
Gerald W. Staton, jr., m.d.
Roland H. Ingram, jr., m.d.

A new classification has been proposed [see Table 1] that di-
vides pulmonary hypertension into five broad categories: (1)
pulmonary hypertension associated with disorders of the res-
piratory system, hypoxemia, or both (e.g., chronic obstructive
pulmonary disease [COPD] and interstitial lung disease) [see
14:III Chronic Obstructive Diseases of the Lung and 14:V Chronic
Diffuse Infiltrative Lung Disease]; (2) pulmonary venous hyper-
tension (e.g., left ventricular heart disease, mitral valve disease,
and pulmonary veno-occlusive disease) [see 1:XI Valvular Heart
Disease, 1:XIV Cardiomyopathies, and 1:XVIII Venous Thromboem-
bolism]; (3) pulmonary hypertension caused by chronic throm-
botic disease, embolic disease, or both [see 1:XVIII Venous
Thromboembolism]; (4) pulmonary arterial hypertension (e.g.,
primary pulmonary hypertension, pulmonary hypertension
resulting from vasculopathy associated with collagen vascular
diseases, or congenital heart disease) [see 1:XV Adult Congenital
Heart Disease and 15:V Scleroderma and Related Diseases]; and (5)
pulmonary hypertension resulting from disorders directly af-
fecting the pulmonary vasculature (e.g., pulmonary capillary
hemangiomatosis).1,2

Pulmonary Vascular Hypertension

Pulmonary hypertension is defined as a mean pulmonary ar-
terial pressure greater than 25 mm Hg at rest or 30 mm Hg with
exercise or as a pulmonary arterial systolic pressure of 36 to 50
mm Hg (tricuspid regurgitation velocity of 2.8 to 3.4 m/sec), as
estimated by echocardiography. The prevalence of pulmonary
hypertension is difficult to measure precisely, but it is very com-
mon; most patients with heart failure have some degree of pul-
monary hypertension.

physiology

The pulmonary vasculature delivers a thin film of blood to
approximately 125 m2 of alveolocapillary surface area, effecting
efficient gas exchange.

The entire cardiac output is accommodated at perfusion pres-
sures that are one fifth of those in the systemic circulation, even
when cardiac output increases severalfold during exercise. The
perfusional reserve of the pulmonary circulation resides in capil-
lary recruitment that in turn minimizes pressure increases and
maximizes alveolocapillary gas exchange surface. In contrast to
systemic arterioles that are richly endowed with smooth muscle,
the pulmonary arterioles have relatively sparse musculature;
hence, they have far more modest vasoconstrictor capability, re-
sulting in a much more passive circulatory system.

There are two additional, unique characteristics of the pul-
monary vasculature. First, there is a differential effect of gravity
on gas-containing parenchyma and blood that results in a much
greater influence of gravity on blood flow than on ventilation.

The effects of gravity create diminishing zones of perfusion from
base to apex in the upright posture. Back pressures from the left
side of the heart also increase pulmonary arterial pressures, both
distending and recruiting vasculature. Second, there are two
portions of the vasculature that are influenced in opposite direc-
tions by changes in lung gas volume. Alveolar vessels are
lengthened and narrowed monotonically with increases in lung
volume; this in turn produces an increase in their resistance to
blood flow. In series with the alveolar vessels are the extra-alveo-
lar vessels that are tethered by the lung parenchyma; their size
increases with increases in lung gas volume. The result of this in-
terplay is a rise in pulmonary vascular resistance both when
lung volume decreases below usual levels and when it increases
above usual levels [see Figure 1].

Therefore, the major responses of the normal pulmonary cir-
culation to forward and backward vascular pressures and to
changes in lung volume are passive responses. Hypoxic vaso-
constriction and neural and humoral vasomotor responses are
normally modest, in keeping with small quantities of vascular
smooth muscle.
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Table 1 Classification of Pulmonary 
Hypertension as Proposed at the World 

Symposium on Primary Pulmonary 
Hypertension, Evian, France, 19981

Pulmonary hypertension associated with disorders of the 
respiratory system, hypoxemia, or both

Parenchymal lung disease (COPD, IPF, cystic fibrosis)
Chronic alveolar hypoxemia (long-term exposure to low 

oxygen tension, such as occurs at high altitudes)
Pulmonary venous hypertension

Mitral valve disease
Chronic left ventricular dysfunction
Pulmonary veno-occlusive disease

Pulmonary hypertension associated with chronic thrombotic or
embolic disease, or both

Thromboembolic obstruction of proximal pulmonary arteries
Obstruction of distal pulmonary arteries

Pulmonary arterial hypertension
Primary pulmonary hypertension (sporadic, familial)
Pulmonary arterial hypertension related to collagen vascular

disease (scleroderma, lupus erythematosus, rheumatoid
arthritis), congenital systemic-to-pulmonary shunts 
(Eisenmenger syndrome), portoprimary hypertension, 
HIV infection, and drugs and toxins

Pulmonary hypertension caused by disorders directly affecting
the pulmonary vasculature

Inflammatory
Pulmonary capillary hemangiomatosis

COPD—chronic obstructive pulmonary disease IPF—idiopathic 
pulmonary fibrosis



pathogenesis

Pulmonary hypertension can be caused by narrowing of the
precapillary vessels (arteries and arterioles), loss of pulmonary
capillary bed, or passive back pressure from the postcapillary
vessels [see Table 2].

Precapillary pulmonary hypertension can be produced by
several mechanisms. Embolic material, such as venous thrombi,
can lodge in the pulmonary artery, producing acute obstruction
or, if unresolved and organized into the vessel wall, chronic ob-
struction. In situ thrombosis can also occur. Chronically in-
creased blood flow, as seen in large left-to-right shunts, is associ-
ated with remodeling of the pulmonary arterial walls to vessels
that resemble systemic arteries and arterioles; this results in an
increase in pulmonary vascular resistance and, ultimately, rever-
sal of the shunt. Remodeling of the pulmonary arterial and arte-
riolar walls as a result of inflammation or endothelial dysfunc-
tion can also occur.

Loss of the pulmonary capillary bed as a result of destructive
processes such as emphysema, interstitial fibrotic disease, or sur-
gical resection will further increase resistance and produce pul-
monary hypertension.

On rare occasions, the pulmonary veins can be obstructed by
a primary process of the veins (pulmonary veno-occlusive dis-

ease) or during passage of the pulmonary veins through the me-
diastinum (neoplasm or mediastinal fibrosis). Any process that
increases left atrial pressure (mitral stenosis or regurgitation) or
increases left ventricular end-diastolic pressure (LVEDP) will
also passively increase pulmonary arterial pressure without in-
creasing pulmonary vascular resistance.

Regardless of the cause of pulmonary hypertension, when
pulmonary hypertension occurs, the vasculature responds by
undergoing changes that further increase its resistance [see Figure
2].3-5 Secondary erythrocytosis (by increased blood viscosity), hy-
poxemia or hypoxia, and acidosis (by vasoconstriction) will also
worsen pulmonary hypertension.

The patterns of histopathologic change seen in pulmonary hy-
pertension are medial hypertrophy, intimal thickening, plexo-
genic pulmonary arteriopathy, thrombotic pulmonary arteriopa-
thy, and veno-occlusive disease.6 Historically, these patterns
were felt to be specific for the different causes of pulmonary hy-
pertension. However, studies indicate that these changes likely
represent a final common pathway of response to pulmonary
vascular injury and persistent pulmonary hypertension.7

diagnosis

The diagnostic evaluation of pulmonary hypertension [see
Figure 3] begins with a careful history and physical examination.

The clinical features of pulmonary hypertension remain the
same regardless of the underlying cause.8 Early in the process,
the symptoms of pulmonary hypertension can be minimal and
nonspecific. Dyspnea, weakness, and fatigue are common; these
symptoms are sometimes associated with chest pain that can
mimic angina pectoris. Syncope, which is often exertional, can
occur late in pulmonary hypertension; it is a sign of poor prog-
nosis. Hoarseness caused by compression of the recurrent laryn-
geal nerve (Ortner syndrome) and hemoptysis related to in-
creased bronchial collateral circulation can occur. Symptoms of
right ventricular failure occur late in the disease and also indicate
a poor prognosis.

Physical Examination

During physical examination, the jugular veins may be dis-
tended, and there may be prominent A waves, signifying de-
creased right ventricular (RV) compliance. Also, increased V
waves may indicate tricuspid regurgitation. In patients with
COPD, palpation of the chest may detect an RV heave in the
parasternal area or in the subxiphoid area. On auscultation of the
heart, there may be an increased P2, an RV S4, an RV S3, a pul-
monic ejection click, the murmur of tricuspid regurgitation (at
the lower right sternal border and increased with inspiration),
and, occasionally, pulmonic regurgitation (Graham Steell mur-
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Figure 1 Effects of lung volume on vascular resistance in alveolar,
extra-alveolar, and total pulmonary circulation. The total vascular
resistance is lowest at functional residual capacity (FRC) and is higher
at low lung volume (residual volume [RV]) and high lung volume
(total lung capacity [TLC]).

Site

Precapillary

Capillary

Postcapillary

Table 2 Relation between Site, Pathogenesis, and Disorders of the Pulmonary Circulation

Pathogenesis

Intravascular obstruction, increased blood flow, vascular 
remodeling or inflammation, vasospasm, increased blood
viscosity

Destruction of capillary bed

Passive back pressure from pulmonary venous obstruction,
high left atrial pressure, high LVEDP

Disorders

Pulmonary emboli or in situ thrombosis, left-to-right shunt,
alveolar hypoxia, vasculopathy caused by collagen vascular
disorder or primary pulmonary hypertension, polycythemia

Emphysema, interstitial lung disease, surgical removal

Pulmonary veno-occlusive disease, pulmonary venous 
obstruction in the mediastinum, mitral regurgitation or
stenosis, left ventricular failure

LVEDP—left ventricular end-diastolic pressure



mur). Hepatomegaly, ascites, and lower extremity edema are
each extrathoracic indicators of right ventricular failure.

Initial Imaging and Physiologic Testing

Chest radiography The chest radiograph can also provide
clues to the diagnosis of pulmonary hypertension. Symmetrical
enlargement of the pulmonary arteries, with rapid tapering of
the distal vessels (pruning) and enlargement of the right ventri-
cle, can be found but usually is not seen until later in the process.
Asymmetrical enlargement of the central pulmonary arteries
may be seen in patients with chronic thromboembolic pul-
monary hypertension. Clues to the underlying cause of pul-
monary hypertension include pulmonary venous congestion
(e.g., LV failure), hyperinflation (COPD), or interstitial lung dis-
ease (e.g., interstitial pulmonary fibrosis).

Electrocardiography In mild cases of pulmonary hyperten-
sion, the electrocardiogram may be normal. In more severe cas-
es, the ECG will show changes of right ventricular hypertrophy
and right atrial enlargement. These changes are to be contrasted
with the typical ECG findings seen in COPD, which largely re-
flect the hyperinflation of the lungs and low diaphragms.

Transthoracic echocardiography Transthoracic echocardi-
ography with Doppler estimation of pulmonary arterial pres-
sure is the noninvasive method of choice in screening popula-
tions of patients with a high incidence of pulmonary hyperten-
sion; such patients include those with with systemic sclerosis or
the CREST syndrome (calcinosis, Raynaud phenomenon,
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Increase of Vascular Resistance 
and Decrease of Compliance

Pulmonary Hypertension

Inflammation
Hypoxia

Increased Pressure
Increased Blood Flow

Vascular Destruction/Distortion
Emboli

Bacterial Toxins
Drugs

Vascular Wall Injury
Endothelial Shear Stress

Increased Transmural Wall Tension

Vasoconstriction
In Situ Thrombosis

Mesenchymal Proliferation
Fibroproduction

History and examination

Diagnosis of pulmonary 
hypertension is unclear;

RVSP unknown or 36–50 mm Hg

If asymptomatic, rule out connecting tissue 
disease and follow up in 1 year with TTE;

if symptomatic, perform right heart catheterization

No perfusion defects Perfusion defects

SymptomsIncidental

PH suspected

Screen

Chest x-ray, ECG, TTE

RVSP ≥ 50 mm Hg;
further workup based 
on clinical suspicion 

Workup for chronic pulmonary 
embolism with spiral CT, MRI, 

or pulmonary arteriogram

Suspected PPH; 
conduct vascular study

Suspected congenital heart
disease, left ventricular 

disease, or valvular disease;
perform TEE, then cardiac 
catheterization if needed

No symptoms 
RSVP < 36 mm Hg

Suspected interstitial lung disease; assess 
arterial blood gases; perform pulmonary 

function tests, chest HRCT

Suspected sleep disorder;
perform PSG

No further workup

Suspected chronic 
emboli or PPH;

perform V/Q scan

Figure 2 Mechanisms of pulmonary hypertension. Irrespective of the
initiating event or events, pulmonary hypertension worsens over time
because of vascular wall injury, endothelial shear stress, and an
increase in transmural wall tension. These processes result in
vasoconstriction, vascular wall remodeling, and in situ thrombosis.

Figure 3 Algorithm for the evaluation of pulmonary hypertension. 
(HRCT—high-resolution computed tomography; PPH—primary pulmonary
hypertension; PSG—polysomnography; RVSP—right ventricular systolic
pressure; TEE—transesophageal echocardiogram; TTE—transthoracic
echocardiography; V

•

/Q
•

scan—ventilation/perfusion lung scan)



esophageal dysmotility, sclerodactyly, and telangiectasias), those

who have a family history of pulmonary hypertension, and pa-

tients with cirrhosis who are being evaluated for liver transplan-

tation. Transthoracic echocardiography is also useful in evaluat-

ing patients with symptoms suggestive of pulmonary hyperten-

sion. Findings indicative of pulmonary hypertension include

hypertrophy, enlargement of the right ventricle and atrium, and

abnormal motion of the septum [see Figure 4]. On Doppler echo-

cardiography, a tricuspid regurgitant flow of 2.8 to 3.4 m/sec

corresponds to a peak pulmonary arterial systolic pressure of 36

to 50 mm Hg and defines mild pulmonary hypertension. Be-

cause the test is noninvasive, it can be repeated as often as neces-

sary in the serial care of patients with pulmonary hypertension.

In some patients, transesophageal echocardiography may be

necessary to detect congenital defects. If hypoxemia suggestive

of a right-to-left intracardiac shunt is present, injection of agitat-

ed saline filled with air bubbles during the echocardiogram will

allow detection of the shunt.9

Tests to Diagnose Underlying Cause of Pulmonary
Hypertension

Pulmonary function testing Measurements of pulmonary

function can be useful in evaluating patients with pulmonary

hypertension. Detection of significant airflow obstruction or a se-

vere restrictive defect may indicate that all or a portion of the

pulmonary hypertension is caused by intrinsic lung disease. By

contrast, isolated reduction of the diffusion capacity or minimal

reduction in the lung volumes can be seen in any of the primary

pulmonary vasculopathies. Arterial blood gases at rest and pulse

oximetry with exercise detect complicating resting or exercise

hypoxemia that should be remedied therapeutically. The finding

of hypercapnia is most compatible with severe chronic airflow

obstruction, sleep apnea, or chest wall disease.

Polysomnography Patients suspected of having a sleep dis-

order of breathing that may be causing or contributing to pulmonary

hypertension should undergo nocturnal polysomnography.

Ventilation-perfusion lung scanning Ventilation-perfusion

lung scanning can be very useful in evaluating patients with pul-

monary hypertension, especially when chronic thromboembolic

pulmonary hypertension is suspected. Patients with chronic

thromboembolic pulmonary hypertension will have multiple

perfusion defects of different sizes (usually interpreted as indi-

cating a high probability of pulmonary embolism), whereas pa-

tients with other causes of pulmonary hypertension will have ei-

ther homogeneous or mildly mottled perfusion [see Figure 5].

The presence of radioactivity in the head or kidney suggests a

right-to-left shunt.

Computed tomography Computed tomography of the

chest using spiral or helical or electron-beam techniques can vi-

sualize central pulmonary thromboemboli more safely and, in

some cases, more accurately than angiography. High-resolution

CT of the chest can detect emphysema or interstitial lung disease

not seen on routine chest radiography.

Cardiac catheterization and pulmonary arteriography If

severe pulmonary hypertension remains unexplained, com-

plete cardiac catheterization with pulmonary arteriography

should be performed to exclude congenital heart disease, prox-

imal or peripheral pulmonary arterial stenosis, and valvular
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Figure 4 (a) Echocardiogram of a patient with chronic pulmonary
hypertension. (b) Echocardiogram of a patient with acute pulmonary
hypertension. (c) Echocardiogram of the patient shown in Figure B
after clot lysis. (LV—left ventricle; RV—right ventricle)



heart disease. Because of the increased risk of complications,
pulmonary arteriography in this situation should be per-
formed by experienced angiographers using selective injec-
tions and minimal nonionic contrast. In those patients who are
thought to have primary pulmonary hypertension, vasodilator
testing with such agents as nitric oxide, prostacyclin, and
adenosine, with monitoring of gas exchange and pulmonary
hemodynamics, should be performed.8

Lung biopsy It is very uncommon that a lung biopsy is re-
quired to establish the cause of pulmonary hypertension. The
only exception would be in patients in whom one of the intersti-
tial lung diseases is suspected as a cause of pulmonary hyperten-
sion. Bronchoscopic lung biopsy is contraindicated in patients
with severe pulmonary hypertension; in such cases, open or
video-assisted biopsy is the technique of choice. Such a biopsy
poses a greater risk for patients with pulmonary hypertension
than for patients without pulmonary hypertension.

treatment 

Pulmonary hypertension is a general finding; treatment de-
pends on the underlying cause. Disorders that affect the pul-
monary circulation acutely (e.g., pulmonary embolism, pul-
monary edema, and the acute respiratory distress syndrome) are
covered elsewhere [see 1:XVIII Venous Thromboembolism and 14:X
Pulmonary Edema], as are congenital heart defects that can cause
pulmonary hypertension [see 1:XV Adult Congenital Heart Dis-
ease] and diseases that affect the lung airways and parenchyma,
such as COPD and the interstitial lung diseases [see 14:III Chronic
Obstructive Diseases of the Lung and 14:V Chronic Diffuse Infiltrative
Lung Disease]. In this subsection, we cover the processes that
chronically affect the pulmonary vasculature directly (i.e., those
pertinent to categories 3 through 5; see above), as well as the
common features of acute and chronic cor pulmonale, irrespec-
tive of cause.

Cor Pulmonale

definition

Cor pulmonale is the term used for right heart dilatation, hy-
pertrophy, and heart failure caused by pulmonary hypertension
resulting from disorders of the pulmonary parenchyma, the pul-
monary vasculature, the thoracic cage, or the neuromuscular
system, excluding congenital heart disease and disorders of the
left side of the heart. Cor pulmonale can occur acutely in settings
of rapid-onset right ventricular overload or chronically with the
slow onset of pulmonary hypertension.

acute cor pulmonale

Pathogenesis

The right ventricle normally pumps at low pressures, even
when cardiac output is dramatically increased by exercise. In re-
sponse to an acute increase in pulmonary vascular resistance, the
right ventricle distends, producing an increase in right ventricu-
lar systolic and diastolic volume, but is unable to generate high
pressures (the pressure generated is usually less than a mean
pressure of 40 mm Hg). If the right ventricle cannot adequately
compensate, increases in right ventricular end-diastolic pressure
(RVEDP) and right atrial pressure occur, producing acute right
heart failure. Additionally, the reduced cardiac output from the
right ventricle to the left ventricle and the shift of the interven-
tricular septum toward the left ventricle cause a reduction in left
ventricular filling and systemic shock.10 Decreased coronary per-
fusion caused by low systemic diastolic pressure further reduces
the ability of the right ventricle to overcome the added resis-
tance, producing a rapid decline to death.

The disorders that cause acute cor pulmonale are diseases that
produce sudden obstruction of the pulmonary vasculature, such
as massive pulmonary thromboembolism11; acute embolism
caused by other materials, such as air, bone marrow, fat, amniot-
ic fluid, or tumor; or obstruction of the microvasculature caused
by high airway pressure or destruction, as is seen in acute respi-
ratory distress syndrome.12

Diagnosis

In the setting of acute respiratory failure or shock with evi-
dence of acute right heart failure, immediate bedside echocar-
diography can demonstrate acute cor pulmonale. Features that
are seen include pulmonary hypertension (usually mild), right
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Figure 5 Perfusion lung scans of a patient with primary pulmonary
hypertension showing homogeneous perfusion (a) and of a patient
with chronic thromboembolic pulmonary hypertension, showing large
bilateral perfusion defects (b).



ventricular dilatation without hypertrophy, tricuspid regurgita-
tion, septal flattening with paradoxical septal motion, and left
ventricular diastolic dysfunction [see Figure 5].13 Relief of the ob-
struction, as occurs through lytic therapy in patients with pul-
monary embolism, results in resolution of the echocardiograph-
ic findings [see Figure 6].

Treatment

Rapid recognition of acute cor pulmonale and relief of the pul-
monary vascular obstruction, if possible, are the key to survival
for patients with acute cor pulmonale. For example, thrombolytic
therapy for patients with acute massive pulmonary embolism
will result in complete resolution of the acute cor pulmonale.14

chronic cor pulmonale

Pathogenesis

In response to a chronic increase in pulmonary vascular resis-
tance, the right ventricle will distend and undergo hypertrophy.
When the ability of the right ventricle to compensate is over-
whelmed, increases in RVEDP and right atrial pressure occur,
producing the syndrome of right heart failure.

The pulmonary hypertension that results in chronic cor pul-
monale is produced by increased pulmonary vascular resistance
caused by varying combinations of pulmonary vascular destruc-
tion or obstruction, hypoxia or acidosis leading to hypoxic vaso-
constriction, and remodeling of the pulmonary vasculature.
Some of these changes (e.g., hypoxic vasoconstriction and some
remodeling) are reversible with therapy, whereas others (vascu-
lar bed destruction) are not.

The disorders that cause chronic cor pulmonale include all
primary and secondary causes of pulmonary hypertension, with
the exception of disorders of the left heart and congenital heart
disease.

Diagnosis

Chronic cor pulmonale may be difficult to detect early be-
cause the manifestations of the underlying lung disease domi-
nate the clinical picture. The clinical features and evaluation are
the same as those described for chronic pulmonary hypertension
(see above). Echocardiography has become the most useful

means of detecting right heart changes caused by pulmonary
hypertension.

Treatment

The nature and severity of the underlying lung disease deter-
mine the outcome of patients with chronic cor pulmonale. For
example, cor pulmonale secondary to sleep apnea may be entire-
ly reversible with appropriate treatment, whereas cor pulmonale
caused by idiopathic pulmonary fibrosis is usually irreversible.

The most important treatment of chronic cor pulmonale is the
treatment of the underlying lung disease [see 14:III Chronic Ob-
structive Diseases of the Lung, 14:V Chronic Diffuse Infiltrative Lung
Disease, 14:VI Ventilatory Control during Wakefulness and Sleep, and
14:VII Disorders of the Chest Wall]. In patients with hypox-
emia, controlled-flow supplemental O2 should be given at rest to
maintain O2 saturation above 90%, during exercise, and during
sleep. Patients should be monitored for acute increases in arteri-
al carbon dioxide pressure (PaCO2).15

Although digitalis has the same effect on the failing right
heart as on the left, its use in such cases has not been associated
with benefit (except in patients with concomitant left ventricular
dysfunction) and may be associated with greater toxicity. Di-
uretics are useful in reducing the edema, ascites, and liver con-
gestion but must be used carefully to avoid reducing right ven-
tricular filling pressures, which may lead to decreasing cardiac
output. Theophylline and beta agonists have beneficial effects
beyond their bronchodilator effects because of positive inotropic
and pulmonary vasodilator actions. Phlebotomy in patients with
secondary polycythemia16 and noninvasive mechanical ventila-
tion of patients with chronic respiratory failure17 may also im-
prove hemodynamics.

Although agents such as hydralazine and calcium channel
blockers cause pulmonary vasodilatation, in patients with
chronic cor pulmonale, gas exchange is usually impaired, negat-
ing any potential positive effect of these drugs. Epoprostenol
(prostacyclin) and three of its analogues have been studied in
several types of chronic pulmonary hypertension and seem to be
beneficial.18

Primary Pulmonary Vascular Diseases

primary pulmonary hypertension

Idiopathic or primary pulmonary hypertension (PPH) is a
condition in which the pulmonary vasculature is the primary
site of the disease.1,19 By definition, other causes of pulmonary
hypertension are excluded. 

Epidemiology

PPH is rare, having an estimated clinical incidence of 1 to 2 per
million people a year and a prevalence of 1,300 per million popu-
lation. Although the disease can occur at any age, the mean age at
diagnosis is 36 years.19 The disease is more frequent in females
than in males (ratio, 1.7:1 to 3.5:1) and is equally represented in
all races. Approximately 6% to 12% of cases are familial.20

In the United States, the mortality from PPH rose substantial-
ly from 1979 to 1996, possibly because of the introduction of
anorexigens.21

Etiology and Pathogenesis

The cause of PPH is unknown, although there are several clin-
ical conditions associated with the development of PPH.  In ad-
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Figure 6 Spiral CT scan of the chest of a patient with chronic
thromboembolic pulmonary hypertension showing large defects in 
the right main pulmonary artery (arrows).



dition, the ingestion of certain drugs or other materials has been
associated with PPH.22 In the 1960s and again in the 1990s, inges-
tion of appetite suppressants such as aminorex, fenfluramine,
and dexfenfluramine were associated with an epidemic of pul-
monary hypertension.23 Additionally, ingestion of contaminated
rapeseed oil, L-tryptophan, amphetamines, cocaine, and mono-
crotaline extracts are associated with PPH.22 Other conditions as-
sociated with PPH are splenectomy/asplenia, portal hyperten-
sion, HIV infection,24 and autoimmune thyroid disorders.22

As is true of many diseases, it is thought that PPH results
from an inciting factor in a genetically susceptible individual.
Studies of inheritance have suggested an autosomal dominant
pattern with markedly reduced penetrance in familial PPH, with
the involved gene on chromosome 2. The gene for familial pul-
monary hypertension, PPH1, has now been identified as hetero-
geneous germline mutations of the gene coding for the bone
morphogenic protein receptor 2.20 The exact mechanism account-
ing for how abnormalities of this receptor produce primary pul-
monary hypertension are being investigated.25

Studies of the pulmonary vasculature in PPH suggest en-
dothelial injury and dysfunction early in the process.26 In PPH,
expression of endothelial nitric oxide synthetase is reduced (ni-
tric oxide is a pulmonary vasodilator) and expression of en-
dothelin 1, a potent pulmonary vasoconstrictor and a mitogen, is
increased. There is an excess of thromboxane (a vasoconstrictor
and potent stimulus for platelet aggregation) relative to prosta-
cyclin, a pulmonary vasodilator. Other vasoactive mediators,
such as serotonin, another pulmonary vasoconstrictor, may also
play a role, especially in pulmonary hypertension associated
with appetite suppressants, which inhibit serotonin reuptake.
Abnormal α1-adrenoceptor affinity and responsiveness may
produce downstream signaling events that cause defects in ion
channel activity and control of intracellular calcium and could
contribute to vasoconstriction and to smooth muscle prolifera-
tion and growth.27 As a consequence of the endothelial dysfunc-
tion and resultant pulmonary vasoconstriction, intimal prolifera-
tion, smooth muscle hyperplasia and hypertrophy, and other re-
modeling phenomena occur, further increasing pulmonary
vascular resistance.28 In situ thrombosis may also play a role in
endothelial injury and vascular obstruction.29

Diagnosis

The diagnosis of primary pulmonary hypertension can be
made when clinical findings [see Pulmonary Vascular Hyperten-
sion, Diagnosis, above, and Figure 3] are present and other causes
of pulmonary hypertension have been excluded.

Treatment

Medical therapy No cures for PPH have been developed, al-
though treatment has improved outcome significantly. Physical
activity should be encouraged but is limited by symptoms. Preg-
nancy is poorly tolerated and should be prevented (oral contra-
ceptives should not be used, because they may increase the risk
of thrombosis). Invasive medical procedures should be avoided
as much as possible. Medications that worsen pulmonary hyper-
tension (e.g., decongestants, beta blockers, and appetite-suppres-
sant drugs) should be avoided. Patients with PPH should re-
ceive long-term warfarin anticoagulation therapy to achieve an
INR (international normalized ratio) of 1.5 to 2.5, and they
should avoid medications that interfere with warfarin metabo-
lism. Oxygen should be used for resting or exercise-induced hy-
poxemia or if the patient will be exposed to high altitudes, such

as on an airplane flight. Diuretics are useful to help control ede-
ma and ascites. Use of digoxin is controversial.30

Vasodilators have changed the outlook for patients with pul-
monary hypertension. For patients who have an acute vasodila-
tor response to the agents mentioned, a trial of a calcium channel
blocker, such as nifedipine or diltiazem, should be initiated. The
patient should be monitored closely during this time because
some patients will deteriorate with this therapy. If the patient re-
sponds, the therapy can be continued and titrated to maximum
benefit. High doses are often required. Patients should be
warned that abrupt withdrawal of therapy can lead to rebound
pulmonary hypertension that can be fatal.30

If the patient did not show a vasodilator response during
right heart catheterization or fails to respond to calcium channel
blockers, the patient should be started on epoprostenol.31

Epoprostenol must be given intravenously and, because of a 3-
to 5-minute half-life, by continuous infusion. Serious side effects
include abrupt discontinuance of therapy because of drug-deliv-
ery system malfunction or I.V. access infections. Minor side ef-
fects include headache, jaw pain, rash, diarrhea, and joint pain.
The dose must be gradually increased over time to maintain
maximum benefit. Epoprostenol appears to have effects that go
beyond vasodilation and may include the decreased production
of endogenous vasoconstrictor substances and antiplatelet and
antiproliferative properties that seem to ameliorate what previ-
ously appeared to be irreversible vascular changes.

Analogues of prostacyclin that can be given by other routes
(i.e., subcutaneous [UT-15], oral [beraprost], or inhaled [ilo-
prost]), agents that increase endogenous prostacyclin, other va-
sodilators such as inhaled nitric oxide, phosphodiesterase-5 in-
hibitors,32 and antagonists of endothelin (i.e., bosentan33 and
sitaxsentan34), and combinations of these medications are being
studied to replace continuous-infusion epoprostenol.31 Oral sup-
plementation with L-arginine, the precursor of nitric oxide, is as-
sociated with modest reductions in pulmonary arterial pressure
and pulmonary vascular resistance, suggesting increased nitric
oxide production.35

Creation of a small atrial septal defect by percutaneous bal-
loon atrial septostomy may result in unloading of the right ven-
tricle and improvement in symptoms related to right heart fail-
ure.36 Indications include recurrent syncope and right heart fail-
ure despite maximum medical therapy, deterioration despite
maximum medical therapy while the patient is awaiting trans-
plantation, and exhaustion of all other options. Because right-to-
left shunting at the atrial level occurs, hypoxemia worsens but is
usually well tolerated in patients without severe preprocedure
hypoxemia.

Lung transplantation Lung transplantation is indicated for
patients in whom PPH has progressed despite optimal medical
therapy. In most centers, heart-lung transplantation is no longer
performed because it was found that the right ventricle recovered
both form and function when pressure fell after even a single-
lung transplantation. Indications for referral for transplant evalu-
ation include New York Heart Association (NYHA) functional
class III or IV despite medical therapy; failure of epoprostenol
therapy and the occurrence of severe side effects from
epoprostenol are additional indications for referral for transplant
evaluation. These guidelines take into consideration the course of
the disease and the waiting time for transplantation.

The surgical mortality for patients with PPH is 20%; this mor-
tality is higher than that for patients receiving lung transplanta-
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tion for other forms of pulmonary hypertension,37 partly because
of the greater complexity of the transplant surgery. The 1-year
survival for patients receiving lung transplantation for primary
pulmonary hypertension is 65%; the 3-year survival is 55%; and
the 5-year survival is 44%. These values are lower than those
seen with other diagnoses.37 No randomized study of medical
versus surgical therapy has been performed. Comparison of sur-
vival data from different studies suggests that survival may be
higher with medical therapy than with transplantation, although
it is likely that only the more severely ill patients received lung
transplantation.38

Prognosis

A National Institutes of Health (NIH) registry of patients with
PPH in the 1980s defined the natural history of the disease.39 The
mean life expectancy from diagnosis was 2.8 years, and the 5-
year survival was 22% to 38%. Patients younger than 14 years
and older than 65 years had lower survival, as did patients with
more severe symptoms. Patients with acute responses to va-
sodilators had a better prognosis. This study also developed a
formula, utilizing data from right heart catheterization (right
atrial pressure, cardiac index, and mean pulmonary arterial
pressure), that predicted survival of patients before the availabil-
ity of prostacyclin and lung transplantation. With these new
therapies, the natural history of the disease has changed; the 5-
year survival is 54% with medical therapy and 44% after lung
transplantation.39

chronic thromboembolic pulmonary hypertension

Epidemiology

The epidemiology of chronic thromboembolic pulmonary hy-
pertension is unknown. An estimated 0.1% to 0.5% of patients
with acute pulmonary embolism will experience chronic pul-
monary hypertension, suggesting that about 500 to 2,500 cases
occur each year in the United States. There are conflicting data
on the male-to-female ratio. The disease has been seen in adults
of all ages, but more than 50% of patients are younger than 45
years. The reason for the development and lack of resolution of
pulmonary emboli in these patients is unknown. A minority of
the patients are found to have hypercoagulability states, such as
deficiencies of protein C or S or of antithrombin III. About 10%
will have circulating lupus anticoagulant.40 The incidence of fac-
tor V Leiden and other hypercoagulable syndromes has not been
adequately studied. Abnormalities of the fibrinolytic system
have been sought, but no consistent patterns have been detect-
ed.40 Embolization of so-called aged clot, lack of therapy for the
initial episode of embolism, and recurrent emboli have all been
hypothesized.

Pathogenesis

Chronic thromboembolic pulmonary hypertension results
from the organization (rather than lysis) of the clots from a single
massive episode of pulmonary embolism or multiple episodes of
pulmonary embolism. As a consequence of obstruction and dis-
tortion of the proximal pulmonary vasculature, the pulmonary
vascular resistance is increased, and over time, pulmonary hy-
pertension develops and worsens.41

Diagnosis

Clinical manifestations Patients with chronic thromboem-
bolic pulmonary hypertension usually present months or years

after the initial embolic event with symptoms of pulmonary hy-
pertension.40 The initial event may have been diagnosed as an
episode of embolism (in only 50% of cases) or may have been
undiagnosed or misdiagnosed as pneumonia or another clinical
entity. The reason for the delay in onset of symptoms is un-
known, although it is suspected that organization of the clot and
the increased pulmonary arterial pressure result in progressive
remodeling of the obstructed and unobstructed pulmonary vas-
culature, gradually worsening the pulmonary hypertension and
finally resulting in right ventricular failure.

Physical examination A pulmonary arterial flow murmur
is the only finding on physical examination that is characteristic
of chronic thromboembolic pulmonary hypertension. It is best
heard over the lung fields while the patient holds his or her
breath.

Imaging and physiologic testing The chest radiograph may
be normal or may show abnormalities suggestive of pulmonary
hypertension. Findings that suggest chronic thromboembolic
pulmonary hypertension include asymmetrical enlargement of
the pulmonary arteries, regions of hyperperfusion and hypoper-
fusion, and focal fibrotic areas of old infarction that may be asso-
ciated with local pleural thickening or cavitation. Pleural effu-
sions can sometimes be seen.

The electrocardiogram may be normal or have changes of
right ventricular hypertrophy or strain, right atrial enlargement,
and right bundle branch block.

Pulmonary function tests will most commonly show no ab-
normality of lung volumes or of spirometry measurements, al-
though about 20% of patients will have restriction, probably re-
lated to previous infarction.41 Frequently, carbon monoxide dif-
fusion in the lung is mildly reduced; this reduction is thought
not to be proportional to the degree of obstruction. Hypoxemia
is common and is often worsened by exercise. The hypoxemia is
the result of a combination of ventilation-perfusion inequality,
low cardiac output, and, sometimes, a patent foramen ovale
with a right-to-left shunt.41

The ventilation-perfusion lung scan is the best method of
screening patients with pulmonary hypertension to identify
those in whom the disorder may be caused by chronic throm-
boemboli.40 Patients with chronic thromboemboli will have at
least one segmental or larger perfusion defect [see Figure 5]. This
pattern can also be seen with tumor or fibrosing mediastinitis.
Patients with primary pulmonary hypertension will have either
a homogeneous pattern or a patchy, nonsegmental pattern. In
chronic thromboemboli, the degree of obstruction is underesti-
mated by the defects seen on the perfusion scan.40

When large perfusion defects are seen on the ventilation-per-
fusion scan, additional testing is needed to confirm that the de-
fects are caused by chronic thromboembolism. Spiral CT is a
noninvasive imaging technique that avoids the risks of angiogra-
phy; it can allow identification of proximal chronic clots and de-
tect other causes of pulmonary vascular obstruction [see Figure
6].41 Otherwise, right heart catheterization and pulmonary an-
giography are needed to accurately measure the right-sided he-
modynamics, exclude intracardiac shunts, measure wedge pres-
sure to assess left heart function, and accurately assess the full
extent of pulmonary vascular obstruction angiographically.

The use of pulmonary angiography in patients with pul-
monary hypertension has been thought to be associated with a
significant risk of death or adverse outcome. Use of oxygen, small
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amounts of nonionic contrast dye, and a limited number of injec-
tions has reduced the risk dramatically.41 Results of pulmonary
angiography must be interpreted with the understanding that the
patterns of pulmonary hypertension are different from those of
acute embolism [see Figure 7].41 In some cases, direct visualization
of the pulmonary vasculature by pulmonary angioscopy is need-
ed to confirm the presence and extent of obstruction.41

Treatment

There is no effective medical therapy for chronic thromboem-
bolic pulmonary hypertension. Vasodilators, angioplasty of the
obstructed areas, and thrombolytic therapy have not been effec-
tive. Preoperative anticoagulation is needed to prevent further
emboli and in situ thrombosis. Placement of an inferior vena
cava filter is recommended.41

Surgery for chronic thromboembolic pulmonary hyperten-
sion is associated with significant risk and therefore should not
be done unless the patient meets criteria for surgery. The criteria
used in one of the large centers were an elevated pulmonary vas-
cular resistance (> 300 dynes/sec/cm–5), severe disability (at
least NYHA class III), and surgically accessible disease.40 Con-
traindications or factors that increase risk include significant co-
morbid disease, especially renal disease, coronary artery disease,
other lung disease, and massive obesity.

Pulmonary thromboendarterectomy is performed through a
median sternotomy, with cardiopulmonary bypass, deep hy-
pothermia, and periods of complete arrest (because of the brisk
backbleeding from the increased bronchial collateral circulation),
allowing better visualization in a bloodless field.40 Dissection of
the pulmonary artery starts in the proximal vessels and extends
into the subsegmental branches, including the intima and some
media. If an atrial septal defect or a patent foramen ovale is
found, it is corrected.

Besides experiencing the usual complications associated with
cardiac surgery, these patients have some specific problems, in-
cluding reperfusion pulmonary edema in the previously ob-
structed areas, resulting in hypoxemia caused by shunting of

blood from the previously unobstructed but remodeled pul-
monary arterial bed into these newly opened areas.41 Altered
mental status is very common and seems to relate to the total cir-
culatory arrest time.

Prognosis

Without surgery, the survival rate for patients with chronic
thromboembolic pulmonary hypertension is low. In patients
whose mean pulmonary arterial pressure is 40 to 50 mm Hg, 5-
year survival is 30%; in those whose pulmonary arterial pressure
is greater than 50 mm Hg, 5-year survival is 10%.40

Mortality associated with pulmonary thromboendarterecto-
my ranges from 5% to 24% and is lowest in the institutions with
the greatest experience. The patients who survive have improve-
ment of functional status from NYHA class III or IV to NYHA
class I or II.40 The right heart recovers quickly, and the pul-
monary arterial pressure may continue to fall for up to 1 year af-
ter surgery. Most patients are able to return to work.

other causes of pulmonary hypertension

Collagen Vascular Diseases

Pulmonary hypertension with little or no parenchymal lung
disease is a life-threatening manifestation of the collagen vascu-
lar diseases.42 The clinical course and pathologic changes are sim-
ilar to those of primary pulmonary hypertension. The patho-
physiology is unknown, although autoantibodies, immunoglob-
ulin, and complement have been found in the vessel walls,
suggesting involvement of immune complexes.43 Patients with
scleroderma, particularly those with the CREST syndrome, have
a high incidence of pulmonary hypertension; the incidence
ranges from 2% to 35% in patients with scleroderma to 50% in
those with CREST. The incidence in patients with other disor-
ders varies from 23% to 53% in those with mixed connective tis-
sue disease to 0.5% to 14% in those with systemic lupus erythe-
matosus; it is rare in those with rheumatoid arthritis, Sjögren
syndrome, and dermatopolymyositis.

The role of immunosuppressive therapy in patients with pul-
monary hypertension secondary to collagen vascular diseases is
unclear. Sanchez and coworkers42 reviewed the literature and
found improvement in pulmonary hemodynamics with various
immunosuppressive regimens in seven of 11 published cases.42

There have been no randomized, controlled trials.
Other than immunosuppressive therapy, treatment of pul-

monary hypertension in patients with collagen vascular diseases
should be patterned after the protocol for primary pulmonary
hypertension detailed above.44,45

Although patients with pulmonary hypertension secondary
to collagen vascular disorders are sometimes excluded from con-
sideration of lung transplantation, transplants have been per-
formed in such patients, with prolonged survival.46

Although several disorders are associated with vasculitis in-
volving the pulmonary vasculature, pulmonary hypertension is
rare. The exceptions to this rule are Takayasu disease [see 15:VIII
Systemic Vasculitis Syndromes], in which pulmonary arteritis and
hypertension probably occur in the majority of cases,47 and rheum-
atoid arthritis48 and systemic lupus erythematosus, in which pul-
monary hypertension occurs much less commonly.49

Pulmonary Veno-occlusive Disease

Pulmonary veno-occlusive disease is a rare but distinct form of
pulmonary hypertension characterized by obstruction of the small
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Figure 7 Pulmonary arteriogram of a patient with chronic
thromboembolic pulmonary hypertension showing multiple abrupt
terminations (arrows) of the pulmonary arterial branches, with no
distal flow characteristic of chronic pulmonary embolism.



intrapulmonary veins.50 About one third of patients are children,
and there are some cases that seem to be related to HIV infection,
use of chemotherapy drugs, or bone marrow transplantation.

Patients with this disorder experience increasing dyspnea,
sometimes with hemoptysis. Findings on chest radiography sug-
gest left ventricular failure; such findings include enlarged pul-
monary arteries, Kerley B lines, pulmonary edema, and pleural
effusions. The diagnosis should be considered when these radio-
graphic findings are associated with no echocardiographic evi-
dence of left ventricular dysfunction, mitral valvular disease, or
obstruction to flow in the left atrium. CT scan of the chest can
provide support for the diagnosis51 and can help exclude ob-
struction of the pulmonary veins in the mediastinum (fibrosing
mediastinitis or tumor). The diagnosis can be confirmed by open
lung biopsy, which will show the combination of chronic con-
gestion, pulmonary hypertensive changes in the pulmonary ar-
teries, and narrowing or occlusion of the pulmonary veins by ec-
centric or concentric intimal fibrosis.

Vasodilator therapy, as is used in primary pulmonary hyper-
tension, is sometimes partially successful but has been associated
with the development of pulmonary edema. Lung transplanta-
tion is the only effective therapy.52

Hematologic Disorders

Sickle cell disease, by way of recurrent episodes of obstruction
by sickled cells, emboli, and in situ thrombosis, can be associated
with the development of precapillary pulmonary hypertension
[see 5:IV Hemoglobinopathies and Hemolytic Anemias].53

Patients with chronic myeloproliferative disorders,54 amyloido-
sis,55 and the POEMS (polyneuropathy, organomegaly, endocrin-
opathy, monoclonal gammopathy, and skin changes) syndrome56

have been noted to have complicating pulmonary hypertension.

Other Causes of Pulmonary Hypertension

Permanent residence at high altitude may be associated with
the development of pulmonary hypertension.57 This response is
maladaptive and occurs in only a small portion of the popula-
tion living at high altitude.58 In these patients, pulmonary arterial
systolic pressure can be reduced through the use of calcium
channel blockers59 or by moving the patient to a lower altitude.

Patients with obstructive sleep apnea without other forms of
lung disease often have complicating pulmonary hypertension.60

Development of pulmonary hypertension is associated with
greater body mass index and degree of daytime hypoxemia,
small airway closure during tidal breathing, and heightened pul-
monary pressor responses to hypoxia and increased pulmonary
blood flow.60,61 Treatment of sleep apnea is associated with im-
provement in pulmonary hemodynamics62 [see 14:VI Ventilatory
Control during Wakefulness and Sleep]. Because these patients are
often sedentary and obese, complicating and recurrent pul-
monary thromboembolic disease should always be looked for.

Compression or stenosis of the pulmonary arteries or veins in
the mediastinum by tumor or fibrosing mediastinitis [see 14:IX Dis-
orders of the Pleura, Hila, and Mediastinum] or stenosis of multiple
peripheral segments of the pulmonary artery can produce pre-
capillary or postcapillary pulmonary hypertension. These disorders
can usually be diagnosed by spiral CT or pulmonary angiography.

A rare cause of pulmonary hypertension is pulmonary capil-
lary hemangiomatosis, a disorder that clinically mimics pul-
monary veno-occlusive disease.63 The lung biopsy specimens of
these patients have patchy regions of severe congestion that con-

tain capillary-sized blood vessels that appear to invade the walls
of the pulmonary veins and, to a lesser degree, the pulmonary
arteries. A CT scan can assist in differentiating this disorder from
primary pulmonary hypertension.64 The only effective treatment
is lung transplantation.

pulmonary arteriovenous malformations

Abnormal, direct communications between branches of the
pulmonary arteries and veins, producing a right-to-left shunt, are
called pulmonary arteriovenous malformations (AVMs). Such le-
sions may be acquired (e.g., as a result of trauma or as a complica-
tion of cirrhosis) [see 4:IX Cirrhosis of the Liver] or congenital.65

Congenital pulmonary AVMs can be either single or multiple.
They may be isolated to the lung or, much more commonly, can
occur as part of an autosomal dominant syndrome of wide-
spread AVMs in skin, mucous membranes, lungs, and other in-
ternal organs. The autosomal dominant syndrome is known as
Osler-Weber-Rendu disease or hereditary hemorrhagic telangi-
ectasia (HHT)66 [see 5:XIII Hemorrhagic Disorders].

Diagnosis

Clinical manifestations Pulmonary AVMs may produce
severe symptoms or complications, but most patients are
asymptomatic. The diagnosis is suggested by solitary or multi-
ple pulmonary nodules found on routine chest radiography.
Dyspnea is the most common symptom, occurring at first with
exercise and later at rest. Dyspnea that worsens in the upright
position and improves on reclining (platypnea) has been seen in
these patients. It may be caused by worsening of the right-to-left
shunt in the lung bases with the patient in the upright position,
producing hypoxemia (orthodeoxia). Hemoptysis, usually mild
and related to bronchial mucosal telangiectasia, is the second
most common symptom. Neurologic complaints are also
seen.66,67 Headache, tinnitus, seizures, symptoms that mimic tran-
sient ischemic attack, and completed stroke may relate to com-
plicating polycythemia, paradoxical embolus, or brain abscess.
Patients with HHT may have bleeding from AVMs outside the
lungs, which is often sufficient to produce anemia.

Physical findings include mucous membrane telangiectasia in
the patients with HHT, cyanosis, plethora, digital clubbing, and
extracardiac murmurs that increase with inspiration heard over
AVMs in the lungs.

Imaging and physiologic testing Patients with pulmonary
AVMs have hypoxemia, with the degree of hypoxemia being
proportional to the magnitude of the shunt. As a consequence,
chronic respiratory alkalosis and polycythemia may occur. Pul-
monary function tests are normal except for a mildly decreased
diffusing capacity.

The diagnosis is most often suggested by the finding on chest
radiograph of a well-defined solitary pulmonary nodule or mul-
tiple nodules with a feeding artery, draining vein, or both.

Echocardiography with contrast can also suggest the diagno-
sis.68 Spiral CT with I.V. contrast will confirm the vascular nature
of lesions and may detect others that were not obvious from stan-
dard radiography. The definitive diagnostic procedure, however,
is pulmonary angiography, which allows demonstration of all
significant lesions; this is important in planning therapy.

Treatment

The natural history of pulmonary AVMs is poorly under-
stood. In asymptomatic patients, the treatment decisions must be
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made with the recognition of the risk of hemoptysis, paradoxical
embolization, and brain abscess.

The treatment options include thoracotomy with selective re-
section or percutaneous embolization. In patients with solitary
or unilateral lesions, resection can be performed with minimal
morbidity and mortality.66 The only consideration is the possibil-
ity of the development of pulmonary hypertension after the low-
resistance AVMs are removed in patients whose pulmonary vas-
culature has become remodeled in response to the high flow
through the AVMs. In such patients, percutaneous balloon ob-
struction of the AVMs allows preoperative measurement of pul-
monary hemodynamics.

The techniques and safety of percutaneous embolization have
been improved. With the use of detachable balloons and metal
coils, single or multiple AVMs can be treated.66,69 The main risk is
systemic embolization of the obstructing material. This tech-
nique is rapidly replacing surgery as the treatment of choice.

pulmonary arterial aneurysms

Aneurysms of the pulmonary arteries are very rare.70 They are
seen as congenital anomalies, often along with abnormalities of
the other great vessels and heart; as part of connective tissue dis-
orders (e.g., Marfan syndrome); as a consequence of trauma
(pseudoaneurysms caused by Swan-Ganz catheters may be con-
fused for pulmonary aneurysms), infection (syphilis, tuberculo-
sis, pyogenic bacteria, or fungi), or immunologic disorders (Beh-
çet disease71 or Hughes-Stovin syndrome); and in association
with pulmonary diseases such as pulmonary hypertension or
bronchiectasis.

In many cases, pulmonary arterial aneurysms are asymptom-
atic. However, cough, dyspnea, and particularly hemoptysis 
can be seen. Rupture of the aneurysm into an airway can be as-
sociated with sudden, massive, and usually fatal hemoptysis.
Dissection of the pulmonary artery can also occur. The diagnosis
can be made from a contrast-enhanced CT scan or by pulmonary
angiography.

Aneurysms of the main and proximal right and left pul-
monary arteries can be surgically repaired.72 Aneurysms in
smaller pulmonary arteries can be removed by surgical resection
of the involved area of lung.

Roland H. Ingram, Jr., M.D., has no commercial relationships with manufactur-
ers of products or providers of services discussed in this subsection.

Gerald W. Staton, Jr., M.D., participates in the speakers’ bureaus for Glaxo-
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