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ulmonary embolism, most commonly originating from deep venous thrombosis of the legs, ranges from asymptomatic, incidentally discovered emboli to massive embolism causing immediate death. Chronic sequelae
of venous thromboembolism (deep venous thrombosis and pulmonary embolism)
include the post-thrombotic syndrome1 and chronic thromboembolic pulmonary
hypertension.2 Acute pulmonary embolism may occur rapidly and unpredictably and
may be difficult to diagnose. Treatment can reduce the risk of death, and appropriate primary prophylaxis is usually effective. Patients treated for acute pulmonary embolism appear to be almost four times as likely to die of recurrent thromboembolism
in the next year as patients treated for deep venous thrombosis (rate of death, 1.5%
vs. 0.4%).3 The primary focus of this review is acute pulmonary embolism of thrombotic origin.
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Epide miol o gy a nd Pathoph ysiol o gy
Pulmonary embolism and deep venous thrombosis represent the spectrum of one disease. Thrombi commonly form in deep veins in the calf and then propagate into the
proximal veins, including and above the popliteal veins, from which they are more
likely to embolize. About 79% of patients who present with pulmonary embolism have
evidence of deep venous thrombosis in their legs; if deep venous thrombosis is not
detected in such patients, it is likely that the whole thrombus has already detached
and embolized.4 Deep venous thrombosis with resultant pulmonary embolism is
shown in Figure 1. Conversely, pulmonary embolism occurs in up to 50% of patients
with proximal deep venous thrombosis. Because of the dual pulmonary circulation
arising from the pulmonary and bronchial arteries, pulmonary infarction is not usually present. In acute pulmonary embolism, anatomical obstruction is undoubtedly
the most important cause of compromised physiology, but the release of vasoactive
and bronchoactive agents such as serotonin from platelets may lead to deleterious
ventilation–perfusion matching.5 As right ventricular afterload increases, tension
in the right ventricular wall rises and may lead to dilatation, dysfunction, and ischemia of the right ventricle. Death results from right ventricular failure.
Although less common in certain regions, such as Asia, venous thromboembolism is a worldwide problem, particularly in people with known risk factors.6 A study
using an inception cohort of patients in Olmsted County, Minnesota, estimated that
the average annual incidence in the United States was 1 episode per 1000 registered
patients.7 Annually, as many as 300,000 people in the United States die from acute
pulmonary embolism,7,8 and the diagnosis is often not made until autopsy.4,9 Hospitalized patients are at particularly high risk, although thromboembolism often is
not manifested until after discharge.9
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Figure 1. Pathophysiology of Pulmonary Embolism.
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Table 1. Risk Factors for Venous Thromboembolism.*

Acquired Risk Factors

Hereditary factors

Certain risk factors increase the likelihood of acute
deep venous thrombosis and thus pulmonary embolism.8 Total hip and knee replacement, surgery
for hip fracture, and surgery for cancer impart particularly high risks, as do trauma and spinal cord
injury; overall, acute medical illness may be the
most common setting in which thromboembolism
occurs.10 Markedly reduced mobility also confers
an increased risk, though the degree and duration
of reduced mobility that trigger the increase in
risk remain unclear, often depending on concomitant risk factors. Prolonged air or ground travel
increases the risk of thromboembolism. A sedentary lifestyle and occupations involving long periods of sitting merit awareness; in fact, the term
eThrombosis has been coined to describe thrombotic events related to extended periods of sitting
at a computer terminal.11 Advancing age is another
clear risk factor, with the risk increasing after the
age of 40 years.
In patients with conditions such as cancer and
the thrombophilias, acquired risk and genetic predisposition may overlap. In cancer, the procoagulant effects of the particular tumor or its treatment
may increase the risk of thromboembolic events,
as can venous obstruction by the tumor, reduced
mobility, the presence of central venous catheters,
and chemotherapy.12 Antiphospholipid antibodies
are associated with thrombosis and recurrent, unexplained fetal loss.13 Hereditary and acquired risk
factors for venous thromboembolism are listed in
Table 1.

Antithrombin deficiency

Genetic Disorders and Thromboembolic Risk

Deficiencies in protein C, protein S, and antithrombin substantially increase the risk of thrombosis and thromboembolic events. Factor V Leiden,
which causes activated protein C resistance, is
the most common genetic risk factor for thrombophilia.14 The question of whether to test for
these disorders most often arises in patients with
recurrent thromboembolism, in young patients,
in patients with apparently unprovoked thrombotic or thromboembolic episodes, and in those
with thrombosis in an unusual location (e.g., in
cerebral, mesenteric, portal, or hepatic veins). In
summary, Virchow’s classic triad of risk15 — stasis,
venous injury, and hypercoagulability — is still
relevant in assessing patients, reflecting the influence of genetic and environmental risk factors and
n engl j med 358;10

Protein C deficiency
Protein S deficiency
Factor V Leiden
Activated protein C resistance without factor V Leiden
Prothrombin gene mutation
Dysfibrinogenemia
Plasminogen deficiency
Acquired factors
Reduced mobility
Advanced age
Cancer
Acute medical illness
Major surgery
Trauma
Spinal cord injury
Pregnancy and postpartum period
Polycythemia vera
Antiphospholipid antibody syndrome
Oral contraceptives
Hormone-replacement therapy
Heparins
Chemotherapy
Obesity
Central venous catheterization
Immobilizer or cast
Probable factors
Elevated levels of lipoprotein(a)†
Low levels of tissue factor–pathway inhibitor
Elevated levels of homocysteine; factors VIII, IX, and XI;
fibrinogen; and thrombin-activated fibrinolysis inhibitor
* It remains unclear whether some of the disorders listed
are hereditary, acquired, or both.
† At present, the associated risk of venous thromboembolism is not clear.

their interactions.16 Knowing the risk factors for a
given patient should help the physician choose appropriate diagnostic and prophylactic strategies.

Di agnos t ic A pproache s
Clinical Manifestations

Being cognizant of the symptoms and signs of
venous thromboembolism may reduce diagnostic
delays.17 Leg pain, warmth, or swelling may serve
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as a clue that a patient has deep venous thrombosis. Patients with acute pulmonary embolism often
have dyspnea or chest pain, either sudden in onset
or evolving over a period of days to weeks. Pleuritic chest pain and hemoptysis occur more frequently in patients with pulmonary infarction,
which is characterized by smaller, more peripheral
emboli, and in such patients, a pleural rub may be
evident. Symptoms of cough, palpitations, and
light-headedness and signs including fever, wheezing, and rales may result from pulmonary embolism or from concomitant illnesses. Tachypnea and
tachycardia are common but nonspecific findings.
Signs of pulmonary hypertension caused by pulmonary embolism may include elevated neck veins,
a loud P2, a right-sided gallop, and a right ventricular lift. Signs and symptoms of both deep venous
thrombosis and pulmonary embolism may be
highly suggestive but are neither sensitive nor specific. Thus, when either condition is suspected,
further testing must be considered. Often the extent of symptoms depends on the thromboembolic burden. However, even very large thrombi in
the periphery may evolve silently and then present
as symptomatic or even fatal pulmonary embolism, whereas smaller emboli may be associated
with major symptoms, particularly if cardiovascular reserve is already poor. The possibility of massive pulmonary embolism should be considered in
patients who have a sudden onset of near syncope
or syncope, hypotension, extreme hypoxemia, electromechanical dissociation, or cardiac arrest.
Preliminary Laboratory Testing
and Pretest Probability

If pulmonary embolism is suspected, a careful assessment based on the history, physical examination, and known risk factors is necessary; additional studies, including electrocardiography, chest
radiography, and arterial blood gas analysis, should
also be considered. Electrocardiographic abnormalities, including unexplained tachycardia, are
common in acute pulmonary embolism but nonspecific. Electrocardiographic manifestations of
acute cor pulmonale, such as an S1, Q3, T3 pattern,
right bundle-branch block, P-wave pulmonale, or
right axis deviation, are more common with massive embolism than with smaller emboli, but these
findings are also nonspecific.18 The chest radiograph is generally nondiagnostic, though it may
uncover an alternative diagnosis. Patients with
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acute pulmonary embolism usually have hypoxemia, but the arterial oxygen tension may be normal. On rare occasions, the alveolar–arterial oxygen difference is also normal.18 A sudden or
unexplained change in arterial oxygen saturation
should raise suspicion.
Additional studies may also be useful. Although
a positive d-dimer test (which measures plasma
levels of a specific derivative of cross-linked fibrin)
indicates that venous thrombosis and pulmonary
embolism are possible diagnoses, this test is nonspecific, since it may be positive in patients with
infection, cancer, trauma, and other inflammatory
states and thus cannot inform decisions about
treatment.19,20 The enzyme-linked immunosorbent
assay (ELISA)–based d-dimer tests have superior
sensitivity (96 to 98%). d-dimer testing is best considered together with clinical probability, and the
latter can be estimated on the basis of one of two
clinical-prediction scores that assess the likelihood
that a patient has acute pulmonary embolism
(Table 2).21-24 These methods, which predominate
in the evidence-based literature on clinical-probability assessment, are based on information from
the history and physical examination. The scores
have been best used in patients presenting to the
emergency room. When an ELISA-based d-dimer
test is negative in patients with a low or moderate pretest probability, the likelihood of deep venous thrombosis and pulmonary embolism is low
and precludes the need for specific imaging studies.20,25 In patients with a high pretest probability,
however, imaging should be performed instead of
d-dimer testing.26,27 The tool used for clinicalprobability assessment may be less important than
the principle that each patient must undergo a
careful assessment based on the individual clinical probability of actually having pulmonary embolism.
Other biomarkers may offer useful clinical information. Cardiac troponin levels may be elevated, particularly in patients with massive acute
pulmonary embolism.28 An elevated troponin level
is most commonly used in risk stratification in
patients with established pulmonary embolism,
but it is not sensitive as a diagnostic tool when
used alone.28 Plasma levels of brain natriuretic
peptide increase with ventricular stretching but
may be elevated in patients with congestive heart
failure or various other conditions that cause pulmonary hypertension.29
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Imaging Studies

Many types of imaging studies have been used in
diagnosing acute pulmonary embolism, including
ventilation–perfusion scanning, contrast-enhanced
computed tomographic (CT) arteriography, magnetic resonance imaging (MRI), standard pulmonary arteriography, and imaging for detecting
deep venous thrombosis as a surrogate for acute
pulmonary embolism (ultrasonography, CT venog
raphy, MRI, and standard venography).
Contrast-enhanced CT arteriography has advantages over ventilation–perfusion scanning,
including speed, characterization of nonvascular
structures, and detection of venous thrombosis.
If a patient has either acute or chronic renal insufficiency, caution in using contrast agents is
imperative, given the possibility of inducing nephropathy associated with contrast material. CT
arteriography has the greatest sensitivity and
specificity for detecting emboli in the main, lobar,
or segmental pulmonary arteries. The use of multidetector CT arteriography has led to decreased
section thickness, reduced scanning times, and
markedly improved visualization of segmental
and subsegmental vessels.30 Systematic reviews
and prospective randomized trials suggest that
outpatients with suspected pulmonary embolism
and negative CT arteriographic studies have excellent outcomes without therapy, although additional imaging studies that included leg ultrasonography were usually part of the evaluation
that led to the management decision.31
In a recent large, prospective trial conducted
with outpatients with suspected acute pulmonary
embolism, the investigators reported an excellent
outcome when anticoagulation therapy was not
initiated after a negative finding on multidetector CT arteriography (which was the sole imaging study).22 Nonetheless, it is prudent to consider additional imaging in cases of high clinical
suspicion, even if CT arteriography is negative.
When either single-detector or multidetector CT
arteriography suggests acute pulmonary embolism, treatment is nearly always mandated; false
positive CT arteriographic studies appear to be
unusual. A CT arteriographic study in a patient
with acute pulmonary embolism is shown in
Figure 2.
The combination of CT arteriography and CT
venography has been assessed in some trials.32,33
Most recently, the Prospective Investigation of

n engl j med 358;10

Pulmonary Embolism Diagnosis II trial compared
the use of multidetector CT arteriography alone
with its use in combination with CT venography
for detecting suspected acute pulmonary embolism.33 The sensitivity of spiral CT arteriography
alone was 83%, whereas the combination of CT
arteriography and CT venography increased the
sensitivity to 90%, suggesting that a combined
approach might facilitate clinical management,
particularly for the treatment of inpatients with
complex cases.
Ventilation–perfusion scanning is most likely
to be diagnostic in the absence of cardiopulmonary disease.34 A normal perfusion lung scan effectively rules out acute pulmonary embolism.
A scan suggesting a high probability of acute
pulmonary embolism should be considered diagnostic, unless clinical suspicion is low or there is
a history of pulmonary embolism with an identical previous scan.34,35 However, if the clinical
story strongly suggests pulmonary embolism despite a nondiagnostic ventilation–perfusion scan,
the diagnosis should be rigorously pursued.34,36
If the ventilation–perfusion scan is nondiagnostic in a patient with a low clinical probability of
acute pulmonary embolism or in a patient with
a moderate clinical probability but negative results on d-dimer testing, no additional testing or
therapy is indicated.34-36 In a recent study of 221
consecutive patients with suspected acute pulmonary embolism, multitechnique thoracic MRI of
the lung followed by magnetic resonance venography was used successfully to search for both
deep venous thrombosis and pulmonary embolism.37
Echocardiography may reveal findings that
strongly support hemodynamically significant
pulmonary embolism,38 offering the potential to
guide treatment. Emboli moving through the heart
to the lungs are occasionally confirmed with this
technique; in addition, intravascular ultrasonography has been used at the bedside to visualize large
emboli.39 A diagnostic algorithm for suspected
pulmonary embolism is shown in Figure 3.

T r e atmen t
Anticoagulation

Bed rest is not recommended for deep venous
thrombosis unless there is substantial pain and
swelling. However, the data for pulmonary em-
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Table 2. Clinical Prediction Scores for Suspected Acute Pulmonary Embolism.*
Canadian (Wells) prediction score
Variable and score
DVT symptoms and signs — 3.0
PE as likely as or more likely than alternative diagnosis — 3.0†
Heart rate >100 beats/min — 1.5
Immobilization or surgery in previous 4 wk — 1.5
Previous DVT or PE — 1.5
Hemoptysis — 1.0
Cancer — 1.0
Total score‡
<2.0 — low pretest probability
2.0 to 6.0 — moderate pretest probability
>6.0 — high pretest probability
Dichotomized Wells score§
≤4 — PE unlikely
>4 — PE likely
Original Geneva (Wicki) score¶
Variable and score
Age
60–79 yr — 1
≥80 yr — 2
Previous DVT or PE — 2
Recent surgery — 3
Heart rate >100 beats/min — 1
PaCO2
<36.2 mm Hg (<4.8 kPa) — 2
36.2–38.9 mm Hg (4.8–5.19 kPa) — 1
PaO2
<48.8 mm Hg (<6.5 kPa) — 4
48.8–59.9 mm Hg (6.5–7.99 kPa) — 3
60–71.2 mm Hg (8.0–9.49 kPa) — 2
71.3–82.4 mm Hg (9.5–10.99) — 1
Chest radiograph
Platelike atelectasis — 1
Elevation of hemidiaphragm — 1
Revised Geneva score‖
Variable and score
Age >65 yr — 1
Previous DVT or PE — 3
Surgery or lower limb fracture in previous wk — 2
Active cancer — 2
Unilateral lower limb pain — 3
Hemoptysis — 2
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Table 2. (Continued.)
Heart rate
75–94 beats/min — 3
≥95 beats/min — 5
Pain on leg palpation or unilateral edema — 4
* DVT denotes deep venous thrombosis, PaCO2 partial pressure of carbon dioxide in arterial blood, PE pulmonary embolism, and PaO2 partial pressure of oxygen in arterial blood.
† Physicians used clinical information, chest radiography, electrocardiography, and laboratory results.
‡ In the study by Wells et al., the pretest probability of PE was low, moderate, and high in 527, 339, and 64 patients
(1.3%, 16.2%, and 37.5% had PE), respectively. Of the 437 patients with a negative d-dimer result and a low clinical
probability, only 1 had PE during follow-up; thus, the negative predictive value for the use of the clinical model combined with d-dimer testing in these patients was 99.5%.21
§ In the Christopher study, PE was classified as unlikely in 2206 patients (66.7%). Here, the score was dichotomized. A
total of 1057 patients (32.0%) had both a score indicating that PE was unlikely and a normal d-dimer test result, and
1028 of these patients were not treated with anticoagulants; subsequent nonfatal venous thromboembolism occurred
in 5 patients (0.5% [95% confidence interval, 0.2–1.1]).22
¶ Results were based on 986 patients.23 A probability score ranging from 0 to 16 was calculated by adding points assigned to the variables. A cutoff score of 4 best identified patients with a low probability of PE. A total of 486 patients
(49%) had a low clinical probability of PE (score, ≤4), of whom 50 (10%) had proven PE. The prevalence of PE was 38%
in the 437 patients with an intermediate probability (score, 5 to 8) and 81% in the 63 patients with a high probability
(score, ≥9).
‖ The score consisted of 8 entirely clinically based variables with points assigned. In the validation set, the prevalence of
PE was 8% in the low-probability category (0 to 3 points), 28% in the intermediate-probability category (4 to 10 points),
and 74% in the high-probability category (≥11 points). This prediction score has been internally and externally validated
and awaits testing for clinical usefulness in an outcome study.24

bolism are not sufficient to support this recommendation.40,41 Thus, when pulmonary embolism
is diagnosed, inpatient therapy with initial bed
rest for 24 to 48 hours is often recommended.
Similarly, although the use of low-molecularweight heparin as outpatient therapy is well established for deep venous thrombosis, improving
the quality of life and reducing the health care
costs,42,43 the data on outpatient therapy for acute
pulmonary embolism are less robust.
When acute pulmonary embolism is present,
parenteral anticoagulation with low-molecularweight heparin, the pentasaccharide fondaparinux,
or standard, unfractionated heparin should be
initiated unless contraindicated. Although they
are not thrombolytic, these drugs allow the fibrinolytic system to function unopposed, ultimate
ly decreasing the thromboembolic burden. Anticoagulation clearly improves survival among
patients with symptomatic pulmonary embolism,
but the risk of recurrent, nonfatal venous thromboembolism is estimated at 5% to 10% during
the first year after diagnosis.40 If the suspicion
of pulmonary embolism is high, parenteral anti
coagulation should be considered even before
imaging, as long as the risk of bleeding does not
appear to be excessive.40 Warfarin can be initiated on the first day of therapy. Subcutaneous
n engl j med 358;10

low-molecular-weight heparin, fondaparinux, or
weight-based intravenous unfractionated heparin should be administered for at least 5 days,
preferably until the international normalized
ratio is in the therapeutic range (2.0 to 3.0) for
2 consecutive days. With standard heparin administration, the activated partial-thromboplastin time should be measured at 6-hour intervals
until it is consistently in the therapeutic range
(1.5 to 2.5 times control). Achieving a therapeutic activated partial-thromboplastin time within
24 hours appears to reduce the risk of recurrence.44 Although no evidence-based recommendations can be made for the treatment of isolated subsegmental pulmonary emboli that have
been documented by CT arteriography, they are
generally treated, because it may be difficult to
definitively exclude the possibility of a clot remaining in the leg and because there may also
be an ongoing risk of such a clot.45
A number of low-molecular-weight heparin
preparations have been studied and approved
worldwide. The low-molecular-weight heparin and
pentasaccharide preparations have advantages
over unfractionated heparin, including greater
bioavailability, more predictable dosing, subcutaneous delivery (usually without the need for
monitoring), and a lower risk of heparin-induced
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Figure 2. Contrast-Enhanced CT Angiograms Showing
Acute Pulmonary Embolism.
Panel A shows bilateral pulmonary embolism (arrows).
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against
activated factor X (anti–factor
may be
considered in patients who are morbidly obese
(weighing >150 kg) or very small (<40 kg), in
patients who are pregnant, and in patients with
either very severe renal insufficiency or rapidly
changing renal function.47 Fondaparinux should
not be used in patients with severe renal insufficiency (creatinine clearance <30 ml per min),
given renal excretion and a prolonged half-life
with renal insufficiency.40
Randomized trials support the use of lowmolecular-weight heparin or fondaparinux for
symptomatic pulmonary embolism40,48-51 and for
deep venous thrombosis with or without pulmonary embolism.40,52,53 Low-molecular-weight heparin may be superior to unfractionated heparin

1044

n engl j med 358;10

of

m e dic i n e

for the treatment of deep venous thrombosis,
and it is at least as effective as unfractionated
heparin in reducing the risk of death and the
risk of major bleeding during initial therapy for
pulmonary embolism.40,54 In patients with acute
nonmassive pulmonary embolism, the American
College of Chest Physicians recommends the use
of low-molecular-weight heparin rather than standard heparin on the basis of grade 1A evidence
(data are from randomized clinical trials without important limitations).40
A potential disadvantage of low-molecularweight heparin is the acquisition cost for hospital pharmacies in the United States; however,
analyses have suggested that even in the inpatient
setting, this agent is less costly than unfractionated heparin.43 Although preparations of lowmolecular-weight heparin have common characteristics, different compounds in this class are
distinct, so clinical-trial results and specific indications for one drug may not apply to others.55
Patients with acute venous thromboembolism
require long-term anticoagulation to prevent
symptomatic extension and recurrence of thrombosis. Documented thromboembolism in patients
with transient risk factors should be treated for
3 to 6 months, but more extended treatment is
appropriate when significant risk factors persist,
when thromboembolism is idiopathic, or when
previous episodes of venous thromboembolism
have been documented.40,56 Recent data suggest
that d-dimer levels may help guide decisions
about the duration of therapy; persistently elevated levels appear to be associated with an increased recurrence rate.57 Long-term treatment
of thrombosis with the low-molecular-weight
heparin dalteparin, as compared with warfarin,
in patients with cancer has been shown to be
associated with fewer thromboembolic recurrences.58
Treatment with a direct thrombin inhibitor
(e.g., argatroban or lepirudin) should be considered for heparin-induced thrombocytopenia with
thrombosis. Treatment with warfarin should not
be initiated until the disease process has been
controlled and the platelet count has returned to
the normal range because of the potential for
worsening thrombotic complications, including
venous limb gangrene and warfarin-induced skin
necrosis. Lepirudin is excreted by the kidneys,
and argatroban is metabolized in the liver —
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Figure 3. Diagnostic Approach to Suspected Acute Pulmonary Embolism.
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important considerations when renal or hepatic
disease is present. Oral direct thrombin inhibitors, such as dabigatran, and oral anti–factor Xa
inhibitors, such as rivaroxaban and apixaban,
are in phase 3 trials, as is biotinylated idraparinux,
a reversible parenteral anti–factor Xa inhibitor
requiring dosing only once a week.59 Aptamers,
derived from nucleic acid templates, act as reversible antagonists of coagulation factors, have
the potential to be developed together with a
specific antidote, and appear to be promising
anticoagulants, but none are approved for commercial use.60
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Placement of a Vena Caval Filter

The primary indications for placement of an inferior vena caval filter include contraindications to
anticoagulation, major bleeding complications
during anticoagulation, and recurrent embolism
while the patient is receiving adequate therapy.40
Filters are sometimes placed in the case of massive pulmonary embolism, when it is believed that
additional emboli might be lethal, particularly if
thrombolytic therapy is contraindicated. However,
this latter indication is not based on firm trial
data. Although filters are effective in reducing the
incidence of pulmonary embolism, they increase
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the subsequent incidence of deep venous thrombosis and have not been shown to increase overall
survival.61 Optional (retrievable) filters may be left
in place permanently or retrieved if patients no
longer require vena caval interruption. Certain
models can be retrieved several months after
placement, and removal approximately 1 year after
placement has been reported,62,63 although there
is little published information about very late retrieval. Recommendations for the use of vena caval filters have recently been published.63
Treatment of Massive Pulmonary Embolism

Pulmonary embolism causing hemodynamic instability is termed massive; once it is suspected,
a diagnostic plan and supportive measures are
essential. The physiological effect of massive pulmonary embolism64,65 is such that resulting right
ventricular failure may lead to compromised left
ventricular preload, which may be life-threatening.
If saline is infused for hypotension, it should be
done with caution. Vasopressor therapy (e.g., dopamine) should be considered if the blood pressure is not rapidly restored; there is little information about the use of inotropic agents in general.66
Oxygen supplementation, intubation, and mechanical ventilation are instituted as necessary for respiratory failure.
Complications of Thrombolytic Therapy

The most widely accepted indication for thrombolytic therapy is proven pulmonary embolism
with cardiogenic shock; therapy is also frequently considered when a patient presents with systemic hypotension without shock.67-69 The use of
thrombolysis in submassive embolism — that is,
pulmonary embolism causing right ventricular
dilatation and hypokinesis without systemic hypotension — is debated.40,67-69 Clinical trials have
not been sufficiently large to provide definitive
data on the survival benefit in such cases. When
t-PA is administered with heparin, as compared
with the use of heparin alone, escalation of therapy is less likely to be needed.69 Streptokinase,
urokinase, and recombinant tissue plasminogen
activator (t-PA) have been studied extensively; the
more rapidly infused t-PA has been the most
widely used thrombolytic agent.
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An elevated serum troponin level may identify
a subgroup of normotensive patients who may
benefit from more aggressive treatment.27 Throm
bolytic therapy may also be considered in patients
with severely compromised oxygenation or a massive embolic burden identified by imaging studies
— even without hemodynamic instability — or in
patients with extensive venous thrombosis that
accompanies nonmassive embolism. However,
the evidence base supporting these indications is
inadequate, and individualized care is necessary.
The most devastating complication of thrombolytic therapy is intracranial hemorrhage, although it has been reported in less than 1% of
patients in clinical trials and in about 3% of
patients in a large registry.70 Other complications
include retroperitoneal and gastrointestinal hemorrhage and bleeding from surgical wounds or
sites of recent invasive procedures. Contraindications to consider include intracranial, spinal, or
ocular surgery or disease, recent major surgery
or other invasive procedures, active or recent
major bleeding, pregnancy, and clinically obvious risks of bleeding. Intracranial bleeding is
the clearest, strongest contraindication. Clinical
judgment that weighs risks and benefits is imperative. Catheter-based mechanical pulmonary
embolectomy, local intraembolic thrombolytic
therapy, or both can be considered.71 Pulmonary
embolectomy may be successful in patients with
proven massive pulmonary embolism and hemodynamic instability or in those in whom thrombolytic therapy has failed or is contraindicated.40,72,73 However, the condition of these patients
is very compromised, and the risk of death may
be high with this approach.73 Surgery is sometimes considered when there are right heart
thrombi, with or without paradoxical embolism,
but no data from randomized trials are available
to support this approach; thrombolysis is commonly considered in such cases. A general treatment algorithm is shown in Figure 4.
Prognosis

Most patients with acute pulmonary embolism
who receive adequate anticoagulant therapy survive. The 3-month overall mortality rate has been
reported to be about 15 to 18%.70 Shock at pre-
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Right ventricular
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Thrombolytic therapy
contraindicated

Thrombolytic therapy
not contraindicated

Consider surgical
embolectomy

Thrombolytic therapy

Consider thrombolytic
therapy

Figure 4. Treatment of Acute Pulmonary Embolism.
Low-molecular-weight heparin is preferable to unfractionated heparin in most settings.40 Use of an optional (retrievable) inferior vena caval filter (IVCF) offers the potential for removal when risk factors are deemed transient.63 Although filter placement may be considered in patients with massive embolism in order to prevent additional emboli,
this indication has not been studied in prospective, randomized clinical trials. Anticoagulation should be initiated
when the risk of bleeding subsides. Although
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sentation is associated with an increase in mortality by a factor of three to seven; a majority of
the deaths among patients presenting in shock
occur within the first hour after presentation.74
Both chronic leg pain and swelling (the postthrombotic syndrome) and chronic thromboembolic pulmonary hypertension are possible longterm sequelae of acute pulmonary embolism.1,2
Prevention

The risk of venous thromboembolism is substantial in hospitalized patients but can be reduced
significantly when patients receive appropriate
prophylaxis.75 Heparin, low-molecular-weight
heparin, fondaparinux, warfarin, and mechanical
prophylaxis have proven effective in various clinical settings. Unfortunately, prophylactic measures
appear to be grossly underused, as determined in
both U.S. and international studies.76-79 Anticoagulant prophylaxis is more effective than lowerlimb mechanical prophylaxis, but the risks of both
thrombosis and bleeding should be considered in
a given patient.80
Consensus statements offer important guidelines for various clinical scenarios.75,80 Certain
patient populations are at particularly high risk
for venous thrombosis and thus pulmonary embolism. After total hip or knee replacement, the
risk of venous thrombosis is 50% or higher without prophylaxis.75,81,82 Trauma and spinal cord
injury also represent very-high-risk scenarios.83,84
The superiority of prophylaxis with low-molecular-weight heparin as compared with standard,
unfractionated heparin has been demonstrated in
these four settings.75,81-84 Fondaparinux is also
effective prophylaxis for total joint replacement
and surgery for hip fracture.75 In other settings,
such as abdominal surgery, low-dose unfractionated heparin appears to be adequate, although
the advantages of low-molecular-weight heparin
for most indications, with regard to both patients
and nursing, should be considered.
A large study using venographic end points
indicate that without preventive measures, the
risk of venous thromboembolism among acutely
ill, hospitalized medical patients may be as high
as 15%.85 Well-designed, prospective, randomized
trials in this population have demonstrated that
enoxaparin,85 dalteparin,86 and fondaparinux87
are each superior to placebo in preventing acute
venous thromboembolism. In medical patients,
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enoxaparin given once daily is at least as effective
as heparin delivered every 8 hours,88 and in
patients with stroke, prophylaxis with enoxaparin
is associated with significantly lower rates of
deep venous thrombosis than is prophylaxis with
5000 U of unfractionated heparin delivered every
12 hours.89 Patients with stroke or congestive
heart failure are at particularly high risk, and in
the latter group, the degree of left ventricular
dysfunction may correlate with the risk of thrombosis.90 Extended prophylaxis with enoxaparin
(for approximately 38 days) as compared with 7 to
10 days of prophylaxis appears to reduce the rate
of deep venous thrombosis, among medically ill
patients with limited mobility91; such extended
prophylaxis has already proven effective in certain
high-risk populations, such as patients undergoing total hip replacement or surgery for cancer.75
As with therapy for venous thromboembolism,
a dose decrease should be considered for prophylaxis with low-molecular-weight heparin in
patients with significant renal insufficiency; otherwise, standard heparin should be used. Combining anticoagulant and mechanical methods is
reasonable in medical, surgical, or critically ill
patients at exceptionally high risk. Consensus
recommendations have advised against the use
of inferior vena caval filters as primary prophylaxis in patients with trauma and in those undergoing neurosurgery,75 although others have recommended prophylactic placement in selected
patients with trauma.92
Every hospitalized patient should be assessed
for the need for prophylactic measures, and all
hospitals should formulate their own written
guidelines for each particular clinical setting,
based on the available medical literature.93 In
the United States, several projects have been undertaken in an effort to optimize the prevention
and treatment of acute venous thromboembolism. The Surgical Care Improvement Project —
sponsored by the Centers for Medicare and Medicaid Services, the American Medical Association,
and other health-related organizations — has
included prophylaxis against venous thromboembolism as a target area for improvement,94 and
the National Quality Forum, together with the
Joint Commission on Accreditation of Healthcare
Organizations (now called the Joint Commission), is in the process of finalizing performance
measures to ensure that the risk of thromboem-
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bolism and prophylaxis against it are considered
in hospitalized patients.95 The unacceptable rate
of fatal pulmonary embolism has not served to
ensure optimal prophylaxis use in these patients.

tients with acute venous thromboembolism require
the same initial approach as other patients with
regard to the need for parenteral anticoagulation,
placement of an inferior vena caval filter, or embolectomy. In a patient with life-threatening pulPr egna nc y a nd Acu te Pul mona r y monary embolism, thrombolytic therapy should
not be withheld solely because of pregnancy.
E mbol ism
Long-term anticoagulation may be best achieved
Women who are pregnant or in the postpartum with low-molecular-weight heparin, since warfaperiod and women receiving hormonal therapy rin is a teratogen.
are all at increased risk for venous thromboembolism, and these groups deserve special mention.
C onclusions
Recent U.S. epidemiologic data showed a relative
risk of venous thromboembolism among preg- Untreated pulmonary embolism is associated with
nant or postpartum women of 4.29, with an over- high mortality. Suspected pulmonary embolism
all incidence of 199.7 cases per 100,000 woman- demands prompt diagnostic testing and assessyears.96 Furthermore, the risk of a first episode ment of risk factors and clinical probability, with
of venous thromboembolism was 5 times as high empirical clinical assessment and a validated
in the postpartum period as during pregnancy, clinical prediction score when possible. Clinical
and the risk of pulmonary embolism was 15 times assessment, together with d-dimer testing, may
as high during the postpartum period as during sometimes circumvent the need for imaging.
pregnancy. Low-dose oral contraceptives increase Otherwise, there should be a low threshold for
the risk of venous thrombosis by a factor of two diagnostic imaging. Treatment of acute pulmoto five,97 and hormone-replacement therapy ap- nary embolism has been shown to reduce morpears to increase the risk of thromboembolism tality. Risk stratification of patients with this
by a factor of two to four.98 In pregnant patients disease is necessary to optimize decision making
with suspected acute pulmonary embolism, the with regard to the use of thrombolytic therapy.
use of noninvasive diagnostic methods without Preventive efforts are crucial.
imaging may appear to be ideal, but concern
Dr. Tapson reports receiving grant support from Sanofi-Avenabout exposure to radiation should not deter clini- tis, Actelion, Encysive, Pfizer, and United Therapeutics and
consulting fees from Sanofi-Aventis, Bayer, Eisai, Stack, Actecians from using CT arteriography or ventilation– lion, Gilead, and United Therapeutics. No other potential conperfusion scanning when necessary. Pregnant pa- flict of interest relevant to this article was reported.
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