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KEY POINTS

e Appropriate classification of the patient with pulmonary embolism (PE) into high-risk, in-
termediate-risk, or low-risk allows physicians to start proper resuscitative strategies.

e Due to the pathophysiology of PE, intravenous (IV) fluids and positive pressure ventilation
can lead to deterioration of hemodynamic status, and physicians need to recognize if and
when that occurs.

e Timely thrombolytic administration in the correct cohort of patients saves lives and can
improve hemodynamic status of those with high-risk PE.

INTRODUCTION

Five percent of patients with pulmonary embolism (PE) present with hemodynamic
instability, and death from PE usually occurs within the first hour.”™ Typical ap-
proaches to resuscitation, however, can be detrimental to patients with acute right
ventricular (RV) overload due to PE. Emergency resuscitation, therefore, must be tar-
geted to the unique pathophysiology of PE.

PULMONARY EMBOLISM PATHOPHYSIOLOGY

Acute pulmonary thromboembolism increases pulmonary vascular resistance and RV
pressure, which leads to increased RV distention, septal bowing, and decreased left
ventricular (LV) preload. Because RV distention asymmetrically compresses the intra-
ventricular septum, LV volume can be compromised in the setting of severe RV
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overload, decreasing cardiac output (Fig. 1).° Individuals with preexisting heart dis-
ease or congestive heart failure are particularly prone to shock from PE.®

PE also can cause ventilation/perfusion (V/Q) mismatch, increased alveolar dead
space, and a low mixed venous O level.>”8 Although hypoxia from V/Q mismatch
usually is reversible with supplemental oxygen, hypoxic pulmonary vasoconstriction
can worsen pulmonary hypertension, and myocardial ischemia can decrease cardiac
output.

PULMONARY EMBOLISM CLASSIFICATION

Current terminology classifies PE as (1) high-risk, or massive; (2) intermediate-risk, or
submassive; or (3) low-risk' (Table 1). Treatment, management, and disposition of pa-
tients depend on risk class, although the classification of PE can change over the
course of a patient’s care as new data become available or circumstances change®;
5% to 8% of patients clinically deteriorate or die from their PE after hospital
admission. '

High-Risk or Massive Pulmonary Embolism

Patients with massive PE present with hypotension or shock. These patients are crit-
ically ill, so prompt recognition and resuscitation are required. Patients qualify as high-
risk PE with either (1) systemic hypotension with systolic arterial pressure less than
90 mm Hg or a drop in systolic arterial pressure of at least 40 mm Hg for 15 minutes,
not caused by a dysrhythmia or other etiology, or (2) shock manifested by tissue hypo-
perfusion or hypoxia. Shock can include altered level of consciousness, oliguria, or
cool clammy extremities.>'? PE patients with arterial hypotension have greater than
25% mortality. PE is a common cause of cardiac arrest. One decision instrument
found that greater than 50% of individuals less than 65 years old with pulseless elec-
trical activity (PEA) as the initial rhythm had PE as the cause of cardiac arrest.’® Pa-
tients with PE who present in cardiac arrest have mortality of greater than 90%.°

Intermediate-Risk or Submassive Pulmonary Embolism

Normotensive patients with RV dysfunction do not qualify as high-risk PE but have a
higher all-cause mortality, 4% to 21%, compared with patients with normal RV func-
tion.”>415 Box 1 outlines criteria that define an intermediate-risk PE.'® Approxi-
mately 35% to 40% of PE patients manifest at least 1 of these findings."'” The
2019 European Society of Cardiology guidelines incorporate the Pulmonary Embolism
Severity Index (Table 2) or its simplified version (Table 3)'®'° and further delineate

Significant Pulmonary Embolism

}

Increased RV Afterload

/\

Decreased RV Stroke Volume Increased RV Volume/Ischemia

! |

Decteased LV Preload ~«————— Septal shift, Decteased LV Distensibility

Decreased Cardiac Output ——————  Decreased Cardiac Output

Fig. 1. Pathophysiology of PE.
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Table 1
Pulmonary embolism classification
Percentage
of Total Mortality
Pulmonary at
Type Embolism 3 Months
High-risk/massive 5% 58%
Systolic blood pressure <90
Systolic blood pressure
drop >90 mm Hg
for >15 min
Shock with tissue hypoperfusion or
hypoxia
Intermediate-risk/submassive 40% 21%
RV dilation on echocardiogram or
CTPA
Elevation of BNP or NT-proBNP
Elevation of troponin
ECG changes
Low-risk 55% <1%

Data from Kasper W, Konstantinides S, Geibel A, et al. Management strategies and determinants of
outcome in acute major pulmonary embolism: results of a multicenter registry. J Am Coll Cardiol.

1997;30(5):1165-1171.

intermediate-risk PE into intermediate-high and intermediate-low categories based on
positive biomarkers. Intermediate-high patients have both RV dysfunction on trans-
thoracic echocardiogram or computed tomography pulmonary angiography (CTPA)
and elevated cardiac troponin levels. Intermediate-low patients can have 1 of RV
dysfunction or elevated troponin, or neither.?

Low-Risk Pulmonary Embolism

Hemodynamically stable patients without RV dysfunction are considered low risk.

Box 1

echocardiography

. Elevation of BNP (>90 pg/mL)

ui A W N

2011;123(16):1788-1830.

Criteria for intermediate-risk pulmonary embolism

. Elevation of NT-proBNP (>500 pg/mL)

. RV dilation by RV diameter/LV diameter greater than 0.9 on CTPA

1. RV dilation by RV diameter/LV diameter >0.9 or RV systolic dysfunction as noted on

. ECG changes (new incomplete or complete right bundle branch block, anteroseptal ST
segment changes, or anteroseptal T-wave inversion)

6. Myocardial necrosis by troponin testing (troponin | >0.4 ng/mL; troponin T >0.1 ng/mL)
Data from Jaff MR, McMurtry MS, Archer SL, et al. Management of massive and submassive pul-

monary embolism, iliofemoral deep vein thrombosis, and chronic thromboembolic pulmonary
hypertension: a scientific statement from the American Heart Association. Circulation.
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Table 2

The Pulmonary Embolism Severity Index score

Age ___years

Sex Female, 0 points Male, +10 points
History of cancer No, 0 points Yes, +30 points
History of heart failure No, 0 points Yes, +10 points
History of chronic lung disease No, 0 points Yes, +10 points
Heart rate >110 beats per minute No, 0 points Yes, +20 points
Systolic BP <100 mm Hg No, 0 points Yes, +30 points
Respiratory rate > 30/minute No, 0 points Yes, +20 points
Temperature <36C° No, 0 points Yes, +20 points
Altered mental status No, 0 points Yes, +60 points
O, saturation <90% No, 0 points Yes, +20 points
Total 30-day
Score Risk Category Mortality
0-65 I: very low 0%-1.6%
66-85 II: low 1.7%-3.5%
86-105 Ill: intermediate 3.2%-7.1%
106-125 IV: high 4%-11.4%
>125 V: very high 10%-24.5%

Data from Drahomir Aujesky, D. Scott Obrosky, Roslyn A. Stone, Derivation and Validation of a
Prognostic Model for Pulmonary Embolism. Am J Respir Crit Care Med. 2005 Oct 15; 172(8):
1041-1046. Published online 2005 Jul 14. https://doi.org/10.1164/rccm.200506-8620C.

INITIAL EVALUATION AND TESTING

Bedside tests cannot confirm a diagnosis of PE but can increase suspicion and help

risk-stratify patients.

Point-of-care echocardiography

In the critically ill patient too unstable to obtain confirmatory chest imaging (eg, CTPA),
point-of-care echocardiography showing new RV dilatation (a ratio of the RV to LV in-
ternal diameter in diastole [RV:LV ratio] >1:1 [Fig. 2]) should increase physician suspi-
cion of PE.?° RV dilatation also can risk-stratify a patient with confirmed PE to the
intermediate-risk category.?! Visualization of a thrombus in the right-sided chambers
of the heart, clot-in-transit, is associated with higher mortality (21% vs 11%) and can
be an indication for surgical thromboembolectomy or thrombolysis.??

Electrocardiogram

Electrocardiogram (ECG) findings in PE typically are associated with new-onset RV
dysfunction. Studies have demonstrated that patients with isolated T-wave inversions
in either the precordial or inferior leads (Fig. 3) are more likely to have PE than acute
coronary syndrome.?®?* PE can be associated ST segment elevation in aVR with
diffuse ST depression, a finding that can be confused with primary cardiac etiol-
ogies.”®?® The ECG findings most predictive of cardiovascular collapse in patients
with PE were new precordial T-wave inversions, new heart block, and atrial
fibrillation.2”


https://doi.org/10.1164/rccm.200506-862OC
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Table 3

The simplified Pulmonary Embolism Severity Index score

Age in years <80, 0 points >80, +1 point

History of cancer No, 0 points Yes, +1 point

History of heart or lung disease No, 0 points Yes, +1 point

Heart rate >110 beats per minute No, 0 points Yes, +1 point

Systolic blood pressure No, 0 points Yes, +1 point
<100 mm Hg

O, saturation <90% No, 0 points Yes, +1 point

Total Risk 30-day

Score Category Mortality

0 Low 1.1%

>1 High 8.9%

Data from Jiménez D, Aujesky D, Moores L, et al. Simplification of the pulmonary embolism severity
index for prognostication in patients with acute symptomatic pulmonary embolism. Arch Intern
Med. 2010;170(15):1383-1389. https://doi.org/10.1001/archinternmed.2010.199.

Troponin

Elevated troponin in a PE patient indicates myocardial injury from a type Il non-ST-
elevation myocardial infarction. An elevated troponin is associated with higher mortal-
ity after PE and is one of the criteria for intermediate-risk PE.?® The degree of troponin
elevation predicts the degree of RV strain and mortality from PE.?° The appropriate
use of high sensitivity troponin assays are yet to be determined for PE.

B-type natriuretic peptide and N-terminal pro-B-type natriuretic peptide

B-type natriuretic peptide (BNP) and N-terminal pro-B-type BNP are released from
cardiac myocytes in the setting of elevated RV pressure. Patients with PE and high
BNP/NT-proBNP levels are at increased risk of a complicated in-hospital course
and 30-day mortality.3%-

Lactate

Normotensive patients with PE and a plasma lactate greater than or equal to 2 mmol/L
have higher mortality and are more likely to develop of shock or hypotension and
require intubation or CPR.%?

Fig. 2. Echocardiogram demonstrating apical 4 chamber (left) and parasternal long (right)
view of RV dilatation in intermediate-risk PE. (Credit to Drs. Breslin & Gurysh.)
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Fig. 3. ECG demonstrating anterior Y-wave inversions (V1-V4) seen in a patient with PE.

ADVANCED IMAGING IN THE PATIENT WITH PULMONARY EMBOLISM
Computed Tomography Pulmonary Angiogram

CTPA (Fig. 4) is the most common imaging modality used to confirm a diagnosis of PE.
PE clot burden is readily apparent on CTPA. Some studies have shown that clot
burden is useful in risk-stratifying patients with acute PE,>*3* whereas other studies
have not.>® Compared with a gold standard of echocardiography, RV:LV ratio on CT
has a lower positive predictive value.®® Thus, the presence of RV dysfunction on CT
should be confirmed with echocardiography. Unless there are data to suggest other-
wise, lack of RV dysfunction seen on CTPA likely is correct owing to a sensitivity of
88% for this finding.

Ventilation/Perfusion Imaging

V/Q scan results are indeterminate in up to 70% of studies,®”*® but V/Q imaging can
be a useful study for patients with elevated creatinine or iodine dye allergy, those un-
able to lie flat for a CTPA, or those unable to fit in a CT scanner.®®

Fig. 4. CTPA demonstrating a saddle embolus.
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INITIAL RESUSCITATION
Respiratory Support

Supplemental oxygenation

Hypoxemia from PE, which mostly is due to V/Q mismatch, typically responds to
noninvasive supplemental oxygen. To minimize hypoxic pulmonary vasoconstriction
and pulmonary hypertension, the emergency physician should aim to maintain
oxygenation at or above 90% utilizing nasal cannula, high-flow nasal cannula, or non-
rebreather masks.

Noninvasive positive pressure ventilation

Evidence for noninvasive positive pressure ventilation (eg, bilevel positive airway pres-
sure) in patients with PE is limited.*®*' Noninvasive PPV can open atelectatic lung,
overcome pulmonary vascular shunting, and allow time for the physician to begin
resuscitation.*? Positive pressure also has the potential to impair RV function and
decrease preload, worsening hemodynamic instability. Because noninvasive positive
pressure ventilation can be removed easily in the case of hypotension, it is reasonable
to trial for patients who cannot oxygenate or ventilate with supplemental oxygen.

Endotracheal intubation and mechanical ventilation

In patients with impending respiratory failure, intubation sometimes is necessary. Phy-
sicians must recognize, however, that intubation of a patient with PE can decrease
preload and compress an already compressed LV. In high-risk PE patients who are
intubated, 19% have cardiac arrest on induction and another 17% have cardiac arrest
shortly afterward.*>** Therefore, intubation should be avoided if at all possible. If intu-
bation is necessary, the authors recommend induction with a medication that mini-
mizes hypotension (eg, ketamine) and having a vasopressor (eg, norepinephrine)
ready.

Extracorporeal membranous oxygenation

In patients with refractory hypoxia or hypotension, venoarterial extracorporeal mem-
brane oxygenation can provide a bridge to definitive PE therapy like systemic throm-
bolysis, catheter-directed lysis, or surgical embolectomy. Literature on this subject is
limited to case reports and series, but selected patients appear to have good long-
term outcomes.*5+46

Circulatory Support

Intravenous fluids

Intravenous (IV) fluids can be helpful in PE by increasing preload.*” Excessive IV fluids,
however, can increase RV pressures, exacerbate septal bowing, lead to collapse of
the LV during systole, and worsen hypotension in patients with severe PE. Expert rec-
ommendations recommend careful, not aggressive, fluids in acute PE."? A reasonable
approach is an IV fluid bolus of 500 mL, if the patient has a history, examination find-
ings, or laboratory findings that suggest hypovolemia, and re-evaluation after the initial
bolus. If a patient develops worsening hypotension after IV fluid administration, fluids
should be discontinued and vasopressor support started.

Vasopressors

Vasopressor support should be considered early in the resuscitation of patients with
hypotension due to PE. Peripheral administration of vasopressors appears safe for
the first 24 hours*® and reduces the risk of large vessel injury that can lead to bleeding
when thrombolytics are used. Norepinephrine, titrated to systolic blood pressure
greater than 90 mm Hg,*® is recommended as first-line vasopressor for patients
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with PE. Epinephrine and dopamine increase chronotropy, which can exacerbate hy-
potension.®®-°2 Dobutamine can increase cardiac index and decrease vascular resis-
tance in patients with PE,®3 but it also is associated with systemic vasodilation, which
can worsen hypotension. The authors recommend adding dobutamine if additional
inotropic support is required in addition to norepinephrine.

Nitric oxide

Inhaled nitric oxide’s ability to decrease pulmonary vascular resistance without
affecting systemic blood pressure makes it a tantalizing potential therapy in patients
with PE.®* A clinical trial examining inhaled nitric oxide in patients with intermediate-
risk PE, however, showed improvement in RV hypokinesis and dilation but no benefit
in the primary study outcome.®®

ANTICOAGULATION, THROMBOLYSIS, AND THROMBOEMBOLECTOMY
Anticoagulation

All patients without absolute contraindications should receive prompt anticoagulation
after a diagnosis of PE. In patients with a high probability of PE, empiric treatment with
anticoagulation is recommended, especially if diagnosis is expected to be delayed.
For patients in whom an advanced intervention (thrombolysis or thromboembolec-
tomy) is being considered, intravenous unfractionated heparin commonly is recom-
mended because it can be discontinued easily. Direct-acting oral anticoagulants
(DOACs), such as apixaban or rivaroxaban, and low-molecular-weight heparin
(LMWRH), all are reasonable first-line treatments for most stable patients with PE. For
pregnant patients with confirmed PE, both the American College of Chest Physicians
and American College of Obstetricians and Gynecologists recommend LMWH or hep-
arin for the treatment of PE.°®°” In pregnant patients with stable PE, LMWH is
preferred over heparin. DOACs have not been widely studied in pregnant women.

Systemic Thrombolysis

Systemic thrombolysis can be lifesaving but also is associated with an increased risk
of major intracranial and fatal hemorrhages. Thrombolysis is indicated for high-risk,
hemodynamically unstable PE and may be considered for some intermediate-risk
PE. Thrombolysis is not indicated for low-risk PE (Table 4).

Table 4
Contraindications to thrombolysis administration in pulmonary embolism
Absolute Contraindications Relative Contraindications
Prior intracranial hemorrhage Age >75y
Known intracranial vascular Currently on anticoagulation
malformation Pregnancy
Known intracranial malignancy >10 min of cardiopulmonary resuscitation
Recent significant facial or closed head Noncompressible vascular punctures
injury Internal bleeding within the past month
Recent spinal or intracranial surgery History of uncontrolled or severe
Active bleeding or bleeding diathesis hypertension
Aortic dissection suspected Hypertension >180 mm Hg systolic
Ischemic stroke within 3 mo or >110 mm Hg diastolic on
presentation
Dementia
Ischemic stroke >3 mo old
Major surgery within 3 wk
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Absent contraindications, patients with high-risk PE should be treated with throm-
bolytics. When thrombolytics are indicated, delay in administration is associated with
increased mortality.>®5° The typical dose is 100 mg of tissue plasminogen activator
(tPA) over 2 hours.®° Weight-based tenecteplase also can be used. Compared with
anticoagulation alone, meta-analyses demonstrate a 55% reduction in death or recur-
rent PE in high-risk PE patients treated with systemic thrombolytics,®" with intracranial
hemorrhage occurring in up to 2% and major extracranial bleeding occurring in 6% of
patients.”” For patients who present in cardiac arrest, societal guidelines suggest
thrombolysis when a physician suspects PE."®°6:62 Empiric thrombolysis in undiffer-
entiated cardiac arrest, however, does not improve mortality benefit.®

For pregnant women in developed countries, PE causes 11% to 20% of maternal
deaths.®*5% As with nonpregnant patients, the mortality of high-risk PE in pregnant
women is high, and delayed treatment increases mortality.58® Thrombolysis should
not be withheld in a pregnant woman with high-risk PE.®”-8 Neither tPA nor strepto-
kinase crosses the placenta.®® A recent systematic review of 127 pregnant high-risk
PE patients treated with systemic thrombolysis found 6% maternal mortality and
12% fetal mortality. This same review found major bleeding complications of 18%
and 58%, respectively, in the prepartum and postpartum periods.”°

Thrombolytics therapy for patients with intermediate-risk PE is controversial. Full-
dose thrombolysis appears to decrease the rate of hemodynamic compensation but
does not reduce mortality, long-term morbidity, or chronic thromboembolic pulmo-
nary hypertension.®"”"-"2 Thrombolysis is associated with an increased risk of intra-
cranial hemorrhage and major bleeding, particularly in patients over 65 years old.”®
Half-dose (ie, 50 mg) thrombolysis has been suggested as an approach to reduce ma-
jor bleeding.”*"° Similarly, this approach has been associated with improvement in RV
function but not mortality.

Catheter-Directed Interventions

Catheter-directed intervention techniques include catheter-directed thrombolysis,
clot maceration, and rheolytic and suction thrombectomy. In patients with high-risk
or intermediate-risk PE, catheter-directed intervention may be beneficial, although
data are sparse. To date, only 1 randomized controlled trial has compared catheter-
directed thrombolysis to anticoagulation alone. This study, and several registries,
have demonstrated short-term improvement in RV function, but no difference in
mortality.”®

Surgical Thromboembolectomy

Surgical thromboembolectomy should be considered in patients with high-risk PE in
whom there are contraindications to systemic thrombolytic administration or after
thrombolysis has failed.”” Early patient identification and appropriate patient selection
are associated with better mortality. Case series have demonstrated immediate
improvement in RV function and high 1-month survival after successful
embolectomy.”®79

Pulmonary Embolism Response Teams

PE response teams (PERTs) comprise multidisciplinary specialists who provide clin-
ical expertise and expedite the care and disposition of patients with life-threatening
PE. These teams are now in place across the United States and in many other coun-
tries. PERTs have been shown to improve disposition times, access to advanced ther-
apies, and improve overall care.?%8’
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SUMMARY

Emergency physicians must be prepared to diagnose and resuscitate patients with PE
rapidly. Certain aspects of PE resuscitation, however, run counter to typical ap-
proaches to resuscitation, so specific understanding of the pathophysiology of PE is
required to guide resuscitation and avoid cardiovascular collapse. Once PE is diag-
nosed, treatment is guided by a patient’s risk class. Although anticoagulation remains
the mainstay of PE treatment, emergency physicians also must understand the indica-
tions and contraindications for thrombolysis and also should be aware of new thera-
pies and models of care that may improve outcomes.
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