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A clinician’s guide to pulmonary hypertension
Bailey K. Wilson, MMSc, PA-C; Catherine K. Sadowski, MHS, PA-C; Robert G. Baeten, DMSc, PA-C, FCCP

arterial pressure (mPAP) values range from 9 to 18 mm Hg.2 
The pulmonary vascular bed normally is low resistance, and 
can hold a patient’s entire cardiac output at pressures 15% 
to 20% of the systemic circulation.2

Pulmonary hypertension is defined hemodynamically as 
an mPAP greater than 20 mm Hg.3 Abnormally high pres-
sures in the pulmonary vasculature result from pulmonary 
vessel remodeling or increased downstream pressures.4 
These physiologic changes lead to a decrease in the diffus-
ing capacity of the lungs and, over time, the right ventricle 
enlarges to adapt to the increase in afterload.5 As a result, 
patients typically develop dyspnea, fatigue, exercise intol-
erance, and, in more advanced disease, symptoms of right-
sided heart failure, systemic fluid overload, and eventually 
death.3

Most often, pulmonary hypertension is a complication 
of an underlying cardiovascular or pulmonary disease. 
Development is associated with worsening symptoms 
and reduced life expectancy independent of the underly-
ing disease.6 From 2003 to 2020, about 126,526 people 
died in the United States from pulmonary hypertension; 
66% were women and 34% men.7 Higher mortality also 
was observed in Black patients and those living in rural 
areas.7

The World Health Organization classifies pulmonary 
hypertension into five clinical groups: Group 1, pulmonary 
arterial hypertension (PAH); Group 2, pulmonary hyper-
tension caused by left-sided heart disease (PH-LHD); Group 
3, pulmonary hypertension caused by chronic lung disease 
(PH-CLD); Group 4, chronic thromboembolic pulmonary 
hypertension (CTE-PH); and Group 5, pulmonary hyper-
tension with unclear and/or multifactorial mechanisms 
(Table 1).1 Grouping patients with similar pathologic 
findings, hemodynamic characteristics, and treatment lets 

Pulmonary hypertension is a heterogeneous disease 
composed of a number of different disorders char-
acterized by abnormally high pressures in the lung 

vasculature (Table 1).1 The causes of the abnormally high 
pressures vary, but the resulting symptomatology is largely 
the same.

Normal pulmonary arterial systolic pressure is between 
15 and 30 mm Hg, and normal pulmonary arterial diastolic 
pressure ranges from 4 to 12 mm Hg; mean pulmonary 
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ABSTRACT
Despite advances in diagnosis and treatment, pulmonary 
hypertension has high morbidity and mortality. The present-
ing symptoms often are vague and may mimic other more 
common diseases, so patients can be misdiagnosed or missed 
early in the disease process. Early detection of pulmonary 
hypertension by primary care providers can play an impor-
tant role in patient outcomes and survival. Identifying signs 
and symptoms, understanding the causes and classifications, 
and knowing the systematic approach to evaluating and 
diagnosing patients with suspected pulmonary hypertension 
are key to preventing premature patient decline.
Keywords: pulmonary hypertension, PAH, chronic 
thromboembolic hypertension, endothelin receptor 
antagonists, cGMP/PDE inhibitors, prostacyclins

Learning objectives

 Describe the pathophysiology of pulmonary hypertension.
 Differentiate the five classifications of pulmonary 
hypertension. 

 Recognize the signs and symptoms of pulmonary 
hypertension.

 Define the systematic approach used to diagnose 
pulmonary hypertension. 

 Discuss treatment options and goals for patients with 
pulmonary hypertension.
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clinicians communicate effectively about the different 
causes and standardize the diagnostic workup and treat-
ment.1

Most forms of pulmonary hypertension are managed by 
treating the underlying disease. However, targeted thera-
peutic options are available for patients with PAH (Group 
1). Surgical management can be an option for patients with 
PAH refractory to medical treatment and patients in Group 
4 (CTE-PH).2 Without treatment, all forms of pulmonary 
hypertension cause progressive right heart failure, which 
often is fatal.

PATHOPHYSIOLOGY AND PREVALENCE
To diagnose and treat pulmonary hypertension appropri-
ately, clinicians must understand the distinctive features 
of the various clinical classifications in each of the five 
groups.
• Group 1. PAH is characterized by precapillary pulmonary 
hypertension with resting mPAP greater than 20 mm Hg, 
pulmonary arterial wedge pressure (PAWP) of 15 mm Hg 
or less, and pulmonary vascular resistance (PVR) greater 
than 2 Wood units.1 Environmental and genetic insults are 
thought to initiate the disease.8 This process leads to 
increased PVR.9

Although PAH is relatively rare, with a prevalence of 5 
to 25 cases per 1 million population and an incidence of 
2 to 5 cases per 1 million population per year, it has sig-
nificantly higher morbidity and mortality than other forms 
of pulmonary hypertension.10,11 PAH most commonly is 
idiopathic (50% to 60% of cases).3 Historically, it was 
more common in young to middle-aged women without 
coexisting medical conditions, but now is more frequently 
diagnosed in patients ages 65 years and older with cardio-
vascular comorbidities and is diagnosed at about the same 
rates in men and women.3,12 Other causes include inherited 
genetic mutations, connective tissue disease, and drugs or 
toxins (Table 1).1 Clinicians can distinguish PAH from 
other classifications based on hemodynamic information 
revealed on echocardiogram.2

• Group 2. PH-LHD is a form of postcapillary pulmonary 
hypertension defined by mPAP greater than 20 mm Hg at 
rest and PAWP greater than 15 mm Hg on right heart 
catheterization, and is the most common type of pulmonary 
hypertension.6 The two hemodynamic phenotypes are 

isolated postcapillary pulmonary hypertension and com-
bined pre- and postcapillary pulmonary hypertension.6 
Between 65% and 80% of cases of pulmonary hyperten-
sion are caused by LHD.13 Progressive increase in left 
atrial pressure occurs as a result of heart failure with 
reduced or preserved ejection fraction or valvular heart 
disease.14

• Group 3. PH-CLD is a form of precapillary pulmonary 
hypertension with mPAP greater than 20 mm Hg at rest, 
PAWP of 15 mm Hg or less, and PVR of 3 Wood units or 
greater on right heart catheterization.6 Causes include 
chronic obstructive pulmonary disease (COPD), interstitial 
lung disease (ILD), and other conditions that cause chronic 

Key points

 Pulmonary hypertension is defined as an mPAP of  
20 mm Hg or greater.

 The presenting symptomatology of pulmonary 
hypertension is vague and mimics many other diseases.

 Early detection is crucial to patient outcomes and survival.
 Treatment focuses on reducing PVR to reduce symptoms 
and improve patient quality of life.

TABLE 1. Clinical classification of pulmonary  
hypertension types
Reproduced with permission from Simonneau G, Montani D, Celermajer DS, et al. 
Haemodynamic definitions and updated clinical classification of pulmonary 
hypertension. Eur Respir J. 2019;53(1):1801913.

1—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—HIV infection
1.4.3—Portal hypertension
1.4.4—Congenital heart disease
1.4.5—Schistosomiasis

1.5—PAH long-term responders to calcium-channel blockers
1.6—PAH with overt features of pulmonary veno-occlusive 
disease/pulmonary capillary hemangiomatosis
1.7—Persistent pulmonary hypertension of the newborn

2—Pulmonary hypertension caused by LHD
2.1—Pulmonary hypertension caused by heart failure with 
preserved ejection fraction
2.2—Pulmonary hypertension caused by heart failure with 
reduced ejection fraction
2.3—Valvular heart disease
2.4—Congenital or acquired cardiovascular conditions leading to 
postcapillary pulmonary hypertension

3—Pulmonary hypertension caused by CLD and/or hypoxia
3.1—Obstructive lung disease
3.2—Restrictive lung disease
3.3—Other lung diseases with mixed restrictive/obstructive 
patterns
3.4—Hypoxia without lung disease
3.5—Developmental lung disorders

4—Pulmonary hypertension caused by pulmonary artery 
obstructions
4.1—CTE-PH
4.2—Other pulmonary artery obstructions

5—Pulmonary hypertension with unclear and/or multifactorial 
mechanisms
5.1—Hematologic disorders
5.2—Systemic and metabolic disorders
5.3—Others
5.4—Complex congenital heart disease
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hypoxia, such as obesity hypoventilation syndrome or 
overlap syndrome (a combination of obstructive sleep 
apnea and COPD).6 Hypoxia induces vasoconstriction in 
the lungs, redirecting blood flow to areas of higher oxy-
genation for more effective gas exchange. Chronic hypoxia 
causes widespread vasoconstriction of the lung vasculature, 
which over time leads to vascular remodeling; this in turn 
causes increased PVR.15

The prevalence of pulmonary hypertension in patients 
with COPD varies depending on the patient’s stage of 
COPD, the kind of diagnostic tool used, and the definition 
used for pulmonary hypertension.15 The key point for 
clinicians is not to underestimate the likelihood that most 
patients with COPD will develop pulmonary hyperten-
sion.15 Between 8% and 15% of patients with idiopathic 
pulmonary fibrosis (IPF) have pulmonary hypertension at 
initial diagnosis; this figure rises to 30% to 50% of patients 
with advanced IPF and more than 60% of those with end-
stage IPF.15

• Group 4. CTE-PH is a form of precapillary pulmonary 
hypertension with mPAP greater than 20 mm Hg at rest, 
PAWP of 15 mm Hg or less, and PVR of 3 Wood units or 
greater on right heart catheterization.6 Subgroups are based 

on the underlying cause. This rare form of pulmonary 
hypertension is caused by increased clotting and persistent 
thrombi following pulmonary embolisms after at least 
3 months of therapeutic anticoagulation.3 The clots obstruct 
the pulmonary arteries, causing increased pressure in the 
lungs and diminished blood flow, leading to hypoxia and 
pulmonary vascular remodeling.16 The estimated incidence 
of CTE-PH is 0.9 patients per million and the estimated 
prevalence is 14.5 to 144 patients per million adults.11

• Group 5. Pulmonary hypertension associated with one 
of several complex disorders and multiple etiologic factors 
may be secondary to increased pre- or postcapillary pul-
monary hypertension or direct effects on pulmonary vas-
culature.6 Precapillary hypertension is characterized by 
mPAP greater than 20, PAWP of 15 or less, and PVR greater 
than 2 Wood units; postcapillary hypertension is character-
ized by mPAP greater than 20, PAWP greater than 15, and 
PVR less than 2 Wood units.6 Causes include hematologic 
disorders, metabolic disorders, chronic renal failure, and 
complex congenital heart disease.4 The incidence and 
prevalence of pulmonary hypertension in most of these 
disorders is unknown.3

CLINICAL MANIFESTATIONS
Progressive dyspnea is the most common symptom of 
pulmonary hypertension, occurring as an initial symptom 
in more than half of patients and eventually present in 
about 85%.2 A high index of suspicion is needed to diag-
nose pulmonary hypertension; thus, clinicians should 
consider it in patients with exertional dyspnea. Studies 
have estimated that 21% of patients experienced a 2-year 
delay in receiving a diagnosis of pulmonary hypertension 
after symptoms began.4 Other symptoms include fatigue, 
chest pain, presyncope or syncope, lower extremity edema, 
and palpitations.2

As the disease progresses, symptoms progress to those 
of right-sided heart failure, including weight gain from 
fluid retention, right upper quadrant abdominal pain from 
hepatic congestion, and other signs of systemic venous 
congestion.

Poch and Mandel note that physical examination find-
ings may be unremarkable in patients in the early stages 
of pulmonary hypertension, but as the disease progresses, 
findings suggestive of pulmonary hypertension include 
right-sided heart failure and systemic fluid overload.2 Signs 
may include jugular venous distension, hepatojugular 
reflux, hepatomegaly, ascites, peripheral edema, left para-
sternal heave, and S3 gallop. Less common symptoms 
include exertional chest pain, wheezing, cough, atelectasis, 
and Ortner syndrome (Figure 1).17

The combination of peripheral edema, right ventricular 
heave, and elevated jugular venous pressure highly suggests 
the presence of severely elevated mPAP and requires urgent 
diagnostic evaluation.18 Physical examination findings such 
as crackles, wheezing, heart murmurs, peripheral cyanosis, 

FIGURE 1. Ortner syndrome, hoarseness of the voice from com-
pression of the left laryngeal nerve by an enlarged pulmonary artery

Reproduced with permission from Kheok SW, Salkade PR, Bangaragiri A, et al. Cardiovascular 
hoarseness (Ortner’s syndrome): a pictorial review. Curr Probl Diagn Radiol. 2021;50(5):749-754.
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and other signs of left heart failure 
are more suggestive of PH-LHD or 
PH-CLD.2 When evaluating a 
patient with similar signs and 
symptoms, such as patients with 
left-sided heart failure, valvular 
heart disease, or obstructive or 
restrictive lung diseases, clinicians 
should keep pulmonary hyperten-
sion on the differential.

DIAGNOSIS
The wide range of underlying dis-
orders and conditions that can lead 
to pulmonary hypertension can 
complicate its diagnosis. In patients 
presenting with symptoms and 
physical examination findings con-
sistent with pulmonary hyperten-
sion, common tests include ECG, 
chest radiograph, and pulmonary 
function tests (PFTs). Transthoracic 
echocardiography also can be use-
ful to estimate the probability of 
pulmonary hypertension.19 The role 
of diagnostic testing is not only to 
confirm the presence of pulmonary 
hypertension, but to help identify 
the underlying cause and classify 
it. By classifying patients with PAH, 
CTE-PH, or other forms of severe 
pulmonary hypertension, clinicians 
can appropriately refer them to 
pulmonary hypertension centers 
for specialized care.20

In 2022, the European Society of Cardiology (ESC)/the 
European Respiratory Society (ERS) issued guidelines for 
the diagnosis and treatment of pulmonary hypertension.3 
If a clinician has a patient with unexplained dyspnea or is 
suspected of having pulmonary hypertension, the clinician 
can refer to a diagnostic algorithm to approach the clinical 
workup (Figure 2).3 The algorithm has three steps:

Suspicion Patients are likely to present to their primary 
care providers (PCPs) with nonspecific cardiovascular or 
pulmonary symptoms. Perform a comprehensive workup 
including past medical and family history, physical exam-
ination, and bloodwork to narrow the differential diag-
nosis and point the clinician toward a cardiovascular or 
pulmonary cause.

Detection Noninvasive cardiac and/or lung testing  
should be performed next based on the clinician’s suspicion 
of the underlying cause of the symptoms. These tests may 
include an ECG, chest radiograph, PFTs, arterial blood 
gas (ABG) analysis, and echocardiogram. Of these tests, 
the echocardiogram is the most helpful, because it assesses 

right and left heart morphology and the level of probabil-
ity of pulmonary hypertension, irrespective of the cause. 
This information also helps guide subsequent testing for the 
classification of pulmonary hypertension and determines 
whether invasive right heart catheterization is warranted.3

Guidelines recommend using the peak tricuspid regur-
gitation velocity measured by echocardiography as the 
key variable for assessing the probability of pulmonary 
hypertension.3 However, the presence or absence of pul-
monary hypertension cannot be reliably determined by 
tricuspid regurgitation velocity alone. Peak tricuspid 
regurgitation velocity is used to separate patients into risk 
groups: low (2.9 m/s or less), intermediate (greater than 
2.9 m/s to 3.4 m/s), and high (greater than 3.4 m/s).21 
Additional echocardiography findings are used to further 
evaluate a patient’s probability of having pulmonary 
hypertension. Other findings suggestive of pulmonary 
hypertension include an elevated pulmonary artery systolic 
pressure, right or left ventricular enlargement, flattening 
of the interventricular septum, pulmonic insufficiency, 

FIGURE 2. Diagnostic algorithm of patients with unexplained exertional dyspnea and/or 
 suspected pulmonary hypertension.

Reproduced with permission from Humbert M, Kovacs G, Hoeper MM, et al. 2022 ESC/ERS guidelines for the diagnosis and treatment of 
pulmonary hypertension. Eur Heart J. 2022;43(38):3618-3731. 
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midsystolic notching, an enlarged pulmonary artery diam-
eter, and an enlarged inferior vena cava with decreased 
inspiratory collapse.16

Confirmation When echocardiography is highly sugges-
tive of pulmonary hypertension, further diagnostic testing 
is warranted. Clinicians should focus on ruling out preex-
isting cardiovascular or pulmonary disease because these 
are the most common causes of pulmonary hypertension.6 
If the patient has clear echocardiographic findings of LHD 
(for example, aortic valve disease, mitral valve disease, or 
heart failure with reduced or preserved ejection fraction 
in conjunction with evidence of pulmonary hypertension), 
further testing usually is not required to confirm the diag-
nosis.22 If uncertainty remains, consider right and/or left 
heart catheterization.14

Patients without evidence of LHD on echocardiography 
should undergo additional testing to identify noncardiac 
causes of pulmonary hypertension.3,13 The most common 
noncardiac causes of pulmonary hypertension are CLD 
and CTE-PH. Based on the patient’s clinical presentation 
and reported history, clinicians should order additional 
testing. In patients with evidence of CLD, echocardiographic 
findings should be interpreted in conjunction with ABG 
analysis, PFTs, diffusing capacity of lungs for carbon 
monoxide, high-resolution chest CT, and a 6-minute walk 
test.3 Patients with evidence or history of thromboembolic 
disease should undergo ventilation-perfusion scanning to 
evaluate for CTE-PH.16

After the noninvasive workup has concluded, if the 
evidence suggests that the patient may indeed have pul-
monary hypertension, the gold standard for diagnosis is 
right heart catheterization.3 According to Poch and Man-
del, right heart catheterization is mandatory to establish 
a diagnosis of PAH and must be performed before advanced 
therapies are directed to the pulmonary vasculature.2

Right heart catheterization provides information on 
cardiopulmonary hemodynamics, including estimates of 
pulmonary arterial pressure, right ventricular pressure, 
and right atrial pressures. A pulmonary capillary wedge 
pressure (PCWP) of 15 mm Hg or less signifies the absence 
of pulmonary venous hypertension, which differentiates 
PAH from other causes of pulmonary hypertension.3 In 
addition, a PCWP of 15 mm Hg or greater signifies elevated 
left atrial pressure from LHD, which is only seen in patients 
with Group 2 pulmonary hypertension.

Treatment for pulmonary hypertension is based on the 
underlying pathology, with the 2022 ESC/ERS guidelines 
as a framework for recommended therapies.3

TREATING GROUP 1
PAH-specific drug therapies should be prescribed by PAH 
specialists. PAH treatment involves FDA-approved med-
ications in three major categories: endothelin receptor 
antagonists, phosphodiesterase (PDE) inhibitors and 
soluble guanylate cyclase (sGC) stimulators, and prosta-

cyclins.23,24 These therapies enhance exercise capacity, 
improve quality of life, and slow disease progression. 
Each of the therapies, with a goal of lowering pulmonary 
vascular pressure, carries the risk of common adverse 
reactions such as systemic arterial hypotension, gastro-
intestinal (GI) intolerance such as nausea and vomiting 
related to dilation of the GI vascular bed, headache, and 
flushing.

What makes these therapies different is that they target 
unhealthy pulmonary vasculature; traditional vasodilators 
also affect healthy pulmonary vasculature.25 Before the 
development of targeted therapies, patients with PAH had 
a 1-year survival rate of 69% and a 5-year survival rate of 
38%.26 Since development of targeted therapies over the 
past 2 decades, the rate for 1-year survival has increased 
to 85% and for 5-year survival to 57%.27 Research has 
borne out that patients who receive treatment within 6 
months of diagnosis have a more pronounced effect and 
better prognosis.28

However, these therapies are costly and may only be 
available at certain medical centers. A review by Kaiser 
Permanente Colorado found that for a patient with PAH, 
the median total expenditure per day was $56, and 3-year 
total expenditures were $50,599.23 Data from the Pulmo-
nary Hypertension Association Registry from 2015 to 
2020 found that Black race, public insurance, lower level 
of education, low household income, higher number of 
people in household, high body mass index, previous drug 
use, older age, and male sex are associated with an increased 
risk of death, hospitalization, and clinical decline.29 
Although targeted therapies offer promise, room for 
improvement remains in terms of treatment costs and social 
determinants of health.

Outside of the aforementioned targeted therapies, a 
subset of Group 1 patients may demonstrate vasoreactiv-
ity to oral calcium channel antagonist therapy. The target 
dosages for patients with PAH are two to three times the 
dosages typically used for patients with systemic arterial 
hypertension, which may concern PCPs unfamiliar with 
this higher dosing.3

Endothelin receptor antagonists Bosentan, ambrisen-
tan, and macitentan block the action of endothelin, a 
peptide that constricts blood vessels. Adverse reactions 
include peripheral edema and hepatotoxicity. These drugs 
are teratogenic and should not be used in pregnant 
patients.3

PDE inhibitors and sGC stimulators These therapies are 
linked to the nitric oxide pathway. Nitric oxide is a signal-
ing molecule that acts as a vasodilator by binding to sGC, 
which catalyzes the conversion of guanosine triphosphate 
to cGMP, an intracellular messenger that relaxes smooth 
muscle. PDE is an enzyme that breaks down cGMP. Silde-
nafil and tadalafil inhibit the action of PDE-5, promoting 
vasodilation. Adverse reactions include visual or auditory 
disturbances.30 Riociguat stimulates sGC, leading to 
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increased production of cGMP and vasodilation even in 
the absence of nitric oxide.30

Riociguat and all of the endothelin receptor antagonists 
are teratogenic and highly regulated by the FDA.31 The Risk 
Evaluation and Mitigation Strategy (REMS) is a required 
risk management plan determined by the FDA that includes 
special requirements or certifications for prescribers, dis-
pensing pharmacists, documentation of patient safety 
monitoring such as laboratory tests, and patient enrollment 
in a registry.32 Riociguat, for example, is available to female 
patients only through a REMS program.

Prostacyclin analogs and receptor agonists Epoprostenol, 
treprostinil, and iloprost are prostacyclin analogs and 
mimic the effects of prostacyclin, a naturally occurring 
substance that dilates blood vessels and inhibits platelet 
aggregation.30 Selexipag, a prostacyclin receptor agonist, 
selectively activates prostacyclin receptors.30 Common 
adverse reactions include headache, jaw pain (especially 
with treprostinil), flushing, and diarrhea.

Combination therapies Some patients may receive a 
combination of the above medications for a more compre-
hensive approach to managing pulmonary hypertension. 
However, avoid any combination of PDE inhibitors, sGC 
stimulators, and nitrates because of the risk for severe hypo-
tension.3 Patients with PAH also should be immunized against 
COVID-19, influenza, and Streptococcus pneumoniae.3

TREATING GROUP 2
Pulmonary hypertension secondary to heart failure should 
be managed with diuretics.3 Use of medications approved 
for PAH in patients from Group 2 may have detrimental 
effects on gas exchange or hemodynamics and is not rec-
ommended.3 Patients should be immunized against COVID-
19, influenza, and S. pneumoniae.33

TREATING GROUP 3
Patients with pulmonary hypertension caused by lung 
pathologies and/or hypoxia may benefit from supplemen-
tal oxygen, noninvasive ventilation, and pulmonary reha-
bilitation programs.3 Use of medications approved for PAH 
in patients with Group 3 pulmonary hypertension may 
have detrimental effects on gas exchange or hemodynam-
ics. Inhaled treprostinil has FDA approval for treatment 
of ILD, but the ESC/ERS guidelines suggest only that its 
use may be considered without providing a strong recom-
mendation.3,34 Patients with COPD should be immunized 
against COVID-19, influenza, and S. pneumoniae.35

TREATING GROUP 4
Treatment includes a combination of surgical pulmonary 
endarterectomy, balloon pulmonary angioplasty, and 
medical therapies. Lifelong therapeutic anticoagulation is 
recommended. Riociguat is recommended for symptomatic 
patients with CTE-PH or those with persistent pulmonary 
hypertension after pulmonary endarterectomy.3

TREATING GROUP 5
No PAH therapies have demonstrated benefit or are rec-
ommended for patients in this group. Therapies are confined 
to treating the underlying disorder.3

CONCLUSION
Despite advances in understanding and treating pulmonary 
hypertension, the disease continues to be associated with 
high morbidity and mortality. The prevalence of pulmonary 
hypertension should make clinicians concerned and inter-
ested in identifying these patients. Awareness of the condi-
tion by PCPs is important because they may be the first to 
recognize signs and symptoms, leading to diagnosis and 
treatment. JAAPA
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