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Pulmonary hypertension (abnormally elevated pulmonary 
artery pressure; PH) is often identified during investigation 
of shortness of breath. Most often it is a result of underlying 
cardiac and chronic respiratory diseases. Although most 
commonly due to left heart disease, sometimes it is due to 
chronic pulmonary arterial disease (WHO Group 1 PH), 
for which targeted pulmonary vasodilators are efficacious. 
A systematic diagnostic approach is needed to determine 
the underlying diagnosis, leading to the optimal treatment, 
often in partnership with an expert PH centre.

S
hortness of breath is a common symptom in patients presenting 
to general practice and emergency departments. It has a broad 
range of differential diagnoses, but if pulmonary hypertension 
(abnormally elevated pulmonary artery pressure; PH) is  

suspected, primary causes and conditions complicated by PH should 
be considered.

PH is often not considered until late in the evaluation process, 
despite one Australian study finding that it was identified in 9.1% of 
patients referred for echocardiography.1 Most studies show that, on 
average, there is a delay of about two years from symptom onset to 
definitive diagnosis of pulmonary arterial hypertension (PAH),2 
during which time disease severity has progressed. Although some 
patients may be asymptomatic early in the development of PH and 
the condition may be identified incidentally on echocardiography 
or by screening, the most common presenting symptom of PH 
remains shortness of breath, thus making early diagnosis challenging. 
As such, GPs have an important role in the early detection, risk 
stratification and referral for further investigation and management 
of patients with suspected PH.

There have been important recent changes in international 
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guidelines on the definition, diagnostic criteria, evaluation and 
management of PH, and, because of the complexity of patients with 
PH and their underlying conditions, holistic management in con-
junction with a specialised multidisciplinary team is recommended.3-5 
In addition, translational research in pulmonary vascular biology 
has provided novel insights into disease mechanisms in PH and has 
identified new treatments and targets that are likely to be important 
in the future management of this condition.6

This article focuses on recent changes in the definition and diag-
nosis of PH, highlighting diagnostic and management strategies 
appropriate for the Australian setting and emphasising developments 
in the identification and treatment of two types of PH: PAH, for 
which there is now access to combination therapy, and chronic 
thromboembolic pulmonary hypertension (CTEPH).

Definition and classification of PH
PH is defined by elevated pulmonary artery pressure (PAP), and 
recent consensus guidelines have seen a change in its definition, with 
a lowering of the diagnostic mean PAP and pulmonary vascular 
resistance (PVR) thresholds documented at right heart catheterisation 
(RHC).4 This has occurred as a result of better understanding of the 
normal range of pulmonary pressures and because prognosis is 
adversely impacted by a mean PAP of between 20 and 25 mmHg. PH 
is now defined as a mean resting PAP greater than 20 mmHg, rather 
than the previous diagnostic cut-off of 25 mmHg.3 Importantly, 
this is a mean PAP measured invasively at RHC and not a sys-
tolic  PAP  (sPAP), which is often estimated and reported by 
echocardiography. 

Haemodynamically, PH is classified into:
•	 precapillary PH, where PAP is elevated as result of increased 

resistance in the arterial side of the pulmonary circulation
•	 isolated postcapillary PH (IpcPH), where PAP is elevated due 

to back-pressure resulting from elevated pulmonary venous 
pressure, most often due to left heart failure with elevated left 
atrial (LA) pressure

•	 combined post- and precapillary PH (CpcPH), where there is 
both elevated LA pressure and increased resistance in the  
pulmonary arteries, which may occur after a period of chronic 
elevation of LA pressure 

•	 exercise PH, which occurs in patients with normal resting PAP 
but abnormal elevation of PAP with exercise, and which may 
represent an early stage of PH (Table 1).
The haemodynamic characteristics in combination with the 

clinical features direct the clinician towards specific diagnoses.
Clinically, PH is classified by the WHO into five groups according 

to the underlying disease process and the haemodynamic pattern, 
a useful classification that helps guide treatment. The Box lists the 
more common underlying causes of PH in each group but is not 
exhaustive. The most common causes of PH in the Australian 
community are left heart disease and lung disease. 

Some patients with diseases that carry a high risk of developing 
PH, such as systemic sclerosis, or those with a family history of 
heritable PH may require screening aimed at early diagnosis and 
treatment. Confirmation of the presence of PH is important as it 
may lead to a diagnosis for which specific treatments have proven 
efficacy (Group 1 and Group 4 PH) or where supportive therapies, 
optimal treatment of the underlying condition, or therapeutic trials 
if available are appropriate (Groups 2, 3 and 5).

When to suspect PH
Diagnosing PH (particularly Group 1, PAH) is challenging as it 
presents with common and nonspecific symptoms, predominantly 
exertional dyspnoea and fatigue, symptoms that can often also be 
caused by the heterogeneous group of conditions that lead to PH 
(Flowchart 1). It is important to include PH in the differential diag-
nosis of patients presenting with dyspnoea, particularly when exam-
ination findings and investigations do not indicate a common 

Key points
•	 Shortness of breath is a common presenting problem, for 

which pulmonary hypertension (PH) and its underlying causes 
should be considered.

•	 The most common causes of PH in the community are left 
heart disease and lung disease.

•	 Diagnostic criteria for PH have changed recently, with a lower 
mean pulmonary artery pressure of 20 mmHg now used to 
define PH.

•	 GPs have an important role in the early detection, risk 
stratification and referral for further investigation and 
management of patients with suspected PH.

•	 Although PH may be documented on transthoracic 
echocardiography, invasive right heart catheterisation  
is needed to diagnose Group 1 pulmonary arterial 
hypertension (PAH).

•	 Specific pulmonary vasodilator therapy is only indicated for 
patients with Group 1 PAH and selected patients with Group 4 
PH (chronic thromboembolic pulmonary hypertension; CTEPH).

•	 Patients with suspected Group 1 PAH should be referred to a 
PH expert centre and those with suspected Group 4 PH 
referred to a specialist CTEPH centre.
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respiratory or cardiac cause consistent with the severity of symptoms. 
PH may also accompany respiratory and cardiac diseases that could 
be expected to cause dyspnoea, and in this setting are usually asso-
ciated with a worse prognosis.7,8 Whatever the underlying cause, PH 
is associated with reduced quality of life and life expectancy.

Flowchart 1 outlines an algorithm aimed at early detection and 
recognition of PH in the community, leading to appropriate inves-
tigation and referral of patients to PH experts and centres, especially 
for those with severe and treatable forms of PH such as PAH and 
CTEPH. Initial evaluation is aimed at evaluating whether symptoms 
are most likely due to parenchymal lung disease or heart disease, or 
whether PAH should be investigated. Early referral to a PH expert 
is recommended when PH is diagnosed or suspected following initial 
GP assessment. Correct diagnosis remains the key to correct treat-
ment in PH (Flowchart 2)

In most cases, echocardiography can be used to estimate sPAP 
using Doppler evaluation of tricuspid regurgitation or to identify 
findings that indicate a low, intermediate or high probability of PH. 
Additional findings on echocardiography such as left atrial enlarge-
ment, left ventricular dysfunction and moderate or severe diastolic 
dysfunction are all suggestive of Group 2 PH.

B-type natriuretic peptide (BNP) and N-terminal proBNP 
(NT-proBNP) levels may be elevated as a result of increased right 
ventricular wall stress resulting from PH, but they may also be elevated 
in left heart failure without PH.

Invasive RHC remains the gold standard for haemodynamic 
classification of PH and also provides important prognostic infor-
mation. It is indicated in all cases of suspected Group 1 and Group 4 
PH and in cases where it is unclear if PH is due to left heart disease 
(Group 2 PH).

Pulmonary function tests, measurement of arterial blood gases and 
a chest CT may direct the doctor towards a diagnosis of Group 3 PH. 

Note that although a CT pulmonary angiogram is the test of choice for 
diagnosis of acute pulmonary embolism, a ventilation–perfusion (V/Q) 
lung scan is the appropriate screening test for CTEPH.

When to screen for PH
Certain high-risk patient groups are more likely to develop PH and, 
as a result, it is recommended that they are actively screened for PH, 
even if asymptomatic.4 These include:
•	 patients who are carriers of BPMR2 gene variants in familial PAH
•	 first-degree relatives in other heritable forms of PAH
•	 patients with systemic sclerosis
•	 patients being assessed for liver transplantation.

Patients at risk of familial PAH should be screened annually and 
the risk of having PAH be considered based on breathlessness, 
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Clinical classification of pulmonary hypertension 
(simplified)

Group 1 pulmonary arterial hypertension (PAH) – rare
•	 Idiopathic

– Nonresponders to vasoreactivity testing
– Responders to vasoreactivity testing

•	 Hereditable
•	 Associated with drugs and toxins, e.g.

– Methamphetamine
– Dasatinib
– Carfilzomib

•	 Associated with:
– connective tissue disease (especially systemic sclerosis)
– HIV infection
– portal hypertension
– congenital heart disease

Group 2 PH associated with left heart disease (IpcPH or CpcPH) – 
very common
•	 Heart failure with reduced ejection fraction
•	 Heart failure with preserved ejection fraction
•	 Valvular heart disease

Group 3 PH associated with lung disease and/or hypoxia – 
common
•	 Obstructive lung disease
•	 Restrictive lung disease
•	 Mixed obstructive and restrictive lung disease
•	 Hypoventilation syndromes
•	 Chronic hypoxia

Group 4 PH associated with pulmonary artery obstructions – rare
•	 Chronic thromboembolic pulmonary PH
•	 Other pulmonary artery obstructions

Group 5 PH with unclear and/or multifactorial causes – rare
•	 Metabolic, systemic, haematological disorders (sickle cell disease)

Abbreviations: CpcPH =  combined pre- and postcapillary pulmonary hypertension; 
IpcPH = Isolated postcapillary pulmonary hypertension; PH = pulmonary hypertension.

Table 1. Haemodynamic classification of pulmonary 
hypertension

Haemodynamic class Haemodynamic parameters

Precapillary PH •	 mPAP >20 mmHg
•	 PAWP ≤15 mmHg
•	 PVR >2 WU

Isolated postcapillary PH 
(IpcPH)

•	 mPAP > 20 mmHg
•	 PAWP >15 mmHg
•	 PVR ≤2WU

Combined pre- and 
postcapillary PH (CpcPH)

•	 mPAP >20 mmHg
•	 PAWP >15 mmHg
•	 PVR >2W

Exercise PH •	 mPAP/CO slope from rest to exercise  
>3 mmHg/L/min

Abbreviations: CO = cardiac output; mPAP = mean pulmonary artery pressure; PAWP = pulmonary 
artery wedge pressure; PH = pulmonary hypertension; PVR = pulmonary vascular 
resistance; WU = Wood units.
Adapted from Humbert M, Kovacs G, Hoeper MM, et al. Eur Heart J 2022; 43: 3618-3731.4
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echocardiography, pulmonary function tests 
and BNP/NT-proBNP measurements.

In patients with systemic sclerosis, annual 
risk evaluation for PAH is recommended. In 
those who have been diagnosed with sys-
temic sclerosis for over three years, the 
DETECT algorithm is recommended to 
diagnose asymptomatic patients with PAH 
(forced vital capacity of ≤40% and diffusing 
capacity of the lungs for carbon monoxide 
[DLCO] of <60%).9 

Further testing to assess for CTEPH 
(Group 4 PH) is recommended for patients who 
experience persistent or new-onset breathless-
ness or exercise tolerance limitation persisting 
for two to three months when on anticoagula-
tion following a pulmonary embolus. 

Management of Group 1 PAH
Current prescription of medical therapy 
for PAH
It is important that patients with PAH are 
assessed for an acute vasodilator response at 
the time of RHC, as about 5 to 10% of patients 
will be acutely vasodilator responsive, half of 
whom have an excellent long-term outcome 
with high-dose calcium channel blocker treat-
ment. The remaining patients with PAH will 
benefit from treatment with specific pulmonary 
vasodilators, either as monotherapy or with 
combinations of agents from different thera-
peutic classes. 

Current criteria for prescribing medical 
therapy for PAH on the PBS remains complex, 
and thus prescribing of these agents is 
restricted to physicians with expertise in the 
management of this condition. Approved 
therapies and combinations vary with both 
functional class, from WHO class II to IV, 
and the underlying aetiology of PAH. 
Although the accepted definition of PAH has 
changed as a result of revised criteria, the 
definition of PAH used for treatment in Aus-
tralia remains a mean PAP (mPAP) of 
25 mmHg or greater and a pulmonary artery 
wedge pressure (PAWP) of 15 mmHg or 
below. This is consistent with the evidence 
base on which therapies were tested. 

Patients should have had a recent RHC, an 
echocardiogram and a six-minute walk test, 
all within six months of an application for 
PBS-subsidised therapy.

Abbreviations: BNP = B-type natriuretic peptide; CTEPH = chronic thromboembolic pulmonary hypertension;  
HRCT = high- resolution chest CT; MBS = Medicare Benefits Schedule; NT-proBNP = N-terminal pro-BNP;  
PAH = pulmonary arterial hypertension; PAP = pulmonary artery pressure; PH = pulmonary hypertension;  
SSc = systemic sclerosis; V/Q = ventilation perfusion.

* Initial investigation in primary care is critical for early diagnosis and treatment.

Further investigations 
•	 CT pulmonary angiogram
•	 Pulmonary angiogram
•	 Multidisciplinary team 

assessment

1. Diagnostic algorithm for patients with suspected pulmonary hypertension* 

Referral to 
cardiologist

Evaluation of underlying 
cause
•	 Idiopathic
•	 Heritable
•	 Connective tissue disease 

(especially SSc)
•	 HIV
•	 Drugs and toxins
•	 Portal hypertension
•	 Congenital heart disease
•	 Multidisciplinary team 

assessment

Group 2 PH
(left heart 
disease)

Further specialist investigations
•	 Pulmonary function tests
•	 Arterial blood gases
•	 HRCT
•	 V/Q lung scan
•	 Right heart catheterisation

Suspected PH
Referral to PH expert or PH centre

Suspected 
heart disease 
without PH

Referral to 
respiratory 
physician

Suspected lung 
disease 
without PH

GP assessment
•	 History and physical examination
•	 Pulse oximetry – oxygen saturation
•	 BNP or NT-proBNP (not covered by MBS for this indication)
•	 12-lead ECG
•	 Chest x-ray
•	 Transthoracic echocardiography (looking for high 

estimated PAP or high probability of PH)

Patient presents with unexplained exertional dyspnoea or suspected PH
Risk factors for PH, fatigue, bendopnoea, exertional syncope, palpitations, 

haemoptysis, abdominal distension, fluid retention and weight gain

Group 1 PH
(PAH)

Group 4 PH
(CTEPH)

Suspected CTEPH
Referral to CTEPH 
centre

Group 3 PH
(lung 
disease)
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Patients with connective tissue disease who have significant inter-
stitial lung disease with a total lung capacity of less than 70% are 
excluded from PBS-subsidised PAH therapies.

Oral, inhaled and intravenous medications acting on the endothe-
lin system (macitentan, ambrisentan, bosentan), the nitric oxide/
cyclic guanosine monophosphate (GMP) pathway (tadalafil, sildenafil, 
riociguat) and the prostanoid pathway (selexipag, iloprost, epopros-
tenol) are included in the prescription drugs available for PAH 
depending on the specific clinical scenario of the patient (Figure).

Risk stratification in PAH
Risk stratification is recommended in patients with PAH at baseline 
and during therapy using symptoms, haemodynamics, biomarkers 
and imaging to guide the need for escalation of therapy for the 
individual. The aim is to achieve a low-risk profile. Several risk 
models have been proposed and online calculators are available.4,10,11 
Recommended investigations and suggestions on how often they 
should be performed are listed in Table 2. Recently, measurement 
of BNP or NT-proBNP has been included in the Medicare Benefits 
Schedule (MBS) for regular risk stratification in patients with PAH 

and for assessing the risk of PAH in patients 
with systemic sclerosis.

New therapies for PAH
Most currently available therapies for PAH 
target the endothelin system, the nitric oxide/
cyclic GMP and the prostanoid pathways in 
the pulmonary artery wall, but they do not 
effectively prevent small vessel loss in the lungs 
nor promote the growth of new vessels. Basic 
and translational science have identified new 
therapeutic targets important in the vasculop-
athy of PAH, and, as a result, there are newer 
drugs acting on novel targets that may provide 
added benefit in Group 1 PAH, some of which 
are in clinical trials or approved in countries 
other than Australia (Figure).12

The novel targets include inhibition of 
activin signalling to address aberrant signal 
transduction by members of the pro-proliferative 
transforming growth factor β (TGF-β) super-
family (Figure). Sotatercept, given by sub
cutaneous injection every three weeks, has 
been shown to improve exercise capacity and 
PVR and reduce death or clinical worsening.13 
Seralutinib is an inhaled tyrosine kinase inhib-
itor with antiproliferative, anti-inflammatory 
and antifibrotic effects that blocks platelet-
derived growth factor colony stimulating 
factor 1 and mast- or stem-cell growth factors. 
Phase 2 studies have shown improved haemo-
dynamics with reduced PVR after 24 weeks’ 

treatment with seralutinib.14 Several other possible therapeutic 
approaches are under active investigation, but these two examples 
show the potential of additional approaches to PAH treatment.

Management of Group 2 and Group 3 PH
There are no robust data supporting the widespread use of specific 
pulmonary vasodilator therapies in patients in whom PH is caused 
by left heart disease or lung disease (and/or hypoxia), even though 
the presence of PH is associated with worse prognosis in these con-
ditions. In fact, there is concern that pulmonary vasodilator therapy 
may be associated with worse prognosis. Treatment of Group 2 and 3 
PH is aimed at the underlying disease causing PH (Box).

Management of Group 4 PH
Recognition of patients with CTEPH is particularly important because 
of the central role of pulmonary artery endarterectomy (PEA) under 
hypothermic circulatory arrest to ‘cure’ or ameliorate the disease.15 
PEA is the treatment of choice for patients who are suitable for this 
surgery, based on the location and nature of arterial obstruction, and 
it may result in normalisation of pulmonary pressures.16 As the outcome 

FEATURE  PULMONARY HYPERTENSION  CONTINUED

Abbreviations: ACE = angiotensin-converting enzyme; CTEPH = chronic thromboembolic pulmonary hypertension; ERAs = endothelin 
receptor antagonists; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; 
IV = intravenous; MRAs = mineralocorticoid receptor antagonists; PAH = pulmonary arterial hypertension; PAP = pulmonary artery 
pressure; PAWP = pulmonary artery wedge pressure; PDE5 = phosphodiesterase 5; PEA = pulmonary artery endarterectomy;  
PH = pulmonary hypertension; PVR = pulmonary vascular resistance; SGLT-2 = sodium-glucose cotransporter-2; WU = Wood units.

* In Australia, the PBS criteria for medical therapy for PAH include a PAP ≥25 mmHg.

Treatment options:
•	 Anticoagulation
•	 PEA surgery
•	 Balloon pulmonary 

angioplasty 
•	 +/- Riociguat

Patient has mean PAP >20 mmHg

2. Treatment options according to WHO PH Group classification

•	 PAWP ≤15 mmHg
•	 PVR >2WU
•	 Imaging findings of CTEPH

Treatment options:
•	 Pulmonary 

vasodilators* 
–	 ERAs
–	 PDE5 inhibitors
–	 Selexipag
–	 Calcium channel 

blockers
–	 Riociguat
–	 Oral/inhaled 

prostanoids
–	 IV epoprostenol

•	 Lung transplantation

Treatment options:
HFrEF
•	 Diuretics
•	 MRAs
•	 ACE inhibitors
•	 SGLT-2 inhibitors
•	 Beta blockers
HFpEF
•	 SGLT-2 inhibitors
Valvular heart disease
•	 Valve repair or 

replacement

Group 4 PH (CTEPH)Group 2 PH (left heart disease)Group 1 PH (PAH)

•	 PAWP ≤15 mmHg
•	 PVR >2WU

•	 PAWP >15 mmHg
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is best in those suitable for and treated surgi-
cally, patients with definite or suspected 
CTEPH should be referred to one of a handful 
of specialised centres across Australia where 
this technically very challenging operation is 
performed. At these centres, patients will be 
assessed for suitability for surgery or to deter-
mine whether other therapies are more 
appropriate.

All patients with CTEPH should receive 
lifelong anticoagulation to prevent recurrent 
thromboembolism. Warfarin has generally 
been preferred, although the use of direct 
oral anticoagulants (DOACs) is increasing. 

In those who are ineligible for PEA, or who 
have persistent PH after PEA, but have suitable 
anatomy, balloon pulmonary angioplasty 
(BPA) may help to improve haemodynamics, 
exercise capacity and right heart function.17 
Often this will require multiple staged 
procedures. 

In those who are unsuitable for PEA or 
BPA, or who have persistent symptomatic PH 
after PEA, and fulfil specific haemodynamic 
criteria, the oral soluble guanylate cyclase 
inhibitor riociguat may be prescribed through 
the PBS from expert CTEPH centres, and has 
been shown to improve haemodynamics and 
exercise capacity.18

Conclusion
PH has many causes but is often underappre-
ciated. It may be the underlying cause of, or 
an important prognostic feature when inves-
tigating, shortness of breath. In general prac-
tice, it is important to consider PH as a possible 
cause of patient symptoms, particularly when 
the cause of breathlessness is unclear or 
response to therapy is incomplete. When PH 
is suspected, initial investigations can be com-
menced in general practice and should include 
an echocardiogram to determine the likeli-
hood of PH. Early referral of patients to an 
expert PH centre is recommended for more 
detailed evaluation and initiation of the 
increasing number of appropriate treatments, 
depending on the underlying aetiology.� CT
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oxide pathway can be increased by inhibition of phosphodiesterase type-5 or stimulation of 
soluble guanylate cyclase; the prostacyclin pathway can be increased by prostanoid analogues or 
nonprostanoid IP-receptor agonists; the endothelin pathway can be blocked by selective or 
nonselective endothelin-1 receptor antagonists; activin can be inhibited by activin-signalling 
inhibitors; and PDGFR signalling can be inhibited by tyrosine kinase inhibitors.
Key: + indicates stimulation; – indicates inhibition.

Abbreviations: AC = adenylate cyclase; ATP = adenosine triphosphate; BMPR2 = bone morphogenic protein receptor 2; 
cAMP = cyclic adenosine monophosphate; cGMP = cyclic guanosine monophosphate; eNOS = endothelial nitric oxide 
synthase; ETA = endothelin receptor A; ETB = endothelin receptor B; GMP = guanosine monophosphate; GTP = guanosine 
triphosphate; IP = prostacyclin receptor; NO = nitric oxide; PA = pulmonary artery; PDE5 = phosphodiesterase type 5;  
PDGFR = platelet-derived growth factor receptor; sGC = soluble guanylate cyclase.

Adapted and updated from Prior DL, Adams H, Williams TJ. Med J Aust 2016; 205: 271-276.12

Table 2. Suggested investigations and frequencies for risk stratification  
in patients with PAH

Investigation At baseline 3–6 months after 
changes in therapy

Every 6 months 
in stable patients

In case of clinical 
worsening

WHO FC    

6MWT    

BNP or NT-proBNP 
levels

   

ECG   

Echocardiogram    

Pulse oximetry    

RHC  

Abbreviations: 6MWT = 6-minute walk test; BNP = B-type natriuretic peptide; ECG = electrocardiogram; NT-proBNP = 
N-terminal proBNP; RHC = right heart catheterisation; WHO FC = WHO Functional Class.
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