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ABSTRACT

AIM The “2026 AHA/ACC/ACCP/ACEP/CHEST/SCAI/SHM/SIR/SVM/SVN Guideline for the Evaluation and Management of
Acute Pulmonary Embolism in Adults” is a de novo guideline that provides comprehensive recommendations for the evaluation,
management, and follow-up of adult patients ($18 years of age) with acute pulmonary embolism (acute PE). A key feature of this
guideline is the introduction of the AHA/ACC Acute Pulmonary Embolism Clinical Categories, which enhance the precision of
severity classification, prognosis assessment, and evidence-based therapeutic decision-making.

METHODS A comprehensive literature search was conducted from February 2024 to October 2024 to identify clinical
studies, reviews, and other evidence conducted on human subjects that were published in English from MEDLINE (through
PubMed), EMBASE, the Cochrane Library, Agency for Healthcare Research and Quality, and other selected databases relevant to this
guideline. Select key studies published until April 2025 were added by the guideline writing committee as appropriate.

STRUCTURE The focus of this clinical practice guideline is an evidence-based and patient-centered approach for acute
PE evaluation and management of the adult patient. This guideline encompasses the period from the onset of symptoms through
clinical follow-up, focusing on risk outcomes assessment, clinical diagnosis of acute PE, appropriate use of adjunctive cardiovascular
testing, and management in both the acute and early post-acute phases of PE. It addresses evidence-based diagnostic and man-
agement strategies (including pharmacological therapies, advanced interventional therapies, and in-hospital support) for acute PE
and associated outcomes.
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TOP TAKE-HOME MESSAGES

1. A new clinical classification scheme is presented,
entitled “Acute Pulmonary Embolism Clinical Cate-
gories,” with 5 categories (A-E) and subcategories,
ranging from low to high risk for adverse outcomes,
in order to enhance the precision of severity classifi-
cation, prognosis assessment, and evidence-based
therapeutic decision-making for patients presenting
with acute PE.

2. Patients with acute PE who are asymptomatic (AHA/
ACC PE Category A) can safely be discharged home
from the emergency room and do not need to be
hospitalized.

3. Early hospital discharge is generally recommended
for patients with acute PE who are symptomatic but
have a low clinical severity score (AHA/ACC PE
Category B).

4. Symptomatic patients with acute PE and an elevated
clinical severity score, including those with elevated
biomarkers and/or right ventricular dysfunction
(AHA/ACC PE Category C), incipient cardiopulmonary
failure (AHA/ACC PE Category D), and those with
cardiopulmonary failure characterized by persistent

hypotension (AHA/ACC PE Category E) should be
hospitalized to optimize treatment strategies.

5. Advanced therapies, including systemic thrombol-
ysis, catheter-based thrombolysis, mechanical
thrombectomy, and surgical embolectomy are
reasonable for patients with acute PE in AHA/ACC PE
Category E1 and can be considered for patients with
acute PE in AHA/ACC PE Category D1-2.

6. PE response teams (PERTs) are recommended to
improve timeliness of care.

7. In patients with acute PE who require initial paren-
teral anticoagulant therapy, low-molecular-weight
heparin (LMWH) is recommended over unfractio-
nated heparin (UFH).

8. In patients with acute PE who are eligible for oral
anticoagulation, direct oral anticoagulants (DOACs)
are recommended over vitamin K antagonists (VKAs),
unless contraindicated, to prevent recurrent venous
thromboembolism (VTE) and reduce major bleeding.

9. In patients with a first acute PE without a major
reversible risk factor and in those with a persistent
risk factor, continuing anticoagulation beyond the
initial treatment phase (3-6 months) into the
extended phase is recommended.

10. Patients who have had acute PE should be asked
about PE-related symptoms and functional limita-
tions at every visit for at least 1 year to screen for
chronic thromboembolic pulmonary disease (CTEPD)
or other causes of dyspnea and functional limitation.

PREAMBLE

Since 1980, the American College of Cardiology (ACC) and
American Heart Association (AHA) have translated sci-
entific evidence into clinical practice guidelines with
recommendations to improve cardiovascular health.
These guidelines, based on systematic methods to eval-
uate and classify evidence, provide a foundation for
delivering high-quality cardiovascular care. When appli-
cable, the guidelines also provide economic value state-
ments that apply cost-effectiveness analyses. The
methodology for these economic value statements can be
found in the AHA/ACC Statement on Cost Value
Methodology publication.1 The ACC/AHA Guideline Core
Principles and Development Process publication de-
scribes best practices for cardiology clinicians and addi-
tional background on the methodology used in the
creation of guidelines.2 Details about the alignment be-
tween the US Food and Drug Administration approval
processes for drugs and devices and AHA/ACC guideline
methodology can be found in the Guidance for
Incorporating FDA Processes.3

Creager et al J A C C V O L . ■ , N O . ■ , 2 0 2 6

2026 Acute Pulmonary Embolism Guideline ■ , 2 0 2 6 :■ – ■

4

https://www.jacc.org/doi/10.1016/j.jacc.2025.05.009
https://www.jacc.org/doi/10.1016/j.jacc.2025.05.009
https://www.jacc.org/doi/10.1016/j.jacc.2025.06.013
https://www.jacc.org/doi/10.1016/j.jacc.2025.06.013
https://www.jacc.org/doi/10.1016/j.jacc.2025.05.006
https://www.jacc.org/doi/10.1016/j.jacc.2025.05.006


Guidelines are intended to define practices meeting
the needs of patients in most, but not all, circumstances
and should not replace clinical judgment. The ACC and
AHA sponsor the development and publication of clinical
practice guidelines without commercial support, and
members volunteer their time to the writing and review
efforts. Guidelines are the official policy of the ACC and
AHA. For some guidelines, the ACC and AHA collaborate
with other organizations.

Catherine M. Otto, MD, FAHA, FACC
Chair, ACC/AHA Joint Committee on

Clinical Practice Guidelines

1. INTRODUCTION

1.1. Methodology and Evidence Review

The recommendations listed in this guideline are,
whenever possible, evidence based. An initial extensive
evidence review, which included literature derived from
research involving human subjects, published in English,
and indexed in MEDLINE (through PubMed), EMBASE,
the Cochrane Library, the Agency for Healthcare Research
and Quality, and other selected databases relevant to this
guideline, was conducted from February 2024 to October
2024. Select key studies published until April 2025 were
added by the guideline writing committee as appropriate.
The final evidence tables are available online and sum-
marize the evidence used by the writing committee to
formulate recommendations. References selected and
published in the present guideline are not all-inclusive.

1.2. Organization of the Writing Committee

The writing committee consisted of general cardiologists,
interventional cardiologists, cardiac imaging experts,
critical care physicians, internal medicine hospitalists,
cardiothoracic surgeons, advance practice nurses, clinical
pharmacists, vascular medicine physicians, vascular
interventionalists, hematologists, pulmonologists, emer-
gency medicine physicians, and patient representatives.
The writing committee included representatives from the
ACC and AHA, American College of Clinical Pharmacology,
American College of Emergency Physicians, American
College of Chest Physicians, Society for Cardiovascular
Angiography & Interventions, Society of Hospital Medi-
cine, Society of Interventional Radiology, Society for
Vascular Medicine, and the Society of Vascular Nursing.

1.3. Relationships With Industry and Other Entities

The ACC and AHA have rigorous policies and methods to
ensure that documents are developed without bias or
improper influence. The complete policy on relationships
with industry and other entities (RWI) can be found
online. Appendix 1 of the guideline lists committee
members’ comprehensive and relevant RWI.

1.4. Peer Review Committee

The Joint Committee appointed a peer review committee
to review the guideline. The peer review committee
comprised individuals nominated by the ACC, AHA, and
the collaborating organizations. Reviewers’ RWI infor-
mation was distributed to the writing committee and is
published in the guideline (Appendix 2).

1.5. Scope of the Guideline

The focus of this clinical practice guideline is the evalu-
ation and management of acute pulmonary embolism
(PE) in the adult patient ($18 years of age). The guideline
addresses the clinical assessment of the patient present-
ing with symptoms and signs of acute PE, initial labora-
tory testing (specifically D-dimer), and the appropriate
use of imaging to diagnose acute PE. This guideline in-
troduces an Acute Pulmonary Embolism Clinical Category
system to classify severity, assess prognosis, and enable
more effective evidence-based therapeutic decisions to
improve patient outcomes more precisely. The categories
build on previous risk schemes by incorporating clinical,
hemodynamic, and respiratory factors, along with bio-
markers and assessment of right ventricular size and
function. Care of the patient with acute PE is uniquely
multidisciplinary and crosses emergency department,
inpatient settings and outpatient clinics. Accordingly, the
guideline includes recommendations on the preferred
care setting, including which patients can be discharged
from the emergency department and managed as out-
patients, which patients require hospitalization, and
which patients should be placed in a critical care or in-
termediate level of care setting. Local implementation of

TABLE 1 AHA and ACC Associated Publications

Title Organization

Publication
Year

(Reference)

Guidelines

Evaluation and diagnosis of chest pain AHA/ACC/ASE/
CHEST/SAEM/
SCCT/SCMR

20211

Other Relevant Documents

Management of massive and
submassive PE

AHA 20112

Interventional therapies for acute PE AHA 20193

Expert consensus statement on
anticoagulant and antiplatelet
therapy for Afib/VTE

ACC 20204

Surgical therapy and MCS for acute PE AHA 20235

Balloon pulmonary angioplasty for
CTEPH & CTEPD

AHA 20246

ACC indicates American College of Cardiology; Afib, atrial fibrillation; AHA, American
Heart Association; ASE, American Society of Echocardiography; CHEST, American
College of Chest Physicians; CTEPD, chronic thromboembolic pulmonary disease;
CTEPH, chronic thromboembolic pulmonary hypertension; MCS, mechanical circulatory
support; PE, pulmonary embolism; SAEM, Society for Academic Emergency Medicine;
SCCT, Society of Cardiovascular Computed Tomography; SCMR, Society for Cardio-
vascular Magnetic Resonance; and VTE, venous thromboembolism.
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TABLE 2 Applying the American College of Cardiology/American Heart Association Class of Recommendation and Level of Evidence to
Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient Care* (Updated December 2024)
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these recommendations requires adaptation to the re-
sources available, such as immediate specialty consulta-
tion, urgent echocardiography, and outpatient
appointment scheduling from the emergency depart-
ment, and advanced interventions. The guideline also
makes recommendations about which patients require
interhospital transfer to more resourced facilities and
when to use a multidisciplinary PE response team care
delivery model. Sections of this guideline address
evidence-based management strategies, such as antico-
agulant therapy, the role of inferior vena cava filters, and
the use of advanced therapies, including systemic
thrombolysis, catheter-directed thrombolysis, mechani-
cal thrombectomy, and surgical thrombectomy. There are
also recommendations regarding sedation, ventilation,
mechanical circulatory support, and other hemodynamic
support for critically ill patients with acute PE. Finally,
the guideline provides recommendations on follow-up
management, including patient education, activity after
an acute PE, indications for long-term anticoagulation,
and assessment of the patient with persistent symptoms
and postacute PE functional impairment.

This guideline focuses on acute PE. It does not include
recommendations about prophylactic treatment for pri-
mary prevention of venous thromboembolism. Recom-
mendations for evaluation and treatment of deep vein
thrombosis (DVT), except when considered in conjunction
with acute PE, are outside the scope of these guidelines.
Lastly, although the initial evaluation of chronic throm-
boembolic pulmonary disease (CTEPD) after acute PE is
discussed in this guideline, the management of patients
with established CTEPD, with and without pulmonary
hypertension, is outside the scope of this document. In
developing this guideline, the writing committee
reviewed previously published AHA/ACC guidelines and
related scientific statements. Table 1 contains a list of these
publications deemed pertinent to this writing effort.

1.6. Class of Recommendations and Level of Evidence

The Class of Recommendation (COR) indicates the
strength of recommendation and encompasses estimated
benefit in proportion to risk. The Level of Evidence (LOE)
rates the quality of scientific evidence supporting the
intervention based on the type, quantity, and consistency
of data from clinical trials and other sources (Table 2).

2. DEFINITIONS AND CLASSIFICATIONS

2.1. Definitions

Guideline-directed medical therapy: the term guideline-
directed medical therapy encompasses clinical

evaluation, diagnostic testing, and both pharmacolog-
ical and procedural treatments. For these and all rec-
ommended drug treatment regimens, the reader should
confirm dosage with product insert material and eval-
uate for contraindications and interactions. Recom-
mendations are limited to drugs, devices, and
treatments approved for clinical use in the United
States.

The ACC/AHA Acute PE Clinical Categories comprise a
system designed to categorize the severity and prognosis
of PE through the integration of various clinical, labora-
tory, and imaging parameters.
Initial Treatment Phase describes the first 3 to

6 months of anticoagulation therapy after an acute
PE. Extended Treatment Phase designates more
than 6 months of anticoagulation therapy after an
acute PE.

2.2. Abbreviations

Abbreviation Meaning/Phrase

APS antiphospholipid syndrome

AUB abnormal uterine bleeding

BMI body mass index

BNP brain natriuretic protein

BPA balloon pulmonary angioplasty

CDL catheter-directed thrombolysis

CKD chronic kidney disease

CPET cardiopulmonary exercise testing

CPR cardiopulmonary resuscitation

CT computed tomography

CTEPD chronic thromboembolic pulmonary disease

CTEPH chronic thromboembolic pulmonary hypertension

CTPA computed tomography pulmonary angiography

CTV computed tomography venography

DOAC direct oral anticoagulant

DVT deep vein thrombosis

ECMO extracorporeal membrane oxygenation

ED emergency department

eGFR estimated glomerular filtration rate

FDA US Food and Drug Administration

HFNC high-flow nasal cannula

ICH intracranial hemorrhage

ICU intensive care unit

IVC inferior vena cava

LMWH low molecular weight heparin

Continued on the next page
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3. EVALUATION AND DIAGNOSIS

3.1. Evaluation

3.1.1. Clinical Assessment

Synopsis
Prompt diagnosis of acute PE requires recognition

of a patient’s predisposing risk factors for venous
thromboembolism (VTE). The evaluation of patients
with suspected PE integrates the clinical history with
physical examination findings, laboratory testing,
and diagnostic imaging.11 Many symptoms of acute PE are
nonspecific.12-18 The most common symptoms of PE are
pleuritic chest pain and dyspnea. Hemoptysis, syncope,
and shock are less common.17-19 Physical examination
findings of tachycardia and hypotension may indicate he-
modynamic compromise, and tachypnea and hypoxemia
may indicate a significant degree of gas exchange pertur-
bation. Other signs to seek are decreased lung breath
sounds, a pleural friction rub, jugular venous distension,
an accentuated pulmonic second heart sound, a para-
sternal lift, and leg swelling and tenderness suggestive of
deep vein thrombosis (DVT). Nonetheless, the diagnosis of
PE is often challenging, with less than 10% of patients
evaluated for PE eventually being diagnosed with PE.13-16

Relevant history, physical examination, and PE pretest
probability scores guide appropriate investigations for
potential cardiopulmonary diagnoses (Figure 1). Clinical
decision tools such as the Wells score, the Revised
Geneva Score, and the Pulmonary Embolism Rule Out

Abbreviation Meaning/Phrase

LV left ventricle

MAP mean arterial pressure

MRA magnetic resonance angiography

MT mechanical thrombectomy

NE norepinephrine

NEWS national early warning score

NIV noninvasive mechanical ventilation

PA pulmonary artery

PE pulmonary embolism

PESI pulmonary embolism severity index

PH pulmonary hypertension

PTE pulmonary thromboendarterectomy

PVFR pulmonary venous flow reduction

PVR pulmonary vascular resistance

RCT randomized controlled trial

RPVO residual pulmonary vascular obstruction

RV right ventricle

SPECT single-photon emission computed tomography

SVR systemic vascular resistance

TAPSE tricuspid annular plane systolic excursion

TTE transthoracic echocardiogram

UFH unfractionated heparin

VD/VT alveolar dead space

VE/VCO2 ventilatory efficiency

VKA vitamin K antagonist

V/Q ventilation/perfusion

VTE venous thromboembolism

Recommendations for Clinical Assessment
Referenced studies that support recommendations
are summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 A
1. In patients presenting with symp-
toms suggestive of acute PE, a
targeted history and comprehensive
physical examination is recom-
mended to assist in determining
the clinical pretest probability of
acute PE.1,2

continued in the next column

Continued

COR LOE RECOMMENDATIONS

2a B-R
2. In adult patients undergoing evalu-
ation for PE and who have a low or
intermediate clinical probability of
PE (<50%) by risk assessment, an
age-adjusted D-dimer value below
the threshold (age × 10 μg/L for
fibrinogen equivalent units assays)
effectively excludes PE and the
need for imaging.2-5

2a B-R
3. In adult patients with suspected PE,
the YEARS algorithm* can be useful
to identify which patients do not
need imaging to rule out a PE.2,3,6,7

2b B-NR
4. In pregnant adults, it may be
reasonable to use pregnancy-
adapted YEARS criteria to identify
patients who do not need imaging
for PE.8-10

*YEARS algorithm: A threshold D-dimer of 500 μg/L in patients who have $1 of the
following: 1) clinical signs of DVT; 2) hemoptysis; and/or 3) PE as the most likely
diagnosis. A D-dimer threshold of 1000 μg/L is used for patients who have no YEARS
criteria.
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FIGURE 1 Clinical Evaluation of Patients With Suspected Acute PE

*Indicates validated tools such as the Wells score, revised Geneva score, or clinical gestalt. †YEARS criteria include clinical signs of DVT, hemoptysis, or PE is the most
likely diagnosis. Use of an age-adjusted D-dimer is an alternative to the use of the YEARS criteria. For pregnant patients, the pregnancy adapted YEARS criteria should
be used. DVT indicates deep vein thrombosis; and PE, pulmonary embolism.
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Criteria (PERC) are frequently used to synthesize the
history and physical findings and inform a clinical pretest
probability of PE (Table 3). Clinical decision tools that
incorporate assessment of clinical suspicion of PE with
laboratory testing are recommended to identify patients
in whom diagnostic imaging is warranted from those in
whom the diagnosis is unlikely and therefore imaging can
be avoided.

D-dimer can aid in risk-stratifying patients with
possible PE, balancing the potential harms of testing with
the risk of a missed diagnosis.20,21 The accepted safety
threshold (ie, failure rate) for diagnostic tools in the
evaluation of PE is 2%.20,21 Acute PE is unlikely in pa-
tients who meet all 3 of the following criteria: 1) D-dimer
levels that do not exceed the threshold of normal; 2) a
low or intermediate clinical pretest probability (<50%) of
PE; and 3) are not anticoagulated at baseline.2 A D-dimer
level that is below the threshold using either the
age-adjusted D-dimer or the YEARS algorithm criteria
can safely reduce the need for pulmonary imaging.
It is possible that in high prevalence settings, use of
these strategies might result in missed PEs.2,3 Recent
studies using D-dimer based approaches in pregnant
patients with low and intermediate clinical probability
of PE demonstrated both safety and reduced need for
imaging (efficacy).10,22 Importantly, most studies evalu-
ating D-dimer based diagnostic strategies excluded
anticoagulated patients.

Recommendation-Specific Supportive Text

1. During a targeted history and physical examination,
assessment for PE risk factors should include recent
surgery, hospitalization for medical therapy, immo-
bility, pregnancy, estrogens, trauma, cancer, inflam-
matory disorders, and inherited and acquired
thrombophilias, among others. Other risk factors,
which may vary by sex, include atherosclerotic car-
diovascular disease, pulmonary disease, cancer,
chronic venous disease, prolonged immobility, and
hormonal therapy.23 These risk factors help to inform
the pretest probability of acute PE. The indication for
imaging for PE is influenced by the patient’s clinical
pretest probability. Randomized controlled studies
and observational studies that use clinical assessment
tools and laboratory testing (ie, D-dimer) as part of a
diagnostic algorithm have demonstrated improved
diagnostic performance of imaging and a reduction in
unnecessary testing (Section 3.1.2, “Diagnostic
Testing”).1,2

2. Age-adjusted D-dimer strategies are safe in patients
with low or intermediate clinical probability of PE,

TABLE 3 Clinical Decision Rules

Clinical
Pretest
Probability
Score Components Points

Clinical Pretest
Probability Grouping

and Utilization

Wells Score
for PE28

Clinical symptoms of
DVT (leg swelling,
pain with
palpitation)

3 Standard Wells Scoring:
Low: <2
Moderate: 2-6
High: >6

Modified Wells Scoring:
PE likely: >4
PE unlikely: #4

PE more likely than
other diagnoses

3

Heart rate >100 bpm 1.5

Immobilization ($3
days) or surgery
in the previous 4
weeks

1.5

Previous DVT or PE 1.5

Hemoptysis 1

Cancer 1

PE Rule Out
Criteria21

Age <50 years Assess if clinical pretest
probability (gestalt)
of PE is <15%
(eg, Wells <2)

When all criteria are
met, the likelihood
of PE is low and no
further testing is
required.

Heart rate <100 bpm

Oxyhemoglobin
saturation $95%

No hemoptysis

No estrogen use

No prior DVT or PE

No unilateral leg
swelling

No surgery/trauma
requiring
hospitalization
within the prior 4
weeks

Revised
Geneva
Score

Simplified
Revised

Geneva Score

Revised
Geneva
Score29,30

Age >65 1 1 Revised Geneva:
Low: 0-3
Intermediate: 4-10
High: $11

Simplified Revised
Geneva:

Low: 0-1
Intermediate: 2-4
High: 5-7
Unlikely: 0-2
Likely: 3-7

Previous DVT or PE 3 1

Surgery under
general
anesthesia or
fracture of the
lower limbs
within 1 months

2 1

Active cancers 2 1

Unilateral lower-limb
pain

3 1

Hemoptysis 2 1

Heart rate 75-94 bpm 3 1

Heart rate $95 bpm 5 1

Pain on lower limb
deep vein
palpation and
unilateral edema

4 1

DVT indicates deep vein thrombosis; and PE, pulmonary embolism. Adapted with permission from
Klok et al.30 Copyright 2008 American Medical Association. All rights reserved, including those for
text and data mining, AI training, and similar technologies. Additional material adapted with
permission from Le Gal et al. and from Annals of Internal medicine.29 Copyright 2006 American
College of Physicians. All Rights Reserved. Reprinted with the permission of American College of
Physicians, Inc.
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resulting in less than 2% missed VTE at 1 to 3 months.
A prospective validation study of 3346 patients
revealed a 3-month failure rate (missed VTE at 3
months) of 0.3% (95% CI, 0.1%-1.7%) for those >50
years of age who had a low or intermediate clinical
probability of PE and a D-dimer value between the
standard (<500 μg/L) and age-adjusted (age × 10 μg/L)
thresholds.4,24 A large individual-patient data meta-
analysis confirmed these results.2 Additionally, a
multicenter cluster randomized trial found a low fail-
ure rate (<2% diagnosed with VTE by 3 months) in
strategies using the age-adjusted D-dimer, even when
combined with the YEARS algorithm, in patients with
non-high probability of PE (<50%).3 Of note, these
studies included D-dimer assays that report FEUs and
excluded patients on therapeutic anticoagulation
within the prior 24 hours.

3. The low specificity of the D-dimer, combined with
decreasing computed tomography pulmonary angiog-
raphy (CTPA) yield (proportion of CTPAs positive for
PE), has generated a need for adjusted D-dimer
thresholds in lower-risk patients. The derivation of the
YEARS algorithm used a threshold of 500 μg/L in pa-
tients who had $1 of the following: clinical signs of
DVT, hemoptysis, and/or PE as the most likely diag-
nosis. A D-dimer threshold of 1000 μg/L was used for
patients with no YEARS criteria. The initial YEARS
validation cohort demonstrated safety in patients
across all probability levels.25 A multicenter cluster
randomized noninferiority trial in Europe compared
the YEARS algorithm, incorporating age-adjusted D-
dimer, with age-adjusted D-dimer alone in patients
with low and intermediate probability (<50%) of PE.
This trial found the YEARS criteria plus age-adjusted
D-dimer approach had low failure rates and improved
efficiency compared with an age-adjusted approach
alone.3 Of note, the YEARS algorithm has only been
studied in patients not on therapeutic anticoagulation.

4. Historically, few studies have evaluated diagnostic
strategies in pregnant patients with suspected PE. The
use of CTPA among pregnant patients undergoing
evaluation for PE has increased over the past decade.
Nonetheless, the detection rate is low, ranging from
0% to 10% in most studies, including a recent meta-
analysis composed primarily of patients evaluated in
the emergency department (ED) reporting that only
4.1% of CTPAs in pregnant patients were positive for
PE.26,27 Two prospective management studies inves-
tigated the use of a quantitative D-dimer in low-to-
intermediate risk patients with the revised Geneva or
YEARS algorithm and demonstrated low failure rates
(ie, VTE within 3 months) of 0.0% (95% CI, 0.0%-1.0%)
and 0.21% (95% CI, 0.04%-1.2%), respectively.10,22 The
YEARS algorithm, with a D-dimer threshold of 1000

μg/L in lower risk pregnant patients, resulted in the
lowest volume of chest imaging. Furthermore, the
pregnancy-adapted YEARS algorithm suggests that
pregnant patients with lower extremity symptoms and
a positive compression ultrasound study can be safely
treated with anticoagulation therapy and do not
necessarily require CTPA imaging.10 Following this
approach safely avoids 65% of CTPA tests for patients
presenting in the first trimester of pregnancy.

3.1.2. Diagnostic Testing

Recommendations for Diagnostic Testing
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 A
1. In patients presenting with symp-
toms and signs suggestive of acute
PE, imaging is recommended for
those who are deemed high proba-
bility (>50% probability of PE) by a
validated clinic risk prediction score
or an elevated D-dimer level in order
to confirm or exclude PE.1-7

1 A
2. In patients undergoing imaging
evaluation for suspected PE, a pos-
itive CTPA or high probability
ventilation/perfusion (V/Q) scan is
sufficient to diagnose PE.1,2,4,8-11

1 B-R
3. In patients undergoing imaging
evaluation, a CTPA is recommended
in preference to a V/Q scan to
confirm the diagnosis of acute
PE.4,5,9,12

2a B-NR
4. In pregnant patients presenting
with symptoms, YEARS criteria
suggestive of acute PE, and a
normal chest x-ray, imaging evalu-
ation with low-radiation dose CTPA
is reasonable over low-dose perfu-
sion scintigraphy.13,14

2a B-R
5. In patients undergoing evaluation
for PE, V/Q single-photon emission
computed tomography (SPECT) is
reasonable in preference to a planar
V/Q scan as a diagnostic study.8,10

2a B-R
6. In patients with suspected acute PE
who cannot undergo a CTPA, it is
reasonable to perform a V/Q scan in
preference to contrast-enhanced
magnetic resonance angiography
(MRA) to improve the diagnostic
yield.15-19

continued in the next columnContinued on the next page
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Synopsis
Imaging is essential to the diagnosis and management

of patients with PE but must be placed within the context
of the patient’s clinical pretest probability for PE. The
current standard imaging modality for diagnosis of acute
PE is CTPA, given its wide accessibility, relative cost,
contemporary (lower) radiation exposure, and excellent
diagnostic performance. For patients in whom CTPA
cannot be performed or is otherwise not optimal, a V/Q
scan is appropriate as it has excellent diagnostic yield,
especially when combined with SPECT. Echocardiogra-
phy is an inadequate test for the diagnosis of PE but is
important in the assessment of RV function for symp-
tomatic patients with confirmed acute PE. Parameters of
RV structure and function should be assessed and re-
ported, including RV/LV end-diastolic ratio, RV end-
diastolic diameter, TAPSE, estimated right ventricular
systolic pressure, RV free wall hypokinesis with sparing
of the apex (McConnell’s sign), tricuspid systolic velocity,
intracardiac thrombus paradoxical septal motion, and
IVC respirophasic collapse. Evidence of RV dysfunction
also should be assessed and reported on CTPA, when
acute PE is confirmed. Selective venous duplex ultraso-
nography of the legs may be useful in patients with
clinical findings suggestive of DVT or in whom confir-
mation of DVT will influence management.

Recommendation-Specific Supportive Text

1. The indication for imaging for PE is influenced by the
patient’s pretest probability. Randomized control
studies and observational studies using clinical
assessment tools and laboratory testing (ie, D-dimer)
as part of a diagnostic algorithm have demonstrated
that the diagnostic performance of imaging is
improved, and unnecessary testing is reduced.1,2,4-6,9

2. In patients with a clinically probable PE, as assessed
by available clinical tools and laboratory D-dimer
testing, a positive CTPA is definitive for the diagnosis
of PE as a stand-alone test.1,2,4,27 A high probability
V/Q scan also has excellent diagnostic accuracy for
acute PE in this clinical setting. It is the imaging

Continued

COR LOE RECOMMENDATIONS

2b B-NR
7. In patients with confirmed acute PE,
obtaining lower extremity venous
duplex ultrasound examination may
be reasonable in patients with clin-
ical findings suggestive of DVT or if
the presence of DVT will change
management or inform prog-
nosis.5,20-26

3: No Benefit B-NR
8. In patients with suspected PE and a
negative CTPA or normal V/Q
SPECT, venous duplex ultrasonog-
raphy is not useful for further PE
diagnostic evaluation.4,5,8-10,27-29

3: No Benefit B-NR
9. In patients with suspected acute PE,
an echocardiogram is not recom-
mended to confirm or refute the
diagnosis of PE.30,31

3: No Benefit B-R
10. In patients with suspected acute

PE, computed tomographic
venography of the inferior vena
cava (IVC) and lower extremity
veins is not recommended as a
routine adjunct to CTPA to di-
agnose venous thrombosis.2,5,32

Reporting Findings on Diagnostic Imaging

1 B-R
11. In patients presenting with an acute
PE who undergo CTPA, reporting
the numerical right ventricle (RV)/
left ventricle (LV) ratio (measured
by internal diameter assessed on
axial or reformatted 4D-chamber
view) is recommended over sub-
jective quantification for risk strat-
ification.33-37

1 B-NR
12. In patients with acute PE who un-

dergo transthoracic echocardiog-
raphy, RV dysfunction should be
assessed and reported by the
following parameters: RV/LV end-
diastolic ratio; RV end-diastolic
diameter; tricuspid annular plane
systolic excursion (TAPSE); esti-
mated right ventricular systolic
pressure; RV free wall hypokinesis
with sparing of the apex (McCon-
nell’s sign); tricuspid systolic ve-
locity; paradoxical septal motion;
and IVC respirophasic collapse to
assist with risk stratification.31,38-44

continued in the next column

Continued

COR LOE RECOMMENDATIONS

2b B-NR
13. In patients with acute PE, reporting

of chronic features* on CTPA may
be useful to identify patients at risk
for chronic clinical sequelae of PE,
including post-PE CTEPD.45-48

*Examples include intravascular webs, pulmonary artery retraction or dilation, bron-
chial artery dilation, RV hypertrophy, and intraventricular septal flattening.
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modality of choice in patients who cannot undergo
CTPA (eg, patients with contraindication to CT).8-11

3. CTPA is the standard imaging modality for the diag-
nosis of PE, based on its wide availability and acces-
sibility, reduced burden of overall cost compared
with other testing, contemporary (lower) radiation
exposure, and excellent diagnostic perfor-
mance.2,4,5,9 In older studies, CTPA was comparable
to V/Q scanning (including with SPECT) when results
were reported as “PE absent” or “PE present.”2-5,10

There is a lack of contemporary data comparing the
performance of these technologies for the diagnosis
of acute PE, although a comparison study is plan-
ned.12 CTPA, however, is currently preferred over a
V/Q scan to confirm the presence of acute PE because
there is higher detection of peripheral (noncentral) PE
on CTPA compared with V/Q scans.2,9 Prospective
studies demonstrate the excellent diagnostic perfor-
mance of CTPA, which allows the provider to arrive at
a management decision in most cases; the same is not
true for V/Q scanning. Additionally, the RV can be
assessed in the presence of confirmed PE, and alter-
native diagnoses may be identified with CTPA.12

4. Pregnancy is an acquired and independent risk factor
for VTE, and PE accounts for up to 11% of pregnancy-
related deaths in the United States.49 Although CTPA
is the standard for diagnosis in the general popula-
tion, there is concern regarding radiation exposure to
the pregnant patient and fetus. A recent prospective
study, utilizing low-dose CTPA with a standardized
protocol and contemporary technology, found much
lower rates of radiation absorbed in the breast tissue,
uterus (fetal), and maternal effective dose than pre-
viously published.50 The diagnostic accuracy of CTPA
and lung scintigraphy during pregnancy was reported
in a Cochrane analysis that included 11 studies using
clinical follow-up for PE as a reference standard.13 It
found a high negative predictive value and high
sensitivity for both CTPA and lung scintigraphy,
including a combination of SPECT and planar V/Q as
well as V/Q and perfusion-only scanning.13 The me-
dian frequency of inconclusive results was similar
between the 2 modalities, and the authors could not
determine which test has the higher accuracy based
on heterogeneity of the data and poor reference
standards.13 Retrospective data from an academic
center with experience in low-dose perfusion
scintigraphy-only lung scanning demonstrated 100%
negative predictive value for the exclusion of PE in
pregnant patients who had no abnormalities on chest
x-ray.14 In totality, both contemporary low-dose
perfusion-only lung scanning and low-dose CTPA
protocols appear effective and safe in experienced
settings for the exclusion of PE in pregnant patients.

Practically speaking, however, CTPA may be
preferred for ease of use, accessibility, and opportu-
nity for identifying alternative diagnoses and RV
evaluation compared with perfusion-only scanning.

5. V/Q SPECT demonstrates greater reproducibility and
specificity for the diagnosis of PE and has lower levels
of radiation when compared with planar V/Q
imaging.8,10

6. In some studies, MRA was inconclusive for the diag-
nosis of PE in 25% to 28% of patients.15,16 Even when
optimal imaging was obtained, the sensitivity was
limited, especially for the diagnosis of segmental and
subsegmental PE.15,16 In other studies from experi-
enced centers that used standardized protocols,
including extended-contrast bolus duration to match
acquisition length and a breath hold, the clinical
performance of contrast-enhanced MRA was similar
to CTPA for the diagnosis of acute PE and other clin-
ically actionable diagnoses.17-19 Yet, MRA is more
expensive and less widely available than CTPA or V/Q
SPECT and is typically not practical as a modality for
PE diagnosis.17-19 In most cases, however, V/Q SPECT
is preferred for the diagnosis of PE in patients with a
contraindication to CTPA (Recommendation #2).

7. In patients with confirmed acute PE, venous duplex
ultrasonography identifies concomitant DVT in 44%
to 71% of patients, depending on the presence of DVT
symptoms.22 Routine evaluation for DVT in patients
with suspected PE, however, does not improve diag-
nosis of PE and results in increased health care
costs.25 A randomized control trial in patients pre-
senting with suspected PE that compared D-dimer,
leg venous ultrasonography, and CTPA with a diag-
nostic strategy of D-dimer and CTPA alone demon-
strated no difference in the rate of PE diagnosis and
no difference in the rate of recurrent VTE at 3-month
follow-up.5 However, other studies of patients with
confirmed symptomatic PE identified an increased
risk for all-cause mortality and PE-related mortality
in patients with concomitant DVT versus those
without DVT.20-22,26 Patients with symptomatic DVT
were at especially high risk.22 There are no data sup-
porting or refuting the role of identifying DVT at the
time of PE diagnosis as an adjunct to clinical risk
prediction tools or other parameters of risk stratifi-
cation, such as biomarkers or evidence of RV
dysfunction. There are scenarios, however, in which
identification of DVT may alter clinical management
for the patient, including the presence of iliofemoral
DVT for which catheter-based intervention of the
DVT would be considered to reduce the risk of post-
thrombotic syndrome or would influence a decision
around the use of IVC filters if anticoagulation could
not be administered. Furthermore, establishing a
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baseline imaging exam in order to avoid future
concern for anticoagulation failure can be considered
in select cases.23,24

8. Well-executed CTPA is excellent for the evaluation of
PE affecting the main and lobar pulmonary arteries.
Randomized clinical trials and meta-analyses have
demonstrated an overall low rate of PE recurrence,
out to 3 months of follow-up, when the CTPA is
negative, regardless of the clinical pretest probability
for PE.4,5,9,27 Adjunctive testing with duplex venous
ultrasonography when the CTPA is negative is not
helpful to identify higher rates of PE.5 V/Q SPECT also
demonstrates high specificity and sensitivity for the
detection of PE (Recommendation #5).8,10,29

9. In patients with suspected PE, echocardiography
alone is not sufficient to confirm or rule out the
diagnosis. Most patients with acute PE will not show
evidence of RV dysfunction; furthermore, signs of RV
dysfunction on echocardiography have low sensi-
tivity for PE diagnosis.30,31 The performance of
echocardiography to detect PE improves in patients
with hemodynamic compromise, but the overall
specificity remains suboptimal (64%); therefore, the
diagnosis of PE should be confirmed with a direct and
dedicated PE imaging test.30

10. Computed tomographic venography (CTV) of the IVC
and proximal lower extremity veins does not signifi-
cantly improve the performance of CTPA alone for the
diagnosis of PE.2 In 1 study, CTPA-CTV identified DVT
in 105 of 164 patients with PE.5 The thrombi were
detected in the IVC or pelvic veins alone in 3 patients
(3%), thigh veins alone in 89 (85%), and both in 13
(12%).2 Thus, the majority of DVT would have been
identified by lower extremity venous ultrasonogra-
phy.5 Another prospective study of 235 patients pre-
senting to the ED with clinical suspicion for PE were
evaluated with CTPA, CTV, and duplex ultrasonog-
raphy of the lower extremity veins. The combined
modality of CTPA-CTV resulted in a 3.8% increase in
VTE diagnosis (ie, PE not identified on CTPA but DVT
present); however, 6 of 9 cases were false positives,
and CTV missed 6 DVT cases that were identified with
venous duplex ultrasonography. Compared with
venous duplex ultrasonography, CTV had a high
negative predictive value (93.2%) but lower positive
predictive value (66.7%), indicating that venous
duplex ultrasonography is preferred for the detection
of DVT.32 Additionally, CTV results in additional ra-
diation exposure for the patient.

11. When CTPA is obtained for PE diagnosis, the param-
eters to assess RV strain should be reported and
include the numerical RV/LV ratio (measured by
internal diameter assessed on axial or reformatted
4D-chamber view) rather than subjective

quantification.33-35,37 The presence of RV dysfunction
as assessed by CTPA is an independent predictor for
in-hospital death, 30-day mortality, and clinical
deterioration related to PE diagnosis.33-36 Utilizing a
cut-point of $1.0 for the RV/LV ratio by CTPA yields
sensitivity of 85% (95% CI, 81%-89%) and specificity
of 72% (95% CI, 67%-77%), compared with 92% (95%
CI, 89%-95%) and 56% (95% CI, 46%-66%), respec-
tively, with a cut-point of $0.9 for the RV/LV ratio.33

The degree of RV enlargement relative to the LV may
be even more predictive than a binary normal/
abnormal assessment.

12. In patients who undergo transthoracic echocardiog-
raphy as part of the evaluation of acute PE, parame-
ters of RV dysfunction and strain should be reported
as comprehensively as possible based on local
expertise. These parameters include RV/LV end-
diastolic ratio, RV end-diastolic diameter, TAPSE,
estimated right ventricular systolic pressure, RV free
wall hypokinesis with sparing of the apex (McCon-
nell’s sign), tricuspid systolic velocity, paradoxical
septal motion, and IVC respirophasic collapse.31,38-44

Physicians with specialized training in echocardiog-
raphy, including goal-directed echocardiography or
formal transthoracic echocardiography, are able to
detect parameters of RV dysfunction in the setting of
acute PE with good performance.40-42 The sensitivity
and specificity of performance increases if >1
parameter of RV dysfunction is present (Table 4).31,41

13. The presence of chronic features of PE on CTPA that is
performed for the diagnosis of acute PE may identify
patients at risk for long-term sequelae of PE (eg,
CTEPD, post-PE impairment).45-48 CTPA has high
sensitivity and specificity in the detection of CTEPD
when the examination is evaluated by an expert
radiologist.47 Cohort studies found that CTEPD
correlated strongly during follow-up with the pres-
ence of $3 of the following radiologic parameters on
imaging: intravascular webs, pulmonary artery (PA)
retraction or dilation, bronchial artery dilation, RV
hypertrophy, or intraventricular septal flattening,
and these features may help with early identification
of at-risk patients.46,48 Pulmonary venous flow
reduction (PVFR) was investigated in 1 retrospective
study evaluating preoperative patients for pulmonary
endarterectomy for CTEPD.45 PVFR was defined as
the presence of a filling defect of at least 2 cm in a
pulmonary vein draining into the left atrium and left
atrium attenuation (>160 Hounsfield units).45 The
study reported high reproducibility for the identifi-
cation of PVFR in patients with CTEPD and higher
sensitivity and specificity when compared with
patients with acute PE.45 PVFR is not a feature of
pulmonary arterial hypertension.
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3.2. PE Outcomes Risk Stratification

PE represents a wide spectrum of presentations, ranging
from asymptomatic disease to cardiogenic shock and
cardiac arrest. Accordingly, PE necessitates swift and
precise risk assessment to determine prognosis, guide
therapeutic decision-making, and improve patient out-
comes. The classification of PE has continuously evolved
in response to the recognition that outcomes vary widely,
even within broad categories. In 2011, an AHA scientific
statement recommended 3 categories: low risk, sub-
massive, and massive PE.1 Subsequently, in 2019, the
European Society of Cardiology developed a risk stratifi-
cation schema that included 4 categories: low risk,
intermediate-low risk, intermediate-high risk, and high
risk2 (Table 5). The need to further clarify heterogeneity
in outcomes within risk categories, recognize pre-
sentations dominated by respiratory rather than hemo-
dynamic compromise, and identify patients with pre-
cardiopulmonary failure states has emerged as a critical
priority in evidence-based clinical practice. The AHA/ACC
Acute PE Clinical Categories (Figure 2) are designed to
describe the severity and prognosis of PE by integrating
various clinical, laboratory, and imaging parameters.
Category A-E and subcategory 1-3 designations are
selected according to the most severe clinical, laboratory,
and imaging indicators. Of note, patients may transition
among such categories as they are reassessed over time. A
respiratory modifier (R) can be added to a subcategory or
designated its own subcategory in patients with promi-
nent respiratory abnormalities.

The least severe category, Category A, focuses on
asymptomatic and incidentally diagnosed PE. Patients
with Category A acute PE are typically identified on a CT
performed for another indication and in the absence of
clinical suspicion of PE. An example patient with Cate-
gory A1 acute PE is an asymptomatic patient with lung
cancer found to have left lower lobe subsegmental PE on
a cancer staging chest CT scan.

Category B focuses on patients with symptomatic
acute PE and low risk of adverse outcomes by validated
severity indices (eg, PESI [Pulmonary Embolism Severity
Index] #85, simplified PESI [sPESI] <1, Hestia <1)
(Section 3.2.1, “Risk Assessment Using Clinical Risk
Scores”). Category B1 includes patients with single or
multiple subsegmental PEs, while Category B2 includes

TABLE 5 Progression of Acute PE Risk Categorization
Schemas

Year Organization
Risk

Category Clinical Criteria

2011 AHA Scientific
Statement1

Low risk Normotensive; no right
ventricular dysfunction or
myocardial necrosis (elevated
troponin)

Submassive Systolic BP $90 mm Hg and
either right ventricular
dysfunction or myocardial
necrosis

Massive Systolic blood pressure <90
mm Hg for >15 minutes or
requiring inotropic support

2019 ESC Acute
Pulmonary
Embolism Risk
Scheme2

Low risk n Nonelevated risk score (eg,
PESI class I-II or sPESI=0)

n Normal right ventricle on
imaging

Intermediate-
low risk

n Elevated risk score (eg, PESI
class III-IV or sPESI $1)

n None or 1 positive of either
troponin or right ventricular
dysfunction on imaging

Intermediate-
high risk

n Elevated risk score (eg, PESI
class III-IV or sPESI $1)

n Both positive troponin and
right ventricular dysfunction
on imaging

High risk Hemodynamic instability

2026 AHA/ACC Acute PE
Clinical
Categories

A Subclinical – incidental and
asymptomatic PE

B Symptomatic PE with low clinical
severity score (eg, PESI class
I-II, sPESI=0, Hestia=0)

C Symptomatic PE with elevated
clinical severity score (eg, PESI
class III-V, sPESI $1,
Hestia $1)

D Incipient cardiopulmonary failure
(eg, normotensive shock)

E Cardiopulmonary failure

ACC indicates American College of Cardiology; AHA, American Heart Association; BP,
blood pressure; ESC, European Society of Cardiology; PESI, Pulmonary Embolism
Severity Index; and sPESI, simplified Pulmonary Embolism Severity Index.

TABLE 4 Optimal Methods of RV Dysfunction Assessment
on Echocardiogram44

Recommended Technique
for Assessment Definition of Parameter

RV dimension 1) End-diastole from a
right ventricle-focused
apical 4-chamber view

2) Apical 4-chamber view

1) EDD >30 mm31,37,42,51

2) RV basal EDD >42
mm44,51

RV/LV End-diastolic ratio (apical or
subcostal view)

RV/LV >0.937,42,51

TAPSE42 Measures the distance of
systolic excursion of the
RV annular segment in
cm, on M-mode, along a
longitudinal plane, from a
standard apical
4-chamber view from
end-diastole to end-
systole

TAPSE <1.6 cm is
abnormal42,44,51

Doppler
evidence of
pulmonary
hypertension

Tissue Doppler imaging Pulmonary acceleration
time <90 ms, or the
presence of an RV/atrial
gradient >30 mm Hg31,51

Tricuspid
systolic
velocity

Apical or subcostal
4-chamber view

Tricuspid systolic velocity
>2.6 m/sec31,51

EDD indicates end-diastolic diameter; LV, left ventricle; RV, right ventricle; and TAPSE,
tricuspid annular plane systolic excursion.
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patients with segmental and more proximal PEs. The
intent for distinguishing subsegmental PEs is to recog-
nize that triage (ie, home versus hospital) and the deci-
sion to anticoagulate may differ based on the location of
the acute PE and the concomitant presence of DVT. An
example patient with Category B2 acute PE might present
with pleuritic pain after hip replacement and a sPESI of
0 and be found to have a segmental right lower lobe PE
without RV enlargement on CT.

Category C focuses on symptomatic disease with
increased risk of adverse outcomes by validated severity
index (eg, PESI>85, sPESI $1, Hestia $1). The sub-
categories allow for recognition of the absence or pres-
ence of cardiopulmonary dysfunction. Biomarkers
include cardiac troponin I/T and brain-type natriuretic

peptide (Section 3.2.3, “Cardiac Biomarkers”). Abnormal
RV size or function is determined by echocardiogram or
CT (Section 3.2.4, “RV Imaging for Risk Stratification”).
The respiratory modifier, R, is applied when hypoxemia
or tachypnea is present or there is a need for supple-
mental oxygen. An example patient with Category C1R
acute PE would be a patient with breast cancer and sud-
den dyspnea, tachycardia, and hypoxemia with bilateral
lobar PE but no RV enlargement or troponin elevation.

Category D focuses on pre-cardiopulmonary failure
states, such as normotensive shock or approaching need
for ventilatory support. The subcategories differentiate
cardiovascular and pulmonary compromise (Section
3.2.2, “Hemodynamic Assessment”). Category D1 iden-
tifies patients with transient or recurrent hypotension

FIGURE 2 AHA/ACC Acute PE Clinical Categories

When patients meet the respiratory modifier status criteria, then add “R” to the category description (eg, C3R, D2R). *Low Clinical Severity Score includes PESI #85 or
sPESI =0 or Bova# 4. †Elevated Clinical Severity Score includes PESI >85 or sPESI$1 or Bova > 4. ‡Systolic blood pressure <90 or decrease >40 mm Hg lasting <15
min or responding to IV fluids. §Any: Lactate >2 mmol/L, acute kidney injury, urine output <0.5 mL/kg/hr, mental status change, cardiac index <2.2 L/min/m2, mean
arterial pressure <60 mm Hg, increased shock score/stage (SCAI stage, CPES score). ACC indicates American College of Cardiology; AHA, American Heart Association;
CPES, Composite Pulmonary Embolism Shock; IV, intravenous; NC, nasal cannula; NRB, nonrebreather; O2, oxygen; PE, pulmonary embolism; PESI, Pulmonary Em-
bolism Severity Index; RR, respiratory rate; RV, right ventricle; and sPESI, simplified PESI.
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(including relative hypotension compared with the pa-
tient’s baseline blood pressure) that is short-lived or re-
sponds to volume expansion and is not accompanied by
any signs of reduced perfusion or end-organ dysfunction.
Conversely, Category D2 requires a marker of decreased
perfusion or end-organ dysfunction (eg, acute ischemic
kidney injury, persistently elevated lactate) accompanied
by transient hypotension. A trial of intravenous fluids is
generally considered 500 to 1000 mL of intravenous
normal saline. Increased shock scores include SCAI
SHOCK stage B or C.3 An example patient with a Category
D2 acute PE is a patient who recently underwent spine
surgery, develops sudden onset dyspnea, tachycardia,
and hypoxemia, has normal systolic blood pressure, and
is found to have acute PE in both right and left main
pulmonary arteries along with increasing creatinine and
low mean arterial pressure (MAP). The respiratory mod-
ifier, R, would be applied if the patient required either
>6 L nasal cannula or use of a nonrebreather mask.

The most severe category, Category E, focuses on car-
diopulmonary failure states. The subcategories differen-
tiate patients with recurrent or persistent hypotension
(hemodynamic collapse) with cardiogenic shock from
patients with refractory cardiogenic shock or cardiac ar-
rest. Category E1 is compatible with SCAI SHOCK stage C.3

Category E2 is defined by refractory cardiogenic shock
(SCAI D-E) or cardiac arrest without restoration of spon-
taneous circulation after 30 minutes of resuscitation.
Respiratory failure in category E-R is defined by the need
for noninvasive or invasive positive pressure ventilation.
An example patient with Category E2R acute PE is a pa-
tient admitted with COVID-19 pneumonia on mechanical
ventilation, diagnosed with saddle PE, severe RV hypo-
kinesis on echocardiogram, and hypotension despite 3
vasopressors.

3.2.1. Risk Assessment Using Clinical Risk Scores

Synopsis
Individual clinical factors have been linked to short-

term outcomes after an acute PE has occurred, including
fixed patient characteristics (such as age or prior medical
conditions) and dynamic measurements that may change
over time (such as vital signs or biomarkers). Many PE-
specific risk scores have been developed to predict short-
term outcomes after acute PE (Table 6).13 PE-specific
scores include the Bova score, the Hestia criteria
(originally developed to identify patients suitable for
outpatient treatment), the PESI, and the sPESI. Generic
measures of risk that were not developed specifically for
PE, such as the NEWS and NEWS2, have been evaluated
in acute PE, but are less well-validated.11,12

Risk scores are most accurate in identifying patients
with a low risk of short-term adverse outcomes. Hestia,
PESI, and sPESI all have good predictive ability in iden-
tifying low-risk patients suitable for outpatient manage-
ment.1-4 It has been more challenging to identify which
patients will do poorly. None of the currently available
risk scores strongly predict clinical deterioration in pa-
tients with hemodynamically stable PE. One limitation is
that risk schemes were developed using factors measured
at the time of presentation or diagnosis. An intriguing
avenue for investigation is the role of longitudinally
measured dynamic variables in scores such as the NEWS2
to better distinguish patients who will clinically
deteriorate.14

Recommendation-Specific Supportive Text

1. The Hestia, PESI, and sPESI scores can all identify pa-
tients at low risk for short-term adverse outcomes,
such as all-cause mortality, PE-related mortality,

Recommendations for Risk Assessment Using Clinical
Risk Scores
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 B-R
1. In patients diagnosed with acute PE
in AHA/ACC PE Categories A and B,
use of the Hestia, PESI, and/or sPESI
risk scores is recommended to iden-
tify patients with a low risk for
short-term adverse outcomes.1-4

continued in the next column

Continued

COR LOE RECOMMENDATIONS

2a B-NR
2. In hemodynamically stable patients
diagnosed with acute PE in AHA/ACC
PE Categories C and D, using a vali-
dated PE-specific risk score is
reasonable to identify patients with
a higher risk for short-term adverse
outcomes.5-8

2b B-NR
3. In hemodynamically stable patients
diagnosed with acute PE in AHA/ACC
PE Categories C and D, the National
Early Warning Score (NEWS) and its
updated version, NEWS2, may be
reasonable alternatives to a
PE-specific risk score to identify
patients with a higher risk for short-
term adverse outcomes who may
require monitoring for clinical
deterioration.9-12
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TABLE 6 Acute PE Clinical Risk Prediction Scores Used in the Acute Care Setting

Risk Score
Name Risk Score Components

Range of
Risk Score Risk Categories and Definitions

PESI n Age
n Male (10 pts)
n History of cancer (30 pts)
n History of heart failure (10 pts)
n Chronic lung disease, (10 pts)
n Heart rate $110 bpm (20 pts)
n Systolic blood pressure <100 mm Hg (30 pts)
n Respiratory rate $30 bpm (20 pts)
n Temperature <36◦C (20 pts)
n Altered mental status (60 pts)
n Oxygen saturation <90% (20 pts)
n Calculate score by adding age (in years) and points by risk factor

Class I to V Class I (lowest risk): #65 pts
Class II: 66-85 pts
Class III: 86-105 pts
Class IV: 106-125 pts
Class V: (highest risk) $126 pts

sPESI n Age >80 yrs
n History of cancer
n Chronic cardiopulmonary disease
n Systolic blood pressure <100 mm Hg
n Heart rate $110 bpm
n Arterial oxygen saturation <90%
n Calculate score by adding 1 pt for each of the risk factors

Low or High 0 points: Low risk of 30-day mortality
$1 point: High risk of 30-day mortality

Bova Score n Systolic blood pressure 90-100 mm Hg (2 pts)
n Cardiac troponin elevation (2 pts)
n Right ventricular dysfunction (2 pts)
n Heart rate $110 bpm (1 pt)
n Calculate score by adding pts for each of the risk factors

0 to 7 Stage I (lowest risk): 0-2 pts
Stage II: 3-4 pts
Stage III (highest risk): >4 pts

Hestia Criteria n Is the patient hemodynamically unstable?
n Is thrombolysis or embolectomy necessary?
n Does the patient have active bleeding or a high risk of bleeding?
n Does the patient require >24 hours of oxygen to maintain oxygen
saturation >90%?

n Is pulmonary embolism diagnosed during anticoagulant treatment?
n Does the patient have severe pain requiring intravenous pain medi-
cation for >24 h?

n Are there medical or social reasons for hospitalization >24 hours
(eg, infection, cancer, lack of support system)?

n Does the patient have a creatinine clearance of <30mL/min?
n Does the patient have severe liver impairment?
n Is the patient pregnant?
n Does the patient have a documented history of heparin-induced
thrombocytopenia?

Negative
versus
Positive

n If answers to all criteria are “No,” the Hestia
rule is negative; consider outpatient
management.

n If answer to $1 of the criterion is “Yes,” the
Hestia rule is positive; consider
hospitalization.

CPES Score n Elevated cardiac troponin
n Elevated B-type natriuretic peptide
n Moderately or severely reduced RV function
n Central thrombus burden (saddle PE)
n Concomitant deep vein thrombosis
n Heart rate $100 bpm
n Calculate score by assigning 1 pt for each of the factors

0 to 6 0-5 pts: Lower risk for normotensive shock (cardiac
index #2.2 L/min/m2)

6 pts: Higher risk for normotensive shock

Shock Index Heart rate divided by systolic blood pressure Continuous n Lower scores associated with lower risk
n Lack of consensus on which cut-points to use
for PE risk stratification

NEWS and
NEWS2

n Respiratory rate, oxygen saturation, temperature, systolic blood
pressure, heart rate, level of consciousness, and need for supple-
mental oxygen

n Points are assigned based on individual measurements in each
category

0 to 20 NEWS2 $9: High risk12,21

CPES indicates Composite Pulmonary Embolism Shock; NEWS, National Early Warning Score; PE, pulmonary embolism; PESI, Pulmonary Embolism Severity Index; RV, right ventricle;
and sPESI, simplified PESI.
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recurrent thromboembolism, and major bleeding1-4,15

(Table 6). For example, the Hestia criteria were origi-
nally developed as a list of medical and social condi-
tions that preclude outpatient treatment and have also
shown good performance in identifying patients at low
risk for adverse outcomes after PE.15 To demonstrate
safety and effectiveness, the multicenter, interna-
tional HOME PE (Hospitalization or Out-treatment
ManagEment of Patients With Pulmonary Embolism)
trial randomized patients to either sPESI-guided home
treatment or Hestia-guided home treatment.2 Clini-
cians could follow the risk score recommendations or
overrule them; sPESI-guided management was over-
ruled by clinicians more often than Hestia recom-
mendations. Similar proportions of patients with PE
were discharged home in the sPESI and Hestia arms,
and there were no significant differences in adverse
outcomes at 30 days.

2. The performance of PE-specific risk scores, including
the Bova, Composite Pulmonary Embolism Shock,
PESI, and sPESI scores, have been validated in hemo-
dynamically stable patients with acute PE as ap-
proaches to identify patients at higher risk for adverse
outcomes (eg, all-cause mortality, PE-related mortal-
ity, clinical decompensation).5-8,16-18 Although scores
generally show modest to good discriminatory ability
in separating patients by their probability of devel-
oping adverse outcomes, none of the scores had
consistently strong predictive ability in identifying
which individual patients would have adverse out-
comes. As a result, many patients with hemodynami-
cally stable PE who are categorized as higher risk do
not develop adverse outcomes. In the ideal situation, a
clinical risk score should be able to identify patients
who would benefit from different monitoring or man-
agement. As none of the PE-specific risk scores appear
to have substantially superior performance, clinicians
can choose to apply any of the validated PE-specific
risk scores in hemodynamically stable PE to identify
potentially higher risk individuals.

3. Generic measures of risk, such as the Shock Index, the
NEWS, and its updated version, NEWS2, have also
been compared with PE-specific risk scores in their
ability to predict which hemodynamically stable pa-
tients will develop short-term adverse outcomes after
PE, and some studies have shown comparable perfor-
mance to PE-specific scores.9-13,19,20 An advantage of
generic risk scores is that they are readily calculated
based on commonly obtained clinical assessments,
such as vital signs. As these assessments are dynamic,

scores can change over time in individual patients with
PE. Further investigation of which cut-points to use in
PE and whether repeated and longitudinal measures of
risk can better identify patients who are likely to
develop impending adverse outcomes is needed.21

3.2.2. Hemodynamic Assessment

Synopsis
Patients with acute PE in AHA/ACC PE Categories C1

through D represent a group of patients at risk for clinical
decline. Several parameters may help to better refine
these categories of patients and identify those at highest
risk for adverse events or in-hospital mortality. In recent
clinical trials, the first 24 to 72 hours appear to be a crit-
ical time during which hemodynamic collapse or changes
in laboratory studies are most commonly observed.2-4

Recent studies of patients with cardiogenic shock have
defined a subset of patients with evidence of hypo-
perfusion and normotension as having “normotensive
shock.”5,6 In the SHOCK (Should We Emergently Revas-
cularize Occluded Coronaries for Cardiogenic Shock) trial,
markers of end-organ malperfusion (elevated lactate,
acute kidney injury or reduced urine output, and/or
reduced cardiac index) were associated with higher in-
hospital mortality than hypotension alone.7 Other
studies have shown that a MAP >80 mm Hg is associated
with better outcomes and reduced in-hospital death for
patients with acute PE.8,9 Clinical scores are being

Recommendations for Hemodynamic Assessment
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

2a B-NR
1. In patients with acute PE in AHA/
ACC PE Category D2, evaluating for
the presence of normotensive
shock* can be useful to identify pa-
tients at increased risk for clinical
deterioration and in-hospital death.1

2a B-NR
2. In patients with acute PE in AHA/
ACC PE Category C3, a MAP <80
mm Hg may be useful to identify
patients who may require escalation
of therapy.2

*Normotensive shock is defined as isolated hypoperfusion without hypotension identi-
fied with any of the following markers: serum lactate>2mmol/L, urine output<720mL
in 24 hours, creatinine increase $0.3 mg/mL in 24 hours, cardiac index #2.2 L/min/m2

from peripheral arterial and mixed venous oxygenation saturation values.
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developed and validated that incorporate clinical
markers of cardiovascular compromise, RV dysfunction,
and clot burden to identify normotensive patients with
PE who are higher risk as well.1,10 More granularity of the
patient with PE may help to define the population that is
at highest risk for clinical decline and therefore may have
the best risk-benefit margin for advanced therapies.

Recommendation-Specific Supportive Text

1. Normotensive shock has been defined in patients as
the presence of isolated hypoperfusion without hypo-
tension.5,6 One study used data from the FLASH
(FlowTriever All-Comer Registry for Patient Safety and
Hemodynamics) registry to investigate the prevalence
of isolated hypoperfusion in patients with intermedi-
ate risk PE undergoing mechanical thrombectomy.1

The rate of isolated hypoperfusion was 34%, and
roughly one-third of patients who underwent throm-
bectomy had normalization of the cardiac index. This
may help to refine risk stratification of patients with
acute PE by identifying those at high risk for hemo-
dynamic deterioration (ie, AHA/ACC PE Category D2).

2. Observational cohort data suggest that patients with
acute PE and a MAP >80 mm Hg are at very low risk for
in-hospital death or adverse outcomes. In 1 retro-
spective study of 122 patients with intermediate-high
risk PE, those with a MAP of 80 to 90 mm Hg had few
adverse events. The Italian Pulmonary Embolism
Registry receiver operating characteristic analysis
established 81.5 mm Hg (area under the curve, 0.77 ±

0.3) as the optimal cut-off value for MAP as a predictor
of 48 h clinical deterioration.9 Sensitivity was 77.5%,
specificity was 95.0%, positive predictive value was
63.2%, and negative predictive value was 97.7%.
Therefore, in patients with PE of AHA/ACC PE category
C3 severity, a MAP >80 mm Hg may help to stratify
patients at low risk for clinical decompensation.
In the PEITHO (Pulmonary Embolism Thrombolysis) trial,
the mean time between randomization and the primary
efficacy endpoint of hemodynamic collapse or escalation
of care to lysis occurred at 1.5 to 1.79 days± 1.5 days.2 This
trial included patients with evidence of RV dysfunction
by echocardiography or CT, as well as a positive troponin,
which correlates with patients with AHA/ACC PE category
C3 severity (Section 3.2.1, “Risk Assessment Using Clinical
Risk Scores”). Therefore, close monitoring of patients in
this category within the first 24 to 72 hours for worsening
clinical status can be useful to identify those who may
require escalation of therapy.

3.2.3. Biomarkers for Risk Stratification

Synopsis
Cardiac biomarkers are important tools to assist in risk

stratification of PE. Cardiac biomarkers (troponin and
BNP) have been incorporated into clinical risk tools and
can be used to identify patients at risk of short-term
complications and mortality. Lactate is an additional
marker of risk, particularly among normotensive patients
hospitalized with acute symptomatic PE in whom it may
indicate subclinical end-organ hypoperfusion. An
elevated lactate level correlates with early complications
and mortality and provides incremental data in addition
to cardiac biomarkers alone. Lactate levels have also been
used to assist in determining whether advanced therapies
should be selected. Lactate (arterial or venous) should be
measured whenever cardiac biomarkers are being
assessed for risk stratification, and the threshold for
determining an elevated level should be based on the
local assay utilized.

Recommendation-Specific Supportive Text

1. One meta-analysis of 46 studies published from 2000
through 2018 evaluated the prognostic value of
troponin levels on mortality in patients with PE.2

Recommendations for Risk Stratification of PE Using
Biomarkers
Referenced studies that support recommendations
are summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 B-NR
1. In patients with acute PE and an
elevated clinical severity score
without features of hypotension or
shock (ie, AHA/ACC PE Category C),
measurement of at least 1 cardiac
biomarker (ie, troponin, brain natri-
uretic peptide [BNP]) is recom-
mended to assist with risk
stratification for short-term compli-
cations and/or mortality.1-11

1 B-NR
2. In patients with acute PE AHA/ACC
PE Categories C to E who are un-
dergoing evaluation at an acute care
facility, measurement of lactate
(either venous or arterial) is recom-
mended to assist with risk stratifi-
cation for short-term complications
and/or mortality.12-18
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Among 10,842 patients with PE, the effect of elevated
troponin on all-cause mortality had a pooled odds ratio
(OR) of 4.33. When stratified by different troponin as-
says, each assay had an associated risk with all-cause
mortality, with an overall OR of 4.80 for 90-day
mortality.
Another meta-analysis that included 12 studies published
through 2008 evaluated the prognostic value of BNP level
on mortality in patients with acute PE. Among 868 pa-
tients with PE included in this meta-analysis, an elevated
BNP level was associated with a 6.57-odds of short-term
all-cause mortality and a 7.47-odds of serious adverse
events.11 Different biomarker thresholds may also be
useful for identifying patients at low versus higher risk of
serious adverse events.19

2. A meta-analysis of 6 studies published through 2021
evaluated the prognostic value of serum lactate (arte-
rial or venous) on mortality in patients with acute PE.14

Among 1706 patients with PE included in this meta-
analysis, elevated lactate levels were associated with
a 5.13-odds of all-cause mortality among unselected PE
patients and a 4.54-odds of all-cause mortality among
normotensive patients with acute PE. There was also a
9.05-odds higher risk of PE-related mortality with
elevated lactate compared with normal levels.14

3.2.4. Right Ventricular Imaging for Risk Stratification

Synopsis
RV imaging with echocardiography or chest CT can

identify patients with PE and increased risk of adverse
clinical outcomes and is recommended for risk stratifi-
cation of patients with acute symptomatic PE and an

elevated clinical severity score who do not have severe
cardiopulmonary compromise or cardiopulmonary fail-
ure (AHA/ACC PE Categories C-D).

Recommendation-Specific Supportive Text

1. In the largest randomized controlled trial (RCT) of
thrombolysis for acute PE to date, RV imaging with
echocardiography or CT was utilized to identify 1006
patients at increased risk of adverse clinical out-
comes.1 In an analysis of a prospective registry, triage
of patients with PE and low-risk for adverse events by
sPESI score, RV assessment that included echocardi-
ography, CT, and cardiac biomarkers demonstrated
superior prognostic performance for prediction of 5-
day clinical deterioration.2 A subsequent systematic
review and meta-analysis of 22 studies, encompassing
3295 patients with PE and low risk of adverse outcomes
by PESI, sPESI, or Hestia criteria, echocardiographic or
CT-determined RV dysfunction identified a cohort
with increased odds of all-cause mortality (OR, 4.19
[95% CI, 1.39-12.58]).3 An individual patient data meta-
analysis of 5010 patients with acute PE at low risk for
adverse outcomes demonstrated that RV dysfunction
detected by echocardiogram, CT, or BNP/NT-proBNP
was associated with increased odds of short-term
death (OR, 4.81 [95% CI, 1.98-11.68]), 3-month mor-
tality (OR, 4.03 [95% CI, 2.01-8.08]), and PE-related
death (OR, 22.9 [95% CI, 2.89-181]).4

2. In the large, multicenter RIETE (Registro Informati-
zado de la EnfermedadTromboEmbólica) registry,
15,375 patients with acute PE underwent echocardio-
graphic assessment early in their clinical course.9 RV
hypokinesis was associated with a 4-fold increased
odds of PE-related mortality (OR, 3.11 [95% CI, 1.85-
5.21]). In a subsequent systematic review and meta-
analysis of 55 studies encompassing 17,090 patients
with acute PE, RV dysfunction on echocardiography
correlated with an increased odds of all-cause mortal-
ity (OR, 2.0 [95% CI, 1.66-2.40]) and PE-related mor-
tality (OR, 4.01 [95% CI, 2.79-5.78]).10 Among patients
with PE determined to have intermediate risk of
adverse outcomes, RV dysfunction on echocardiogra-
phy differentiated patients with increased odds of PE-
related mortality (OR, 6.16 [95% CI, 1.33-28.4]). When
compared with echocardiographic measurement of RV
dysfunction, septal deviation on CT scans had a
sensitivity of 0.31 (95% CI, 0.25-0.38) and a specificity
of 0.98 (95% CI, 0.90-1.00), while increased RV/LV
ratio on CT scans had a sensitivity of 0.83 (95% CI,
0.78-0.87) and a specificity of 0.75 (95% CI, 0.66-
0.82).11 In a prospective study of critically ill patients
with suspected PE, point-of-care ultrasound demon-
strated acceptable accuracy for identification of RV
dysfunction.8 Based on such data, point-of-care

Recommendations for Right Ventricular Imaging for
Risk Stratification
Referenced studies that support recommendations
are summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 A
1. In patients with acute PE and an
elevated clinical severity score but
without evidence of shock (ie, AHA/
ACC PE Categories C-D), RV imaging
is recommended for short-term risk
stratification.1-4

2a B-NR
2. In patients with acute PE and an
elevated clinical severity score but
without evidence of persistent hy-
potension or shock (ie, AHA/ACC PE
Categories C-D), use of echocardi-
ography over CT is preferred for
short-term risk stratification.1,5-8
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ultrasound may be used as an alternative to formal
transthoracic echocardiography if the latter is
unavailable.

3.2.5. Quantification of Thrombus Burden for Short-Term
Risk Stratification

Synopsis
Although chest CT allows for quantification of throm-

boembolic volume and the severity of pulmonary angio-
graphic obstruction, current data support neither the
integration of measures of thrombus burden (such as
modified Miller score or refined modified Miller score)
into short-term risk stratification of patients with PE nor
the ability to determine whether reperfusion therapy is
indicated. However, anatomic characterization of
thrombus burden can be helpful in assessing the feasi-
bility, safety, and efficacy of various advanced therapies
in those patients selected for advanced therapy.

Recommendation-Specific Supportive Text

1. A meta-analysis of 19 studies reporting on the prog-
nostic value of CT-assessed embolic burden observed
no direct correlation between a high obstruction index
and prognosis but, instead, demonstrated an increased
all-cause mortality with a lower obstruction index (OR,
2.24 [95% CI, 1.29-3.89]).1 A subsequent prospective
observational cohort study of 271 patients with PE also
showed no association between thrombus burden and
adverse clinical events after excluding patients with a
shock index >1 (OR, 2.56 [95% CI, 0.62-10.64]).2 A
retrospective observational cohort study of 1743 pa-
tients with CT-confirmed PE found no association be-
tween proximal thrombus burden and all-cause 30-day
mortality.3 Although not widely available currently,
techniques for quantifying loss of small pulmonary
vessel vascular volume may offer better prediction of
short- and long-term mortality in PE.4 The role of
assessment of angiographic thrombus burden in
higher-risk patients with PE (AHA/ACC PE Categories
D-E) is uncertain and warrants investigation.

4. ACUTE MANAGEMENT

Anticoagulation therapy is the foundation of acute PE
management. Use of DOACs and LMWH allow for rapid
and predictable anticoagulation therapy in most patients
with acute PE. Further management strategies are
dictated by individual risk factors for adverse events.
These include the measurement of biomarkers, RV size
and function on imaging, and hemodynamics (Sections
3.2.2, “Hemodynamic Assessment,” 3.2.3, “Biomarkers
for Risk Stratification,” and 3.2.4, “Right Ventricular
Imaging for Risk Stratification”). Informed by these risk
factors, decisions can be made about the utility of
advanced interventions, including catheter-directed
thrombolysis (CDL), mechanical thrombectomy, surgical
embolectomy, and extracorporeal membrane oxygena-
tion (ECMO). Use of a PERT to facilitate decision-making
around acute interventions is recommended (Figure 3).

4.1. Hospitalization Admission Decision Considerations

4.1.1. Suitability for Outpatient Management of PE

Synopsis
Outpatient treatment of patients with acute PE varies

across regions and countries.3,4 A Cochrane review2

compared outpatient treatment with inpatient treatment
for patients with low-risk acute PE and demonstrated no
difference in adverse clinical outcomes. There have been
many management studies assessing a single decision
tool to determine outpatient management of PE.5-12 De-
cision tools that have been studied include the Hestia

Recommendation for Quantification of Thrombus
Burden for Short-Term Risk Stratification
Referenced studies that support the recommendation
are summarized in the Evidence Table.

COR LOE RECOMMENDATION

3: No Benefit B-NR
1. In patients with acute PE in AHA/
ACC PE Categories A-C, quantifica-
tion of angiographic thrombus
burden for short-term risk stratifi-
cation is not recommended.1-4

Recommendations for Suitability for Outpatient
Management of PE
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

2a B-R
1. In patients diagnosed with acute PE
in a clinic or an ED, it is reasonable to
use a decision tool* to identify
suitability for outpatient treatment.1

2a B-R
2. In select patients diagnosed with
acute PE in AHA ACC PE Categories
A and B in a clinic or ED, outpatient
treatment† is a reasonable option
compared with hospitalization,
when the rate of 90-day adverse
outcomes is low and it aligns with
patient goals.2

*Decision tool options include the Hestia rule, the PESI, and the sPESI. †Patients
suitable for discharge from the outpatient or emergency setting must have immediate
access to anticoagulant medication and rapid, reliable, expert follow-up in place.
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rule, the PESI, and the sPESI (See Table 6). All prospective
studies evaluating the PESI incorporated multiple items
found in the Hestia rule as exclusion criteria, making it
challenging to attribute safety findings to the PESI alone.

The only RCT comparing different decision tools to
determine outpatient treatment of PE showed that physi-
cian determination and shared decision-making with
patients frequently overrides the decision tool results.1

FIGURE 3 Initial Assessment and Management by AHA/ACC Acute PE Clinical Categories

Initial assessment and management of acute PE by category with associated COR 1 and 2a recommendations along with select COR 2b recommendations. Additional
COR 2b recommendations that are not included in this figure may be appropriate in select clinical cases. ACC indicates American College of Cardiology; AHA, American
Heart Association; CDL, catheter-directed thrombolysis; COR, class of recommendation; CT, computed tomography; DOAC, direct oral anticoagulant; ECMO, extra-
corporeal membrane oxygenation; LMWH, low-molecular-weight heparin; MT, mechanical thrombectomy; PE, pulmonary embolism; PERT, PE response team; PESI,
Pulmonary Embolism Severity Index; RV, right ventricle; sPESI, simplified PESI; UFH, unfractionated heparin; and VA, venoarterial.
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Recommendation-Specific Supportive Text

1. Five studies, comprising a total of 1504 patients, used
the absence of Hestia criteria (or a very close variant of
this rule) to determine which patients with acute PE
could be treated as outpatients.5,6,8,9,13 Three studies,
including a total of 592 patients, used a PESI category
of I or II to determine home treatment of PE pa-
tients.11,12,14 These studies prospectively followed
participants for 90 days. The 90-day mortality,
bleeding, and recurrent VTE rates were low (each
outcome occurring in <1.5% of the study population).15

One study prospectively compared decision rules for
outpatient treatment. The HOME-PE trial randomized
patients with acute PE to assessment with the Hestia
rule or the sPESI to guide treatment as outpatients or
hospitalization.1 There was no significant difference in
the composite rate of recurrent VTE, major bleeding,
or all-cause death between the groups within 30 days
of randomization. In the Hestia arm, 38.4% (378/984)
were treated as an outpatient versus 36.6% (361/986)
in the sPESI arm. The Hestia rule was negative in 39.4%
(388/984) of patients, and the sPESI was 0 points in
48.4% (477/986) of patients. Among those who were
treated as outpatients, the composite rates were low in
both the Hestia arm (1.3% [5/375]) and the sPESI arm
(1.1% [4/359]). Although significantly more patients
qualified for outpatient treatment in the sPESI arm
compared with the Hestia arm, similar proportions
were treated at home in both arms, suggesting shared
decision-making and physician judgment were over-
riding factors. An individual-patient meta-analysis re-
ported the 30-day mortality for outpatient
management of PE as 0.30% (95% CI, 0.09-0.51),
recurrent VTE as 0.57% (95% CI, 0.28-0.86), and major
bleeding as 0.45% (95% CI, 0.19-1.71).16

2. There are 2 RCTs comparing outpatient treatment with
inpatient treatment for select patients with acute PE.
One trial, conducted in Switzerland, France, Belgium,
and the United States (across 19 centers) recruited 344
patients with a PESI category of I or II, (with additional
exclusion criteria applied).14 Patients were treated
with LMWH plus warfarin and were followed for 90
days. This trial found no significant difference in
clinical outcomes between outpatient and inpatient
treatment groups. A second trial conducted in 35 US
hospitals recruited 114 patients who had a negative
Hestia rule assessment, a normal serum troponin, no
contraindications to anticoagulation, and no barriers
to treatment or follow-up.6 Patients randomized to
outpatient treatment were prescribed rivaroxaban and
were followed for 90 days. This trial found no signifi-
cant difference in clinical outcomes between groups. A
Cochrane review meta-analysis of these 2 trials

concluded there was no significant difference in the
relative risk of all-cause mortality (at 30 or 90 days),
major bleeding, minor bleeding, or recurrent VTE at 90
days (all outcomes had low-certainty evidence). There
was no difference in patient satisfaction (moderate-
certainty evidence).2

4.1.2. Placement in the Hospital

Synopsis
The triage of patients with acute PE can be very chal-

lenging given their vast array of clinical presentations.
Once diagnosed, all patients with acute PE should be
triaged based on clinical outcomes risk stratification
(Section 3.2). Employment of this strategy facilitates
triage to the appropriate level of care. Level of care de-
cisions should be made based on the clinical status of the
patient (hemodynamics and respiratory status), potential
need for advanced therapies (eg, catheter-based in-
terventions, inotropic drugs, ECMO), and the expertise
and availability of the facility. All triage decisions must
consider the complete clinical context, ideally performed
within a PERT model (Section 4.1.4, “Pulmonary
Embolism Response Team”).

Recommendation-Specific Supportive Text

1. For patients with acute PE who are treated with
catheter-based interventions, the appropriate level of
post-procedure care must consider end-procedural
hemodynamics, risks for bleeding, and periproce-
dural complications. To date, there are no studies

Recommendations for Triage and Placement in the
Hospital
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 C-EO
1. In patients with acute PE who are
receiving thrombolytic therapy
(systemic or CDL), placement in a
unit that can provide close moni-
toring, such as an intensive care unit
(ICU) or intermediate level of care
unit, is recommended to monitor for
adverse events.

2a B-R
2. In patients admitted to the hospital
with acute PE who undergo me-
chanical thrombectomy (MT) and
are hemodynamically stable,
admission to a level of care that can
provide continuous telemetry and
nursing care familiar with the post-
procedural complications of the
device used is reasonable.1
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specifically evaluating the triage of patients after
catheter-based interventions for PE. However, in pa-
tients receiving CDL, a level of care in which the pa-
tient can be closely monitored is recommended given
the presence of indwelling catheters and the ongoing
administration of thrombolytic agents.2

2. In patients treated with nonlytic-based therapies (eg,
MT), admission to a level of care that can provide
continuous telemetry and nursing care familiar with
the postprocedural complications of the device used is
reasonable. The PEERLESS (Large-Bore Mechanical
Thrombectomy vs. Catheter-Directed Thrombolysis for
Treatment of Intermediate-Risk Pulmonary Embolism)
trial randomized 550 patients to CDL or MT. More than
60% of patients treated with MT received post-
procedural care in non-ICU settings with very low
adverse event rates.1 Consideration of the level of care
in which the patient can be monitored for access site
complications, given the size of the sheath used and/or
other bleeding complications associated with ongoing
anticoagulation is recommended when deciding on
placement in the hospital. Importantly, all post-
procedural triage decisions must consider the com-
plete clinical context of the patient, the procedural
outcome, the potential for postprocedural complica-
tions associated with the device utilized, and the re-
sources available at the individual hospital providing
care to the patient with acute PE.

4.1.3. Interhospital Transfers

Synopsis
Patients with acute PE may benefit from transferring to

a tertiary care center when requiring advanced

interventions or specialized care unavailable at their
initial hospital. These centers provide advanced imaging,
specialized testing, and multidisciplinary teams encom-
passing specialists in emergency medicine, pulmonary
medicine, vascular medicine, general cardiology, hema-
tology, interventional cardiology, interventional radi-
ology, critical care, cardiothoracic surgery, vascular
surgery, pharmacy, and others. Patients presenting with
hemodynamic instability—manifesting as hypotension or
shock—mandate immediate advanced measures, poten-
tially including thrombolytic therapy, catheter-directed
interventions, or mechanical circulatory support where
such therapies are available.2 However, there are limited
data to help triage which patients will benefit from
transfer. In a single-center, retrospective study of 532
patients, a higher Bova score required more advanced
measures in the receiving hospital.3 Importantly, patients
deemed unsuitable for transfer must be treated according
to the best local expertise.

Recommendation-Specific Supportive Text

1. High-risk features (eg, RV dysfunction, elevated car-
diac biomarkers) may warrant transfer for intensive
monitoring and specialized treatments. Patients with
comorbidities like preexisting pulmonary hyperten-
sion (PH) or cancer may also benefit from tertiary
center expertise. Decisions regarding transfer must be
tailored to each patient’s needs, ensuring timely access
to appropriate care for optimal outcomes.1

2. Hemodynamically unstable patients with PE risk car-
diovascular collapse. Thus, immediate stabilization
prior to transfer is crucial, and potentially lifesaving
interventions that are widely available, such as intra-
venous thrombolytic therapy, should not be delayed.

4.1.4. Pulmonary Embolism Response Team

Synopsis
The implementation of a high-functioning PERT can

make a significant impact on the clinical care delivery

Recommendations for Interhospital Transfers
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

2b C-LD
1. For patients with acute PE who
exhibit high-risk features* but are
hemodynamically stable (AHA/ACC
PE Categories C3-D), transferring to
a center that can provide advanced
therapies† may be considered to
ensure access to appropriate
interventions.1

3: Harm C-EO
2. Unstable patients with acute PE
(AHA/ACC PE Category E) should
not be transferred to another
medical center before stabilizing
their condition.

*High-risk features include RV dysfunction and elevated cardiac biomarkers.
†Advanced therapy examples: surgical embolectomy, CDL, MT, ECMO, and placement
of an IVC filter.

Recommendation for PERT
Referenced studies that support the recommendation
are summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 B-NR
1. In patients with acute PE who are at
increased risk of adverse outcomes
(ie, AHA/ACC PE Categories C-E)*, a
multidisciplinary PERT assessment is
recommended to improve in-
hospital clinical care delivery.1-18

*AHA/ACC PE Categories A or B with multiple comorbidities may also benefit from a
PERT (eg, Category B with intracranial hemorrhage).
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model by expediting initiation of treatments, such as
anticoagulation therapy, and aiding the clinician in
selecting the most appropriate advanced interventions
when deemed appropriate, while decreasing hospital
length of stay (Figure 4). PERTs function similarly to
code stroke or ST-elevation myocardial infarction
teams. When activated, PERTs play a significant role in
improving the overall outcomes of patients through
early management of the symptoms and signs of acute
PE. The members of a multidisciplinary PERT may vary
among facilities, depending on the resources available.
Figure 5 illustrates the various disciplines that may be

employed to make up an ideal and effective PERT. The
organization and activation of each PERT will depend
on the needs and resources of each institution. Figure 6
demonstrates an example of how a PERT activation
might flow.

Recommendation-Specific Supportive Text

1. There are many benefits to implementing a PERT
program for the acute care setting to expedite patient
care and improve outcomes. For example, anti-
coagulation is crucial for treating PE and should be
initiated promptly (Section 4.2.1, “Anticoagulation

FIGURE 4 Benefits of a PERT Program

PERT teams can make a significant impact on the clinical care delivery model by improving risk stratification, expediting initiation of treatments, such as
anticoagulation therapy, and aiding the clinician in selecting the most appropriate advanced interventions when deemed appropriate. PERT indicates
pulmonary embolism response team. Modified with permission from Bejjani et al.3 Copyright 2022 MDPI.
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Therapy”). Studies show that PERTs reduce the time
to therapeutic anticoagulation, with significant re-
ductions observed in multiple patient cohorts.5,7,8,13

PERTs also decrease the use of IVC filters, as
evidenced by several retrospective analyses and a
meta-analysis.2,4-6 Additionally, PERT implementa-
tion is associated with reduced hospital and ICU
length of stay in most studies, although some found
no difference.1,7,9 The impact of PERTs on mortality
is mixed, with some studies showing decreased
mortality rates while others found no change.1,4,5,7,14

Overall, PERTs improve clinical outcomes in several
areas, but their effect on mortality is not yet
conclusively established.

4.2. Medical Management

4.2.1. Anticoagulation Therapy

FIGURE 5 Possible Members of the PERT

Not all PERT programs will include all of these specialties. PE indicates pulmonary embolism; and PERT, pulmonary embolism response team. Modified from
Rosovsky et al.18 Copyright 2018, with permission from Elsevier.

Recommendations for Anticoagulation Therapy
Referenced studies that support recommendations
are summarized in the Evidence Table.

COR LOE GENERAL RECOMMENDATIONS

1 B-R
1. In patients with acute PE who do not
have an absolute contraindication to
anticoagulation therapy, anti-
coagulation therapy should be initi-
ated to reduce the risk of recurrent
VTE and death.1

continued in the next column
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FIGURE 6 Example of a PERT Activation

The model and process of PERT activation. When a PE is diagnosed, the designated in-house PERT physician is paged, pertinent clinical information is gathered, and
the severity of the case is assessed. If necessary, members of a multidisciplinary team discuss the case via phone, virtual meeting, or in person. Diagnostic and
treatment options are discussed, recommendations are generated, and appropriate resources are mobilized. Upon discharge, patients follow up in a multidisciplinary
clinic. COR indicates class of recommendation; PE, pulmonary embolism; PERT, pulmonary embolism response team. Modified from Rosovsky.18 Copyright 2018, with
permission from Elsevier.
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Continued

COR LOE GENERAL RECOMMENDATIONS

1 B-R
2. In patients with acute PE in AHA/
ACC Categories C1-E1 who require
parenteral anticoagulant therapy
initially, LMWH is recommended
over UFH to reduce recurrent VTE
and major bleeding.2

1 B-R
3. In patients with acute PE who are
eligible for oral anticoagulation,
DOACs are recommended over
vitamin K antagonists (VKAs), unless
contraindicated, to prevent recur-
rent VTE and reduce major
bleeding.3,4

2a C-EO
4. In patients with suspected acute PE
in AHA/ACC PE Category C2 or higher
and in whom the bleeding risk is low,
it may be beneficial to administer
therapeutic anticoagulation when
imaging is delayed or not immedi-
ately accessible.

Anticoagulation Therapy and Special Considerations

Obesity

2a B-NR
5. In patients with obesity (body mass
index [BMI] >30 kg/m2) and acute
PE who are receiving oral anticoag-
ulant therapy, treatment with a
DOAC (unless contraindicated) over
a VKA is reasonable to prevent
recurrent PE and reduce major
bleeding.5-10

2b B-NR
6. In patients with class III obesity
(BMI >40 kg/m2) and acute PE who
are receiving LMWH therapy,
reducing the dose of LMWH may be
reasonable to reduce the risk of
bleeding.11,12

Thrombotic Antiphospholipid Antibody Syndrome

1 A
7. In patients with acute PE and
established thrombotic anti-
phospholipid antibody syndrome, a
VKA is recommended in preference
to a DOAC for the prevention of
venous and arterial thrombosis.13-16

2b B-R
8. In patients with acute PE deter-
mined to have only a single anti-
cardiolipin antibody or a β2-
glycoprotein antibody, a DOAC
might be a reasonable alternative to
a VKA to prevent recurrent PE.13-15

continued in the next column

Continued

COR LOE GENERAL RECOMMENDATIONS

Primary or Metastatic Brain Tumor

2b C-LD
9. In patients with primary or meta-
static brain tumors and acute PE
who are otherwise eligible for oral
anticoagulation, a DOAC may be
considered over LMWH to reduce
the risk of ICH.17-19

Chronic Kidney Disease

1 A
10. In patients with mild-to-moderate

(stage 2-3) chronic kidney disease
(CKD) and acute PE who require
oral anticoagulant therapy, a DOAC
is recommended over a VKA to
reduce major bleeding.20-22

2b B-NR
11. In patients with severe kidney dis-
ease (stage 4-5) or endstage kidney
disease on hemodialysis and
confirmed PE who require oral
anticoagulant therapy, it is uncer-
tain whether apixaban is better
than VKA to reduce major
bleeding.23,24

Pregnancy

1 C-LD
12. In patients who are pregnant, have

acute PE, and can receive anti-
coagulation, either LMWH or UFH
are recommended to prevent
recurrent VTE.25

3: Harm C-LD
13. In patients who are pregnant and

have acute PE, DOACs and warfarin
are potentially harmful and may
result in miscarriages or fetal
anomalies.26

Breastfeeding

1 C-LD
14. In patients with acute PE who are

breastfeeding and require anti-
coagulation, LMWH, UFH, or
warfarin are recommended over a
DOAC, to prevent potential
bleeding in the infant.26,27

Chronic Liver Disease

2a C-LD
15. In patients with Child-Pugh class A

chronic liver disease and acute PE,
treatment with a DOAC instead of a
VKA is reasonable to reduce
bleeding.28

continued in the next columnContinued on the next page
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Synopsis
Anticoagulation is the mainstay of therapy in patients

with confirmed acute PE. DOACs are preferred for long-
term management due to their efficacy in preventing
recurrent thrombosis, ease of use, and lower risk of major
bleeding compared with VKAs. For patients requiring
initial parenteral therapy, LMWH is recommended over
UFH due to its reduced risk of recurrent VTE and lower
incidence of complications like heparin-induced throm-
bocytopenia. Patients with specific comorbidities,
including obesity, CKD, and liver disease, require tailored
dosing strategies. For instance, dose reductions for
LMWH may be reasonable in severely obese patients to
mitigate bleeding risks. In pregnant patients, DOACs and
VKAs are contraindicated due to fetal and neonatal risks.
In breastfeeding patients, DOACs are contraindicated as
they might cross into breastmilk and deliver an antico-
agulant effect on the nursing baby. VKAs are preferred for
patients with thrombotic antiphospholipid antibody
syndrome to reduce the risk of recurrent thrombotic
events, particularly arterial. Finally, specific populations
(eg, severe renal or liver impairment) require cautious
use of anticoagulation for whom shared decision-making
is paramount.

Continued

COR LOE GENERAL RECOMMENDATIONS

2b C-LD
16. In patients with Child-Pugh class B

chronic liver disease and acute PE,
treatment with a DOAC instead of a
VKA may be reasonable to reduce
bleeding risk.28

3: Harm C-LD
17. In patients with Child-Pugh class C

chronic liver disease and acute PE,
treatment with a DOAC instead of a
VKA is not recommended due to
potential for increased bleeding.28

Anticoagulation Therapy and Endovascular Procedures

1 C-LD
18. In patients with acute PE under-

going CDL, concurrent therapeutic
anticoagulation (LMWH or UFH) or
subtherapeutic anticoagulation
(UFH) is recommended over no
anticoagulation to prevent recur-
rent PE.3,29

1 B-NR
19. In patients with acute PE who have

undergone an endovascular pro-
cedure or received thrombolytic
therapy, initial parenteral anti-
coagulation with LMWH is
preferred over UFH to provide
reliable therapeutic anti-
coagulation and reduce the risk of
recurrent VTE.30-32

2a C-LD
20. In patients with acute PE likely to

undergo endovascular procedures
for PE management, LMWH is
reasonable over UFH to provide
more effective anticoagulation.29

Anticoagulation Monitoring and Special Considerations

1 C-LD
21. In patients with acute PE in whom

LMWH is monitored, measuring a
peak anti-Xa level 3 to 5 hours after
an LMWH dose once a steady state
is reached (≥3 doses) is recom-
mended in preference to checking
trough or random levels in order to
most accurately identify if the pa-
tient is within the expected thera-
peutic range.33

2a C-LD
22. In patients with acute PE who have

severe CKD (CrCl of <30 mL/min)
and are being treated with LMWH,
it is reasonable to monitor anti-Xa
levels to guide dose adjustment in
order to reduce bleeding risk.34,35

continued in the next column

Continued

COR LOE GENERAL RECOMMENDATIONS

2b C-LD
23. In pregnant patients treated with

LMWH for acute PE, the usefulness
of monitoring the peak anti-Xa
level at least once per trimester is
not well established to guide dose
adjustment and reduce bleeding
and/or thromboembolic risk.36,37

2b C-LD
24. In patients who weigh >150 kg or

have a BMI of >40 kg/m2 and are
receiving LMWH for treatment of
acute PE, the benefit of monitoring
anti-Xa levels is not established to
avoid supratherapeutic levels of
LMWH after initial therapy.34,38

2b C-LD
25. In patients with acute PE treated

with LMWH in the ICU, the benefit
of monitoring anti-Xa levels is not
established to avoid supra-
therapeutic and/or subtherapeutic
levels.39

3: No Benefit A
26. In most patients with acute PE

treated with weight-based LMWH,
laboratory monitoring of anti-Xa
level and dose adjustment is not
indicated to reduce recurrent VTE
or bleeding.40-45
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Recommendation-Specific Supportive Text

1. The role of anticoagulation in acute PE has been
established since 1960, when 35 patients were ran-
domized to anticoagulation or no anticoagulation.1 In
this small, randomized trial, there were 5 deaths in
the no anticoagulation group and no deaths in the
anticoagulation group. This has been further sup-
ported by observational studies showing higher rates
of death when acute PE is not treated with anti-
coagulation therapy.46

2. A meta-analysis shows that the use of LMWH reduces
recurrent VTE risk more effectively than UFH without
increasing major bleeding risk in patients with acute
PE.2 LMWHs have predictable pharmacokinetics, do
not require routine monitoring, and are associated
with a lower incidence of heparin-induced thrombo-
cytopenia.2,30,47 LMWH offers the convenience of
once or twice daily dosing and comes in prefilled
syringes that facilitate outpatient treatment when
indicated.

3. DOACs, including oral factor Xa inhibitors (apixaban,
rivaroxaban, edoxaban) and oral direct thrombin in-
hibitors (dabigatran), are preferred for long-term
management of acute PE due to their efficacy,
safety, and ease of use compared with traditional oral
VKA therapies.48,49 Meta-analyses and systematic
reviews encompassing thousands of patients in RCTs
showed that DOACs generally provide comparable
efficacy in preventing recurrent PE and DVT
compared with LMWH bridging to VKAs.50 Addition-
ally, DOACs are associated with a lower risk of major
bleeding events (especially intracranial hemorrhage
[ICH]) compared with VKA therapy, enhancing their
safety profile.49 DOACs, compared with warfarin, are
associated with a lower rate of fatal bleeding, case-
fatality rate of major bleeding, cardiovascular mor-
tality, and all-cause mortality.51,52 The convenience
of fixed dosing and fewer drug and dietary in-
teractions make DOACs a preferred choice over VKAs,
improving patient adherence and quality of life.53

4. It is reasonable to anticoagulate patients without
elevated bleeding risk and high pretest probability for
PE while awaiting imaging to make a definitive
diagnosis.54,55 The benefit of this strategy is greatest
for patients with acute PE who are at higher risk of
adverse outcomes and should be considered in pa-
tients with a suspected AHA/ACC PE Category C2
acute PE or higher.

5. Due to increased protein binding and volume of dis-
tribution in patients with obesity, the plasma con-
centration of DOACs may be diluted. This has led to
concern over the effectiveness of these agents
compared with VKAs for the treatment of established

VTE in obese patients. Although there are no RCTs in
this population, meta-analyses (mostly consisting of
post-hoc analysis of obese patient subpopulations
from phase III trials) have shown that apixaban and
rivaroxaban may be superior in efficacy and safety
when compared with VKAs.5,9 Data from claims da-
tabases and retrospective cohort studies show similar
findings.56 A multicenter retrospective cohort study
in patients with severe obesity (BMI $50 kg/m2 or
body weight $150 kg also found that apixaban and
rivaroxaban are equally safe and effective compared
with VKAs.57 In patients who have undergone bar-
iatric surgery, however, DOACs should be avoided for
at least 4 weeks after their procedure due to concerns
about decreased absorption.54,55

6. Obese patients have a lower proportion of lean body
mass as a percentage of total body weight. As a result,
LMWH dosing based on total body weight could cause
supratherapeutic anticoagulation and consequent
bleeding. Reducing the dose in these patients, how-
ever, could result in a higher risk of recurrent
thrombosis. There is 1 small RCT evaluating a lower
versus a standard dose of enoxaparin (0.8 mg/kg
versus 1.0 mg/kg actual body weight twice daily) in
patients with severe obesity (BMI $40 kg/m2). The
study found that a higher percentage of patients in
the reduced dose group met initial therapeutic levels,
and patients in the standard group were more likely
to reach supratherapeutic levels.12 There were no
clinical events reported. A meta-analysis of mostly
retrospective studies showed a reduced rate of major
bleeding in patients receiving a reduced dose of
enoxaparin.11 Systematic reviews have also
confirmed lower rates of supratherapeutic levels and
no clear evidence of increased thrombotic events in
obese patients receiving a reduced dose of enox-
aparin.11,58,59 Definitions of obesity varied in the
studies, with a BMI ranging from $30 to $40 kg/m2.

7. Thrombotic antiphospholipid syndrome (APS) re-
quires long-term anticoagulation due to the high risk
of recurrent thrombosis among untreated patients.
Randomized trials and meta-analyses of these trials
have revealed mixed results regarding the rates of
recurrent thrombotic events with DOACs versus VKAs
in patients with thrombotic APS. However, the
studies have consistently shown an increase in the
risk of subsequent arterial thrombotic events among
patients with thrombotic APS who are treated with
DOACs versus VKAs. Most studies found no differ-
ence in the rate of subsequent venous thrombotic
events or major bleeding between DOAC and VKA
treatment.13-16,60 Subgroup analyses have shown an
increased risk of stroke in patients receiving DOACs
and recurrent events in those with triple-positive
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antibodies (positive for lupus anticoagulant, anti-
cardiolipin antibodies, and anti-β-2-glycoprotein-I
antibodies) and a history of arterial thromboses.13,15

Furthermore, the risk of future thromboembolic
event in patients with thrombotic APS is usually
venous thrombosis (84%) compared with arterial
thrombosis. In patients with arterial thrombosis
associated with APS, the recurrence is less predict-
able, with a mix of arterial, venous, and a combina-
tion of arterial and venous.60 Thus, these data argue
against the use of DOACs in the majority of patients
with thrombotic APS, especially those with a history
of arterial thrombosis.

8. Subgroup analyses of randomized trials have shown
noninferiority of DOACs to VKA in patients with
thrombotic APS and a single low titer anticardiolipin
antibody or beta-2-glycoprotein-I antibody (desig-
nated as low risk for APS) as long as they have not had
a history of arterial thrombosis.14 In a meta-analysis
of 4 randomized trials including patients with APS,
the rates of arterial thromboembolism, VTE, and
bleeding were not statistically elevated with either
VKA or DOAC in patients with single- or double-
positive antibodies.16 Thus, in patients with estab-
lished single-antibody APS, it is reasonable to
consider a DOAC in patients who would prefer to
avoid the monitoring associated with a VKA.

9. Patients with acute PE and primary or metastatic ma-
lignant brain tumors are at increased risk of recurrent
VTE. Use of anticoagulation is of concern due to the
risk of ICH. Although intracranial cancer is not an ab-
solute contraindication to anticoagulation, the risk of
intracranial bleeding increases with the use of anti-
coagulants.17 Meta-analyses of retrospective case se-
ries have consistently shown that the baseline risk (ie,
off anticoagulation) of ICH is higher in patients with
metastatic brain cancer compared with those with
primary brain cancer; that anticoagulant therapy is
associated with an increase in ICH and major ICH in
patients with primary brain cancer but not in those
with metastatic brain cancer; and the risk of ICH is
lower in patients with either primary or metastatic
brain cancer treated with DOACs compared with those
treated with LMWH.17-19 These series consisted of a
mix of patients with newly diagnosed venous throm-
bosis requiring anticoagulation in the setting of a
central nervous system cancer as well as those already
on anticoagulation for a pre-existing VTE or stroke
prevention in atrial fibrillation, in the setting of a
newly diagnosed brain tumor.

10. Patients with CKD are at an increased risk of both
VTE and bleeding. Each of the DOACs rely on renal
excretion (dabigatran 80%, edoxaban 50%, rivarox-
aban 33%, and apixaban 27%).61 Meta-analyses of

patients with CKD in the phase 3 trials assessing the
efficacy and safety of the DOACs in patients with
VTE found that DOACs are noninferior to VKAs in
recurrent VTE prevention and are associated with
lower rates of major bleeding in patients with
moderate (stage 2-3; estimated glomerular filtration
rate [eGFR] 30-89 mL/min/1.73 m2) kidney
dysfunction.20-22,61

11. Patients with stage 4 (eGFR between 15-29 mL/min/
1.73 m2) CKD, stage 5 (eGFR <15 mL/min/1.73 m2)
CKD, and patients receiving renal replacement ther-
apy were excluded from phase 3 randomized clinical
trials that assessed the efficacy and safety of the
DOACs in patients with acute PE. However, data
derived from the US Renal Data System registry of
patients with stage 4 and higher CKD, including pa-
tients receiving renal replacement therapy, suggest
that apixaban is as safe and efficacious as a VKA.23,24

It should be noted that although the registry data
included only patients with VTE, most of the trials in
the meta-analysis included patients receiving DOACs
for stroke prevention in atrial fibrillation. It is also
unclear whether patients in the registry received
loading doses of apixaban. Robust data are lacking
regarding rivaroxaban, edoxaban, or dabigatran in
this population.

12. Pregnant patients with acute PE should receive anti-
coagulation to prevent recurrence, which may
threaten the life of themother and/or the fetus. LMWH
and UFH do not cross the placenta and, therefore, are
safe for the fetus.62-65 Currently, LMWH is used more
commonly than UFH in pregnant patients with acute
PE given predictable dose-response, longer plasma
half-life, and lower risk of osteoporosis and heparin-
induced thrombocytopenia.66-68

13. A systematic review of studies of women exposed to
DOACs during pregnancy revealed a higher-than-
expected rate of fetal anomalies.26 VKAs cross the
placenta and have a dose-dependent relationship
with adverse fetal outcomes.69

14. There are limited experience and safety data avail-
able for DOACs during pregnancy and breastfeeding.
A recent systematic review emphasizes that while
DOACs offer practical advantages, their safety profile
is not well-established, making LMWH, UFH, and
warfarin the preferred options for anticoagulation in
breastfeeding patients.26 It is not well established
whether DOACs or their metabolites are excreted in
human breastmilk.70 Animal studies have demon-
strated excretion with all 4 DOAC agents in
breastmilk.27

15. All DOACs have a degree of hepatic clearance (75% for
apixaban, 65% for rivaroxaban, 50% for edoxaban,
and 20% for dabigatran), raising the concern for
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elevated plasma levels of a DOAC and subsequently
increased bleeding in patients with liver disease.28

Data derived from a large claims database and other
retrospective cohort studies suggest that DOACs,
apixaban and rivaroxaban in particular, are non-
inferior in efficacy to VKA and are safe alternatives
due to their lower incidence of major bleeding in
patients with acute PE and mild hepatic impairment
(eg, Childs-Pugh A).28,56,71

16. Data from a claims database and other retrospective
cohort studies indicate that DOACs, such as apixaban
and rivaroxaban, may be safe with lower rates of
major bleeding in patients with acute PE and mod-
erate hepatic impairment (eg, Childs-Pugh B).28,56,71

17. Because patients with elevated liver enzymes and se-
vere hepatic dysfunction were excluded from major
VTE trials, the safety of DOACs in these populations
remains unknown. In cases where severe hepatic
impairment is present (Child-Pugh C), there is poten-
tial for increased risk of major bleeding due to dimin-
ished liver function. Therefore, the use of DOACs for
patients with acute PE and severe hepatic impairment
may result in harm and should be avoided.28,56,71

18. Thrombolytic agents primarily break down fibrin,
thereby reducing or eliminating existing clots. In
contrast, anticoagulant medications inhibit the clot-
ting cascade and prevent new clots from forming.
This is especially important for patients receiving
CDL, given that lower doses of thrombolytic agents
are used compared with systemic thrombolysis, and
there is increased endothelial damage from the
catheter insertion and manipulation. As such, there is
reason to believe that concurrent use of both agents
may be beneficial in patients with acute PE who
require rapid removal of existing thrombus. Howev-
er, both classes of medications are associated with
bleeding risk, and their combination may increase
that risk to unacceptable levels. A meta-analysis
demonstrated no difference in bleeding between
therapeutic and subtherapeutic anticoagulant dosing
outside the setting of thrombolysis.29 A randomized
trial of pharmacomechanical CDL in patients with
acute proximal DVT allowed for a broad range of
anticoagulation strategies and did not report that
concurrent use of an anticoagulant increased
bleeding risk over that associated with CDL.3 LMWH
is more likely than UFH to reach therapeutic levels
quickly and remain in the therapeutic range. Still,
there is insufficient evidence to recommend LMWH
over UFH during thrombolytic drug infusion.

19. One small single-center RCT compared the safety of
UFH with LMWH after systemic thrombolysis with
alteplase.31 There were no significant differences in
the primary outcome of major hemorrhage or the

secondary outcomes of any hemorrhage, death, or a
composite outcome of all of these. A multicenter
observational study of 249 patients demonstrated
similar rates of major hemorrhage with LMWH
compared with UFH, but the LMWH group had a large
survival advantage. However, these results are sub-
ject to selection bias and require validation in a pro-
spective trial.32 A meta-analysis of multiple RCTs
found that UFH bridging to warfarin compared with
LMWH bridging to warfarin was associated with a
higher risk of recurrent (hazard ratio, 1.42 [95% CI,
1.15-1.79]).30 These results can be extrapolated to
patients receiving thrombolytic therapy.

20. There is little evidence supporting the choice of
anticoagulant prior to procedures. A retrospective
observational study of patients undergoing CDL
included 45 patients treated with LMWH and 111 with
UFH.29 The UFH group was more ill, with more pa-
tients classified with massive PE, and more of them
received preprocedural systemic thrombolysis. There
was no difference in major bleeding between the
groups (0% with LMWH and 2.7% with UFH, P=0.6).
There was no adjustment for differences in illness
severity between groups; therefore, the findings are
at risk for selection bias.

21. When monitoring for LMWH is indicated, it should be
done after the drug has achieved a steady state (3-5
half-lives) and at the peak level. Most LMWHs peak at
3 to 5 hours from administration. The test of choice is
the anti-Xa level, ideally calibrated with a specific
LMWH to improve consistency. Expected on-therapy
levels will differ among different LMWHs and fre-
quency of administration (daily versus twice-daily
dosing).33

22. Given that LMWH is primarily excreted through the
kidneys, its half-life is extended in patients with
impaired renal function. To mitigate the risk of drug
accumulation, dose adjustments and once-daily
administration are advised for individuals with
decreased creatinine clearance, as opposed to twice-
daily and fixed dosing. Owing to the impact of
various factors on drug levels, monitoring is recom-
mended upon reaching a steady state. In such pa-
tients, the prolonged half-life of LMWH with CKD
suggests that waiting for a greater number of doses
than for patients without CKD may more accurately
represent the steady state.34,35

23. The physiologic changes of pregnancy significantly
impact the pharmacokinetics of LMWH, rendering
weight-based dosing unreliable. During the second
trimester, increased plasma volume and glomerular
filtration can result in lower serum drug concentra-
tion, while drug clearance decreases during the third
trimester.36,37 Furthermore, the half-life of LMWH
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may be shortened, leading to reduced trough levels.
However, no clinical trials define target peak or
trough levels. As such, there is insufficient evidence
to recommend that clinicians routinely monitor peak
anti-Xa levels at least once per trimester and adjust
LMWH doses.

24. Weight-based dosing of LMWH may result in supra-
therapeutic anticoagulation in obese patients, as the
volume of distribution is estimated to be equivalent
to a patient’s plasma volume without accounting for
adipose tissue. One study found no difference in anti-
Xa peak levels or the percentage of supratherapeutic
anti-Xa levels in patients with BMI >30 kg/m2 and up
to 150 kg of body weight, compared with patients
with a normal BMI.34 Another study compared pa-
tients with weight >140 kg who received enoxaparin 1
mg/kg twice daily versus lower doses.38 Patients
receiving 1 mg/kg twice daily were more frequently
supratherapeutic (70% versus 30%) compared with
those who received lower doses. However, patients
on lower doses were subtherapeutic 16% of the time
versus 6% for the higher doses, which was not
significantly different. There were no differences in
recurrent thrombosis or bleeding regardless of the
initial dose. There are no large RCTs that have
compared standard weight-based dosing with a lower
starting dose or a capped dose of LMWH in patients
with obesity and acute PE. Therefore, for patients
weighing >150 kg, it is prudent to make an individ-
ualized decision regarding dosing. This decision
should carefully consider clinical severity and the
patient’s risk of bleeding. Monitoring and adjusting
the dose of LMWH based on anti-Xa levels can
potentially reduce the risk of exposure to supra-
therapeutic levels of the medication. Although direct
correlation between anti-Xa levels and the risk of
bleeding is not established, some studies have indi-
cated an association between the two.25,31,32

25. The absorption and distribution of subcutaneous
LMWH can be significantly altered in critical illness.
One study indicated that medical patients in the ICU
were less likely to achieve target anti-Xa levels
compared with medical patients not in the ICU.39 A
subgroup analysis showed that patients with sepsis
had lower anti-Xa peak levels than those without
sepsis.39 Critical illness-related factors contributing
to these differences may include reduced anti-
thrombin level, compromised perfusion from sepsis
or the use of vasopressors, advanced age, and lower
hemoglobin levels.3,39 However, no prospective
studies have compared weight-based dosing to anti-
Xa laboratory monitoring and dose adjustment of
LMWH therapy in critically ill patients. Furthermore,
clinical outcomes from retrospective studies

comparing different LMWH dosing strategies in crit-
ically ill patients are lacking.72,73 Given these com-
plexities, in patients with acute PE treated with
LMWH in the ICU, the benefit of monitoring anti-Xa
levels is not established to avoid supratherapeutic
and/or subtherapeutic levels.

26. A recent systematic review and meta-analysis of 48
randomized and nonrandomized trials reported that
measuring anti-Xa levels for patients receiving
LMWH therapy was associated with more frequent
dose adjustment but had no clinically significant
correlation with bleeding or thromboembolic risk as
compared with not measuring anti-Xa levels.74

4.2.2. Hemodynamic Pharmacotherapy

Synopsis
Pharmacological hemodynamic support is a critical

component of comprehensive management of acute PE,
particularly for patients with hemodynamic instability,
RV dysfunction, and for those awaiting advanced thera-
pies. However, randomized trials directly comparing
pharmacological strategies for hemodynamic support in
this population are lacking. Published evidence suggests
that several approaches may be reasonable, including
cautious fluid expansion to optimize preload, vasopres-
sors to maintain systemic perfusion, diuresis to reduce
RV wall stress in cases of volume overload, and inhaled
pulmonary vasodilators to lower pulmonary vascular

Recommendations for Hemodynamic Pharmacotherapy
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 C-LD
1. For patients with cardiogenic shock
due to acute PE (AHA/ACC PE Cate-
gories D2-E2), the use of vasopres-
sors and/or inotropes is
recommended to improve cardiac
output and systemic perfusion.1-4

2b C-LD
2. In patients with acute PE in AHA/
ACC PE Categories D1-2 in whom
there are concerns for reduced pre-
load based on clinical assessment,
the use of volume management with
normal saline or other volume ex-
panders may be considered to
improve cardiac output and blood
pressure.5

2b B-R
3. For patients with acute PE in AHA/
ACC PE Categories C2-E, the use of
inhaled pulmonary vasodilators may
be considered to reduce RV after-
load.6-8
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resistance (PVR) and enhance RV function. Although
available data suggest that judicious use of these thera-
pies is generally safe and may offer clinical benefit,
additional high-quality studies are needed to better
define their role.9

Recommendation-Specific Supportive Text

1. Patients with profound hypotension due to acute PE
may require vasopressor therapy, and selection of the
most appropriate agent depends on the intended ef-
fects on the heart and vasculature.10 Based on indirect
evidence in animal models and humans with cardio-
genic shock, norepinephrine (NE) is generally consid-
ered the vasopressor of choice.2,3 NE increases
systemic vascular resistance (SVR) and has modest
inotropic effects. At doses #15 μg/min, NE has little to
no effect on PVR. Therefore, it has a favorable net in-
crease in the SVR/PVR ratio.11 However, at doses
exceeding 15 μg/min, NE may increase PVR. Therefore,
instead of further increasing the dose of NE, a second
vasopressor agent (eg, vasopressin, phenylephrine)
should be added.11 In patients with acute PE who have
persistently low cardiac output despite the use of va-
sopressors, the addition of an inotropic agent may be
indicated. A hemodynamic study of 10 patients with
acute PE with circulatory failure requiring admission
to the ICU suggests that a continuous infusion of
dobutamine (up to 10 μg/kg/min) may increase cardiac
index at the expense of decreased SVR.1 Thus, dobut-
amine may be considered as an adjunct to NE in pa-
tients with acute PE with low cardiac output and
hypotension (AHA/ACC PE Category E1-2) and may be
considered as the initial agent of choice in patients
with normotensive cardiogenic shock (AHA/ACC PE
Category D2).12

2. Patients with acute PE and RV failure are often pre-
load-dependent.13 However, data exploring the he-
modynamic impact of RV preload optimization in this
population remain limited. In 1 study of 13 patients
with acute PE and circulatory compromise (cardiac
index <2.5 L/min/m2) but preserved systemic blood
pressure (characteristics of AHA/ACC PE Category D1-
2), cautious fluid administration (#500 mL) was asso-
ciated with improved cardiac output.5 Conversely,
animal studies suggest that excessive volume expan-
sion may worsen RV function.14 Thus, in clinical
practice, volume administration should be approached
cautiously; small boluses (#500 mL) may be consid-
ered in selected normotensive patients with signs of
low cardiac output, while larger volumes or indis-
criminate fluid loading should be avoided due to the
risk of RV overload.

3. Although vasodilators are commonly used to treat
pulmonary arterial hypertension, their lack of

pulmonary selectivity and risk of systemic hypoten-
sion have limited their use in acute PE. In contrast,
selective pulmonary vasodilation, such as with inhaled
agents, may reduce PVR and RV afterload without
compromising systemic blood pressure.11 A recent
multicenter RCT evaluated inhaled nitric oxide in
normotensive patients with acute PE and RV
dysfunction. Although inhaled nitric oxide did not
improve the primary composite outcome (normaliza-
tion of troponin and echocardiographic findings at 24
hours), a post-hoc analysis showed a significant
improvement in RV size and function at 24 hours.7

Thus, the use of inhaled pulmonary vasodilators may
be considered to reduce RV afterload in patients with
acute PE who meet ACC/AHA Categories C2-E criteria.
In contrast, small, randomized trials of nonselective
vasodilators such as oral sildenafil and intravenous
epoprostenol have shown minimal or no benefit on
primary clinical outcomes (eg, RV end-diastolic diam-
eter, cardiac index) in patients with acute PE.6,8

4.2.3. Sedation and Ventilatory Strategies

Synopsis
Anxiolytic and/or analgesic drugs, especially sedation

for intubation, can result in catastrophic hemodynamic

Recommendations for Sedation and Ventilatory
Strategies
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 C-LD
1. In patients with acute PE in AHA/
ACC PE Categories C-E who require
sedation for intubation, hemody-
namic supportive therapies (vaso-
pressors, inotropes, and/or
venoarterial [VA]-ECMO) should be
available to support the patient in
the event the patient becomes un-
stable.1-3

2a C-LD
2. For patients with acute PE and
moderate-severe hypoxia, use of
heated high-flow nasal cannula
(HFNC) oxygenation rather than
standard nasal cannula oxygenation
can be beneficial to improve
oxygenation.4,5

3: Harm C-LD
3. In patients with acute PE in AHA/
ACC PE Categories C-E, deep seda-
tion and mechanical ventilation
should not be performed, unless
clinically indicated, in order to avoid
hemodynamic collapse.1-3
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collapse in patients with compensated or decompensated
RV dysfunction secondary to acute PE. RV pressure-
volume overload associated with acute PE may cause
RV dilation and decreased RV function, resulting in
decreased LV filling and cardiac output. Compensatory
increases in heart rate and SVR maintain systemic and
myocardial perfusion. Anything that reduces or elimi-
nates these compensatory mechanisms, including most
anxiolytic medications and/or analgesic medications, can
cause or exacerbate hemodynamic decompensation.
Studies of specific sedation strategies in patients with
acute PE are sparse. A few single-center case series report
a disproportionately high incidence of sedation-
associated cardiac arrest among patients with hemody-
namically stable or unstable PE.1,2 Thus, any amount of
sedation should be administered with caution when there
is evidence or concern for RV dysfunction.1-3 In addition,
deeper sedation and intubation should be avoided unless
there is a strong clinical indication, such as profound
hypoxia refractory to noninvasive oxygenation strate-
gies, or for airway protection, and the treatment team is
readily prepared to support the patient with vasopres-
sors, inotropes, or VA-ECMO in the event of hemody-
namic collapse.

Also, acute hypoxemic respiratory failure is common
in patients with acute PE. Modalities for support of
oxygenation and ventilation include conventional nasal
cannula, HFNC, noninvasive mechanical ventilation
(NIV), and invasive mechanical ventilation, each with
unique effects on both gas exchange and hemodynamics.
Available evidence from RCTs and systematic reviews
performed in patients with various causes of acute hyp-
oxemic respiratory failure demonstrate that, compared
with conventional nasal cannula, the use of either HFNC
or NIV is well tolerated, improves oxygenation and work
of breathing, and may reduce the rate of intubation and
mortality.6-10 No published studies have examined out-
comes in patients with acute PE treated with either NIV or
invasive mechanical ventilation. One small single-center
RCT demonstrated that, compared with nasal cannula,
HFNC improved oxygenation in patients with acute PE,
and this is further supported by small uncontrolled
studies.4,5,11-13

Recommendation-Specific Supportive Text

1. Among patients with acute PE and RV dysfunction,
there is a causal relationship of sedation with hemo-
dynamic decompensation due to blunting of the
compensatory sympathetic response. Thus, in situa-
tions in which anxiolytic and/or analgesic medications
are needed, and especially when deep sedation is
required for intubation, the care team should be pre-
pared to manage hemodynamic decompensation with
vasopressors, inotropes, and/or VA-ECMO when

available. The importance of readily available rescue
therapy was demonstrated in 2 studies in which rapid
employment of emergency cardiopulmonary bypass in
patients who experienced cardiac arrest after anes-
thesia induction resulted in hospital mortality rates
that were similar to patients with acute PE who did not
require cardiopulmonary resuscitation (CPR) after
anesthesia induction.2,3

2. Compensatory increase in sympathetic activity is
essential to maintain systemic perfusion in patients
with acute PE and RV dysfunction. PE-associated RV
dysfunction results in decreased LV filling and cardiac
output. Sedation strategies that decrease endogenous
sympathetic response mitigate the sympathetic
response and may cause hemodynamic decompensa-
tion and cardiac arrest, even in patients who are he-
modynamically stable.1-3 This has been demonstrated
in 2 case series of patients undergoing general anes-
thesia for surgical embolectomy. In 1 series, CPR was
required in 19% of patients after anesthesia induction,
even though all were hemodynamically stable at the
time of induction.2 Another case series of patients with
acute PE treated with surgical embolectomy reported
the need for CPR related to anesthesia induction in 28%
(9/32) of patients.3 A single-center analysis of sedation
strategies utilized in catheter-directed therapies of pa-
tients with acute PE and characteristics of AHA/ACC PE
Category C2-3 reported a strong association of sedation
strategy with the need for CPR and in-hospital
mortality.1

3. Both induction for intubation and mechanical venti-
lation blunt adrenergic tone, decrease RV preload, and
increase RV afterload. All of these factors serve to in-
crease the risk of cardiac arrest due to decompensated
acute RV failure.1,2 Thus, anesthesia induction and
mechanical ventilation should be avoided whenever
possible. When needed based on clinical circum-
stances, treating clinicians should prepare for poten-
tial hemodynamic decompensation.

4.2.4. Mechanical Circulatory Support

Recommendations for Mechanical Circulatory Support
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 B-NR
1. In patients with known or suspected
acute PE on VA-ECMO, continuation
of parenteral systemic anti-
coagulation is recommended in the
absence of bleeding to prevent
further thrombotic or embolic
complications.1,2

continued in the next columnContinued on the next page
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Synopsis
Mechanical circulatory support may be of benefit for

patients in cardiogenic shock as a consequence of known
or suspected PE with evidence of RV dysfunction. Use of
these supportive measures will depend on local resources
and expertise but most commonly include VA-ECMO. VA-
ECMO serves to rapidly decrease RV preload while
delivering oxygenated blood to peripheral tissues and
end organs, thus halting the deleterious effects of hyp-
oxia and cardiogenic shock. Risks and benefits of
continued anticoagulation while on mechanical circula-
tory support should be constantly re-evaluated. Data are
limited on the benefit of advanced therapies (eg, MT,
CDL) for patients with acute PE who are being supported
with VA-ECMO.

Recommendation-Specific Supportive Text

1. For patients on VA-ECMO, systemic anticoagulation is
recommended to prevent possible thrombotic compli-
cations despite the lack of high-quality evidence.
Bleeding complications are more frequent than
thrombotic complications for patients on VA-ECMO,
and limited reports of the use of VA-ECMO without
concomitant anticoagulation have not found any in-
crease in thrombotic complications. This caveat is
especially important for patients with PE, given the
increased percentage of patients who undergo either
systemic anticoagulation or thrombolysis prior to the
initiation of VA-ECMO.1,2

2. VA-ECMO improves oxygen delivery for patients in
cardiogenic shock. In patients with acute PE and
cardiogenic shock (AHA/ACC PE Category E2) as a
result of fulminant RV dysfunction, VA-ECMO is a
useful mechanism to provide end-organ perfusion
while allowing for RV recovery or subsequent PE

intervention. Studies, including an observational in-
ternational registry and single-center case series,
support the use of VA-ECMO in patients with re-
fractory shock due to acute PE.3-6

3. The role of advanced intervention (eg, MT, CDL) for
patients on VA-ECMO for acute PE is not known.
Multiple series have reported resolution of thrombo-
embolism in selected patients with acute PE and
characteristics of AHA/ACC PE Category E2 who were
managed on VA-ECMO. The need for adjunctive
intervention should be based on individual assessment
of a patient’s clinical status.7-9

4.3. Role of the Inferior Vena Cava Filter

Continued

COR LOE RECOMMENDATIONS

2a B-NR
2. In patients with acute, refractory
cardiogenic shock as a result of
known or suspected acute PE (AHA/
ACC PE Category E2), it is reason-
able to institute VA-ECMO, provided
appropriate resources are available,
to stabilize hemodynamics and
improve oxygenation.3-6

2b C-LD
3. In patients with acute PE in AHA/
ACC PE Category E2 who are placed
on VA-ECMO support, the useful-
ness of additional advanced thera-
pies is not well established.7-9

Recommendations for Inferior Vena Cava Filters
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 B-R
1. In patients with acute PE who cannot
tolerate anticoagulation but in whom
an IVC filter is deemed necessary,
retrievable IVC filters are recom-
mended over permanent filters to
reduce the short-term incidence of
recurrent PE while minimizing long-
term adverse outcomes.1,2

1 C-LD
2. In patients with retrievable IVC fil-
ters, retrieval should be attempted
as soon as the risk of PE has suffi-
ciently decreased and anti-
coagulation tolerated in order to
minimize the risk of long-term
filter-related complications.3

2a B-R
3. In patients with acute PE who cannot
tolerate anticoagulation, IVC filters
can be useful to reduce the short-
term incidence of recurrent PE.1,2,4-7

2a C-LD
4. In patients with indwelling IVC fil-
ters, the use of a structured follow-
up program is reasonable to in-
crease retrieval rates and detect
complications.5-8

2b C-LD
5. In patients with acute PE in AHA/ACC
PE Categories D-E, and who are un-
dergoing advanced interventions such
as systemic thrombolysis, CDL, MT, or
surgical embolectomy, the benefit of
IVC filter placement is uncertain to
reduce the short-term incidence of
recurrent PE and mortality.9-11

continued in the next columnContinued on the next page
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Synopsis
IVC filters mechanically intercept venous thrombi from

migration to the pulmonary circulation. Employing
percutaneous insertion techniques, these filters offer
versatility in their application, existing in both perma-
nent and retrievable forms. Indications for IVC filter
placement include scenarios where anticoagulant ther-
apy is absolutely contraindicated and when there are in-
stances of recurrent PE despite optimal anticoagulation.
Although certain potential indications, such as address-
ing free-floating thrombi in patients without contraindi-
cations to anticoagulation, remain under scrutiny, the
utility and scope of IVC filters continue to evolve in
clinical practice.

Recommendation-Specific Supportive Text

1. In patients with acute PE who cannot receive anti-
coagulation, retrievable IVC filters are preferred over
permanent filters due to their ability to offer short-term
protection against recurrent PEwhile avoiding the long-
term complications associated with permanent filter
placement. The PREPIC trial demonstrated that IVC
filters led to significantly higher rates of DVT and IVC
thrombosis over time without improving long-term
survival, supporting the concern that permanent fil-
ters increase the risk of chronic thrombotic complica-
tions.1 The PREPIC2 trial, which studied retrievable IVC
filters in patients receiving anticoagulation, found no
added benefit in preventing recurrent PE.13 Further
support comes fromameta-analysis that confirmed that
although IVC filters are associated with a reduction in
PE recurrence (∼50%), they also significantly increase
the risk of DVT (∼70%), with no mortality benefit.4

These findings reinforce the importance of minimizing
filter dwell time and avoiding permanent filters when

retrievable options are available. Permanent filters
should be reserved for rare cases in which retrievable
IVC filters are not feasible (eg, mega cava [IVC >30
mm]).14

2. Timely retrieval of retrievable IVC filters is essential to
minimize long-term risks associated with prolonged
indwelling time. Data from the PREPIC trial showed
that patients who received IVC filters in addition to
anticoagulation experienced higher rates of DVT and
IVC thrombosis compared with those treated with
anticoagulation alone, indicating an increased long-
term thrombotic risk with IVC filter use even after
anticoagulation is initiated.1 The US Food and Drug
Administration (FDA) issued a safety communication
recommending IVC filter retrieval within 29 and 54
days after placement, once the risk of PE has subsided,
based on evidence of complications such as device
migration, filter fracture, IVC perforation, and embo-
lization when filters are left in place too long.15 Filter
retrieval also becomes progressively more difficult
with time. One study found challenging retrievals
were more common after 50 days, and failed retrievals
were more frequent after 90 days of dwell time.16

Additional registry data demonstrated that successful
retrievals had a mean dwell time of 85 days, while
unsuccessful retrievals averaged 145 days.17 Moreover,
delayed retrieval often requires advanced techniques—
such as large-bore sheaths, longer procedural times, or
general anesthesia—raising procedural complexity and
patient risk.18,19 Longer dwell times are also associated
with filter embedment and IVC perforation, as shown
in multiple studies.20,21 Given these risks, IVC filters
should be retrieved as soon as it is safe to do so to
prevent complications and improve patient outcomes.

3. The PREPIC (Prevention du Risque d’Embolie Pul-
monaire par Interruption Cave) trial demonstrated
that IVC filter placement significantly reduced the
incidence of PE recurrence but was counterbalanced
by an increased risk of DVT and no survival benefit
over long-term follow-up.1 All patients in PREPIC were
anticoagulated, limiting direct applicability to those
who cannot receive anticoagulation. The PREPIC2 trial
found no additional benefit to filter placement in
anticoagulated patients, reinforcing that filters should
be reserved for those in whom anticoagulation is truly
contraindicated.2 A meta-analysis found that IVC fil-
ters reduce the risk of subsequent PE by approximately
50%, despite increasing DVT risk, with no significant
effect on all-cause mortality.4 Another study, focusing
on patients with acute VTE and significant bleeding
risk where anticoagulation was limited, found that IVC

Continued

COR LOE RECOMMENDATIONS

2b C-LD
6. In patients with recurrent PE
despite optimal therapeutic anti-
coagulation who are in AHA/ACC PE
Categories B-E, IVC filter placement
may be considered to reduce the
short-term incidence of additional
recurrent PE.1,2,4,12

3: Harm A
7. In patients with acute PE who are
therapeutically anticoagulated,
routine IVC filter placement should
not be performed.5-8
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filters were associated with improved short-term sur-
vival.5 The PRESERVE (Predicting the Safety and
Effectiveness of Inferior Vena Cava Filters) study, a
large prospective multicenter trial evaluating real-
world IVC filter use, showed high procedural success
and a 96.4% rate of freedom from symptomatic PE at
12 months, supporting both safety and effectiveness
when filters are appropriately used.7 One multicenter
study on trauma patients showed that retrievable fil-
ters were often placed due to anticoagulation contra-
indications and were associated with low short-term
PE rates.6 These findings align with observational ev-
idence suggesting acute-phase mortality reduction in
select high-risk groups.10

4. The use of structured follow-up programs is an
evidence-based strategy to significantly increase IVC
filter retrieval rates and reduce long-term complica-
tions. Despite national efforts, retrieval rates for
retrievable filters remain suboptimal.15 However, find-
ings from the PRESERVE study and multiple institu-
tional reports demonstrate that implementing a
retrieval plan at the time of filter placement—paired
with ongoing patient reassessment—leads to higher
retrieval success.7 Studies consistently show that
multidisciplinary approaches involving standardized
protocols, provider education, and dedicated filter
clinics improve filter management. For example,
protocols that include referral to specialty clinics,
scheduled follow-up appointments, and structured
decision-making criteria for filter removal have all been
associated with improved outcomes.22-24 Similarly,
automated reminder systems for patients and providers
have been shown to improve the timeliness of retrieval
and reduce the rate of filter-related complications.25

Additional interventions—such as enhanced patient
instructions at discharge, proactive provider commu-
nication, and institutional quality improvement
programs—have all demonstrated measurable im-
provements in retrieval rates and filter safety.26-28

Collectively, these findings strongly support the
implementation of a structured, protocol-driven
follow-up system for all patients with indwelling
IVC filters, especially those placed under temporary
indications.

5. In patients with acute PE in AHA/ACC PE Categories
D-E who are undergoing advanced interventions such
as systemic thrombolysis, CDL, MT, or surgical embo-
lectomy, the benefit of IVC filter placement remains
uncertain in reducing the short-term recurrence of PE

and overall mortality. Although IVC filters may pre-
vent embolization, evidence suggests that this does
not translate into improved clinical outcomes,
particularly when patients are able to receive or
resume anticoagulation. The management of patients
with acute PE and cardiopulmonary compromise is
complex and rapidly evolving. The routine use of
IVC filters alongside advanced reperfusion strategies
has not been definitively shown to improve survival
or reduce recurrent embolic events.29 IVC filter
placement should be highly selective, tailored to
patients with persistent contraindications to anti-
coagulation or those at extreme risk for recurrence.29

Given the risks of IVC filter-related complications,
including DVT, filter migration, and caval throm-
bosis, retrievable filters should be removed as soon
as the risk of PE has decreased or anticoagulation
becomes feasible.15

6. A retrospective cohort study evaluating all-cause
mortality according to the use of IVC filters in pa-
tients with recurrent PE within 3 months of an index
event showed mortality was lower in those who
received an IVC filter compared with those who did
not.12 The major limitation of the study was the
assumption that the majority of the patients with PE
were also treated with anticoagulation.

7. In patients with acute PE who are effectively anti-
coagulated, routine placement of an IVC filter offers no
clinical benefit and exposes patients to unnecessary
risks. The PREPIC and PREPIC2 trials demonstrated
that adding an IVC filter to anticoagulation did not
reduce the incidence of recurrent PE but was associ-
ated with a higher risk of DVT.1,2 Additionally, the
long-term follow-up of the PREPIC study suggested a
possible link between IVC filters placement and risk of
developing postthrombotic syndrome. Similarly, a
systematic review and meta-analysis found no mor-
tality benefit from IVC filter use in anticoagulated pa-
tients and confirmed the association with increased
thrombotic complications.4 Even in carefully selected
high-risk patients, filter use is not without conse-
quences. In the PRESERVE study, postfilter VTE events
occurred in 93 patients (6.5%), including DVT in 74
patients (5.2%), PE in 23 patients (1.6%), and IVC
thrombotic occlusions in 15 patients (1.1%).7 The other
observed complications of long-term indwelling filters
include migration, fracture, perforation of the IVC
wall, adjacent organ involvement, and
thrombosis.6,8,15,16,20,21,30
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4.4. Advanced Management

Synopsis
Free-floating intracardiac clot-in-transit is discovered

with echocardiographic or CT imaging in 2% to 4% of
patients diagnosed with acute PE.1 Historically, variable
strategies have been considered for management,
including anticoagulation alone, surgical embolectomy,
systemic thrombolysis, CDL, and MT (Table 7). High-
quality comparative data addressing this clinical situa-
tion are not currently available and are unlikely to
emerge in the near future.

Patients with characteristics of AHA/ACC PE Categories
C2-D2 acute PE are being actively enrolled in several large
cardiovascular outcome trials examining either CDL or MT
against anticoagulation alone. In patients deemed appro-
priate for a catheter-directed therapy, many factors influ-
ence the choice between CDL and MT, including operator
experience, anatomic clot location, the perceived urgency
of the clinical syndrome, and patient comorbidities.

Recommendation-Specific Supportive Text

1. A retrospective analysis of the PERT Consortium Reg-
istry revealed an independent association between
clot-in-transit and mortality among 1442 patients with
presentations consistent with AHA/ACC PE Category E
(OR, 2.26 [95% CI, 1.13-4.52]; P=0.02).1 A prior analysis
of the International Cooperative Pulmonary Embolism
Registry showed a similar magnitude of risk associated
with clot-in-transit among a broader range of patients
with acute PE consistent with AHA/ACC PE Categories
C-E.3 A pooled analysis of 316 patients with right heart

thrombi reported improved survival among those
treated with systemic thrombolysis compared with
those treated only with anticoagulation.4 Although no
studies are available that have evaluated the efficacy
of catheter-based or surgical therapies in patients with
clot-in-transit, the mechanisms of action inherent to
these approaches have led to increasing interest in
their use in these patients.

2. The PEERLESS trial randomized 550 patients with
acute PE clinical characteristics consistent with AHA/
ACC PE Categories C2-D2 to treatment with either MT
or CDL. There were no significant differences seen in
the rates of 30-day mortality or major bleeding be-
tween the groups in this study. A combined endpoint
of clinical deterioration and physician-driven bailout
to an additional advanced therapy was more frequent
in the group receiving CDL. However, rates of
protocol-defined clinical deterioration alone were not
significantly different between the groups.2

4.4.1. Systemic Thrombolysis

Recommendations for Advanced Management
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

2a C-LD
1. In patients with acute PE in AHA/
ACC PE Categories C3-E2 who have
evidence of free-floating right atrial
and/or RV clot-in-transit, the utili-
zation of advanced therapies over
anticoagulation alone is reasonable
to reduce the risk of clinical
deterioration.1

2b B-R
2. In patients with acute PE in AHA/ACC
PE Categories C2-D2 and without
contraindications to thrombolysis,
and in whom advanced therapy is
being considered, the usefulness of
either CDL or MT over the other is
uncertain for reduction in mortality
or major bleeding.2

TABLE 7 Summary of Advanced Therapy
Recommendations (COR LOE*)

AHA/ACC
PE Risk
Outcomes
Category

Systemic
Lysis CDL MT Surgery

A-C1 3-Harm A 3-NB C-EO 3-NB C-EO 3-NB C-EO

C2 3-Harm B-R 2b C-LD
(unclear)

2b C-LD
(unclear)

3-NB C-EO

C3 2b C-LD
(unclear)

2b C-LD
(unclear)

2b C-LD
(unclear)

3-NB C-EO

D1-2 2b C-LD
(may be
considered)

2b B-NR
(may be
considered)

2b B-NR
(may be
considered)

2b C-LD
(unclear)

E1 2a C-LD 2a C-LD 2a B-NR 2a B-NR

E2 2a C-LD N/A N/A 3-NB B-NR

ACC indicates American College of Cardiology; AHA, American Heart Association;
CDL, catheter-directed thrombolysis; COR, Class of Recommendation; EO, expert
opinion; LD, limited data; LOE, Level of Evidence; MT, mechanical thrombectomy; NB,
no benefit; NR, nonrandomized; R, randomized.
*See Table 2, “Applying the ACC/AHA Class of Recommendation and Level of Evidence
to Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient Care.”

Recommendations for Systemic Thrombolysis
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

2a C-LD
1. In patients with acute PE in AHA/
ACC PE Categories E1-2 and accept-
able bleeding risk, in whom
advanced therapy is being consid-
ered, systemic thrombolysis and
anticoagulation is reasonable over
anticoagulation alone to reduce
mortality and recurrent PE.1-3

continued in the next columnContinued on the next page
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Synopsis
Four small RCTs with a total of 224 patients with high-

risk PE reported that systemic thrombolysis therapy
compared with anticoagulation with heparin alone leads
to improvement in pulmonary obstruction accompanied
by a reduction in RV dilatation on echocardiogra-
phy.2,3,13,14 The FDA has approved 3 agents for use in PE
thrombolysis, including streptokinase, urokinase, and rt-
PA (alteplase). Tenecteplase, although not FDA approved
for PE, has also been tested in several clinical studies.1,15-17

The first-generation agents (streptokinase and urokinase)
are not used in contemporary practice because they
require longer infusion times and are not readily available.
Standard dose rt-PA (100 mg in 2 hours) is the most
commonly used thrombolytic agent in patients with PE,
although there are no head-to-head trials of the agents to
suggest superiority of a specific thrombolysis agent.18

Recommendation-Specific Supportive Text

1. Meta-analyses of systemic thrombolysis trials that
included, but were not limited to, patients with he-
modynamically significant PE, defined primarily as the
presence of cardiogenic shock or systolic blood
pressure <90 mm Hg, found that systemic

thrombolysis was associated with a significant reduc-
tion in the combined endpoint of all-cause death or
clinical deterioration requiring rescue treatment.1,4

However, only 1 of the trials exclusively focused on
patients with acute PE that would fit within AHA/ACC
PE Categories E1-2, and this study enrolled only 8 pa-
tients prior to being stopped.13 Available evidence
limited to 4 small RCTs with a total of 224 patients for
patients with high-risk PE (AHA/ACC PE Categories E1-
2) suggests that systemic thrombolysis compared with
anticoagulation alone leads to rapid improvement in
pulmonary obstruction in patients with PE, accompa-
nied by a reduction in RV dilation on echocardiogra-
phy.2,3,13,14 Of note, the definition and inclusion
criteria for acute PE were different among the studies.
Indeed, a systematic review and meta-analysis of 15
randomized trials reported that systemic thrombolysis
was associated with a trend toward reduction of early
mortality among the modest percentage of patients
with PE that would fit within AHA/ACC PE Categories
E1-2.1 Moreover, there was a 9.9% rate of severe
bleeding and a 1.7% rate of ICH with thrombolysis.

2. The vast majority of patients who present with PE do
not have hypotension at presentation.5 The largest
randomized trial of normotensive patients with acute
PE and elements of increased risk for adverse events
(consistent with AHA/ACC PE Categories C3-D2) ran-
domized 1006 patients with PE and RV dysfunction to
tenecteplase and heparin versus heparin therapy
alone.1 Thrombolysis prevented cardiovascular
collapse but increased major (including intracranial)
bleeding, with closely balanced benefits and harms. An
important finding was that rescue thrombolysis was
beneficial in patients who developed cardiovascular
collapse after initially being treated with anticoagu-
lant therapy alone.2 The principal component of the
benefit of immediate thrombolysis was a reduction in
the rate of cardiovascular collapse needing rescue
thrombolytics therapy. It is possible that a similar
benefit could occur when providing rescue thrombol-
ysis only to those who decompensate, rather than
subjecting a larger number of patients to the risk of
immediate thrombolysis.19

3. One meta-analysis of 16 trials of 2115 patients with
acute PE, of which 8 trials (n=1755) enrolled patients
with acute PE consistent with AHA/ACC PE Categories
C3-D2, reported that systemic thrombolysis reduced
all-cause mortality (OR, 0.53 [95% CI, 0.32-0.88];
number needed to treat = 59) at the expense of excess
ICH (OR, 4.6 [95% CI, 1.8-12.0]; number needed to
harm = 78).5 Another meta-analysis that included 21
trials with a total of 2401 participants with character-
istics of AHA/ACC PE Categories C3-D2 showed that,
compared with heparin alone, thrombolytics plus

Continued

COR LOE RECOMMENDATIONS

2b C-LD
2. In patients with acute PE in AHA/
ACC PE Categories D1-2 and an
acceptable bleeding risk, in whom
advanced therapy is being consid-
ered, systemic thrombolysis and
anticoagulation may be considered
over anticoagulation alone to pre-
vent further clinical deterioration.1,4

2b C-LD
3. In patients with acute PE in AHA/
ACC PE Category C3 and acceptable
bleeding risk, in whom advanced
therapy is being considered, the use
of systemic thrombolysis and anti-
coagulation over anticoagulation
alone to prevent further clinical
deterioration is uncertain.1,4,5

2b C-LD
4. In patients with acute PE being
treated with systemic thrombolysis,
lower dose systemic thrombolytics
may be considered to reduce the risk
of bleeding.6-10

3: Harm B-R
5. In patients with acute PE in AHA/
ACC PE Categories A1-C2, systemic
thrombolysis should not be used
over anticoagulation alone due to
increased risk of major bleeding and
ICH.5,11,12
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heparin probably reduced both the odds of death (OR,
0.58 [95% CI, 0.38-0.88]) and recurrence of PE (OR,
0.54 [95% CI, 0.32-0.9]). Effects on mortality weak-
ened, however, in the analysis of participants with
submassive PE (OR, 0.61 [95% CI, 0.37-1.02]).4 Major
hemorrhagic events were more common in the
thrombolysis group than in the heparin alone group
(OR, 2.84 [95% CI, 1.92-4.20]). Taken together, the role
of systemic thrombolysis is less certain among pa-
tients with acute PE in AHA/ACC PE Category C3.

4. There is a lack of high-quality evidence regarding
dosing of thrombolytic agents to treat acute PE. Evi-
dence is emerging that lower-dose thrombolysis (25-50
mg rt-PA), compared with standard dose (100 mg rt-
PA), may be as efficacious and associated with a
reduced risk for major bleeding.10,18,20 A prospective
cohort trial of 37 consecutive patients with massive PE
reported that an extended infusion of low-dose 25 mg
rt-PA was safe and effective therapy.20 A retrospective
evaluation of 83 patients with acute PE and vital sign
abnormalities, treated with 25 mg rt-PA over 6 hours
reported a lower risk of hemodynamic decompensa-
tion and PH compared with anticoagulation alone.21 A
prospective, randomized, multicenter trial of 118 pa-
tients with acute PE and either hemodynamic insta-
bility or massive PA obstruction reported that 50 mg
rt-PA compared with 100 mg rt-PA had similar effi-
cacy and better safety.22 Another randomized study
evaluated 50 mg rt-PA plus anticoagulation compared
with anticoagulation alone in patients with moderate
PE, defined as CTPA involvement of >70% involve-
ment of thrombus in $2 lobar or left or right main PAs
or by a high probability V/Q scan showing V/Q
mismatch in $2 lobes.23 The study found that this dose
of thrombolysis was safe and effective, resulting in a
significant reduction in the PA pressure that was
maintained at 28 months.23 Of note, this study was
unblinded and performed at a single center with a
small sample, limiting its power and external validity.
Furthermore, the definition of moderate PEs did not
include those patients with RV strain or elevated
troponin levels. Based on the available data to date,
low-dose rt-PA regimens appear to be associated with
similar efficacy and a lower bleeding risk compared
with standard dose thrombolytic treatment; however,
more robust high-quality evidence is needed.6-8 The
ongoing PEITHO-3 trial assessing the efficacy and
safety of a reduced-dose alteplase regimen with stan-
dard heparin anticoagulation will provide additional
insight.24

5. Systemic thrombolysis is associated with an incre-
mental increase in major bleeding risk, in particular a
greater risk of ICH. Overall, data suggest that patients
with the highest risk of mortality from PE and the

lowest risk of bleeding would obtain the greatest net
benefit from thrombolysis, whereas those with the
lowest risk of mortality from PE and the highest risk of
bleeding would obtain the least benefit and are likely
to be harmed.5,17,19,25 In the PEITHO trial, which
enrolled patients with acute PE fitting AHA/ACC PE
Categories C3-D2, extracranial bleeding occurred in 32
patients (6.3%) in the tenecteplase group and 6 pa-
tients (1.2%) in the placebo group (P<0.001). Stroke
occurred in 12 patients (2.4%) in the tenecteplase
group and was hemorrhagic in 10 patients; 1 patient
(0.2%) in the placebo group had a stroke that was
hemorrhagic (P=0.003).11

4.4.2. Catheter-Directed Thrombolysis

Recommendations for Catheter-Directed Thrombolysis
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

2a C-LD
1. In patients with acute PE in AHA/
ACC PE Category E1, CDL plus anti-
coagulation is reasonable to prevent
further clinical deterioration and
early mortality.1,8

2b B-NR
2. In patients with acute PE in AHA/
ACC PE Categories D1-2 in whom
advanced therapy is being consid-
ered, CDL plus anticoagulation may
be considered to prevent further
clinical deterioration.2

2b C-LD
3. In patients with acute PE in AHA/
ACC PE Categories C2-3, the benefit
of CDL plus anticoagulation
compared with anticoagulation
alone to prevent short-term fatal/
nonfatal clinical deterioration, and
improve long-term mortality, func-
tional capacity, and quality of life is
unclear.3

2b C-LD
4. In patients with acute PE in AHA/
ACC PE Categories D1-E1 in whom
thrombolysis is being considered,
the efficacy of CDL over systemic
thrombolysis to reduce short-term
fatal/nonfatal clinical deterioration,
and improve long-term survival,
functional capacity, and quality of
life is unclear, but CDL may be
considered over systemic throm-
bolysis to reduce major bleeding
risks.4
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Synopsis
CDL is the administration of a thrombolytic drug (most

commonly rt-PA) via a multi-side-hole transcutaneous
pulmonary catheter to dissolve a PE. The catheter used
for CDL may be standard or specialized (ultrasound-
assisted or featuring an expandable infusion basket).
Although >1000 patients treated with CDL have been
prospectively studied, <200 have been randomized
against anticoagulants alone.1

Recommendation-Specific Supportive Text

1. Patients in AHA/ACC PE Category E1 are generally
deemed to require advanced therapies beyond anti-
coagulation, one of which can be CDL. A systematic
review and meta-analysis of 594 patients, most of
whom were retrospectively studied, suggested that
catheter-based techniques (67% of these patients
received CDL) were associated with improved survival
to discharge.6

2. Small RCTs have demonstrated that CDL relieves RV
dysfunction faster than anticoagulants alone, as
measured by the RV/LV ratio.7,8 Major bleeding risk in
these studies with CDL was low. Patients with acute PE
and evidence of RV dysfunction showing signs of
impending deterioration (AHA/ACC PE Categories D1-
2) may benefit from reperfusion, and CDL may be an
appropriate option.7,8

3. Patients with acute PE in AHA/ACC PE Categories C2-3
who are stable with anticoagulation alone have a low
risk of clinical deterioration. Therefore, preventing
deterioration with a reperfusion strategy that carries
risks is not indicated.9 CDL trials have neither been
designed nor adequately powered to identify a

reduction in clinical deterioration by CDL compared
with anticoagulants alone in this population.7,8

Moreover, CDL plus anticoagulation likely has a higher
risk of major bleeding than anticoagulation alone. A
systematic review and meta-analysis suggested that
patients who undergo CDL have a lower likelihood of
death. However, this conclusion was limited by the
quality of the studies, as 13 out of 15 included studies
were observational.1 A separate concern is that resid-
ual thrombus and RV dysfunction persist after acute
PE and potentially cause reduced functional capacity,
exercise intolerance, and reduced quality of life. It is
unknown whether removing acute PE with CDL affects
these long-term outcomes in patients with acute PE in
AHA/ACC PE Categories C2-3.

4. The PEITHO trial demonstrated that systemic throm-
bolysis plus anticoagulation for patients who would fit
into AHA/ACC PE Categories C3-D2 was efficacious in
reducing the composite endpoint of death and clinical
deterioration but caused more major and intracranial
bleeding compared with placebo plus anti-
coagulation.8 It is unknown whether CDL has a similar
effect on fatal and nonfatal clinical deterioration for
patients with acute PE in AHA/ACC PE Categories C3-
D2, although as noted previously, CDL may improve
RV dysfunction faster than anticoagulation alone.
Although CDL and systemic thrombolysis have not
been compared directly to one another, CDL may have
a lower risk of major and intracranial bleeding than
systemic thrombolysis based on prospective single
arm studies.3-7,10 CDL plus anticoagulation likely has a
higher risk of major bleeding than anticoagulation
alone. There have been no studies dedicated to eval-
uating the safety and efficacy of CDL in patients with
acute PE fitting AHA/ACC PE Category E1. The previ-
ously noted systematic review and meta-analysis,
which largely included patients fitting AHA/ACC PE
Categories C2-D2, suggested that patients who un-
dergo CDL have a lower likelihood of death than pa-
tients treated with anticoagulation alone.1

5. The range of doses of rt-PA in CDL studies has been 4
mg to 24 mg total over 2 to 24 hours, with reduced
dose defined as <5 mg per PA and standard dose as 5 to
10 mg per PA.2,5,7,8,10,11 Although a total dose of 24 mg
has been associated with a high rate of major
bleeding,2 total doses up to 20 mg have not demon-
strated a higher bleeding rate than lower dose regi-
mens. One randomized trial suggested that lower dose
regimens conferred a similar benefit to higher regi-
mens as assessed by the postprocedure RV/LV ratio.3

However, this trial did not include a control group, so

Continued

COR LOE RECOMMENDATIONS

3: No Benefit B-NR
5. In patients with acute PE who are
undergoing CDL, a reduced throm-
bolytic dose of <5 mg of alteplase
per PA is not recommended over a
standard dose of 5 to 10 mg of
alteplase per PA to reduce the risk
of bleeding and/or reduce the rate
of fatal or nonfatal clinical
deterioration.3,5

3: No Benefit C-EO
6. In patients with acute PE in AHA/
ACC PE Categories A-C1, CDL is not
recommended over anticoagulation
alone for improving clinical out-
comes or symptoms.
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the confounding effect of anticoagulation on these
regimens is unknown. Standard dose regimens have
been associated with more thrombus removal than
reduced dose regimens.3,5

6. CDL has not been studied in patients who would fit
into AHA/ACC PE Categories A-C1. Advanced therapies
beyond anticoagulation, including CDL, are generally
unwarranted for these patients.

4.4.3. Mechanical Thrombectomy

Synopsis
MT is a form of percutaneous therapy for acute PE in

which a catheter is directed to the location of an
indwelling thrombus in the pulmonary arterial system.
This is commonly performed through the femoral vein,
and the objective is to extract thrombus directly from the
pulmonary circulation and externalize it from the body.
There are several devices that have been designed and
studied for this indication, encompassing a variety of
techniques for treatment of PE, including large-, moder-
ate-, and small-bore suction thrombectomy, clot frag-
mentation, rheolysis, maceration, extirpation, or a
combined pharmacomechanical approach. MT permits
immediate removal of thrombus, which may expedite
symptom relief and hemodynamic improvement in select
patients. Compared with other advanced therapies, the
advantages to percutaneous MT devices include (1) they
do not require concomitant administration of a lytic
medication, (2) they do not require an indwelling catheter
and post-procedure ICU stay, and (3) in some cases older
thrombus can be removed. Furthermore, MT has been
used as an adjunctive form of treatment in patients with
high-risk acute PE on mechanical circulatory support,
such as ECMO.

Recommendation-Specific Supportive Text

1. The largest interventional trial in high-risk PE is
the FLAME (FlowTriever� for Acute Massive Pulmo-
nary Embolism) study, a prospective, multicenter,
parallel-group design of 115 high-risk patients with PE
exhibiting characteristics of AHA/ACC PE category E1
who either underwent MT or other contemporary
therapies. In patients selected for MT, the primary
composite endpoint (all-cause mortality, bailout to
alternate therapy, clinical deterioration, major
bleeding) compared favorably to a prespecified per-
formance goal (32.0%, P<0.01), with MT patients
having a 17% (95% CI, 8.1-9.8%) incidence of the pri-
mary endpoint and 1.9% (95% CI, 0.0-10.1) in-hospital
mortality. In patients selected for treatment with
other therapies, the primary endpoint occurred in
63.9% (95% CI, 50.6-75.8%) of patients, and in-
hospital mortality was 29.5% (95% CI, 18.5-42.6).3

2. In the FLARE (FlowTriever� Pulmonary Embolectomy
Clinical Study) trial, patients with characteristics
fitting AHA/ACC PE Categories C3-D2 acute PE, large-
bore percutaneous MT led to a reduced RV/LV ratio
at 48 hours postprocedure.4 Average postprocedure
mean PA pressure decreased significantly compared
with preprocedure, although this finding was limited
to patients with PH on presentation.4 In the similarly
sized and designed EXTRACT-PE (Extraction of Acute
Clot in Right Heart and Pulmonary Arteries) trial,
moderate-bore embolectomy resulted in significant

Recommendations for Mechanical Thrombectomy
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

2a B-NR
1. In patients with acute PE in AHA/
ACC PE Category E1, it is reasonable
to choose MT plus anticoagulation
over anticoagulation alone to pre-
vent further clinical decompensation
and acute mortality.1-3

2b B-NR
2. In patients with acute PE in AHA/
ACC PE Categories D1-2 in whom
advanced therapy is being consid-
ered, MT plus anticoagulation may
be considered over anticoagulation
alone to prevent further clinical
deterioration.4-6

2b C-LD
3. In patients with acute PE in AHA/
ACC PE Categories C2-3, the benefit
of MT plus anticoagulation
compared with anticoagulation
alone is unclear in preventing short-
term fatal/nonfatal clinical deterio-
ration and improving long-term
survival and functional capacity.7

2b B-NR
4. In patients with acute PE in AHA/
ACC PE Categories D1-E1 in whom
advanced therapy is being consid-
ered, the efficacy of MT to reduce
short-term fatal/nonfatal clinical
deterioration and improve long-
term survival, functional capacity,
and quality of life over systemic
thrombolysis is unclear, but MT
may be considered over systemic
thrombolysis to reduce major
bleeding risks.3,6

3: No Benefit C-EO
5. In patients with acute PE in AHA/
ACC PE Categories A-C1, MT is not
recommended over anticoagulation
alone for improving clinical out-
comes or symptoms.
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reductions in mean RV/LV ratio from baseline to 48
hours postprocedure.5 The rate of major bleeding in
both of these trials were comparably low at 1% and
1.7%, respectively. In the large US and European
FLASH (FlowTriever� for Acute Hemodynamic
Improvement in Pulmonary Embolism) registry of
1000 patients treated with MT, mean PA pressures and
cardiac indices were found to be significantly
improved postprocedure.6 For patients with preexist-
ing PH, there was significant on-table reduction in
mean PA pressure after percutaneous therapy. Notable
improvements were also observed at follow-up with
respect to RV/LV ratio, RV size, and systolic function.6

3. In the EXTRACT-PE (Extraction of Acute Clot in Right
Heart and Pulmonary Arteries) trial of 119 patients
treated with moderate-bore MT, the rate of clinical
deterioration was low at 1.7%. Only 2 patients in this
study received intraprocedural thrombolysis. All-
cause mortality at 30 days was 2.5%, and symptom-
atic PE recurrence at 30 days was 0.0%. However, data
from this trial are limited in terms of longer-term
survival and quality of life.5 Among 800 patients in
the full US cohort of the FLASH (FlowTriever� All-
Comer Registry for Patient Safety and Hemody-
namics) registry, 76.7% had intermediate-high risk PE
and were treated with MT. Major adverse events
occurred in 1.8% of patients with all-cause mortality of
0.8% at 30-day follow-up. At 48 hours, there were
significant improvements in RV/LV ratio and patients
with severe dyspnea (66.5% to 15.6%, P<0.0001).7

Although this study confirmed a favorable safety pro-
file for large-bore MT and improvements in both he-
modynamic and functional endpoints, these data also
are limited to shorter term follow-up.

4. There are no randomized clinical trials designed to
compare the effectiveness of MT with systemic
thrombolysis for high-risk PE patients. Of the 61 pa-
tients within the context arm of the FLAME
study, 68.9% were primarily treated with systemic
thrombolysis. In the context arm, all-cause mortality
was 29.5% (95% CI, 18.5-42.6), and clinical deteriora-
tion after primary treatment initiation was 21.3%
(95% CI, 11.9-33.7). Bailout to alternate thrombus
removal strategy occurred in 16 patients (26.2%),
of which 13 patients received MT.3 In the MT arm of
this study, major bleeding occurred in 6 patients
(11.3%) compared with the 15 patients (24.6%) within
the context arm. This trial does not report on long-
term survival or quality of life outcomes beyond
45 days.

5. MT has not been studied in comparison to heparin-
based anticoagulation for patients with acute PE in
AHA/ACC PE Categories A-C1. Therefore, catheter-

directed MT is not warranted for these patient pop-
ulations beyond systemic anticoagulation alone.

4.4.4. Surgical Embolectomy

Synopsis
Modern surgical pulmonary embolectomy is per-

formed on cardiopulmonary bypass, typically through a

Recommendations for Surgical Embolectomy
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

2a B-NR
1. In patients with acute PE in AHA/
ACC PE Category E1, surgical embo-
lectomy compared with anti-
coagulation alone is reasonable to
prevent further clinical decompen-
sation and acute mortality.1-5

2b C-LD
2. In patients with acute PE in AHA/
ACC PE Categories D1-2 in whom
advanced treatment is being
considered, surgical embolectomy
plus anticoagulation may be
considered over anticoagulation
alone to prevent further clinical
deterioration.1-5

2b B-NR
3. In patients with acute PE in AHA/
ACC PE Categories D1-E1 who are
surgical candidates and in whom
advanced therapy is being consid-
ered, the benefits of surgical em-
bolectomy to reduce short-term
fatal/nonfatal clinical deterioration
and improve long-term survival,
functional capacity, and quality of
life over systemic thrombolysis is
unclear, but surgical embolectomy
may be considered over systemic
thrombolysis to reduce the risk of
ICH.4-8,12

3: No Benefit C-EO
4. In patients with acute PE in AHA/
ACC PE Categories A-C3, surgical
embolectomy is not recommended
over anticoagulation alone for
improving clinical outcomes or
symptoms.

3: No Benefit B-NR
5. In patients with acute PE in AHA/
ACC PE Category E2 not on me-
chanical circulatory support, surgi-
cal embolectomy is not
recommended over other advanced
therapies for preventing short-term
mortality.9
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sternotomy, with infrequent need for aortic cross-
clamping. Cardiopulmonary bypass supports the sys-
temic circulation and decompresses the failing RV to
mitigate the high mortality associated with pulmonary
embolectomy. Cardiopulmonary bypass functions by
diverting venous return to the heart to a reservoir,
pump, and oxygenator, upon which it is returned to the
arterial system. Physiologically, drainage of most of the
venous return results in immediate reversal of the
pressure volume overload that causes RV failure asso-
ciated with acute PE, thereby allowing the RV to
recover by permitting it to contract in an unloaded
state. Oxygenated arterial inflow supports and restores
systemic perfusion. VA-ECMO functions in a compara-
ble manner and with a similar physiological effect on
the RV.

There are no prospective randomized trials
comparing surgical embolectomy with other treatment
modalities for acute PE. Most data are derived from
retrospective cohort studies. These surgical series
consist primarily of patients with acute PE who have
characteristics of AHA/ACC PE Categories D2-E2 (30%-
100%), including those who had CPR (10%-40%), as
well as salvage cases after failed systemic thrombolytic
therapy (10%-30%).2-8 Survival in the context of the
high acuity and clinical severity of these patients is
quite favorable, with mortality rates ranging from 1% to
15%, depending on a variety of preoperative con-
founders.3 Survival of >97% has been reported among
those patients who did not require CPR. Morbidity is
also low in the absence of preoperative CPR.2,3 Gener-
ally, there is excellent RV recovery with normalization
of filling pressures and echocardiographic function at
early and midterm follow-up.2 3 The need for durable
postoperative mechanical circulatory support is not re-
ported in modern surgical series.1-3

Recommendation-Specific Supportive Text

1. In cohort studies of patients with acute PE undergoing
surgical embolectomy, the vast majority were tradi-
tionally classified high-risk or massive PE patients and
herein classified as AHA/ACC PE Categories D1-E2
(30%-100%).1-9 However, there has been no direct
comparison of the efficacy of anticoagulation-only
treatment and surgical embolectomy in this popula-
tion. Studies of surgical pulmonary embolectomy
consistently report high in-hospital survival among
patients undergoing surgical pulmonary embolectomy
who present with features of AHA/ACC PE Category E1,
with survival rates >97% in many series and with
minimal morbidity.3,5,7,8

2. Outcomes reported in a series of patients with acute PE
with characteristics of AHA/ACC PE Categories D1-2
who are selected for surgical embolectomy are good,
with low morbidity and in-hospital mortality (survival
>97%).3,5,7,8 Importantly, the efficacy of surgical em-
bolectomy versus anticoagulation alone has not been
studied in randomized trials.

3. There are several nonrandomized studies comparing
systemic thrombolytic therapy and surgical embolec-
tomy in patients with acute PE.4-8 Compared with
patients undergoing thrombolysis, many patients
described in the surgical series were more critically ill
and often were considered salvage cases after failed
systemic thrombolysis. Although most of these studies
were relatively small (n=45-136), there were several
common features.1,10-12 All-cause mortality was
numerically, but not significantly, higher in the co-
horts receiving systemic thrombolytic than surgical
embolectomy, but this may be attributed to sample
size limitations.1,10-12 Systemic thrombolysis was a
univariate and multivariate predictor of cardiac mor-
tality in 1 study.10 Mortality among patients who
required surgical embolectomy after failed systemic
thrombolytic treatment was numerically higher among
systemic thrombolytic recipients in some series (27%
versus 3.6%; P=0.1).1,12 Fatal and nonfatal bleeding
complications were higher with systemic thrombolysis
than surgical embolectomy.12 There were no reports of
ICH after surgical embolectomy but a notable risk with
systemic thrombolysis.1-9 Although equivalent long-
term survival has been reported, there is evidence
that surgical embolectomy is associated with
improved RV and pulmonary function as demon-
strated by greater improvement on RV size, lower
systolic PA pressure, and improved perfusion.1,11

4. There is no physiologic or clinical indication, nor any
studies, for surgical embolectomy in patients with
acute PE in AHA/ACC PE Categories A-C. Although
patients with acute PE in AHA/ACC PE Categories C2-3
exhibit some signs of RV involvement, they are he-
modynamically stable and do not have signs of end-
organ hypoperfusion due to RV dysfunction.

5. The profound hemodynamic instability of patients
with acute PE AHA/ACC PE Category E2 portends poor
survival, regardless of treatment. Among surgical se-
ries, these patients account for the majority of post-
operative deaths, largely from anoxic brain injury as a
consequence of preoperative cardiac arrest.1-9 Thus,
there is not sufficient evidence to recommend surgical
embolectomy over other treatment modalities, such as
VA-ECMO, in these patients.
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5. MONITORING AND FOLLOW-UP

5.1. Post-Acute PE Management

5.1.1. Follow-Up Care for Acute PE

Recommendations for Follow-Up Care for Acute PE
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 C-LD
1. In patients with acute PE, it is
beneficial to have clinical follow-up
within the first week of discharge to
provide patient education, address
barriers to anticoagulation therapy,
ensure adherence to prescribed
medications, and detect bleeding
complications.1-3

1 C-EO
2. Patients with acute PE should have a
clinical visit at or before 3 months
after diagnosis to discuss duration
of anticoagulation, review the need
for further testing, and assess for
persistent PE-related symptoms.

1 C-LD
3. Patients who have had acute PE should
be asked about PE-related symptoms
and functional limitations at every visit
for at least 1 year to screen for CTEPDor
other causes of dyspnea and functional
limitation.4,5-8

1 B-NR
4. In patients with a history of acute PE
who remain on anticoagulation into
the extended phase (beyond 3-6
months from diagnosis), periodic
reassessment of the risk and bene-
fits of continued anticoagulation is
recommended to ensure the safety
and efficacy of continuing
anticoagulation.9,10

2a B-NR
5. In patients with acute PE, the use of
general or disease-specific ques-
tionnaires is reasonable to screen for
anxiety and depression at follow-up
visits.11-14

2a B-NR
6. In select complex patients* with acute
PE, it is reasonable to have follow-up
care occur in a specialized PE clinic†, if
available, to optimize care.15

2b B-NR
7. In patients who remain symptomatic
3 to 6 months after acute PE, it may
be reasonable to obtain a perfor-
mance test (six-minute walk test,
incremental shuttle walk test,
endurance shuttle walk test) to
quantify physical limitations and
identify which patients require more
extensive evaluation.5,16

continued in the next column

Continued

COR LOE RECOMMENDATIONS

Cancer Screening and Thrombophilia Testing in the Absence of
PE Risk Factors

1 A
8. In patients with acute PE without
associated identifiable risk factors, a
thorough history, physical examina-
tion, and age-appropriate cancer
screening should be obtained to
diagnose undetected cancer.17-20

2b C-LD
9. In patients without a major revers-
ible risk factor21 for acute PE who
have a family history of thrombosis
or are <55 years of age, it might be
reasonable to perform testing for
genetic and acquired thrombophilia
if the thrombophilia tests results
are anticipated to change manage-
ment or better inform family risk
discussions.22

3: No Benefit A
10. In patients with acute PE, routine

imaging with CT or positron emis-
sion tomography-CT is not recom-
mended to diagnose undetected
cancer.17,18

Contraception, Pregnancy, and Hormonal Therapy

1 C-EO
11. Patients of childbearing potential
with acute PE should be counseled
about contraception and anti-
coagulation options in the event
that they become pregnant.

2a C-EO
12. In patients who have experienced a

PE and become pregnant, man-
agement by a team specializing in
thrombotic complications can be
useful to minimize pregnancy-
related complications.

2a C-LD
13. For patients using anticoagulant
therapy for the treatment or pre-
vention of PE who have experienced
or are at risk of abnormal uterine
bleeding, it is reasonable to discuss
medical management (eg, hormonal
therapies), alternate anticoagulant
strategies, and gynecologic inter-
ventional strategies to mitigate
abnormal uterine bleeding risk
rather than considering anti-
coagulation cessation.23-27

continued in the next columnContinued on the next page
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Synopsis
A key component of PE management is appropriate

follow-up in the outpatient setting. The primary objec-
tives of outpatient follow-up are to assess symptom
improvement, ensure anticoagulation appropriateness
and compliance, evaluate individual risks of recurrent
VTE and bleeding, investigate underlying thrombophilia
when appropriate, and identify long-term sequelae of PE
(eg, CTEPD). For patients with an uncomplicated course,
follow-up with a primary care physician is often suffi-
cient. In contrast, those with complex courses often
require advanced care that can be provided in a specialty
clinic or in a multidisciplinary manner (Table 8).

Initially, patient education and medication adherence
are emphasized, especially for outpatient-managed PE.
This interaction can occur in person or virtually, facili-
tated by nurses, advanced practice providers, pharma-
cists, or physicians. At approximately 3 months after
acute PE, a dedicated visit with a physician or advanced
practice provider should occur to discuss the duration of
anticoagulation, evaluate for ongoing symptoms, and
assess the need for further testing. The clinical evalua-
tion, patient’s family history, and circumstances of the
acute PE will guide the need to explore potential under-
lying causes (eg, thrombophilia, cancer, or concurrent
diseases).

Assessment of functional limitations and determining
the need for additional imaging are crucial for detecting
CTEPD and evaluating for other diagnoses that may
contribute to functional limitation. Beyond physical
symptoms, evaluating quality of life, depression, and
anxiety is important for patients who have experienced
PE. Additionally, females of reproductive age should
receive counseling regarding contraception, pregnancy
planning, and menstrual bleeding.

Recommendation-Specific Supportive Text

1. Although there are no clinical studies that have ran-
domized patients to different intervals of follow-up,

most programs caring for patients with acute PE in
the outpatient setting include communication with
the patient shortly after discharge from the hospital.
These programs have demonstrated low rates of
adverse events or repeat hospitalization when there is
an outpatient management strategy in carefully
selected patients.3 Initial follow-up encounters can be
facilitated by nurses, advanced practice providers,
pharmacists, or physicians and performed in person or
by telehealth. These early postdiagnosis visits should
focus on patient education and address initial barriers
to care and anticoagulation therapy, as well as ques-
tions from the patients or their families. The interval
of this initial follow-up encounter for most programs is
between 48 hours and 7 days.1,2,14

2. The initial treatment phase for patients with an acute
PE lasts for 3 to 6 months (Section 5.2.1, “Recurrent
Pulmonary Embolism”). Therefore, a visit within this
period provides an excellent opportunity to discuss
several important aspects with the patient. These
include duration of anticoagulation, the risk of VTE
recurrence, strategies to detect risk factors that may
influence the duration of anticoagulation (such as
cancer or thrombophilia), and periprocedural man-
agement of anticoagulation. Additionally, it is essen-
tial to address contraception and hormonal risks
associated with VTE recurrence for females of repro-
ductive age.

3. Between one-third and one-half of the patients who
have had a symptomatic PE will report dyspnea or
limitations to physical activity on follow-up for
months to years after a PE.4-6 The prevalence of

TABLE 8 Indications for Referral to a Specialized Clinic for
Management

Indication Description

Complex anticoagulation
management

Patients requiring frequent adjustments or
monitoring of anticoagulation therapy, including
labile INRs, or fluctuating renal function,
anticoagulation failure, allergies, high-risk/
active bleeding

VTE history or recurrent
PE

Patients with a history of recurrent VTE or those
with an elevated risk of recurrence

Unresolved symptoms Patients with ongoing symptoms such as dyspnea or
exercise intolerance, potentially indicating
CTEPD, may require specialty care

Pregnancy-related PE Pregnant or postpartum patients with PE may
require specialized management due to the
associated complexities of anticoagulation
during pregnancy and the postpartum period

Complicated clinical
presentation

Patients with a PE in the setting of complex medical
conditions (cancer, severe chronic illnesses),
which may complicate standard treatment

Expert second opinion Patients or referring physicians seeking a second
opinion on management of complex patient care

CTEPD indicates chronic thromboembolic pulmonary disease; INR, international
normalized ratio; PE, pulmonary embolism; and VTE, venous thromboembolism.

Continued

COR LOE RECOMMENDATIONS

2b C-LD
14. In patients with acute PE who

require or are being considered for
estrogen-containing hormone
therapy, continuation or initiation
of hormonal therapy might be
considered if there is a favorable
risk-benefit ratio and the patient
remains on anticoagulation.26

*Complex patients likely to benefit from specialized care are referenced in Table 8.
†Specialty clinics are defined as those with expertise in PE management, such as
pulmonology/critical care, hematology, cardiology, vascular medicine or, if available, a
multidisciplinary PERT clinic.
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shortness of breath is higher after an acute PE associ-
ated with RV dysfunction and can be a presenting
symptom of CTEPD.28 CTEPD with PH complicates
2.3% to 4% of acute PEs. However, the diagnosis of
CTEPD is often delayed given overlaps with other
conditions (eg, deconditioning, anemia, heart failure,
obstructive sleep apnea, ventilatory problems), all of
which should be promptly identified and addressed to
improve patient outcomes and quality of life.4,5,7,28 A
study of protocols with follow-up at 2 to 4 months
after the diagnosis of an acute PE with RV dysfunction
revealed limited activity due to fatigue or shortness of
breath in half of the patients.28 In those patients, 77%
had an abnormal perfusion scan or echocardiogram. In
the remaining 23%, other etiologies of fatigue and
shortness of breath were identified. This emphasizes
the importance of follow-up to evaluate symptomatic
patients. The International Consortium for Health
Outcomes Measurement consensus recommendation
on PE suggests evaluating the patients at 3 months, 6
months, 1 year, and annually as long as the patient is
under care.8

4. As clinical circumstances are not static, periodic re-
evaluation of bleeding risk and thrombosis recur-
rence risk in patients requiring extended phase anti-
coagulation (beyond the initial 3-6 months after
diagnosis) is recommended. During these evaluations,
it is essential to review the need for continued anti-
coagulation and consider the choice of anticoagulant
based on individual factors, such as interactions with
concurrent medications, kidney function, and liver
function. In a population system monitoring anti-
coagulation with DOACs, approximately 13% of pa-
tients experienced critical alerts.9 These alerts were
related to inadequate dosing of the anticoagulant or
drug-drug interactions. Fortunately, most electronic
medical records systems offer real-time alert systems
for prescriptions with potential interactions. However,
it is equally important to establish effective workflows
to address the alerts or clinical changes
promptly.10,29,30

5. Depression, anxiety, and post-traumatic stress disor-
der are common in patients who have experienced PE
and may persist over time.14,31-33 Many patients report
a lack of support and information during follow-up
care, leading to delays in addressing these issues.
It is crucial for health care professionals to recognize
not only the physical, but also the psychological,
aspects of VTE management in order to improve
patient outcomes.12 Screening for depression, anxiety,
and post-traumatic stress disorder, and an evaluation
of quality of life with general or disease-specific
questionnaires, are suggested for appropriate man-
agement and referral of these patients.11,13,32

6. In areas where such care is available, it is reason-
able that PE follow-up occurs in a specialty clinic.
This is of particular importance in patients whose
initial PE presentation was complicated by hemo-
dynamic instability, recurrent or unprovoked
thrombosis, or prolonged hospitalization (Table 8). A
multidisciplinary clinic can be staffed by specialists
in pulmonary/critical care, hematology, cardiology,
vascular medicine, and/or pharmacy. This model of
care is supported by retrospective studies and
expert consensus recommendations.15,34,35 In such a
clinic, patients should be assessed for appropriate
anticoagulation dosage and duration, undergo
thrombophilia testing (when appropriate), aid with
IVC filter retrieval (if necessary), and be assessed for
the sequelae of PE (eg, CTEPD).36 The timing of
follow-up in a specialty clinic should be based on
the level of acuity and complexity of the patient’s
initial presentation but should occur within 1 to 3
months.

7. Even though the cardiopulmonary exercise test is
considered the gold standard for diagnosing CTEPD,
there are limitations related to availability and cost.
Alternative performance tests that require minimal
equipment or that can be conducted in office settings
offer valuable insights. These tests help quantify ex-
ercise capacity, identify patients at risk of exercise
limitation, and track longitudinal changes in exercise
capacity.16 Among these tests, the six-minute walk
test stands out as a simple yet effective tool.37

Being one of the most used tests to address cardio-
pulmonary function, it can be performed in almost any
setting. It requires a 30-meter walking path, where
patients walk at a comfortable pace for 6 minutes. The
distance walked in a six-minute walk test at 1 month
after an acute PE is predictive of exercise limitation
at 1 year.5

Other tests include the incremental shuttle walk test and
the endurance shuttle walk test, which measure walking
distance in a 10-meter shuttle course at incremental and
constant speed, respectively. The incremental shuttle
walk test is associated with activity levels in patients after
acute PE.16,38

8. In patients with acute PE, cancer is diagnosed in 4% to
10% during the first year when no major reversible risk
factors for PE are identified (eg, surgery).20,39 The
incidence of cancer increases with age.20 Almost half
of cancers are diagnosed through a thorough medical
history and physical examination. Therefore, per-
forming a comprehensive medical history, physical
examination, and age-appropriate cancer screening in
accordance with national guidelines remains an
appropriate strategy to identify undetected
cancers.17,19,20
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9. Thrombophilia testing is not recommended in patients
who had a PE associated with major reversible risk
factors, such as surgery, major trauma, or immobili-
zation.21 The risk of recurrence in these patients is low,
and the duration of anticoagulation therapy will be
limited regardless of the presence or absence of a
thrombophilia.40 In cases where no clearly provoking
factor for PE can be identified, testing for hereditary
thrombophilia does not significantly alter the duration
of the patient’s anticoagulant treatment. Furthermore,
it is important to recognize that thrombophilia testing
can have unintended consequences, including the
potential for discrimination and psychological well-
being.41-43

Isolated heterozygosity for common genetic mutations
(eg, factor V Leiden, prothrombin gene mutation) are not
consistently associated with an increased risk of recur-
rence. Consequently, these mutations usually do not in-
fluence the duration of anticoagulation therapy.
Deficiencies in natural anticoagulants (antithrombin,
protein C, protein S), however, are linked to a higher risk
of recurrence and may necessitate extended anti-
coagulation.44 These thrombophilias are infrequent but
tend to manifest at an earlier age and often coincide with
a family history of thrombosis.22

Before proceeding with thrombophilia testing, the po-
tential risks and benefits should be thoroughly discussed,
as well as how the test results will impact the patient’s
management. Genetic counseling is advisable before un-
dergoing genetic testing. Shared decision-making with
the patient should include a discussion of the potential
implications of testing on their overall care. If it is decided
to proceed with thrombophilia testing, genetic and
immunologic testing can be performed at any time.
However, coagulation-based tests are often affected by
consumption of factors during the acute phase of a PE and
by administration of anticoagulant medications. There-
fore, coagulation-based tests should not be performed
during the acute phase of a PE, and potential interference
with anticoagulants should be considered to ensure reli-
able results.45

10. Extended screening strategies (including
fludeoxyglucose-positron emission tomography or
CT) slightly increase the number of diagnosed cancers
early in the follow-up, but differences are lost at 1
year. More importantly, they do not demonstrate a
benefit in mortality in patients with an acute PE or
detect cancers at an earlier (and potentially curable)
stage.17-20 Extended cancer screening results in
additional downstream procedures and economic
costs.17-20

11. All available oral anticoagulants have the potential
for adverse events, including teratogenicity during
pregnancy.46,47 Patients should be counseled on

effective contraception if pregnancy is not desired.
Additionally, patients should be advised to notify
their medical team promptly if they become pregnant
while on an oral anticoagulant in order to transition
to an agent that is considered safe during pregnancy.
Patients who wish to pursue pregnancy should
discuss their plans with their medical team to arrange
for appropriate timing, follow-up, and a safe anti-
coagulation strategy.

12. Patients with PE who become pregnant or have a
desire to become pregnant should be managed and
counseled by a team with experience in complex and
high-risk pregnancies. Ideally, an interdisciplinary
team should include physicians with expertise in
thrombosis, maternal-fetal medicine, and cardiopul-
monary medicine, depending on the clinical situation
and functional status of the patient. Patients on oral
anticoagulation may need to transition to an alter-
native agent (eg, LMWH). Patients with a prior PE
who are not currently using anticoagulation may
require thromboprophylaxis during pregnancy and
the postpartum period.48 There should be advanced
planning for the delivery in order to minimize the risk
of bleeding in the patient and fetus.

13. Abnormal uterine bleeding (AUB), including menor-
rhagia, intermenstrual or postmenopausal bleeding,
is common in women on anticoagulants.25 Although
major bleeding and clinically relevant nonmajor
bleeding events are uncommon (0%-2%) in patients
with AUB associated with anticoagulant use, bleeding
frequently impacts their quality of life and often
leads to discontinuation of anticoagulant therapy.
The risk of AUB varies among different anticoagulant
agents. Compared with warfarin, rivaroxaban and
edoxaban have a higher risk of bleeding, whereas
dabigatran is associated with a lower risk of bleeding,
and apixaban shows no significant difference in
bleeding risk.23-26,49,50 It is important to note that
there are no randomized trials of direct comparisons
among all the available oral anticoagulants in this
circumstance. Individual patient factors and prefer-
ences should guide the choice of anticoagulants,
considering both efficacy and bleeding risk.
Managing AUB in women on anticoagulants requires a

careful and individualized approach. The PALM–COEIN
acronym (Polyp, Adenomyosis, Leiomyoma, Malignancy
and hyperplasia, Coagulopathy, Ovulatory dysfunction,
Endometrial, Iatrogenic, and Not otherwise classified)
can guide the diagnosis of the underlying cause. Medical
management is often the first line of treatment, with
options such as high-dose progestin-only therapy,
combined hormonal contraceptives (if the patient is on
anticoagulation), and the levonorgestrel intrauterine
system. In cases where medical management is
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insufficient, surgical interventions like endometrial
ablation may be considered.26,51 Interdisciplinary
collaboration with gynecology is of paramount impor-
tance to provide an individualized plan for diagnosis
and management.

Despite the risk associated with oral estrogen-
progestin combination contraceptives and other
estrogen-containing hormonal replacement therapy,
these medications may be indicated for contracep-
tion, management of uterine bleeding, dysmenor-
rhea, hyperandrogenic symptoms, menopausal
vasomotor symptoms, and others.52

14. A post hoc analysis of the EINSTEIN (Efficacy and
Safety of Rivaroxaban for the Treatment of Symp-
tomatic Deep-Vein Thrombosis) study cohorts and
the MEGA (Multiple Environmental and Genetic
Assessment) study showed no increase in VTE recur-
rence in premenopausal or postmenopausal women
receiving estrogen-containing hormonal therapies
while on therapeutic anticoagulation.26,53 Continua-
tion of hormonal therapy can be considered when
clinically important, as long as the patient is on
therapeutic anticoagulation. There is no information,
however, regarding the safety of hormonal therapy
while taking lower doses of anticoagulants for
extended secondary prophylaxis.

5.1.2. Patient Activity and Travel

Synopsis
Many patients with acute PE and their clinicians

wonder about safe methods of mobilization and trans-
portation. Once anticoagulation has been initiated, early
ambulation can reduce venous stasis and help to prevent
further deconditioning, if safe from an overarching
medical standpoint. Another area of particular concern is
subsequent travel and associated interventions to reduce
the risk of PE-related risks and recurrence. Travel,
whether by car, train, or airplane, often involves limited
mobility, which can increase VTE risk through venous
stasis. The period shortly after diagnosis of an acute PE is
when the RV and lung parenchyma are often healing from
the acute PE insult and VTE recurrence risk is highest.
Therefore, it may be prudent for patients to take pre-
cautionary measures during this time. This can include
frequent ambulation, limiting long-distance travel, and
the use of compression stockings to reduce venous stasis.
Longer-term preventative strategies to reduce VTE risk
can be considered for patients who have survived a
travel-related acute PE event.

Recommendation-Specific Supportive Text

1. Outcomes of bed rest versus early ambulation in pa-
tients with acute PE, DVT, or both, who are receiving
standard anticoagulation treatment were studied in a
meta-analysis of 3048 patients from RCTs and pro-
spective registries.1 The meta-analysis indicated that
early ambulation trended toward a lower incidence of
new PE and progression of DVT, as well as a lower
overall mortality rate, than extended bed rest.1

2. A recent Cochrane review of 12 randomized studies
comprising 2918 patients found a significant reduction
in the risk of asymptomatic DVT among patients who
wore compression stockings versus those who did not
for long-haul air travel of $5 hours. By extension, a
reduction in DVT risk is likely to also reduce the risk of
acute PE for individuals undergoing long-haul travel.3

3. Many patients with a history of PE do not remain on
indefinite anticoagulation therapy beyond the initial
treatment phase (3-6 months). In those patients who
choose not to remain on anticoagulation during the
extended phase but who previously experienced a

Recommendations for Patient Activity and Travel
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

2a A
1. In patients recovering from acute
PE, it is reasonable to encourage
early ambulation rather than bed
rest in order to reduce the risk of
complications.1

2a B-R
2. In patients with a history of acute
PE, use of compression stockings
during long-haul (≥5 h) travel can be
useful to lower the risk of DVT.2,3

2b C-EO
3. In patients with a history of acute PE
related to travel or immobility who
are not currently receiving anti-
coagulation therapy, it may be
reasonable to use a one-time pro-
phylactic dose of an oral anticoag-
ulant or a parenteral LMWH on the
day of long-haul travel to reduce
the risk of recurrent VTE.

continued in the next column

Continued

COR LOE RECOMMENDATIONS

2b C-LD
4. For patients recovering from acute
PE in AHA/ACC PE Categories C2-E,
it may be reasonable to restrict
long-haul travel for 4 weeks after
initiation of treatment or when
symptoms have resolved to reduce
risk of adverse events.1
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travel- or immobilization-related PE, the use of a
1-time prophylactic-intensity anticoagulant dose is
reasonable when traveling long distances (eg, $4-h
flight) to prevent recurrent PE. This can be achieved
either using a 1-time dose of a parenteral LMWH or a
DOAC.

4. Patients with acute PE and RV dysfunction consistent
with AHA/ACC PE Categories C-E typically require a
longer period for recovery of RV function, normaliza-
tion of pulmonary oxygenation, and resolution of
dyspnea. These patients are also at higher risk of 30-
day adverse events, including mortality.4 Increased
venous stasis associated with long-duration travel and
the stress of lower oxygen levels and pressure changes
associated with air travel may pose additional risk to
patients with acute PE who experienced RV dysfunc-
tion or have ongoing PE-related symptoms (eg,
dyspnea).

5.2. Anticoagulation Therapy by Recurrence Risk

Recommendations for Anticoagulation Therapy by
Recurrence Risk
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 A
1. In patients with a first acute PE and
no major reversible risk factor,
continuing anticoagulation beyond
the initial treatment phase (3-6
months) into the extended treat-
ment phase* is beneficial to prevent
recurrent VTE.1-4

1 B-NR
2. In patients with a first acute PE due
to a major reversible risk factor,
stopping anticoagulation at the end
of the initial treatment phase (3-6
months) is recommended over
continuing anticoagulation into the
extended treatment phase in order
to optimize the net clinical benefit
of recurrent VTE versus bleeding.5

1 C-LD
3. In patients with a first PE due to a
persistent risk factor, continuing
anticoagulation at the initial treat-
ment phase (3-6 months) into the
extended treatment phase is
reasonable in order to prevent
recurrent VTE.6

continued in the next column

Continued

COR LOE RECOMMENDATIONS

1 A
4. For patients with a PE who are
offered anticoagulation beyond the
initial treatment phase (3-6
months) into the extended treat-
ment phase, treatment with a
DOAC, unless contraindicated, is
recommended over a VKA to reduce
the risk of bleeding.7-9

1 A
5. For patients with a PE and with
cancer who are offered anti-
coagulation beyond the initial
treatment phase (3-6 months) into
the extended treatment phase,
either a DOAC or LMWH is recom-
mended over VKA to reduce the risk
of recurrent VTE.10-15

1 B-R
6. For patients with a PE and without
cancer offered anticoagulation
beyond the initial treatment phase
(3-6 months) into the extended
treatment phase, but have a
contraindication to DOAC, VKA is
recommended over aspirin or no
therapy to reduce the risk of
recurrent VTE.16-18

1 A
7. For patients with a PE who are
offered anticoagulation beyond the
initial treatment phase (3-6 months)
into the extended treatment phase,
treatment with half-dose apixaban
or rivaroxaban is recommended to
reduce the risk of bleeding.8,9,19,20

2a B-NR
8. In patients with a first acute PE due
to a minor reversible risk factor,
shared decision-making about
stopping anticoagulation at the end
of the initial treatment phase (3-6
months) versus continuing anti-
coagulation into the extended
treatment phase is reasonable in
order to optimize the net clinical
benefit of recurrent VTE versus
bleeding.3

2a B-R
9. For patients who would be offered
anticoagulation beyond the initial
treatment phase (3-6 months) into
the extended treatment phase, but
have a contraindication to or refuse
anticoagulation, it is reasonable to
choose low-dose aspirin over no
therapy to reduce the risk of
recurrent VTE.21,22

*Anticoagulation beyond the initial 3 to 6 months without an anticipated stop date.
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Synopsis
The likelihood of recurrent VTE after an initial episode

of PE depends on whether risk factors for VTE were pre-
sent at the time of the initial PE. These factors may be
divided into major reversible risk factors, minor revers-
ible risk factors, persistent (chronic) risk factors or, if
none are present, the absence of reversible or persistent
risk factors (Table 9). The risk of recurrent VTE is low in
patients with acute PE and with major reversible risk
factors, and anticoagulation may be safely stopped in
these individuals. In patients with VTE associated with a
minor reversible risk factor or persistent risk factor, de-
cisions to treat beyond an initial treatment period of 3 to
6 months should balance the risk of recurrent VTE versus
the risk of bleeding. The risk of recurrent VTE is high in
individuals without identifiable risk factors, and these
patients should be considered for extended phase
anticoagulation.

Treatment of VTE may be divided into several phases:
an initiation phase, an initial treatment phase, and an
extended treatment phase. When acute VTE is first
diagnosed, anticoagulation commences using regimens
such as apixaban 10 mg twice daily for 7 days, rivarox-
aban 15 mg twice daily for 21 days, $5 days of parenteral
anticoagulation before starting dabigatran or edoxaban,
or parenteral anticoagulation (eg, with LMWH) along with
a VKA until achieving an international normalized
ratio $2. The initial maintenance treatment phase follows
the initiation phase and continues for 3 to 6 months. At
the end of the initial treatment phase, a decision is made
whether to continue anticoagulation into the extended
treatment phase, defined as continuation of anti-
coagulation beyond the initial 3 to 6 months without an
anticipated stop date.

Recommendation-Specific Supportive Text

1. Individuals who develop VTE in the absence of an
identifiable risk factor are at high risk of recurrent VTE
after anticoagulation is stopped (∼30%-40% at 10
years ).1,3 In a study of 281 patients with unprovoked
VTE randomized to extended phase anticoagulation
(usually warfarin) versus stopping anticoagulation af-
ter the initial treatment phase, extended phase anti-
coagulation was associated with an 80% relative risk
reduction of recurrent VTE (2.75 versus 13.54 events
per 100 patient-years) with no significant increase in
major bleeding.4 In a meta-analysis of 26 studies
(15,603 patients) receiving anticoagulation into the
extended phase for unprovoked VTE, the incidence of
recurrent VTE was 1.41 per 100 person-years.2 Thus,
anticoagulation into the extended phase of anti-
coagulation significantly reduced the risk of recurrent
VTE in patients with no identifiable risk factor.

2. In patients with acute PE and a major reversible risk
factor, stopping anticoagulation after the initial
treatment phase (3-6 months) is associated with a low
risk of recurrent VTE. This is especially true if the PE
occurred in the setting of a surgical risk factor (annu-
alized event rate <1% per patient-year).5 The risk of
VTE recurrence in patients with a major reversible risk
factor is similar whether an individual has received
3 to 6 months of anticoagulation or up to 24 months of
anticoagulation, suggesting no benefit of extending
anticoagulation beyond 3 to 6 months for these
patients.3

3. Individuals who develop VTE in the presence of
persistent risk factors, such as inflammatory bowel
disease, autoimmune disorders, and chronic immo-
bility, are at higher risk of both first VTE and

TABLE 9 Risk Factors for Venous Thromboembolism

Major Reversible Risk Factor Minor Reversible Risk Factor Persistent Risk Factor

n Surgery with general anesthesia $30 minutes
n Hospitalization for acute medical illness $72 hours
while confined to hospital bed

n Cesarean section
n Lower limb fracture

n Surgery with general anesthesia <30
minutes

n Hospitalization for acute medical
illness <72 hours

n Out-of-hospital acute medical illness $72
hours while confined to bed

n Estrogen therapy (hormone replacement or
contraceptive)

n Peripartum period
n Trauma with decreased mobility $72 hours

n Active cancer with or without ongoing
treatment

n Autoimmune disease (eg, rheumatoid arthritis,
systemic lupus erythematous)

n Inflammatory bowel disease
n Chronic immobility

Adapted from Kearon et al.38 Copyright 2016, with permission from Elsevier.
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recurrent VTE than patients with transient risk fac-
tors.23 For example, patients with autoimmune dis-
eases have a 1.7-times risk of recurrent VTE
compared with those without autoimmune dis-
eases.24 Thus, continuing anticoagulation into the
extended phase may be reasonable to reduce the risk
of recurrent events in patients with persistent risk
factors.6

4. Multiple randomized trials, observational cohort
studies, and meta-analyses have evaluated the efficacy
and safety of DOACs compared with placebo, aspirin,
or warfarin, in patients who receive anticoagulation
beyond the initial 3 to 6 months of the treatment phase
in the extended phase. In a randomized trial of >4000
patients, dabigatran was superior to placebo and
noninferior to warfarin with respect to recurrent or
fatal VTE, with no difference in major bleeding be-
tween dabigatran, warfarin, and placebo.25 In a ran-
domized study of >1100 patients, rivaroxaban 20 mg
daily, when compared with placebo, was associated
with significantly lower risk of recurrent VTE with
similar risk of major bleeding.26 In another random-
ized study of >3300 patients, both rivaroxaban 20
mg daily or 10 mg daily, when compared with aspirin
100 mg daily, were associated with significantly
lower risk of recurrent VTE, with no difference in
major bleeding between the 3 groups.27 In a ran-
domized study of >2400 patients, apixaban 2.5 mg
twice daily and apixaban 5 mg twice daily, when
compared with placebo, were associated with
significantly lower risk of recurrent VTE and all-
cause mortality, with no difference in major
bleeding between the 3 groups.28 Finally, in an RCT
of >8200 patients, edoxaban, when compared with
warfarin, was associated with a similar risk of
recurrent VTE, with a lower risk of clinically relevant
bleeding than warfarin.7 Consequent retrospective
studies and a meta-analysis of >62,000 patients have
suggested that risk of bleeding is lower with a DOAC
than with warfarin.8,9

5. Patients with VTE in the setting of active cancer or
undergoing treatment for cancer are at high risk of
recurrent VTE.29 In patients with VTE and active can-
cer, LMWH compared with warfarin is associated with
a lower risk of recurrent VTE and a similar risk of major
bleeding.30,31 DOACs (apixaban, rivaroxaban, and
edoxaban), when compared with LMWH, are non-
inferior with respect to recurrent VTE with a similar
risk of major bleeding.12,32-35

6. In 2 randomized trials with >500 patients with acute
PE, warfarin was associated with significantly lower
risk of recurrent VTE compared with placebo, albeit at
a higher risk of bleeding.16,17 In a meta-analysis of
>22,000 patients with acute PE that compared
warfarin with aspirin or placebo, VKA was associated
with a significantly lower risk of VTE recurrence but at
a cost of higher risk of bleeding.18

7. In a randomized study of 3396 patients receiving
rivaroxaban 20 mg daily, rivaroxaban 10 mg daily, or
aspirin 100 mg daily for extended anticoagulation,
rivaroxaban 10 mg daily was associated with a similar
risk of recurrent VTE and major bleeding when
compared with rivaroxaban 20 mg daily.27 In a ran-
domized study of 2486 patients receiving apixaban 2.5
mg twice daily, 5 mg twice daily, or placebo for
extended anticoagulation, apixaban 2.5 mg twice daily
was associated with a similar risk of recurrent VTE,
VTE-related death, and major bleeding, when
compared with apixaban 5 mg twice daily.28 However,
these studies were powered to assess whether each
dose of rivaroxaban (20 mg daily or 10 mg daily) or
apixaban (5 mg twice daily or 2.5 mg twice daily) was
superior to aspirin or placebo, respectively, rather
than directly comparing the efficacy and safety of
rivaroxaban 20 mg daily versus 10 mg daily, or apix-
aban 5 mg twice daily to 2.5 mg twice daily. In the
RENOVE (Reduced Dose Versus Full-Dose of Direct
Oral Anticoagulant After Unprovoked Venous Throm-
boembolism) trial, 2768 patients with VTE at increased
risk of recurrence were randomized to receive either
reduced-dose apixaban (2.5 mg twice daily) or rivar-
oxaban (10 mg daily) or to receive full-dose apixaban
(5 mg twice daily) or rivaroxaban (20 mg daily) after an
initial 6 to 24 months of initial anticoagulation.19 The
overall rates of VTE were low in all groups (2.2%
versus 1.8%; adjusted HR, 1.32 [95% CI, 7.7-12.1] for
reduced-dose versus full-dose, respectively).19 The
rate of major or clinically relevant nonmajor bleeding
was lower in the reduced-dose DOAC group (9.9%)
compared with the full-dose DOAC group (15.2%;
adjusted HR, 0.61 [95% CI, 0.48-0.79]).19 In API-CAT
(Apixaban Cancer-Associated Thrombosis Trial), 1766
patients with cancer-associated VTE were random-
ized to apixaban 2.5 mg or 5 mg twice daily after at
least 6 months of treatment.20 The rate of recurrent
VTE was similar in both groups (2.1% versus 2.8%,
respectively; HR, 0.76 [95% CI, 0.41-1.41]). The rate
of clinically relevant bleeding was 12.1% versus
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15.6% (HR, 0.75 [95% CI, 0.58-0.97), suggesting that
half-dose DOAC can be safe and effective even in
patients at high risk for VTE recurrence and
bleeding.

8. Individuals who develop VTE in the presence of a
minor, especially nonsurgical, reversible risk factor,
are at risk of recurrent VTE after anticoagulation is
stopped (annualized event rate of 4.2%-7.1%).36 Thus,
the decision whether to stop anticoagulation at the
end of the treatment phase or to continue anti-
coagulation into the extended phase should balance
the risk of recurrent VTE versus bleeding. Shared
decision-making and considering the patient’s prefer-
ence is important. A VTE recurrence risk score (eg,
VTE-PREDICT) that considers patient demographics,
medical history, index event, presence of reversible
risk factors, and comedications may be used to esti-
mate the risk of recurrent 1- or 5-year VTE alongside
clinically relevant bleeding to facilitate shared
decision-making conversations.37 However, the VTE-
PREDICT score has not been prospectively validated.
Additionally, persistent risk factors may vary over
time, such as curative management of a cancer. Thus,
regular reassessment of necessity to continue
extended anticoagulation, weighing the benefits and
risks of anticoagulation, is critical.

9. Several randomized trials that have evaluated the role
of aspirin in VTE prevention have yielded inconsistent
results. In a randomized trial of >400 patients with a
history of VTE without an identifiable risk factor,
aspirin was associated with a significantly lower risk of
recurrent VTE and no increased risk of bleeding.21 In
another study with a similar population of >822 pa-
tients, aspirin was not associated with a reduction in
recurrent VTE; however, aspirin discontinuation was
common, up to 12% per year, limiting the interpreta-
tion of these results.22

5.2.1. Recurrent Pulmonary Embolism

Synopsis
Recurrent PE in patients who are receiving thera-

peutic anticoagulation is uncommon. There is an
increased risk in patients with cancer and those with
antiphospholipid antibodies. In patients with suspected
recurrent PE while receiving therapeutic anti-
coagulation, imaging is recommended to confirm a
recurrent event. A CTPA is preferable, but a V/Q scan is
a reasonable alternative if a baseline comparator V/Q
scan is available. In addition, a comprehensive evalua-
tion should be undertaken to determine if there is an
identifiable etiology for the recurrence. If anti-
coagulation was subtherapeutic or there is demon-
strable nonadherence to dosing and administration,
then changing therapy may not be required. However,
recurrent PE in the setting of documented therapeutic
anticoagulation is frequently managed by choosing an
alternate agent, usually a parenteral drug such as
LMWH or fondaparinux.

Recommendation-Specific Supportive Text

1. Approximately 2% of patients treated for VTE will
suffer a recurrent event while on anticoagulation. In
an analysis of contemporary trials comparing DOACs

Recommendations for Recurrent Pulmonary Embolism
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

1 C-EO
1. In patients with a history of PE and
who present with new symptoms
and signs suggestive of recurrent or
breakthrough PE, radiographic im-
aging with a CTPA or V/Q scan is
recommended to objectively confirm
or exclude the diagnosis.

continued in the next column

Continued

COR LOE RECOMMENDATIONS

1 C-LD
2. In patients with a history of PE who
have a documented recurrent PE
despite being treated with an anti-
coagulant, an evaluation is recom-
mended to detect clinical and
pharmacological factors that may
contribute to recurrent PE. 1-3

2a C-EO
3. In patients with recurrent PE who
are adherent with prescribed
therapeutic-intensity anti-
coagulation, changing therapy to an
alternative drug class rather than
continuing therapy with the same
drug class is reasonable.

2a C-EO
4. In patients who have documented
recurrent acute PE while adherent
to anticoagulation with a reduced-
dose DOAC, it is reasonable to
anticoagulate with a full-dose DOAC
within the same class.

2a B-NR
5. In patients with cancer and a recur-
rent PE despite being therapeuti-
cally anticoagulated with LMWH,
dose escalation of LMWH by 20% to
25% is reasonable to prevent future
recurrent PE.4
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to VKA, recurrence rates were 2.4% in patients treated
with DOACs compared with 2.6% with VKA.5 In pa-
tients suspected of having a recurrent PE and who are
being treated with an anticoagulant, imaging should
be obtained to document the recurrence. CTPA is
preferred to V/Q scan unless there is a baseline V/Q
scan for comparison. Imaging should be compared
with previous imaging, and a diagnosis of a recurrent
PE should be based on inclusion of a previously un-
involved vessel or segment. A negative or normal D-
dimer may be used to support the exclusion of sus-
pected recurrent PE in patients currently on anti-
coagulation.6 However, elevated D-dimer levels
should not be used as a stand-alone diagnostic criteria
for recurrent PE.

2. Recurrent PE in patients who are currently anti-
coagulated presents a diagnostic challenge and a
therapeutic conundrum. Investigation into clinical
and pharmacological conditions that may be associ-
ated with recurrent VTE while on anticoagulation
should be pursued.2 Although the etiology of recurrent
PE in anticoagulated patients is not well studied,
cancer and antiphospholipid antibodies have been
identified as clinical risks associated with recurrent PE
while on anticoagulation.3 Nonadherence to the pre-
scribed drug regimen can be difficult to assess in pa-
tients taking DOACs and LMWH. Review of the
prescribing and dispensing records may be helpful. For
patients on a VKA, assessing time in therapeutic range
and recent monitoring records may reveal subthera-
peutic dosing as the etiology. Off-label subtherapeutic
DOAC dosing is also associated with increased risk of
adverse events, including recurrent thromboembolism
and bleeding.7,8 Drug-drug and food-drug interactions
are well recognized with VKA. However, these in-
teractions may be overcome or managed by more
frequent monitoring and dose adjustment. Patients
prescribed DOACs along with concomitant p-glyco-
protein and CYP-3A4 inducers may have reduced
DOAC plasma concentrations.9 Although there are few
DOAC-related food-drug interactions, adequate ab-
sorption of rivaroxaban (15 mg and 20 mg doses)

requires that it be taken with a meal.10 In addition, a
history of gastrointestinal surgery may affect DOAC
absorption.11 Other conditions described that may be
associated with recurrent PE in patients who are
currently anticoagulated include: vasculitis, inflam-
matory conditions, paroxysmal nocturnal hemoglo-
binuria, pregnancy, and vascular compression or other
vascular abnormalities.2 In patients receiving LMWH
or UFH for anticoagulation who have recurrent PE,
evaluation for heparin-induced thrombocytopenia,
antithrombin deficiency, or subtherapeutic drug levels
should be considered.12

3. If patients who develop recurrent PE despite anti-
coagulation are found to have been nonadherent to
therapy, subtherapeutic within several weeks of the
recurrent event, or taking the anticoagulant medica-
tion improperly, then changing to an alternative anti-
coagulant may not be required. Patient education and
increased frequency of monitoring may suffice as an
intervention despite the recurrent event. However, for
patients with documented recurrent PE despite ther-
apeutic anticoagulation, changing therapy to an
alternative drug class is common practice and may be a
reasonable course of action.13

4. When patients have documented recurrent PE while
using reduced dose DOAC (rivaroxaban 10 mg daily or
apixaban 2.5 mg twice daily) in the extended phase of
anticoagulant therapy, it is reasonable to resume full
therapeutic dosing within the same drug class.

5. Patients with cancer and recurrent PE represent a
unique population. A recent meta-analysis did not
find a significant difference regarding recurrent PE
among the anticoagulation strategies evaluated.14 It
is recognized that patients with cancer have a higher
risk for recurrent PE during anticoagulation than the
2% recurrence identified in unselected pop-
ulations.5,15 In 1 clinical trial, patients with cancer
and recurrent VTE who were receiving therapeutic
LMWH were managed with dose escalation of the
weight-based dose by 20% to 25%. Notably, 3 of 15
patients in the cohort managed by dose escalation
developed recurrent VTE.4
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6. COMPLICATIONS AND SEQUELAE

6.1. Persistently Symptomatic Patients After Acute PE

Synopsis
The constellation of clinical symptoms after acute PE

are reviewed in Section 3.1.1, “Clinical Assessment.” Up
to half of patients after an acute PE will have ongoing
dyspnea and/or functional impairment despite 3 months
of therapeutic anticoagulation.1 Similarly, about half of
patients with acute PE have persistent perfusion defects
on imaging, termed residual pulmonary vascular
obstruction (RPVO), many of whom are asymptom-
atic.20,21 CTEPD encompasses patients who had a PE and
have persistent symptoms, RPVO, and pulmonary
vascular disease-related exercise limitation, both without
and with resting PH19 (Figure 7). The prevalence of CTEPD
with PH, also called chronic thromboembolic pulmonary
hypertension (CTEPH), after acute PE is approximately
3%, while the prevalence of CTEPD without PH is un-
known but is felt to be at least as prevalent.22,23 The
objective of diagnostic testing in symptomatic patients
with persistent symptoms $3 months after an acute PE is
to determine the etiology of symptoms and whether or
not CTEPD is the cause. The diagnosis of CTEPD requires
evaluation for pulmonary vascular disease-related exer-
cise limitation, defined as resting or precapillary PH and/
or thrombus-related abnormally elevated alveolar dead
space. A diagnostic algorithm to aid in the evaluation of
patients with ongoing symptoms after the acute period of
PE is illustrated in Figure 8.

Recommendations for Persistently Symptomatic
Patients After Acute PE
Referenced studies that support recommendations are
summarized in the Evidence Table.

COR LOE RECOMMENDATIONS

Evaluation

1 B-NR
1. In patients with ongoing dyspnea
and/or functional impairment
after ≥3 months of therapeutic
anticoagulation after an acute PE, a
diagnostic evaluation is recom-
mended to assess for CTEPD.1-3

2a B-NR
2. For patients undergoing a diagnostic
evaluation for CTEPD, it is reason-
able to obtain both a transthoracic
echocardiogram (TTE)* and a lung
perfusion scan (planar V/Q, or V/Q
single-photon emission CT [SPECT],
SPECT/CT) over an echocardiogram
alone to exclude CTEPD or deter-
mine if additional diagnostic testing
is needed.1,4,5

2a B-NR
3. For patients undergoing a diagnostic
evaluation for CTEPD, cardiopul-
monary exercise testing (CPET) is
reasonable to exclude CTEPD.4,6-10

3: No benefit B-NR
4. In patients with a history of acute
PE, who have resolution of symp-
toms and low suspicion for CTEPD, a
follow-up CTPA or lung perfusion
scan (planar V/Q, V/Q SPECT,
SPECT/CT) is not beneficial to assess
for the degree of thrombosis
resolution.11,12

Management

1 B-NR
5. Patients being evaluated for CTEPD
should continue anticoagulation
until the evaluation is completed to
prevent recurrent VTE and/or CTEPD
progression unless contraindicated
due to high bleeding risk. 13

continued in the next column

Continued

COR LOE RECOMMENDATIONS

1 B-R
6. For patients in whom CTEPD has
been excluded but who have
ongoing dyspnea and/or functional
impairment despite ≥3 months of
therapeutic anticoagulation after
an acute PE, a pulmonary rehabili-
tation program is reasonable to
improve symptoms and exercise
tolerance.14-16

1 C-LD
7. For patients with a diagnosis of
CTEPD with PH, referral to a center
with expertise in managing CTEPD is
recommended to optimize evalua-
tion and managment.17-19

2a C-LD
8. For select patients with a diagnosis
of CTEPD without PH, referral to a
center with expertise can be bene-
ficial in managing CTEPD.17-19

*In a patient with normal echocardiogram at the time of acute PE, a repeated echo-
cardiogram at 3 to 6 months is low yield and may be omitted.
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Recommendation-Specific Supportive Text

1. Three large prospective studies demonstrated that a
diagnostic evaluation performed in patients with
persistent symptoms at 3 months after acute PE re-
duces the time to diagnosis of CTEPD. The InShape II
(Non-invasive Early Exclusion of Chronic Thrombo-
embolic Pulmonary Hypertension After Acute
Pulmonary Embolism) study, a multicenter, single-
arm study combining a clinical prediction score, elec-
trocardiography, and NT-proBNP in symptomatic pa-
tients 3 months post-PE, found that most patients with
CTEPD with PH can be diagnosed within 4 months of

their acute PE. In the FOCUS (Follow Up After Acute
Pulmonary Embolism) study, a multicenter observa-
tional cohort study utilizing a standardized assess-
ment plan at 3, 12, and 24 months in 880 patients after
acute PE, the median time to CTEPD with PH diagnosis
was 129 days. Another systematic study found that a
mean of 4 months follow-up post-PE in a PE specialty
clinic reduced the time to diagnosis of CTEPD with
PH.3 Diagnostic evaluation at the 3-month time point
after acute PE is also supported by the finding that
vascular obstruction after acute PE does not change
after 3 months; therefore, waiting longer only delays
the diagnosis.8,9

FIGURE 7 Clinical Syndromes Post-Acute PE

CTEPD indicates chronic thromboembolic pulmonary disease; CTEPH, chronic thromboembolic pulmonary hypertension; and RPVO, residual pulmonary
vascular obstruction.
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FIGURE 8 Evaluating Ongoing Symptoms Following Acute PE

*PVD limitation defined by circulatory impairment with abnormalities in stroke volume (oxygen pulse) and VD/VT and/or VE/VCO2. †While CTEPD is excluded,
evaluation for other etiologies of symptoms is warranted. ‡Positive V/Q or SPECT/CT scan refers to anymismatched perfusion defects. ⸹Low-probability echocardiogram
is defined as a TRV#2.8 m/s and absence of echocardiographic PH signs (Table 10). Higher- probability echocardiogram is defined as a TRV $2.8 m/s and presence of
echocardiographic PH signs (Table 10). High-risk echocardiogram refers to intermediate- or high-probability echocardiography criteria per 2022 European Respiratory
Society guidelines, while low-risk echocardiogram refers to low-probability echocardiography criteria.40 ‖Pulmonary angiography may be CT or invasive pulmonary
angiogram depending on clinician choice as evaluation will differ based on center experience. CPET indicates cardiopulmonary exercise testing; CT, computed
tomography; CTPED, chronic thromboembolic pulmonary disease; PH, pulmonary hypertension; PVD, pulmonary vascular disease; RPVO, residual pulmonary vascular
obstruction; RHC, right heart catheterization; SPECT, single-photon emission computed tomography; TRV, tricuspid regurgitation velocity; TTE, transthoracic
echocardiography; VE/VCO2, ventilatory inefficiency; and V/Q, ventilation-perfusion. Adapted from Pugliese et al.30 and from the American Thoracic Society.
Copyright ª 2019 American Thoracic Society. All rights reserved. Annals of the American Thoracic Society is an official journal of the American Thoracic Society
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2. TTE alone is insufficient to include or exclude a diag-
nosis of CTEPD. In a retrospective study of 42 patients
with confirmed CTEPD with PH, one-third had normal
TTEs.4 Similarly, in a prospective study of 400 unse-
lected patients after an acute PE, about 40% diagnosed
with CTEPD had no signs of PH on TTE but had CPET
findings suspicious for abnormal pulmonary perfu-
sion.23 Conversely, many patients with persistently
abnormal TTEs after acute PE do not develop CTEPD.
The 2 largest studies performed in patients after an
acute PE found a low incidence of CTEPD with PH
(1.6%-3.2%) but greater than 30% to 50% of patients
had persistently abnormal TTEs.1,5 The negative pre-
dictive value of planar V/Q to exclude a diagnosis of
CTEPD approaches 100%.10,24 Both SPECT perfusion
imaging combined with low-dose noncontrast CT
(SPECT/CT) and V/Q SPECT have similar diagnostic
performance to planar V/Q in the diagnosis of CTEPD
with PH.25,26 Although normal lung perfusion imaging
(planar V/Q, SPECT/CT, or V/Q SPECT) is sufficient to
exclude CTEPD, RPVO is common after acute PE and
may not correlate with symptoms. Therefore, TTE is a
useful adjunctive test to determine the likelihood of
PH and aids in the evaluation of dyspnea. Clinicians
may perform lung perfusion imaging without a TTE in
patients who had a normal baseline TTE at the time of
acute PE.

3. Dyspnea and exercise limitation in CTEPD can be
attributed to the reduced ability to augment stroke
volume with exercise due to increased RV afterload
and/or increased alveolar dead space related to pul-
monary artery obstruction.27 Therefore, findings
suggestive of CTEPD on noninvasive CPET may
include a reduced peak oxygen consumption, im-
pairments in stroke volume (estimated using oxygen
pulse or stroke volume reserve), and ventilatory in-
efficiency (increased VE/VCO2) related to increased
alveolar dead space (VD/VT). CPET is highly sensitive
at detecting underlying cardiopulmonary impair-
ments, is noninvasive, and does not require radiation.
Despite this, the precise diagnostic performance of
CPET to diagnose or exclude CTEPD with or without
PH is not established. A study of 400 patients with
acute PE utilized CPET and TTE in symptomatic pa-
tients and found rates of CTEPD without PH of 5.75%
and with PH of 5.25%.23 A significant number of pa-
tients were diagnosed with CTEPD via an abnormal
CPET, despite no echocardiographic signs of PH.23

Studies of patients with CTEPD with and without PH

have found a correlation of ventilatory inefficiency
and reduced oxygen pulse on noninvasive CPET with
abnormal hemodynamics on exercise right heart
catheterization.6,7 Important caveats include: cardio-
vascular and ventilatory abnormalities on CPET are
not specific to CTEPD; peak oxygen consumption
alone is not a reliable screening metric for CTEPD;
and CPET parameter thresholds to exclude CTEPD
have not been clearly defined.27 Most studies have
used abnormalities in ventilatory efficiency (VE/
VCO2) as a surrogate for VD/VT to define exercise
limitation in patients with CTEPD; however, the
determination of VD/VT requires the measurement of
arterial PCO2, which is not available in many CPET
labs. Despite the low specificity for VE/VCO2 to pre-
dict elevated VD/VT, its high sensitivity suggests VE/
VCO2 is a reasonable surrogate for alveolar dead
space, assuming patients with VE/VCO2 abnormalities
get more definitive testing, such as exercise right
heart catheterization.28

4. Several cohort studies and meta-analyses have
demonstrated no correlation between RPVO on CTPA 6
to 12 months after the diagnosis of PE and various
clinical outcomes during follow-up. These outcomes
include functional impairment, dyspnea, the RV/LV
ratio, CTEPH, and recurrent PE.11,12,29 Abnormal V/Q
scans during follow-up for acute PE are not predictive
of exercise limitation at 12 months, limiting their value
in asymptomatic patients.11 Therefore, the utility of
CTPA for follow-up purposes is limited. Exceptions
include patients with new symptoms requiring exclu-
sion of recurrent PE or patients with persistent
symptoms in which V/Q or SPECT/CT is not available.
CTPA is not indicated for determining the duration of
anticoagulation therapy.

5. Because of the risk of recurrent VTE and/or progres-
sion of CTEPD, continued anticoagulation is recom-
mended, even in patients with apparent transient
provoking risk factors until the evaluation is complete
unless contraindicated due to increased bleeding
risk.13,30

6. There are limited data related to efficacy and safety of
physical exercise and rehabilitation after acute PE.
One RCT included 211 patients with persistent dyspnea
6 to 72 months after an acute PE who were randomized
to usual care versus 8 weeks of home supervised ex-
ercise program and found that the latter improved
exercise capacity and quality of life.31 However, 2
other RCTs comparing a supervised exercise program
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in patients within 3 months of an acute PE found no
significant between-group difference in exercise ca-
pacity or quality of life, but sample size and meth-
odologic consideration were limited.15,16 These trials
may suggest the benefit of rehabilitation is limited to
patients with persistent symptoms after the acute
phase of PE (after 3 months).

7. There are no randomized data comparing outcomes
in patients with CTEPH treated in a center special-
izing in CTEPD versus those treated in a non-
specialized center. Balloon pulmonary angioplasty
(BPA) and/or pulmonary thromboendarterectomy
(PTE) surgery, which have been shown to be supe-
rior to medical therapy alone in patients with
CTEPH, are often restricted to specialty centers.32-34

Center experience with both BPA and PTE surgery
are tied to outcomes. Among 64 PTE centers in the
United States, the odds of mortality declined with
increasing annual case volume.18 Mortality and other
outcomes improve at high-volume referral centers
over time and with increased patient numbers.17,35

One study demonstrated that among 184 patients
with inoperable CTEPH undergoing 1006 BPA ses-
sions, complication rates decreased from 13.3% in
the initial half of treated patients to 5.9% in the
second half of patients (P<0.001).19

8. Data for outcomes in the management of patients with
CTEPD without PH are limited to small case series
involving highly selected patients treated with BPA or
PTE. These studies demonstrate improvements in ex-
ercise capacity, functional class, and hemody-
namics.7,36-38 Therefore, some patients may benefit
from a referral to a center experienced in the man-
agement of CTEPD. However, many patients with mild
disease do not benefit from procedural/surgical man-
agement.7,36,37 Therefore, referral to a CTEPD specialty
center may not be needed for all patients with CTEPD
without PH, especially those with mild disease who
may have a benign prognosis.39

7. EVIDENCE GAPS AND FUTURE DIRECTIONS

The management of acute PE continues to evolve, yet
significant evidence gaps persist across multiple domains
of care (Table 11). Current challenges include refining risk
stratification tools—such as validating the AHA/ACC
clinical categories and integrating novel predictors like
thrombus burden and RV enlargement metrics—to better
guide therapeutic decisions. For anticoagulation and
thrombolytic therapy, there is a need for safer agents,
improved strategies for patients on existing treatments,
and clearer guidance for travel-related prophylaxis.
Advanced therapies require robust algorithms and
comparative effectiveness data, particularly for catheter-
based interventions and surgical embolectomy in high-
risk populations. Long-term outcomes remain poorly
understood, especially in chronic thromboembolic dis-
ease and special populations such as rural patients, those
requiring hormone therapy, and pregnant individuals.
Finally, emerging technologies such as artificial intelli-
gence and radiomics offer promising avenues for
enhancing diagnosis and personalization of care but
require further validation. Addressing these gaps is
essential to optimize outcomes and tailor treatment
strategies for diverse patient populations.

TABLE 10 Echocardiographic Signs Suggestive of
Pulmonary Hypertension

Echocardiographic Signs Suggestive of Pulmonary Hyptertension*

A: Ventricles B: Pulmonary Artery
C: Inferior Vena Cava

and RA

RV/LV basal diameter/
area ratio >1.0

RVOT AT <105 ms and/or
mid-systolic notching

IVC diameter >21 mm
with decreased
inspiratory collapse
(<50% with a sniff
or <20% with quiet
inspiration)

Flattening of the
intraventricular
septum (LVEI >1.1 in
systole and/or
diastole)

Early diastolic pulmonary
regurgitation velocity
>2.2 m/s

RA area (end-systole)
>18 cm2

TAPSE/sPAP ratio
<0.55 mm/mm Hg

PA diameter >AR diameter
PA diameter >25 mm

AR indicates aortic root; IVC, inferior vena cava; LV, left ventricle; LVEI, left ventricle
eccentricity index; m, meters; PA, pulmonary artery; PH, pulmonary hypertension; RA,
right atrium; RV, right ventricle; RVOT AT, right ventricular outflow tract acceleration
time; sPAP, systolic pulmonary arterial pressure; TAPSE, tricuspid annular plane sys-
tolic excursion; TRV, tricuspid regurgitation velocity, and s, second. *Signs from at
least 2 categories (A/B/C) must be present to alter the level of echocardiographic
probability of PH. Adapted with permission from Humbert et al.40 ª 2025 European
Society of Cardiology & European Respiratory Society.
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TABLE 11 Evidence Gaps and Future Direction in the Management of Acute PE

Category Evidence Gaps and Future Directions

Risk Stratification and Scoring
Systems

n Validation of the AHA/ACC Acute PE Clinical Categories
n Determination of the utility of generic risk scores (eg, NEWS2) in predicting outcomes
n Better characterization of the impact of genetic and acquired thrombophilia testing on patient-relevant outcomes in
acute PE

n Determination of whether the degree of RV enlargement relative to the LV may be more predictive than a binary
normal/abnormal assessment

n Development of risk scores that can identify patients who will have better outcomes with advanced therapies
n Assessment of the role of thrombus burden in key subpopulations and the impact of acute intervention to reduce
thrombus burden on patient-relevant outcomes

Anticoagulation/Thrombolytic
Therapy

n Development of new anticoagulants with lower bleeding risk
n Evaluation of how D-dimer–based strategies perform in patients on therapeutic anticoagulation
n Assessment of the impact of compression therapy and anticoagulation to reduce PE risk for short- and long-haul
travel

n Safety and efficacy of short-term LMWH versus DOAC following acute PE intervention

Advanced Therapies n Creation of algorithms for when to use each interventional tool for advanced therapy of PE
n Assessment of efficacy and safety of various dosing regimens of thrombolytic agents to treat acute PE
n Assessment of the efficacy and safety of interventional and postinterventional procedure anticoagulant therapy
n Evaluation of the efficacy and safety of catheter-based interventions versus anticoagulation alone among AHA/ACC
PE Categories C-D patients for acute and long-term outcomes

n Evaluation of the efficacy and safety of surgical embolectomy in a randomized trial
n Determination of the role for isolated RV support devices in AHA/ACC PE Category E patients
n Evaluation of the efficacy and safety of catheter-based interventions versus systemic thrombolysis among AHA/ACC
PE Category E patients for acute and long-term outcomes

Chronic Conditions and Long-Term
Outcomes

n Better characterization of subtypes of CTEPD and their clinical consequences
n Assessment of novel biomarkers, clinical characteristics, and imaging findings for risks of developing chronic
thromboembolism

Special Populations and
Personalized Medicine

n Evaluation of diagnostic and treatment strategies in rural populations with limited access to care
n Determination of the efficacy of anticoagulation therapy on patients with a history of PE who require long-term
estrogen-containing hormone therapy

n Determination of the safety of direct oral anticoagulants in patients who are pregnant or breastfeeding

Technology and Innovation n Use of AI in the diagnosis and risk stratification of patients with acute PE
n Radiomics for aging of thrombus PE and risk stratification
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