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ABSTRACT 
Pulmonary hypertension (PH) is a chronic disease of  
elevated pulmonary artery pressure that can result from 
pulmonary vascular diseases or complicate left heart and 
lung disease. Pulmonary arterial hypertension (PAH) is 
a rare pulmonary artery vasculopathy that leads to pro-
gressive right heart failure and death. Timely and accu-
rate diagnosis of PH is paramount, given the increased 
morbidity and mortality, but can be challenging given 
the nonspecific nature of the presenting symptoms and 
the many potential causative or contributing conditions. 
The diagnosis of PH remains clinical and the initial 
workup uses history, physical exam, and echocardiogra-
phy to evaluate likelihood of disease, followed by char-
acterization of left heart and lung disease and the appro-
priate evaluation for chronic thromboembolic disease. A 
right heart catheterization is requisite for the diagnosis 
and thus early referral to a PH expert center is strongly 
recommended, particularly for patients with high-risk  
features and in high-risk populations.

KEYWORDS:  pulmonary hypertension, pulmonary arterial 
hypertension, right ventricle, right heart catheterization   

INTRODUCTION

Pulmonary hypertension (PH) is defined as a resting mean 
pulmonary artery pressure (mPAP) greater than 20 mmHg1, 
although prior guidelines and consensus statements used a 
definition of mPAP ≥25 mmHg to define the disease.2,3 This 
recent change in definition was based on the observations 
that 20 mmHg is the upper limit of normal in healthy sub-
jects and an mPAP between 21 and 24 mmHg is associated 
with poorer outcomes in certain disease states.1 Pulmonary 
hypertension can often complicate left heart and lung dis-
ease, and when it does is associated with increased mortal-
ity. Pulmonary arterial hypertension (PAH) is a rare disease 
characterized by medial hypertrophy, intimal and adventi-
tial fibrosis, in situ thrombosis, and plexiform lesions of the 
distal muscular pulmonary arteries,4 which result in a rise in 
pulmonary vascular resistance (PVR) and pulmonary artery 
pressures, leading to progressive right heart failure and 
death. PAH is defined by presence of precapillary PH (mPAP 

>20 mmHg, pulmonary artery wedge pressure (PAWP) ≤15 
mmHg and PVR ≥3 WU) in the absence of significant left 
heart, lung, or chronic thromboembolic disease.

A diagnosis of pulmonary hypertension is often suspected 
in the setting of exertional dyspnea and suggestive findings 
on echocardiogram. The diagnostic questions posed in the 
initial evaluation of a patient in whom pulmonary hyper-
tension is suspected are: does the patient have PH?, and if 
so, what is the cause and how severe is the PH? As such, 
an evaluation to correctly diagnose pulmonary hypertension 
requires 1) clinical suspicion based on history and examina-
tion, 2) echocardiography to evaluate for likelihood of PH, 
3) characterization of the extent of any lung and left heart 
disease, 4) thorough evaluation for chronic thromboembolic 
disease and conditions associated with PAH, and 5) referral 
to a center with PH expertise for evaluation that typically 
includes right heart catheterization to define hemodynamics.  
Given the significant morbidity and mortality associated 
with both PH and PAH, seeking PH expertise early in the 
diagnostic evaluation is advised, particularly for patients 
with high-risk features.

CLINICAL CLASSIFICATION

Pulmonary hypertension is classified into five groups, based 
on the World Symposium on Pulmonary Hypertension 
(WSPH) classification scheme, presented in Table 1. The 
purpose of this classification scheme is to group clinical con-
ditions that share similar pathophysiological mechanisms, 
clinical presentation, hemodynamic characteristics, and 
therapeutic management.1 WSPH Group 1 PAH is defined 
as precapillary PH in the absence of significant left heart, 
lung, or chronic thromboembolic disease. WSPH Group 2 
PH is defined by presence of post-capillary PH (mPAP >20 
mmHg and PAWP ≥15 mmHg), and WSPH Group 3 PH is 
defined by mPAP 21–24 mmHg with PVR ≥3 WU, or mPAP 
≥25 mmHg.5 WSPH Group 4 PH consists predominantly 
of chronic thromboembolic PH (CTEPH), which is defined 
by precapillary PH in the presence of chronic or organized 
flow-limiting thrombi/emboli in the elastic pulmonary 
arteries (PAs) after at least 3 months of effective anticoagu-
lation. Finally, WSPH Group 5 PH includes a variety of dis-
eases with unclear or multifactorial mechanisms. Although 
this is a heterogeneous and relatively understudied group 
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of diseases, it still represents a significant portion of dis-
ease seen in pulmonary hypertension centers. The clinical 
classification scheme provides a framework that allows for 
a comprehensive differential diagnosis in the evaluation of 
pulmonary hypertension. It should be noted that most of 
the WSPH Groups are based upon specific hemodynamic 
definitions, which emphasizes the importance of right heart 
catherization in the diagnosis of pulmonary hypertension. 
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Group 1: Pulmonary arterial hypertension (PAH)

1.1  Idiopathic PAH
1.2  Heritable PAH
1.3  Drug- and Toxin-Induced PAH
1.4  PAH associated with:
 1.4.1  Connective tissue disease
 1.4.2  Human immunodeficiency virus infection
 1.4.3  Portal hypertension
 1.4.4  Congenital heart disease
 1.4.5  Schistosomiasis
1.5  Long-term responders to calcium channel blockers
1.6  PAH with overt features of venous/capillary involvement  
       (pulmonary veno-occlusive disease or pulmonary capillary   
       hemangiomatosis)
1.7  Persistent pulmonary hypertension of the newborn

Group 2: Pulmonary hypertension due to left heart disease

2.1  Heart failure with preserved left ventricular ejection fraction
2.2  Heart failure with reduced left ventricular ejection fraction
2.3  Valvular heart disease
2.4  Congenital/acquired cardiovascular conditions leading to  
       post-capillary PH

Group 3: Pulmonary hypertension due to lung diseases  
and/or hypoxia

3.1  Obstructive lung disease
3.2  Restrictive lung disease
3.3  Other lung diseases with mixed restrictive and  
       obstructive pattern
3.4  Hypoxia without lung disease
3.5  Developmental lung diseases

Group 4: Pulmonary hypertension due to pulmonary arterial 
obstructions

4.1  Chronic thromboembolic pulmonary hypertension
4.2  Other pulmonary artery obstructions: sarcoma, other malignant  
       or non-malignant tumors, arteritis without connective tissue  
       disease, congenital pulmonary artery stenosis, parasites

Group 5: Pulmonary hypertension with unclear and/or  
multifactorial mechanisms

5.1  Hematologic disorders: chronic hemolytic anemia,  
       myeloproliferative disorders
5.2  Systemic and metabolic disorders: sarcoidosis, pulmonary  
       Langerhans cell histiocytosis, glycogen storage disease,  
       Gaucher disease, neurofibromatosis. 
5.3  Others: chronic renal failure with or without hemodialysis,  
       fibrosing mediastinitis
5.4  Complex congenital heart disease

Table 1. World Symposium on Pulmonary Hypertension (WSPH)  

Classification of Pulmonary Hypertension

Adapted from Simonneau, et al. 2019.1

However, the classification of an individual patient’s PH 
combines hemodynamic data with a comprehensive clinical 
evaluation. 

EPIDEMIOLOGY
Pulmonary arterial hypertension (PAH) remains an uncom-
mon disease; however, published estimates of epidemiol-
ogy vary. This is likely due to geographic, racial, ethnic, 
and socioeconomic differences in prevalence, presentation, 
and outcomes, with variations in reporting and tracking 
among countries. Ranges for incidence are 1.5–3.2 persons 
per million per year and for prevalence are 12.4–268 persons 
per million, with a noted greater prevalence in data from 
nationalized systematic registries as compared to non-sys-
tematic registries.6 Pulmonary hypertension (PH) as a whole 
also is relatively uncommon, with an incidence of 28.7 
cases per 100,000 per year. However, the prevalence of the 
disease is reported to be increasing from 99.8 to 127.3 cases 
per 100,000 population from 1993 to 2012.7 This is likely 
due to the increasing awareness of the disease, improvement 
in screening of high-risk populations, and greater availabil-
ity of non-invasive diagnostic and screening tools. Impor-
tantly, WSPH Group 2 PH is the most common form of PH. 
One population-based cohort study found that Group 2 PH 
accounted for 34.2% of PH cases alone and another 29.3% 
of cases when combined with lung disease. PH due to left 
heart disease has contributed most to the increasing preva-
lence in the adult population, accounting for over 75% of all  
new cases.7

The incident population of PAH continues to be predom-
inantly of female sex (62.1%) and younger at index date 
(mean age 65.1 years) as compared to PH (54.1% female sex 
and mean age 72.9 years).7 This follows with the observa-
tion that new PH diagnoses are largely driven by those indi-
viduals with pre-existing left-sided heart and lung disease, 
whereas PAH is a primary pulmonary artery vasculopathy 
with a unique presentation and clinical course.

HISTORY AND PHYSICAL EXAM

Although hemodynamic evaluation via right heart catheter-
ization (RHC) is a crucial part of the evaluation process, the 
diagnosis of pulmonary hypertension remains a clinical one. 
Thus, a thorough history and physical exam is necessary 
prior to diagnostic interventions.

The most common presenting symptom in patients with 
pulmonary hypertension is dyspnea on exertion or a decrease 
in exercise capacity. Given the nonspecific nature of these 
symptoms, it is important to evaluate each patient for alter-
nate etiologies of dyspnea, including obstructive airways 
disease and left ventricular or valvular dysfunction, among 
others. Symptoms including orthopnea and lower extrem-
ity edema are typically signs of advanced disease as they 
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indicate right ventricular dysfunction, which is a known 
late sequela of the disease.8 When identified in a patient 
with lack of echocardiographic evidence of right-ventricu-
lar dysfunction, alternate diagnoses should be considered. 
Concerning symptoms such as dizziness or lightheadedness 
with exertion or syncope are known high-risk features in 
patients with right ventricular failure and should prompt an 
expedited workup.8 

Of importance is the level of clinical suspicion that a 
patient may have WSPH Group 1 PAH or Group 4 PH versus 
Groups 2, 3, or 5 PH. The reason for this distinction is that 
Groups 2, 3, and 5 typically rely on treating the underlying 
disease and supportive therapy, whereas Groups 1 and 4 may 
require additional diagnostic interventions and the main-
stay of treatment remains pulmonary vasodilators. 

The historical factors that may raise suspicion for the 
presence of Group 1 PAH include a family history of PAH, 
history of exposure to particular drugs or toxins known to 
cause pulmonary arterial hypertension, including certain 
chemotherapeutic agents, anorexigens and methamphet-
amine,8 a personal or family history of connective tissue 
disease (particularly scleroderma, lupus, and mixed connec-
tive tissue disease), known history of HIV infection, chronic 
liver disease with portal hypertension, and a history of con-
genital heart disease. A personal or family history of prior 
venous thromboembolism may raise suspicion for Group 
4 PH, particularly CTEPH. However, lack of this history 
should not preclude additional diagnostic workup as the 
incidence of CTEPH following pulmonary embolism varies 
in the literature from 15% to 33% in Japanese cohorts8,9 to 
75% in a European and Canadian cohort.10 Additional his-
torical factors that may inform a diagnosis of Groups 2, 3, 
and 5 PH include general screening for left-sided or valvular  
heart diseases, obstructive airways diseases, sleep-disordered  
breathing, and interstitial lung diseases.

On physical exam, a loud pulmonic component of the 
second heart sound (P2), a tricuspid regurgitation murmur, 
and a palpable right ventricular heave may be identified. An 
increased jugular venous pulsation, hepatojugular reflex, and 
peripheral edema can all be seen with worsening right-ven-
tricular function and failure. Care should be taken to also 
examine the patient for signs of related diagnoses. For exam-
ple, an exam for undiagnosed connective tissue diseases may 
include evaluating for sclerodactyly, skin thickening, digital 
ulceration, telangiectasias, rashes, and joint edema. 

DIAGNOSTIC ALGORITHMS

The recommended diagnostic algorithm for pulmonary 
hypertension (Figure 1) is largely dependent on whether the 
workup is being performed outside a PH expert center, and 
if so, the probability of PH based on available data and thus 
the need for expedited referral. Echocardiographic signs that 
raise suspicion for PH are detailed below and in Table 3.  
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Peak tricuspid regurgitation 
velocity (m/s)

Presence of other 
echo “PH signs”*

Echocardiographic 
probability of PH

≤ 2.8 or not measurable No Low

≤ 2.8 or not measurable Yes
Intermediate

2.9 – 3.4 No

2.9 – 3.4 Yes
High

> 3.4 Not required

Table 2. Echocardiographic probability of Pulmonary Hypertension in 

symptomatic patients with a suspicion of Pulmonary Hypertension

PH = pulmonary hypertension. *See Table 3. Adapted from Galiè, et al. 2015.2

Figure 1. Diagnostic Algorithm for the Diagnosis of Pulmonary  

Hypertension Outside a Pulmonary Hypertension Expert Center

PH= pulmonary hypertension. CTEPH = chronic thromboembolic PH.  
Adapted from Frost, et al. 2019.8

These signs and high-risk symptoms (e.g., exertional diz-
ziness, syncope) should prompt expedited referral to a PH 
expert center.

Transthoracic Echocardiography
Echocardiography is the most important non-invasive 
screening tool in the evaluation for PH. High-risk echocar-
diographic features should be used to expedite workup and 
referral for right heart catheterization (RHC), which remains 
mandatory to establish the diagnosis.

Based on echocardiographic data from healthy individuals 
at rest and expert opinion, the tricuspid regurgitation veloc-
ity (which is used to calculate the pulmonary artery systolic 
pressure or PASP) and the presence or absence of other signs 
of echocardiographic PH are used together to establish the 
echocardiographic probability of PH (Tables 2 and 3). Other 
signs of PH on echocardiography include right ventricular 
enlargement, decreased right ventricular systolic function, 
flattening of the interventricular septum, right atrial enlarge-
ment, lack of respiratory variation in the inferior vena cava, 
and the diameter of the pulmonary artery.11-13 
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Electrocardiography
Though a normal electrocardiograph (ECG) does not exclude 
the diagnosis of PH, changes may provide helpful clues. When 
present, ECG changes are associated with a worse prognosis 
and so may be used with other data to expedite a patient’s 
workup.14,15 Changes typically seen in the ECGs of patients 
with PH include p pulmonale, right ventricular (RV) strain 
pattern, RV hypertrophy, and right bundle branch block.

Laboratory Testing
Routine hematology, biochemical, and thyroid testing are 
required for all patients being evaluated for pulmonary 
hypertension. Routine blood tests may reveal nonspecific 
signs such as hepatic congestion from right ventricular  
failure. An elevated brain natriuretic peptide (BNP) or N- 
terminal pro-BNP is associated with worse outcomes.16 

Serological assessment many be helpful in differentiating 
subtypes of the disease, thus all patients undergoing eval-
uation for PH require screening for connective tissue dis-
ease (CTD), HIV, and hepatitis. Because patients with CTD 
on the scleroderma spectrum are at particularly high risk 
for development of PAH, antinuclear antibodies (ANAs) 
are recommended in the initial workup for PH, although it 
should be noted that low titer positives (1:80) are frequent in 
patients who lack other convincing features of CTD.

Pulmonary Function Testing
Clinical history and symptoms should guide the need 
for pulmonary function tests (PFTs). These tests should 
include total lung capacity and diffusing capacity of the 
lung for carbon monoxide (DLCO). While airways obstruc-
tion or restrictive physiology can be observed in Group 3 
PH, patients with Group 1 PAH may demonstrate a mild 
restrictive component and a mild to moderate reduction in 
DLCO.17 Marked reductions in DLCO may indicate pulmo-
nary veno-occlusive disease (PVOD)/pulmonary capillary 
hemangiomatosis (PCH).18

Ventilation/Perfusion (V/Q) Scan
A V/Q scan to screen for chronic thromboembolic dis-
ease should be performed in all patients being evaluated 
for PH. CTEPH is likely underdiagnosed and remains elu-
sive, in part due to the underutilization of V/Q scanning 

despite guideline recommendations.19,20 A normal V/Q scan 
excludes CTEPH with a sensitivity of 90–100% and a speci-
ficity of 94-100%21,22 and so is the preferred test for CTEPH 
screening.19,23 An abnormal V/Q scan should prompt referral 
to a PH expert center as additional diagnostic interventions 
such as pulmonary angiography may need to be considered 
as part of the diagnostic evaluation.

Chest Computed Tomography (CT)
Chest CT is not a diagnostic tool for PH; however, several 
features may be suggestive. These include an enlarged pul-
monary artery (diameter ≥29mm), right ventricular dilation, 
right atrial dilation, and a main pulmonary artery/ascending 
aorta diameter ratio ≥1.24 An examination of the lung paren-
chyma may also be helpful in identifying parenchymal lung 
diseases responsible for Group 3 PH.

SCREENING IN HIGH-RISK POPULATIONS
Scleroderma (Systemic Sclerosis) and Scleroderma Spectrum
The incidence of PAH in connective tissue diseases on the 
scleroderma spectrum is estimated between 5–12%, which 
is substantially more than the population at large.25,26 Cur-
rent guidelines recommend annual screening for PAH in 
patients with systemic sclerosis (SSc) with an uncorrected 
DLCO < 80% predicted.2,3,27 Recommended screening tools 
include the DETECT algorithm, TTE or FVC/DLCO ratio 
> 1.6, and NT-proBNP greater than 2-fold the upper limit  
of normal.8

Human Immunodeficiency Virus (HIV) 
While the true incidence of PAH in persons infected with 
HIV is not clear, ongoing studies suggest that it may be 
higher than previously reported.8 In order to enrich the popu-
lation that would benefit from routine screening, additional 
concomitant risk factors that increase the risk of develop-
ment of PAH in HIV-positive individuals should be used 
to guide selection of asymptomatic patients for screening. 
These include female sex, intravenous drug or cocaine use, 
hepatitis C virus infection, origin from a high-prevalence 
country, known negative regulatory factor (Nef) or transacti-
vator of transcription (Tat) HIV proteins, and Black ethnicity 
in United States patients.28-33
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The ventricles Pulmonary artery Inferior vena cava and right atrium

Right ventricle/left ventricle basal diameter 
ratio >1.0

Right ventricular outflow Doppler acceleration 
time <105 msec and/or midsystolic notching

Inferior cava diameter >21 mm with decreased 
inspiratory collapse (<50 % with a sniff or <20 
% with quiet inspiration)

Flattening of the interventricular septum (left 
ventricular eccentricity index > 1.1 in systole 
and/or diastole)

Early diastolic pulmonary regurgitation velocity 
>2.2 m/sec

Right atrial area (end-systole) >18 cm2

PA diameter >25 mm

Table 3. Echocardiographic Signs Suggesting Pulmonary Hypertension

PA = pulmonary artery. Adapted from Galiè, et al. 2015.2
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RIGHT HEART CATHETERIZATION 
As the diagnosis and classification of pulmonary hyper-
tension centers on hemodynamic definitions, correct 
performance and interpretation of right heart catheteriza-
tion is essential for the diagnosis of PH. Comprehensive 
descriptions of RHC for the diagnosis of PH are reviewed 
elsewhere.34 Proper set up for RHC requires appropriate cal-
ibration of all equipment, and leveling of transducers to the 
level of the left atrium – the midsagittal line in a supine 
patient.35 Pressure measurements are performed during 
spontaneous respirations, with resting measurements made 
at end expiration. Correct measurement of PAWP during 
RHC is critical, as this is a measure prone to error by under- 
or over-wedging, and is necessary to distinguish between 
pre- and post-capillary PH. PAWP is typically measured 
at end expiration; however, measurements averaged over 
multiple respiratory cycles may be useful in patients with  
obesity or chronic obstructive pulmonary disease. 

Similarly, measurement of cardiac output is critical in the 
diagnosis of PH, to calculate pulmonary vascular resistance 
and assess the severity of PH and any cardiac dysfunction.  
The thermodilution method of cardiac output measurement 
is the recommended technique2 and requires a Swan Ganz 
catheter with a thermistor tip. Although there may be con-
cerns about potential inaccuracy in the setting of low cardiac 
output, and/or significant tricuspid regurgitation, the ther-
modilution method has been shown to be accurate in these 
circumstances in pulmonary hypertension.36 Measurement 
of central venous and pulmonary arterial saturations should 
be performed to evaluate for the presence of a left to right 
cardiac shunt. Vasoreactivity testing is performed by admin-
istration of a pulmonary vasodilator – typically inhaled nitric 
oxide (although intravenous epoprostenol, intravenous ade-
nosine or inhaled iloprost can also be used) during RHC. A 
positive response is defined by a decrease in mPAP by ≥10 
mmHg to mPAP ≤40 mmHg without a decrease in cardiac 
output.1 This should be performed in all patients with sus-
pected or confirmed idiopathic PAH, heritable PAH, or drug- 
and toxin-induced PAH, to identify a subset of patients who 
are likely to benefit from treatment with calcium channel 
blockers. Lastly, provocative challenges such as exercise or 
administration of a fluid bolus may be useful in certain clin-
ical settings but should be performed by operators skilled in 
their performance and interpretation. Given the complexi-
ties of hemodynamic evaluation for the diagnosis and man-
agement of PH, RHC should be performed by an operator 
with skill and experience in pulmonary hypertension.

CONCLUSION

The diagnosis of pulmonary hypertension can be challenging 
given the nonspecific nature of its presentation and multiple 
potential causes. Careful interpretation of history, physical 
exam, and echocardiogram is helpful to define the level of 
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suspicion for the disease. Understanding the clinical classifi-
cation and epidemiology of PH provides a framework for the 
differential diagnosis and diagnostic evaluation. Right heart 
catheterization remains mandatory to define hemodynam-
ics and confirm the diagnosis of PH. Early referral to a PH 
center of expertise is necessary, particularly in patients with 
high-risk features and in high-risk populations. 
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