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Yes, I believe they will
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Case 

• 48 year old male presents to local hospital with acute SOB. 
• CTA showed extensive bilateral PE and RV/LV ratio >1. 
• Given one dose enoxaparin and sent to MGH.
• At MGH:

– Vitals: 87% on room air (require 15 L NC oxygen), HR 150, RR 28, 
BP 140/79. 

– ECHO: RV dilated, hypokinetic, RVSP 54 mm Hg
– Elevated troponin and BNP
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RV = right ventricle
LV = left ventricle
NC = nasal cannula
MGH = Massachusetts General Hospital
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Bilateral PE and Right Heart Strain
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Pulmonary Embolism: Why do we worry?
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Pulmonary Embolism: Why does it matter?
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Beckman, Am J Prev Med. 2010
Wendelboe et al.  Throm Haemost. 2021
Grosse  et al.  Thrombosis Research. 2015 VTE: venous throm boem bolism

274 Death/Day 12 Death/Hour 1 Death/5 mins
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Most Patients with PE do Well …  But Some Do Not

Becattini C, Agnelli G. Thromb Haemost. 2008
Abrahams van-Doorn P. and Hartmann IJC. Imaging Insights. 2011
Dalen JE. Chest. 2002; 122
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Rescue

Prevent mortality, 
hemodynamic 
decompensation, 
long-term morbidity (?)
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Pulmonary Embolism: Current Treatment Options
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Catheter
Directed
Thrombolysis 

Pulmonary 
Embolectomy

ECMO: 
Extracorporeal 
Support

Suction
Embolectomy
(VORTEX)

IVC Filter

Lots of Options

Systemic lysis

Anticoagulation

Catheter
Directed
Thrombectomy 

How do you decide?

Barritt. Lancet. 1960

Anticoagulation Saves Lives

Primary reperfusion + 
an#coagula#on

Anticoagulation ± 
rescue reperfusion

An#coagula#on ± early 
discharge

European Heart Jurnal 2019

Risk Stratification for Acute PE

Where does our patient fit in?
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Guidance in the Literature for Treatment of 
Massive/Submassive PE:  Very Little 

European Heart Journal 2019
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Intermediate Risk Pulmonary Embolism
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When does patient need advanced therapy?

W ood. Critical Care C linics. 201115
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Case Decision-Making

• Intermediate High-risk PE 
• Reassuring head imaging
• Expeditiously started on LMWH
• PERT called
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• Do we have the data to support Catheter Directed Therapies 
for intermediate risk PE?
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Catheter Directed Therapies

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

ULTIMA★
(59)  

OPTALYSE PE
(101)

SEATTLE II 
(150)  

PERFECT♦ 
(100)

FLARE
(106) 

FLASH ♦ 
(800) 

Catheter Directed Thrombolysis

Catheter Directed Thrombectomy

SUNSET PE
(81)

CANARY★
(94)

RESCUE
(109) 

★ Randomized controlled trial  ♦ Registry

Besides 
Ultima & 
Canary, 
NONE 
included 
control arm

18

Riyaz Bashir et al. JACC Adv 2023
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• 10,549 patients 
• 15 studies

• 2 RCTs

• 12 observational
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• >80,000 patients 
• 45 studies

• 17 RCTs
• 2 prospective 

nonrandomized,
• 26 retrospective 

observational.
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Catheter Directed Therapies: Published Trials

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

ULTIMA★
(59)  

OPTALYSE PE
(101)

SEATTLE II 
(150)  

PERFECT♦ 
(100)

FLARE
(106) 

FLASH ♦ 
(800) 

Catheter Directed Thrombolysis

Catheter Directed Thrombectomy

SUNSET PE
(81)

CANARY★
(94)

RESCUE
(109) 

★ Randomized controlled trial  ♦ Registry

Besides 
Ultima & 
Canary, 
NONE 
included 
control arm
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EXTRACT-PE
(119)

2024

PEERLESS
(550)

APEX-AV 
(122; abstract)

PEERLESS
(550)
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PEERLESS
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LBMT vs CDT

clinical deterioration 
and/or bailout and 
postprocedural ICU 
utilization 

no difference in 
mortality or bleeding.
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APEX-AV

• 122 patients

• Mean        in RV/LV ratio from 
baseline to 48 hours post-
procedure of 0.45 

• MAEs rate of 4.1%

• 35.5% mean        in clot burden 
from baseline to 48 hours post-
procedure

23
MAE: Major Adverse Event
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Currently…

• Five on-label endovascular devices for acute pulmonary embolism
– EKOS Ultrasound accelerated thrombolysis (USAT)
– FLOWTRIEVER retrieval/aspiration system (LBAT)
– INDIGO aspiration system (CAVT)
– BASHIR pharmacomechanical thrombolysis (PMT)
– ALPHA-VAC aspiration system
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• Do we have the data to support use of advanced therapy over 
anticoagulation for intermediate risk PE?

ØCurrently, we do NOT have Level 1 evidence

ØEquipoise

• Rationale for randomized controlled trials 
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Currently: Six Enrolling Prospective Randomized Trials

26 Courtesy Rob Lookstein
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Clinical Trials

• Medical Therapy
• Catheter Directed Thrombolysis
• Catheter Directed Thrombectomy
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Medical Therapy: PEITHO-3

• Intervention
– RCT 1:1 of reduced dose alteplase (0.6 mg/kg) vs UFH in 

intermediate high-risk PE
• Primary Outcome: 

– Clinical composite of death from any cause or hemodynamic 
decompensation or objectively confirmed recurrent PE within 30 
days of randomization 

• Study Enrollment
– 250

• 24 month follow up

28
UFH = unfractionated heparin
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Clinical Trials

• Medical Therapy
• Catheter Directed Thrombolysis
• Catheter Directed Thrombectomy
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Catheter Directed Thrombolysis: HI-PEITHO

30

12 months
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Clinical Trials

• Medical Therapy
• Catheter Directed Thrombolysis
• Catheter Directed Thrombectomy
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STORM PE
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PERSEVERE
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Clinical Trials

• Medical Therapy
• Catheter Directed Thrombolysis
• Catheter Directed Thrombectomy
• Pharmaco-mechanical Thrombectomy
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Clinical Trials

• Medical Therapy
• Catheter Directed Thrombolysis
• Catheter Directed Thrombectomy
• Pharmaco-mechanical Thrombectomy
• Artificial Intelligence
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Artificial Intelligence: AID-PE

• Artificial Intelligence to Improve Detection and Risk Stratification of 
Acute Pulmonary Embolism

– Patients undergoing CTPA for detection of acute PE will have imaging 
analyzed by AI software in combination with a human radiologist.

– Researchers will compare clinical and radiology specific outcomes with a 
retrospective cohort of patients who have had standard routine radiology 
reporting.
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Currently: Six Enrolling Prospective Randomized Trials
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Finding the Holy Grail for Aspiration Thrombectomy

41 Courtesy Rob Lookstein
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Clinical Trial Statistics

• Clinicaltrials.gov: search pulmonary embolism
– All: 857 studies
– Recruiting or not yet recruiting: 158
– Recruiting or not yet recruiting and device: 44

42
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Large Bore 
Aspiration 
Devices
and Trials

• Magneto 
Thrombectomy
System

eTRIEVE II
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Many Ongoing Questions

• When to use which therapy for which patients?
–  Thromboaspiration or catheter directed thrombolysis? 

• Is there ever a role for both?
– Is it different for INTERMEDIATE or HIGH-RISK cases? 

• How do we define success?  What are procedural end points?
– pulmonary hemodynamics
– vital signs
– angiographic 
– perfusion

44
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Catheter Directed Therapies: Published Trials

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

ULTIMA★
(59)  

OPTALYSE PE
(101)

SEATTLE II 
(150)  

PERFECT♦ 
(100)

FLARE
(106) 

FLASH ♦ 
(800) 

Catheter Directed Thrombolysis

Catheter Directed Thrombectomy

SUNSET PE
(81)

CANARY★
(94)

RESCUE
(109) 

★ Randomized controlled trial  ♦ Registry
45

EXTRACT-PE
(119)

PEERLESS
(550)

APEX-AV 
(abstract, 152)

PEERLESS
(550)

2024

Catheter Directed Therapies: Current Trials

LEVEL 1 Trials: 

HI PEITHO
PEERLESS 2
PEITHO-3
PETRACT
PERSEVERE
STORM-PE

Large Bore Aspiration Devices

AVENTUS
ENGULF
eTREIVE II
QUADRA-PE
SPIRARE II
SYMPHONY
TRUST
RECOVER-AV

Pharmaco-
mechanical 
Thrombectomy

RAPID-PE

2024

Registry 
Prospective 
Cohort
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Stroke Thrombectomy Took 20 YEARS

Oh, M i Sun. H istory of Intra-arterial throm bolysis. 20017, Springer
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Call to Action

• Every patient you see, consider enrolling in a prospective trial, if possible
• Data will be generated over 12-24 months from RCT and

– May show improvements in care 
– Lead to change in guidelines

• We must continue to seek better ways to treat this disease

47

Department of 
Hematology/Oncology

Case Follow up

• He did well.  Discharged home on apixaban on day 3.
• In hospital, HCT 26.8.
• Came to follow up clinic one month later, HCT still 26.8.
• Work up revealed: Multiple Myeloma

– IgG 5328, IgA 22, IgM 6, 
– serum free kappa/lambda = 601/1.5 = 400 ratio
– M spike: 4.31 IgG Kappa 

• Just had bone marrow transplant

48

Importance of Follow Up Clinic
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Closing Reflections

• PE is major cause of morbidity and mortality
• Endovascular therapies are taking on increasing role in therapeutic options
• We have learned a lot and moving towards better understanding, but we 

need much more data to prove what we do improves the care and benefits
our patients. 

• We NEED prospective data looking at both efficacy and safety endpoints
– Especially for our high risk and intermediate risk patients

• Still lots of questions: which population for which device at what time?
• ENROLL
• Engage PERT (pertconsortium.org)
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Thank you

@RosovskyRachel
rprosovsky@mgh.harvard.edu
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