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Background

AC, anticoagulation; CAVT, computer assisted vacuum thrombectomy; sCDT, standard catheter-directed thrombolysis; MT, mechanical thrombectomy; PE, 
pulmonary embolism; RCT, randomized controlled trial; USAT, ultrasound-assisted catheter-directed thrombolysis 

• Endovascular therapy for the treatment of acute PE emerged > 12 years ago
• Currently, 7 FDA cleared devices 

• However, there are no reported RCTs comparing outcomes of mechanical 
thrombectomy (MT) + anticoagulation (AC) vs AC alone

• STORM-PE is the first completed RCT in over 10 years
• And first ever RCT of MT vs AC

2013

ULTIMA
USAT vs AC alone

2022

CANARY
sCDT vs AC alone

(not completed) 

2014

PEITHO
Systemic thrombolysis 

vs AC alone 

2025
STORM-PE RCT

MT (CAVT + AC) vs AC alone

in partnership with

Endpoints: Primary Efficacy

PRIMARY EFFICACY ENDPOINT

Endpoint Change in RV/LV ratio at 48 hours

Definition*
Change in RV/LV ratio on original therapy assessed by CTPA between 
baseline (defined as initial CTPA for PE diagnosis) and 48 ± 6 hours

Adjudicated by an independent blinded core laboratory

Power Highly powered (90%) with assumed RV/LV ratio difference of 0.25 
between arms 

Test Superiority of CAVT against AC for a significant difference in RV/LV ratio 
∆ with t-test at one-sided alpha of 0.025

*Patients receiving rescue therapy without 48-hour endpoint imaging had a 0 change in RV/LV ratio assigned (N=2). Rescue therapy was defined as 
clinical deterioration (treatment failure) that required treatment outside of treatment arm. Patients stayed within assigned arm. 

Trial Device & Procedure
• Lightning Flash timeline:

• FDA cleared in Dec 2022
• Commercially available in Jan 2023
• First STORM-PE patient enrolled Jul 

2023

• Investigators had limited experience 
with the new technology
• Prior to enrolling, trial operators 

completed two PE procedures or had 
previous Penumbra CAVT experience

• Trial sites agreed the technology had 
a strong safety profile with clinical 
equipoise for randomization 

Computer assisted vacuum thrombectomy 
(CAVT) using the 16F catheter system

Lightning FlashTM

(16F catheter)

Penumbra ENGINE® pump 
with Lightning Flash™ 

Aspiration Tubing attached

Penumbra 
ENGINE® Canister

Flow 
Switch

Microprocessor with 
thrombus removal 

algorithm USB port on 
back of  

Penumbra 
ENGINE®

Key Eligibility Criteria, Sites & Enrollment

CTED, chronic thromboembolic disease; CTEPH, chronic thromboembolic pulmonary hypertension; ECMO, extracorporeal membrane oxygenation

Inclusion
ü Clinical signs & symptoms of acute PE                  

(≤ 14 days)
ü CTPA showing filling defect in ≥ 1 main or 

proximal lobar pulmonary artery
ü RV/LV ratio ≥ 1.0 on CTPA
ü Elevated cardiac biomarkers

Exclusion
û Hemodynamic instability or on ECMO
û CTEPH or CTED findings
û Primary brain or metastatic brain cancer
û Life expectancy < 90 days
û NEWS2 Score ≥ 9

19 sites
82 enrolled

1 site
6 enrolled

1 site
6 enrolled

1 site
6 enrolled

Patients enrolled July 2023 – June 2025

Patient Flow for STORM-PE RCT

667 Excluded
• 546 Did not meet eligibility criteria
• 86 Declined to participate
• 30 Inability to treat in randomization window
• 5 Trial operator not available

767 Assessed for eligibility

ITT, intent-to-treat

100 
Randomized

(ITT population)

47 CAVT arm

46 Analyzed for 
primary outcome

53 AC arm

52 Analyzed for 
primary outcome 

1 Missing CTPA 

48 ±6 hrs
1 Missing CTPA 

7-day MAE rate assessed in ITT population



11/18/25

2

üNEWS2 üNEWS2 üNEWS2 üQoL üQoL
üCTPA üCTPA üMAE ≤ 7 days üFunctional üFunctional

üVitals üVitals üWearable device üWearable device üWearable device
üQoL
üFunctional

6MWT, six-minute walk test; MAE, major adverse event; mMRC, modified Medical Research Council Dyspnea Scale; NEWS2, National Early Warning Score 2; NYHA, 
New York Heart Association Functional Classification; PEmb-QoL, Pulmonary Embolism Quality of life Questionnaire; PVFS, Post-VTE (venous thromboembolism) 
Functional Status Scale

Visit Schedule & Data Collection
üStandardized treatment: initiated within 24 hours from baseline CTPA and ≤ 12 hours from randomization 

QoL & Functional Assessments: 

Borg scalemMRC NYHA EQ-5D-5L PEmb-QoL PVFS6MWT*
*Assessed at 30-day & 90-day follow-up visits 

48 Hours
Primary Endpoint

Day 0
Randomization

Discharge
Safety Endpoint

Baseline 30 Days 90 Days 
Final Visit

CAVT 
N=47

AC 
N=53

Index PE presentation data

Syncope 9 (19.1%) 8 (15.1%)

Elevated cardiac biomarkers 47 (100%) 53 (100%)

Baseline Clinical Parameters*

NEW S2 3.5 ± 1.95 4.1 ± 2.07

Heart Rate, bpm 93.2 ± 17.36 98.2 ± 15.87

Oxygen Saturation, % 96.0 ± 2.59 95.4 ± 2.44

RV/LV Ratio 1.63 ± 0.36 1.56 ± 0.35

RMMS 27.3 ± 3.89 26.1 ± 5.51

Baseline Functional Assessments*

Borg Dyspnea Scale 4.7 ± 2.90 4.5 ± 2.85

mMRC ≥ 1 42 (95.5%) 51 (96.2%)

PVFS 3.0 ± 0.97 2.9 ± 1.01

Baseline & Medical History Information
Both groups were well matched across key baseline measures 

DVT, deep vein thrombosis; RMMS, refined modified Miller score

Female Female

CAVT 
N=47

AC 
N=53

Demographic characteristics

Age (years) 59.5 ± 13.2 61.2 ± 14.2

Female Sex 18 (38.3%) 28 (52.8%)

Race

W hite 22 (50.0%) 35 (70.0%)

Black 18 (40.9%) 13 (26.0%)

Other 0 (0%) 1 (2.0%)

Unknown/Not reported 4 (9.1%) 1 (2.0%)

Medical History

Arterial Hypertension† 21 (44.7%) 35 (66.0%)

Diabetes 9 (19.1%)                    9 (17.0%)

DVT 30 (63.8%) 32 (60.4%)

Previous PE 12 (25.5%) 10 (18.9%)

*Paired data at 48 hours/discharge for CAVT ranged from N=45-46 and for 
AC N=52-53
Data reported as mean ± SD or number (%)
† P < 0.05

Anticoagulation Strategy
No difference between CAVT & AC arm

LMWH, low molecular weight heparin; UFH, unfractionated heparin
Data reported as median [IQR] or number (%)

CAVT 
(N=47)

AC 
(N=53)

AC Strategy

LMWH Alone 7 (14.9%) 10 (18.9%)

UFH Alone 28 (59.6%) 31 (58.5%)

LMWH & UFH 12 (25.5%) 12 (22.6%)

Time to Therapeutic, hours*

Any UFH Patient 6.8 [4.8, 12.2] 6.4 [4.9, 8.6]

87.0% 90.4%

0.0%

25.0%

50.0%

75.0%

100.0%

CA VT (N =46) AC  (N=52)

% of Patients Reaching Therapeutic Level of 
Anticoagulation Within 48-hour Visit

*CAVT N=34 and AC N=38

CAVT Arm Procedural Information & Details
Thrombectomy Time, min (median)

Procedure Time, min (median)

25.0 [15.0, 41.0]
56.0 [42.0, 69.0]

Estimated Blood Loss, mL 296.5 ± 179.4

Technical Success
Ability of catheter to access clot and perform aspiration

47/47 (100%)

Systolic PA Pressure Reduction, mm Hg
Mean PA Pressure Reduction, mm Hg

-10.8 ± 8.46 (21.7%)
-8.2 ± 5.71 (27.3%)

Device- or Procedure-related Transfusion
Access Site Complications

0/47 (0%)
0/47 (0%)

1.63

1.11

1.56
1.32

0.00

0.50

1.00

1.50

2.00

Baseline 48 h ours Baseline 48 h ours

CAVT  (N=46 ) AC (N=52)

29.7%
relative reduction

13.1% 
relative reduction

Primary Efficacy Endpoint: RV/LV Ratio
Superior reduction in the CAVT arm

RV/LV Ratio CAVT AC P value

Baseline 1.63 ± 0.36 1.56 ± 0.35 0.397

48 hours 1.11 ± 0.28 1.32 ± 0.31 < 0.001

Absolute 
Reduction*

0.52 ± 0.37 0.24 ± 0.40 < 0.001

Between-group difference (95% CI) in absolute reduction: ∆ 0.27 (0.12, 0.43) 

*Paired data CAVT N=46 and AC=52

P < 0.001

vs

Data reported as mean ± SD

Secondary Safety Endpoints Through 90 Days
Safety comparable in CAVT and AC arm

0 30 60 90
Days to Mortality

0.0

0.2

0.4

0.6

0.8

1.0

Fr
ee

do
m

 fr
om

 M
or

ta
lity

CAVT 
(N=47)

AC 
(N=53)

P  value

Composite MAE ≤ 7 Days 2 (4.3%) 4 (7.5%) 0.681

Clinical Deterioration Requiring 
Rescue Therapy

1 (2.1%) 3 (5.7%) 0.620

PE-related Mortality 2 (4.3%) 0 (0.0%) 0.218

Symptomatic Recurrent PE 0 (0.0%) 0 (0.0%) > 0.999

Major Bleeding* 1 (2.1%) 1 (1.9%) > 0.999

Additional Details ≤ 7 Days

Major Bleeding Requiring Transfusion 1 (2.1%) 1 (1.9%) NA

AC-related MAEs 0 (0.0%) 2 (3.8%) NA

Device- or Procedure-related MAEs 0 (0.0%) NA NA

Secondary Endpoint ≤ 90 Days

Symptomatic Recurrent PE (90 Days) 1 (2.1%) 1 (1.9%) > 0.999

Data reported as number (%). Safety endpoints are not powered for statistical 
comparisons.
*Death, clinical deterioration, and major bleeding all occurred in the same CAVT patient.

Comparable 90-day safety rates
No device-related mortality

No PE-related mortality > 7 days
Vertical bars represent 95% confidence intervals using the log-log transformation

CAVT All-cause mortality

CAVT PE-related mortality

AC All-cause mortality

AC PE-related mortality

All-cause mortality P = 0.133
PE-related mortality P = 0.131
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48 HoursBaseline

Change in Thrombus Burden at 48 Hours
Significantly larger reduction in mean RMMS* in the CAVT arm (2.7x)

Paired data represented CAVT N=45 and AC N=52. Image based on median per segment scores.
*Adjudicated by a blinded imaging core laboratory

AC

CAVT 42.1%
relative mean reduction

15.6% 
relative mean reduction

P < 0.001

Degree of thrombus burden

2.0 1.5 1.0 0.5 0.0

MORE LESS

NEWS2 at Baseline and 48 Hours
Composite score indicating risk of clinical deterioration

NEWS2, National Early Warning Score 2
Paired data represented. Data reported as mean.

3.5

1.8

4.1

2.7

0

1

2

3

4

5

Baseline 48 h ours Baseline 48 h ours

CAVT (N=46) AC (N=53)

48 h P = 0.034

CAVT arm had a significantly lower NEWS2 risk at 48 hours

NEWS2 Components:
ü Respiratory rate

ü Supplemental oxygen

ü Oxygen requirement

ü Systolic blood pressure

ü Heart rate

ü Consciousness

ü Temperature
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Pre-PE Event to Discharge

Baseline to Discharge

0.032

0.067

0.1 1.0 10.0

Functional Endpoint: PVFS Scale
Functional Limitation Ordinal Scale Focusing on Aspects of Daily Life

Complete case data used. 

CAVT patients were 2.2x 
more likely to move toward 

their pre-PE functional 
status 

(significantly less change in PVFS 
score from pre-PE event to 

discharge)

P value

Favors CAVTFavors AC

Odds Ratio (log scale)

OR 2.2

OR 2.0
387

472

328

376

300

350

400

450

500

30 d ays 90 d ays
CAVT (N=27) AC (N=29)

Functional Endpoint: 6 Minute Walk Test (6MWT)
Mean 6MWT Distance (6MWD), meters Mean ∆ 6MWD Between 30 & 90 Days

CAVT patients walked significantly farther at 90 days & had a 1.8x improvement in walking 
distance from 30 to 90 days compared to AC alone

P 
= 

0.
09

9

P = 0.019

Paired data represented. 

48

85

0 20 40 60 80 100

AC

CAVT

Distance, meters

∆

∆

Functional Endpoint: % of Predicted 6MWD at 90 Days
Predicted walk distance1 is normalized for sex, age, and body surface area

CAVT patients were able to 
complete significantly more of their 

predicted walk distance

Paired data represented
1. Enright, PL, & Sherrill, DL. Reference equations for the six-minute walk in healthy adults. Am J Respir Crit Care Med. 1998;158(5 Pt 1):1384–1387.

94.0%

75.2%

0%

20%

40%

60%

80%

100 %

CAVT
N=31

AC
N=34

P = 0.022

Treatment with CAVT resulted in early physiological recovery and greater reduction in 
pulmonary obstruction compared to AC alone. 

• RMMS, heart rate, oxygen, and NEWS2

Conclusion
STORM-PE is the first RCT to report the results of mechanical thrombectomy with AC 
versus AC alone.

The CAVT arm demonstrated superior reduction in RV dilatation and a similar safety 
profile to the AC arm.

Patients treated with CAVT demonstrated greater improvement in functional outcomes.
• PVFS, 6MWT

These promising results reinforce the role of mechanical thrombectomy, specifically CAVT, 
as an effective treatment strategy in patients with acute intermediate-high-risk PE.
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Thank You
Sites

Ascension Seton
Austin, TX, USA

Kingwood Hospital
Kingwood, TX, USA

Rush University Medical Center
Chicago, IL, USA

Auckland City Hospital
Grafton, Auckland, New Zealand

Krakowski Szpital Specjalistyczny św. Jana Pawła II
Krakow, Poland

Sentara Norfolk General Hospital
Norfolk, VA, USA

Baylor University Medical Center
Dallas, TX, USA

McLaren Health
Bay City, MI, USA

St. Elizabeth Edgewood Hospital
Edgewood, KY, USA

Cedars-Sinai Medical Center
Los Angeles, CA, USA

Methodist Hospital Metropolitan
San Antonio, TX, USA

University of Arizona
Tucson, AZ, USA

Cooper University Hospital
Camden, NJ, USA

Mount Sinai Hospital
New York, NY, USA

UCLA Medical Center
Los Angeles, CA, USA

Corewell Health Dearborn Hospital
Dearborn, MI, USA

Northwestern Memorial Hospital
Chicago, IL, USA

University of Maryland Medical Center
Baltimore, MD, USA

Foothills Medical Centre
Calgary, Alberta, Canada

Radiology and Imaging Specialists
Lakeland, FL, USA

Wellstar Health System
Marietta, GA, USA

Joseph Maxwell Cleland Atlanta VA Medical Center
Decatur, GA, USA

Clinical Events Committee (CEC)
NAMSA Northwood, OH

Blinded, Independent, Imaging Core Laboratory
VasCore, Boston, MA, USA

Data Safety Monitoring Board (DSMB)
NAMSA, Northwood, OH

In partnership with The PERT Consortium®
STORM-PE RCT Steering Committee

Dr. Robert Lookstein
Interventional Radiology

Mount Sinai

Dr. Rachel Rosovsky
Hematology

Massachusetts General
Hospital

Dr. Richard Channick
Pulmonology

UCLA

Dr. Stavros Konstantinides
Cardiology

Johannes Gutenberg 
University Mainz

Dr. Ido Weinberg
Vascular Medicine

Massachusetts General 
Brigham 

Dr. John Moriarty
Interventional Radiology

UCLA

Dr. Suhail Dohad
Interventional Cardiology

Cedars-Sinai Medical Center

Dr. Sahil Parikh
Interventional Cardiology

Columbia University

Richard Davis
Patient Steering Committee 

Representative

A prospective, multicenter, randomized 
controlled trial evaluating anticoagulation 
alone vs anticoagulation plus computer 
assisted vacuum thrombectomy for the 
treatment of intermediate-high-risk acute 
pulmonary embolism: Rationale and design 
of the STORM-PE study

Rachel P. Rosovsky, MD, MPH; Stavros V. Konstantinides, MD, 
FESC; John M. Moriarty, MD; Suhail Y. Dohad, MD; Ido 
Weinberg, MD; Sahil A. Parikh, MD; Richard N. Channick, MD; 
Robert A. Lookstein, MD, MS, FSIR, FAHA, FSVM;

AHJ. 2025; 288:1-14. DOI: 10.1016/j.ahj.2025.03.018

Randomized Controlled Trial of Mechanical Thrombectomy With 
Anticoagulation Versus Anticoagulation Alone for Acute 
Intermediate-High Risk Pulmonary Embolism: Primary Outcomes 
From the STORM-PE Trial

Robert A. Lookstein, MD, MS, FSIR, FAHA, FSVM; Stavros V. 
Konstantinides, MD, FESC; Ido Weinberg, MD; Suhail Y. Dohad, MD; 
Zachary Rosol, MD, FACC, FSCAI; Grzegorz Kopeć, MD, PhD; John M. 
Moriarty, MD; Sahil A. Parikh, MD; Andrew Holden, ONZM, MBChB, 
FRANZCR, EBIR; Richard N. Channick, MD; Braedon McDonald, MD, 
PhD, FRCPC; Khanjan H. Nagarsheth, MD; Kei Yamada, MD; Rachel P. 
Rosovsky, MD, MPH, for the STORM-PE Trial Investigators
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