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CME Objective: To review current evidence for the diagnosis and screening, treat-
ment, prognosis, and practice improvement of pulmonary hypertension.

The information contained herein should never be used as a substitute for clinical
judgment.
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What is pulmonary hypertension
and what causes it?
Normal pulmonary arterial systolic
pressure (PASP) ranges from 15–30
mm Hg and diastolic pressure from
4–12 mm Hg; mean values range
from 9–18 mm Hg. By current def-
inition, “pulmonary hypertension” is
present when the mean pulmonary
arterial pressure is > 25 mm Hg. It
is currently classified by the World
Health Organization (WHO) into
5 categories of disease (see the Box:
Causes of Pulmonary Hyperten-
sion), each of which has a different
mechanism responsible for the ele-
vated pulmonary arterial pressure, a
different natural history, and a dif-
ferent approach to treatment.

The most common cause of PH is
left heart disease, including left-
sided systolic dysfunction of various
causes (e.g., ischemic and other car-
diomyopathies). An important and
frequently underappreciated cause of
PH is left-sided heart failure with a
preserved ejection fraction (with or
without diastolic dysfunction). Mi-
tral or aortic valve disease (stenosis
or regurgitation) may also cause PH.
In each case, it is the result of pul-
monary venous hypertension, which
manifests as either elevated left ven-
tricular end-diastolic pressure or
pulmonary artery occlusion
(“wedge”) pressure. Although usually
normal in this setting, pulmonary
vascular resistance may become mod-
estly elevated with long-standing

pulmonary venous hypertension. It
is important to appreciate that these
left heart processes may become
more pronounced (and more symp-
tomatic) with exertion and/or in-
creased heart rate.

Chronic hypoxemic lung disease
may involve destruction of lung
parenchyma, entrapment of pul-
monary vasculature, and hypoxemic
pulmonary vasoconstriction and
may lead to PH in some patients.
The most common such disease is
chronic obstructive pulmonary dis-
ease (COPD). Fibrotic lung dis-
eases, such as idiopathic pulmonary
fibrosis and sarcoidosis, or intersti-
tial lung diseases due to collagen
vascular disorders, such as sclero-
derma or systemic lupus erythe-
matosis, also cause PH. Obstructive
sleep apnea also causes PH and is
included in this category. Although
the PH seen in these disorders is
often mild, more profound disease
does occur, and a sufficiently reli-
able method of determining the 
extent to which PH may be attrib-
uted to the severity of hypoxemic
lung disease is unavailable.

Chronic thromboembolic PH de-
velops in up to 4% of patients after
pulmonary embolism (1). Venous
thromboembolic events may go un-
recognized until progressive symp-
toms lead to recognition of PH and
an evaluation of its cause.
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The pulmonary vascular bed is normally a low-resistance, high-capacitance
circuit capable of accommodating the entire cardiac output at pres-
sures approximately 15%–20% of those in the systemic circulation. In

pulmonary hypertension (PH), elevated pulmonary arterial pressure places a
burden on the normally thin-walled right ventricle as it works to maintain
normal blood flow. Without effective therapy, right heart dysfunction leads
to progressive symptoms and is often fatal. Pulmonary hypertension is fre-
quently a result of common left-sided heart or lung diseases. Less frequently,
it results from a disease process intrinsic to the pulmonary vasculature itself.
Differentiating among the several causes of PH requires methodical evalua-
tion. Differentiation is essential because management varies according to the
underlying cause, and misapplication of therapy can cause serious harm.

Diagnosis and
Screening

Causes of Pulmonary
Hypertension*
I. Pulmonary arterial hypertension

• Heritable/genetic abnormalities
• Idiopathic pulmonary arterial

hypertension
• Associated with known risk fac-

tors (e.g., collagen vascular dis-
eases, anorectic agent use, HIV
infection, liver disease)

II. Pulmonary hypertension due to
left heart disease (pulmonary
venous hypertension)
• Systolic or diastolic left heart

dysfunction
• Mitral or aortic valve disorders

III. Pulmonary hypertension due to
chronic hypoxemic lung disease
• Obstructive lung disorders (e.g.,

chronic obstructive pulmonary
disease)

• Interstitial lung disease (e.g.,
idiopathic pulmonary fibrosis,
interstitial lung disease due to
collagen vascular disorders)

• Sleep-disordered breathing
(e.g., obstructive sleep apnea)

IV. Pulmonary hypertension due to
embolic disease (e.g., chronic
thromboembolic pulmonary
hypertension, tumor embolism)

V. Miscellaneous causes of
pulmonary hypertension (e.g.,
sarcoidosis, lymphatic
obstruction)

*Adapted from current World Health
Organization classification, which
divides pulmonary hypertension into
groups I–V as noted above. Note that
pulmonary arterial hypertension
requires catheterization-confirmed
pulmonary hypertension together with
exclusion of all other forms of
pulmonary hypertension listed.
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In the absence of left-sided heart,
chronic hypoxemic lung, or chron-
ic thomboembolic diseases, PH
may be due to an intrinsic pul-
monary vasculopathy termed 
“pulmonary arterial hypertension”
(PAH). This type of hypertension
involves progressive intimal, 
medial, and adventitial vascular
derangements that increase pul-
monary vascular resistance. It may
be caused by genetic abnormalities
or seen in association with known
risk factors, including collagen
vascular disease (e.g., scleroder-
ma), HIV infection, liver disease
with portal hypertension, or a his-
tory of anorectic drug use. In the
absence of an identifiable risk,
PAH is termed idiopathic.

The terms “primary” and “sec-
ondary” PH are historical; their use
is now discouraged because they
suggest clinically inappropriate
groupings of disorders and may
thus promote inadequate therapeu-
tic decision making.

Who should be screened?
Although prospective studies have
not demonstrated improved out-
comes with screening, expert con-
sensus recommendations include
screening for PH in patients 
with systemic sclerosis or a family
history of a heritable form of PAH.
The optimum screening interval in
this setting has not been adequately
studied, although annual screening
has been recommended (2). Screen-
ing for PH is necessary in patients
with portal hypertension being con-
sidered for organ transplantation
because perioperative mortality is
increased with elevations in mean
PA pressure and effective therapy
may be required before transplanta-
tion can be safely pursued. 

What are the symptoms?
Progressive dyspnea is the most
common symptom of PH. It is the
initial symptom in more than half
of patients with PH and ultimately
occurs in approximately 85% (3).

Because exertional dyspnea is a
common symptom and PH is rela-
tively uncommon, a high index of
suspicion is needed to identify pa-
tients with the condition, particu-
larly those who present at a younger
age and patients diagnosed with
concurrent asthma. Even as aware-
ness of the disease has increased,
delay from symptom onset to diag-
nosisis is still considerable, with
20% of patients reporting symptoms
for > 2 years before a diagnosis of
PAH is made (3).

Other symptoms include fatigue
(26%), chest pain (22%), presyncope/
syncope (17%), lower-extremity ede-
ma (20%), and palpitations (12%) 
(3, 4). A rare symptom known as the
Ortner syndrome is the development
of hoarseness from compression of
the left laryngeal nerve by an en-
larged pulmonary artery. 

What are the physical
examination findings?
The physical examination may be
surprisingly unremarkable in early
PH. As the condition progresses,
the findings of right heart strain and
ultimately right heart failure will de-
velop. Cardiac examination may be
notable for elevated jugular venous
pressure, a right ventricular paraster-
nal heave or subxiphoid thrust, a
loud P2, a right-sided S3 or S4, and
a holosystolic tricuspid regurgitant
murmur heard best at the lower left
sternal border. In contrast to mitral
regurgitation, the murmur of tricus-
pid regurgitation becomes louder 
after inspiration due to increased 
venous return to the right heart
(Carvallo sign). With the develop-
ment of right heart failure, patients
may manifest peripheral edema
and/or ascites. Hepatomegaly due to
hepatic congestion is common, and
when there is significant tricuspid
regurgitation a pulsatile liver may be
palpated. 

Some physical findings suggest
underlying conditions responsible
for pulmonary hypertension, such
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as pleural effusion; pulmonary
edema; rales; wheezing; or other
signs of left-sided heart failure, in-
terstitial lung disease, or signifi-
cant obstructive lung disease (the
most common causes of PH). Signs
suggestive of liver disease (e.g., pal-
mar erythema, jaundice, caput
medusa), collagen vascular disease
(e.g., sclerodactyly, telangiectasias,
or other rashes), or HIV infection
might point toward a cause of
PAH. The presence of these find-
ings is helpful in directing testing
toward specific causes of elevated
pulmonary pressures, although
none are sufficiently sensitive to
allow exclusion of a diagnosis.

What is the role of echocardio-
graphy patients with suspected
pulmonary hypertension?
The echocardiogram is one of the
best tests to evaluate for possible
PH. Indeed, PH is often first recog-
nized as a potential diagnostic issue
when noted on an echocardiogram
ordered for evaluation of dyspnea
or a cardiac murmur. PASP can be
estimated with use of echocardiogra-
phy by adding an estimated right

ventricular pressure calculated from
tricuspid valve regurgitant flow ve-
locity to an estimate of central ve-
nous pressure that is often generat-
ed from the appearance of the
inferior vena cava. A close approxi-
mation of PASP is possible in most
patients but is limited when an accu-
rate tricuspid regurgitation envelope
cannot be obtained. Right atrial or
ventricular enlargement, hypertrophy,
or decreased right ventricular func-
tion is more important than the actu-
al estimated PASP because these
findings usually indicate more severe
disease regardless of the cause. Severe
elevations in right ventricular pres-
sure may cause leftward deviation of
the interventricular septalum 
(“D sign”) (Figure 1).

Of note, echocardiography may also
provide information that suggests the
cause of PH and the patient’s symp-
toms (which may not be due to the
PH itself ). The presence of pulmon-
ary venous hypertension causing 
elevations in PASP may be suggested
by left atrial enlargement, left-sided
valvular heart disorders (e.g., mitral
or aortic regurgitation or stenosis), or

Figure 1. Apical 4-chamber view of an echocardiogram from a patient with idiopathic pulmonary arterial hypertension (left panel ). Dilatation of
both the right atrium (RA) and right ventricle (RV ) is appreciated when compared with an apical four chamber view from a healthy individual
(right panel). Other echocardiographic findings in patients with pulmonary hypertension can include RV hypokinesis, septal flattening or bowing 
toward the left ventricle, tricuspid regurgitation, pulmonary insufficiency, and midsystolic closure of the pulmonary valve.
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left ventricular systolic or diastolic
dysfunction. Regional wall motion
abnormalities or ventricular dilatation
may suggest ischemic heart disease,
ventricular dilatation, or other car-
diomyopathies. Atrial or ventricular
septal defects may point to congenital
heart disease and may require admin-
istration of agitated saline (and an
echocardiographic “bubble” study) to
appreciate.

Although estimation of PASP by
echocardiography is useful when
evaluating for PH, it is inadequate to
assess precise disease severity or to
gauge the response to therapy. When
specific treatment of certain types of
PH is being considered, right heart
catheterization is mandatory. The
echocardiogram alone cannot defini-
tively diagnose PAH.

What other tests should be
ordered in the evaluation of
pulmonary hypertension?
Some tests are required to establish
or exclude certain potential causes
of PH. Ventilation–perfusion scan-
ning should be done to rule out
chronic thromboembolic disease,
even when there is no known 
history of pulmonary embolism,
because such disease is frequently
unrecognized. Computed tomogra-
phy pulmonary angiography is not

considered sufficiently sensitive to
exclude this important and poten-
tially reversible cause of PH. Chest
computed tomography may be use-
ful when there is suspicion for in-
terstitial lung disease because of
clinical, pulmonary function, or
chest radiographic findings. A sleep
study should be considered if there
is any possibility of sleep apnea.

Additional testing is done to help
determine the specific cause or 
association of PAH and assess dis-
ease severity (see the Box: Evalua-
tion of Pulmonary Hypertension).
The electrocardiogram of a patient
with PH may reveal right axis de-
viation, right atrial enlargement, or
right ventricular hypertrophy (Fig-
ure 2). The chest radiograph may
reveal enlargement of the right
ventricle and pulmonary arteries
(Figure 3).

Other tests are useful in assessing
disease severity and in helping to
guide the choice of therapy and re-
sponse. Oxyhemoglobin saturation
should be measured at rest and with
exertion. Brain natriuretic peptide
(BNP) has been shown to correlate
with disease severity in certain types
of PH, specifically with PAH or
with PH due to systolic left heart
failure. Levels of BNP > 150 pg/mL

Evaluation of Pulmonary
Hypertension
Autoantibody testing for collagen

vascular disease
Brain natriuretic peptide or N-

terminal brain natriuretic peptide
measurement

Chest radiography
Complete blood count
Echocardiography
Electrocardiography
Electrolytes/creatinine

measurement
HIV serologic testing
Liver function testing (alanine

transaminase, aspartate
transaminase, alkaline
phosphatase, total bilirubin)

Oxyhemoglobin saturation at rest
and with exertion

Polysomnography
Pulmonary function testing

(spirometry, lung volumes,
diffusing capacity)

Radionuclide ventilation-perfusion
imaging

Right heart catheterization
Six-minute walking distance

Figure 2. Electrocardiogram of a 31-year-old woman presenting with dyspnea, demonstrating
right axis deviation, right atrial enlargement, and right ventricular hypertrophy with repolariza-
tion abnormality, suggesting pulmonary hypertension. 
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in patients with PAH at the time of
initial diagnosis correlate with
worse outcomes, as do persistent
BNP levels > 180 pg/mL after
treatment is initiated (5). Elevated
levels of the N-terminal portion of
BNP (NT-Pro BNP) > 1400 pg/mL
have also been shown to correlate
with worse prognosis (6, 7). Levels
of BNP and NT-Pro BNP may
both be elevated in the setting of
either pulmonary arterial and pul-
monary venous hypertension due to
left heart disease and cannot be
used to distinguish between the
two. A 6-minute walking test pro-
vides an assessment of the function-
al impact of PH and correlates with
prognosis. Serial testing may be use-
ful in assessing response to therapy.

Which patients require cardiac
catheterization?
Patient in whom PH is clearly refer-
able to left heart disease or chronic
pulmonary disease may not require
right heart catheterization to con-
firm PH because its presence gener-
ally does not alter the approach to
therapy, which is best directed at the
underlying cause. In contrast, right
heart catheterization is mandatory
to establish the diagnosis of PAH
and must be done before any ad-
vanced medical therapies directed

specifically toward the pulmonary
vasculature. In addition, right heart
catheterization is often helpful in
identifying previously unrecognized
left heart dysfunction and pul-
monary venous hypertension. Right
heart catheterization is a safe proce-
dure in patients with PH; complica-
tion rates are only 1.1% and most
frequently relate to venous access,
arrhythmia, and hypotension from
vagal episodes. Overall procedure-
related mortality is rare and is re-
ported in 0.05% of cases (8). Left
heart catheterization is often done
concurrently in the evaluation of the
patient’s symptoms, particularly in
patients at risk for coronary artery
disease (2, 9).

All patients with a high clinical
suspicion of PAH as the cause of
PH should undergo right heart
catheterization. The presence of
comorbid conditions, such as se-
vere interstitial lung disease,
COPD, or left heart disease, that
precludes a diagnosis of PAH and
the use of PAH-specific therapies
may temper the decision to pro-
ceed with right heart catheteriza-
tion. However, no PAH-specific
therapies should be initiated
without right heart catheteriza-
tion because of the potential for
adverse effects if PAH-specific
therapies are used in non-WHO
group I PAH.

How should right heart
catheterization be done when
pulmonary hypertension is a
consideration?
During right heart catheteriza-
tion, assessment for possible left-
to-right shunts should be made
with measurement of oxygen sat-
uration in the central veins, right
atrium, right ventricle, and pul-
monary artery. An increase (“step-
up”) in oxyhemoglobin saturation
at any of these levels suggests 
that a left-to-right shunt is pres-
ent, and oxygenated blood is be-
ing shunted into the right-sided
circulation. Hemodynamics are

Figure 3. Posteroanterior chest radiograph in a patient with idiopathic pulmonary arterial hy-
pertension. Central pulmonary arteries are enlarged (top arrows), and the laterally shifted right
heart contour (bottom left-hand arrow) suggests right atrial and right ventricular enlargement.
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assessed with particular attention 
to accurate measurement of pul-
monary artery occlusion (“wedge”)
pressure. To eliminate the effect 
of respiration on pressure, all
measurements, including pul-
monary capillary wedge pressure,
should be taken at the end of ex-
halation and with equipment lev-
eled at the mid-thoracic line. 
If accuracy is in doubt, left ven-
tricular end-diastolic pressure
should be measured simultane-
ously (10). Cardiac output meas-
ured using the estimated Fick
method is generally reliable in
this setting.

In addition to accurate measure-
ment of hemodynamics, right
heart catheterization allows for
pulmonary vasoreactivity testing
when the presence of PAH has
been established (see the Box: Di-
agnosis of Pulmonary Arterial 
Hypertension). During the proce-
dure, a short-acting pulmonary va-
sodilator, such as inhaled nitric 
oxide, IV epoprostenol, or IV
adenosine, is used to identify a
small subgroup of patients who
may safely undergo a trial of ther-
apy with calcium-channel antago-
nists. The current criterion for 
patients who are “vasoreactive” is a
decrease in mean pulmonary 
arterial pressure of more than 10

mm Hg to an absolute value of
less than 40 mm Hg without re-
duction in cardiac output (2, 9).

When should a clinician consider
consultation with a specialist in
diagnosing pulmonary
hypertension?
Much of the assessment of PH 
focuses on correctly determining
whether a patient has PAH, which
may be amenable to available phar-
macotherapy. Recognition of when
PH is caused by heart or lung dis-
ease is essential because treatment
is focused on the underlying 
condition rather than the pul-
monary vasculature per se.

Pulmonary arterial hypertension is
a rare condition and thus best
treated with the assistance of a 
center with sufficient expertise. 
Patients should be referred to a
specialized center if there is uncer-
tainty regarding the diagnosis, they
have multiple comorbid conditions
that may complicate diagnosis
and/or treatment, or they have
high-risk features or are New York
Heart Association (NYHA) func-
tional class III or IV. Benefits of
referral to a specialized center in-
clude the availability of advanced
therapies; opportunities for patients
to participate in clinical trials; and
when appropriate, evaluation for
lung transplantation.

Diagnosis of Pulmonary Arterial
Hypertension
Presence of pulmonary hypertension

(mean pulmonary arterial pressure 
> 25 mm Hg)

Absence of pulmonary venous
hypertension (left atrial or pulmonary
artery occlusion [“wedge”] pressure
< 15 mm Hg)

Elevated pulmonary vascular resistance
(> 3 Wood units)

Exclusion of significant chronic
hypoxemic lung disease (e.g., severe
chronic obstructive pulmonary disease)
or chronic thromboembolic disease

Diagnosis and Screening... Pulmonary hypertension is caused by disorders that
result in elevated pulmonary pressures. Physical examination and diagnostic
testing are targeted at confirming the presence of elevated pulmonary pressures
and identifying a cause. Echocardiography is important to evaluate possible PH.
Most PH detected by echocardiography is caused by chronic left-sided cardiac
abnormalities (both ventricular and valvular) or chronic pulmonary disease 
(such as COPD). Echocardiography, chest radiography, ventilation–perfusion
scanning, and pulmonary function and blood testing are required to evaluate
potential causes. Other tests, such as sleep studies, may also be appropriate.
Measurement of oxyhemoglobin saturation, 6-minute walking distance, and
blood BNP help to assess disease severity. Diagnosis requires right heart
catheterization, which is mandatory if therapy is to be directed at PH itself, as
in the case of PAH. Echocardiographic screening for PH is recommended in pa-
tients with a concerning family history or scleroderma or for evaluation for pos-
sible liver transplantation.

CLINICAL BOTTOM LINE
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Treatment
antagonists; and diuretics and may
also involve cardiac resynchroniza-
tion, implantable cardioverter defib-
rillator placement, and digitalis.
Treatment of heart failure with a pre-
served ejection fraction (diastolic dys-
function) is overall less frequently 
associated with overt volume overload
but rather requires tight control of
systemic hypertension and heart rate
with such agents as beta-adrenergic
antagonists and at times diuretics.

Several drugs that are appropriate
for treatment of PAH, prostacyclin
analogues and endothelin antago-
nists, have been studied in the
treatment of left heart failure with
reduced ejection fraction and have
both been shown to be associated
with higher mortality, more fre-
quent hospital admission, or in-
creased fluid retention (13, 14),
emphasizing the importance of dif-
ferentiation between PH due to left
heart disease with pulmonary ve-
nous hypertension and PAH.

Although a small study of the phos-
phodiesterase-5 (PDE5) inhibitor
sildenafil in left heart failure showed
improvements in hemodynamics
and a measure of exercise capacity
(15), a larger study of patients with
diastolic heart failure found no ben-
efit (15a). Routine use of PDE5 in-
hibitors is not recommended in PH
caused by left heart disease.

Pulmonary hypertension secondary
to left-sided valvular heart disease,
particularly mitral stenosis, has been
well-studied. After correction of the
mitral valve disease, pulmonary arte-
rial pressure often returns toward
normal. The response can occur im-
mediately or can take up to 6
months (16).

How should patients with
pulmonary hypertension due to
lung disease be treated?
The only proven effective therapy
for PH associated with COPD is

What is the approach to treatment
of pulmonary hypertension?
Appropriate treatment relies on iden-
tification of the cause of PH, and for
patients with chronic cardiac or pul-
monary disease, therapy is largely fo-
cused on treating the underlying
condition. This usually leads to an
improvement in symptoms and pul-
monary hemodynamics.

Oxygen therapy should be pre-
scribed at flow rates sufficient to
maintain an oxygen saturation 
≥ 90% at rest, with exertion, and
during sleep (9).

Regardless of its cause, when PH
results in right heart dysfunction,
aggressive yet judicious use of di-
uretics is essential. Although few
data regarding the optimum regi-
men exist, diuretic therapy (coupled
with salt restriction and close weight
surveillance) is essential to minimize
fluid overload and consequent dysp-
nea in patients who have symptoms
of right heart dysfunction.

How should patients with
pulmonary hypertension due to
left heart disease be treated?
Pulmonary hypertension associated
with left heart disease is the most
common form of PH encountered
in clinical practice. It is defined by 
a mean pulmonary arterial pressure 
> 25 mm Hg in the presence of an
abnormally elevated pulmonary cap-
illary wedge pressure (>15 mm Hg).

The presence of PH in left heart dis-
ease should be viewed as a conse-
quence and possible symptom of left
heart disease, and treatment should
be directed toward its cause rather
than toward directly attempting to re-
duce pulmonary arterial pressure.
Treatments of systolic and diastolic
heart failure have been reviewed else-
where (11, 12). Optimum therapy of
systolic heart failure generally in-
cludes angiotensin-converting en-
zyme inhibitors; beta-adrenergic 
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What drugs are available for the
treatment of pulmonary arterial
hypertension?
Therapy for PAH is generally di-
vided into “background” therapy
and PAH-specific drugs. Back-
ground therapy includes the use of
diuretics and supplemental oxygen
as described above (What is the ap-
proach to treatment of PH?). In ad-
dition, in PAH, calcium-channel
antagonists, anticoagulants, and
digoxin are often considered.

Vasodilator testing during right heart
catheterization at an expert center is
required for appropriate patients
with PAH to identify those who
may safely undergo a therapeutic tri-
al of calcium-channel antagonists.
Although only a small number expe-
rience benefit (estimated to be
<10%), those who do frequently have
sustained response for years and an
excellent prognosis. These drugs
should not be used unless vasoreac-
tivity at right heart catheterization is
clearly demonstrated, because hemo-
dynamic instability, worsened symp-
toms, and death may occur.

Warfarin has been evaluated in obser-
vational studies of idiopathic PAH,
heritable PAH, and anorexogen-
associated PAH and has been associ-
ated with improved outcomes. 
However, recognizing the lack of
firmly established benefit and the po-
tential for harm, expert organizations
recommend a lower target interna-
tional normalized ratio (1.5–2.5)
than is used in patients treated with
warfarin for atrial fibrillation or ve-
nous thromboembolism (25, 26).
Warfarin use for other forms of PH
is less clear, and it is generally not
employed in this setting. There are
no data on use of newer anticoagu-
lants in lieu of warfarin in PAH.

In PAH, digoxin has been shown to
acutely increase cardiac output; how-
ever, there are few long-term data to
support its use (27). 

Three classes of medication are ap-
proved to treat PAH (but not other

supplemental oxygen (17). Treat-
ment should be directed at optimiz-
ing treatment of underlying sleep
apnea, COPD, and idiopathic lung
disease, utilizing supplemental oxy-
gen to avoid periods of hypoxia, and
enrollment in pulmonary rehabilita-
tion as appropriate (18). Sleep apnea
should be aggressively treated to
minimize nocturnal desaturation
and its promotion of PH via hypox-
ic vasoconstriction.

The use of PAH therapy in PH sec-
ondary to lung disease is not recom-
mended (2, 9). Clinical trials have
failed to show any benefit of pul-
monary vasodilators in idiopathic
lung disease and COPD, and these
drugs can worsen ventilation–
perfusion matching and cause more
severe hypoxia (19–21). A recent tri-
al of endothelin-receptor antagonist
ambrisentan therapy in patients
with idiopathic pulmonary fibrosis
was terminated early due to lack of
benefit and potential for harm (22).

How should patients with chronic
thromboembolic pulmonary
hypertension be treated?
Chronic thromboembolic PH
(CTEPH) is distinct from other
forms of PH because surgical 
pulmonary thromboendarterectomy
(PTE) is the treatment of choice
and may be curative (23). If a diag-
nosis of CTEPH is suspected, 
patients should receive effective an-
ticoagulation and be referred for
evaluation to an expert center.
Medical therapy directed at the PH
itself has a limited role and should
not delay evaluation for possible
thromboendarterectomy, which
should only be done at expert cen-
ters with experience in both the
surgical procedure and postopera-
tive management.

Most patients with surgically acces-
sible disease will have a sustained
improvement in symptoms after
successful surgery. At experienced
centers, surgical mortality is less
than 5% (24).
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types of PH), collectively termed
“advanced therapies” (Table 1).
Each therapy targets a different
cellular pathway implicated in the
pathogenesis of PAH.

The choice of advanced PAH
therapy is driven largely by the
severity of illness and risk. The
severity of illness is determined by
integrating clinical variables (e.g.,
functional status and 6-minute
walking distance) with indicators
of right heart impairment (e.g.,
enlargement or dysfunction on
echocardiogram, measured 
hemodynamic values) (Table 2).
Pulmonary arterial hypertension
registry data have recently led to
development of a clinical calcula-
tor that may be useful to assess pa-
tient risk (28, 29). In general, oral
therapies are initiated for patients
at low risk, whereas prostenoid
therapies are considered for more
advanced and higher-risk disease
(e.g., in patients with more severe

functional class III or class IV
symptoms).

Prostacyclins
Prostacyclins have potent vasodilatory,
antiplatelet, and antiproliferative prop-
erties and their synthesis is reduced 
in patients with PAH. Prostenoid
drugs for PAH are available in the
United States as continuous IV or 
SQ infusions or inhaled therapy; oral 
analogues of these agents are 
currently under investigation.

Epoprostenol was the first drug ap-
proved for the treatment of PAH
after a landmark 1996 study
demonstrating improved survival
(30) and is generally viewed as the
most potent therapy for PAH. Ad-
ditional studies have demonstrated
improvements in symptoms, exer-
cise capacity, and hemodynamics
(31–34). Epoprostenol has a short
half-life (3–5 min) and must be ad-
ministered by continuous IV infu-
sion, ideally through a tunneled
catheter. Treprostinil is an analogue

Table 1. Advanced Therapies for Pulmonary Arterial Hypertension
Drug Class Examples Dose Mechanism of Action Comments/Common Adverse Effects

Prostacyclin derivatives Epoprostenol Initiated at 2 ng/kg/min IV Stimulates intracellular Headache, flushing, hypotension,
and titrated to symptoms production of cAMP masticatory jaw pain, nausea, 

diarrhea, anorexia, rash, arthralgia.
Risk for central venous catheter–
related infections with intravenous 
infusion. Risk for cellulitis and pain 
with SQ infusion. Cough may occur 
with inhaled therapy

Iloprost 2.5–5 mcg inhaled 6–9 times/d
Treprostinil SC or IV: initially, 1.25 ng/kg/min

infusion and titrated to symptoms.
Inhaled: initially, 18 mcg 4 times/d,
  up-titrated to 54 mcg 4 times/d

Endothelin- receptor Ambrisentan 5–10 mg orally daily Blocks endothelin-1 receptors Contraindicated in pregnancy
antagonists on vascular smooth muscle (FDAcategory X), hepatotoxicity, 

worsened fluid retention, headache,
anemia

Bosentan 62.5 mg orally 2 times/d
for 4 weeks, then 125 mg orally 
2 times/d if liver function tests 
are normal

Phosphodiesterase-5 Sildenafil 20 mg orally 3 times/d Inhibits the breakdown of Headache, flushing, dyspepsia, 
inhibitors cGMP in vascular smooth epistaxis, hypotension if used, 

muscle concomitantly with nitrates; 
sildenafil has been titrated up to 
80 mg TID in clinical trials

Tadalafil 40 mg orally once/d

cAMP = cyclic adenosine monophosphate; cGMP = cyclic guanosine monophosphate; FDA = U.S. Food and Drug Administration.
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of epoprostenol with a longer half-
life (about 4.5 h) delivered by con-
tinuous IV or SQ infusion (35).

Both IV and SQ infusion therapy
requires patients and families capa-
ble of reconstituting medication in
a sterile manner, maintaining clean
catheter sites, and making frequent
adjustments in therapy. The re-
quired central venous catheter pos-
es a risk for infection. Adverse 
effects of SQ therapy include cel-
lulitis and infusion site pain (36).
Because of the complexities of this
therapy, use should be reserved for
highly experienced centers.

Inhalational formulations of pro-
stenoid therapy are iloprost and
treprostinil, which require repeated
administrations while the patient is
awake (37, 38). Side effects include
flushing, headache, diarrhea, leg
pain, and jaw pain. Cough may 
occur with inhalational therapy.

Endothelin antagonists
Endothelin-1 is a potent endogenous
vasocontrictor and mitogen present at
high levels and whose receptors are
overexpressed within the pulmonary
vasculature of patients with PAH
(39). The oral endothelin-receptor
antagonists bosentan and ambrisentan
improve exercise capacity, functional
class, hemodynamics, and the time to
clinical worsening in randomized tri-
als (40–46). Both drugs are terato-
gens, and women of child-bearing
age require monthly pregnancy tests.
Elevations in liver transaminases oc-
cur, and monthly monitoring is 
required with bosentan and recom-
mended by expert panels for both
agents. Both bosentan and ambrisen-
tan can cause mild reductions in he-
moglobin of approximately 1 g/dL.

Phosphodiesterase-5 inhibitors
The PDE5 inhibitors potentiate the
vasodilatory effects of cyclic guano-
sine monophosphate by inhibiting
its breakdown. The oral PDE5 in-
hibitors sildenafil and tadalafil im-
prove exercise capacity and hemody-
namics in patients with PAH

(47–52). The current U.S. Food and
Drug Administration–approved
dose of sildenafil is 20 mg 3 times
daily, although doses up to 80 mg 3
times daily have been used in clini-
cal trials. Tadalafil is administered
once daily at a dose of 40 mg. Co-
administration of nitrate medica-
tions can cause severe systemic hy-
potension. Patients treated with
PDE5 inhibitors must be educated
regarding this risk.

Is there a role for combination
therapy in pulmonary arterial
hypertension?
The current model of PAH treat-
ment relies on sequential addition
of advanced therapies. Initial ther-
apy is chosen by assessing illness
severity and patient functional
class, and integrating patient pref-
erences and the adverse effect pro-
files of the medications being
considered. If PAH worsens de-
spite optimum dosing of a single
agent, therapies are usually added
until treatment goals are reached.

There have been at least 7 random-
ized, controlled trials examining the
sequential addition of therapy and
together demonstrate that improve-
ments in 6-minute walking distance
and in delaying clinical worsening
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Table 2. Assessment of Risk in Pulmonary Arterial Hypertension*
Variable Lower Risk/Better Prognosis Higher Risk/Poorer Prognosis

Clinical right heart failure No evidence Yes evidence
Symptom progression Gradual Rapid
WHO functional class II, III IV
Six-minute walk distance Longer (> 400 meters) Shorter (< 300 meters)
Cardiopulmonary V0

2
maximum > 10.4 ml/kg/min V0

2
maximum < 10.4 mL/kg/min 

exercise testing
Echocardiogram Minimal right ventricular Significant right ventricular

dysfunction enlargement/dysfunction; 
pericardial effusion

Hemodynamics Right atrial pressure Right atrial pressure > 20 mm Hg;
< 10 mm Hg; cardiac index cardiac index < 2.0 liters/min/m2

> 2.5 L/min/m2

Brain natriuretic peptide† Minimally elevated Markedly elevated

WHO = World Health Organization.

*Adapted from McLaughlin VV, Archer SL, Badesch DB, et al. J Am Coll Cardiol. 2009;53:1573-619.

†May be affected by renal function, weight, age, and sex. Few data are available to guide numerical
cut-offs.
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may be possible with these approach-
es (37, 49, 51, 53–57). However, data
are less than robust in guiding treat-
ment decisions when combination
therapy is used and the optimum and
safest approaches have not been es-
tablished. Investigations are currently
examining the impact of initial com-
bination therapy vs. monotherapy or
sequential addition of therapies.

What is the role of lung
transplantation?
Patients with severe PH and comor-
bid COPD or interstitial lung disease
usually have late-stage respiratory
disease and may be considered for
lung transplantation to treat the un-
derlying pulmonary condition.

Referral for lung transplantation
evaluation in PAH is appropriate
when patients have progressive dis-
ease that is severe enough to re-
quire parenteral therapy. If a patient
improves or stabilizes in response
to aggressive medical therapy,
transplantation may be deferred
until deterioration despite maxi-
mum medical therapy occurs.

What is the role of exercise?
It is important to avoid and to the
extent possible reverse the decondi-
tioning that may occur in patients
with exercise limitation who become
sedentary. Pulmonary hypertension
is not a contraindication to judicious
exercise, and patients should be 
encouraged to remain active within
acceptable symptom limits. Mild
breathlessness is acceptable, but pa-
tients should avoid exertion that
leads to severe breathlessness, exer-
tional dizziness, near syncope, or
chest pain. Isometric exercises
(straining against a fixed resistance)
are discouraged because they can
cause exertional syncope (2, 9).

Patients with PH due to heart fail-
ure or advanced lung disease can
participate in a structured rehabili-
tation program. Monitored exercise
programs for patients with stable
PAH have demonstrated improve-
ments in exercise capacity and
quality of life and can serve as an
important adjunct to medical ther-
apy (58, 59).

Prognosis
heart failure and COPD. In the case
of heart failure, elevated pulmonary
arterial pressure on right heart
catheterization has been shown to
be a powerful predictor of mortality,
particularly in the setting of 

What is the prognosis of
pulmonary hypertension?
Pulmonary hypertension is consid-
ered a negative prognostic sign in
many conditions, including the most
commonly associated ones, such as

Treatment... The therapeutic approach to PH differs according to underlying pathology,
and misapplication of therapy appropriate to one form of PH in the care of a patient
with another cause of PH is potentially harmful. Regardless of cause, patients should be
evaluated for the need for supplemental oxygen, and those with symptoms of right
heart failure should be treated with diuretics and salt restriction. Therapy for patients
with PH due to either left heart or chronic hypoxemic lung disease involves aggressive
treatment of those underlying disorders, and not treatment of the PH per se. Patients
with chronic thromboembolic PH require evaluation for possible thromboendarterecto-
my at an experienced center as well as anticoagulation therapy. Patients with PAH
should have right heart catheterization with vasodilator testing at an experienced cen-
ter and should not be treated empirically with calcium-channel antagonists. Advanced
therapies for PAH include prostacyclins, endothelin-receptor antagonists, and PDE5 in-
hibitors. Exercise is important for all patients. Lung transplantation may be required for
patients with advanced disease that does not respond to medical therapy.

CLINICAL BOTTOM LINE

51. Galiè N, Brundage BH,
Ghofrani HA, et al; Pul-
monary Arterial Hy-
pertension and Re-
sponse to Tadalafil
(PHIRST) Study Group.
Tadalafil therapy for
pulmonary arterial hy-
pertension. Circula-
tion. 2009;119:2894-
903. [PMID: 19470885]

52. Barst RJ, Oudiz RJ,
Beardsworth A, et al;
Pulmonary Arterial
Hypertension and Re-
sponse to Tadalafil
(PHIRST) Study Group.
Tadalafil monotherapy
and as add-on to
background bosentan
in patients with pul-
monary arterial hyper-
tension. J Heart Lung
Transplant.
2011;30:632-43.
[PMID: 21256048]

53. McLaughlin VV, Benza
RL, Rubin LJ, et al. Ad-
dition of inhaled tre-
prostinil to oral thera-
py for pulmonary
arterial hypertension:
a randomized con-
trolled clinical trial. J
Am Coll Cardiol.
2010;55:1915-22.
[PMID: 20430262]

54. Zhu B, Wang L, Sun L,
Cao R. Combination
therapy improves ex-
ercise capacity and re-
duces risk of clinical
worsening in patients
with pulmonary arte-
rial hypertension: a
meta-analysis. J Car-
diovasc Pharmacol.
2012;60:342-6.
[PMID: 22691882]

55. Humbert M, Barst RJ,
Robbins IM, et al.
Combination of
bosentan with
epoprostenol in pul-
monary arterial hyper-
tension: BREATHE-2.
Eur Respir J.
2004;24:353-9.
[PMID: 15358690]

56. Hoeper MM, Leuchte
H, Halank M, et al.
Combining inhaled
iloprost with bosen-
tan in patients with id-
iopathic pulmonary
arterial hypertension.
Eur Respir J.
2006;28:691-4.
[PMID: 17012628]

Downloaded From: http://annals.org/ by a University of California San Diego User  on 03/13/2015



© 2013 American College of PhysiciansITC5-13In the ClinicAnnals of Internal Medicine7 May 2013

57. Iversen K, Jensen AS,
Jensen TV, Vejlstrup
NG, Søndergaard L.
Combination therapy
with bosentan and
sildenafil in Eisen-
menger syndrome: a
randomized, placebo-
controlled, double-
blinded trial. Eur Heart
J. 2010;31:1124-31.
[PMID: 20202971]

58. Mereles D, Ehlken N,
Kreuscher S, Ghofrani
S, Hoeper MM, Halank
M, et al. Exercise and
respiratory training
improve exercise ca-
pacity and quality of
life in patients with se-
vere chronic pul-
monary hypertension.
Circulation.
2006;114:1482-9.
[PMID: 16982941]

59. Grünig E, Ehlken N,
Ghofrani A, et al. Effect
of exercise and respi-
ratory training on clin-
ical progression and
survival in patients
with severe chronic
pulmonary hyperten-
sion. Respiration.
2011;81:394-401.
[PMID: 21311162]

60. Cappola TP, Felker GM,
Kao WH, Hare JM,
Baughman KL, Kasper
EK. Pulmonary hyper-
tension and risk of
death in cardiomy-
opathy: patients with
myocarditis are at
higher risk. Circulation.
2002;105:1663-8.
[PMID: 11940544]

61. Ghio S, Gavazzi A,
Campana C, et al. In-
dependent and addi-
tive prognostic value
of right ventricular
systolic function and
pulmonary artery
pressure in patients
with chronic heart fail-
ure. J Am Coll Cardiol.
2001;37:183-8.
[PMID: 11153735]

62. Hurdman J, Condliffe
R, Elliot CA, et al. AS-
PIRE registry: assessing
the Spectrum of Pul-
monary hypertension
Identified at a REferral
centre. Eur Respir J.
2012;39:945-55.
[PMID: 21885399]

has also been noted in patients in
whom PAH is associated with con-
nective tissue disease or portal hyper-
tension (i.e., portopulmonary hyper-
tension) (62). Several factors may
contribute to the worsened prognosis
of patients with portopulmonary hy-
pertension, including complications
of concomitant liver disease and
greater delays in instituting advanced
therapies for PAH.

What should patients be taught
about pulmonary hypertension?
Patients should be educated that PH
is not a single disease and that it is
distinct from systemic hypertension.
Regardless of the cause, the presence
of significant PH almost always con-
notes significant systemic disease
that requires ongoing, closely coordi-
nated medical care and close atten-
tion to salt intake, fluid balance, and
home weight monitoring.

Patients with PAH may need to self-
administer complex medications,
self-monitor for adverse effects or
progression of disease, and help en-
sure that concomitant health care is-
sues do not compromise or adversely
interact with their PAH regimen.
Patients should be informed of avail-
able information and peer support
(see Tool Kit).

myocarditis or decreased right ven-
tricular ejection fraction (60, 61).
Likewise, more severe PH connotes
a poorer prognosis in patients with
COPD. In neither of these condi-
tions has treatment directed at PH
been linked to improved outcomes.

Because effective therapy is relatively
new, the prognosis of untreated
PAH has been evaluated as recently
as the 1980s. The National Institutes
of Health Registry on Pulmonary
Hypertension enrolled 187 patients
with idiopathic PAH starting in
1981 and reported a median survival
of 2.8 years, with an estimated 
1-year survival of 68% (4). More 
recently, prognostic data obtained 
during the current era of therapeu-
tics have become available. Based on
data from 2716 patients enrolled in
the multicenter observational 
Registry to Evaluate Early and
Long-Term Pulmonary Arterial Hy-
pertension Disease Management
(REVEAL) Registry, a risk calcula-
tor for patients with PAH has been
developed and validated (29).

Several studies have shown that prog-
nosis in PAH is worse in the presence
of more advanced NYHA/WHO
functional class or shorter 6-minute
walking distance. A poorer prognosis

Practice
ImprovementAssociation released a guideline on

PH in 2009 that makes evidence-
based clinical recommendations in
several areas related to both PAH
and non-PAH PH (9).

The Task Force for the Diagnosis
and Treatment of Pulmonary Hy-
pertension of the European Society
of Cardiology and the European
Respiratory Society also issued
comprehensive guidelines in 2009
that were endorsed by the Interna-
tional Society of Heart and Lung
Transplantation (2).

The American College of Chest
Physicians developed guidelines for

What do professional
organizations recommend with
regard to the care of patients
with pulmonary hypertension?
Because treatment directed specifi-
cally at abnormal pulmonary 
hemodynamics is not advisable out-
side the setting of PAH, most treat-
ment guidelines for patients with
heart failure or cor pulmonale do not
directly address the issue.

In contrast, several organizations
have published consensus documents
related to PAH. The American Col-
lege of Cardiology Foundation Task
Force on Expert Consensus Docu-
ments and the American Heart 
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Tool Kit
In the Clinic

Pulmonary
Hypertension

PIER Module
http://pier.acponline.org/physicians/diseases/d200/d200.html
PIER module on pulmonary hypertension from the American

College of Physicians.

Patient Information
http://pier.acponline.org/physicians/diseases/d200/d200-pi.html
Patient information that appears on the next page for

duplication and distribution to patients.
www.nlm.nih.gov/medlineplus/pulmonaryhypertension.html
www.nlm.nih.gov/medlineplus/tutorials/echocardiogram/htm/

index.htm
www.nlm.nih.gov/medlineplus/spanish/tutorials/

echocardiogramspanish/htm/index.htm
Resources related to pulmonary hypertension from the National

Institutes of Health’s MedlinePLUS, including an
echocardiogram interactive tutorial in English and Spanish.

www.nhlbi.nih.gov/health/health-topics/topics/pah
Information on pulmonary hypertension, including treatment,

from the NIH’s National Heart, Lung, and Blood Institute.
www.phassociation.org/MedicalProfessionals
Information on caring for patients with pulmonary

hypertension, from the Pulmonary Hypertension 
Association.

Clinical Guidelines
http://content.onlinejacc.org/article.aspx?articleid=1139633
Consensus document on pulmonary hypertension, from the

American College of Cardiology and the American Heart
Association in 2009.

http://journal.publications.chestnet.org/article.aspx?articleid
=1082671

Practice guidelines on screening, early detection, and diagnosis
of pulmonary arterial hypertension from the American
College of Chest Physicians in 2004.

http://journal.publications.chestnet.org/article.aspx?articleid
=1085181

Practice guidelines on medical therapy for pulmonary arterial
hypertension, from the ACCP in 2007.

Diagnostic Tests and Criteria
http://pier.acponline.org/physicians/diseases/d200/tables/

d200-t4.html
PIER list of laboratory tests for evaluating the causes, risk

factors, comorbid conditions, and functional impairment in
pulmonary hypertension.

http://pier.acponline.org/physicians/diseases/d200/tables/
d200-tables.html

PIER list of tests used for detecting pulmonary hypertension.
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the treatment of PAH that were is-
sued in 2004 and updated in 2007
(63, 64). A revision of these guide-
lines is in progress.

Do U.S. stakeholders consider
management of patients with
pulmonary hypertension when
evaluating the quality of care
physicians deliver?
Most patients with PH have un-
derlying left heart disease or
COPD. Multiple performance

measures have been developed for
these conditions, but none focus on
the aspect of PH in these settings.

Similarly, there are no specific Cen-
ters for Medicare & Medicaid Serv-
ices performance measures with 
regard to care of patients with PAH.
However, there are several measures
that may be relevant related to war-
farin use and to monitoring elec-
trolytes and renal function in patients
receiving long-term diuretic therapy.
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THINGS YOU 
SHOULD KNOW ABOUT 
PULMONARY HYPERTENSION

What is pulmonary hypertension?
• Pulmonary hypertension (PH) means high blood

pressure in the lungs.
• It occurs with narrowing of the arteries in the lungs,

which carry blood from your heart to your lungs to
pick up oxygen.

• Medical conditions that can lead to PH include heart
and lung diseases or blood clots and connective tis-
sue disease (such as lupus or scleroderma).

• Rarely, an inherited form of PH runs in families.

How is it diagnosed?
• Your doctor will conduct a thorough physical exami-

nation to look for signs or PH.
• Your doctor may order tests, such as an echocardio-

gram to estimate the pressure in your pulmonary ar-
teries or a pulmonary function test to measure how
your lungs are working.

• If these tests indicate that you may have PH, you
will undergo cardiac catheterization, which directly
measures the pressure in your heart and lungs and
shows how your heart is pumping blood to the rest
of your body.

What are the signs and symptoms?
• Tiredness and shortness of breath during routine 

activities.
• Chest pain and pain on the upper right side of the

abdomen.
• Racing heartbeat and decreased appetite.
• Fainting or feeling lightheaded.
• Leg and ankle swelling.
• Blue tinted lips and skin.

How is it treated?
• Treatment may include medications, supplemental

oxygen, lifestyle changes, and surgery.

• Your doctor will aim to reduce your symptoms and to
address underlying diseases or conditions that exac-
erbate PH.

• Patients with advanced PH may undergo lung trans-
plantation.

• PH has no cure, but earlier treatment can make it
easier to control.

For More Information
www.phassociation.org/homepage
www.phassociation.org/page.aspx?pid=428
The Pulmonary Hypertension Association provides information

about the disease, including information for newly diagnosed
patients.

www.heart.org/HEARTORG/Conditions/HighBloodPressure/
AboutHighBloodPressure/What-is-Pulmonary-Hypertension
_UCM_301792_Article.jsp
Information about pulmonary hypertension, including how

pulmonary hypertension differs from high blood pressure, from
the American Heart Association.
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Questions are largely from the ACP’s Medical Knowledge Self-Assessment Program. Go to www.annals.org/intheclinic/ 
to complete the quiz and earn up to 1.5 CME credits, or to purchase the complete MKSAP program.

1. A 33-year-old woman is evaluated for a 
2-year history of progressive dyspnea on
exertion accompanied by weakness and
fatigue. There is no seasonal variation to
her symptoms. She reports difficulty falling
asleep but has no history of nocturnal
awakening, snoring, or daytime
somnolence. She does not have dizziness or
syncope. Her medical history is otherwise
normal, and she takes no medications.

On physical examination, temperature is
37.0°C (98.6°F), blood pressure 115/75 mm
Hg, pulse rate is 108/min and regular, and
respiration rate is 18/min at rest; body
mass index (BMI) is 23. The neck veins are
distended. Cardiac examination shows
regular tachycardia and a prominent
pulmonic component of S

2
. The lungs are

clear. There is bilateral edema of the legs.
There are no rashes, the joints appear
normal, and there is no clubbing of the
digits.

Laboratory studies, including a complete
blood count, serum chemistries, and
thyroid and coagulation studies, are
normal. HIV testing is seronegative.
Antinuclear antibody, rheumatoid factor,
and ANCA studies are negative. Chest
radiograph reveals prominent central
pulmonary arteries, clear lungs, and normal
heart size. Pulmonary function tests reveal
a mildly decreased DLCO without evidence
of airway obstruction or decreased lung
volumes. Electrocardiogram shows right
axis deviation. Transthoracic echo-
cardiogram shows normal left ventricular
size and function, a dilated right ventricle,
and an estimated right ventricular systolic
pressure of 40 mm Hg. Ventilation–
perfusion scan is normal.

Which of the following is the most
appropriate diagnostic test to perform
next?

A. High-resolution chest computed
tomography (CT)

B. Pulmonary angiography
C. Right heart catheterization
D. Sleep study
E. Transesophageal echocardiography

2. A 54-year-old woman is evaluated for a
1-year history of progressive dyspnea.
Her symptoms have been progressively
worsening, and she is now unable to
walk more than a block without
becoming significantly short of breath.
Oxygen desaturation with ambulation
was recently diagnosed, and she was
prescribed supplemental oxygen during
exertion. She recently developed ankle
swelling but does not have chest pain,
cough, lightheadedness, or other
localizing symptoms. Medical history is
significant only for a hysterectomy 
 3 years ago that was followed by a
postoperative respiratory illness treated
as pneumonia. Current medications are
oxygen with exertion, 2 L/min by nasal
prongs, and as-needed furosemide.

On physical examination, temperature 
is 37.0°C (98.6°F), blood pressure is
118/72 mm Hg, pulse rate is 100/min and
regular, and respiration rate is 18/min.
BMI is 27. The lungs are clear. Cardiac
examination reveals sinus tachycardia, an
increased pulmonary component of S

2
,

and no murmurs. The liver is not
enlarged. There is no clubbing of the
digits. Ankle edema is noted bilaterally,
and there are no venous cords or
tenderness in the legs.

Laboratory studies are normal except 
for a B-type natriuretic peptide level 
of 700 pg/mL. Arterial blood gas
measurement breathing ambient air
shows a pH of 7.41, PCO

2
of 38 mm Hg

(5.1 kPa), and PO
2
of 62 mm Hg (8.2 kPa).

Pulmonary function tests are normal
except for a mild reduction in DLCO to
70% of normal. Electrocardiogram
discloses sinus tachycardia and right
ventricular hypertrophy. A chest
radiograph shows mildly increased
interstitial markings, normal inflation,
and no evidence of infiltrate or effusion.
Echocardiogram shows a normal left
ventricular ejection fraction and an
estimated pulmonary artery systolic
pressure of 35 to 45 mm Hg.

Which of the following is the most
appropriate diagnostic study?

A. Chest CT angiography
B. D-dimer study
C. Lower-extremity duplex

ultrasonography
D. Ventilation–perfusion scan

3. A 60-year-old man is evaluated for a 
2-year history of fatigue and daytime
sleepiness and an 8-month history of
dyspnea that occurs only during
moderate exercise. He does not smoke
cigarettes and works inside the home. He
has hypertension, and his only
medication is hydrochlorothiazide. 

On physical examination, vital signs are
normal. The patient is obese (BMI 33);
the neck is short and thick
(circumference 50.8 cm [20 in]), and the
posterior airway is crowded. Jugular
venous distention cannot be adequately
assessed. There is increased intensity of
P

2
with fixed splitting of S

2
and a grade

1–2/6 holosystolic murmur that increases
with inspiration heard best along the left
lower sternal border. Chest radiograph is
normal. Spirometry, plethysmography,
and arterial blood gases with the patient
breathing ambient air are normal.
Transthoracic echocardiography shows
evidence of right ventricular hypertrophy
and mild pulmonary hypertension. Right
and left ventricular function are normal.
A ventilation–perfusion scan is normal. 

Which of the following is the most
appropriate management for this
patient?

A. Lung transplantation
B. Nocturnal continuous positive airway

pressure therapy
C. Polysomnography
D. Right heart catheterization
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