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Pulmonary hypertension comprises a diverse group of 
conditions that lead to increased right ventricular 
afterload. Management and prognosis vary according to 
the cause. Patients at high risk (e.g. those with systemic 
sclerosis) or with unexplained progressive dyspnoea should 
be screened with echocardiography. Early referral to a 
specialist centre is key to timely investigation and 
management. 

P
ulmonary hypertension (PH) refers to an aetiologically diverse 
group of conditions that result in abnormally elevated pres-
sures in the pulmonary arterial bed, with consequent 
increased right ventricular afterload. The clinical manifesta-

tions vary widely, ranging from asymptomatic and well compensated 
in the early stages to progressive right heart failure and ultimately 
death.
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Key points
•	 The prognosis and management of pulmonary 

hypertension vary, depending on the underlying 
cause.

•	 Diagnosis relies on systematic evaluation of 
patients with dyspnoea and screening of those at 
high risk (e.g. patients with systemic sclerosis, 
congenital heart disease or previous pulmonary 
embolism).

•	 Specialist referral centres provide access to 
individualised work-up and management for 
patients; early referral is key to optimising 
outcome.

•	 Novel drug therapies and pulmonary vascular 
interventions are available for specific subgroups 
of pulmonary hypertension, such as pulmonary 
arterial hypertension and chronic thromboembolic 
pulmonary hypertension; however, for most 
patients, treatment targets the underlying 
condition.

FEATURE  PEER REVIEWED  

CardiologyToday  JUNE 2018, VOLUME 8, NUMBER 2    64	

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2018.

����������������������������������������������



©
 B

S
IP

/A
D

O
B

E.
S

TO
C

K
.C

O
M

  
 M

O
D

EL
 U

S
ED

 F
O

R
 IL

LU
S

TR
AT

IV
E 

PU
R

PO
S

ES
 O

N
LY

PH is defined by an elevation of the mean pulmonary artery 
pressure of 25 mmHg or more at rest, measured on right-heart cath-
eterisation. It is important to appreciate that PH is simply a description 
of the haemodynamic state of the pulmonary circulation, and many 
diseases and mechanisms can lead to elevated pulmonary artery 
pressure. From a haemodynamic perspective, PH is classified as:
•	 pre-capillary PH, when the site of disease is in the pulmonary 

arteries
•	 post-capillary PH, when the disease is due to an elevation in 

pulmonary venous pressure (Figure 1). 

Clinical classification of pulmonary hypertension
PH has been classified by the WHO into five groups based on 
similar disease pathogenesis, clinical presentation and therapeutic 
approach (Box).1 Identifying the underlying aetiology of PH can 
be a complex process. However, it is crucially important as both 
management options and overall prognosis vary substantially 
depending on the aetiology.

Group 1. Pulmonary arterial hypertension 
The pathobiology of pulmonary arterial hypertension (PAH) is 
complex, but the key feature is endothelial dysfunction leading to 
an imbalance of vasoactive mediators resulting in excessive vaso-
constriction. Furthermore, the distal pulmonary arteries exhibit 
proliferative vascular remodelling, inflammation and thrombosis, 
causing irreversible narrowing.2 This results in increased resistance 
of the pulmonary arteries, with the finding of pre-capillary PH  
(i.e. on the arterial side of the pulmonary capillary bed) on right-heart 
catheterisation. Aetiologically, PAH can be:
•	 idiopathic
•	 associated with a connective tissue disease (most commonly 

systemic sclerosis) 
•	 associated with congenital heart disease with a left-to-right 

shunt (such as atrial and ventricular septal defects)
•	 secondary to a drug or toxin (e.g. anorexigens, methamphetamine 

and dasatinib)
•	 secondary to a germline mutation. 

Group 2. Pulmonary hypertension due to left-sided  
heart disease 
Left heart disease is the most common cause of PH. In this group, 
PH arises through passive transmission of elevated left atrial pressure 
to the pulmonary artery. It is also known as post-capillary PH or 
pulmonary venous hypertension (i.e. on the venous side of the 
pulmonary capillary bed). Diseases that elevate left atrial pressure 
include mitral and aortic valve disease and conditions that result in 
stiffening of the left ventricle (diastolic dysfunction), such as hyper-
tension, aortic stenosis, hypertrophic cardiomyopathy, ischaemic 
heart disease and infiltrative conditions such as amyloid cardiomy-
opathy. Pulmonary venous hypertension can lead to secondary 
remodelling of the pulmonary arteries, an initially reactive process 
that may become irreversible over time.
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Group 3. Pulmonary hypertension due 
to lung disease or chronic hypoxia 
Chronic obstructive pulmonary disease 
(COPD), interstitial lung diseases, obstruc-
tive sleep apnoea, obesity hypoventilation 
syndrome and other related conditions may 
lead to PH via several mechanisms. These 
include destruction of the functional alveolar 
capillary bed, chronic hypoxic vasoconstric-
tion, inflammation and the mechanical stress 
of hyperinflated lungs. Similarly, some 
individuals exposed to chronically low 
partial pressures of oxygen at altitude will 
develop pulmonary vascular remodelling 
and PH. 

Group 4. Chronic thromboembolic 
pulmonary hypertension
In chronic thromboembolic pulmonary 
hypertension (CTEPH), elevated pulmonary 
pressure is predominantly secondary to 

nonresolving pulmonary thromboembolism 
that occludes the pulmonary arteries and 
undergoes organisation and fibrosis. This 
results in the formation of thrombotic 
intra-arterial ‘webs’ and irreversible remod-
elling of the pulmonary arteries. 

Group 5. Pulmonary hypertension with 
multifactorial or unclear mechanisms
In this group, the pathobiology of PH may 
be multifactorial or unclear.

Epidemiology
The exact prevalence of PH in the general 
community is unclear as population-based 
studies are scarce. A Western Australian 
study of patients referred for outpatient echo-
cardiography found a prevalence of PH of 
about 9%, with women affected almost twice 
as commonly as men.3 PH secondary to left 
heart disease is the most common group. Up 
to two-thirds of patients with systolic and 
diastolic left ventricular dysfunction and 
symptomatic aortic stenosis have secondary 
PH on transthoracic echocardiography 

(TTE), as well as almost all patients with 
severe symptomatic mitral stenosis.4 

The prevalence of PH in patients with 
lung disease such as COPD or interstitial 
lung disease varies depending on the sever-
ity of the underlying lung disease. In 
patients being assessed for lung transplan-
tation for severe respiratory disease, the 
prevalence of PH has been reported as 
about 25%.5 However, PH in patients with 
severe lung disease is usually only of mild 
to moderate severity. Nevertheless, a small 
proportion (about 5 to 10%) may develop 
severe PH.

Following acute pulmonary embolism, 
0.5 to 4% of patients may develop CTEPH, 
with major risk factors for PH including 
large, recurrent or unprovoked emboli.6 
However, there is no evidence that throm-
bolytic therapy used to treat acute large 
pulmonary embolism prevents the future 
development of CTEPH.7 

PAH by contrast is a rare but often severe 
disease, with a reported prevalence of 15 to 
50 cases per million.8 Prevalence is high in 

Pulmonary hypertension CONTINUED

Figure 1. Anatomical classification of pulmonary 
hypertension (PH) lesions. In pre-capillary types 
of PH, the pulmonary artery wedge pressure is 
normal (15 mmHg or less). In contrast, PH due 
to left heart disease (post-capillary PH) is 
associated with an elevated pulmonary artery 
wedge pressure (greater than 15 mmHg). 
Abbreviation: CTEPH = chronic thromboembolic pulmonary 

hypertension.

WHO classification of pulmonary hypertension*1

1.	Pulmonary arterial hypertension
1.1	 Idiopathic
1.2	 Heritable
1.3	 Drug and toxin induced
1.4	 Associated with:
	 1.4.1	 connective tissue disease
	 1.4.2	 HIV infection
	 1.4.3	 portal hypertension
	 1.4.4	 congenital heart diseases
	 1.4.5	 schistosomiasis
1’.	 Pulmonary veno-occlusive disease  
	 and/or pulmonary capillary  
	 haemangiomatosis
1’’.	 Persistent pulmonary hypertension  
	 of the newborn

2.	Pulmonary hypertension due to  
	 left heart disease
2.1	 Left ventricular systolic dysfunction
2.2	 Left ventricular diastolic dysfunction
2.3	 Valvular disease
2.4	 Congenital/acquired left heart  
	 inflow/outflow tract obstruction and  
	 congenital cardiomyopathies

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  
	 obstructive and restrictive patterns
3.4	 Sleep-disordered breathing
3.5	 Alveolar hypoventilation disorders 
3.6	 Chronic exposure to high altitude
3.7	 Developmental lung diseases 

4.	Chronic thromboembolic pulmonary  
	 hypertension 

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 	
	 and Gaucher disease, thyroid disorders
5.4	 Others: tumoral obstruction, fibrosing  
	 mediastinitis, chronic renal failure on  
	 dialysis

Lung capillaries

From systemic 
circulation

To systemic 
circulation

Post-capillary PH
•	 Left heart 

disease

Pre-capillary PH
•	Pulmonary arterial 

hypertension
•	CTEPH
•	 Lung disease
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certain patient groups, occurring in:
•	 up to 10 to 15% of patients with systemic 

sclerosis (also known as scleroderma), 
irrespective of subtype

•	 up to 10% of patients with congenital 
heart disease

•	 2 to 6% of patients with portal 
hypertension

•	 0.5% of patients with HIV infection. 
International guidelines recommend 

annual screening for PH with echocardio
graphy in patients with systemic sclerosis.4 

The prevalence of PH is rising in devel-
oped countries, because of an increasing 
prevalence of underlying conditions such 
as obstructive sleep apnoea, COPD and 
diastolic heart disease, as well as increased 
awareness and diagnosis.9 

Clinical features
The clinical hallmark of PH is a history of 
progressive exertional dyspnoea. This is often 
disproportionate to the impairments in gas 
exchange and respiratory mechanics. As the 
disease progresses, worsening pulmonary 
perfusion results in less effective gas exchange 
and low cardiac output due to right ventricu-
lar failure, with consequent hypoxaemia and 
exercise limitation.

Rising pulmonary pressures increase 
right ventricular afterload, leading to ele-
vated right heart pressures and the clinical 
features of right heart failure. These include 
peripheral oedema, ascites, hepatic conges-
tion and renal impairment due to renal 
venous congestion. In advanced disease, 
patients may experience arrhythmias and 
syncope.

When PH is suspected based on clinical 
features or is detected on TTE, the clinical 
features of possible underlying conditions 
should be sought. These include symptoms 
and signs of connective tissue diseases  
(e.g. Raynaud’s phenomenon, skin thicken-
ing, inflammatory joint and muscle diseases, 
gut dysmotility), pulmonary disease, obstruc-
tive sleep apnoea and left heart disease. 

Investigations
An overview of diagnostic tests that may be 
relevant in patients with PH is shown in 
Table 1.

Table 1. Diagnostic tests in the work-up of pulmonary hypertension

Diagnostic test Comment 

Electrocardiogram Typically shows P pulmonale, right axis deviation, RV hypertrophy, 
RV strain, right bundle branch block

Chest x-ray Typically shows central pulmonary artery dilation, ‘pruning’ (loss) 
of the peripheral blood vessels, right atrial and ventricular 
enlargement and pulmonary disease including hyperinflation or 
interstitial fibrosis

Pulmonary function 
testing

Assesses for obstructive or restrictive lung disease; a low 
diffusing capacity for carbon monoxide can be found in all groups 
of PH

Exercise testing (6MWT 
or cardiopulmonary 
exercise testing)

Provides objective assessment of exercise capacity, a powerful 
prognostic tool in PAH, and can be used to monitor response to 
therapy

Polysomnography Diagnoses nocturnal hypoxaemia due to sleep-disordered breathing

Transthoracic 
echocardiography 

Provides indirect estimate of pulmonary artery systolic pressure 
Assesses right ventricular dilation and dysfunction, pulmonary 
artery diameter, estimated right atrial pressure
Diagnoses congenital structural abnormalities such as atrial or 
ventricular septal defect, valvular lesions, left ventricular dysfunction

Coronary angiography Diagnoses coronary artery disease (in the presence of angina 
and/or coronary disease risk factors)

Abdominal ultrasound 
examination

Diagnoses liver disease and portal hypertension

Ventilation/perfusion 
scan 

Presence of mismatched perfusion defects suggests pulmonary 
embolism

High resolution CT chest 
+/- pulmonary 
angiography

Assesses for parenchymal lung disease and obstruction of the 
pulmonary arteries due to CTEPH

Cardiac MRI Gold standard for assessing RV size, morphology and function
Allows non-invasive assessment of blood flow and congenital 
structural cardiac abnormalities

Specific blood tests Assess for connective tissue disease (e.g. antibodies of systemic 
sclerosis, SLE, rheumatoid arthritis), thrombophilia screen in 
CTEPH and HIV testing

Right-heart 

catheterisation 
Definitive test to confirm the diagnosis of PH and distinguish 
between pre- and post-capillary PH
Required by patients with Group 1 PH to access PBS-subsidised 
medications for pulmonary arterial hypertension
During right-heart catheterisation, saturation runs can be 
performed if a cardiac shunt defect is suspected, as well as acute 
vasoreactivity testing
If CTEPH is suspected, a digital subtraction pulmonary angiography 
can be performed in the same setting

Abbreviations: 6MWT = six minute walk test; CTEPH = chronic thromboembolic pulmonary hypertension;  

PH = pulmonary hypertension; RV = right ventricle; SLE = systemic lupus erythematosus.

Pulmonary hypertension CONTINUED
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Transthoracic echocardiography
TTE is the most useful screening test when 
pulmonary hypertension is suspected. Find-
ings on TTE in patients with PH include:
•	 elevated pulmonary artery pressure 

estimated from the tricuspid  
regurgitation jet velocity

•	 right ventricular dilation and impairment
•	 inferior vena cava dilation caused by 

elevated right atrial pressure. 
TTE can also provide important infor-

mation on whether PH is due to left heart 
disease, for example by showing the presence 
of left heart valvular disease or left ventricular 
dysfunction (Figure 2). Right ventricular 
function needs to be carefully assessed on 
TTE, as right heart function is the main 
determinant of prognosis in PH.

Diagnostic work-up
After identification of PH, the diagnostic 
work-up is directed at confirming the diag-
nosis and determining the cause (Flow-
chart). In some cases, this may be clear, but 
in others identifying the aetiology of PH 
may require comprehensive and systematic 
investigation.

In addition to TTE, the typical diagnostic 
work-up for a patient with PH includes:
•	 full lung function testing
•	 imaging for chronic thromboembolic 

disease (ventilation-perfusion scan or 
CT pulmonary angiogram) 

•	 imaging for parenchymal lung disease 
(high-resolution chest CT)

•	 overnight polysomnography for patients 
with symptoms of sleep-disordered 
breathing

•	 autoimmune serological tests, such as 
testing for antinuclear antibodies 
(ANA), antibodies to extractable nuclear 
antigen (ENA), double-stranded DNA 
(dsDNA) and anti-cyclic citrullinated 
peptide (anti-CCP), antineutrophil 
cytoplasmic antibodies (ANCA) and 
rheumatoid factor 

•	 HIV serological tests
•	 abdominal ultrasound examination for 

portal hypertension.

Right-heart catheterisation 
The definitive test for the diagnosis of PH is 

right-heart catheterisation. This is a safe but 
invasive test that enables direct measurement 
of the pulmonary artery pressure, as well as 
providing the pulmonary artery wedge 
pressure and an estimate of cardiac output. 
The pulmonary artery wedge pressure 
provides an estimate of left atrial pressure 
and is crucial to determine whether PH is 
pre-capillary or post-capillary. An elevated 
pulmonary artery wedge pressure indicates 
elevated left atrial pressure and suggests that 
the PH is due to left heart disease. Measure-
ment of cardiac output is essential to derive 
pulmonary vascular resistance, and cathe-
terisation data that do not include cardiac 
output are of limited utility. Vasoreactivity 
testing with a short-acting pulmonary 
vasodilator (e.g. inhaled nitric oxide) should 
be performed for patients with idiopathic, 
heritable and drug-related PAH as this 
identifies a small (less than 10%) subgroup 
of patients who may benefit from calcium- 
channel blocker therapy. 

Given the complexity of the diagnostic 
work-up, it is recommended that patients with 
significant PH on TTE be referred to a PH 
specialist centre or, if this is not accessible, to 
a cardiologist or respiratory physician with 
experience in this area. A list of approved PAH 
designated (prescribing) centres is available 
from the Pulmonary Hypertension Associa-
tion Australia (www.phaaustralia.com/page/ 
20/approved-ph-prescribing-centres).

Management
Over the past 20 years, significant therapeutic 
progress has been made for patients with PAH 
(Group 1 PH) and CTEPH (Group 4 PH). 
However, therapeutic options for patients with 
PH due to left heart disease (Group 2 PH) and 
to lung disease (Group 3 PH) remain limited. 
It is important to emphasise that treatment 
depends on accurate diagnosis of the under-
lying aetiology. Management approaches for 
the different PH groups are summarised in 
Table 2.

General measures
Close attention to fluid status is important 
for patients with any type of PH, and diuret-
ics should be used in patients with clinical 
fluid overload to relieve symptoms. With 
advanced disease, maintaining the balance 
between right heart failure, adequate sys-
temic blood pressure and renal perfusion 
can be challenging; these patients require 
close clinical and biochemical monitoring.

In addition to medications, nonpharma-
cological therapies include cardiopulmonary 
rehabilitation to improve exercise capacity, 
regular vaccination to prevent infective exac-
erbations, and supplementary oxygen for 
hypoxaemia. 

Patients with PH have increased peri
operative risk, and thus a thorough pre
operative assessment by a physician with 
expertise in managing PH is essential to 

Figure 2. Transthoracic echocardiography images from apical four-chamber windows showing 
normal cardiac chambers (a, left) and a dilated right ventricle (RV) with flattening of the 
interventricular septum (b, right, asterisk). 
Abbreviation: LV = left ventricle. 
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guide decision-making for patients requiring 
surgery. For patients with severe PH, the need 
for elective procedures must be weighed 
against the risk of major complications. If 
surgery is indicated then a cardiac anaesthe-
tist and PH specialist should be involved in 
perioperative management. 

Pregnancy is contraindicated for women 
with severe PH because of the high risk of 
maternal and fetal mortality. It is important 
to counsel female patients on these risks and 
appropriate methods of contraception. The 
combined oral contraceptive pill should be 
avoided because of thrombosis risk, but depot 
contraceptives such as depot etonogestrel and 
the levonorgestrel-releasing intrauterine sys-
tem are suitable contraceptive options. Women 
at risk of a vagal response during insertion of 
the intrauterine system should undergo this 
procedure in a hospital gynaecology clinic. 

Atrial arrhythmias such as atrial flutter 
and fibrillation are relatively common in 
patients with severe PH and may cause cardiac 
decompensation, particularly with higher 
heart rates. Haemodynamically unstable 
arrhythmias require urgent inpatient inter-
vention and attempt at cardioversion.

There is no high-quality evidence to 
support the use of anticoagulation in all 
patients with PH. In general, anticoagulation 
is restricted to those with CTEPH or with 
concomitant diseases that require anticoag-
ulation (e.g. atrial fibrillation). The benefit of 
anticoagulation in patients with idiopathic 
PAH is unclear. Anticoagulation is poten-
tially harmful in patients with PAH associ-
ated with systemic sclerosis, as these patients 
have an increased risk of gastrointestinal 
tract bleeding.

Group 1. Pulmonary arterial 
hypertension
Eight different PAH-specific drugs are now 
approved in Australia and available via the 
PBS for the treatment of PAH. They are 
broadly divided into four groups according 
to their mechanisms of action. These 
comprise:
• endothelin-1 receptor antagonists 

(bosentan, macitentan and ambrisentan)
• phosphodiesterase type 5 inhibitors 

(sildenafil and tadalafil)

A suggested algorithm for the diagnostic work-up of patients 
with pulmonary hypertension 

Abbreviations: 
CTEPH = chronic thromboembolic 
pulmonary hypertension;
mPAP = mean pulmonary artery 
pressure; 
PAH = pulmonary arterial 
hypertension; 
PAWP = pulmonary artery wedge 
pressure; 
PH = pulmonary hypertension; 
PVR = pulmonary vascular resistance; 
VQ = ventilation–perfusion.

Is a diagnosis of left heart disease 
or lung disease confirmed?

Are there signs of severe PH or 
right ventricular dysfunction?

Is pulmonary embolism confirmed on 
VQ scan or CT pulmonary angiogram?

Perform right-heart 
catheterisation

Consider other 
causes of 
symptoms 

Refer to PH 
specialist centre

Assess for possible CTEPH with:
• right-heart catheterisation +/-
• pulmonary angiography

PAH is likely:
• specific diagnostic tests

to determine cause
(e.g. autoimmune and
HIV serology)

Refer to PH specialist centre

Treat underlying 
disease

Assess for left heart disease and lung disease:
• clinical features
• ECG
• lung function testing
• chest x-ray
• CT of chest
• arterial blood gas test

Yes

Yes

Yes

Yes

No

No

No

No

Transthoracic echocardiography to assess the probability of PH 

High probability of PH 

CardiologyToday

Patient presents with symptoms, signs or history suggesting PH

Consider other 
causes of symptoms

Low probability of PH 

Pulmonary hypertension CONTINUED

Is mPAP >25 mmHg + PAWP <15 mmHg  
+ PVR >3 Wood units?
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•	 soluble guanylate cyclase stimulators 
(riociguat) 

•	 prostacyclin derivatives (iloprost and 
epoprostenol). 
These drugs all act as pulmonary vaso-

dilators and exert antiproliferative effects on 
vascular remodelling (Figure 3). Large, ran-
domised event-driven trials have shown that 
the PAH drugs improve exercise capacity 
and long-term outcomes (e.g. they reduce 
clinical worsening).10,11 More recently, com-
pelling evidence has emerged supporting the 
use of combination therapy in PAH, in which 
mechanistically different drugs are used 
together. Combination therapy is now con-
sidered the standard of care in PAH and 
should be used as initial therapy in most 
patients, particularly those with severe 
disease.4

Subsidised access to PAH agents requires 

diagnostic evaluation and regular follow up 
at a designated PH prescribing centre. Given 
the complexity of this process, it is highly 
recommended that patients are referred to 
a specialised PH centre as early as possible. 
At present, the PBS subsidises only one PAH 
medication at any time. Thus, combination 
therapy in Australia is accessed via private 
funding, hospital funding or compassionate 
access schemes.

Lung transplantation is reserved for 
patients with severe PAH refractory to 
maximal medical therapy. Most patients 
with PAH do not require heart–lung trans-
plantation as the right ventricle recovers its 
function following bilateral lung transplan-
tation. Data on long-term outcomes of 
patients who have received a lung transplant 
for PH estimate survival to be 59% at five 
years post-transplantation.12 

Group 2. PH secondary to left heart 
disease
Treatment of patients with group 2 PH 
involves reducing left ventricular filling pres-
sures and afterload by various mechanisms, 
depending on the underlying aetiology of 
the left heart dysfunction. Left ventricular 
filling pressure can be reduced through  
diuresis to attain euvolaemia, as well as 
optimisation of heart-failure specific drug 
therapies for impaired systolic function, 
including beta blockers and ACE inhibitors.

Stenotic or regurgitant mitral or aortic 
valve disease may be amenable to surgical or 
percutaneous valve repair or replacement. 
Congenital lesions resulting in inflow or out-
flow tract obstruction, such as occurs in 
hypertrophic obstructive cardiomyopathy, 
may similarly be amenable to surgical or per-
cutaneous interventions. Where indicated, 
coronary revascularisation can improve left 
ventricular function. Finally, treatment of 
systemic hypertension to reduce left ventricu-
lar afterload reduces left ventricular filling 
pressures, as well as preventing the subsequent 
development of left ventricular diastolic 
dysfunction. 

It is important to note that PAH-specific 
drugs are not approved for use in PH 
secondary to left heart disease. When com-
bined with elevated left-heart filling pressures, 
the pulmonary vasodilation and increased 
pulmonary blood flow that result from their 
use can potentially precipitate pulmonary 
oedema and decompensated heart failure. 
Numerous randomised controlled trials 
investigating the efficacy and safety of 
endothelin-receptor antagonists and pros-
tanoids in PH secondary to left heart disease 
have shown no benefit or even harm, in some 
cases resulting in premature trial cessation 
because of increased mortality.13 

Group 3. PH due to lung disease  
or hypoxia
PH secondary to lung disease or chronic 
hypoxia requires treatment of the under-
lying condition, including smoking cessa-
tion and inhalers for COPD, antifibrotic 
therapies for pulmonary fibrosis, and pos-
itive pressure ventilation for sleep apnoea, 
as well as correction of hypoxia with 

Pulmonary hypertension CONTINUED

Table 2. Management of pulmonary hypertension by group

Group of pulmonary 
hypertension (PH)

Management

Group 1. Pulmonary 
arterial hypertension 
(PAH)

•	PAH-specific drug therapy
•	Calcium channel blocker only if patients have vasoreactive 

PAH confirmed on right-heart catheterisation
•	 Lung transplantation

Group 2. PH secondary to 
left heart disease

•	Diuretics to restore euvolaemia
•	Repair or replacement of valves
•	Drug treatment for heart failure (e.g. beta blockers, ACE 

inhibitors or angiotensin II receptor blockers, mineralocorticoid 
receptor antagonists, sacubitril–valsartan) 

•	Coronary revascularisation

Group 3. PH secondary to 
lung disease or hypoxia

•	Smoking cessation
•	Drug treatment of COPD or interstitial lung diseases
•	Positive airway pressure (continuous or bilevel) for sleep-

disordered breathing
•	Supplemental oxygen for hypoxaemia

Group 4. Chronic 
thromboembolic 
pulmonary hypertension 
(CTEPH) 

•	 Long-term anticoagulation (usually with a vitamin K antagonist)
•	Pulmonary endarterectomy if disease is surgically accessible
•	Balloon pulmonary angioplasty
•	PAH-specific drug therapy (only riociguat is approved for 

CTEPH)

Group 5. Miscellaneous •	Condition-specific treatment 

All groups •	Diuretics for fluid overload
•	Supplemental oxygen for hypoxaemia
•	Cardiopulmonary rehabilitation
•	Avoidance of pregnancy
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supplemental oxygen. Several key trials 
have shown that oxygen therapy has a ben-
efit in stabilising progression of PH and a 
mortality benefit in patients with COPD 
and hypoxaemia.14,15 

There are currently no high-quality data 
to support the use of PAH drugs in PH caused 
by lung disease. Available data from ran-
domised controlled trials are conflicting, and 
it is unclear whether there is a relationship 
between haemodynamic changes, functional 
parameters and significant clinical improve-
ment.16 Patients with lung disease and severe 
PH should be referred to an expert centre for 
evaluation, and enrolment in a clinical trial 
is encouraged.

Group 4. Chronic thromboembolic 
pulmonary hypertension
Patients with CTEPH require long-term 
anticoagulation to prevent further thrombo
embolism. However, this therapy does not 
address the fibrotic thrombi that persistently 
obstruct the pulmonary arterioles and thus 
may not improve symptoms. 

Pulmonary endarterectomy involves 
removal of the organised thrombi from the 
pulmonary arteries. It is performed under 
cardiopulmonary bypass and requires 
periods of complete circulatory arrest. The 
procedure is potentially curative, making 
CTEPH an important diagnosis not to miss. 
In about 60 to 70% of patients with CTEPH, 
the disease is amenable to pulmonary endar-
terectomy. Patient selection remains a com-
plex process based on the anatomical site of 
disease and surgical expertise.17 All patients 
with CTEPH should be referred to an expert 
centre with experience in pulmonary endar-
terectomy to determine their surgical 
suitability. 

In patients who are deemed not suitable 
for pulmonary endarterectomy because they 
have inaccessible distal disease or significant 
medical comorbidities, other therapies should 
be considered. Riociguat is listed on the PBS 
for the treatment of inoperable CTEPH and 
has been shown to improve exercise capacity.18 
Endovascular intervention with pulmonary 
balloon angioplasty improves haemodynam-
ics and exercise capacity in patients with 
inoperable CTEPH.19 This relatively new 

technique is likely to have an expanding role 
in the management of CTEPH.

Prognostic factors
In general, the prognosis of PH is based on:
•	 the severity of disease at diagnosis
•	 rate of disease progression
•	 response to therapy
•	 the patient’s overall functional status
•	 severity of associated comorbidities such 

as left heart failure or COPD. 
The development of right ventricular 

dysfunction or clinical right heart failure is 
a poor prognostic sign. Indeed, right ven-
tricular dysfunction is the key determinant 
of outcome in PH, rather than the absolute 
level of pulmonary artery pressure.20 

Summary
PH encompasses an aetiologically diverse 
group of conditions that result in elevated 
pulmonary artery pressure and may ulti-
mately progress to right heart failure. The 
diagnostic work-up of patients with PH is 
complex and should be undertaken in spe-
cialist PH referral centres. Importantly, 

accurate classification is crucial for directing 
management and selection of appropriate 
therapies. At present, pulmonary vasodila-
tors are indicated only for patients with 
Group 1 PAH and for those with Group 4 
CTEPH with inoperable disease. 

High-risk groups, such as patients with 
connective tissue disorders (e.g. systemic 
sclerosis), advanced parenchymal lung 
disease or congenital heart disease, and those 
with unexplained progressive dyspnoea 
should be screened for PH with TTE. Early 
referral is key to the timely investigation and 
management of PH.� CT
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Figure 3. Molecular mechanisms of action of drugs used to treat pulmonary arterial hypertension 
(PAH). The key targets of PAH therapy are the endothelin, nitric oxide and prostacyclin pathways. 
In PAH, there is upregulation of vasoconstricting endothelin-1 and decreased production of 
vasodilatory nitric oxide and prostacyclin. The endothelin pathway can be blocked by selective or 
non-selective endothelin-1 receptor antagonists (ERA). The nitric oxide pathway can be 
enhanced by stimulation of soluble guanylate cyclase (sGC) or inhibition of phosphodiesterase 
type-5 (PDE-5). The prostacyclin pathway can be enhanced by prostanoid analogues or  
non-prostanoid IP receptor agonists. 
Abbreviations: cAMP = cyclic adenosine monophosphate; cGMP = cyclic guanosine monophosphate; GTP = guanosine 

triphosphate.
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