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Background: High-risk pulmonary embolism (PE) is a complex, life-threatening condition, and emergency clini-
cians must be ready to resuscitate and rapidly pursue primary reperfusion therapy. The first-line reperfusion
therapy for patients with high-risk PE is systemic thrombolytics (ST). Despite consensus guidelines, only a frac-
tion of eligible patients receive ST for high-risk PE.
Objective: This review provides emergency clinicians with a comprehensive overview of the current evidence re-
garding the management of high-risk PE with an emphasis on ST and other reperfusion therapies to address the
gap between practice and guideline recommendations.
Discussion: High-risk PE is defined as PE that causes hemodynamic instability. The high mortality rate and
dynamic pathophysiology of high-risk PEmake it challenging tomanage. Initial stabilization of the decompensat-
ing patient includes vasopressor administration and supplemental oxygen or high-flow nasal cannula. Primary
reperfusion therapy should be pursued for those with high-risk PE, and consensus guidelines recommend the
use of ST for high-risk PE based on studies demonstrating benefit. Other options for reperfusion include surgical
embolectomy and catheter directed interventions.
Conclusions: Emergency clinicians must possess an understanding of high-risk PE including the clinical assess-
ment, pathophysiology, management of hemodynamic instability and respiratory failure, and primary reperfu-
sion therapies.
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1. Introduction

1.1. Background

High-risk pulmonary embolism (PE), also referred to as massive PE,
represents 5–10% of all PE cases [1-4]. This diagnosis carries a mortality
rate of 30–40% at 30 days, with an in-hospital mortality rate ranging
from 22 to 32% [3,5-7]. While high-risk PE makes up a small proportion
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of all PE, it has a disproportionate effect on total deaths from PE. In the
United States, PE is estimated to cause up to 300,000 deaths per year
and is the third most frequent cause of mortality among cardiovascular
diseases [8-10].

For this review, we adopt the European Society of Cardiology
(ESC) guidelines nomenclature for PE (high-risk, intermediate-high
and intermediate-low risk, and low-risk PE) in lieu of alternative no-
menclature (massive, submassive) (Table 1) [11]. The ESC guidelines
define high-risk PE as hemodynamic instability due to PE delineated
by one of the following: 1) cardiac arrest; 2) presence of obstructive
shock, which is defined as a systolic blood pressure (BP) < 90 mmHg
or the use of vasopressors to maintain a systolic BP ≥ 90 mmHg and
evidence of end-organ ischemia (altered mental status, cool skin,
oliguria/anuria, increased serum lactate); 3) persistent hypotension,
defined as a systolic BP < 90 mmHg or a drop ≥40 mmHg for longer
than 15 min not explained by an alternative cause (hypovolemia,
sepsis, arrhythmia) [11].
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Table 1
Pulmonary embolism definitions by the European Society of Cardiology Guidelines and American Heart Association Guidelines [11-14].

ESC guideline
categories

Definitions

High-risk PE Hemodynamic instability as defined by any of the following criteria:

1) Cardiac arrest
2) Obstructive shock defined as systolic BP < 90 mmHg or the use of vasopressors to maintain BP ≥ 90 mmHg despite adequate filling status AND

evidence of end-organ ischemiaa

3) persistent hypotension, defined as a systolic BP < 90 mmHg or a drop ≥40 mmHg for longer than 15 min which is not explained by an alternative
causeb

Intermediate-high
risk PE

Hemodynamically stable and meet both criteria below:

1) Elevated cardiac troponin level AND evidence of RV strain on imaging (CTPA or TTE)
2) PESI Class III-V or sPESI ≥ 1c

Intermediate-low
risk PE

Hemodynamically stable with:

1) Elevated cardiac troponin level OR evidence of RV strain on imaging (CTPA or TTE)
2) PESI Class III-V or sPESI ≥1

Low-risk PE Hemodynamically stable and meet both criteria below:

1) No evidence of RV strain on imaging AND cardiac troponin level normal (if measured)
2) PESI Class I-II or sPESI score 0

AHA guideline categories Definitions

Massive PE Hemodynamic instability as defined by:

1) Sustained hypotension defined as systolic BP < 90 mmHg for at least 15 min or requiring inotropic support not due to an alternative caused

2) Drop of systolic BP > 40 mmHg for at least 15 min
3) Pulselessness

Submassive PE Hemodynamically stable and meet the criterion below:

1) The presence of RV dysfunction OR myocardial necrosise

Low-risk PE Do not meet criteria for submassive PE

AHA, American Heart Association; BP, blood pressure; CTPA, computed tomography pulmonary angiography; ESC, European Society of Cardiology; PE, pulmonary embolism; PESI, PE Se-
verity Index; sPESI, simplified PESI; RV, right ventricle; TTE, transthoracic echocardiogram.

a End-organ ischemia is defined by altered mental status, cool skin, oliguria/anuria, or increased serum lactate.
b Alternative cause is defined as hypovolemia, sepsis, or new onset cardiac arrhythmia.
c Refer to Table 3 for PESI and sPESI definitions.
d AHA guidelines define alternative causes as: arrhythmia, hypovolemia, sepsis, left ventricular dysfunction.
e RV dysfunction is defined as follows: RV dilation or RV systolic dysfunction on echocardiography, RV dilation on CT, elevation on brain natriuretic peptide (BNP)> 90 pg/mL, elevation

of N-terminal pro-BNP > 500 pg/mL, electrocardiographic changes of new complete or incomplete right bundle-branch block, anteroseptal ST elevation or depression, or anteroseptal T-
wave inversion. Myocardial necrosis is defined as troponin I > 0.4 ng/mL or troponin T > 0.1 ng/mL.
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1.2. Importance

Despite the life-threatening nature of high-risk PE, widespread im-
plementation of best practices is lacking. Unfortunately, many patients
eligible for primary reperfusion with systemic thrombolytics (ST) do
not receive it, despite clear consensus guidelines [10,11,15].Whilemul-
tidisciplinary PE Response Teams (PERTs) have been associatedwith in-
creased use of reperfusion therapy in appropriate patients, many
emergency clinicians do not have access to these teams and must inde-
pendently manage patients with high-risk PE [16].

1.3. Goals of this investigation

This narrative review discusses the essential aspects of managing
high-risk PE with an emphasis on the emergency clinician, including
clinical assessment, pathophysiology of right ventricular failure, man-
agement of hemodynamic instability, airway management, and reper-
fusion therapies. We focus on ST as the mainstay of treatment for
high-risk PE. While pursuing primary reperfusion therapy, emergency
clinicians must understand and manage the life-threatening clinical
manifestations of high-risk PE.

2. Methods

The authors searched PubMed and Google Scholar for articles
using a combination of the keywords “high-risk” or “massive” and
“pulmonary embolism” or “PE” or “pulmonary embolus”. The search
was conducted from the database's inception to October 1, 2023.
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PubMed yielded over 800 articles. The first 200 articles in Google
Scholar were also searched. Authors evaluated case reports and se-
ries, retrospective and prospective studies, systematic reviews and
meta-analyses, and other narrative reviews. Authors also reviewed
guidelines and supporting citations of included articles. The literature
search was restricted to studies published in English, with focus on
the emergency medicine and critical care literature. Authors decided
which studies to include for the review by consensus. When avail-
able, systematic reviews and meta-analyses were preferentially se-
lected. These were followed sequentially by randomized controlled
trials (RCTs), prospective studies, retrospective studies, case reports,
and other narrative reviewswhen alternate data were not available. A
total of 147 articles were selected for inclusion in this narrative
review.

3. Discussion

3.1. Clinical assessment

High-risk PE is a clinical definition based on clinician assessment.
The presentation and pathophysiology of PE is dynamic, and there is a
wide spectrum of disease severity. Even among patients with high-
risk PE, the presentation varies significantly from hypotension to severe
shock and cardiac arrest. Some literature refers to a PE that causes re-
fractory shock or cardiac arrest as “catastrophic PE,” though this defini-
tion is notwidespread orwell-studied [17]. Emergency clinicians should
be familiar with risk stratification of patients with PE who have, or may
go on to develop, high-risk PE.



Table 3
Definitions of the Pulmonary Index Severity Index and Simplified Pulmonary Severity
Index [13,14].

Variables PESI score sPESI score

Age, years + Age in years 1 (1 point if age > 80 years)
History of cancer + 30 1
History of chronic lung diseasea + 10 1
History of heart failure + 20
Heart rate ≥ 110 bpm + 20 1
Systolic BP < 100 mmHg + 30 1
Oxygen saturation < 90% + 20 1
Respiratory rate ≥ 30 breath/min + 20 –
Altered mental status + 60 –
Temperature < 36 degrees C + 20 –
Male sex + 10 –

Bpm, beats per minute; BP, blood pressure; PESI, Pulmonary Embolism Severity Index;
sPESI, simplified PESI.
The PESI is an 11-variable risk stratification score that categorizes patients into 5 distinct
risk categories with ascending 30-day mortality, with class I (≤65 points) defined as
very low risk, class II (66–85 points) as low risk, class III (86–105 points) as intermediate
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If there is elevated clinical concern for high-risk PE, we recommend
forgoing D-dimer testing and proceeding directly to computed tomog-
raphy pulmonary angiography (CTPA). If a patient is too unstable for
CTPA, then the clinician should evaluate and exclude other causes of
shock and perform point-of-care ultrasound (POCUS)with an emphasis
on echocardiography [18]. Although laboratory values have a minimal
role in diagnosing patients with high-risk PE because the diagnosis is
clinical, we recommend the following diagnostic studies be obtained
concurrently with emergent CTPA. While there are no validated values
or cut-offs, several diagnostic tests have been shown to be related to
risk for deterioration or mortality in patients with PE, including electro-
cardiogram (EKG), troponin, B-type natriuretic peptide (BNP) or N-
terminal pro B-type natriuretic peptide, and echocardiography
(Table 2).

There are no risk scores designed specifically for predicting clinical
outcomes among patients with high-risk PE. The PE Severity Index
(PESI) classification system and simplified PESI (sPESI) score predict
30-day mortality in all patients with PE (Table 3) [13,14]. These scores
Table 2
Clinical assessment of patients with high-risk PE [13,19-29].

Assessment Finding Risk for decompensation or mortality

Syncope Presence of
syncopea

OR 2.00, 95% CI 1.11–3.60 (30-day PE-related
decompensation)

EKG Atrial
fibrillation

OR 1.75, 95% CI 1.15–2.66b (30-day
decompensation)

Complete
RBBB

OR 2.67, 95% CI 1.81–4.95

S1Q3T3 OR 2.06, 95% CI 1.23–3.45
Sinus
tachycardia

OR 4.46, 95% CI 1.68–11.84

ST elevation
in lead aVR

OR 5.24, 95% CI 3.98–6.91

T-wave
inversions in
Lead V1
Lead V2
Lead V3

OR 2.63, 95% CI 1.47–4.73
OR 6.94, 95% CI 2.41–19.96
OR 7.07, 95% CI 1.13–44.22

Lab Values Elevated
troponincd

OR 5.24, 95% CI 3.28–8.38 (in-hospital or
30-day mortality)

Elevated BNP,
NT-proBNP

OR 3.71, 95% CI 0.81–17.02 (in-hospital or
30-day mortality)

CTPAe RV/LV
ratio > 1.0

OR, 5.0; 95% CI, 2.7–9.2 (PE-related mortality
with median follow-up at 30 days)

Echocardiographyf TAPSE
<17 mm

HR 4.4; 95% CI 1.3–15.3

BNP, brain-type natriuretic peptide; CI, confidence interval; CTPA, computed tomography
pulmonary angiography; EKG, electrocardiogram; HR, hazard ratio; LV, left ventricle;mm,
millimeters; NT-proBNP, N-terminal pro B-type natriuretic peptide; OR, odds ratio; PE,
pulmonary embolism; RBBB, right bundle branch block; RV, right ventricle; TAPSE, tricus-
pid annular plane systolic excursion.

a Syncope is a potential indication of high-risk PE in the appropriate setting. In the ab-
sence of syncope, emergency clinicians should evaluate for presyncopal symptoms, as
presyncopemaybe an independent risk factor for intensive care unit admission inpatients
with PE.

b Several EKGfindings are associatedwith an increased risk of hemodynamic stability in
patientswith PE. The EKG is normal inup to 25% of patientswith PE, and thus repeat EKG is
recommended in those with change in hemodynamic status or symptoms.

c Data prior to introduction of high-sensitivity troponins. Generally, the cut-offs were
defined as exceeding the 99th percentile of healthy subjects in individual trials. Elevated
troponins were associated with higher mortality.

d There are no guideline recommendations for BNP or NT-proBNP thresholds.
e CTPA is not reliable for identifying RV strain. Transthoracic echocardiography is the

standard for RV function.
f There are quantitative and qualitative methods to assess for RV strain on TTE. We

recommend emergency clinicians use TAPSE to quantitatively assess for RV strain. This is
done by usingm-mode over the lateral tricuspid annulus andmeasuring the displacement
during end-diastole and systole. If this value is <17 mm, there is decreased systolic func-
tion of the RV. Qualitatively, RV should be less than two-thirds of the size of the left ven-
tricle (LV) in both parasternal long and apical 4-chamber views. McConnel's sign, a
regional wall motion abnormality created by akinesis of the free wall and normal motion
of the apex, is not pathognomonic for PE. Of note, RV dysfunction on echocardiography
may represent a chronic finding in the setting of chronic obstructive pulmonary disease,
pulmonary hypertension, interstitial lung disease, and several other conditions.

risk, class IV (106–125 points) as high risk, and class V (≥ 126 points) as very high risk. The
sPESI is a 6-variable score with a score of 0 corresponding to low risk for 30-daymortality
and a score ≥ 1 considered high risk for 30-day mortality.
If using the sPESI, emergency clinicians should be aware that the sPESI underperforms the
PESI classifications systemwhen predicting clinical deterioration at 5 days. The sPESI also
misclassifies a significant number of low-mortality patients as higher risk.

a The sPESI combined the categories of chronic lung disease and heart failure into one
category, termed “history of chronic cardiopulmonary disease.”
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may help estimate the risk of further decompensation, though their
use specifically in high-risk patients has not been studied. Other scores
such as the Bova, SHIeLD, and TELOS scores are under investigation to
predict deterioration in normotensive PE [30-33]. However, like PESI/
sPESI, no score has been developed specifically for patients with high-
risk PE.

3.2. Pathophysiology of right ventricular failure

Right ventricle (RV) anatomy differs from that of the left ventricle
(LV). The RV's thin wall of myofibrils make it sensitive to increases in
afterload. A healthy RV cannot acutely generate a systolic pres-
sure > 40 mmHg [34,35]. Hemodynamic instability in high-risk PE oc-
curs because the increase in pulmonary artery pressure (PAP) caused
by the embolus surpasses the compensatory mechanisms of the RV, re-
sulting in a drop in RV cardiac output (CO) [35,36]. As the RV is unable to
compensate for the increase in PAP, the RV distends, resulting in myo-
cardial stretching and impaired contractility [36-38]. Stretching of the
tricuspid annulus also results in tricuspid regurgitation, further
degrading RV CO [37]. Additionally, the distention of the RV shifts the
interventricular septum towards the LV and decreases the volume of
the LV, which is a phenomenon referred to as ventricular interdepen-
dence [39]. Eventually, the reduction of LV preload secondary to RV fail-
ure and ventricular interdependence leads to decreased LV CO. When
systemic hypotension occurs, the RVwall becomes ischemic. In contrast
to the LV, coronary artery perfusion for the RV is greatest during systole
when the pressure gradient is largest [35,37]. RV ischemia then exacer-
bates the cycle and causes further deterioration, a process colloquially
referred to as the “PE death spiral” (Fig. 1).

3.3. Management of hemodynamic instability

Management of RV failure reflects the underlying pathophysiology.
As RV over-distention is the inciting event for decompensation in pa-
tients with high-risk PE, excessive volume resuscitation is likely to has-
ten cardiovascular compromise rather than improve hemodynamics
[37,38]. However, hypotension in the setting of high-risk PE may war-
rant some attempt at volume resuscitation to improve preload. Clini-
cians should use their judgment in patients with high-risk PE,
employing tools such as pulse variability, stroke volume variation, and



Fig. 1. Pathophysiology and Management of Hemodynamic Instability and Respiratory Failure. Abbreviations: A-V shunt, arteriovenous shunt; BP, blood pressure; CO, cardiac output; HFNC,
high-flow nasal cannula; LV, left ventricle; mL, milliliters; NIPPV, non-invasive positive pressure ventilation; PAP, pulmonary artery pressure; PE, pulmonary embolism; PEEP, positive end-expira-
tory pressure; PVR, pulmonary vascular resistance; RV, right ventricle; TV, tricuspid valve; TV, tidal volume; V/Q, ventilation/perfusion.
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straight leg raise to assess volume status [40]. A straight leg raise is per-
formed by placing the patient flat and lifting the legs to 45 degrees. If
there is an increase in stroke volume or CO, then the patient's hemody-
namics may improve with fluids [41]. If the decision is made to trial a
crystalloid bolus, we recommend a cautious bolus of 250–500 mL and
repeat assessments. There is one randomized trial of patients with
intermediate-high risk PE that demonstrated diuresis with furosemide
may reduce RV wall stress and prevent RV dysfunction [42]. In patients
with high-risk PE, who by definition are hemodynamically unstable,
diuresis has not been studied and may further reduce end organ
perfusion.

Vasopressors should be administered in patients with high-risk PE
as a temporary means of supporting a patient to primary reperfusion
therapy (Fig. 1) [35,37]. Emergency clinicians are generally comfortable
with norepinephrine, which is a reasonable first-line vasopressor in
high-risk PE. Norepinephrine causes veno- and vasoconstriction,
supporting blood pressure without disproportionately increasing pul-
monary vascular resistance (PVR). However, high doses of norepineph-
rine may increase PVR and worsen RV dysfunction [43]. If hypotension
is not resolved with the initiation of norepinephrine, vasopressin can
be used to support blood pressure and may decrease PVR [44]. Phenyl-
ephrine should be avoided as it supports only systemic afterload [45]; in
a study of patients with chronic pulmonary hypertension with RV dys-
function during surgery, norepinephrine outperformed phenylephrine
[46].

Inotropic support should be considered concurrently with vasopres-
sor initiation. Epinephrine is also a reasonable first-line vasopressor and
inotrope in patients with high-risk PE [47]. The main concern with epi-
nephrine is tachyarrhythmias, and emergency clinicians should con-
sider another vasopressor in patients with significant tachycardia.
Dobutamine, a phosphodiesterase inhibitor, exerts positive inotropy
on the RV without increasing PVR and lowers filling pressure [48]. Do-
butamine can precipitate worsening hypotension and should not be
4

started without additional vasopressor support in patients with high-
risk PE. We recommend initiating dobutamine with either norepineph-
rine or vasopressin concurrently. Due to the independent risk of tachy-
arrhythmia with epinephrine and dobutamine, they should not be used
concurrently. Milrinone is another phosphodiesterase inhibitor that can
be employed for inotropic support [35]. It is useful in patients on chronic
beta-blockers, as its mechanism bypasses beta-1 receptors. In contrast
to the 2-min half-life of dobutamine, milrinone's half-life is 2–4 h, mak-
ing it more difficult to titrate [35]. Comparative studies of milrinone and
dobutamine in patients with congestive heart failure exacerbation sug-
gest similar effectiveness [35]. Others have explored intravenous pul-
monary vasodilators in acute PE, but there is limited evidence to
suggest they reliably improve RV function in the acute setting [49].

3.4. Airway management

The primary goal of treating hypoxia in patients with high-risk PE is
to improve oxygen saturationwithout increasing intrathoracic pressure.
Hypoxia in the setting of PE is typically caused by ventilation/perfusion
(V/Q) mismatch secondary to clot burden and right-to-left shunting.
Hypercapnia occurs secondary to increased dead space [40]. Therapy
should be directed to maintain oxygen saturation above 90% [11].
High-flow nasal cannula (HFNC) has a vital role in improving oxygena-
tion without significantly increasing intrathoracic pressure in patients
with high-risk PE [35,49,50].

Both non-invasive positive pressure ventilation and intubation
should be avoided if possible, as they can worsen RV hemodynamics
and may result in cardiac arrest. The positive pressure frommechanical
ventilation increases intrathoracic pressure, reduces venous return, and
lowers RV CO [35,37,38]. The peri-intubation period is also dangerous,
and emergency clinicians should ensure adequate intravenous access,
such as a central line, and consider placement of an arterial line for he-
modynamic monitoring. A retrospective study found that 20% of
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patients with PE had either immediate hypotension or cardiac arrest di-
rectly after induction of general anesthesia in the operating room for
emergent surgical embolectomy [51]. Prior to rapid sequence intubation
in patients with high-risk PE, vasopressor infusion should be initiated,
and push-dose pressors, preferably epinephrine, should be available.
In general, fluids are ineffective at preventing and treating peri-
intubation hypotension [52].

Transient apnea between induction and intubation can worsen hyp-
oxia and hypercapnia. Both of these effects can further precipitate RV
failure and may cause cardiac arrest [53]. If intubation is unavoidable,
we recommend using hemodynamically neutral medications, such as
ketamine, for rapid sequence intubation. An awake intubation approach
can also be considered [53]. Once intubated, ventilator parameters
should target lowpositive end-expiratory pressure (PEEP) and tidal vol-
umes (TV) around 6mL/kg to avoid hypoxia and hypercarbia [43]. High
PEEP and large TVwill worsen RVpreload and CO, contributing to shock
[54].

For refractory hypoxia, inhaled pulmonary vasodilators such as in-
haled nitric oxide (iNO) and epoprostenol can be considered as they de-
crease PVR, improve oxygenation, and reduce V/Q mismatch [53].
Limited evidence suggests iNOmay improve hypoxia and hemodynam-
ics [55]. A multicenter randomized controlled trial (RCT) of iNO in pa-
tients with intermediate-risk PE showed no improvement in complete
RV recovery, though there was an improvement in RV hypokinesis
[56]. For emergency clinicians without access to iNO, there are case re-
ports of making an iNO equivalent with sublingual nitroglycerin or in-
travenous nitroglycerin [57], though this is not routine care.

3.5. Primary reperfusion therapies

While considering primary reperfusion therapies, including ST, sur-
gical embolectomy (SE), or catheter-directed intervention (CDI)
(Fig. 2), emergency clinicians should administer anticoagulation to pa-
tients with high-risk PE unless absolutely contraindicated. If the emer-
gency clinician has a high pretest probability that an unstable patient
Fig. 2. Primary Reperfusion Strategies for High-R
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has PE, presumptive anticoagulation is indicated [58-61]. For unstable
patients, the anticoagulant of choice is unfractionated heparin due to
its short-half life and titratability, which does not exclude any of the pri-
mary reperfusion therapies [11]. However, studies have shown that
many patients with severe PE fail to reach therapeutic anticoagulation
with unfractionated heparin [62], so close monitoring is required.
Direct-oral anticoagulants have not been studied in high-risk PE and
should not be employed.

3.6. Systemic thrombolytics

There is a consensus among international guidelines that standard-
dose ST is the first-line reperfusion therapy for high-risk PE [11,63].
Whereas anticoagulants allow for passive reduction of the thromboem-
bolism, thrombolytic agents including tissue plasminogen activator
(tPA) and tenecteplase (TNK) directly dissolve the thrombus by hydro-
lyzing fibrin molecules [64]. Thrombolytics can rapidly dissolve clots,
decrease PAP, improve hemodynamics, and reduce mortality [65,66].
However, studies demonstrate that only 1 in 3 patients with high-risk
PE who are eligible for ST actually receive it [67,68]. Additionally, pa-
tients with high-risk PE require specialized care but are less likely to re-
ceive thrombolytics when indicated at rural hospitals [69], so they may
benefit from transfer to high-volume centers that offer the entire spec-
trum of reperfusion therapies [70]. Prior to transferring a patient with
high-risk PE, emergency clinicians should consider administering ST if
there are no contraindications. If a patient has confirmed high-risk PE
and there are no contraindications to ST, emergency clinicians should
pursue this therapy based on current guidelines and literature.

Early studies evaluating ST for high-risk PE found significant benefit.
One of the first randomized trials of ST in patients with PEwas the 1970
urokinase PE trial (UPET), which randomized patients with PE to uroki-
nase bolus and 12-h heparin infusion versus heparin alone [67]. Of the
study group, approximately 9% were classified as massive PE. Although
there was nomortality benefit in the urokinase group, there was a sub-
group of patients with poor cardiac index demonstrating improved
isk PE, Stratified by Contraindications to ST.



Table 4
Absolute and relative contraindications to systemic thrombolysis [11,65,83-85].

Absolute contraindications Relative contraindications

- History of hemorrhagic strokea

- Ischemic stroke within 6 months
- Central nervous system malignancy

or structural intracranial disease
- Major trauma, surgery
- Suspected aortic dissection
- Significant head injury in prior

3 weeks defined as skull fracture or
brain injury

- Bleeding diathesis

- Transient ischemic attack within
6 months

- Age > 75 yearsb

- Oral anticoagulation
- Pregnancy or post-partum within

one week of deliveryc

- Non-compressible vascular punc-
ture sites

- Traumatic resuscitation or cardio-
pulmonary resuscitation for longer
than 10 min

- Hypertension: systolic blood
pressure > 180 mmHg or diastolic
blood pressure > 110 mmHg

- Advanced liver disease or acute liver
failure

- Infective endocarditis
- Known peptic ulcer
- Pericarditis or known pericardial

effusion
- Recent internal bleeding within

2–4 weeks

This table is a compilation of absolute and relative contraindications to systemic thrombo-
lysis per American Heart Association, American College of Chest Physicians, and European
Society of Cardiology guidelines.

a Per the ESC guidelines, a stroke of unknown origin cannot be excluded as a hemor-
rhagic stroke.

b CHEST and the AHA list age >75 years of age as a relative contraindication, while ESC
does not list age.

c Pregnancy is a relative contraindication to systemic thrombolysis. PE is the fifth cause
for pregnancy-related deaths in the United States. There are not many cases published in
the literature; however, a systematic review found 83 pregnant patients with high-risk PE
who underwent systemic thrombolysis with a survival rate of 94% (95% CI 86–98). Fetal
deaths related to PE or thrombolysis occurred in 12% of the caseswith an88% survival rate.
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cardiac function after ST, suggesting that those at highest risk may ben-
efit from thrombolytics [67]. Based on this inference, an RCT was de-
signed to compare the efficacy of streptokinase and heparin versus
heparin alone for 40 patients with massive PE. An interim analysis con-
ducted following enrollment of 8 patients found that the 4 patients ran-
domized to receive only heparin died within 3 h of hospitalization;
while the 4 patients randomized to the streptokinase and heparin
group all survived, leading to early termination of the trial [71].

Since then, there have been noRCTs comparing ST to anticoagulation
alone for high-risk PE. However, there have been multiple systematic
reviews and meta-analyses seeking to answer this question. These are
limited by the lack of recent clinical trials of ST in high-risk PE, resulting
in meta-analysis cohorts with fewer patients with high-risk PE than de-
sirable. Nevertheless, data from these meta-analyses suggest ST is ben-
eficial. Onemeta-analysis from 2015 included over 2000 patients, many
of whom were not high-risk, with only 4 of the 15 studies including
high-risk PE [72]. Authors did not separately analyze the high-risk PE
sub-group. This meta-analysis found that patients who received ST
had a two-thirds reduction in early mortality or worsened hemody-
namic instability compared to patients who received anticoagulation
alone (odds ratio [OR] 0.34, 95% confidence interval [CI] 0.22–0.52),
lower all-cause mortality (OR 0.59, 95% CI 0.36–0.96), lower PE-
related mortality (OR 0.29, 95% CI 0.14–0.60), and decreased recurrent
PE (OR 0.50, 95% CI 0.27–0.94) [72]. After excluding studies that in-
cluded high-risk PE, the mortality reduction disappeared, suggesting
that the improved mortality of patients with high-risk PE who received
ST was the driving factor for the improved mortality. An earlier meta-
analysis from 2004 of 11 randomized trials including patients across
the PE-risk spectrum found a composite reduction in recurrent PE or
death in patients with hemodynamic instability from PE who received
ST compared to heparin alone (OR 0.45, 95% CI 0.22–0.92) and reported
a number needed to treat (NNT) of 10 [73]. A smaller meta-analysis of
1500 patients focused on patients with high-risk PE and found that ST
was associated with lower short-term mortality (OR 0.69, 95% CI
0.49–0.95) and PE-related mortality (OR 0.66, 95% CI 0.45–0.97) [74].
Additionally, a 10-year retrospective study demonstrated a lower in-
hospital mortality rate in patients with PE and hemodynamic instability
who received ST when controlling for age, sex, and comorbidities (OR
0.42, 95% CI 0.37–0.48) [7]. In addition to a reduction in mortality, mul-
tiple studies show that patients receiving ST had improvement in pul-
monary blood flow by 30–35% within the first 24 h compared to those
who received heparin alone [75-77]. Predictably, when analyzing the
impact of ST on patients with all types of PE, the benefit of ST compared
to anticoagulation becomes less marked [78]. When evaluating the PE
literature, it is therefore important for emergency clinicians to distin-
guish outcomes of ST in study cohorts that focused on patients with
high-risk PE from those that focused on non-high-risk patients. Overall,
the recent literature on ST in high-risk PE is limited due to study design,
possible confounders, and lack of randomized trials. However, until fur-
ther trials are completed, ST remains the first-line reperfusion therapy
for patients with high-risk PE.

In contrast to the clear time window for reperfusion therapy for
myocardial infarction and ischemic stroke, there is no established
timeframe for ST in patients with high-risk PE. No RCTs have investi-
gated the timing of ST in high-risk PE [15], though literature suggests
that patients with high-risk PEwho receive ST earlier have better out-
comes [79]. Earlier reperfusion with ST is associated with a decreased
requirement for inotropic and respiratory support, and those who re-
ceive ST after 24 h from symptom onset demonstrate higher mortal-
ity (OR 5.67, 95% CI 2.64–10.67) [80]. One observational study
concluded that administration of ST 8.5 h or later after symptom
onset was associated with a higher risk of 30-day cardiovascular
death (hazards ratio 7.81, 95% CI 1.84–33.5) and a higher incidence
of bleeding events compared to those who received ST within 8.5 h
of symptom onset [81]. Another small cohort study reported a sur-
vival rate at 24 h of 94% of high-risk PE patients who received ST
6

within 1 h from ED arrival [82]. However, because these studies that
sought to address timing of ST in high-risk PE are retrospective in na-
ture, there is potential for bias and unmeasured confounders. Never-
theless, based on current evidence, ST is associated with improved
outcomes in patients with high-risk PE, and outcomes are improved
with more rapid administration of ST.

The most concerning adverse effect of thrombolytics is major bleed-
ing. Prior to administering ST, emergency clinicians should assess for ab-
solute and relative contraindications (Table 4) [11,65,83-85]. The
estimates for frequency of major bleeding events after ST differ across
studies. Among patients enrolled in the PEITHO trial, an RCT of patients
with intermediate-risk PE comparing a single bolus of TNK plus heparin
to heparin alone, the 7-day incidence of hemorrhagic strokewas 2.4% in
the TNK group and 0.2% in the heparin-only group [86]. Seven-day ex-
tracranial bleeding occurred in 6.3% of the TNK group and 1.2% of the
heparin-only group. Importantly, the risk of bleeding was lower in pa-
tients <75 years of age in the PEITHO trial, and of the 12 patients who
suffered a stroke after receiving TNK, only one patient was under the
age of 65. A largemeta-analysis found a higher frequency ofmajor hem-
orrhage (OR 2.91, 95% CI 1.95–4.36) and fatal or intracranial bleeding
(OR 3.18, 95% CI 1.25–8.11) associated with ST [72]. However, the
MAPPET-3 trial, a trial of 256 patients with intermediate-risk PE ran-
domized to tPA plus heparin compared to heparin alone, had no cases
of hemorrhagic stroke or fatal bleeding [87]. The TOPCOAT trial, an
RCT of 83 patients with intermediate-risk PE randomized to TNK plus
low-molecular weight heparin or low-molecular weight heparin
alone, had no increase in the rate of bleeding events in the TNK group
[88]. However, the published study was not powered to evaluate this
endpoint. In a systematic review and Bayesian network meta-analysis
evaluating mortality and bleeding risk in intermediate-risk PE, re-
searchers found no difference in major bleeding among patients who
received ST compared to thosewho received anticoagulation alone (rel-
ative risk [RR] 0.95, 95% credible interval [CrI] 0.31–2.42), though there
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was a slightly increased risk of minor bleeding in the those who re-
ceived ST (RR 1.95, 95% CrI 1.03–3.63) [89].

Bleeding risk can also be estimated with scores such as the BACS
score and the PE-CH score [90,91], the latter of which focuses on risk
of intracranial hemorrhage specifically. Pragmatically, we recommend
that emergency clinicians review a checklist of absolute and relative
contraindications before administering ST. However, in a truly life-
threatening situation, we agree with the ESC guidelines which conclude
“most contraindications to thrombolysis should be considered relative
in patients with life-threatening, high-risk PE” [11,92].

The two most commonly employed modern thrombolytic medica-
tions are TNK and tPA. For tPA, the most studied dosing strategies in-
clude a bolus of 100 mg or 0.6 mg/kg intravenous (IV) infusion over
2 h [10]. In a peri-arrest scenario, the full-dose of tPA can be infused
over 15 min or as a bolus, though these uses are not approved by the
U.S. Food and Drug Administration (FDA) [93]. TNK is administered as
a bolus dose ranging from 30 to 50 mg depending on the patient's
weight over 5–10 s [94]. There is no evidence to suggest a benefit
with using TNK instead of tPA [95]. The weight-based dosing of TNK is
advantageous in elderly patients and those with low body weight [94,
95]. While emergency clinicians should be familiar with both TNK and
tPA, most institutions typically rely on one thrombolytic agent.

The risk of hemorrhage after ST has led to the development of
reduced-dose infusion regimens for thrombolytics. The rationale of
reduced-dose thrombolysis is related to the first-pass effect, whereby
the total administered dose of thrombolytic is delivered to the lungs.
This is in contrast to thrombolysis in ischemic stroke andmyocardial in-
farction where the amount of thrombolytic delivered to the area of clot
is less than the full dose [96].

The trial results for reduced-dose thrombolytics are conflicting. An
RCT from 2010 compared half-dose tPA, 50 mg over 2 h, to full dose
tPA, 100 mg over 2 h, in 118 patients with acute PE and hemodynamic
instability or “massive pulmonary artery obstruction” [97]. This study
found that half-dose tPA had a similar effect, measured by improvement
in RV function on echocardiography and clot burden on V/Q scans or
CTPA, when compared to the full-dose tPA group. Also, the half-dose
tPA group had a significantly lower 14-day incidence of bleeding (3%)
compared to the full-dose group (10%) [97]. On the other hand, a retro-
spective, propensity-matched study of 3768 patients with acute PE in
the intensive care unit (ICU) compared half-dose to full dose tPA and
found that thosewho receivedhalf-dose tPAweremore likely to require
treatment escalation, defined as secondary thrombolysis or CDI [98].
There was no significant decrease in intracranial bleeding or major
bleeding in the half-dose tPA group, and mortality outcomes were sim-
ilar in each group [98].

Reviews have also reached different conclusions regarding reduced-
dose thrombolysis. A systematic review of trials comparing full-dose
and half-dose tPA found a 33% reduction in bleeding risk with half-
dose tPA with similar clinical efficacy [99]. A separate review concluded
that trials on reduced-dose thrombolysis do not consistently illustrate
functional improvement equivalent to full-dose thrombolysis and
have not been appropriately powered [100].

In addition to the protocols studied above, new regimens for
reduced-dose ST are being studied; an experimental study from 2023
of 37 patients with high-risk PE evaluated tPA 25 mg IV instilled over
6 h, though this protocol needs further investigation [101]. The
PEITHO-3 trial, an RCT comparing half-dose to full-dose tPA for
intermediate-high risk PE, will hopefully provide more information
[102]. Although the current body of evidence has mixed results, emer-
gency clinicians can still consider reduced-dose thrombolysis in patients
with relative contraindications to ST. This is consistent with the 2019
PERT Consortium Consensus [103].

If there are contraindications to ST [83-85], emergency clinicians
should consider alternative reperfusion therapies, such as SE or CDI.
However, there are no data statingwhich contraindications to ST should
also be applied to CDI. Cardiopulmonary support with extracorporeal
7

membrane oxygenation (ECMO) may also be used as a bridge to reper-
fusion therapy. If a patient receives ST and continues to decompensate,
emergency clinicians should not give additional doses of ST, but should
instead consider surgical embolectomy or CDI, including ECMO [104].

3.7. Surgical embolectomy

SE (or thrombectomy) for patients with high-risk PE should be con-
sidered in patients who have failed thrombolysis, have absolute contra-
indication to ST, or when there is a thrombus in-situ in the right atrium
or RV, especially in the presence of a patent foramen ovale and
impending paradoxical embolism [105]. The 2019 ESC guidelines rec-
ommend SE for thosewith high-risk PE who have failed ST or have con-
traindications for ST with a class IC recommendation, which is a higher
grade recommendation than given to CDI (class IIC) [11]. Of patients
who undergo SE for high-risk PE, approximately 40% have a contraindi-
cation to ST and 20% have failed ST or CDI [106]. In a retrospective cohort
study of 170,000 patients with acute PE, 257 patients underwent SE as a
first-line reperfusion strategy [107]. When compared to the 1854 pa-
tients who underwent ST as first-line reperfusion therapy, there was
no significant difference in 30-day mortality (15% versus 13%, OR 1.12,
95% CI 0.72–1.73) or 5-year survival. Those who received ST had a
higher risk of 30-day stroke (1.9% versus 0.8%, OR 4.70, 95% CI
0.72–1.73) and were more likely to undergo additional intervention
for PE within 30 days (3.8% versus 1.2%, OR 7.16, 95% CI 2.17–23.62)
[107]. A smaller cohort of 80 patients with high-risk PE also demon-
strated similar in-hospital mortality outcomes in those who received
SE versus ST with significantly higher bleeding rates in the ST group
[108].

SE is generally well-tolerated, especially at high-volume centers,
with 1-year survival rates approximating 90% for patients with high-
risk PE [109]. A retrospective study of 214 patients with acute PE who
underwent SE had a post-operative mortality rate of 11.7%, though
this study had higher illness severity and included 28 patients who
had suffered cardiac arrest [110]. Mortality rates may be higher if a pa-
tient fails ST before SE rather than proceeding directly to surgery
[104,111]. Another benefit of SE is that it may decrease the risk for
chronic pulmonary hypertension [112]. Emergency clinicians should
be aware that SE is a well-studied intervention for high-risk PE, under-
stand when it is indicated, and be familiar with how to facilitate SE.

3.8. Catheter-directed intervention

Percutaneous CDI involves placement of a catheter into the pulmo-
nary artery to deliver directed thrombolytics, mechanical clot fragmen-
tation, or clot retrieval. The ESC 2019 guidelines and AHA 2011
guidelines recommend CDI in patients with high-risk PE who have
failed or have a contraindication to ST as a class IIa, level C recommen-
dation [10,11]. Studies comparing CDI to ST are lacking [2].

CDI offers the theoretical benefit of lower bleeding compared to ST
[113], but there is insufficient evidence recommending CDI over ST for
high-risk PE [114], nor is there clear evidence that suggests onemethod
of CDI outperforms another. Interest in CDI for PE dates to the 1980s
when an early trial randomized patients to catheter-infused tPA or ST
and included high-risk PE [115]. The recently published FLAME study
is the first modern study of CDI in patients with high-risk PE [116].
This was a nonrandomized, prospective study that compared mechani-
cal thrombectomy to “other contemporary therapies,” which were
mainly ST (69%) and anticoagulation alone (23%). Those who under-
went mechanical thrombectomy had an in-hospital mortality rate of
1.9% (95% CI 0.0–10.1%), and those who received “other contemporary
strategies” had a mortality rate of 29.5% (95% CI 18.5–42.6%). No pa-
tients suffered from intracranial hemorrhage in the mechanical throm-
bectomy group, and 2 of the 42 (4.8%) patients who received ST had
intracranial hemorrhage [116]. Other than the FLAME study, the evi-
dence of CDI in high-risk PE is generally limited to case reports and
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series in patients who either failed ST or have contraindications to ST
[117]. Besides this initial study published in 1988 and the FLAME
study [115,116], other prospective trials evaluating CDI in those with
intermediate-risk PE have shown improvement in RV function and he-
modynamicswith CDI [118,119]. One of theweaknesses of these CDI tri-
als is that their outcomes focus on RV function and hemodynamics
rather than mortality. The several meta-analyses and systematic re-
views of CDI for intermediate-risk PE do not provide evidence to sup-
port widespread adoption of CDI for high-risk PE [2,120,121]. There
are currently two anticipated randomized trials investigating CDI in pa-
tients with intermediate-high risk PE (HI-PEITHO and PE-TRACT)
[122,123]. Emergency clinicians should be aware of the indications of
CDI in high-risk PE but understand the limitations of the available evi-
dence for CDI in high-risk PE.

3.9. Extracorporeal membrane oxygenation

ECMO should be considered in patients with high-risk PE with
rapid circulatory collapse, refractory shock, or cardiac arrest [40]. Pa-
tients with high-risk PE who receive ECMO generally receive
venoarterial-ECMO (VA-ECMO) as venovenous-ECMO (VV-ECMO)
does not offload the RV, and VA-ECMO minimizes RV preload and
afterload [105,106,124]. VA-ECMO should be conceptualized as a
bridge to intervention, typically with SE [105,124]. However, there
are cases of patients placed on ECMO for high-risk PE who respond
to anticoagulation alone while on ECMO without other intervention
[125]. Those who receive ECMO for high-risk PE have mortality
rates that reach 60% [104,126]. In-hospital and out-of-hospital sur-
vival with good neurological outcome widely varies with significant
heterogeneity between studies, and there are no large prospective
trials [127]. A recent single center retrospective study found only 22
patients who underwent VA-ECMO for high-risk PE over 7 years;
the 30-day mortality was 59% and 1-year survival was 50% [128]. A
systematic review evaluating 128 patients with high-risk PE on VA-
ECMO found that 43% received ST before ECMO and 37.5% had re-
ceived CDI before ECMO [129]. This systematic review had a 30-day
survival rate of 78% [129]. When compared to other studies with
higher mortality rates, the studies with higher mortality rates were
more likely to use ECMO as a last resort [130-132]. One of the impor-
tant factors in outcomes may be early initiation of ECMO prior to car-
diac arrest [124,133]. Emergency clinicians should be aware of the
indications for ECMO in patients with high-risk PE and be familiar
with their institutions' ECMO protocols.

3.10. Cardiac arrest

Cardiac arrest is the most severe presentation of high-risk PE. If a
patient with known diagnosis of PE suffers cardiac arrest, CPR is inef-
fective, as the clot burden decreases pulmonary blood flow, thereby
reducing LV filling and compromising LV CO even under ideal CPR
[106]. Multiple studies indicate that patients with cardiac arrest sec-
ondary to PE have better outcomes if they receive ST [134-137]. In a
cohort of patients with in-hospital cardiac arrest secondary to PE,
those who achieved ROSC received ST significantly earlier (13.6 ver-
sus 24.6 min) [137]. Based on current literature, the benefits of ST
in patients in cardiac arrest secondary to PE likely outweighs risks
such as bleeding. Guidelines vary on how long to continue cardiopul-
monary resuscitation (CPR) after administering ST in those with car-
diac arrest and range from 15 to 90 min [138,139,140]. We
recommend continuing ACLS-guided CPR for at least 30 min follow-
ing administration of ST.

In many cases, it is uncertain if PE is the cause of cardiac arrest. PE is
estimated to cause 2–5% of all out-of-hospital cardiac arrests, though
this may be an underestimation [141]. In this scenario, the emergency
clinician should determine the likelihood that PE is the cause of cardiac
arrest and consider ST if appropriate. Ongoing CPR makes history
8

difficult to ascertain, although approximately 25–50% of patients with
a first-time PE have no risk factors [142]. A proximal deep vein throm-
bosis found on POCUS could indicate PE as the cause of cardiac arrest,
and it is reasonable to give ST in this situation. POCUS echocardiography
may be difficult to perform during CPR.Markers of RV strain during car-
diac arrest are non-specific for PE, and RV strain on echocardiography
during CPR should not be used in isolation to justify ST [132]. PEA is
the most common rhythm, perhaps due to profound hypotension
[135]. In a prospective study, those with cardiac arrest secondary to PE
were more likely to present with a non-shockable rhythm (50% versus
6%, OR 12.4, 95% CI 4.9–31) and have a prior venous thromboembolism
(VTE) (23% versus 3%, OR 10.4, 95% CI 5.6–19.4) [143]. In this study, the
presence of a shockable rhythmand absence of prior VTE had a negative
predictive value of 98% for excluding PE as the cause of cardiac arrest. If
the emergency clinician has a low suspicion of PE as the cause of cardiac
arrest, then ST should not be administered, as empiric ST in patients
with undifferentiated cardiac arrest is not associated with improved
outcomes [144-146].

Lastly, emergency clinicians may consider the initiation of ECMO-
enhanced CPR (ECLS) for patients with cardiac arrest secondary to PE.
Similar to ST, the decision to cannulate should be made quickly, as out-
comesworsen as time elapses before intervention. The evidence of ECLS
as a routine intervention for PE with cardiac arrest is insufficient
[131,132,147].

4. Conclusion

High-risk PE is a complex, challenging, life-threatening condition
that emergency cliniciansmust be prepared to diagnose and treat. Clini-
cians must manage hemodynamics while rapidly pursuing ST in pa-
tients without contraindications. Other options include SE and CDI, as
well as ECMO for select patients.
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