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A 41-year-old man presents to the emergency department with a 3-week history of 
breathlessness. He recently completed a course of antibiotic medication for pre-
sumed pneumonia. On the day of presentation, he awoke with dull pain on the right 
side of the back. His medical history is otherwise unremarkable. His heart rate is 
88 beats per minute, blood pressure 149/86 mm Hg, respiratory rate 18 breaths per 
minute, temperature 37°C, and oxygen saturation 95% while he is breathing ambient 
air. Auscultation of his chest reveals normal breath sounds and normal heart sounds. 
An examination of the legs is normal. His creatinine and troponin levels are within 
normal limits, and a radiograph of the chest is normal. The physician’s implicit as-
sessment is that the likelihood of pulmonary embolism is greater than 15%.  The 
patient’s Wells score is 0 (on a scale of 0 to 12.5, with higher scores indicating a 
higher probability of pulmonary embolism), and the d-dimer level is 2560 ng per 
milliliter. How would you evaluate this patient for pulmonary embolism, and how 
would you manage this case?

The Clinic a l Problem

Pulmonary embolism occurs when embolic venous thrombi are 
caught within the branching lung vasculature. These thrombi often develop 
within the leg or pelvic veins, and approximately half of all deep-vein throm-

bi embolize to the lungs.1 The annual incidence of pulmonary embolism world-
wide is approximately 1 in 1000 persons.2,3 Although almost 20% of patients who 
are treated for pulmonary embolism dies within 90 days,2 pulmonary embolism is 
not commonly the cause of death because it frequently coexists with other serious 
conditions, such as cancer, sepsis, or illness leading to hospitalization, or with other 
events, such as surgeries. The true mortality associated with undiagnosed pulmo-
nary embolism is estimated to be less than 5%,4 but recovery from pulmonary em-
bolism is associated with complications such as bleeding due to anticoagulant 
treatment,5 recurrent venous thromboembolism, chronic thromboembolic pulmonary 
hypertension,6 and long-term psychological distress.7 Approximately half the patients 
who receive a diagnosis of pulmonary embolism have functional and exercise 
limitations 1 year later (known as post–pulmonary-embolism syndrome),8 and the 
health-related quality of life for patients with a history of pulmonary embolism is 
diminished as compared with that of matched controls.9 Therefore, the timely diag-
nosis and expert management of pulmonary embolism are important.
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Diagnostic Testing for Pulmonary Embolism

Perhaps the most challenging aspect of testing 
for pulmonary embolism is knowing when to 
test.10 Common symptoms of pulmonary embo-
lism are fatigue, breathlessness, chest pain, diz-
ziness, cough, diaphoresis, fever, and hemopty-
sis.11 A meta-analysis of cohort studies showed 
that a history of dyspnea, immobilization, recent 
surgery, active cancer, hemoptysis, previous venous 
thromboembolism, or syncope was associated 
with an increased likelihood of pulmonary em-
bolism.12 Testing for pulmonary embolism should 
also be considered if a patient appears not to have 
had a response to treatment for another diagnosed 
respiratory condition, because initial misdiagnosis 
is common.

In North America, pulmonary embolism is 
diagnosed in only 1 patient for every 20 who are 
tested for the presence of pulmonary embolism 
when they present to the emergency department.13 
This prevalence has remained stable for two de-
cades and is four times lower than the prevalence 
reported among patients in Europe.13 Established 
guidelines do not stipulate which patients should 
undergo testing for the presence of pulmonary 
embolism. Qualitative research suggests that phy-
sician norms and local culture are major drivers 
in the decision to test for pulmonary embolism.10 
Noninvasive tests to rule out the diagnosis that 
are based on the assessed clinical probability of 
pulmonary embolism are extremely effective in 
safely reducing the use of computed tomography 

(CT),14 resulting in only 30 to 40% of patients with 
suspected pulmonary embolism subsequently un-
dergoing diagnostic imaging.13

In cases in which physicians have an implicit 
sense that their patient is very unlikely to have 
pulmonary embolism (estimated likelihood, 
<15%), large cohort studies have shown that the 
Pulmonary Embolism Rule-out Criteria (PERC) 
rule can safely rule out pulmonary embolism 
without further diagnostic imaging.15 In practice, 
however, implicit estimation typically overesti-
mates the probability of pulmonary embolism, 
which can limit the use of the PERC rule.10 Physi-
cians should be familiar with a validated deci-
sion rule to guide the use of d-dimer testing. 
Among patients with a low structured clinical 
probability score — a Wells score of 4.0 or less 
(found in 80% of patients tested in North Amer-
ica16), a revised Geneva score of 10 or less (on a 
scale ranging from 0 to 22, with higher scores 
indicating a greater probability of pulmonary 
embolism), and a simplified Geneva score of 4 or 
less (on a scale ranging from 0 to 9, with higher 
scores indicating greater probability of pulmo-
nary embolism) — pulmonary embolism can be 
safely ruled out on the basis of d-dimer levels 
when manufacturer-recommended cutoffs were 
used (sensitivity, 98 to 99%; specificity, 37 to 
40%).17 Additional details of the scoring systems 
and their use are provided in Figure 1. Older data 
from a different d-dimer assay suggested that a 
d-dimer level of less than 500 ng per milliliter 
could be used to rule out pulmonary embolism 
without consideration of clinical risk factors, but 

Key Clinical Points

Pulmonary Embolism

•	 Pulmonary embolism is a common diagnosis and can be associated with recurrent venous 
thromboembolism, bleeding due to anticoagulant therapy, chronic thromboembolic pulmonary 
hypertension, and long-term psychological distress.

•	 A minority of patients who are evaluated for possible pulmonary embolism benefit from chest imaging 
(e.g., computed tomography).

•	 Initial treatment is guided by classification of the pulmonary embolism as high-risk, intermediate-risk, 
or low-risk. Most patients have low-risk pulmonary embolism, and their care can be managed at home 
with a direct oral anticoagulant.

•	 Patients with acute pulmonary embolism should receive anticoagulant therapy for at least 3 months. 
The decision to continue treatment indefinitely depends on whether the associated reduction in the risk 
of recurrent venous thromboembolism outweighs the increased risk of bleeding and should take into 
account patient preferences.

•	 Patients should be followed longitudinally after an acute pulmonary embolism to assess for dyspnea or 
functional limitation, which may indicate the development of post–pulmonary-embolism syndrome or 
chronic thromboembolic pulmonary hypertension.
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more data are needed to confirm the usefulness 
of this approach with current assays and relative 
to currently recommended strategies. The diag-
nostic accuracy of d-dimer testing in patients with 
coronavirus disease 2019 (Covid-19) remains un-
changed.18

Newer approaches have adjusted the d-dimer 
threshold for ruling out pulmonary embolism 
and are validated for d-dimer assays for which 
the manufacturer-recommended cutoff is equiv-
alent to 500 ng per milliliter. These strategies 
include d-dimer levels that are adjusted for age19,20 
(reported sensitivity for the age-adjusted ap-
proach ranges from 97 to 99%, and specificity 
ranges from 42 to 47%17) or that are adjusted to 
the YEARS algorithm for ruling out pulmonary 
embolism21 (sensitivity, 96 to 98%; specificity, 54 
to 61%17) or the Wells score16 (sensitivity, 93 to 
97%; specificity, 61 to 67%17). Randomized trials 
that compare various d-dimer strategies in pa-
tients with pulmonary embolism are lacking.

Diagnostic imaging is reserved for patients in 
whom pulmonary embolism cannot be ruled out 
on the basis of a decision rule, given the poten-
tial harms of radiation exposure. CT pulmonary 
angiography is usually the most timely and ac-
cessible imaging technique; however, to minimize 
lung and breast-tissue irradiation in younger pa-
tients, ventilation–perfusion single-photon-emis-
sion CT (SPECT) is a low-radiation option. The 
incidence of false positive results from CT screen-
ing vary among providers and may be as high as 
5%.22 Within 3 months after having normal re-
sults on CT that had been performed because of 
suspicion of pulmonary embolism, 1.2% of pa-
tients receive a diagnosis of venous thrombosis.23 
In contrast, the diagnostic performance of ven-
tilation–perfusion SPECT has not been well es-
tablished.24

Many patients who have been hospitalized for 
an unrelated condition are also tested for pulmo-
nary embolism; there is less evidence to guide 
d-dimer use in these patients. Although d-dimer 
levels may still be highly sensitive for testing 
patients who are hospitalized, they are less useful 
in ruling out pulmonary embolism because levels 
are often elevated during illness and after surgery.

Treatment
Initial Management

Initial treatment of pulmonary embolism is guid-
ed by risk stratification of the pulmonary embo-

lism as high, intermediate, or low risk on the basis 
of the patient’s clinical presentation (Fig. 2).25 The 
nomenclature of “massive” and “submassive” in 
describing pulmonary embolism is confusing, 
given that clot size does not dictate therapy.

High Risk
Approximately 5% of patients present with high-
risk pulmonary embolism, involving shock, end-
organ hypoperfusion, hypotension (systolic blood 
pressure of <90 mm Hg or a decrease in systolic 
blood pressure of >40 mm Hg that is not caused 
by sepsis, arrhythmia, or hypovolemia), or cardiac 
arrest. Observational data support the evaluation 
of patients with high-risk pulmonary embolism 
for immediate reperfusion therapy by ruling out 
contraindications (e.g., brain metastases, bleed-
ing disorders, and recent surgery). Intravenous 
systemic thrombolysis is the most readily available 
option for reperfusion, and protocols include a 
weight-based dose of tenecteplase,26 alteplase at 
a dose of 0.6 mg per kilogram of body weight,27 
or alteplase at a dose of 100 mg administered over 
a period of 1 to 2 hours.25 There is insufficient 
evidence to support one of these agents over the 
other; however, tenecteplase can be administered 
as a bolus in an emergency, and weight-based 
dosing may be preferable in elderly patients or 
patients with low body weight.26 Alternative re-
perfusion approaches include surgical thrombec-
tomy and catheter-directed thrombolysis (with 
or without thrombectomy). Additional supportive 
measures include the administration of inotropes 
and the use of extracorporeal life support.

Intermediate Risk
Patients with echocardiographic or CT evidence 
of right heart strain, elevated cardiac biomarkers 
(such as troponin or brain natriuretic peptide), 
or both are considered to have intermediate-risk 
pulmonary embolism.25 Systemic thrombolysis is 
not typically recommended for these patients; in 
a randomized, controlled trial that assessed the 
addition of tenecteplase to heparin, treatment 
with tenecteplase resulted in an absolute reduc-
tion in the risk of hemodynamic decompensa-
tion of 3 percentage points, at the expense of a 
9-percentage-point increase in the risk of major 
bleeding (and a 2-percentage-point increase in 
the risk of hemorrhagic stroke).26 Rather, patients 
with intermediate-risk pulmonary embolism 
should receive anticoagulant therapy and be close-
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Wells score Points

PE is the most likely diagnosis 
Signs and symptoms of DVT 
Heat rate >100 beats/min 
In previous 4 wk, immobilization 
  for >3 days or surgery 
Previous DVT or PE 
Hemoptysis 
Active cancer

3.0
3.0
1.5
1.5

1.5
1.0
1.0

Geneva 
score

Revised 
points

Age >65 yr
Previous DVT or PE
Surgery or fracture within mo
Active cancer
Pain in one lower limb
Hemoptysis
Heart rate 75–94 beats/min
Heart rate ≥95 beats/min
Pain on lower-limb deep-vein
  palpitation and edema in one leg

1
3
2
2
3
2
3
5
4

Simplified 
points

1
1
1
1
1
1
1
2
1

Key

PERC 
(If any items are present, 
PERC test is positive)

• Age ≥50 yr
• Heart rate ≥100 beats/min
• Oxygen saturation <95% while 
   patient is breathing room air 
• Swelling in one leg
• Hemoptysis
• Surgery or trauma within 
   past 4 wk 
• Previous DVT or PE 
• Hormone use

YEARS items

• PE is the most likely diagnosis 
• Hemoptysis
• Clinical signs of DVT

Use and know one D-dimer option:

Wells score 
≤4.0

Wells ≤ 4.0

D-dimer < manufacturer-
recommended cutoff

D-dimer < age-
adjusted cutoff

D-dimer <1000 ng/ml

Revised 
Geneva score ≤10

Simplified 
Geneva score ≤4

AND

OR

CT angiogram or 
ventilation–perfusion 

SPECT

AND

D-dimer <500 ng/ml 

Any YEARS 
items present 

Clinician has implicit sense that PE is very unlikely  
(estimated likelihood, <15%)

Decision to test in outpatient setting for pulmonary embolism (PE)

Have a chosen strategy and use it for all patients
 Be familiar with one score in combination with one D-dimer option

Clinician has implicit sense 
that the likelihood of PE is ≥15%

A

1

B

2

C

AND

No YEARS 
items present 

D-dimer <1000 ng/ml

3 4
Wells or Geneva score

ABOVE 
prespecified threshold

D-dimer 

AT OR ABOVE 
prespecified threshold

OR

A

1

B

2

C

3

PERC positive PERC negative

AND

Positive Negative

PE ruled outPE diagnosed
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ly monitored to identify the 1 patient in 20 in 
whom shock may subsequently develop26 (at which 
point reperfusion therapy may be administered). 
There are no guidelines for door-to-needle time 
for the treatment of pulmonary embolism like 
those that exist for the treatment of myocardial 
infarction and stroke.

On the basis of expert opinion, low-molecu-
lar-weight heparin is the preferred immediate 
anticoagulant for patients with intermediate-risk 
pulmonary embolism. The therapeutic effects of 
immediate treatment with direct oral anticoagu-
lants rivaroxaban and apixaban as compared with 
low-molecular-weight heparin have not been 
studied in patients at intermediate risk for pul-
monary embolism, and unfractionated heparin 
causes excess bleeding.28 When available, catheter-
directed thrombolysis remains an option for 
patients at intermediate risk who have proximal, 
central pulmonary embolism; however, there is 
insufficient evidence to support catheter-directed 
thrombolysis over low-molecular-weight heparin 
in these patients.

Low Risk
Patients with pulmonary embolism whose con-
ditions are hemodynamically stable and who have 
no right ventricular strain and normal cardiac 
biomarkers are considered to have low-risk pul-
monary embolism. Most of these patients can be 
treated with a direct oral anticoagulant (on the 
basis of high-quality trial data29) and assessed 
for outpatient treatment. The decision for a pa-
tient to be treated at home can be guided by the 
score on the simplified Pulmonary Embolism Se-
verity Index (PESI)25,30 or the Hestia score (Fig. 2). 
In contrast to the Hestia score (a checklist of 
criteria that preclude treatment at home), the 
score on the simplified PESI predicts the risk of 
death rather than nonfatal complications and 
does not account for important variables such as 
the availability of support for the patient at home. 
Results of a randomized, controlled trial showed 
a low risk of adverse events among patients with 
no Hestia criteria or with a score of 0 on the 
simplified PESI who received treatment as out
patients.31

Subsequent Management
Direct oral anticoagulants are the first-line treat-
ment for most patients. Randomized trials have 
shown that direct oral anticoagulants, which do 
not necessitate monitoring, are as effective at 
reducing the risk of recurrent venous thrombo-
embolism as vitamin K antagonists and result in 
a lower risk of major bleeding.29 Because com-
parisons of direct oral anticoagulants are lack-
ing, the choice of agent is guided by pharmaco-
logic properties and patient characteristics and 
preferences (e.g., concomitant interacting medi-
cations and patient preference for once-daily or 
twice-daily medication).32 In patients with cancer, 
trials support the safety and efficacy of the di-
rect oral anticoagulants apixaban, edoxaban, and 
rivaroxaban as alternatives to treatment with 
low-molecular-weight heparin.33,34

Vitamin K antagonists are preferred over di-
rect oral anticoagulants in patients with advanced 
kidney or liver disease and in patients with an-
tiphospholipid syndrome who are triple-positive 
(i.e., positive for lupus anticoagulant, anticardio-
lipin, and anti–β2-glycoprotein I antibodies), have 
very high antibody titers, or have a history of 
arterial thrombosis.35,36 Low-molecular-weight 
heparin should be used to treat pregnant women 

Figure 1 (facing page). Overview of Testing for Pulmonary 
Embolism in Outpatients or Patients in the Emergency 
Department.

Physicians may use Pulmonary Embolism Rule-out  
Criteria (PERC) to rule out pulmonary embolism if 
their implicit sense suggests there is less than 15% 
probability that the patient has pulmonary embolism. 
Otherwise, physicians should use a d-dimer assay to 
rule out pulmonary embolism in patients who have a 
low structured clinical probability score (a Wells score 
of ≤4.0 on a scale of 0 to 12.5, a revised Geneva score 
of ≤10 on a scale ranging from 0 to 22, or a simplified 
Geneva score of ≤4 on a scale of 0 to 9; on all three 
scales, higher scores indicate a greater probability of 
pulmonary embolism) or should use the YEARS algo-
rithm. Each circled number refers to a different clinical 
decision rule, and each circled letter to a distinct d-dimer 
strategy. Imaging can be avoided in patients with clini-
cal probability scores at or below the given cutoff and 
d-dimer level below the given cutoff. Computed to-
mography (CT) and ventilation–perfusion single-pho-
ton-emission computed tomography (SPECT) are re-
served for patients with a clinical probability score 
above the preset cutoff for the chosen score or a d-dimer 
at or above the preset cutoff for the chosen d-dimer 
option. The adjusted d-dimer thresholds have been 
validated for assays with a manufacturer-recommend-
ed cutoff of 500 ng per milliliter. DVT denotes deep-
vein thrombosis.
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Figure 2. Overview of Pulmonary Embolism Management in the Context of Risk Stratification.

At the time of diagnosis, pulmonary embolism should be stratified as low risk, intermediate risk, or high risk. Patients with high-risk pul-
monary embolism should be assessed for immediate reperfusion interventions such as systemic thrombolysis. Patients with intermedi-
ate-risk pulmonary embolism should be carefully monitored and assessed for initiation of treatment with low-molecular-weight heparin 
(LMWH). Most patients have low-risk pulmonary embolism and can be assessed for outpatient anticoagulant therapy according to their 
Hestia score, score on the simplified Pulmonary Embolism Severity Index (PESI), or the physician’s implicit judgment. All patients dis-
charged home would benefit from rapid, reliable outpatient follow-up. BNP denotes brain natriuretic peptide, DOAC direct oral antico-
agulant, IV intravenous, and VKA vitamin K antagonist.

High-Risk PE

Shock, end-organ 
hypoperfusion, 
hypotension,

or cardiac arrest

Immediate 
reperfusion

therapy

Intermediate-Risk PE

Signs of right heart 
strain on imaging, 

elevated troponin or 
BNP, or both

Admit, monitor 
vital signs, and 

administer LMWH

Low-Risk PE

All other 
patients

Patient suitable 
for discharge:

Discharge 
from hospital while 

taking DOAC (LMWH 
or VKA if indicated)

Patient not suitable 
for discharge:

Admit, DOAC 
(LMWH or VKA if

indicated)

Choose and know one decision tool 
for determining disposition: 

Rapid, expert outpatient 
follow-up is available 

No Hestia criteria

Simplified PESI score = 0

Implicit assessment that patient’s 
condition is stable without IV medication 
or oxygen and that the patient has 
sufficient home support and is not at 
risk for imminent bleeding

AND

OR

OR

Pulmonary embolism (PE) has been diagnosed

NOYES

Hestia score

• Condition is hemodynamically unstable
• Patient considered for reperfusion strategy
• High risk of bleeding
• Oxygen supplementation indicated
• IV analgesia indicated
• PE was diagnosed while patient was taking an anticoagulant 
  medication
• Other medical reason for admission
• Inadequate social support to discharge
• Creatinine clearance <30 ml/min
• Severe hepatic impairment
• Pregnancy
• History of heparin-induced thrombocytopenia  

Simplified PESI score  Points

Age >80 yr  
History of cancer
History of chronic cardiopulmonary disease 
Heart rate ≥110 beats/minute 
Systolic blood pressure <100 mm Hg  
Oxygen saturation <90% 

1
1
1
1
1
1

Key
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with pulmonary embolism, since vitamin K an-
tagonists and direct oral anticoagulants cross the 
placenta and are associated with adverse preg-
nancy outcomes.25,37

Duration of Therapy
Patients with acute pulmonary embolism should 
receive anticoagulant therapy for at least 3 months 
to reduce the risks of further embolization, 
thrombus extension, early recurrence of venous 
thromboembolism, and death (Table 1).38 Wheth-
er treatment is stopped at 3 months or continued 
indefinitely depends on whether the reduced risk 
of recurrent venous thromboembolism with con-
tinued anticoagulation therapy outweighs the 
increased risk of bleeding, and the decision 
should take patient preferences into account.39

Among patients who have pulmonary embo-
lism that was provoked by a major transient 
(i.e., reversible) risk factor (e.g., surgery with 
general anesthesia lasting >30 minutes, confine-
ment to bed in the hospital for ≥3 days due to 
an acute illness, or major trauma or fracture),40 
the long-term risk of venous thromboembolism 
recurrence is low and anticoagulation therapy 
can be stopped after 3 months. If the pulmonary 
embolism was very large or was associated with 
moderate dysfunction of the right ventricle or if 
the patient has persistent residual symptoms, 
some experts recommend that treatment extend 
to 6 months.39 In patients with persistent pro-
voking factors such as active cancer or antiphos-
pholipid syndrome or who have had previous 
episodes of unprovoked venous thromboembo-

Table 1. Anticoagulant Treatment Regimens for Pulmonary Embolism.*

Initial Phase of Anticoagulation
Short-Term Phase of Anticoagulation 

(3–6 mo)
Indefinite Phase of Anticoagulation 

(after 3–6 mo)

Apixaban, administered orally, 10 mg twice a 
day for 7 days

Apixaban, administered orally, 5 mg twice 
a day

Apixaban, administered orally, 5 mg twice a 
day or 2.5 mg twice a day†

Rivaroxaban, administered orally, 15 mg twice 
a day for 21 days

Rivaroxaban, administered orally, 20 mg 
once a day

Rivaroxaban, administered orally, 20 mg 
once a day or 10 mg once a day†

Low-molecular-weight heparin‡

Administered subcutaneously for a mini-
mum of 5 days§

Dabigatran, administered orally, 150 mg 
twice a day

Dabigatran, administered orally, 150 mg 
twice a day

Administered subcutaneously for a mini-
mum of 5 days§

Edoxaban, administered orally, 60 mg once 
a day¶

Edoxaban, administered orally, 60 mg once 
a day¶

Administered subcutaneously for a mini-
mum of 5 days,§ plus vitamin K an-
tagonist, administered orally, with INR 
≥2 for 2 days

Vitamin K antagonist, administered orally, 
with target INR of 2 to 3

Vitamin K antagonist, administered orally, 
with target INR of 2 to 3

*	�Direct oral anticoagulants and low-molecular-weight heparin are contraindicated in patients with severe renal impairment. Dosing of these 
medications in patients with renal impairment differs with the specific agent and among jurisdictions. With regard to use of direct oral an-
ticoagulants in patients with obesity, post hoc analyses of phase 3 trials, observational data, and pharmacokinetic and pharmacodynamic 
data suggest that direct oral anticoagulants and vitamin K antagonists have similar effectiveness and safety in patients with body weight up 
to 120 kg or a body-mass index (BMI; the weight in kilograms divided by the square of the height in meters) of up to 40. For patients who 
weigh more than 120 kg or have a BMI higher than 40, standard doses of rivaroxaban or apixaban are among appropriate anticoagulant op-
tions; fewer supportive data exist for apixaban than for rivaroxaban. Other options include vitamin K antagonists, weight-based low-molecu-
lar-weight heparin (administered according to manufacturer recommendations), and fondaparinux.52 INR denotes international normalized 
ratio.

†	�A reduction in dose may be considered after 3 to 6 months of therapy.
‡	�Low-molecular-weight heparin may be administered subcutaneously throughout initial, short-term, and indefinite phases of treatment, with 

dosage according to body weight.
§	� Low-molecular-weight heparin should be administered for 5 to 10 days before the initiation of dabigatran or edoxaban and concurrent to 

initiating vitamin K antagonists.
¶	�Edoxaban should be administered at a dose of 30 mg daily if the creatinine clearance is 15 to 50 ml per minute, if the patient’s body weight 

is less than 60 kg, or if potent P-glycoprotein inhibitors are being used.
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lism, the long-term risk of recurrence is high 
and indefinite anticoagulation therapy is recom-
mended.25,30,41

Decision making is more nuanced in patients 
with a first pulmonary embolism that was un-
provoked or weakly provoked (i.e., associated with 
a minor transient risk factor, such as estrogen 
therapy, pregnancy, minor surgery, or minor leg 
injury).40 Among these patients, the risks of re-
current venous thromboembolism and fatal pul-
monary embolism after stopping anticoagulation 
therapy are 10% and 0.4%, respectively, at 1 year, 
and 36% and 1.5% at 10 years; the risks are 
higher among men than among women.42 Trials 
have shown that extended anticoagulation ther-
apy, as compared with shorter durations of anti-
coagulation, is highly effective for the prevention 
of recurrent venous thromboembolism.39 How-
ever, in a meta-analysis (involving 14 random-
ized, controlled trials and 13 cohort studies), 
extended anticoagulation with direct oral antico-
agulants was associated with a risk of 1.12 major 
bleeding events per 100 person-years (case fatal-
ity, 9.7%), and extended anticoagulation with 
vitamin K antagonists was associated with a risk 
of 1.74 major bleeding events per 100 person-years 
(case fatality, 8.3%).43 The risk of bleeding was 
higher among older patients and among patients 
who had a creatinine clearance of less than 50 ml 
per minute, a history of bleeding, had received 
antiplatelet therapy, or had a hemoglobin level of 
less than 10 g per deciliter.43

Although indefinite treatment with antico-
agulation is typically recommended after a first 
unprovoked or weakly provoked venous throm-
boembolism event, particularly in patients who 
are not at high risk for bleeding,39 time-limited 
treatment may be appropriate in some patients, 
including those among whom the estimated risk 
of recurrent venous thromboembolism is less than 
5% within the first year after anticoagulation 
therapy is stopped.44 Decision making with re-
gard to the treatment of venous thromboembo-
lism in women may be guided by the HERDOO2 
rule, a prospectively validated prediction score that 
identifies some women with a first unprovoked 
or weakly provoked venous thromboembolism 
event who can safely discontinue anticoagula-
tion therapy (Table S1 in the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org).45 No validated score is currently 
available for use in men who have had a first un-

provoked or weakly provoked pulmonary embo-
lism, and many experts recommend continuing 
anticoagulation therapy indefinitely in these pa-
tients.

In patients who continue to receive anticoagu-
lants indefinitely, data from randomized trials 
indicate that low-dose direct oral anticoagulant 
regimens (i.e., rivaroxaban or apixaban) after the 
initial 6 months of full-dose anticoagulation 
have effectiveness and safety similar to those of 
full-dose regimens46,47 and greater effectiveness 
than aspirin.47 However, low-dose regimens have 
not been assessed in pulmonary embolism in 
patients with cancer, in those with anatomically 
extensive pulmonary embolism, or in those at 
high risk for recurrent pulmonary embolism. Fac-
tors that may influence the choice of indefinite 
anticoagulant regimen are shown in Table S2.

Other Testing

Occult cancer is detected in 5.2% of patients 
within 1 year after a diagnosis of unprovoked 
pulmonary embolism.48 An extensive screening 
strategy may detect more cancers than limited 
screening, but data are limited as to whether such 
screening is associated with better patient out-
comes.48,49 Experts recommend limited cancer 
screening guided by medical history, physical ex-
amination, basic laboratory tests and chest radio-
graphs, and age-specific and sex-specific cancer 
screening.49

Patients should be evaluated 3 to 6 months 
after acute pulmonary embolism is diagnosed to 
assess for dyspnea or functional limitation, which 
may indicate the development of post–pulmonary-
embolism syndrome or chronic thromboembolic 
pulmonary hypertension.25,50 If a decision to con-
tinue anticoagulation indefinitely was made at 
the time of diagnosis of pulmonary embolism, 
this decision should be reassessed annually or 
more often; anticoagulation may need to be dis-
continued if the risk of bleeding increases, a 
major bleeding event occurs, or the patient pre-
fers to stop treatment.

Guidelines

Current guidelines for pulmonary embolism man-
agement include those issued by the American 
College of Chest Physicians (ACCP),30 the Ameri-
can Society of Hematology (ASH),41,51 and the Eu-
ropean Society of Cardiology (ESC).25 A summary 
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of the key recommendations in these guidelines 
is provided in Table 2. Our recommendations align 
with these guidelines, which are largely concor-
dant but differ in the strength of their recommen-
dations for some topics. ACCP and ASH guide-
lines recommend anticoagulation be stopped at 
3 months in the case of a first pulmonary em-
bolism provoked by a weak transient risk factor, 
a recommendation that diverges from ESC guide-
lines, which suggest that indefinite anticoagula-
tion be considered in such patients. Our approach 
to this situation generally aligns with the ACCP 
and ASH guidelines while taking into account fac-
tors that influence the risk of recurrence (e.g., male 
sex or older age) and patient preference.

A r e a s of Uncerta in t y

Appropriate management of subsegmental pul-
monary embolism (a single isolated subsegmen-
tal pulmonary embolus or multiple emboli, with-
out the presence of pulmonary embolism in 
segmental or more proximal pulmonary vessels 
and without deep-vein thrombosis in the legs) is 
uncertain. Although some guidelines suggest clin-
ical surveillance instead of anticoagulation in pa-
tients with low-risk subsegmental pulmonary 
embolism, a recent prospective cohort study in-
volving such patients who were treated without 
anticoagulation therapy showed a higher-than-
expected incidence of recurrent venous thrombo-
embolism during 90-day follow-up.53 A randomized, 
placebo-controlled trial of clinical surveillance 
as compared with anticoagulation in this patient 
population is ongoing (ClinicalTrials.gov number, 
NCT04263038).

Whether a particular direct oral anticoagu-
lant is preferable for the treatment of pulmonary 
embolism is not known. Ongoing randomized 
trials are assessing apixaban as compared with 
rivaroxaban for the initial treatment in patients 
with venous thromboembolism (NCT03266783) 
and various doses of these drugs for extended 
treatment of such patients (NCT03285438). A mul-

tinational, randomized, controlled trial is under 
way to assess the efficacy and safety of a therapy 
involving a reduced dose of thrombolytic medi-
cation in patients with intermediate-risk acute 
pulmonary embolism (NCT04430569). High-quali-
ty data are needed to inform the benefits and risks 
of intravascular thrombolysis and clot-retrieval 
approaches in the treatment of patients with 
pulmonary embolism.

Conclusions a nd 
R ecommendations

The patient with breathlessness described in the 
vignette was estimated to have greater than a 
15% likelihood of pulmonary embolism. In the 
context of the patient’s low Wells score for pul-
monary embolism, d-dimer testing was war-
ranted to guide the need for imaging; CT is in-
dicated, given the d-dimer level of more than 
1000 ng per milliliter. Under the presumption 
that the patient’s CT scan confirms pulmonary 
embolism and shows normal right-ventricle di-
mensions, he would be classified as having low-
risk pulmonary embolism, given his normal 
troponin level. Treatment with a direct oral an-
ticoagulant should be started promptly, and the 
patient should be given information about the 
pulmonary embolism diagnosis. In the absence 
of contraindications to treatment on an outpa-
tient basis (no Hestia criteria present), the pa-
tient can be discharged directly from the emer-
gency department with prompt clinic follow-up. 
We would recommend that he undergo cancer 
screening appropriate for his age and personal 
risk. After the patient receives 3 to 6 months of 
therapy with a direct oral anticoagulant admin-
istered at a treatment-level dose, in the absence of 
an increased bleeding risk and considering his 
preferences, we would recommend switching to 
a low-dose direct oral anticoagulant on a long-
term basis for secondary prevention.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

References
1.	 Jiménez D, Aujesky D, Díaz G, et al. 
Prognostic significance of deep vein 
thrombosis in patients presenting with 
acute symptomatic pulmonary embolism. 
Am J Respir Crit Care Med 2010;​181:​983-
91.
2.	 Lehnert P, Lange T, Møller CH, Olsen 

PS, Carlsen J. Acute pulmonary embolism 
in a national Danish cohort: increasing 
incidence and decreasing mortality. 
Thromb Haemost 2018;​118:​539-46.
3.	 Payne JG, Tagalakis V, Wu C, Lazo-
Langner A. Current estimates of the inci-
dence of acute venous thromboembolic 

disease in Canada: a meta-analysis. 
Thromb Res 2021;​197:​8-12.
4.	 Calder KK, Herbert M, Henderson SO. 
The mortality of untreated pulmonary 
embolism in emergency department pa-
tients. Ann Emerg Med 2005;​45:​302-10.
5.	 Kempny A, McCabe C, Dimopoulos K, 

The New England Journal of Medicine 
Downloaded from nejm.org at PORIA MEDICAL CENTER on July 26, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med 387;1  nejm.org  July 7, 202256

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

et al. Incidence, mortality and bleeding 
rates associated with pulmonary embo-
lism in England between 1997 and 2015. 
Int J Cardiol 2019;​277:​229-34.
6.	 Ende-Verhaar YM, Cannegieter SC, 
Vonk Noordegraaf A, et al. Incidence of 
chronic thromboembolic pulmonary hy-
pertension after acute pulmonary embo-
lism: a contemporary view of the published 
literature. Eur Respir J 2017;​49(2):​1601792.
7.	 Tran A, Redley M, de Wit K. The psy-
chological impact of pulmonary embo-
lism: a mixed-methods study. Res Pract 
Thromb Haemost 2021;​5:​301-7.
8.	 Kahn SR, Hirsch AM, Akaberi A, et al. 
Functional and exercise limitations after 
a first episode of pulmonary embolism: 
results of the ELOPE prospective cohort 
study. Chest 2017;​151:​1058-68.
9.	 Tavoly M, Utne KK, Jelsness-Jørgensen 
L-P, et al. Health-related quality of life af-
ter pulmonary embolism: a cross-section-
al study. BMJ Open 2016;​6(11):​e013086.
10.	 Zarabi S, Chan TM, Mercuri M, et al. 
Physician choices in pulmonary embo-
lism testing. CMAJ 2021;​193:​E38-E46.
11.	 Pollack CV, Schreiber D, Goldhaber 
SZ, et al. Clinical characteristics, man-
agement, and outcomes of patients diag-
nosed with acute pulmonary embolism in 
the emergency department: initial report 
of EMPEROR (Multicenter Emergency 
Medicine Pulmonary Embolism in the 
Real World Registry). J Am Coll Cardiol 
2011;​57:​700-6.
12.	West J, Goodacre S, Sampson F. The 
value of clinical features in the diagnosis 
of acute pulmonary embolism: systematic 
review and meta-analysis. QJM 2007;​100:​
763-9.
13.	 Germini F, Zarabi S, Eventov M, Tur-
cotte M, Li M, de Wit K. Pulmonary embo-
lism prevalence among emergency de-
partment cohorts: a systematic review 
and meta-analysis by country of study.  
J Thromb Haemost 2021;​19:​173-85.
14.	 Lim W, Le Gal G, Bates SM, et al. 
American Society of Hematology 2018 
guidelines for management of venous 
thromboembolism: diagnosis of venous 
thromboembolism. Blood Adv 2018;​2:​
3226-56.
15.	 Kline JA, Courtney DM, Kabrhel C, et 
al. Prospective multicenter evaluation of 
the pulmonary embolism rule-out crite-
ria. J Thromb Haemost 2008;​6:​772-80.
16.	 Kearon C, de Wit K, Parpia S, et al. 
Diagnosis of pulmonary embolism with 
D-dimer adjusted to clinical probability. 
N Engl J Med 2019;​381:​2125-34.
17.	 Geersing G-J, Takada T, Klok FA, et 
al. Ruling out pulmonary embolism 
across different healthcare settings: a sys-
tematic review and individual patient data 
meta-analysis. PLoS Med 2022;​19(1):​
e1003905.
18.	 Elberts SJ, Bateman R, Koutsoubis A, 
London KS, White JL, Fields JM. The im-
pact of COVID-19 on the sensitivity of 

D-dimer for pulmonary embolism. Acad 
Emerg Med 2021;​28:​1142-9.
19.	 Righini M, Van Es J, Den Exter PL, et al. 
Age-adjusted D-dimer cutoff levels to rule 
out pulmonary embolism: the ADJUST-PE 
study. JAMA 2014;​311:​1117-24.
20.	Robert-Ebadi H, Robin P, Hugli O, et 
al. Impact of the age-adjusted D-dimer 
cutoff to exclude pulmonary embolism: 
a multinational prospective real-life study 
(the RELAX-PE study). Circulation 2021;​
143:​1828-30.
21.	 van der Hulle T, Cheung WY, Kooij S, 
et al. Simplified diagnostic management 
of suspected pulmonary embolism (the 
YEARS study): a prospective, multicentre, 
cohort study. Lancet 2017;​390:​289-97.
22.	Miller WT Jr, Marinari LA, Barbosa E 
Jr, et al. Small pulmonary artery defects 
are not reliable indicators of pulmonary 
embolism. Ann Am Thorac Soc 2015;​12:​
1022-9.
23.	Mos ICM, Klok FA, Kroft LJM, De 
Roos A, Dekkers OM, Huisman MV. Safe-
ty of ruling out acute pulmonary embo-
lism by normal computed tomography 
pulmonary angiography in patients with 
an indication for computed tomography: 
systematic review and meta-analysis.  
J Thromb Haemost 2009;​7:​1491-8.
24.	 Le Roux P-Y, Robin P, Tromeur C, et 
al. Ventilation/perfusion SPECT for the 
diagnosis of pulmonary embolism: a sys-
tematic review. J Thromb Haemost 2020;​
18:​2910-20.
25.	 Konstantinides SV, Meyer G, Becattini 
C, et al. 2019 ESC guidelines for the diag-
nosis and management of acute pulmo-
nary embolism developed in collaboration 
with the European Respiratory Society 
(ERS). Eur Heart J 2020;​41:​543-603.
26.	Meyer G, Vicaut E, Danays T, et al. Fi-
brinolysis for patients with intermediate-
risk pulmonary embolism. N Engl J Med 
2014;​370:​1402-11.
27.	 Jimenez D, Martin-Saborido C, Muriel 
A, et al. Efficacy and safety outcomes of 
recanalisation procedures in patients 
with acute symptomatic pulmonary em-
bolism: systematic review and network 
meta-analysis. Thorax 2018;​73:​464-71.
28.	Robertson L, Jones LE. Fixed dose 
subcutaneous low molecular weight hepa-
rins versus adjusted dose unfractionated 
heparin for the initial treatment of venous 
thromboembolism. Cochrane Database 
Syst Rev 2017;​2:​CD001100.
29.	 van Es N, Coppens M, Schulman S, 
Middeldorp S, Büller HR. Direct oral anti-
coagulants compared with vitamin K an-
tagonists for acute venous thromboembo-
lism: evidence from phase 3 trials. Blood 
2014;​124:​1968-75.
30.	 Stevens SM, Woller SC, Kreuziger LB, 
et al. Antithrombotic therapy for VTE dis-
ease: second update of the CHEST guide-
line and expert panel report. Chest 2021;​
160(6):​e545-e608.
31.	 Roy P-M, Penaloza A, Hugli O, et al. 

Triaging acute pulmonary embolism for 
home treatment by Hestia or simplified 
PESI criteria: the HOME-PE randomized 
trial. Eur Heart J 2021;​42:​3146-57.
32.	Chan N, Sobieraj-Teague M, Eikel-
boom JW. Direct oral anticoagulants: evi-
dence and unresolved issues. Lancet 2020;​
396:​1767-76.
33.	 Key NS, Khorana AA, Kuderer NM, et 
al. Venous thromboembolism prophylaxis 
and treatment in patients with cancer: 
ASCO clinical practice guideline update.  
J Clin Oncol 2020;​38:​496-520.
34.	Mulder FI, Bosch FTM, Young AM, et 
al. Direct oral anticoagulants for cancer-
associated venous thromboembolism:  
a systematic review and meta-analysis. 
Blood 2020;​136:​1433-41.
35.	 Dufrost V, Wahl D, Zuily S. Direct oral 
anticoagulants in antiphospholipid syn-
drome: meta-analysis of randomized con-
trolled trials. Autoimmun Rev 2021;​20(1):​
102711.
36.	 Zuily S, Cohen H, Isenberg D, et al. 
Use of direct oral anticoagulants in pa-
tients with thrombotic antiphospholipid 
syndrome: guidance from the Scientific 
and Standardization Committee of the 
International Society on Thrombosis and 
Haemostasis. J Thromb Haemost 2020;​18:​
2126-37.
37.	 Bates SM, Rajasekhar A, Middeldorp 
S, et al. American Society of Hematology 
2018 guidelines for management of ve-
nous thromboembolism: venous throm-
boembolism in the context of pregnancy. 
Blood Adv 2018;​2:​3317-59.
38.	Kearon C. A conceptual framework 
for two phases of anticoagulant treatment 
of venous thromboembolism. J Thromb 
Haemost 2012;​10:​507-11.
39.	 Kearon C, Kahn SR. Long-term treat-
ment of venous thromboembolism. Blood 
2020;​135:​317-25.
40.	Kearon C, Ageno W, Cannegieter SC, 
Cosmi B, Geersing G-J, Kyrle PA. Catego-
rization of patients as having provoked or 
unprovoked venous thromboembolism: 
guidance from the SSC of ISTH. J Thromb 
Haemost 2016;​14:​1480-3.
41.	 Witt DM, Nieuwlaat R, Clark NP, et al. 
American Society of Hematology 2018 
guidelines for management of venous 
thromboembolism: optimal management 
of anticoagulation therapy. Blood Adv 
2018;​2:​3257-91.
42.	Khan F, Rahman A, Carrier M, et al. 
Long term risk of symptomatic recurrent 
venous thromboembolism after discon-
tinuation of anticoagulant treatment for 
first unprovoked venous thromboembolism 
event: systematic review and meta-analy-
sis. BMJ 2019;​366:​l4363.
43.	 Khan F, Tritschler T, Kimpton M, et al. 
Long-term risk for major bleeding during 
extended oral anticoagulant therapy for 
first unprovoked venous thromboembo-
lism: a systematic review and meta-analy-
sis. Ann Intern Med 2021;​174:​1420-9.

The New England Journal of Medicine 
Downloaded from nejm.org at PORIA MEDICAL CENTER on July 26, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med 387;1  nejm.org  July 7, 2022 57

Clinical Pr actice

44.	Kearon C, Iorio A, Palareti G. Risk of 
recurrent venous thromboembolism after 
stopping treatment in cohort studies: rec-
ommendation for acceptable rates and 
standardized reporting. J Thromb Hae-
most 2010;​8:​2313-5.
45.	 Rodger MA, Le Gal G, Anderson DR, 
et al. Validating the HERDOO2 rule to 
guide treatment duration for women with 
unprovoked venous thrombosis: multina-
tional prospective cohort management 
study. BMJ 2017;​356:​j1065.
46.	Agnelli G, Buller HR, Cohen A, et al. 
Apixaban for extended treatment of ve-
nous thromboembolism. N Engl J Med 
2013;​368:​699-708.
47.	 Weitz JI, Lensing AWA, Prins MH, et 
al. Rivaroxaban or aspirin for extended 
treatment of venous thromboembolism. 
N Engl J Med 2017;​376:​1211-22.
48.	 van Es N, Le Gal G, Otten H-M, et al. 
Screening for occult cancer in patients 
with unprovoked venous thromboembo-
lism: a systematic review and meta-analy-
sis of individual patient data. Ann Intern 
Med 2017;​167:​410-7.
49.	 Delluc A, Antic D, Lecumberri R, Ay 

C, Meyer G, Carrier M. Occult cancer 
screening in patients with venous throm-
boembolism: guidance from the SSC of 
the ISTH. J Thromb Haemost 2017;​15:​
2076-9.
50.	Klok FA, Ageno W, Ay C, et al. Opti-
mal follow-up after acute pulmonary em-
bolism: a position paper of the European 
Society of Cardiology Working Group on 
Pulmonary Circulation and Right Ven-
tricular Function, in collaboration with 
the European Society of Cardiology Work-
ing Group on Atherosclerosis and Vascu-
lar Biology, endorsed by the European 
Respiratory Society. Eur Heart J 2022;​43:​
183-9.
51.	 Lyman GH, Carrier M, Ay C, et al. 
American Society of Hematology 2021 
guidelines for management of venous 
thromboembolism: prevention and treat-
ment in patients with cancer. Blood Adv 
2021;​5:​927-74.
52.	Martin KA, Beyer-Westendorf J, Da-
vidson BL, Huisman MV, Sandset PM, 
Moll S. Use of direct oral anticoagulants 
in patients with obesity for treatment and 
prevention of venous thromboembolism: 

updated communication from the ISTH 
SSC Subcommittee on Control of Antico-
agulation. J Thromb Haemost 2021;​19:​
1874-82.
53.	 Le Gal G, Kovacs MJ, Bertoletti L, et 
al. Risk for recurrent venous thromboem-
bolism in patients with subsegmental 
pulmonary embolism managed without 
anticoagulation: a multicenter prospec-
tive cohort study. Ann Intern Med 2022;​
175:​29-35.
54.	Bates SM, Greer IA, Middeldorp S, 
Veenstra DL, Prabulos A-M, Vandvik PO. 
VTE, thrombophilia, antithrombotic 
therapy, and pregnancy: antithrombotic 
therapy and prevention of thrombosis, 
9th ed: American College of Chest Physi-
cians evidence-based clinical practice 
guidelines. Chest 2012;​141:​Suppl:​e691S-
e736S.
55.	Ortel TL, Neumann I, Ageno W, et al. 
American Society of Hematology 2020 
guidelines for management of venous 
thromboembolism: treatment of deep 
vein thrombosis and pulmonary embo-
lism. Blood Adv 2020;​4:​4693-738.
Copyright © 2022 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at PORIA MEDICAL CENTER on July 26, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 


