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Pulmonary hypertension (PH) is a serious and
incurable condition characterized by high blood
pressure in the arteries of the lungs. It was previously
defined as mean pulmonary artery pressure (MPAP)
>25 mmHg at rest or >30 mmHg with exercise, but
the definition was simplified to resting MPAP ≥25
mmHg based on a review of current literature in
2008. (1) Increased pulmonary artery pressure and
resistance lead to right-sided heart failure and
possible death if untreated. Life expectancy post
PH diagnosis is less than 3 years for adults if left
untreated. (2) With 260,000 hospital visits and
15,668 deaths related to PH within the United States
in 2002 alone, it is critical to identify and treat PH
early. (3,4)

CLINICAL CLASSIFICATION OF PH
The five-group World Health Organization
(WHO) classification scheme was last updated in
2008 at the 4th World Symposium on Pulmonary
Hypertension (Table 1). (5) Patients in WHO Group
1 are classified as having pulmonary arterial
hypertension (PAH), whereas patients in Groups 2
to 5 are classified as non-PAH or PH. Group 1 adds
the criterion of pulmonary arterial wedge pressure
of ≤15 mmHg and pulmonary vascular resistance
(PVR) of ≥3 Wood’s units.1 Group 1 also includes
idiopathic and drug- and toxin-induced PAH. Table
2 lists the 2009 update of select agents and
anorexigens associated with causing PAH. (5) More
substantial prevalence data are available for Group
1, but little is known for Groups 2 to 5. Prevalence

is highly dependent on the underlying condition
leading to PH. The prevalence of PAH is approximately 15 cases per million people with 6 cases per
million people being idiopathic in nature. (6)
Idiopathic PAH (IPAH) occurs more commonly in
women than in men (1.7:1). Although PAH can
affect individuals of all ages, the mean age of
presentation ranges from 36 to 50 years. (2,6)

PATHOPHYSIOLOGY
Since PH in Groups 2 to 5 develops secondary to
an underlying etiology, the discussion of pathophysiology in PH will focus on the mechanisms
associated with PAH (Group 1) development,
though they are not fully understood. Genetic mutations, polymorphisms, or alterations in biologic
molecular pathways lead to endothelial dysfunction.
(7) Current drug therapies and research are centered
on treating and correcting dysfunctional pathways,
which include prostacyclin (PGI2), endothelin-1
(ET-1), and nitric oxide (NO) in vascular smooth
muscle cells. (8)
In PAH, there is thought to be a decrease in
prostacyclin synthase leading to imbalance of PGI2
expression compared to the vasoconstrictor thromboxane A2. This imbalance promotes increased platelet
activation, thrombosis, proliferation, and vasoconstriction. (7)
ET-1 is a potent vasoconstrictor produced in the
endothelium of pulmonary artery smooth muscle
cells. ETA receptors on the endothelial cells stimulate
vasoconstriction and proliferation while the ETB
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TABLE 1. Updated 2008 World Health Organization (WHO)
Clinical Classification of Pulmonary Hypertension (PH)a
Pulmonary Arterial Hypertension (PAH) Classification
and Select Modifications to 2003 WHO Clinical
Classification of PH
1. PAH
• Idiopatic PAH
• Heritable BMPR2, ALK1, endoglin (with or without
hereditary hemorrhagic telangiectasia), unknown
• Drug- and toxin- induced
• Associated with connective tissue diseases, HIV,
portal hypertension, congenital heart disease,
schistosomiasis, chronic hemolytic anemia
• Persistent PH of the newborn
• Pulmonary veno-occlusive disease and/or pulmonary capilary hemangiomatosis
2. PH owing to left heart disease
3. PH owing to lung diseases and/or hypoxia
• Other pulmonary disease with mixed restrictive and
obstructive pattern
4. Chronic thromboembolic pulmonary hypertension
5. PH with unclear multifactorial mechanisms
• Hematologic disorders: splenectomy, myeloprohferative disorders
• Systemic disorders: sarcoidosis, vasculitis, neurofibromatosis
• Metabolic disorders: thyroid disorders
• Others: chronic renal failure on dialysis
*List in not all inclusive. See reference for entire clasification updater
Source: Reference 5.

receptors are thought to stimulate the release of NO
and PGI2, leading to vasodilation and counteracting
the effects of ETA and ultimately ET-1. In PAH, less
ET-1 is cleared. Higher levels of ET-1 correspond
with more severe disease and prognosis. (6)
NO is a vasodilator that blocks calcium channels
to exert effect. It is produced by endothelial smooth
muscle cells via NO synthase. NO is necessary for
the conversion of cyclic guanosine triphosphate to
cyclic guanosine monophosphate (cGMP) by
guanylate cyclase to promote smooth muscle cell
relaxation. In PAH, the enzyme phosphodiesterase5 (PDE-5), found largely in the lung, inactivates
cGMP, preventing cellular response, causing pulmonary smooth muscle vasoconstriction, and leading
to platelet activation and proliferation. Vasoconstriction also predominates due to dysfunctional calcium
channel inhibition and less NO synthase. (6,7)

Other potential mechanisms for PAH include
autoantibodies and inflammatory processes. Alterations in norepinephrine and serotonin systems are
believed to play a role in the development of anorexigenic PAH; however, this alone is not thought to
cause PAH as its incidence has not risen with
increasing use of selective serotonin reuptake
inhibitors (SSRIs). (7)

PRESENTATION
Signs and symptoms of PH vary based on
comorbidities and disease severity. (7) Dyspnea is
the most frequently reported symptom. Disease
severity may be determined by first assessing
exercise capacity or functionality as defined by
WHO Functional Assessment Classification and/or
New York Heart Association (NYHA) Functional
Classification (Table 3). (9) Exercise capacity, often
determined by the 6-minute walk (6MW) test,
serves as marker for disease severity, progression,
and treatment response. Second, echocardiography
assesses disease progression, but right heart catheterization is considered the gold standard since it is
a more accurate measure of hemodynamic parameters and vasoreactivity. This test is more invasive
and is thus reserved for advanced treatment. (7,10)
Goals of therapy are to reduce or alleviate symptoms,
improve quality of life, improve functional class,
and increase survival. (6,12,13)

TREATMENT OPTIONS
Nonpharmacologic management includes measures to improve or prevent worsening functional
status. This includes restricting fluid intake to <1.5
liters daily and sodium intake to <2,400 mg daily
and participating in cardiopulmonary rehabilitation.
(6,7,10,11)
Pharmacologic treatment encompasses primary
and advanced therapy (Figure 1). (12) Primary
therapy for PH, also referred to as standard or
supportive therapy, is guided by identifying and
treating the underlying cause. It may be utilized in

TABLE 2. 2009 Updated Classification of Selected Drugs Associated with Pulmonary
Arterial Hypertension
Definite
Aminorex, fenfluramine,
dexfenfluramine, toxic
rapeseed oil

Likely
Amphetamines, Ltryptophan,
methamphetamines

Possible
Cocaine, chemotherapeutic
agents, phenylpropanolamine,
selective serotonin reuptake
inhibitors, St. John’s wort

Source: Reference 5.
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TABLE 3. Functional Assessment of Pulmonary Hypertensio
NYHA WHO Activity Limitations
Class Class
1
I
None
2
II
Slight limitation of acitivity
3
III
Marked limitation of activity
4
IV
Symptoms with any activity or at rest;
discomfort is increased by any physical
activity
NYHA: New York Heart Association; WHO: World Health Organization
Source: Reference 9.

all PH groups, providing symptomatic relief for
WHO functional class II, III, and IV (Table 3). (9)
Advanced therapy focuses on preventing disease
progression by treating underlying cardiopulmonary
disorders. Patients refractory to treatment may
require lung and/or heart transplantation.

Supportive therapy includes oral anticoagulants,
diuretics, oxygen, and digoxin. Anticoagulation
with warfarin may be useful in patients with or at
risk for venous thromboembolism PH (Group 4)
and for PAH (Group 1) patients with idiopathic,
hereditary, and drug-induced or anorexigen-induced
PAH, portal hypertension, scleroderma, or congenital heart disease. The target international normalized ratio range is 1.5 to 3.0 depending on the
indication. (6-10) Evidence for anticoagulant use
stems from observational studies where survival
benefit was noted. (6) For fluid overload and hepatic
congestion, loop diuretics are recommended and
adjusted to response. Supplemental oxygen of 1 to
4 L/min is utilized to maintain oxygen saturations
above 90% at all times and prevent vasoconstriction

FIGURE 1. PAH Evidence-Based Treatment Algorithm

APAH: associated pulmonary arterial hypertensive; ERA: endotheliu receptor antagonist; HPAH: heritable pulmonary arterial hypertension;
inh: inhaled; IPAH: idiophatic pulmonary arterial hypertensionl IV: intravenou; NA: not applicable; PAH: pulmonary arterial hypertensive;
PDE-5 I: phospodiestense type 5 inhibitor; SC: subcutaneous; WHO: World Health Organization.
a
Strength of Recommendation is based on the quality of evidence and the net benefit of therapy as is related to IPAH, HPAH, PAH associated
with scleroderma, or anorexigen use as more readily studied. Recommendations: A: strong; B: moderate; C: weak; E/A: strong based on
expert opinion; E/B: moderate based on expert opinion; E/C: weak based on expert opinion.
b
Iloprost IV, oral beraprost, and oral sitaxenton are not available in the U.S.
c
Treprostinil inhalation has been FDA approved in PAH adults with NYHA class 3 sympsoms since original publication. Strength of
Recommendation: B.
Source: Reference 12.
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due to hypoxemia. Oxygen is widely used in PH
due to pulmonary diseases and/or hypoxia (Group
3). Lastly, the role of digoxin is not clearly defined
in Group 1 PAH. Digoxin may be useful in Group 3
patients with chronic obstructive pulmonary disease
(COPD) and biventricular heart failure. (6-10)
Advanced therapy is not indicated or well studied
in PH Groups 2 to 5; therefore, these patients should
receive treatment for underlying cardiac, pulmonary,
or vascular conditions when possible. Group 1 PAH
is primarily idiopathic in nature and therefore lacks
an underlying cause. (13) The subsequent sections
will focus on Group 1 PAH treatment in adults
where advanced therapy has been developed to
prevent or slow progression when used with primary
therapy.

PHARMACOLOGIC MANAGEMENT OF
PAH
Calcium Channel Blockers (CCBs): Advanced
therapy is based on severity of disease as determined
by right heart catheterization and responsiveness to
vasoactivity testing with epoprostenol (2-10 ng/kg/
min), adenosine (50-250 mcg/kg/min), or NO (1080 parts per million [ppm] for 5 minutes). (6)
Currently there are no evidence-based guidelines
for selecting a vasodilatory testing agent. Positive
response to vasoreactivity testing is a reduction in
MPAP by ³10 mmHg to achieve an MPAP of ≤40
mmHg, which may indicate responsiveness to
CCBs. (6) It may also indicate earlier stages of
disease and thus a better prognosis or other
underlying condition treatable with CCBs such as
IPAH or anorexigen-induced PAH. In an early study,
several patients deemed responders to vasoactive
testing improved from NYHA functional class 3 to
functional class 1 or 2. (14) A subsequent study
showed CCB therapy in responders extended predicted survival over 5 years (predicted survival 40%
without therapy versus 90% with CCB therapy).
Although not FDA approved for the treatment of
PAH, CCBs commonly used are long-acting nifedipine, sustained-release diltiazem (useful for tachycardia), and amlodipine. Once-daily doses of nifedipine 120 to 240 mg, diltiazem 540 to 900 mg, and
amlodipine 2.5 mg to 40 mg have been successfully
used. All agents are titrated every 2 to 4 weeks to
clinical effect. Verapamil should be avoided due to
negative inotropic effects. (14,15)
Prostacyclin Analogs: If a patient does not sustain
a response to CCBs after at least 3 to 6 months of
therapy or is deemed a nonresponder to vasoactivity
testing, drug therapy with prostacyclins, endothelin

receptor antagonists, and/or PDE-5 inhibitors is
initiated. (6,12) (A summary of FDA-approved
treatments for PAH is provided in Table 4). (16-23)
Three prostacyclin analogs are currently available
in the U.S. – epoprostenol (Flolan), treprostinil
(Remodulin and Tyvaso), and iloprost (Ventavis).
Intravenous (IV) epoprostenol is the only
prostacyclin to improve survival in WHO class III
and IV patients in studies compared to supportive
therapy alone. (24-26) Patients receiving epoprostenol plus standard therapy had 1-, 3-, and 5-year
survival rates of 87%, 63%, and 54%, respectively,
compared to the historical control group of 77%,
41%, and 27% (P = .045). (24,25) Similar results
for survival were found in an observational study in
NYHA class 3 and 4 PAH patients treated with
epoprostenol and primary therapy. (26) Epoprostenol
has also been shown to improve functional capacity,
quality of life, hemodynamic parameters, and
survival with primary therapy compared to primary
therapy alone. (24-26) Epoprostenol is considered
first-line therapy for WHO class III and IV. It is also
the gold standard for end-stage PH. (10) Epoprostenol, like other FDA-approved medications for
PAH, must be obtained through a specialty pharmacy
distribution program. Due to its short half-life,
interrupting drug delivery may lead to rebound PH
or death. (16)
Treprostinil, the second FDA-approved prostacyclin, offers IV, subcutaneous (SC), and inhaled
formulations. Severe infusion site pain and paresthesias appeared to limit dose titration in studies
and led to therapy discontinuation of the SC formulation. (7) The IV formulation is useful in patients
who do not tolerate the SC infusion. The IV and SC
formulations are bioequivalent and are used in
treating patients with NYHA class 2, 3, and 4 PAH.
(10) The inhalation treprostinil (Tyvaso) received
FDA approval for PAH patients with NYHA class 3
symptoms only. Controlled studies demonstrated a
mean 20-meter improvement in 6MW distance at
12 weeks when added to bosentan or sildenafil
therapy. (18) This formulation may be suited for an
ambulatory patient intolerant of other PAH medications or in whom symptoms persist despite current
therapy. All three formulations have shown an
approximate 20-meter improvement in 6MW test.
The SC and IV formulations are better studied and
have demonstrated improvements in hemodynamic
parameters and symptoms with dose increases.
(27)
Gram-negative bacterial infections have been
noted with IV treprostinil, as well as epoprostenol,
due to the IV delivery method. Other side effects of
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TABLE 4. FDA-Approved Medications in the Treatment of PAH
Drug (Brand)

FDA Indication

Route of
Administration

Usual Starting Dose and
Titration Schedule*

Haltlife

Adverse
Effects

Epoprostenol
(Flolan)

Continuous
infusion via
central IV line;
place catheter

Treprostinil
(Remodulin)

PAH with NYHA
class
3-4 and PAH
associated with
scleroderma
NYHA
class 2-4

2 ng//kg/min increased by
2 ng/kg/min every 15 min until
dose-limiting side effect occurs

2.7
min

Central line infections, flushing, n/v,
hypotension, headache, flulike
sympthoms, jaw pain

Treprostinil
(Tyvaso)

NYHA
class 3

Continuous
infusion via
central IV line or
continuous SC
infusion
Oral Inhalation

1-25 ng/kg/min increased by
1-25 ng/kg/min weekly for first
4 wk then 2.5 ng/kg/min
thereafter

4h

Headache, n/v, infusion site reactions
and pain, flulike symptoms, jaw pain

3 inhalations (total of 18 mcg)
4 times daily increased by 3
inhalations 4 times a day every
1-2 wk until target or max dose 9
inhalations (54 mcg) 4 lines daily
is reached; space doses by 4 h
2.5 mcg 6-9 times per day (no
more frequently than every 2 h);
increase to 5 mcg 6-9 times per
day (max)

4h

Headache, flushing, nausea, cough,
throat imitation

Iloprost
(Ventavis)

NYHA
class 3-4

20-30
min

Flushing, hypotension, headache,
flulike symptoms, trismus, cough

Respiratory tract infections,
peripheral edema, headache,
anemia, chest pain, syncope, black
box wamings for hepatoltoxicity and
teratogenicity
Peripheral edema, headache, nasal
congestion, flushing, black box
wamings for potential hepatotoxicity
and contraindication in pregnancy

Prostacyclin Analogs

Aerosolized
Inhalation

Endothelin Receptor Antagonists (ERAs)
Bosentan
(Tracleer)

WHO class
II-IV

Oral tablet

62.5 mg tw ice daily for 4 wk,
then increase to 125 mg twice
daily; If<40 kg. dose remains
62.5 mg twice daily

5h

Ambrisentan
(Letairis)

WHO class
II-III

Oral tablet

5 mg daily then increase to
10 mg daily

9-15 h

Phosphodiesterase-5 (PDE-5) Inhibitors
Sedenafil
(Revatio)

WHO class
I-IV

Oral tablet
IV bolus

Tadalafil
(Adcirca)

WHO class
I-IV

Oral tablet

20 mg 3 times daily
(-4-6 h apart)
10 mg (12.5 mL)
3 times daily
40 mg once daily

4h

Epistaxis, headache, dyspnea,
flushing, NAJON, hearing loss

Headache, myalgias, nasopharyngitis,
flushing, respiratory tract infection,
hypotension hearing or vision loss
IV: intravenous max: maximum; min; minute; NAJON: nonarteritic ischemic optic neuropathy; n/v: nausea/vomiting; NYHA: New York
Heart Associations; PAH: pulmonary arterial hypertension; SC: subcutaneuous; WHO: World Health Organization.
a
Refer to package inserts for renal and hepatic impairment during as well as specific medication considerations.
Source: References 16-23.

treprostinil are similar to that of epoprostenol;
however, the safety profile of treprostinil is more
attractive than epoprostenol. Rebound PH is less
likely to occur with interruptions in therapy or
dysfunction of treprostinil delivery devices since it
has a longer half-life than epoprostenol. (16-18)
Iloprost is an aerosolized prostacyclin analog
approved for treating PAH Group 1 with NYHA
functional class 3 or 4 symptoms. (19,28) It is dosed
6 to 9 times per day. Iloprost efficacy appears to be
limited and wanes over time. Based on the lack of
strong efficacy data, iloprost may be reserved for
patients who are unable or unwilling to take IV or
SC PAH agents or in whom oral agents are not
effective. (6,8,9)
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Endothelin Receptor Antagonists (ERAs):
Besides the prostacyclin pathway, the FDA has also
approved the ERAs bosentan (Tracleer) and ambrisentan (Letairis) to promote vasodilation of
pulmonary vascular smooth muscle cells (Table 4).
Bosentan is an oral nonselective ERA indicated for
PAH with WHO class II, III, and IV symptoms to
improve exercise capacity and decrease clinical
worsening of disease based on randomized, doubleblind, placebo-controlled trials. (29) A randomized,
controlled bosentan trial was the first to define and
demonstrate longer time to clinical worsening,
defined as time to death, lung transplantation, PH
hospitalization, lack of clinical improvement, or
worsening leading to discontinuation of therapy,
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need for epoprostenol therapy, or atrial septostomy.
(The definition may vary slightly in other studies.)
Studies also showed improvement in functional
class, cardiac index, PVR, and MPAP. (29)
Once-daily ambrisentan is an ETA receptor
selective oral ERA. Receptor selectivity is thought
to be more favorable promoting vasodilation. It is
indicated for PAH patients with WHO class II and
III symptoms to prolong time to clinical worsening
and improve exercise capacity and hemodynamic
parameters. (30) Potential for interactions exist as
ambrisentan and bosentan are metabolized by
CYP2C9 and 3A4 pathways. Hematocrit must be
monitored with both agents. Due to hepatotoxicity
and teratogenicity, patients must enroll in a
monitoring program with bosentan (Tracleer Access
Program [TAP]), and ambrisentan has a special
distribution protocol (Letairis Education and Access
Program [LEAP]). Monthly pregnancy tests should
also be obtained. (20,21)
PDE-5 Inhibitors: Sildenafil (Revatio) and
tadalafil (Adcirca) demonstrate improved exercise
capacity in patients with PAH. The published
sildenafil and tadalafil studies were not designed to
show mortality benefit. Sildenafil, oral or IV, is FDA
approved to improve exercise capacity and delay
clinical worsening in patients with PAH. (22,31)
Patients treated with sildenafil had statistically
significant increases in their 6MW test compared to
those treated with placebo (>38 m). Additionally, as
compared to pla cebo, more patients treated with
sildenafil improved by at least one NYHA functional
class after the 12-week treatment period. Most
patients were NYHA functional class 2 or 3 at
baseline. Effects were unchanged after 12 months
of treatment. The changes in the 6MW distance
with sildenafil are comparable to changes observed
in patients treated with IV epoprostenol (47 m),
inhaled iloprost (36 m), and oral bosentan (44 m),
although these agents have not been directly compared. (32)
Tadalafil is FDA approved to improve exercise
capacity in patients with WHO Group 1 PAH. (23)
Galiè et al found patients randomized to tadalafil 40
mg once daily for 16 weeks had a mean increase in
6MW distance by 44 more meters than placebo (P
<.01). (33) Adverse effects with tadalafil were
similar to sildenafil (Table 4).
Combination Therapy: Combination therapy is
being studied for targeting the different pathologic
processes of PAH. Data both support and refute
statistically significant improvement in functional
capacity. Several studies failed to demonstrate
statistical significance due to lack of power owing

to small sample size or smaller-than-expected improvement in combination therapy. (34-36) Combinations studied include prostacyclin plus an ERA,
prostacyclin plus a PDE-5 inhibitor, and an ERA
plus a PDE-5 inhibitor. Inhaled iloprost, when
added to background bosentan, increased 6MW test
results by approximately 30 meters compared to a
4-meter increase in placebo plus bosentan (P =
.051). After 12 weeks of treatment, functional class
improvement was seen in 34% of iloprost plus
bosentan treated patients with baseline NYHA class
2 or 3 (P = .002). In addition, time to clinical
worsening was delayed in the iloprost treatment
group. (34) The 6MW distance increased 29.8
meters in IPAH or associated PAH patients on
epoprostenol plus sildenafil versus epoprostenol
plus placebo (P <.001). Improvements in hemodynamics and a longer time to clinical worsening in
the combination group were also seen. (34) When
initiating combination therapy, providers should
consider side-effect profiles and dose-limiting side
effects. In theory, lower doses of each agent may be
used to limit dose-related side effects; however,
side effects were reported more frequently with
combination therapy (epoprostenol plus bosentan,
iloprost plus bosentan) except for epoprostenol plus
sildenafil versus epoprostenol alone. (34-37)

CONCLUSION
While there is no cure for PAH (WHO Group 1),
prostacyclins, ERAs, PDE-5 inhibitors, and supportive care have been shown to reduce symptoms
of this condition. Despite interventions, over time
patients will experience worsening of functional
class, symptoms, quality of life, and hemodynamic
parameters. Therapy selection should be based on
evidence, NYHA functional class, ease of administration, tolerability of side-effect profile, drug interaction potential, and cost. For patients with more
functionality, therapy with oral agents may be more
reasonable to try first. As functionality worsens,
prostacyclins (i.e., epoprostenol) may be more
appropriate to utilize as there is greater ability to
titrate to desired effect. Epoprostenol has also
shown survival benefit in studies. Additional
counseling should be provided to patients regarding
device safety, drug therapy monitoring, pregnancy
testing, and immunizations (pneumococcal, H1N1,
and influenza). Patients should receive follow-up
care from a center specialized in treating patients
with PAH and be seen at least every 3 to 6 months
for reevaluation of therapy. (6)
As for PH (Groups 2 to 5), treatment of the
underlying cause with supportive care slows disease
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or treats disease progression. The use of prostacyclins, ERAs, PDE-5 inhibitors, or a combination
of these products is not indicated for use in Groups
2 to 5, as there is a lack of supportive evidence in

the current studies. Future studies are needed to
better define PAH and PH and prevent or prolong
time to clinical worsening.
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