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Objectives

Definition and healthcare burden of pulmonary embolism.

Learn the process of risk stratification for treatment.

Details of current treatment technologies and guidelines.

Discuss future directions of treatment for pulmonary embolism.



Pulmonary embolism: Obstruction of pulmonary arteries by material 
(thrombus, tumor, air, fat) from parts of the body.

100,000 deaths a year in the United States.

30-day mortality 4%, 1-year mortality 13%.

A leading cause of in hospital death and #third common cause of 
CV death (after MI and stroke)*.

*CDC MMWR 2012



Risk Stratification
AHA, ESC, CHEST, ASH Guidelines 

Wide range of presentations from asymptomatic to death.

Mainly divided into Low, Intermediate, and High Risk.

To guide initial management and follow up but not absolute.

Influenced by bleeding risks, thrombus burden, operator expertise, 
and individual patient preferences.



Low risk PE

Patients who do not meet criteria for massive and submassive PE.

Account for 40-60% of hospitalized patients with PE.

Average mortality of 1% within one month*.

Mainly treated with outpatient anticoagulation.

Low risk of long-term complications.

*PROTECT Investigators 2014



Massive (High Risk) PE

Hypotension, SBP < 90 mmHg, drop > 40 mmHg for 15 min, need 
for pressors and hemodynamic support. 

Account for 5% of hospitalized patient. 

Mortality of 30% in one month*.

*ICOPER Registry 1999



Submassive (Intermediate Risk)PE

Large PE (can be saddle) without hypotension.

AHA: RV strain(RV:LV ratio > 0.9)without hypotension.

ESC: simplified PESI score > 1, regardless of RV strain.

Other markers: Elevated troponin, BNP, hypoxemia, tachycardia.

Account for 35-55% of hospitalized patients.

Mortality varies from 3% to 15% ==> Area of controversies for treatment.

*CDC MMWR 2012



RIETE Investigators 2010

PESI - Helpful in low risk patients 
for outpatient treatment



The Past

Bedrest

Oxygen

Heparin transitioned to warfarin

IVC filter placement?

Surgical embolectomy for large massive PE

Long-term CTEPH and Post PE Syndrome reported. 



The Present

Adverse outcomes of intermediate and high risk patients prompted 
escalation of therapeutic interventions.

Systemic thrombolysis

Catheter-directed therapies

Surgical embolectomy

Hemodynamic support: ECMO and percutaneous RV support*

*Elder et al, Interv Card Clin 2018



New Anticoagulants

DOAC - Direct Oral Anticoagulants, since 2010.

Eliquis, Xarelto, Savaysa, Pradaxa, Bevyxxa (DC in 2020).

All are anti-Xa. Pradaxa is a Direct Thrombin Inhibitor.

Newer agent coming soon: Inhibitor of Factor XIa.

All were non-inferior to warfarin therapy before FDA approval.

Indicated for other reasons: non-valvular afib, PAD, post op prophylaxis.







Review - Contraindications for AC

Absolute
Major active bleeding, Platelet < 25K, spinal procedure, epidural placement, 
severe uncontrolled malignant hypertension. 

Relative

Brain mets (renal, choriocarcinoma, melanoma, thyroid cancer), intracranial 
bleeding within the past 4 weeks, recent high risk surgery or bleeding event, 
active but not-life threatening bleeding, active GI ulceration with high risk of 
bleeding, platelet < 50K. (Menstrual bleeding is not a contraindication).



Catheter-directed therapies

Reserved for intermediate and high risks patients.

According to a large meta-analysis systemic thrombolysis do not 
significantly reduce mortality in these patients, associated with 
bleeding events*.

Catheter-directed therapies utilize less thrombolytic, much less 
bleeding risks.

*Marti C, et al. Eur Heart J, 2015



Clinical Trials for PE









PEITHO*

Largest PE Trial - Randomized, double-blind trial, 1006 patients.

Thrombolytic (Tenecteplase)+ heparin vs. Heparin alone.

Intermediate risk patients with RV strain, elevated biomarkers.

End points: death and hemodynamic collapse after 7 days.

Conclusion: Systemic lytic therapy prevented hemodynamic collapse with increased risk 
of bleeding (6.3% vs. 1.2%) and stroke (2.4% vs. 0.2%).

Gave rise to no lytic and localized lytic trials with lower dose for less bleeding.

*Meyer, et al. NEJM 2014



Clinical Trials for PE





REAL-PE

Technically not a trial.

Comparing 2 PE treatment modalities (USCDT vs MT) side by side.

Use the power of electronic medical records by Truveta:

83 millions patient population

535,567 with PE from 2009 to 2023

1697 treated with local lytic, 742 non-lytic clot removal.



Take away point: Bleeding risks for either modalities are low. 



*TruvetaTrue-PE



Summaries of Clinical Trials

Invasive tx beneficial for intermediate/high risk. No benefits in low risk PE. 

Approved devices are safe and effective with low rate of complications. 

Bleeding risk in 1/2 with catheter based therapy compared to systemic.

No long-term follow up studies for CTEPH or mortality data.

Randomized controlled trials are difficult and expensive to conduct.

Truveta may be the next emergent way of studying this disease.



The Future



PERT

*PERT Consortium Research Committee

A multidisciplinary team: Interventionalist, cardiologist, radiologist, CV 
surgery, vasular surgery, endovascular medicine, pulmonologist, hematologist, 
intensivist.

Similar concept for MI, Stroke (#Third common cause of death).

Team available 24/7, respond within a set, short time period.

An effort to reduce future PE mortality like cardiac arrest, MI and stroke.

*PERT Chest 2016



Thank you 
for your 

attention.
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