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KEY POINTS

� Pulmonary embolism risk-stratification is dependent on identifying evidence of right ventricle
dysfunction, by imaging and by biomarkers.

� The highest risk PE patients need urgent and definitive therapy to support hemodynamics and to
clear the pulmonary artery of clots.

� There are limited randomized and comparative effectiveness data to rigorously choose 1 interven-
tional PE therapy over another.

� Intermediate risk PE patients represent a management challenge, in that some of these patients will
experience clinical deterioration, and the ultimate hope is to identify such patients and consider
definitive PE therapy early.

� Pulmonary embolism response teams (PERT) are essential in contemporary practice to individu-
alize care and decision-making, by marshaling the combined experiences of clinicians with special-
ized expertise in PE.
INTRODUCTION AND NATURE OF THE ranges from 0.2 to 1.1 per 1000.4–7 While the inci-

PROBLEM OF PULMONARY EMBOLISM

Pulmonary embolism (PE) remains both difficult to
diagnose and complex to treat despite over 50
years of recognition as a cause of significant
morbidity and mortality.1 Behind ischemic heart
disease and stroke, PE is the third leading cause
of cardiovascular death worldwide.2,3

The estimated annual population incidence of
venous thromboembolism (VTE), including PE,
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dence of PE is low in younger populations, the inci-
dence increases approximately 8-fold between
the fourth decade and the eighth decade of
life.8,9 In addition, longitudinal data suggest that
the annual incidence of PE is increasing, and the
1% to 3% of hospitalized patients with PEs who
are in shock or ventilator-dependent have approx-
imately 10-fold higher case fatality rates.10–14

While not completely explained, this observed in-
crease is likely multifactorial, including more
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sensitive imaging modalities (computed tomo-
graphic pulmonary angiography [CTPA]), and an
increase in the number of individuals with severe
comorbidities associated with developing
PEs.10,15–19

The spectrum in PE ranges from asymptomatic
to hemodynamic instability and right-sided heart
failure.20 PE represents obstruction of the pulmo-
nary artery, and can be caused by multiple sour-
ces including tumors, fat, air, amniotic fluid, and
septic emboli, though the vast majority are throm-
boembolic—the focus of this review.21 VTE,
including PE, develop secondary to factors known
as Virchow triad: stasis in blood flow, endothelial
injury, and hypercoagulability, either inherited or
acquired.22 The majority of PEs are caused by
embolization of a deep venous thrombosis
(DVT).9 Acute PE results in abnormal gas ex-
change and circulation whereas mortality in PE is
caused by increased right ventricular (RV) after-
load causing a cascade leading to obstructive
shock and death.10

Acute PE has been stratified into 3 categories:
high-risk (formerly massive), intermediate-risk
(formerly submassive), and low-risk based on
both imaging findings and patient characteristics.
High-risk PE is defined by sustained hypotension
(systolic blood pressure [SBP] < 90 mm Hg) for
at least 15 minutes or a vasopressor requirement
where there is no other reasonable explanation
for shock.23,24 Intermediate-low risk PE is defined
by evidence of imaging RV dysfunction or
biomarker evidence (myocardial necrosis or
chamber dilatation) in the absence of sustained
hypotension.10,24 A subcategory of intermediate-
high risk PE features patients with both imaging
and biomarker evidence of RV dysfunction. Low-
risk PE does not meet the classification criteria
for a high-risk or intermediate-risk PE.10,24

The goal of this review is to outline recent ad-
vances in the recognition and management of
the intermediate-risk and high-risk PEs.
RECOGNITION: DIAGNOSIS AND PROGNOSIS

PE represents the double-edged sword of being a
clinical diagnosis that is over-tested yet often
missed. One study found that 5.3% of all emer-
gency department (ED) patients had a diagnostic
study for PE.25,26 Despite this, in a systematic re-
view of diagnostic errors, PE was found to be the
second highest missed diagnosis behind can-
cer.27 Another systematic review characterizing
the missed diagnosis of PE found that 27.5% of
the ED patients and 53.6% of the hospital inpa-
tients with PE were misdiagnosed with other med-
ical conditions including respiratory infections,
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heart failure, and acute coronary syndrome.28

Furthermore, it was found that 37.9% of the pa-
tients who die in the intensive care unit and subse-
quently undergo autopsy had PEs.28 This paradox
in the clinical recognition of PE largely stems from
the broad spectrum of clinical presentations
ranging from asymptomatic to obstructive shock
and protean symptomatology that mimics other
cardiopulmonary pathologies.
History and Physical Examination

Diagnostic assessment of PE should focus on
determining pre-test probability, to determine if
further objective testing for PE is warranted. Accu-
rate assessment of pre-test probability for PE re-
lies on patient’s risk factors, predisposing
conditions, and the physical examination.
Approximately 60% of patients who present

with VTE have a known predisposing factor.10,29

The strongest predisposing factors include prior
VTE, lower limb fractures, hip or knee replace-
ments, major trauma, history of myocardial infarc-
tion in the last 3 months, or hospitalization for atrial
dysrhythmia or heart failure within the last 3
months.10,30–32 There are many moderate risk fac-
tors including history of cancer, obesity, diabetes
mellitus, pregnancy, oral contraceptive therapy,
bed rest > 3 days, and prolonged immobiliza-
tion.10,30–32 Overall incidence of VTE is higher in
men compared to women. However, women un-
der 45 and over 80 years of age are more likely
to develop VTE compared to men in the same
age categories. It is hypothesized that these
trends are most likely secondary due to increased
VTE risk with oral contraception use and preg-
nancy in younger women and the overall increased
life expectancy for women compared to men.9,33

The most common signs and symptoms of PE
include dyspnea (with or without exertion), pleuritic
chest pain, cough, lower extremity swelling,
tachypnea, and tachycardia (Table 1).34 Dyspnea,
chest pain, and hemoptysis—considered a classic
triad of PE symptoms—occur in only 5% to 7% of
patients with PE.35

In 67% of cases, onset of PE-related dyspnea
occurs within seconds to minutes.34 One of the
more challenging symptoms associated with PE
is syncope. One study estimated the prevalence
of PE in hospitalized patients with first-time syn-
cope to be as high as 17.3%, while a subsequent
study found the prevalence of all VTEs in patients
with first-time syncope admitted to the hospital
to be only 1.4%.36,37 Furthermore, a study of pa-
tients presenting to the ED with first time-
syncope, regardless of hospitalization, found the
prevalence of PE to range from 0.06% to
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Table 1
Signs and symptoms of pulmonary embolism34

Symptoms

Dyspnea 79%

Pleuritic Chest Pain 47%

Cough 43%

Calf or Thigh Swelling 39%

Wheezing 31%

Non-pleuritic Chest Pain 17%

Calf or Thigh Pain 16%

Signs

Tachypnea (�20/min) 57%

Tachycardia (>100/min) 26%

Decreased Breath Sounds 21%

Rales (Crackles) 21%

Increased P2 Heart Sound 15%

Jugular Venous Distension 13%
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0.55%.38 While syncope is not a common present-
ing symptom, PE should be considered in patients
with syncope, and it may be a marker of higher PE
risk.

Other manifestations like cough, fever, or dia-
phoresis may represent sequelae of pulmonary
infarction with pleuritis.39,40

Clinical Decision Rules and Algorithms

While experienced clinicians have been shown to
be effective at determining a patient’s pre-test
probability for PE based on history, presentation,
and laboratory findings alone, clinical decision
rules derived from large patient cohorts have sup-
planted clinical gestalt, and can help inform the
need for more testing.41 The most commonly
used and most widely tested PE clinical decision
rules include the Wells’ Criteria, the YEARS Algo-
rithm, the Revised Geneva Score, and the Pulmo-
nary Embolism Rule out Criteria (PERC) Rule.42–45

The Wells’ Criteria is a points-based algorithm
which assigns patients into 3 probability groups.46

In an ED population, the incidence of PE was 1.3%
in the low probability group, 16.2% in the medium
probability group, and 40.6% in the high probabil-
ity group.42 In patients with low Wells’ pre-test
probability, a negative D-dimer assay effectively
rules out PE but a positive D-dimer requires defin-
itive diagnostic imaging. All patients with medium
or high pre-test probability of PE require definitive
diagnostic imaging without consideration of a D-
dimer assay.42 The Wells’ Criteria has been well-
validated and has several validated variations
including the simplified Wells’ Criteria.47–49
Descargado para Biblioteca Medica Hospital México (b
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The YEARS Algorithm is a 2-step algorithm that
requires consideration of pre-test probability for
PE and D-dimer testing. The pre-test probability
for PE is based on 3 clinical features: clinical signs
of a DVT, hemoptysis, and PE as the most likely
diagnosis. If none of these features are present
and the patient’s D-dimer is <1000 ng/mL, PE
can be excluded. If any of these features are pre-
sent and the patient’s D-dimer is <500 ng/mL,
PE can also be excluded. If neither of these sce-
narios is true, the patient requires definitive diag-
nostic imaging.45 In this study, PE was detected
in 3.2% of the patients with 0 YEARS criteria and
23% of patients with 1 or more YEARS criteria.
When the YEARS algorithm was applied in the
initial study set, 48% of the patients could be ruled
out for PE without definitive diagnostic imaging
compared to 34% of the same population when
the Wells’ Criteria was applied.45 Performance of
the YEARS algorithm has been well-validated.50,51

More recent work has attempted to adapt the
YEARS Algorithm for pregnant patients, a popula-
tion which has been previously excluded from all
PE clinical decision rules.52

The revised Geneva Score is a modified version
of the Geneva Score, which does not require eval-
uation with arterial blood gas or chest x-ray prior to
determining pre-test probability for PE.43,53 Unlike
the Wells’ Criteria and YEARS Algorithm, the
revised Geneva Score does not incorporate sub-
jective measurements such as the clinical gestalt
of likelihood of PE as a diagnosis. Within a valida-
tion cohort, 7.9% of the patients had a PE in the
low probability group, 28.5% in the intermediate
probability group, and 73.7% in the high probabil-
ity group.43 Patients in the low andmoderate prob-
ability groups had D-dimer testing which ruled out
PE if the value was < 500 ng/mL and was followed
by definitive diagnostic imaging if the value was
�500 ng/mL. Patients in the high probability group
received definitive diagnostic imaging.43 The
revised Geneva score has been well-validated
through several trials; however, a study has shown
that clinical gestalt alone is superior.48,54,55

Unlike the Wells’ Criteria, YEARS Algorithm, and
revised Geneva Score, the PERC rule aims to rule
out PE without any diagnostic testing if 8 binary
features are all negative.44,56–58 A variation on the
PERC rule for patients presenting at altitudes >
4000 ft (1219 m) where the O2 saturation cut-off
is decreased from < 95% to <90% had a slightly
decreased sensitivity.59,60

These prediction rules are likely most helpful for
excluding PE, including low-risk, while high-risk
PE will be clinically overt, and in contemporary
EDs, the patient with protean cardiopulmonary
symptoms will likely already have had biomarkers
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and electrocardiogram done before being fully
evaluated by an ED physician.
Laboratory Studies

Laboratory testing in the diagnosis of PE primarily
focuses on the quantitative D-dimer. The D-dimer
molecule is generated alongside the coagulation
cascade as breakdown product of fibrin in fibrino-
lysis.61 Thus, presence of D-dimer in the blood-
stream can indicate the presence of intravascular
coagulation and conversely low D-dimer levels
are suggestive of the absence of DVT and PE.61

The D-dimer assay is highly sensitive, but poorly
specific, using the Food and Drug Administration
D-dimer cut-off of 500 ng/mL. Based on this cut-
off, PE can be ruled out in patients with a probabil-
ity < 2% with an already low pre-test probability
based on a clinical decision rule.62 More recently,
an age-adjusted D-dimer cut-off has been estab-
lished where the age-specific D-dimer cut-off is
age multiplied by 10 ng/mL when age > 50, or
500 ng/mL for age < 50.63,64 The use of the age-
adjusted D-dimer has been validated for use in
conjunction with the Wells’ Criteria, YEARS Algo-
rithm, and the revised Geneva Score for deter-
mining pre-test probability.51,65

In addition to D-dimer, other laboratory tests
including arterial blood gas, lactate, cardiac tropo-
nins, and brain natriuretic peptide have been stud-
ied as possible markers of PE. While none of these
are diagnostically useful, they can potentially serve
as markers of prognosis and risk-strati
fication.10,53,66–87
Electrocardiogram

The EKG is neither sensitive nor specific for the
diagnosis of PE.72,73 and over one-quarter of pa-
tients with PE may have no EKG changes.74 EKG
changes seen in PE occur secondary to the devel-
opment of acute RV dysfunction meaning any con-
dition that can cause acute RV dysfunction can
mimic EKG patterns associated with PE. EKG find-
ings that have been associated with PE include
tachyarrhythmias (sinus tachycardia, atrial fibrilla-
tion), right bundle branch block (RBBB), right-
sided axis deviation, nonspecific ST changes,
T-wave inversions (in particular in early precordial
or less commonly inferior leads), and the S1Q3T3
sign, among others.75–86 However, only sinus
tachycardia and an incomplete RBBB were found
to be statistically significantly more likely in pa-
tients diagnosed with PE.72 EKG indicia of right
heart strain may be considered with biomarker
and imaging data as evidence toward
intermediate-risk stratification.24,73
Descargado para Biblioteca Medica Hospital México (bibliom
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Imaging

Diagnostic imaging is the primary means of both
diagnosing PE and determining its severity.24,72,88

The definitive diagnosis of PE is contemporarily
made using either CTPA, with other modalities
like ventilation/perfusion (V/Q) lung scintigraphy
less commonly used if for example, renal dysfunc-
tion precludes iodinated contrast. Transthoracic
echocardiography (TTE) has insufficient sensitivity
for excluding PE, but is essential in risk-
stratification; TTE may have roles as an adjunct
diagnostic in patients with renal dysfunction or
critically ill patients who cannot travel to a CT
scanner. In this manner, leg ultrasound has posi-
tive predictive value when a DVT is identified in a
patient with high pre-test probability of PE. Chest
radiograph (CXR), while not diagnostically useful
in ruling in a PE can be critical in ruling out other
causes of PE-like symptoms. Finally, magnetic
resonance angiography (MRA), while not yet clini-
cally validated for diagnosing PE, has shown
promise in some investigations, though the dura-
tion of the study may preclude patients with
possible instability.
Transthoracic echocardiography
Due to increased pulmonary vascular resistance
(PVR), echocardiographic signs of RV overload
and dysfunction can manifest in acute PE.10,24,87

Due to complex 3D RV geometry and retrosternal
location, no single echocardiographic measure of
RV function has been found to be reliable in isola-
tion.10 The most commonly described ultrasono-
graphic measures for evaluating RV overload and
dysfunction include increased RV to left ventricle
(LV) linear ratio,88 abnormal septal wall motion
(flattening or bowing of the RV into the LV),
McConnell sign (diffuse RV hypokinesis with apical
sparing), tricuspid regurgitation (TR), decreased
tricuspid annular plane systolic excursion
(TAPSE), decreased systolic excursion velocity of
the RV basal free wall (S0), pulmonary artery
Doppler systolic notching, and decreased RV
free wall strain.89,91 A systematic review found
that measures of RV strain are generally specific,
with no sign having a specificity < 80%, though
some signs are seen with acute RV myocardial
infarction. As signs are poorly sensitive, these ul-
trasonographic findings should be considered
"rule in" tests as opposed to PE "rule out" tests.92

Finding clot-in-transit (CIT) virtually confirms
pulmonary VTE; however, this finding is relatively
rare in all PE patients (w4-8%).93,94 In patients
with PE, CIT is associated with increased
morbidity and mortality with morality rates ranging
from 80% to 100% if left untreated.94–97
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The overall sensitivity for PE diagnosis by TTE is
approximately 50% to 70%, and some of the
markers above which are mainly for prognosis
can be marshaled to not only assist in diagnosis
by suggesting that a presenting syndrome is due
to PE rather than another pulmonary or left heart
cause including cardiac tamponade, hypovolemia,
acute valvular dysfunction, aortic dissection, and
LV dysfunction, but also quickly evaluate for evi-
dence of significant right heart dilatation and
dysfunction.10

TTE remains important in contemporary PE-risk
stratification by sorting patients among
intermediate-high, intermediate-low, and low-
risk.10 Normotensive acute PE with echocardio-
graphic evidence of RV dysfunction would meet
classification as an intermediate-risk PE.24,98–100

Evolving metrics of ventricular-vascular uncou-
pling, including a ratio describing RV-pulmonary
artery coupling (such as TAPSE/Pulmonary Arterial
Systolic Pressure (PASP)), are showing promise
not only in PE but also in other states of RV after-
load.101 One caveat when using TTE, or any mo-
dality, is that the chronicity of findings is
unknown, and that chamber dilatation, TR,
elevated RV systolic pressure, or chamber
dysfunction could be chronic and secondary to
intrinsic heart disease or chronic lung
disease.71,102

Additionally, in patients with a high-probability
of PE who are unstable and where CTPA is unat-
tainable, TTE demonstrating signs of RV pressure
overload without other obvious cause of RV over-
load should be considered for reperfusion
therapy.10,90,103,104

Chest radiograph
Overall, changes in the CXR due to PE are both
poorly sensitive and specific and are not routinely
required specifically for the diagnosis of
PE.52,105,106 Previous work has found that the
CXR is normal in 25% of patients with PE, with
the 3most common abnormal radiograph findings:
cardiomegaly (27%), pleural effusion (23%), and
elevated hemidiaphragm (20%).106 Additionally,
several CXR findings can be seen due to pulmo-
nary infarct from PE: Hampton hump (a dome-
shaped pleural opacification), Westermark sign
(peripheral oligemia, due to pulmonary artery
obstruction), atelectasis, and pleural effu-
sion.105,107–109 Of course, all of these findings are
better evaluated with CT.105,110 CXR still however
has value in the urgent evaluation: first, for diag-
nosing alternative causes of symptoms including
pneumothorax, pneumonia, and heart failure,111

and second, a normal CXR is useful in assessing
the utility of ventilation/perfusion (V/Q) scanning.
Descargado para Biblioteca Medica Hospital México (b
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V/Q scanning is a reasonable alternative to CTPA
when the CXR is normal, but when the CXR is
abnormal, V/Q is inferior to CTPA.111

Computed tomographic pulmonary angiogram
The gold standard for diagnosis of PE is contrast-
enhanced multidetector CTPA.10 In most cases,
CTPA is able to evaluate for evidence of PE to
the level of the subsegmental pulmonary ves-
sels.10,112 The Prospective Investigation of Pulmo-
nary Embolism Diagnosis II (PIOPED-II) trial found
that the sensitivity and specificity for PE in a multi-
detector CTPA was 83% and 96%, respec-
tively,113 though the sensitivity value has only
increased over time with advances in CT technol-
ogy. When considering low and intermediate pre-
test probability for PE, the negative predictive
value (NPV) for PE was 96% and 89%, respec-
tively, while the positive predictive value (PPV)
was 58% and 92%, respectively. This is compared
to a high pre-test probability where the NPV is
60% and the PPV is 96%.113 These data suggest
that a negative CTPA in a low-risk and
intermediate-risk patient essentially rules out PE
while a negative CTPA in patient with high pre-
test probability or high clinical suspicion may war-
rant additional evaluation.113

In addition to its front-line diagnostic role, CTPA
may be simultaneously useful in risk-stratifying for
intermediate-risk PE.24 CTPA may manifest signs
analogous to echocardiography including cham-
ber dilatation, interventricular septal bowing, and
contrast reflux to the inferior vena cava (suggest-
ing substantial TR). TTE may have better test char-
acteristics for signs of RV dysfunction and strain,
with CT similarly sensitive, though less spe-
cific.114,115 Evidence of RV strain on CTPA confers
an increased risk for short-term adverse out-
comes.114,116,117 When coupled with TTE, the pre-
dictive value for negative outcomes from CTPA
increases, suggesting that when evaluating for
RV strain, CTPA with TTE is possibly useful for
guiding treatment decisions.114

Multiple investigations have also assessed met-
rics of CTPA “clot burden” to predict PE severity;
however, these in general do not correlate with
the hemodynamic and cardiopulmonary sequelae
of PE, and can be cumbersome to calculate in clin-
ical use.

Ventilation/perfusion lung scintigraphy
Using inhaled radioactive tracers, ventilation/
perfusion lung scintigraphy (V/Q scan) assesses
ventilation and perfusion mismatch, which gives
evidence of pulmonary artery obstruction.10 A pri-
mary benefit of V/Q scanning is that it does not
require iodinated contrast media and therefore
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offers a method to evaluate for PE in patients with
anaphylaxis to contrast media or renal fail-
ure.10,118,119 A study comparing CTPA and V/Q
scan found both to be equivalent in ruling out clin-
ically significant PE; however, it also found that
CTPA diagnosed more PEs.120 Notably, results of
the V/Q scan are reported as positive, negative,
and non-diagnostic.121 One of the challenges of
V/Q scanning is that up to 50% of studies are re-
ported as inconclusive or non-diagnostic, thus
requiring further diagnostic evaluation.10 In addi-
tion, unlike CTPA, V/Q scanning is less readily
available and has higher interobserver interpreta-
tion variability.10 This modality has now been
mostly replaced by CTPA except in select in-
stances, such as pregnant women.

Magnetic resonance angiography
The possibility of magnetic resonance angiog-
raphy (MRA) for PE diagnosis is of interest as there
is no associated radiation exposure and it uses
gadolinium-based contrast instead of iodinated
contrast.122 However, in several studies, MRA
has generally been shown to have a large number
of inconclusive or inadequate studies (up to 25%),
and low sensitivity,123,124 with higher sensitivity for
proximal PE but more inconclusive for distal PE.123

Nevertheless, among patients who were evaluated
with MRA for PE, a study found that the NPV of
97% and 96% at 3 month and 1 year, respectively,
was equivalent with CTPA.125 While this suggests
that MRA may be less effective at evaluating for
distal PEs, these may not be a clinically significant
finding; however, at present, MRA is not used in
the contemporary evaluation of PE.
MANAGEMENT OF INTERMEDIATE-HIGH AND
HIGH-RISK PULMONARY EMBOLISM
Delineating Intermediate-Risk and High-Risk
Pulmonary Embolism

The management and appropriate therapeutic
strategy for diagnosed acute PE depends on
severity. Risk-stratification is thus essential to
align treatments with clinical scenarios, in order
to properly balance PE risk with expected treat-
ment benefits and risk.
High-risk PE includes those with sustained hypo-

tension or vasopressor requirements, as well as
those with cardiac arrest or severe arrhythmia, or
rapid respiratory failure; such patients generally are
clinically manifest, without the need for specific rules
or other prognostic information.88,94 These are the
rarest presentations of PE but mandate emergent
response in terms of cardiopulmonary stabilization
and clearing of PE from the pulmonary arterial tree,
which can include considerations like extracorporeal
Descargado para Biblioteca Medica Hospital México (bibliom
and Social Security de ClinicalKey.es por Elsevier en mayo 1

permiten otros usos sin autorización. Copyright ©2024. 
membrane oxygenation (ECMO) and surgical and
percutaneous thrombectomy.10,24,87

Low-risk PE represents the most common PE
phenotype, and a class of patients that generally
experiences good outcomes with anticoagulation
alone.
The intermediate-riskPEcategory, thosepatients

without vital sign instability, but varying levels of im-
aging evidence of RV dysfunction, or biomarkers
indicating myocardial necrosis or chamber dilata-
tion, represent a clinical conundrum in contempo-
rary care.23,24 The intermediate-low risk stratum,
akin to lower-risk PE, generally do well with antico-
agulation. However, of normotensive PE patients
with thehighest evidenceofPE-relatedRVdysfunc-
tion by biomarkers and imaging (intermediate-high
risk), approximately 10%will experience cardiopul-
monary deterioration and thereby require more
emergent, and advanced PE-debulking therapies.
Identifying these intermediate-risk PE patients
who are in jeopardy of deterioration is the “holy
grail” of modern risk stratification, so that the
inherent risks of interventional PE therapy can be
juxtaposed with and balanced judiciously with the
potential benefits.24,87,126

High-index of suspicion is always required, as
one-third of all intermediate-risk PE patients in a
contemporary PE registry had depressed cardiac
index (“normotensive shock”).127

In addition to guideline-based definitions of
intermediate-risk and high-risk PEs, substantial
work has been invested to create quantitative met-
rics of PE severity, including the Pulmonary Embo-
lism Severity Index (PESI), simplified PESI (sPESI),
and Bova score for PE complications.128–130 Of
these scores, the PESI score is the most widely
validated.131,132 The PESI score, based on 11 pa-
tient characteristics encompassing both PE
severity and known comorbidities (Table 2), seg-
regates PE patients into 5 severity classes based
on predicted 30-day mortality.129 Points are added
for PESI factors that are present, along with the
patient’s age, and the combined score translates
into a risk prediction class (see Table 2).
A simplified version, sPESI, has also been well-

validated in observation cohort studies and only
requires 6 features including age > 80, history of
cancer, history of cardiopulmonary disease,
tachycardia (�110 bpm), tachypnea (�30 bpm),
hypotension (SBP < 100 mm Hg), and oxygen
saturation (SpO2 < 90%).130,133 Presence of any
parameter accrues 1 point, and an sPESI of 0 re-
flects 30-day low risk (1.1% mortality), while a
score �1 represents high risk (30 day 8.9%
mortality).
The 2019 European Society of Cardiology (ESC)

guidelines for acute PE recommend considering
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Table 2
Pulmonary embolism severity index criteria and interpretation

Pulmonary Embolism Severity
Index Clinical Criteria Points

In simplified Pulmonary
Embolism Severity Index?

Age Years Years U

Sex Female Male110

Altered Mental Status No Yes160

Systolic Blood Pressure (BP)
<100 mm Hg

No Yes130 U

History of Cancer No Yes130 U

Temperature <36 �C No Yes120

Heart Rate �110 bpm No Yes120 U

Respiratory Rate �30 No Yes120

Oxygen Saturation <90% No Yes120 U

History of Heart Failure No Yes110 U

History of Chronic Lung
Disease

No Yes110 U

PESI Score Class Risk Profile 30-d Mortality

0–65 I Very-low risk 0.0%–1.6%

66–85 II Low-risk 1.7%–3.5%

86–105 III Intermediate-risk 3.2%–7.1%

106–125 IV High-risk 4.0%–11.4%

�125 V Very high-risk 10%–24.5%
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incorporating PESI or sPESI and evidence of RV
strain via imaging or biomarkers when considering
PE severity (Class IIa recommendation, Table 3).10

Interestingly, while the use of mortality risk scores
has been increasingly recommended in evaluation
of PE, a recent review found that the PESI, sPESI,
Bova, and the recommended 2019 ESC guideline
approach had limited model discrimination of pa-
tients with low-mortality versus high-mortality
risk and poor inter-model correlation.134
Pulmonary Embolism Response Team

The depth of expertise required and the need for
improvement in PE outcomes have propelled the
growth of hospital-based PE Response Teams
(PERTs).24,135 The PERT concept borrows from
contemporary best-practice concepts of Heart
Teams and Rapid Response teams, and thereby
allows for the diagnosing clinician (“afferent
arm”) to quickly respond to PE patients at risk
and to trigger a multi-disciplinary response
(efferent arm) to collaboratively evaluate a patient,
and determine and implement the best treatment
strategy.135–137 The PERT incorporates experts
from several specialties including cardiovascular
medicine and surgery, emergency medicine, he-
matology, pulmonary/critical care, cardiac
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imaging (radiology and echocardiography),
vascular medicine and intervention, and interven-
tional radiology, with differences across
centers.135

Initial 30-month evaluation at the Massachu-
setts General Hospital (MGH) found rapid growth
in activations by 16% every 6 months with 72%
of all activations for intermediate-risk and high-
risk PEs, and extrapolation across the United
States and world.138,139 MGH also reported
approximately 17% of patients received an
advanced reperfusion therapy (catheter or sys-
temic thrombolysis or thrombectomy), but overall
similar bleeding risk in patients treated with
catheter-directed modalities versus anticoagula-
tion alone.138 Cleveland Clinic reported their retro-
spective implementation analysis showed
approximately 33% received an advanced reper-
fusion therapy, with no bleeding events in patients
receiving systemic thrombolysis.140

Data on the effectiveness of PERTs are
emerging,139,141–144 some showing improvements
in PE-related outcomes and mortality. Current
ESC guidelines give a class IIa recommendation
to set-up of PERT teams to manage intermediate-
risk and high-risk PE, depending on the needs
and capabilities of the hospital.10 The mechanisms
of benefit of PERT may be multifactorial, and
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Table 3
Guidelines-based classification of pulmonary embolism severity10,24

Early Mortality
Risk

Indicators of Risk

Hemodynamic
Instability

Clinically Severe
Pulmonary
Embolism, PESI
Class III–V, or
sPESI ‡1

RV Dysfunction
Transthoracic
echocardiography
or computed
tomographic
pulmonary
angiography
(CTPA)

Elevated
Cardiac
Troponin
Levels

High (1) (1) (1) (1)

Intermediate Int.-High - 1 1 1
Int.-Low - 1 One (or none) positive

Low - - - -
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include protocolization of care, democratization
and access to specialists, consensus evaluation
of risk, iterative assessment of acute PE patients,
more rapid deployment of therapies, PERT-based
follow-up, and quality improvement.24,135,140

PERT teams should work to provide hub-and-
spoke service within a network, to facilitate an
organized approach to interhospital transfer in
particular of critically ill PE patients and those
who require advanced reperfusion therapies.145

Respiratory and Hemodynamic Support

The key tenet of initial management of
intermediate-risk and high-risk PE is to provide he-
modynamic and pulmonary support. PE causes
RV obstruction, increased PVR, ventilation-
perfusion mismatch, and possibly right to left
shunting.146 Hypoxemia must be addressed and
treated, ideally achieving oxygen saturation �
90%. Goal blood pressure, while not specifically
defined, is targeted to avoid signs of malperfusion,
such as altered mental status or decreased urine
output, though some authors suggest an optimal
mean arterial pressure between 80 and 90 mm
Hg for intermediate-risk and high-risk PE.10,147

Of course, blood pressure goals must always be
individualized relative to the patient’s baseline
blood pressure: clinicians should be cautious
about absolute blood pressure cut-offs (including
those that are used to define high-risk PE), if for
example, the patient has a decline in blood pres-
sure compared to baseline.

Respiratory support
The mainstay of respiratory support patients with
intermediate-risk and high-risk PE with hypoxia is
supplemental oxygen (O2). This can be delivered
with a nasal cannula, simple facemask, or non-
rebreather facemask which is sufficient for the
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majority of patients.148 In instances where this is
insufficient, a high-flow nasal cannula is preferred
over positive-pressure modes of ventilation such
as continuous positive airway pressure (CPAP) or
biphasic positive airway pressure. This is because
increased positive intrathoracic pressure reduces
venous return, and contributes to RV after-
load.146,148,149 If positive end-expiratory pressure,
either invasive or non-invasive, is necessary,
caution is required to keep tidal volumes and
plateau pressures low (w6 mL/kg of lean body
weight and < 30 cmH2O, respectively).10,150 Hypo-
tension and cardiovascular collapse can occur as
a result of increased intrathoracic pressure
increasing RV afterload, and decreasing preload
by limiting blood return.
Additionally, if patients require intubation for

respiratory support, there is significant risk of hy-
potension in patients with RV failure during induc-
tion of anesthesia. Given this, anesthetic agents
that cause hypotension should be avoided and cli-
nicians should be prepared to provide additional
urgent hemodynamic support when using anes-
thetic agents in patients with acute significant
PE.10

Supplemental oxygen itself is being re-
evaluated as a “drug” in acute PE to improve out-
comes. The Air versus Oxygen for Intermediate-
Risk Pulmonary Embolism (AIRE) trial (https://
classic.clinicaltrials.gov/ct2/show/NCT04003116)
was a pilot study that, though being underpow-
ered, found a borderline association between sup-
plemental oxygen therapy and reduced RV
dilatation, compared to ambient air.151 Additional
studies examining the mechanism of supple-
mental oxygen in patients with PE are underway,
including Supplemental Oxygen in Pulmonary Em-
bolism (SO-PE) (https://classic.clinicaltrials.gov/
ct2/show/NCT05891886).
exico@gmail.com) en National Library of Health 
3, 2024. Para uso personal exclusivamente. No se 
Elsevier Inc. Todos los derechos reservados.

https://classic.clinicaltrials.gov/ct2/show/NCT04003116
https://classic.clinicaltrials.gov/ct2/show/NCT04003116
https://classic.clinicaltrials.gov/ct2/show/NCT05891886
https://classic.clinicaltrials.gov/ct2/show/NCT05891886


Intermediate- and High-Risk Pulmonary Embolism 223
Hemodynamic support
The etiology of shock in PE is secondary to
increased RV afterload as a result of obstruction
in the pulmonary vessels as well as secondary ef-
fects including vasoconstriction from hypoxia and
acidosis.152 This pathophysiology leads to RV dila-
tion, hypokinesis, tricuspid regurgitation, and RV
failure.153 Further increased RV dilatation, subject
to ambient pericardial restraint, impairs LV filling
and stroke volume from leftward deviation of the
interventricular septum.153

A reasoned judicious approach to hemody-
namic support for PE with malperfusion, as
part of the definitive management strategy, is
crucial. While volume resuscitation is standard
in many etiologies of shock, its use for managing
hypotension and shock in PE is controversial,
though most expert authors agree that a small
fluid challenge may be appropriate.10,152–154 A
small study giving 500 mL fluid boluses to PE
patients found a substantial increase in cardiac
output in 12 out of 13 patients.154 The difficulty
is supporting RV preload while avoiding RV
overdistention with adverse Frank–Starling con-
sequences10,146,154; unfortunately, there is no
optimal marker of volume-responsiveness in
acute PE. Patients with low central venous pres-
sure or with a small, collapsible IVC may be
most likely to benefit from fluid challenge.10,153

However, volume resuscitation with large fluid
boluses is likely to cause RV overdistension
and ultimately reduce cardiac output. In fact,
there is consideration that diuresis may actually
be helpful to a failing RV, reducing its distention
and wall stress, and relieving impingement of
the interventricular septum on the LV.146 Of
course, bolus diuretic can directly cause hypo-
tension, and may impair RV preload; navigating
these quandaries requires expert assessment
and re-assessment at bedside, with attention
to individualization of interventions.

Given the difficulties with fluid assessment and
balance in acute PE, vasopressors are a mainstay
for hemodynamic support. Ideally, the optimal
vasopressor in RV failure should increase RV
contractility and systemic arterial pressure while
not increasing PVR.153 The optimal vasopressor
for RV failure in PE has not been identified, though
norepinephrine seems to be a preferred first-line
agent, with its mix of alpha and beta agonism, sup-
porting mean arterial pressure without increasing
PVR. Vasopressin is a non-catecholamine that
should increase systemic arterial pressure also
without increasing PVR.

Parenteral inotropes including epinephrine,
dobutamine, and dopamine may have a role
when there is insufficient cardiac output, though
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tachycardia and tachyarrhythmia can occur, which
may adversely influence cardiac output.153,155,156

The nitric oxide pathway has been considered
another possible target intervention, in that this
small molecule is a potent, reversible, and selective
pulmonary vasodilator. The Inhaled nitric oxide for
PE (iNOPE) trial investigated inhaled nitric oxide in
intermediate-risk PE, and found that more patients
achieved a prespecified secondary endpoint of
normalization of RV echocardiographic parame-
ters.18,157 Nitric oxide has also been evaluated as
salvage therapy in high-risk PE but the numbers of
studied patients are quite small and do not permit
firm conclusions.158 Analogously, sildenafil, a
phosphodiesterase-5-inhibitor, which increases
cyclic GMP (the action downstream of nitric oxide)
did not improve cardiac index in intermediate-high
risk PE, and instead caused hypotension.159 Over-
all, treatments of PE with pulmonary vasodilators
remain speculative.

Extracorporeal membrane oxygenation
High-risk PE patients with hemodynamic instability
despite optimal pharmacologic interventions
should be considered for mechanical circulatory
support. The most common of these strategies is
ECMO, for which there are case studies and
case series in highest risk PE, but no randomized
control trials. ECMO receives a Class IIb recom-
mendation for acute PE with “refractory circulatory
collapse or cardiac arrest” in 2019 ESC guide-
lines.10,160,161 The primary goal of ECMO in treat-
ing PE is to serve as a bridge to definitive
therapy by providing cardiopulmonary support.162

While there have been rare cases of veno-venous
(VV) ECMO used in high-risk PE, it is largely
accepted that veno-arterial (VA) ECMO is the
optimal modality as it provides both ventilatory
and hemodynamic support, whereas VV ECMO
only delivers oxygenated blood to the right heart,
and does not provide circulatory support.160,161

Importantly, peripheral VA ECMO bypasses the
obstruction of the pulmonary vascular bed,
removing blood from the venous system and re-
routing it to the femoral artery after oxygena-
tion.162 Anticoagulation is required for ECMO and
thus any patients who cannot be anticoagulated
may not be a candidate for ECMO; importantly,
this anticoagulation provides treatment of the PE.
Other contraindications to ECMO include poor
functional status, advanced age, morbid obesity,
neurologic dysfunction, chronic organ dysfunc-
tion, and prolonged CPR.162 One systematic re-
view of cases where ECMO was used for high-
risk PE found a survival rate of 78% but notes
that this survival rate is higher than in many previ-
ous studies.160 Additionally, 2 systematic reviews
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of patients on ECMO found that they received var-
ied definitive interventions either in isolation or
combination including systemic thrombolysis,
catheter-guided thrombolysis, and surgical embo-
lectomy.160,161 A review of the use of ECMO in pa-
tients with high-risk PE who have cardiopulmonary
arrest found a 61% survival rate for patients who
were cannulated for ECMO either during cardiac
arrest or after Return of Spontaneous Circulation
(ROSC) was achieved.163 The study did find that
mortality was higher in patients who were cannu-
lated during arrest and for patients over age
65.163 Overall hospital systems should work on
optimization of channels and transitions of care,
including mobile ECMO and coordination of trans-
fer of ECMO patients to tertiary centers.145

There is a small, growing literature on the use of
percutaneous RV assist devices in high-risk PE.
These devices generally require access to the pul-
monary artery, which may be difficult if not contra-
indicated in acute PE, and they do not directly
provide support for ventilation and oxygenation
in contrast to VA ECMO.87

Reperfusion and Pulmonary Embolism-
Debulking Therapies Anticoagulation

The initial treatment of PE, including intermediate-
high and high-risk, is anticoagulation. ESC guide-
lines give a class I recommendation: “initiation of
anticoagulation is recommended without delay in
patients with high or intermediate clinical probabil-
ity of PE, while diagnostic workup is in prog-
ress.”10,24 This must be considered in terms of
certainty of the diagnosis (pre-test probability, to
avoid exposing non-PE patients to bleeding risk),
stability of the patient, comorbidities and bleeding
risk, and delay until definitive diagnosis can be
made (eg CTPA). Data support the correlation be-
tween early initiation of anticoagulation and
Table 4
Major and Minor contraindications to systemic throm

Major Contraindications

Structural intracranial disease
Intracranial neoplasm
Previous intracranial hemorrhage
Ischemic stroke (within 3 mo)
Recent brain or spinal surgery (within 3 mo)
Any known bleeding diathesis or internal

bleeding
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decreased overall mortality.164 For intermediate-
high and high-risk PE, initial anticoagulation is
most often achieved with subcutaneous low-
molecular weight heparin (LMWH), fondaparinux,
or unfractionated heparin (UFH). When not contra-
indicated, recent data have suggested superiority
in using either LMWHor fondaparinux for initial anti-
coagulation as it decreases both bleeding risk and
development of heparin-induced thrombocyto-
penia.165,166 However, in high-risk patients where
definitive reperfusion and interventional therapy
may be needed, UFH may be preferred due to
shorter half-life (0.5 - 1.5 hrs) compared to LMWH
(3 - 6 hrs) and fondaparinux (17 - 21 hrs).167 UFH
is also preferred in patients with renal dysfunc-
tion.10 In general, contraindications to empiric anti-
coagulation should be considered in all patients.10
Systemic thrombolysis
In addition to anticoagulation, systemic thrombol-
ysis is recommended by both the American Col-
lege of Chest Physicians guidelines and the ESC
guidelines for patients with high-risk PE (hemody-
namically unstable patients with a PE, without
contraindications to thrombolysis).10,168 While
there is a demonstrated hemodynamic benefit of
thrombolysis in intermediate-high risk PE, in terms
of hemodynamic deterioration, there is no overall
difference in all-cause mortality; benefits of sys-
temic thrombolysis are offset by increased
bleeding risk and so thrombolysis is only recom-
mended if patients with intermediate-high risk PE
progress to hemodynamic instability.10,87,168–171

Both relative and absolute contraindications to
systemic thrombolysis must be considered prior
to administration (Table 4).172 87, Some 50% of pa-
tients have a contraindication to systemic throm-
bolysis, limiting its applicability. Additionally, the
risk of intracranial or fatal hemorrhage due to
bolysis87,172

Minor Contraindications

Prolonged cardiopulmonary resuscitation
Systolic BP >180 mm Hg

Diastolic BP >110 mm Hg
Recent non-intracranial bleeding (within 2–4
wk)

Recent surgery (within 2 wk)
Recent invasive procedure (within 1 mo)
Ischemic stroke (>3 mo ago)
Coagulopathy, thrombocytopenia, oral
anticoagulant

Age <18 y or >75y
Pregnancy (current, or birth within 1 wk)
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thrombolysis leads to underuse, even in the most
severe PE.

The ESC guideline-recommended regimens for
systemic thrombolysis include recombinant
tissue-type plasminogen activator (rtPA).10 Impor-
tantly, UFH can be continued if administering rtPA
(but must be stopped if administering first-
generation thrombolytics, strepokinase and uroki-
nase).10,173 While several meta-analyses have
found tenecteplase to be safe and effective, there
are no head-to-head trials comparing it to other
thrombolytics, and it is not yet recommended in
the ESC guidelines. The American College of
Chest Physicians does not offer specific guidance
on optimal thrombolytic choice.10,168,174–176

Notably, there is a small portion of patients who
receive systemic thrombolysis who do not
respond, with some estimates as high as 8%.177

Such patients must be carefully evaluated for
rescue therapies, including ECMO or an embolec-
tomy procedure.24,87

Catheter-directed therapies
Significant work has been conducted on the use of
percutaneous catheter-based modalities for clot
thrombolysis or evacuation. While the standard
of care for hemodynamically unstable patients
with high-risk PE remains systemic thrombolysis,
catheter-directed modalities have been studied
as adjuncts to or second-line therapies for high-
risk PE as well as possible first-line treatment for
intermediate-high risk PE.178,179 There are several
modalities for catheter-directed treatment of PE
including standard catheter-directed thrombolysis
(CDT), ultrasound-assisted CDT, fragmentation,
and catheter-directed embolectomy.178

Catheter-directed thrombolysis An overall theme
and goal of catheter-directed thrombolysis is to
achieve the benefits of systemic thrombolysis
without the same bleeding risk, by using lower
doses of locally delivered thrombolytic via a cath-
eter.24,87,179,180 Ultrasound-assisted CDT
(USCDT) operates on the same principle but addi-
tionally utilizes high-frequency, low-power ultra-
sound waves (from a 5F combined ultrasound
and thrombolytic infusion catheter) to assist in
fibrinolysis by unwinding fibrin strands to unlock
thrombolytic binding sites.87,179 Many of the trials
of these devices are based on surrogate PE-
endpoints like ventricular size ratio Ultrasound
Accelerated Thrombolysis of PE (ULTIMA181)trail
and PASP, and several are a prospective, Single-
arm, Multi-center Trial of EkoSonic(R) Endovascu-
lar System and Activase for Treatment of Acute
Pulmonary Embolism (Seattle II).182 ULTIMA ran-
domized intermediate-risk PE patients to USCDT
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versus anticoagulation, and found that the primary
endpoint, 24 h reduction in the dimensionless
RV:LV ratio was�0.30 compared to�0.03 with
anticoagulation alone. There were no episodes of
hemodynamic decompensation or instances of
major bleeding events at 90 days in either
group.182 The OPTALYSE PE trial investigated
the lower thrombolytic doses and shorter duration
of thrombolytic infusions for intermediate-risk PE,
and found comparable surrogate outcome
(RV:LV ratio) results with lower doses (4 mg per
lung similar to 12 mg) and reduced times (2 hours
similar to 6 hours).183-185 While randomized,
OPTAYLSE had no control arm, so we cannot
compare the RV:LV ratio to a no-treatment or
anticoagulation-arm. A meta-analysis of 8 studies
comparing CDT and USCDT (7 observational and
1 randomized) showed no overall difference in
length of stay, bleeding, or surrogate PE-related
measures (though the CDT group had a statisti-
cally better reduction in mean pulmonary artery
pressure).184 However, the trials included may
have used higher thrombolytic doses with USCDT,
and thus not shown a benefit of USCDT on lesser
bleeding outcomes. Because the question of
whether CDT and USCDT are truly of benefit
over anticoagulation alone, there are several
ongoing investigations including PE-TRACT
(https://www.clinicaltrials.gov/study/NCT0559111
8) and HI-PEITHO (https://www.clinicaltrials.gov/
study/NCT04790370). These trials aim to compare
the use of CDT and USCDT, respectively, in
intermediate-risk PEs to anticoagulation alone.

Catheter-directed embolectomy Suction embo-
lectomy was first pioneered more than 50 years
ago.87 A large-bore aspiration system (AngioVac)
was developed to aspirate intravascular materials
with a veno-venous bypass system and filtering
mechanism, and has been used for extraction of
vena cava and peripheral venous thrombi, right
heart vegetations, right heart CIT, and sometimes
PE, though the large bore can be difficult to steer
in the pulmonary artery. A next generation device
(AlphaVac) is being assessed in a single-arm study
of intermediate risk PE (APEX-PE, https://classic.
clinicaltrials.gov/ct2/show/NCT05318092).

Multiple new catheter-directed embolectomy
(CDE) platforms have proliferated in the 2010s.
The FlowTriever is a 16, 20, or 24 French catheter
for aspiration that also features 3 nitinol-discs that
can self-expand and trap thrombus. FlowTriever
received approval in 2018 based on the single-
arm Flowtriever Pulmonary Embolectomy (FLARE)
study showing improved RV:LV ratio in
intermediate-risk PE.24,87,186 Interestingly in prac-
tice, the nitinol-discs are not always used relative
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to the aspiration functionality; aspiration can be
repeated as needed to clear the pulmonary artery.
Two lines of investigation on FlowTriever were pre-
sented in 2023. FlowTriever All-Comer Registry for
Patient Safety and Hemodynamics (FLASH)187,188

is a real-world analysis of intermediate-risk (77%)
and high-risk (8%) PE patients of whom one-third
had a contraindication to thrombolysis. FlowTri-
ever resulted in immediate 8 mm Hg decline
(�23%) in mean pulmonary arterial pressure and
increased cardiac index 0.3 L/min/sqm (119%).
Thirty-day mortality was 0.8%. FlowTriever for
Acute Massive Pulmonary Embolism was pre-
sented at American College of Cardiology March
2023, detailing a prospective observational cohort
of high-risk PE (hypotension, vasopressor use, ar-
rest); in-hospital mortality was < 2% compared to
> 28% in both a literature-based historical goal and
a “context” arm which included w70% systemic
thrombolysis (https://clinicaltrials.gov/ct2/show/
NCT04795167). Rescue therapy, clinical deteriora-
tion, and major bleeding were all lower with Flow-
Triever. The Indigo aspiration catheter is smaller-
bore (eg 6F-12F) and may be able to better navi-
gate the pulmonary arterial tree, but it has less
cross-sectional area and capacity for clot extrac-
tion; single-arm surrogate-endpoint data has stud-
ied this device.189

Percutaneous devices comparison The 2 major
paradigms of percutaneous therapies are CDT
and CDE, but comparisons among these are few.
One such study from 2016 to 2019 from the
Nationwide Readmission Database propensity
matched about 800 high-risk PE patients who
received CDE and CDT.189 The cohort featured
75%mechanically ventilated patients, 15% on va-
sopressors, 12% who required mechanical circu-
latory support, and 13% who received systemic
thrombolysis. There was no difference in all-
cause mortality or major bleeding, but this was a
retrospective analysis dependent on administra-
tive coding data, and biases for or against a certain
Table 5
Comparison of Catheter-directed thrombolysis and c

Catheter-directed thrombolysis C

Smaller bore devices
Able to reach distal pulmonary vasculature

Pharmaco-mechanical strategy
Thrombolytic action takes time
Perhaps better for peripheral PEs
Bleeding risk (local and systemic)
Typically performed by interventional cardiologist

or interventional radiologist

L
G
M
E
M
A

Ty
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treatment modality cannot be assessed. PEER-
LESS (https://classic.clinicaltrials.gov/ct2/show/
NCT05111613) is a randomized trial of FlowTriever
CDE versus any modality of CDT in intermediate-
risk PE, designed to assess a composite win-
ratio endpoint based on mortality, bleeding, and
deterioration or treatment escalation. A 2024 anal-
ysis of real-world data comparing USCDT and
CDE showed higher overall major bleeding by In-
ternational Society for Thrombosis and Hemosta-
sis criteria (11.0% versus 17.3%, p50.0002).
There was also less intracranial hemorrhage in
the USCDT group compared to CDE (0.4% versus
1.4%, p50.015). Selection-biases and confound-
ing cannot be excluded. However, this type of
big-data approach, with real-world patients, may
provide insights not available in clinical trials,
where there are many exclusion criteria. If vali-
dated, the result may also suggest that there are
unappreciated harms to CDE, or may bear on the
skill level or expertise required to conduct CDE.
(https://www.jscai.org/article/S2772-9303(23)
01194-8/fulltext).
Where does this leave the practicing clinician

faced with an intermediate-high or high-risk PE?
First, each institution and center likely will develop
expertise in a certain selection of percutaneous de-
vices, and there is likely a volume-quality relationship
inemploying interventional therapeutics.Second,we
can appreciate some differences between CDE and
CDT (Table 5). There does seem to be a secular evo-
lution in therapy toward CDE, given immediate
debulking of PE and reperfusion of the pulmonary
arterial tree. Akin to the history of reperfusion therapy
formyocardial infarction, evolving from thrombolysis
to primary percutaneous coronary intervention to
open thecoronary artery,wemaybeon theprecipice
of moving treatment of advanced, central PE from a
pharmacologic (or combined pharmaco-
mechanical CDT paradigm) to a CDE paradigm to
open the pulmonary artery. Before standards of
care change, however, additional comparative and
randomized data will be required to fully define
atheter-directed embolectomy

atheter-Directed Embolectomy

arger devices, less navigable, learning curve
enerally treats proximal PE
echanical embolectomy only
mbolectomy has immediate effect
ore suited to central PE
ccess site risks, risks of injury to pulmonary artery

pically performed by interventional cardiologist
or interventional radiologist
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� PE is a great masquerader, and must be
considered as a cause of protean cardiopul-
monary symptoms and signs, and by every
specialty of medicine.

� PE risk factors from the history and examina-
tion can increase the pre-test probability of
diagnosing PE. Several validated prediction
rules are available to assist the clinician.

� Electrocardiography and echocardiography
can show evidence of RV dilatation and
dysfunction. Echocardiography can also
inform the differential diagnosis, and quan-
tify effects on pulmonary arterial pressures.
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outcomesand risks, andunderstand the role foreach
modality.

Overall, ESC guidelines do not recommend the
routine use of percutaneous catheter-directed
treatments, but do offer a Class IIa consideration
for high-risk PE patients in which thrombolysis
has failed or is contraindicated.10

Surgical thromboembolectomy
The concept of surgical thromboembolectomy for
PE was first described in the early twentieth cen-
tury.190 Surgical thromboembolectomy is a highly
invasive procedure and requires midline sternot-
omy and cardiopulmonary bypass.191,192 Surgical
thromboembolectomy had most often been
reserved as a salvage procedure when other
treatment options have failed; however, there is
some evidence to support its use in patients
with an extensive proximal thrombus burden
such as CIT and impending paradoxic embo-
lism.190,191,192,193 Traditionally, the mortality of
patients undergoing surgical thromboembolec-
tomy has been high—a nationwide sample of pa-
tients undergoing surgical thromboembolectmy
between 1999 and 2008 found a mortality rate
of 27.2%, but this was likely due to selection
bias and its use as a salvage procedure.190

Recent data demonstrate an in-hospital mortality
rate in high-risk and intermediate-risk PE patients
undergoing surgical thromboembolectomy be-
tween 6.6% and 11.7%.191,194,195 Some authors
argue that surgical thromboembolectomy should
be considered in the treatment algorithm for
intermediate-high and high-risk PE, for example,
in central emboli or clot-in-transit.190 A single-
center retrospective study of 55 patients with
intermediate-risk PE, high-risk PE without cardiac
arrest, and high-risk PE with cardiac arrest found
a 93% in-hospital survival rate, in-line with other
recent data, but found that in-hospital survival in
the intermediate-risk group was 100% compared
to 88% and 78% in the high-risk PE without and
with cardiac arrest, respectively.196 Despite this,
there are no trials directly comparing surgical
thromboembolectomy to medical therapies
alone.196 Current ESC guidelines give a Class I
recommendation of surgical thromboembolec-
tomy in high-risk PE patients where thrombolysis
(or CDT) is contraindicated or has failed.10,24 Pre-
operative thrombolysis increases risk of bleeding,
but is not an absolute contraindication.
Biomarkers like troponin and natriuretic pep-
tide provide evidence of RVmyocardial necro-
sis and chamber distention, respectively.

� Risk stratification in PE depends on validated
prognostic rules (PESI, sPESI), biomarkers,
and echocardiography.
SUMMARY

While the overall incidence of PE is increasing, the
incidence of high-risk PE and mortality from PE is
decreasing. This trend suggests that both the
Descargado para Biblioteca Medica Hospital México (b
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recognition of PE generally and the recognition of
intermediate-risk and high-risk PE is of paramount
importance. Clinicians must remember the pro-
tean manifestations of PE and its broad range of
presentations. Validated scores for diagnosis and
prognosis can guide the clinician. In modern prac-
tice, the vast majority of PEs are diagnosed by
CTPA. Imaging, in particular TTE, and biomarkers
are vital adjuncts to prognosis, but no 1 marker
or set of markers is superior, and clinical intuition
and individualization are essential.

Respiratory and hemodynamic support, atten-
tion to volume status, anticoagulation, and consid-
eration for systemic thrombolysis represent the
primary management aims of intermediate-high
and high-risk PE. There are growing data on CDT
and CDE modalities, while surgical thromboembo-
lectomymay also have a role in the initial treatment
approach. Because these technologies and thera-
peutics cross multi-disciplinary lines, and there is
equipoise (or lack of data) in preferring 1 advanced
PE therapy over another, PERTs can assist the
clinician with decision-making and implementation
of a treatment plan.

While this review provides a broad overview of
the recognition and treatment of intermediate-
risk and high-risk PE, it does not provide important
context for the treatment of special populations
with PE including patients who are pregnant,
have history of heparin-induced thrombocyto-
penia, have inherited thrombophilias, or have
sickle cell disease.
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� Therapeutic anticoagulation is the backbone
of PE therapy regardless of risk profile.

� The highest risk PE patients require urgent
and definitive therapy to support hemody-
namics and to clear the pulmonary artery of
clots.

� Hemodynamic support for the most severe PE
includes VA ECMO, for which there are the
most available data; VA ECMO be considered
for shock (refractory to parenteral vasoac-
tives), cardiac arrest, and pulmonary collapse.

� Systemic thrombolysis is typically the first
treatment considered, though many patients
have contraindications, and there is a fear of
using this therapy due to intracranial hemor-
rhage (ICH) risk.

� There are limited randomized and compara-
tive effectiveness data to rigorously choose
1 interventional PE therapy over another.
CDE and CDT each have advantages, but
there is a possible trend toward first-line
use of an embolectomy strategy.

� Intermediate-risk PE patients represent a
true contemporary management challenge.
Most of these patients will do well, and
exposing these patients to the risks of
advanced therapies is not justified on a large
scale. However, some of these intermediate-
risk patients will experience clinical deterio-
ration, and require definitive PE therapy
early.

� PERTs are essential in to individualize care
and decision-making, by marshaling the
combined experience of clinicians with
expertise in PE, to help match patient risk
to appropriate treatment. PERTs can also
help with diagnosis.
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63. Douma RA, le Gal G, Söhne M, et al. Potential of an

age adjusted D-dimer cut-off value to improve the

exclusion of pulmonary embolism in older patients:

a retrospective analysis of three large cohorts. BMJ

2010;340:c1475.

64. Schouten HJ, Geersing GJ, Koek HL, et al.

Diagnostic accuracy of conventional or age

adjusted D-dimer cut-off values in older patients

with suspected venous thromboembolism: sys-

tematic review and meta-analysis. BMJ 2013;

346:f2492.

65. Righini M, Van Es J, Den Exter PL, et al. Age-

adjusted D-dimer Cutoff levels to rule out pulmo-

nary embolism: the ADJUST-PE study. JAMA

2014;311(11):1117–24.

66. Meyer G, Roy PM, Sors H, Sanchez O. Laboratory

tests in the diagnosis of pulmonary embolism.

Respiration 2003;70(2):125–32.

67. Dieter RS, Ernst E, Ende DJ, Stein JH. Diagnostic

utility of cardiac troponin-I levels in patients with

suspected pulmonary embolism. Angiology 2002;

53(5):583–5.

68. Giannitsis E, Müller-Bardorff M, Kurowski V, et al.

Independent prognostic value of cardiac troponin

T in patients with confirmed pulmonary embolism.

Circulation 2000;102(2):211–7.

69. Konstantinides S, Geibel A, Olschewski M, et al.

Importance of cardiac troponins I and T in risk

stratification of patients with acute pulmonary em-

bolism. Circulation 2002;106(10):1263–8.

70. Tulevski II, Mulder BJM, van Veldhuisen DJ. Utility

of a BNP as a marker for RV dysfunction in acute
exico@gmail.com) en National Library of Health 
3, 2024. Para uso personal exclusivamente. No se 
Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0733-8651(24)00018-3/sref45
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref45
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref45
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref45
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref45
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref46
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref46
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref46
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref46
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref46
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref47
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref47
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref47
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref47
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref48
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref48
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref48
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref48
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref49
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref49
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref49
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref49
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref49
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref50
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref50
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref50
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref50
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref50
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref51
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref51
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref51
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref51
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref51
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref51
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref52
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref52
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref52
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref52
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref53
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref53
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref53
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref53
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref54
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref54
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref54
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref54
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref55
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref55
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref55
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref55
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref55
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref56
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref56
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref56
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref56
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref57
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref57
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref57
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref57
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref57
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref57
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref58
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref58
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref58
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref58
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref58
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref59
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref59
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref59
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref59
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref59
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref60
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref60
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref60
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref60
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref61
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref61
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref62
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref62
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref62
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref62
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref62
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref63
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref63
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref63
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref63
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref63
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref64
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref64
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref64
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref64
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref64
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref64
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref65
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref65
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref65
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref65
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref66
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref66
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref66
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref67
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref67
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref67
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref67
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref68
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref68
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref68
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref68
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref69
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref69
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref69
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref69
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref70
http://refhub.elsevier.com/S0733-8651(24)00018-3/sref70


Intermediate- and High-Risk Pulmonary Embolism 231
pulmonary embolism. J Am Coll Cardiol 2002;

39(12):2080.

71. Reza N, Dudzinski DM. Pulmonary embolism

response teams. Curr Treat Options Cardiovasc

Med 2015;17(6):387.

72. Rodger M, Makropoulos D, Turek M, et al. Diag-

nostic value of the electrocardiogram in suspected

pulmonary embolism. Am J Cardiol 2000;86(7):

807–9.

73. Hariharan P, Dudzinski DM, Okechukwu I,

Takayesu JK, Chang Y, Kabrhel C. Association be-

tween electrocardiographic findings, right heart

strain, and short-term adverse clinical events in pa-

tients with acute pulmonary embolism. Clin Cardiol

2015;38(4):236–42.

74. Co I, Eilbert W, Chiganos T. New electrocardio-

graphic changes in patients diagnosed with pulmo-

nary embolism. J Emerg Med 2017;52(3):280–5.

75. McGINN S, WHITE PD. Acute cor pulmonale result-

ing from pulmonary embolism: its clinical recogni-

tion. Journal of the American Medical Association

1935;104(17):1473–80.

76. Nallamala H, Mathis E, Sethi I. Recognizing S1q3t3

for what it is: a nonspecific pattern of right heart

strain. J Hosp Med. https://shmabstracts.org/

abstract/recognizing-s1q3t3-for-what-it-is-a-nonsp

ecific-pattern-of-right-heart-strain/. [Accessed 21

June 2023].

77. Ullman E, Brady WJ, Perron AD, Chan T. Electro-

cardiographic manifestations of pulmonary embo-

lism. Am J Emerg Med 2001;19(6):514–9.

78. Shopp JD, Stewart LK, Emmett TW, Kline JA. Find-

ings from 12-lead electrocardiography that predict

circulatory shock from pulmonary embolism: sys-

tematic review and meta-analysis. Acad Emerg

Med 2015;22(10):1127–37.

79. Daniel KR, Courtney DM, Kline JA. Assessment of

cardiac stress from massive pulmonary embolism

with 12-lead ECG. Chest 2001;120(2):474–81.

80. Digby GC, Kukla P, Zhan Z, et al. The value of elec-

trocardiographic Abnormalities in the prognosis of

pulmonary embolism: a consensus Paper. Ann

Noninvasive Electrocardiol 2015;20(3):207–23.

81. Golpe R, Castro-Añón O, Pérez-de-Llano LA, et al.

Electrocardiogram score predicts severity of pul-

monary embolism in hemodynamically stable pa-

tients. J Hosp Med 2011;6(5):285–9.

82. Kostrubiec M, Hrynkiewicz A, Pedowska-W1oszek J,

et al. Is it possible to use standard electrocardiog-

raphy for risk assessment of patients with pulmonary

embolism? Kardiol Pol 2009;67(7):744–50.

83. Subramaniam RM, Mandrekar J, Chang C, et al.

Pulmonary embolism outcome: a prospective eval-

uation of CT pulmonary angiographic clot burden

score and ECG score. AJR Am J Roentgenol

2008;190(6):1599–604.
Descargado para Biblioteca Medica Hospital México (b
and Social Security de ClinicalKey.es por Elsevier en m

permiten otros usos sin autorización. Copyright ©
84. Toosi MS, Merlino JD, Leeper KV. Electrocardio-

graphic score and short-term outcomes of acute

pulmonary embolism. Am J Cardiol 2007;100(7):

1172–6.

85. Bircan A, Karadeniz N, Ozden A, et al. A simple

clinical model composed of ECG, shock index,

and arterial blood gas analysis for predicting se-

vere pulmonary embolism. Clin Appl Thromb He-

most 2011;17(2):188–96.

86. Kline JA, Hernandez-Nino J, Rose GA, Norton HJ,

Camargo CA. Surrogate markers for adverse out-

comes in normotensive patients with pulmonary

embolism. Crit Care Med 2006;34(11):2773–80.

87. Osho AA, Dudzinski DM. Interventional therapies

for acute pulmonary embolism. Surg Clin North

Am 2022;102(3):429–47.

88. Lyhne MD, Dudzinski DM, Andersen A, et al. Right-

to-left ventricular ratio is higher in systole than dias-

tole in patients with acute pulmonary embolism.

Echocardiography 2023 09;40(9):925–31. PMID:

37477341.

89. Alerhand S, Sundaram T, Gottlieb M. What are the

echocardiographic findings of acute right ventricu-

lar strain that suggest pulmonary embolism?

Anaesth Crit Care Pain Med 2021;40(2):100852.

90. Bernard S, Namasivayam M, Dudzinski DM. Re-

flections on echocardiography in pulmonary embo-

lism: Literally and figuratively. J Am Soc

Echocardiogr 2019;32(7):807–10.

91. Fields JM, Davis J, Girson L, et al. Transthoracic

echocardiography for diagnosing pulmonary em-

bolism: a systematic review and meta-analysis.

J Am Soc Echocardiogr 2017;30(7):714–23.e4.

92. Garvey S, Dudzinski DM, Giordano N, et al. Pulmo-

nary embolism with clot in transit: an analysis of risk

factors and outcomes. Thromb Res 2020;187:

139–47.
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132. Donzé J, Le Gal G, Fine MJ, et al. Prospective vali-

dation of the Pulmonary Embolism Severity Index.

A clinical prognostic model for pulmonary embo-

lism. Thromb Haemost 2008;100(5):943–8.

133. Righini M, Roy PM, Meyer G, Verschuren F,

Aujesky D, Le Gal G. The Simplified Pulmonary Em-

bolism Severity Index (PESI): validation of a clinical

prognostic model for pulmonary embolism.

J Thromb Haemost 2011;9(10):2115–7.

134. Barnes GD, Muzikansky A, Cameron S, et al. Com-

parison of 4 acute pulmonary embolism mortality

risk scores in patients evaluated by pulmonary em-

bolism response teams. JAMA Netw Open 2020;

3(8):e2010779.

135. Dudzinski DM, Piazza G. Multidisciplinary pulmo-

nary embolism response teams. Circulation 2016;

133(1):98–103.

136. Provias T, Dudzinski DM, Jaff MR, et al. The Massa-

chusetts General Hospital Pulmonary Embolism

Response Team (MGH PERT): creation of a multi-

disciplinary program to improve care of patients

with massive and submassive pulmonary embo-

lism. Hosp Pract 2014;42(1):31–7.
Descargado para Biblioteca Medica Hospital México (b
and Social Security de ClinicalKey.es por Elsevier en m

permiten otros usos sin autorización. Copyright ©
137. Root CW, Dudzinski MD, Zakhary B, et al. Multidisci-

plinary approach to the management of pulmonary

embolismpatients: thepulmonaryembolismresponse

team (PERT). J Multidiscip Healthc 2018;11:187–95.

138. Kabrhel C, Rosovsky R, Channick R, et al.

A multidisciplinary pulmonary embolism response

team: initial 30-month experience with a Novel

approach to Delivery of care to patients with sub-

massive and massive pulmonary embolism. Chest

2016;150(2):384–93.

139. Dudzinski DM, Horowitz JM. Start-up, Organization

and Performance of a multidisciplinary pulmonary

embolism response team for the diagnosis and

treatment of acute pulmonary embolism. Rev Esp

Cardiol 2017;70(1):9–13.

140. Mahar JH, Haddadin I, Sadana D, et al.

A pulmonary embolism response team (PERT)

approach: initial experience from the Cleveland

Clinic. J Thromb Thrombolysis 2018;46(2):186–92.

141. Fleitas Sosa D, Lehr AL, Zhao H, et al. Impact of

pulmonary embolism response teams on acute pul-

monary embolism: a systematic review and meta-

analysis. Eur Respir Rev 2022;31(165):220023.

142. Wright C, Goldenberg I, Schleede S, et al. Effect of a

multidisciplinary pulmonary embolism response

team on patient mortality. Am J Cardiol 2021;161:

102–7.

143. Xenos ES, Davis GA, He Q, Green A, Smyth SS.

The implementation of a pulmonary embolism

response team in the management of intermediate-

or high-risk pulmonary embolism. J Vasc Surg

Venous Lymphat Disord 2019;7(4):493–500.

144. Hobohm L, Farmakis IT, Keller K, et al. Pulmonary

embolism response team (PERT) implementation

and its clinical value across countries: a scoping

review and meta-analysis. Clin Res Cardiol 2022;

1–11. https://doi.org/10.1007/s00392-022-02077-0.

145. Rali P, Sacher D, Rivera-Lebron B, et al. Interhospital

transfer of patients with acute pulmonary embolism:

challenges and Opportunities. Chest 2021;160(5):

1844–52.

146. Perez-Nieto OR, Gomez-Oropeza I, Quintero-

Leyra A, et al. Hemodynamic and respiratory sup-

port in pulmonary embolism: a narrative review.

Front Med 2023;10:1123793.

147. Available at: https://pubmed.ncbi.nlm.nih.gov/

32551849/. Accessed March 23, 2024. DOI: 10.

1177/1076029620933944
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