this group has 
also suggested that a treatment response can be determined 
by follow-up analysis of the p-wave amplitude, QRS axis, and 
T-wave axis as compared to a baseline ECG (76).

This same group also showed an inverse relation-
ship between a QRS ventricular gradient and RV mass as 
assessed by cardiac MRI (77). This new evidence may sug-
gest a role for the ECG as a noninvasive test for assessing 
patient response to treatment.

PULMONARY FUNCTION TESTS

The only pulmonary function variable related to severity is 
gas transfer, which has been found to be proportional to the 

VO2max, the oxygen pulse and the ventilation/VCO2 slope at 
anaerobic threshold (78). In addition, recent evidence has 
confirmed previous findings that in these patients there is 
no association between lung function and hemodynamic 
parameters (79).

BLOOD TESTS

The presence of hyponatremia (sodium <136 mEq/L) has 
been shown to indicate a greater degree of right heart failure 
and be associated with a worse prognosis (80).

Biomarkers such as plasma brain natriuretic peptide 
(BNP) have been found to have prognostic importance 
in the management of PAH (81). BNP is secreted by ven-
tricular myocytes, and the plasma levels correlate with the 
degree of stretch on the cardiomyocytes. More recently 
the N-terminal pro-BNP, which is the cleaved section of 
the pro-peptide, has been suggested as a better biomarker as 
it has a longer half-life.

V/Q SCAN

This is also essentially a description of the anatomic 
derangement of the pulmonary circulation, but one study 
reported a perfusion index from the perfusion scans that 
was proportional to mean pulmonary artery pressure and 
right ventricular ejection fraction in IPAH (82).

ECHOCARDIOGRAPHY

This investigation would appear to be the noninvasive 
investigation of choice for looking at the severity of pul-
monary hypertension. It is possible using echocardiogra-
phy to measure right ventricular size (rather inaccurate) 
and pulmonary artery systolic pressure (more accurate). 
Because severity of pulmonary hypertension is only partly 
related to these two variables, there have been attempts to 
get more information from echocardiography (see Chapter 
10). Two studies are worth mentioning here: the derived 
right ventricular index was the only independent predictor 
of mortality in 53 patients with pulmonary hypertension 
(83). Additionally, a poor outcome could be predicted by the 
presence of pericardial effusion and increased right atrial 
size (84). More recently, use of the tricuspid annular planar 
systolic excursion (TAPSE) has been shown to be a prognos-
tic factor (85). In an attempt to improve the morphologic 
description given by echocardiography, Menzel et al (86) 
used 3-dimensional echo to develop measurements of right 
ventricular size and systolic function that improved after 
surgery for thromboembolic disease.

MAGNETIC RESONANCE IMAGING

MRI has much greater potential than echocardiography to 
measure right ventricular mass, right ventricular morphol-
ogy, pulmonary artery morphology, and pulmonary artery 
physiology in the form of velocity profiles. For review of 
MR in pulmonary hypertension see Chapter 12. At present 
these investigations are still in their infancy, but it is known 
that right ventricular mass is proportional to mean pulmo-
nary artery pressure (87). At present, physiologic variables 
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derived from MRI appear to have poor correlation with 
invasive hemodynamics (88) but increasingly sophisticated 
measures of pulse wave profile, reflective waves, and other 
variables may improve this noninvasive assessment. There is 
now evidence from the Euro-MR study that CMR measured 
variables such as RV and LV volumes respond to successful 
treatment (89).

EXERCISE TESTING

Six-minute walk test
The 6-minute walk test has been widely used in all the tri-
als of the effectiveness of vasodilators in pulmonary hyper-
tension. This test has the advantages of being low tech, easy 
to administer, and relatively reproducible (90–92). Despite 
its widespread use there have been remarkably few publi-
cations of its value in the assessment of pulmonary hyper-
tension. During the 6-minute walk measurements are made 
of SaO2, heart rate, and the distance walked. The distance 
walked has been used to evaluate the effectiveness of ther-
apy and the prognosis of patients with these diseases. There 
appears to be no linear correlation between distance walked 
and mortality from pulmonary hypertension (91), but there 
does appear to be a threshold—that is, if patients can walk 
more than a certain distance (332 m) (92), their survival is 
a great deal better. This fits well with the data from invasive 
cardiac index studies, which have shown that the resting 
cardiac index is the best predictor of exercise tolerance and 
prognosis. Indeed, it has been suggested that the 6-minute 
walk distance is determined by the cardiac output response 
to exercise (93).

Cardiopulmonary exercise testing
It would seem obvious that cardiopulmonary exercise test-
ing would be the most useful way of looking at exercise tol-
erance in pulmonary hypertension. For review see Chapter 
13. Measurements are normally made of ventilation, CO2 
production,, oxygen consumption, respiratory rate, and 
tidal volume. From these variables oxygen pulse, ventilatory 
equivalents for O2 and CO2, and maximum oxygen uptake 
are calculated.

Not surprisingly exercise tolerance is dictated by VO2max, 
which is always diminished in these patients. VO2max may 
also be a good way of looking at the response to therapy; for 
example, it has been shown that by increasing the dose of 
intravenous prostacyclin, it is possible to further increase 
the cardiac output without improving VO2max. This suggests 
that the drug is opening up shunts in the skin and visceral 
organs without further improving oxygen delivery.

Because pulmonary hypertension is associated with loss 
of vascularity in the periphery, there is V/Q mismatching 
with a high physiologic dead space and hence wasted venti-
lation. This is reflected in changes in slope of the VE/VCO2 
and VE/O2 curves. It has been shown that the slope of these 
curves relates directly to the pulmonary artery pressure 
measured by high-fidelity, micromanometer-tipped cath-
eter during exercise (84). Cardiopulmonary exercise testing 

will also show an increase in right-to-left shunt when a 
patent foramen ovale opens due to the high pressures in 
the pulmonary circulation developed on exercise. This is 
detected by changes in VO2 and VCO2 (78). At present it 
seems we will get the most information from VO2max, heart 
rate, VO2 curves (78), and the slopes of the VE/VCO2 and 
VE/VO2 curves (94).

All the investigations described above are invasive, and 
ultimately we would hope that the investigation and man-
agement of these patients can be conducted in a noninvasive 
fashion. At present right heart catheterization is mandatory 
for all of these patients to make the diagnosis of pulmonary 
hypertension, to allow a measure of the severity of pulmo-
nary hypertension, and to look for possible other causes 
of pulmonary hypertension. It can be used to detect serial 
changes in patient hemodynamics on treatment, especially 
during clinical trials (95) but clearly other measures such as 
CMR (see above) would be preferable.

RIGHT HEART CATHETERIZATION

This is normally performed using a triple-lumen, fluid-
filled Swan-Ganz thermodilution catheter. For method-
ology see Chapter 15. Measurements are made of right 
atrial and ventricular pressures, pulmonary artery pres-
sure, and cardiac output at baseline and after a vasodi-
lator (96,97). Fluid-filled catheters are notorious for the 
poor frequency-to-noise ratio and because of the exter-
nal transducer, which has poor reliability if there is any 
patient movement. These problems have been overcome 
by the development of the micromanometer-tipped, high-
fidelity catheter where the transducer is on the tip of the 
catheter and hence movement of the patient makes no dif-
ference to the pressure obtained. Also, because there is 
no fluid in the catheter, the results are much more accu-
rate. These catheters have been exploited to take measure-
ments in the pulmonary circulation under conditions 
of changes in posture, changes in exercise, and changes 
in inhaled gases (98) resulting in the demonstration of 
a fixed relationship between systolic pulmonary artery 
pressure (sPAP) and mean pulmonary artery pressure 
(mPAP), which allows calculation of mPAP from the sPAP 
(99). They have also been used to generate pressure-flow 
lines that are far more useful than single measurements 
of pressure or flow. For example, it has been shown that 
whereas the pressure and flow measured at rest on the 
catheter table may be identical for a patient before and 
after prolonged treatment with prostacyclin even though 
the patient has noted considerable clinical benefit, the 
slope of the pressure-flow curve is improved by the drug 
(100). It is likely that solid-state catheters will prove to 
be more useful in the assessment of patients with pul-
monary hypertension, particularly because they can be 
inserted for up to 48 hours with recordings downloaded 
to a small computer carried on a waistband. Ultimately, 
however, these invasive tests must be used to correlate 
with noninvasive measurements that can be performed 
routinely to follow up patients with pulmonary vascular 
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disease (99, 101). One of the advantages of catheterization 
is being able to obtain accurate measurements of cardiac 
index. It has been shown that cardiac index in response 
to exercise correlates with the 6-minute walk, and a study 
of our patients has shown that cardiac index is the most 
important predictor of survival in patients with pulmo-
nary hypertension regardless of cause (50).

PROGNOSIS AND SURVIVAL

There have been several studies of the prognosis in PAH, 
some of which were performed in the “pre-prostacyclin” era 
and some performed subsequently. The NIH Registry in the 
United States included 194 patients collected between 1981 
and 1985. The median survival of these patients was 2.8 years 
and appeared to relate to cardiac index, right atrial pressure, 
and pulmonary artery pressure (102). A small study in the 
United Kingdom of 34 patients showed a mean survival of 
7.3 years (103), but these patients are unusual. In Mexico the 
median survival in 61 patients diagnosed between 1977 and 
1991 was 4 years (104). In Japan the median survival of 223 
patients diagnosed between 1980 and 1990 was 32 months 
(105). It appears that the expected median survival for IPAH 
is between 2.5 and 4 years. However, when the pulmonary 
hypertension is due to other conditions, the prognosis may 
be quite different. For example, the prognosis is worse in 
anorexigen-induced pulmonary hypertension: In a U.S. 
study the 3-year survival was only 17%, versus 60% for spo-
radic IPAH (106). Survival of HIV-associated pulmonary 
hypertension is also poor, but in a study of 82 patients in 
France a combination of antiretroviral therapy and pros-
tacyclin could diminish that mortality (107). In connec-
tive tissue disease the prognosis also appears to be poor. 
Although disability from the disease and exercise tolerance 
can be improved by intravenous prostacyclin (see Chapter 
18), mortality is not improved by therapy and remains 
worse than idiopathic PAH. However, newer studies have 
suggested that there is an improvement in the outcome with 
the more modern therapies, although those patients who 
have scleroderma-related PAH and interstitial lung disease 
still have a poor outcome (108).

Prognosis in PAH in the original NIH study was related 
to cardiac index, right atrial pressure, and mean pulmo-
nary artery pressure (102). In the Swiss Registry Study of 
106 patients, survival was related to 6-minute walk dis-
tance, NYHA criteria, and mixed venous oxygen tension. 
In a recent French study, prognosis of patients receiving 
prostacyclin related to a history of right heart failure, the 
presence of NYHA grade 4 breathlessness, a 6-minute 
walk distance of less than 250 m, and a right atrial pres-
sure of more than 12 mm Hg (109). A study from our own 
group of approximately 90 patients suggested that car-
diac index is the most important predictor of survival, 
and interestingly this is true no matter what the cause of 
the pulmonary hypertension (50). While the bulk of evi-
dence suggests that factors related to hemodynamics and 

cardiac responses dictate survival, a study in 90 patients 
with pulmonary hypertension showed that serum uric 
acid levels are proportional to pulmonary vascular resis-
tance and mortality and inversely proportional to cardiac 
output. Possibly the poor oxygen delivery from the dimin-
ished cardiac output causes a rise in uric acid level (110). 
Furthermore, plasma BNP is also an independent predic-
tor of survival (81). While we presently need an invasive 
measurement of cardiac output and pulmonary hemody-
namics, preferably on exercise, to predict prognosis, in the 
future we may be able to obtain similar information from 
measurements of circulating levels of hormones or other 
biomarkers of disease severity.

SCREENING FOR PULMONARY 
HYPERTENSION

From the above it is evident that we now understand the 
natural history of severe PAH quite well. Because the 
symptoms and signs of PAH are so vague and the basic 
investigations are often unhelpful, it would be useful if 
we had screening tests (particularly noninvasive screen-
ing tests) to allow us to make an earlier diagnosis before 
hemodynamics are changed and therapy becomes diffi-
cult. The question is who should we screen and how should 
we screen them?

Furthermore, as new therapies become available for the 
management of PAH and the prognosis improves, the ques-
tion of screening asymptomatic individuals who are deemed 
at risk is becoming more of an issue. Screening includes both 
genetic testing and noninvasively investigating subjects for 
evidence of raised pulmonary artery pressure.

Genetic screening

Up to 10% of cases of PAH are due to familial or heritable 
PAH. This condition seems to be inherited as an autoso-
mal dominant pattern, with incomplete penetrance and 
genetic anticipation (111). There are new population-based 
genome-wide screening studies underway, but it is known 
that in as many as 70% of familial cases a mutation in 
the member of the TGF-β receptor family, BMPRII, has 
been found. These mutations have also been identified in 
IPAH although to a much lesser degree (10%) (7). These 
factors mean that genetic counseling can prove complex. 
For example, possession of the genetic mutation in the 
BMPRII gene does not necessarily imply development of 
the disease due to the incomplete penetrance of only 20%. 
This obviously implies the need for a so-called second hit 
to make the disease clinically expressed, and important 
interactions between serotonin and BMPRII have been 
reported (112).

Furthermore, the mutations are distinct between fami-
lies, and so an individual can only really be tested if the 
mutation in an affected individual in that family has already 
been characterized. This is further complicated by the fact 
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that in only about 50% of affected families can an exonic 
mutation be found. The technical side of testing for the 
mutations can also be troublesome as the BMPRII gene is 
some 13 exons long.

For the individual taking the test, there are a few impor-
tant facts that they must understand (113). There can be 
significant psychologic stress in knowing that you have a 
genetic predisposition to developing an incurable disease, 
and moreover that there currently is no preventative ther-
apy, which could help in reducing the risk of developing the 
disease. There may also be discrimination from employers 
and insurance companies. Despite these considerations 
many individuals wish to be tested, and one of the major 
reasons cited is the concern that they can pass on this muta-
tion to their offspring who will then develop the disease. 
With the development of pre-implantation screening of 
embryos, this becomes an important and emotive area to 
consider (114). Perhaps one of the most important advances 
in the management of familial cases is the need for physi-
cians to liaise with geneticists and allow patients access to 
genetic counseling (114).

One of the advantages of genetic screening is that it allows 
the identification of those individuals who do not have the 
mutation and are therefore at no higher risk of developing 
the disease than the general population. In those asymp-
tomatic individuals in whom a mutation is located, then it 
would be very helpful if there was a way of identifying those 
who would be at risk of developing the disease. Currently 
this does not exist in PAH although screening with Doppler 
echocardiography or right heart catheterization has been 
proposed. The guidelines in 2004 suggested first-degree rel-
atives of an affected individual with a known genetic muta-
tion be screened every 3 to 5 years (111). The exact timescale 
and frequency of monitoring have not been fully elucidated. 
Furthermore there are emerging data that suggest that 
asymptomatic individuals with a BMPRII mutation who 
develop an increase in their mean pulmonary artery pres-
sure to above 40 mm Hg during exercise might represent 
a preclinical stage of the disease, which has already been 
discussed in this chapter (34). Clearly though this would 
only be useful if treatment initiated at this early stage could 
alter the natural course of the disease. The EARLY trial may 
prove this to be the case (36) because it has shown a benefit 
in treating patients who are in Functional Class II as com-
pared to the traditional time to treat in Functional Class III 
or IV.

Currently because of the heterogeneity in the BMPRII 
mutations, genetic screening in IPAH is not recommended 
although patients should be informed of the availability of 
genetic testing and that it can be performed if clinical need 
dictates (115,116). They should also be informed of the low 
risk of recurrence (estimated at 5%).

Screening of at-risk populations

Those who have a familial tendency to PAH are at risk and 
should be tested as above. However, it has been recognized 

for a number of years that certain patients are at a higher 
risk of developing PAH than others by virtue of having 
other underlying conditions (e.g., connective tissue disease, 
sickle cell, portal hypertension, and HIV infection).

CONNECTIVE TISSUE DISEASES

Guidelines have suggested that patients with systemic scle-
rosis and mixed connective tissue disease should undergo 
annual clinical and echocardiographic assessment to detect 
early signs of PAH whether they are breathless or not. As 
the development of PAH in this group is associated with 
such a poor outcome, it is hoped that by detecting and 
treating patients earlier the prognosis would be improved. 
Recognition of those patients who should be referred for 
right heart catheterization include a Doppler peak velocity 
of >2.8 m/s and a reduction in lung diffusion measurement 
(TLCO) of >50% (111).

Other connective tissue disease groups should be 
screened if they develop symptoms of PAH. A recent study 
has suggested that right heart catheterization is still essen-
tial for establishing the diagnosis in this population, but 
that echocardiography was the best noninvasive screening 
test compared to cardiac MR and lung function tests (117). 
The DETECT study has also shown that an evidence-based 
simple algorithm can reliably identify patients with sclero-
derma who require further investigation for PH (118)

PORTAL HYPERTENSION

Patients with portal hypertension are at increased risk of 
developing portopulmonary hypertension. This condition 
can make liver transplantation more risky, and so patients 
who are being considered for transplant should be screened 
with echo.

OTHER GROUPS

There is an increased recognition of association of PAH with 
sickle cell and HIV infection, but as yet no routine screen-
ing is proposed. However, in a patient with dyspnea and one 
of these conditions, PAH should be actively excluded.

In summary, as tests for PAH become less invasive and 
earlier treatment becomes more effective, screening should 
become routine in many predisposing diseases.

KEY POINtS

 ● Basic investigations such as ECG and CXR may 
be unhelpful.

 ● Pulmonary function tests showing normal lung 
volumes and spirometry but diminished gas 
transfer should arouse suspicion.

 ● Exercise tolerance and survival in pulmonary 
hypertension appear to relate to cardiac output.

 ● Echocardiography remains the screening investi-
gation of choice for those at risk from pulmonary 
hypertension.
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