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The clinical presentation of acute pulmonary embolism ranges 
from shock or sustained hypotension to mild dyspnea. Pulmonary embolism 
may even be asymptomatic and diagnosed by imaging procedures performed 

for other purposes. Depending on the clinical presentation, the case fatality rate for 
acute pulmonary embolism ranges from about 60% to less than 1%.1 Anticoagula-
tion is the foundation of therapy for pulmonary embolism. Depending on the esti-
mated risk of an adverse outcome, admission to an intensive care unit and treatment 
with thrombolysis or catheter or surgical embolectomy may be required, but early 
hospital discharge or even home treatment may be considered. This review focuses 
on the optimal diagnostic strategy and management, according to the clinical pre-
sentation and estimated risk of an adverse outcome.

Di agnosis

Pulmonary embolism should be suspected in all patients who present with new or 
worsening dyspnea, chest pain, or sustained hypotension without an alternative obvi-
ous cause. However, the diagnosis is confirmed by objective testing in only about 
20% of patients.2 This percentage is even lower in some countries, such as the 
United States, where the threshold to perform a workup for pulmonary embolism 
is particularly low. The diagnostic workup should be tailored to the severity of the 
clinical presentation on the basis of whether the patient’s condition is hemodynami-
cally stable or unstable.

In patients with hemodynamic stability, the diagnosis of pulmonary embolism 
should follow a sequential diagnostic workup consisting of clinical probability as-
sessment, d-dimer testing, and (if necessary) multidetector computed tomography 
(CT) or ventilation–perfusion  scanning (Fig. 1).3,4 The use of the d-dimer assay is of 
limited value in patients with a high clinical probability of pulmonary embolism.5 
The specificity of an increased d-dimer level is reduced in patients with cancer, 
pregnant women, and hospitalized and elderly patients.6 Most hospitalized patients 
should not undergo d-dimer testing when pulmonary embolism is suspected. The 
assessment of clinical probability on the basis of the clinical presentation and risk 
factors, made either implicitly according to clinical judgment or explicitly by means 
of clinical decision rules, classifies patients with suspected pulmonary embolism 
into several categories of pretest probability.3,4 Clinical probability drives the diag-
nostic workup and facilitates the interpretation of diagnostic tests.

In hemodynamically stable patients with a low or intermediate clinical probability 
of pulmonary embolism, normal results on d-dimer testing, as measured by a sensi-
tive enzyme-linked immunosorbent assay, avoids unnecessary further investigation. 
In such patients, if anticoagulant treatment is not given, the estimated 3-month risk 
of thromboembolism is 0.14% (95% confidence interval [CI], 0.05 to 0.41).7 Among 
patients with suspected pulmonary embolism who have normal d-dimer results, 

The New England Journal of Medicine 
Downloaded from nejm.org on January 15, 2011. For personal use only. No other uses without permission. 

 Copyright © 2010 Massachusetts Medical Society. All rights reserved. 



current concepts

n engl j med 363;3 nejm.org july 15, 2010 267

Clinical probability assessment

Suspected Pulmonary Embolism
New or worsening dyspnea, chest pain, or sustained

hypotension without another obvious cause

Hemodynamically stable Hemodynamically unstable

Low or intermediate
clinical probability

D-Dimer testing

High clinical
probability

Normal Elevated
Multidetector

CT
Transthoracic or
transesophageal

echocardiography

Pulmonary
embolism
ruled out

Right ventricular
dysfunction

No right ventric-
ular dysfunction

Search for
alternative
diagnosis

Negative
Pulmonary
embolism
confirmed

Multidetector CT
available

Multidetector CT
not available

Not critically ill
Critically ill and high
clinical probability

Figure 1. Diagnostic Workup for Pulmonary Embolism.

The initial assessment of the clinical probability of pulmonary embolism is based on either clinical judgment or clinical decision rules 
(Wells and revised Geneva scores).3,4 Patients are considered to be hemodynamically unstable if they are in shock or have a systolic 
blood pressure of less than 90 mm Hg or a drop in pressure of more than 40 mm Hg for more than 15 minutes (in the absence of new-
onset arrhythmia, hypovolemia, and sepsis). In cases in which multidetector CT is not available or in patients with renal failure or allergy 
to contrast dye, the use of ventilation–perfusion scanning is an alternative. In patients with a high clinical probability and an elevated  
d-dimer level but with negative findings on multidetector CT, venous ultrasonography should be considered. Among critically ill patients 
with right ventricular dysfunction, thrombolysis is an option; multidetector CT should be performed when the patient’s condition has 
been stabilized if doubts remain about clinical management. In patients who are candidates for percutaneous embolectomy, conven-
tional pulmonary angiography can be performed to confirm the diagnosis of pulmonary embolism immediately before the procedure,  
after the finding of right ventricular dysfunction.
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further investigation is avoided in about 50% of 
outpatients and 20% of inpatients.

Hemodynamically stable patients with a high 
clinical probability of pulmonary embolism or 
those with a high d-dimer level should undergo 
multidetector CT. In patients with negative find-
ings on multidetector CT who did not receive anti-
coagulation therapy, the incidence of thromboem-
bolic events is approximately 1.5% at 3 months8,9; 
the incidence is 1.5% in patients with a high  
d-dimer level and about 0.5% in patients with a 
normal d-dimer level.8 The negative predictive 
value of CT pulmonary angiography has been mar-
ginally improved (from 95 to 97%) by performing 
concomitant lower-limb CT venography.10 How-
ever, CT venography increases the overall radia-
tion exposure and should therefore be avoided.11 
In patients with a high clinical probability of pul-
monary embolism and negative findings on CT, 
the value of additional testing is controversial. Ve-
nous ultrasonography shows a deep-vein throm-
bosis in less than 1% of such patients.8,9 In preg-
nant women with clinical findings suggestive of 
pulmonary embolism, the concern about radiation 
is overcome by the hazard of missing a poten-
tially fatal diagnosis or exposing the mother and 
fetus to unnecessary anticoagulant treatment. Mul-
tidetector CT delivers a higher dose of radiation 
to the mother but a lower dose to the fetus than 
ventilation –perfusion lung scanning.12,13 In the 
Prospective Investigation of Pulmonary Embolism 
Diagnosis III (PIOPED III) trial (ClinicalTrials 
.gov number, NCT00241826),14 magnetic reso-
nance angiography was recently shown to have 
insufficient sensitivity and a high rate of techni-
cally inadequate images when used for the diag-
nosis of pulmonary embolism.

In cases in which multidetector CT is not 
available or in patients with renal failure or al-
lergy to contrast dye, ventilation –perfusion scan-
ning is an alternative. A normal ventilation –
perfusion scan essentially rules out pulmonary 
embolism, with a negative predictive value of 
97%.15 A lung scan with findings that suggest a 
high probability of pulmonary embolism has a 
positive predictive value of 85 to 90%. However, 
ventilation–perfusion scanning is diagnostic in 
only 30 to 50% of patients with suspected pulmo-
nary embolism. In a randomized study enrolling 
patients in whom pulmonary embolism had been 
ruled out by imaging, at 3 months venous throm-
boembolism was diagnosed in 0.4% of patients 

who had undergone CT and in 1.0% of those who 
had undergone ventilation–perfusion scanning.16 
Deep-vein thrombosis can be detected by means 
of ultrasonography in about 4% of patients with 
a nondiagnostic ventilation–perfusion scan.16

If venous ultrasonography of the lower limbs 
is performed first, lung scanning or multidetector 
CT can be avoided in about 10% of patients with 
suspected pulmonary embolism.17 Hemodynami-
cally stable patients with suspected pulmonary 
embolism and ultrasonographically confirmed 
deep-vein thrombosis can be given anticoagulant 
treatment without further testing. Venous ultra-
sonography should precede imaging tests in preg-
nant women with suspected pulmonary embo-
lism and in patients with a contraindication to 
multidetector CT.12

In hemodynamically unstable patients who are 
hypotensive or in shock, multidetector CT should 
be performed because of its 97% sensitivity for 
detecting emboli in the main pulmonary arter-
ies9 (Fig. 1). If multidetector CT is not available 
without delay, echocardiography should be per-
formed to confirm the presence of right ven-
tricular dysfunction. In most patients with he-
modynamically unstable pulmonary embolism, 
transesophageal echocardiography may confirm 
the diagnosis by showing emboli in the main 
pulmonary arteries. In patients who are so criti-
cally ill that transport is unsafe or unfeasible, 
thrombolytic therapy should be considered if there 
are unequivocal signs of right ventricular over-
load on bedside echocardiography. Multidetector 
CT should be performed when the patient’s con-
dition has been stabilized and the patient can be 
moved safely, if doubts remain about clinical man-
agement. The application of validated diagnostic 
algorithms has led to a decreased use of conven-
tional pulmonary angiography. This procedure is 
currently reserved for the rare cases in which 
catheter-based treatment is indicated.

R isk S tr atific ation

Patients with suspected acute pulmonary embo-
lism should be stratified according to the risk of 
an adverse outcome during hospitalization. Risk 
stratification should be done promptly, since fatal 
pulmonary embolism generally occurs early after 
hospital admission.18 Risk stratification is based 
on clinical features and markers of myocardial 
dysfunction or injury (Fig. 2).
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Shock and sustained hypotension identify pa-
tients at high risk for an adverse outcome. In the 
International Cooperative Pulmonary Embolism 
Registry, the death rate was nearly 58% among 
hemodynamically unstable patients and about 15% 
among hemodynamically stable patients.1,19 Im-
mobilization because of a neurologic disease, an 
age of more than 75 years, cardiac or respiratory 
disease, and cancer are risk factors for death 
among patients with acute pulmonary embolism.20 
Prognostic models combining individual risk fac-
tors have been derived and seem promising in 
identifying patients with a favorable prognosis.21,22

Markers of myocardial dysfunction or injury 
may be useful for risk stratification of hemody-

namically stable patients. Right ventricular dys-
function on echocardiography has been associat-
ed with increased mortality among patients with 
acute pulmonary embolism.23-25 Right ventricu-
lar hypokinesis and dilatation have been shown 
to be independent predictors of 30-day mortality 
among hemodynamically stable patients.26,27 Right 
ventricular dysfunction, as assessed by means of 
multidetector CT, has been suggested to be an in-
dependent predictor of 30-day mortality on the 
basis of retrospective studies.28 In one study,  
a value of less than 1.0 for the ratio of the right 
ventricular diameter to the left ventricular diam-
eter had a 100% negative predictive value for an 
uneventful outcome (lower limit of the 95% CI, 
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or catheter embolectomy

Evaluate clinical and cardiac
features

No dysfunction or injury Dysfunction Dysfunction and injury

Continue anticoagulation
and consider admission

and early discharge
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patients at low risk
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Clinical Features
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Systolic blood pressure <90 mm Hg
Pressure drop of ≥40 mm Hg for >15 min

Assess for right ventricular dys-
function

Echocardiography
Multidetector CT
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Figure 2. Clinical Management of Confirmed Acute Pulmonary Embolism.

ICU denotes intensive care unit.
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94.3%). In a large retrospective study, ventricular 
septal bowing (but not the ratio of the diameter 
of the right ventricle to that of the left ventricle) 
was a predictor of death related to pulmonary 
embolism.29 In most studies, right ventricular 
assessment was performed with the use of com-
puterized reformatted images, which are not 
readily available on an emergency basis in every-
day clinical practice (Fig. 3).

One study showed that patients with elevated 
levels of B-type natriuretic peptide (BNP) and pro-
BNP had an increased risk of an adverse in-hos-
pital outcome, as compared with patients with 
normal levels.30 Normal levels of BNP and pro-
BNP were shown to have a nearly 100% negative 
predictive value for an adverse outcome in hemo-
dynamically stable patients.

A meta-analysis of several studies has shown 
the prognostic value of the measurement of tro-
ponins in patients with pulmonary embolism.31

In this analysis, patients with pulmonary embo-
lism and elevated levels of troponin had an in-
crease in the short-term risk of death by a factor 
of 5.2 (95% CI, 3.3 to 8.4) and an increase in the 
risk of death from pulmonary embolism by a 
factor of 9.4 (95% CI, 4.1 to 21.5). The prognostic 

role of troponin was confirmed in hemodynami-
cally stable patients in another meta-analysis.32

Among hemodynamically stable patients, the as-
sociation between an increased troponin level and 
right ventricular dysfunction on echocardiogra-
phy identifies a subgroup of patients at particu-
larly high risk for an adverse outcome.33

Risk stratification of patients with pulmonary 
embolism has potential clinical implications. The 
markers of right ventricular dysfunction and in-
jury have a high negative predictive value. Thus, 
the absence of right ventricular dysfunction and 
a normal troponin level can identify patients who 
are eligible for early discharge or even outpatient 
treatment. Hemodynamically stable patients with 
right ventricular dysfunction or injury should be 
admitted. The positive predictive value of mark-
ers of right ventricular dysfunction or increased 
troponin levels for an adverse outcome ranges 
from 10 to 20%. This poor predictive value com-
plicates the judgment regarding whether more 
aggressive treatment is required in patients in 
whom the markers are positive. An ongoing study 
is assessing the benefit of thrombolysis as com-
pared with anticoagulation in hemodynamically 
stable patients with evidence of right ventricu-
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Figure 3. Right Ventricular Dilatation.

Right ventricular hypokinesis and dilatation have been shown to be independent predictors of 30-day mortality 
among hemodynamically stable patients with pulmonary embolism. In Panel A, right ventricular dilatation is clearly 
visible on echocardiography. In Panel B, images obtained on multiplanar reconstruction of multidetector CT angiog-
raphy show the right and left heart chambers in the coronal view (at upper left), in the axial view (at lower left), and 
in the sagittal view (at lower right). Images obtained on multiplanar reconstruction at the valvular plane in the axial 
view allow the measurement of the diameter of the right ventricle (RV) and the left ventricle (LV) (at lower left). A 
ratio of more than 1.0 for the diameter of the right ventricle to that of the left ventricle indicates right ventricular 
dysfunction.
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lar dysfunction and an elevated troponin level 
(NCT00639743).

Tr e atmen t

Acute pulmonary embolism requires initial short-
term therapy with a rapid-onset anticoagulant, 
followed by therapy with a vitamin K antagonist 
for at least 3 months; in patients at high risk for 
recurrence, more extended therapy is required 
(Fig. 4). In patients with a high clinical probabil-
ity of pulmonary embolism, anticoagulant treat-
ment should be initiated while diagnostic confir-
mation is awaited.34

The majority of patients with acute pulmonary 
embolism are candidates for initial anticoagulant 
treatment with subcutaneous low-molecular-weight 
heparin or fondaparinux or intravenous unfrac-
tionated heparin.35,36 Enoxaparin (at a dose of 1 mg 
per kilogram of body weight given twice daily) 
and tinzaparin (175 U per kilogram given once 
daily) are low-molecular-weight heparins com-
monly used for the treatment of pulmonary em-
bolism. Fondaparinux is given once daily at a dose 
of 5 mg for patients weighing less than 50 kg 
(110 lb), 7.5 mg for patients weighing 50 to 100 kg 
(220 lb), and 10 mg for patients weighing more 
than 100 kg. Intravenous unfractionated heparin 
is given as an initial bolus dose (80 IU per kilo-
gram or 5000 IU), followed by continuous infu-
sion (usually starting with 18 IU per kilogram per 
hour) with adjustment to achieve a target activat-
ed thromboplastin time that is 1.5 to 2.5 times 
the normal value, according to validated nomo-
grams.37

Low-molecular-weight heparins and fondapari-
nux are preferred over unfractionated heparin for 
their ease of use. A meta-analysis of 12 studies 
showed that treatment with a weight-adjusted low-
molecular-weight heparin had an efficacy and 
safety profile similar to that of intravenous un-
fractionated heparin.38 Fondaparinux was shown 
to be as effective and safe as intravenous unfrac-
tionated heparin in a large, open-label study.39 
Since low-molecular-weight heparins and fonda-
parinux are excreted by the kidneys, unfraction-
ated heparin should be considered in patients with 
a creatinine clearance of less than 30 ml per min-
ute. The incidence of major bleeding complica-
tions with these treatment strategies is about 3% 
during the hospital stay. A recent systematic 
review of 11 nonrandomized studies showed 

that it may be possible to treat low-risk patients 
effectively and safely at home if proper outpa-
tient care is provided.40 However, this approach 
is controversial and should be reserved for se-
lected patients.

In an open study involving hemodynamically 
stable patients, intravenous thrombolysis reduced 
the rate of clinical deterioration (mainly, the need 
for secondary thrombolysis) but not the rate of 
death, as compared with the use of unfraction-
ated heparin.41 Intravenous thrombolytic treat-
ment was associated with a more rapid resolu-
tion of right ventricular dysfunction; at 1 week, 
however, the degree of right ventricular dysfunc-
tion was similar in the two treatment groups. No 
clear advantage of catheter-directed thromboly-
sis, as compared with intravenous thrombolysis, 
has been shown.

Unfractionated
heparin

Low-molecular-weight
heparin

Fondaparinux

Thrombolysis

Percutaneous mech-
anical embolectomy

Surgery

Vitamin K antagonists

 

Initial Treatment Long-Term Treatment

Vitamin K antagonists

(INR target, 2.0–3.0)

Extended Treatment

Vitamin K antagonists

(INR target, 2.0–3.0 or 1.5–1.9) 

≥5 Days

≥3 Mo

Indefinite

Figure 4. Treatment of Acute Pulmonary Embolism.

Low-molecular-weight heparin (administered either intravenously or subcu-
taneously) should be the treatment of choice in hemodynamically stable 
patients. Thrombolysis should be administered to patients whose condition 
is unstable and should be considered for high-risk, hemodynamically stable 
patients. Percutaneous mechanical thrombectomy should be restricted to 
high-risk patients with absolute contraindications to thrombolytic treat-
ment and those in whom thrombolytic treatment has failed to improve he-
modynamic status. Low-molecular-weight heparin is preferable to vitamin 
K antagonists in patients with cancer and in pregnant women. For patients 
receiving vitamin K antagonists, the international normalized ratio (INR) 
should be maintained within a therapeutic range (2.0 to 3.0) during long-
term therapy (≥3 months); a low-intensity INR target of 1.5 to 1.9 is an op-
tion for extended (indefinite) anticoagulant therapy. Extended treatment 
should be considered for patients with active cancer, unprovoked pulmo-
nary embolism, or recurrent venous thromboembolism. Extended treat-
ment requires a reassessment of the patient’s risk–benefit ratio at periodic 
intervals. Indefinite treatment refers to anticoagulation that is continued 
without a scheduled stop date but that may be stopped because of an in-
crease in the risk of bleeding or a change in the patient’s preference. 

The New England Journal of Medicine 
Downloaded from nejm.org on January 15, 2011. For personal use only. No other uses without permission. 

 Copyright © 2010 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 363;3 nejm.org july 15, 2010272

Hemodynamically unstable patients are candi-
dates for more aggressive treatment, such as phar-
macologic or mechanical thrombolysis. This thera-
peutic option is justified by the high rate of death 
among such patients and by the faster resolution 
of thromboembolic obstruction with thromboly-
sis than with anticoagulant therapy. Mortality 
can be as high as 60% in untreated patients (and 
even higher in patients with right heart thrombi) 
and can be reduced to less than 30% with prompt 
treatment. The most recent meta-analysis showed 
that intravenous thrombolysis was associated with 
a reduction in mortality among hemodynamically 
unstable patients with pulmonary embolism.42 
Major bleeding was more common with intra-
venous thrombolysis than with anticoagulant ther-
apy. Major contraindications to thrombolytic ther-
apy include intracranial disease, uncontrolled 
hypertension, and recent major surgery or trauma 
(within the past 3 weeks).35

There are no conclusive findings from studies 
comparing different thrombolytic regimens in 
patients with acute pulmonary embolism. Short 
infusion times (2 hours or less) are recommended 
over prolonged infusion times, since they achieve 
more rapid thrombolysis and are probably asso-
ciated with less bleeding.35 Intravenous unfrac-
tionated heparin is the only anticoagulant that 
has been used in conjunction with thrombolytic 
therapy in patients with pulmonary embolism. 
Thus, initial anticoagulation with intravenous un-
fractionated heparin is appropriate if thrombolytic 
therapy is being considered. Percutaneous me-
chanical thrombectomy (thrombus fragmentation 
and aspiration) and surgical embolectomy should 
be restricted to high-risk patients with an abso-
lute contraindication to thrombolytic treatment 
and those in whom thrombolytic treatment has 
not improved hemodynamic status; percutaneous 
mechanical thrombectomy is an alternative to 
surgical embolectomy in cases in which imme-
diate access to cardiopulmonary bypass is un-
available. In a recent meta-analysis of case series, 
catheter-directed therapy had a clinical success 
rate of 86% and a rate of major procedural com-
plications of 2.4% (95% CI, 1.9 to 4.3).43

The use of vena cava filters should be reserved 
for patients with contraindications to anticoagu-
lant treatment.35,36 To avoid thrombus extension 
and recurrence, such patients should receive a con-
ventional course of anticoagulant therapy if and 
when the risk of bleeding is eliminated. Case se-

ries have shown that retrievable vena cava filters 
may be an option for patients with presumed 
time-limited contraindications to anticoagulant 
therapy or for patients requiring procedures that 
are associated with a risk of bleeding.35,36 How-
ever, the use of retrievable filters has not resulted 
in increased filter retrieval.

Vitamin K antagonists should be initiated as 
soon as possible, preferably on the first treatment 
day, and heparin should be discontinued when 
the international normalized ratio (INR) has been 
2.0 or higher for at least 24 hours.35,36

L ong -Ter m M a nagemen t

Patients with acute pulmonary embolism are at 
risk for recurrent thromboembolic events, mainly 
a second pulmonary embolism.44 The risk of re-
current pulmonary embolism is less than 1% per 
year while patients are receiving anticoagulant 
therapy, but the risk is 2 to 10% per year after the 
discontinuation of such therapy.44 Risk factors 
for recurrence include male sex, advanced age, 
and idiopathic or unprovoked pulmonary embo-
lism (i.e., occurring in the absence of any identi-
fiable risk factor for venous thromboembolism). 
The frequency of unprovoked pulmonary embo-
lism can be as high as 50% among patients with 
pulmonary embolism. The risk of recurrence is 
particularly high among patients with cancer. The 
risk of recurrence is about 3% per year among 
patients in whom the first pulmonary embolism 
was associated with a temporary risk factor, such 
as major surgery, immobilization because of an 
acute medical illness, or trauma.

The duration of long-term anticoagulation 
should be based on the risk of recurrence after 
cessation of treatment with vitamin K antago-
nists, the risk of bleeding during treatment, and 
the patient’s preference. In patients with pulmo-
nary embolism secondary to a temporary (revers-
ible) risk factor, therapy with vitamin K antago-
nists should be given for 3 months. Patients with 
unprovoked pulmonary embolism, those with can-
cer, and those with recurrent unprovoked pul-
monary embolism are candidates for indefinite 
anticoagulation with periodic reassessment of the 
risk –benefit ratio.34 Conventional-intensity warfa-
rin therapy (INR target, 2.0 to 3.0) is recommend-
ed during the first 3 to 6 months after the acute 
event; after an initial course of conventional-
intensity warfarin therapy, low-intensity warfa-
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rin therapy (INR target, 1.5 to 1.9) may be an 
option.45 Low-molecular-weight heparins should 
be chosen over warfarin for long-term therapy in 
patients with cancer 46 and pregnant women.12 
New anticoagulant agents with a more predict-
able anticoagulant effect and reduced drug –drug 
interactions, as compared with warfarin, are 
currently under investigation for the treatment 
of venous thromboembolism47 (NCT00643201, 
NCT00633893, NCT00986154, NCT00439777, 
NCT00440193, NCT00439725, and NCT00680186). 
These agents do not require laboratory monitor-
ing. Dabigatran, an oral antithrombin agent ad-

ministered at fixed doses, has been shown to be 
as effective and safe as warfarin for the treatment 
of venous thromboembolism.48

After an acute pulmonary embolism, patients 
should be monitored for chronic thromboem-
bolic pulmonary hypertension. The incidence of 
chronic thromboembolic pulmonary hyperten-
sion 2 years after the acute event ranges from 
0.8 to 3.8%.49,50
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