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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, MHCDL; Stavros V. Konstantinides‘®, MD; Ido Weinberg®, MD; Suhail Y. Dohad, MD;

Zachary Rosol®, MD; Grzegorz Kope¢, MD, PhD; John M. Moriarty, MD; Sahil A. Parikh@, MD;

Andrew Holden®, ONZM, MBChB; Richard N. Channick, MD; Braedon McDonald, MD, PhD; Khanjan H. Nagarsheth®, MD;
Kei Yamada, MD; Rachel P. Rosovsky, MD, MPH; for the STORM-PE Trial Investigators®

BACKGROUND: Patients with intermediate-high risk pulmonary embolism (PE) have an elevated right ventricular (RV) to left
ventricular (LV) diameter ratio and are at risk of early clinical decompensation and mortality. Reperfusion therapy aims
to rapidly relieve acute RV pressure overload and to normalize hemodynamics. STORM-PE (A Prospective, Multicenter,
Randomized Controlled Trial Evaluating Anticoagulation Alone Versus Anticoagulation Plus Mechanical Aspiration With the
Indigo Aspiration System for the Treatment of Intermediate-High Risk Acute Pulmonary Embolism) is the first reported
randomized controlled trial to test the efficacy and to evaluate the safety of mechanical thrombectomy, specifically computer-
assisted vacuum thrombectomy (CAVT) with anticoagulation compared to anticoagulation alone.

METHODS: STORM-PE is an international randomized controlled trial with 1:1 randomization to CAVT with anticoagulation
or anticoagulation alone. Eligible adults had acute-onset (symptoms <14 days), intermediate-high risk PE and were
normotensive, with an RV/LV ratio >1.0 on computed tomographic pulmonary angiography and elevated cardiac biomarkers.
The primary end-point analysis tested for a difference between groups for the change in RV/LV ratio at 48 hours, assessed
by a blinded independent imaging core laboratory. Secondary end points included major adverse events within 7 days (a
composite of clinical deterioration necessitating rescue therapy, PE-related mortality, symptomatic recurrent PE, and major
bleeding), adjudicated by an external clinical events committee. Additional outcomes included change in vital signs and core
laboratory—assessed pulmonary artery obstruction at 48 hours.

RESULTS: A total of 100 patients enrolled across 22 sites were randomized to CAVT (n=47) or anticoagulation alone (n=53).
Baseline characteristics were comparable between arms. At 48 hours, mean reduction in RV/LV ratio was greater for
CAVT (0.52+0.37) than anticoagulation (0.24+0.40), a difference of 0.27 (95% Cl, 0.12-0.43; A<0.001). Refined modified
and modified Miller scores exhibited greater changes for CAVT than anticoagulation alone at 48 hours (£<0.001). Early
normalization of vital signs within 48 hours was more frequent after CAVT. The major adverse event rate within 7 days was
not different between groups (CAVT, 4.3% versus anticoagulation, 7.6%; P=0.681). Two PE-related deaths occurred in the
CAVT arm.

Correspondence to: Robert A. Lookstein, MD, MHCDL, Icahn School of Medicine at Mount Sinai, One Gustave L. Levy Place, New York, NY 10029. Email robert.
lookstein@mountsinai.org

*The STORM-PE Investigators are listed in the Supplemental Appendix.

This work was presented as an abstract at VIVA (Vascular Interventional Advances), Las Vegas, NV, November 2-5, 2025.

Supplemental Material, the podcast, and transcript are available with this article at https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.125.077232.
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CONCLUSIONS: CAVT was superior to anticoagulation alone in reducing RV/LV ratio within 48 hours in patients with
intermediate-high risk PE, accompanied by earlier normalization of vital signs and major adverse event rates comparable to

those for anticoagulation.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCTO5684796.
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Clinical Perspective

What Is New?

* STORM-PE (A Prospective, Multicenter, Random-
ized Controlled Trial Evaluating Anticoagulation
Alone Versus Anticoagulation Plus Mechanical
Aspiration With the Indigo® Aspiration System for
the Treatment of Intermediate High Risk Acute Pul-
monary Embolism) represents the first randomized
controlled trial to test the efficacy and to evaluate
the safety of mechanical thrombectomy with anti-
coagulation compared to anticoagulation alone for
the treatment of intermediate-high risk pulmonary
embolism.

* Treatment with mechanical thrombectomy resulted
in a significantly greater reduction in right ventricu-
lar/left ventricular ratio at 48 hours compared with
anticoagulation alone, with comparably low rates of
major adverse events in both treatment arms.

What Are the Clinical Implications?

¢ In this novel international multicenter ftrial, the use
of mechanical thrombectomy produced superior
efficacy without an increased relative rate of major
adverse events compared with anticoagulation
alone, and the procedure was characterized by a
high rate of technical success and short device
time.

e Mechanical thrombectomy resulted in a supe-
rior reduction in right ventricular dysfunction and
greater reduction in pulmonary artery obstruction
relative to anticoagulation alone.

* Rapidly improved computed tomographic pulmonary
angiography parameters achieved with mechanical
thrombectomy occurred in conjunction with normal-
ization of patient vital signs and hemodynamics.

globally per year, reflecting a considerable socioeco-

nomic burden because of health care costs, as well
as reduced functionality and quality of life among those
surviving the acute phase.! Patients classified as having
intermediate-high risk PE exhibit severe clinical manifesta-
tions, including imaging evidence of right ventricular (RV)
strain and elevated biomarkers? Although they appear
hemodynamically stable at presentation, these patients
have an elevated RV to left ventricular (RV/LV) diameter

Pulmonary embolism (PE) affects 1 in 1000 adults
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Nonstandard Abbreviations and Acronyms

BARC Bleeding Academic Research
Consortium

BNP brain-type natriuretic peptide

CAVT computer-assisted vacuum
thrombectomy

CEC Clinical Events Committee

CTPA computed tomographic pulmonary
angiography

Lv left ventricular

NT-proBNP N-terminal pro-B-type natriuretic
peptide

NEWS2 National Early Warning Score 2

PA pulmonary artery

PE pulmonary embolism

RV right ventricular

STORM-PE A Prospective, Multicenter, Ran-
domized Controlled Trial Evaluat-
ing Anticoagulation Alone Versus
Anticoagulation Plus Mechanical
Aspiration With the Indigo® Aspi-
ration System for the Treatment
of Intermediate High Risk Acute
Pulmonary Embolism

UFH unfractionated heparin

ratio associated with at least a 2-fold increased risk of short-
term mortality, as well as a substantial risk of hemodynamic
decompensation and other in-hospital adverse events.?® A
goal of effective reperfusion strategies in these patients is
to rapidly improve RV dysfunction, which may prevent clini-
cal decompensation and hemodynamic collapse.®

Although anticoagulation alone is still considered the
mainstay of treatment for intermediate-high risk PE, grow-
ing evidence supports that endovascular therapy com-
bined with anticoagulation is safe and leads to a reduction
in RV/LV ratio for patients in this risk category.'®"* The
2019 European Society for Cardiology guidelines rec-
ommend the use of endovascular therapy for acute PE
in the event of hemodynamic deterioration while empha-
sizing the need for randomized controlled trials to assess
the benefits versus risks of catheter-directed procedures
combined with anticoagulation as first-line treatment
among patients with intermediate-high risk PE.2
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Mechanical thrombectomy with computer-assisted
vacuum thrombectomy (CAVT) is an endovascular ther-
apy that uses a dynamic microprocessor-driven algorithm
designed to aspirate thrombus while minimizing blood
loss. Single-arm studies have reported improvements in
RV function within 48 hours among patients with acute
PE treated with CAVT, with a low rate of major adverse
events.'®

STORM-PE (A Prospective, Multicenter, Randomized
Controlled Trial Evaluating Anticoagulation Alone versus
Anticoagulation plus Mechanical Aspiration with the Indigo
Aspiration System for the Treatment of Intermediate-
High Risk Acute Pulmonary Embolism) is the first
reported international randomized controlled trial to test
the efficacy and to evaluate the safety of CAVT with anti-
coagulation compared with anticoagulation alone for the
treatment of patients with intermediate-high risk PE.'
Here we report the results of STORM-PE, focusing on
the primary end point, reduction in RV/LV ratio, as well
as thrombus burden, clinical stabilization with normaliza-
tion of vital signs at 48 hours, and secondary safety out-
comes at 7 days after randomization.

METHODS

Trial Design

STORM-PE is a registered study and can be accessed at
https://clinicaltrials.gov/study/NCT05684796. All authors had
access to the data at any time during the manuscript prepara-
tion. The data that support the findings of this trial are available
from the corresponding author on reasonable request. The cor-
responding author prepared this article with input and approval
from all authors. The study was jointly designed by the Steering
Committee and Penumbra, the trial sponsor, and conducted in
partnership with The PERT Consortium. A list of committee

STORM-PE RCT Primary Outcomes

members and investigators is available in the Supplemental
Material.

STORM-PE is a postmarket, international randomized con-
trolled trial conducted to test the efficacy and to evaluate the
safety of CAVT using the Lightning Flash 16F catheter system
(Penumbra,Inc,Alameda, CA)with anticoagulation compared with
anticoagulation alone in 100 patients with acute intermediate-
high risk PE.'® The trial primary end point was designed to
demonstrate superiority of CAVT with anticoagulation over
anticoagulation alone in reducing the RV/LV ratio, as mea-
sured by repeated computed tomographic pulmonary angiog-
raphy (CTPA) at 4846 hours after randomization. STORM-PE
includes additional ongoing follow-up assessments up to 90
days after randomization, as previously outlined; randomization
was considered day O for all follow-up visits.'®

The STORM-PE trial was conducted according to the
Declaration of Helsinki. Institutional review board or ethics
committee approval was obtained at each site. Written informed
consent was obtained per institutional review board or eth-
ics committee policy consistent with Good Clinical Practice
(ICH E®B), ISO 14155, and 21 CFR 50 Protection of Human
Subjects regulations. The overall safety of the trial was inde-
pendently monitored by a data safety monitoring board (North
American Science Associates, Northwood, OH). A Clinical
Events Committee (CEC; North American Science Associates)
comprising independent experienced physicians reviewed and
adjudicated clinical events related to safety. An independent
imaging core laboratory (VasCore, Boston, MA) blinded to treat-
ment assignment adjudicated the primary end point and sever-
ity of pulmonary artery (PA) obstruction.

Patients and Randomization

Between July 2023 and June 2025, patients presenting to a
trial site hospital were screened and enrolled at 22 sites in the
United States, Canada, New Zealand, and Poland by multispe-
cialty investigators (Figure 1; Supplemental Material). Eligibility
criteria were previously described.'® Briefly, adult patients (18 to

| 767 Assessed for eligibilty |

667 Excluded
546 Did not meet eligibility criteria
86 Declined to participate

30 Inability to treat within randomization
window
5 Trial operator not available

1 Missing 48hr CTPA — discharged
prior to follow up CTPA

46 Analyzed for primary outcome

| 100 Randomized |
1 Clinical deterioration l l 3 Clinical deterioration
requiring rescue e 47 Assigned to CAVT | | 53 Assigned to Anticoagulation e requiring rescue
therapy per CEC* therapy per CEC*

_| 1 Missing 48hr CTPA — converted
to surgical embolectomy

52 Analyzed for primary outcome

Figure 1. CONSORT diagram of patient flow through the STORM-PE trial.

CAVT indicates computer-assisted vacuum thrombectomy; CEC, Clinical Events Committee; CONSORT, Consolidated Standards of Reporting
Trials; CTPA, computed tomographic pulmonary angiography; and STORM-PE, Comparison of Two Pulmonary Embolism Treatments. *Patients who
have rescue therapy per CEC without right to left ventricular (RV/LV) ratio assessment before treatment are assigned a O change for the RV/LV

ratio primary outcome.
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80 years of age) who were normotensive with confirmed acute
intermediate-high risk PE (symptom onset within the past 14
days), presented with RV dysfunction indicated by an RV/LV
ratio >1.0 on CTPA, and had elevated troponin or BPN (brain-
type natriuretic peptide) or NT-proBNP (N-terminal pro-B-type
natriuretic peptide) were randomized 1:1 to receive either CAVT
with the 16F catheter system with anticoagulation or anticoagu-
lation alone (Figure 1). Key exclusion criteria were hemodynamic
instability, high risk of clinical deterioration using a National Early
Warning Score 2 (NEWS2) score >9, or known contraindication
to anticoagulation.™'® The treatment allocation was stratified by
trial center. An online tool with a fixed, permuted block random-
ization scheme was used to randomize patients.

Intervention and Treatment Regimen

All patients received anticoagulation with either unfraction-
ated heparin (UFH) or low-molecular-weight heparin as
determined by the physician in accordance with current guide-
lines2'® UFH or low-molecular-weight heparin was allowed to
be administered before randomization. Patients who received
low-molecular-weight heparin had it administered at a weight-/
renal-adjusted therapeutic dose. The UFH bolus and infusion
were adjusted to achieve and maintain activated partial throm-
boplastin time, partial thromboplastin time, or anti—factor Xa
levels corresponding to therapeutic heparin levels. Postindex
treatment anticoagulation therapy was left to the discretion
of the investigators, with a minimum expected anticoagulation
therapy duration of 3 months.

In addition to receiving anticoagulation, patients in the
CAVT arm were treated with Lightning Flash (Indigo Aspiration
System, Penumbra, Inc; Supplemental Material) per the instruc-
tions for use. CAVT is a recently developed endovascular ther-
apy that uses an algorithm from a microprocessor designed to
quickly detect and remove thrombus. A comprehensive review
of CAVT with a 16F catheter system, which is used in conjunc-
tion with a vacuum pump, canister for thrombus removal, and an
optional separator for catheter clearance, has been published.?
The CAVT procedure was initiated within 24 hours from base-
line CTPA and <12 hours from randomization.

Thrombectomy was performed with either common femoral
or internal jugular vein access. The 16F catheter was advanced
through a 16F minimum sheath placed to either the inferior vena
cava or the main PA, at operator discretion, and advanced over
a 0.03b-in stiff exchange wire to navigate the catheter through
the right-sided heart cavities and into the selected main PA (left
and right). Safe crossing of the heart occurred with a pigtail or
balloon tip or as preferred by the treating physician. Once at the
treatment location, the exchange wire and the accompanying
directional catheter were removed, and the aspiration catheter
tip was placed proximal to the thrombus. The microprocessor
was then activated, and the aspiration catheter was advanced
into the thrombus. The thrombectomy procedure was completed
at the investigator's discretion based on hemodynamic and clini-
cal improvement or by completion of thrombus extraction.

Trial End Points

The primary end point was the change in RV/LV ratio assessed
by CTPA at baseline (defined as at index PE presentation)
and at 48%6 hours, as adjudicated by an independent, blinded
imaging core laboratory. Secondary safety end points included

24 January 6, 2026
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the rate of major adverse events within 7 days after random-
ization, a composite of CEC-adjudicated clinical deterioration
requiring rescue therapy, PE-related mortality, symptomatic
recurrent PE, or major bleeding categorized by the Bleeding
Academic Research Consortium (BARC) scale.?" Major bleed-
ing was defined as meeting BARC type 3a, 3b, 3c, or b. Type
3a was not considered major bleeding if it was related to an
expected decrease in hemoglobin level attributable to fluid
administration and if transfusion was <2 U.

Additional secondary end points through 90 days will be
reported in a future publication and include functional out-
comes as assessed by the 6-minute walk test, New York Heart
Association classification, post—venous thromboembolism
functional status scale, modified Medical Research Council
Dyspnea Scale, and Borg Scale; quality of life as assessed by
the Pulmonary Embolism Quality of Life Questionnaire and
EQ-5D-5L; all-cause mortality; PE-related mortality; and symp-
tomatic PE recurrence.

Data Collection

The full schedule of assessments and the data collected were
described previously.'® Data were collected for the prespecified
end points of efficacy and safety, as well as for demographics,
medical history, and the additional analyses relating to clinical
stability measured with vital signs, risk of clinical deteriora-
tion assessed by NEWS2, inferior vena caval reflux, and PA
obstruction assessed by the refined modified Miller score and
modified Miller score on CTPA.'® The modified Miller score is a
cumulative score ranging from O to 40 calculated by assigning
a score of O for no obstruction, one for partial obstruction, and
2 for complete obstruction to each of the segmental arteries.
The refined modified Miller score also ranges from O to 40 and
allows finer distinction of partial obstruction into 3 categories.??
The lowest hemoglobin level between 48 hours and discharge
was reported as the hemoglobin nadir. For the CAVT arm,
additional data relating to procedural details, including techni-
cal success (defined as the ability of the catheter to access
the target thrombus and to perform aspiration), thrombectomy
and procedure time, estimated blood loss, and intraprocedural
hemodynamics, were also recorded. Starting at randomization,
major adverse events within 7 days were collected.

Statistical Analysis

The primary analysis was performed on the intention-to-treat
population, defined as all participants who were random-
ized. To determine statistical power, the assumed RV/LV
ratio change for the anticoagulation arm was 0.10 based on
a weighted average of RV/LV ratio changes across previous
studies.'"?*726 The assumed RV/LV ratio change for the CAVT
arm was 0.35 based on the EXTRACT-PE study (Evaluating
the Safety and Efficacy of the Indigo Aspiration System in
Acute Pulmonary Embolism) results.?” This yielded an assumed
difference in RV/LV ratio change between CAVT and antico-
agulation of 0.25. The common SD for the power calculation
was 0.36 from the SEATTLE Il study (Submassive and Massive
Pulmonary Embolism Treatment With Ultrasound Accelerated
Thrombolysis Therapy) results.?® It was calculated that a sample
size of 100 randomized patients, providing a minimum of 90
trial participants with evaluable imaging under the assumption
of a B% attrition rate, had 90% power for detecting superiority
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of CAVT compared with anticoagulation for a difference in RV/
LV ratio change of 0.25 at 1-sided a of 0.025. The change in
RV/LV ratio at 48 hours through CTPA for CAVT versus anti-
coagulation was tested with a 2-sample ¢ test at 2-sided o of
0.025. For participants who received rescue therapy without
RV/LV reassessment, a prespecified zero change in RV/LV
ratio was assigned for analysis of the primary end point. The
proportion of trial participants with a major adverse event within
7 days was analyzed with a 95% binomial Cl and the Fisher
exact test for the difference between the treatment groups.

Descriptive statistics were computed for all variables.
For continuous variables, mean+SD values were calculated.
Differences between groups were evaluated with the 2-sample
ttest for mean values or the Wilcoxon rank-sum test for median
values. For within-group differences, the paired ttest for means
or Wilcoxon signed-rank test for medians was used. For cat-
egorical variables, frequencies and percentages are reported.
Differences between groups were evaluated with the Fisher
exact test, and for within-group differences, the McNemar test
for 2x2 comparisons was used.

The groups were further compared in a nonprespecified
analysis for the dichotomized change in the RV/LV ratio at 48
hours (>0.2 or <0.2). Previously, study success in Investigational
Device Exemption trials for PE was based on a benchmark of
>0.2 change in RV/LV ratio to indicate that the device achieved
clinically meaningful improvement in RV strain.'*?%2930 An addi-
tional analysis compared the percentage of patients with a nor-
malized RV/LV ratio (<1.0) at 48 hours.

All statistical tests aside from the primary end point were
2 sided with a significance level of 0.05. Statistical analyses
were carried out with SAS software (version 9.4, SAS Institute,
Cary, NC).

RESULTS
Baseline and Clinical Characteristics

A total of 767 patients were assessed for initial eligibil-
ity, 100 of whom were enrolled in the trial and random-
ized 1:1 to the CAVT (n=47) or anticoagulation (n=53)
arm. The Consolidated Standards of Reporting Trials
diagram is shown in Figure 1. The most common reason
for screen failure in 546 patients was not meeting trial
eligibility criteria. The absence of both elevated RV/LV
ratio and cardiac biomarkers (n=194, 25.3%) and active
cancer (=107, 14.0%) were the most common eligibil-
ity criteria not met. A total of 86 patients met eligibility
criteria but declined to participate in the trial.

Baseline characteristics, medical history, and comor-
bidities were similar between arms (Table 1). Among the
100 patients, mean age was 59.5+13.22 years in the
CAVT arm and 61.21£14.19 years in the anticoagulation
arm. The percentage of females was 38.3% in the CAVT
arm and 52.8% in the anticoagulation arm (P=0.164).
The median time from PE symptom onset to hospital
admission was similar, with 3.0 days (interquartile range,
0.0-6.0 days) in the CAVT arm and 2.0 days (0.0-6.0
days) in the anticoagulation arm (P=0.889). The per-
centage of patients transferred from another facility was
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also similar (CAVT versus anticoagulation, 48.9% versus
39.6%; P=0.421). All patients had elevated cardiac bio-
markers, and 59.1% of patients in the CAVT arm and
74.5% in the anticoagulation arm had both elevated tro-
ponin and elevated BNP or NT-proBNP (P=0.128).

Procedural Characteristics and Hospital
Resource Use

CAVT Procedure

CAVT procedural characteristics are presented in Ta-
ble 2. For all patients, access was obtained through the
femoral vein (4.3% [2/47] left and 95.7% [45/47] right).
In the CAVT arm, the thrombectomy procedure was tech-
nically successful in all 47 patients (100%). The medi-
an thrombectomy time was 25.0 minutes (interquartile
range, 15.0-41.0 minutes), and the median procedure
time was 56.0 minutes (interquartile range, 42.0-69.0
minutes; Table 2). The optional separator was not need-
ed in any of the CAVT cases. During the procedure, no
adjunctive treatments for thrombus removal were neces-
sary, specifically no thrombolytic therapy.

Intraprocedural Hemodynamics

Inthe CAVT arm, the systolic PA pressure was 50.0+14.38
mm Hg before the procedure and 39.4£15.14 mmHg af-
ter the procedure, a reduction of 10.8£8.46 mmHg (re-
duced by 21.7£16.66%; R<0.001; Table 2). The mean
PA pressure was 30.919.90 mmHg before the proce-
dure and 23.0+£9.76 mmHg after the procedure, a re-
duction of 8.245.71 mmHg (reduced by 27.3%19.70%;
P<0.001).

Anticoagulation

During hospitalization, the type of heparin used (UFH or
low-molecular-weight heparin) was balanced between
patients treated with CAVT and those treated with an-
ticoagulation (Supplemental Material). The median time
from initiation of UFH to therapeutic level was similar
between arms (CAVT versus anticoagulation, 6.8 hours
[quartile 1-3, 4.8-12.2] versus 6.4 hours [quartile 1-3,
49-86]; £=0.701). Within the 48-hour visit, the per-
centage of all patients who were in therapeutic range did
not differ between arms (Supplemental Material).

Hospital Resource Utilization
There were no differences in length of hospital stay, per-
centage of patients requiring the intensive care unit, or
length of intensive care unit stay between the CAVT and
anticoagulation arms (Table 3).

Primary End-Point Analysis

The primary end-point analysis was completed in 98% of
patients (46/47) in the CAVT arm and 98% of patients
(52/53) in the anticoagulation arm. One patient in each
arm was missing the 48-hour CTPA scan. One patient
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Table 1. Baseline Characteristics and Presentation

Characteristic CAVT (n=47) AC (n=53)
Demographics
Age, y 59.6+13.22 61.2+14.19
Female, n (%) 18 (38.3) 28 (52.8)

Race, n (%)*

Black 18 (40.9) 13 (26.0)
White 22 (50.0) 35 (70.0)
Unknown 1(2.8) 1(2.0)
Not reported 3 (6.8) 0

Ethnicity, n (%)*

Hispanic or Latino 3 (75) 0
Not Hispanic or Latino 37 (92.5) 49 (100)
BMI, kg/m? 33.8+6.54 34.3+8.60

Comorbidities, n (%)

DVT 30 (63.8) 32 (60.4)
Previous PE 12 (25.5) 10 (18.9)
History of cancer 4 (8.5) 6(11.3)
Active cancer 1(2.1) 3(5.7)
Chronic kidney disease 4 (8.5) 5 (9.4)
Congestive heart failure 0 2 (3.8)
Chronic obstructive pulmonary disease 2 (4.3) 4 (7.5)
Asthma 7 (14.9) 11 (20.8)
Cor pulmonale (eg, ARDS, interstitial lung disease, sarcoidosis, cystic fibrosis) 1(2.1) 1(1.9)
Coronary artery disease 2 (4.3) 7 (13.2)
Diabetes 9 (19.1) 9 (17.0)
Arterial hypertensiont 21 (44.7) 35 (66.0)

Additional parameters

Syncope 9 (19.1) 8 (15.1)

Hemoglobin, g/dL 14.1+1.88 13.9%£1.74
Normal levels 41 (87.2) 47 (88.7)
Abnormal levels$ 4 (8.5) 4 (7.5)

Hematocrit, % 42.7£5.13 41.914.64
Normal levels 36 (76.6) 41 (77.4)
Abnormal levels$ 4 (8.5) 6 (11.3)

Time from symptom onset to admission, d 3.0 (0.0, 6.0) 2.0 (0.0, 6.0)

Elevated biomarkers§ 47 (100.0) 53 (100.0)

Elevated troponin and BNP/NT-proBNP 26 (59.1; n=44) 38 (74.5; n=51)

Data reported are mean£SD, number (percentage), or median (quartile 1, 3) unless otherwise noted.

AC indicates anticoagulation; ARDS, acute respiratory distress syndrome; BMI, body mass index; BNP, B-type natriuretic peptide; CAVT, computer-assisted
vacuum thrombectomy; DVT, deep vein thrombosis; NT-proBNPF, N-terminal pro-B-type natriuretic peptide; and PE, pulmonary embolism.

*Race and ethnicity information collected only for patients in the United States. “Unknown” and “Not reported” were prespecified options at the time of
selection.

tStatistically significant difference between CAVT and AC (R<0.05).

$Abnormal was defined as levels below the normal range.

§Above site laboratory reference ranges for BNP, NT-proBNP, troponin I/T, and/or high-sensitivity troponin I/T or elevated laboratory values of 90 pg/mL
(BNP), 500 pg/mL (NT-proBNP), 0.04 ng/mL (troponin 1), 0.015 ng/mL (high-sensitivity troponin 1), 0.01 ng/mL (troponin T), or 0.014 ng/mL (high-sensitivity
troponin T).

in each arm was imputed as a O change in RV/LV ratio The mean reduction in RV/LV ratio at 48 hours was
because of clinical deterioration requiring rescue therapy. ~ 0.52+0.37 in the CAVT arm and 0.24+0.40 in the anti-
The RV/LV ratio at baseline was 1.63+0.36 in the CAVT coagulation arm, a difference of 0.27 (95% Cl, 0.12-
arm and 1.56%0.35 in the anticoagulation arm. 0.43; A<0.001; Figure 2; Table 4). Additional analysis of
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920z ‘0T Afenuer uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

Lookstein et al

Table 2. CAVT Arm Periprocedural Parameters

Periprocedural characteristics CAVT (n=47)
On-table sPAP, mmHg
Before CAVT (n=46) 50.0+14.38
After CAVT (n=42) 39.4%+15.14
Reduction* 10.818.46
Pvalue <0.001
On-table mPAP, mm Hg
Before CAVT (n=47) 30.919.90
After CAVT (n=42) 23.0+9.75
Reduction* 8.21+5.71
Pvalue <0.001
Diagnostic CTPA to venous puncture time, h 19.3 (13.6, 22.1)
Thrombectomy time,t min 25.0 [15.0, 41.0]
Procedure time,# min 56.0 [42.0, 69.0]
Estimated blood loss, mL 296.5+179.4
Technical success, n (%)§ 47 (100.0)

Data reported as mean£SD, number (percentage), or median (quartile 1, 3).

CAVT indicates computer-assisted vacuum thrombectomy; CTPA, computed
tomographic pulmonary angiography; mPAP, mean pulmonary arterial pressure;
and sPAP, systolic pulmonary arterial pressure.

*Paired data=42.

tDefined as first device insertion to last device removal.

$Defined as time from venous puncture to access site closure or last device
removal if access site was maintained for adjunctive treatment.

§The ability of the catheter to access the target thrombus and perform aspira-
tion.

the primary end point did not identify differences in treat-
ment effect by site, with avalue of P >0.05 indicat-

ing the homogeneity of treatment effect across enrolling
institutions.

Secondary End Point and Safety Outcomes

The secondary end-point analysis was completed in
100% of patients (47/47) in the CAVT arm and 100% of
patients (63/53) in the anticoagulation arm. There were
no differences in major adverse events within 7 days be-
tween the CAVT arm (4.3%, 2/47) and anticoagulation
arm (7.5%, 4/53) as independently adjudicated by the
CEC (P=0.681; Table 3). Clinical deterioration requiring
rescue therapy occurred in one patient in the CAVT arm
and 3 patients in the anticoagulation arm. The patient
in the CAVT arm received cardiopulmonary resuscitation
as a response to a major adverse event (no endovascu-
lar rescue therapy); in the anticoagulation arm, rescue
therapy included one patient receiving systemic tPA
(tissue-type plasminogen activator) followed by mechan-
ical thrombectomy with CAVT using the 16F catheter,
one patient receiving catheter-directed low-dose throm-
bolysis, and one patient receiving mechanical thrombec-
tomy with CAVT using the 16F catheter. Two PE-related
deaths occurred in the CAVT arm. The 2 deaths (occur-
ring on postrandomization days O and 5) were indepen-
dently adjudicated by the CEC as neither procedure nor

Circulation. 2026;153:21-34. DOI: 10.1161/CIRCULATIONAHA.125.077232
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device related (Supplemental Material). There was no
recurrent PE in either group. Major bleeding occurred
in one patient in each arm (BARC 5b in the CAVT arm
and BARC 3a in the anticoagulation arm), each requir-
ing a transfusion. There were no other blood transfusions
before discharge (Supplemental Material). The clinical
deterioration, day O death, and BARC 5b bleeding all oc-
curred in the same patient from the CAVT arm.

Minor bleeding after discharge from an arterial line
removal site occurred in 1 patient in the CAVT arm
(BARC 1). No differences were observed in serious
adverse events within 7 days between arms, with 8.5%
(4/47) in the CAVT arm and 15.1% (8/53) in the antico-
agulation arm (P=0.368). The composite major adverse
event rate at 48 hours was similar, with 2.1% (1/47)
and 3.8% (2/53) in the CAVT and anticoagulation arm,
respectively. There were no access site complications in
the CAVT arm. Safety event descriptions and additional
details are included in Table 3 and the Supplemental
Material.

Core Laboratory Imaging Outcomes, Clinical
Parameters, and Laboratory Parameters

Core Laboratory CTPA Imaging Parameters
Outcomes for core laboratory—adjudicated imaging pa-
rameters are presented in Table 5 and the Supplemen-
tal Material. A higher proportion of patients in the CAVT
arm had an RV/LV ratio reduction of >0.2 on CTPA at
48 hours compared with the anticoagulation arm (78.3%
versus 51.9%, respectively; P=0.011; Supplemental
Material). Within the same time frame, the absolute re-
duction in the percentage of patients with inferior vena
caval reflux was 46.7% in the CAVT versus 25.0% in
the anticoagulation arm (P=0.026; Table 5). The CAVT
arm had no difference in baseline refined modified Miller
score (P=0.241) and a higher baseline modified Miller
score than the anticoagulation arm (15.9 versus 15.2,
respectively; P=0.021; Table 5). Reduction in PA ob-
struction index at 48 hours, as measured with refined
modified Miller score, was greater in the CAVT arm than
in the anticoagulation arm (A=11.6 [42.1%] versus 3.8
[15.6%]; R<0.001); this was also the case for modified
Miller score (A=3.2 [20.0%)] versus 0.7 [5.1%)], respec-
tively; R<0.001; (Figure 3A; Table 5). A greater percent-
age of patients had an RV/LV ratio <1.0 at 48 hours in
the CAVT arm compared with the anticoagulation arm
(89.1% versus 13.5%, respectively; P=0.005; Supple-
mental Material).

Clinical Parameters

There were no differences between arms in vital param-
eters, including blood pressure, heart rate, and oxygen
saturation, at baseline (Figure 3; Table 5). At 48 hours,
the heart rate in the CAVT arm was lower than in the
anticoagulation arm (P=0.014; Table 5), and baseline
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Table 3. Safety Outcomes and Hospital Resource Use

STORM-PE RCT Primary Outcomes

CAVT (n=47) AC (n=53) Difference (95% CI), % P value
Secondary safety end points, n (%)

MAEs (composite) at 7 d 2 (4.3)* 4 (7.5) —3.3 (—14.6t0 7.9) 0.681
Clinical deterioration requiring rescue therapy 1(2.1) 3(5.7) —3.5 (—13.8t0 6.3) 0.620
PE-related mortality 2 (4.3) 0 4.3 (—3.1t0 14.6) 0.218
Symptomatic recurrent PE 0 0 0 >0.999
Major bleedingt 1(2.1) 1(1.9) 0.2 (—8.3 t0 9.6) >0.999

Safety events at 48 h, n (%)

MAEs (composite) at 48 h ‘ 1(2.1) ‘ 2(3.8) ‘ —1.6 (—11.4t0 8.0) ‘ >0.999
Additional safety outcomes, n (%)

Access-related complications ‘ 0 ‘ NA ‘ NA ‘ NA
BARC bleeding category, n (%)t

Minor bleeding
1 1(2.1) 0 2.1 (-5.3t0 11.4) 0.470
2 0 0 0 >0.999

Major bleeding (part of MAE composite)
3a 0 1(1.9) —1.9 (~10.1 t0 5.9) >0.999
3b 0 0 0 >0.999
3c 0 0 0 >0.999
Sa 0 0 0 >0.999
5b 1(2.1) 0 2.1 (-5.3t0 11.4) 0.470

Hospital resource use

Length of hospital stay, d 5.0 (4.0, 6.0) 5.0 (4.0, 8.0) —0.5 (—1.0 to 0.0) 0.470
Patients requiring ICU stay, n (%) 21 (44.7) 31 (58.5) —13.8 (—32.9t0 6.1) 0.229
ICU stay,# n nights 3.0 (1.0, 3.0) 2.0 (1.0, 3.0) 0.5(0.0t0 1.0) 0.179

Data reported as mean+SD, number (percentage), or median (quartile 1, 3).

AC indicates anticoagulation; BARC, Bleeding Academic Research Consortium; CAVT, computer-assisted vacuum thrombectomy; ICU, intensive care unit; MAE, major

adverse event; NA, not applicable; PE, pulmonary embolism; and RV, right ventricular.

“Two patients experienced 4 MAEs: one patient experienced PE-related mortality, and the second patient experienced 3 MAEs: major bleeding, deterioration requiring

rescue therapy, and PE-related mortality.

tMajor bleeding was defined as meeting BARC type 3a, 3b, 3¢, or 5.2' Type 3a was not considered major bleeding if it was related to an expected decrease in hemo-

globin level attributable to fluid administration and if transfusion was <2 U.
#Includes only patients who were admitted to the ICU.

tachycardia (heart rate >100 bpm) was resolved in
100.0% versus 56.5% of cases, respectively (FP=0.006;
Figure 3B). Supplemental oxygen (liters per minute) re-
duction from baseline to 48 hours was greater in the
CAVT arm (P=0.003), and more patients in the CAVT
arm transitioned to room air by 48 hours (FA<0.001;
Figure 3C and 3D, respectively). Overall, the NEWS2
score was similar between arms at baseline (3.5+1.95
for CAVT versus 4.1+2.07 for anticoagulation; A=0.150)
but significantly lower in the CAVT arm at 48 hours
(1.8+1.73 versus 2.742.07; £=0.034; Table 5). Although
the difference was significant at 48 hours, the relative
reduction in NEWS2 score was not significantly different
between treatment arms.

Laboratory Parameters

There were no differences between arms in baseline
hemoglobin or hematocrit (Table 1). Baseline hemo-
globin was normal in 87.2% of the CAVT arm and

28 January 6, 2026

88.7% of the anticoagulation arm, and hematocrit was
normal in 76.6% and 77.4%, respectively. Both the
CAVT and anticoagulation arms had a significant re-
duction in hemoglobin nadir through either 48 hours
or discharge, with a greater reduction in the CAVT
arm (CAVT versus anticoagulation, 2.5+1.44 versus
1.6£1.22; P=0.001). The hemoglobin nadir through
either 48 hours or discharge for the CAVT and antico-
agulation arms was 11.6£1.73 and 12.5+1.76 g/dL,
respectively (P=0.014; Table b).

DISCUSSION

STORM-PE is a randomized controlled trial directly
comparing mechanical thrombectomy with anticoagula-
tion and anticoagulation alone and the first to demon-
strate the superiority of CAVT in reducing RV/LV ratio
at 48 hours among patients with acute intermediate- to

Circulation. 2026;153:21-34. DOI: 10.1161/CIRCULATIONAHA.125.077232
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Figure 2. Primary effectiveness: RV/LV ratio change from baseline to 48 hours.
Right to left ventricular (RV/LV) ratio at baseline (A) and at 48 hours (B) for the computer-assisted vacuum thrombectomy (CAVT) and
anticoagulation (AC) arm. C, Absolute reduction in RV/LV ratio from baseline at 48 hours per arm. Paired data for CAVT=46 and for AC=b52. P

values are calculated from the 2-sample t test.

high-risk PE. This trial shows that CAVT treatment may
also be associated with clinical improvement of vital
signs and of core laboratory—assessed PA obstruction
reduction, without an increase in the rate of major ad-
verse events.

Anticoagulation is an essential therapy in acute PE
treatment. Although it inhibits the formation and propa-
gation of new thrombus, it does not directly reduce exist-
ing thrombus burden, and there are no known effects on
RV/LV ratio and angiographic PA obstruction during the
first critical hours.?>®" Several trials show no statistical
effect of anticoagulation on RV/LYV ratio as far out as 24
hours.'"2%28 |n this trial, the proportion of patients in both

groups rapidly achieving therapeutic levels of anticoagu-
lation was high.

In this analysis, the reduction in RV/LV ratio was
greater with CAVT, and the proportion of patients in the
CAVT arm with a normalized RV/LV ratio on CTPA at
48 hours was 3-fold higher compared with anticoagu-
lation alone, a markedly greater proportion than previ-
ously reported.®? The RV/LV ratio change at 48 hours
with CAVT is the largest reported drop among mechani-
cal thrombectomy trials in which the ratio was measured
with CTPA.142%2930 Significant improvement in the RV/
LV ratio with CAVT has been previously reported' and is
now confirmed in the setting of a randomized controlled

Table 4. Primary End Point: RV/LV Ratio Changes at 48 Hours

RV/LV ratio CAVT arm AC arm Difference between groups (95% CI) P value
Baseline 1.63+0.36 1.56+0.35 0.06 (—0.08 to 0.20) 0.397
48 h 1.11+0.28 1.32+0.31 —0.21 (—0.33 to —0.09) <0.001
Reduction: baseline-48 h 0.52+0.37* 0.24£0.40* 0.27 (0.12 to 0.43) <0.001t
Relative reduction: baseline-48 h, % 29.7+18.2* 13.1+£23.4* 16.7 (8.2 to 25.2) <0.001

Data reported as mean£SD.

AC indicates anticoagulation; CAVT, computer-assisted vacuum thrombectomy; LV, left ventricular; and RV, right ventricular.

“Paired data for CAVT=46; paired data for AC=52.

tPvalue for a 1-sided 2-sample t test; A<0.001 for a 2-sided paired ¢ test within each arm.

Circulation. 2026;153:21-34. DOI: 10.1161/CIRCULATIONAHA.125.077232
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Table 5. Changes in Vital Signs, Laboratory Values, and Core Laboratory Imaging Parameters From Baseline to 48 Hours After

Randomization

Baseline 48 h Reduction: baseline-48 h

Variable CAVT AC CAVT AC CAVT AC
Reflux of contrast into IVC, % (CAVT, 66.7 69.2 20.0 44.2 46.7 25.0
n=45; AC n=52)

P, between-group comparison 0.830 0.017 0.026

P, within-group comparison NA NA <0.001 0.005
MMS (CAVT, n=45; AC, n=52) 15.910.61 15.2+2.01 12.7+£3.34 14.5+2.99 3.2+3.38 0.7+1.84

P, between-group comparison 0.021 0.005 <0.001

P, within-group comparison NA NA <0.001 0.013

Relative reduction, % NA NA 20.0+21.1 5.1£15.0
RMMS (CAVT, n=45; AC, n=52) 27.3%£3.89 26.1+5.51 15.61£4.75 22.316.35 11.6£5.24 3.8%3.76

P, between-group comparison 0.241 <0.001 <0.001

P, within-group comparison NA NA <0.001 <0.001

Relative reduction, % NA NA 42.1+17.83 15.6+16.32
Hemoglobin, g/dL* (CAVT, n=43; 14.0+1.86 14.0+1.75 11.56+1.73 12.56+1.76 2.5%1.44 1.6+1.22
AC, n=51)

P, between-group comparison 0.992 0.014 0.001

P, within-group comparison NA NA <0.001 <0.001
Heart rate, bpm (CAVT, n=46; AC, 93.2+£17.36 98.2+15.87 80.0+12.59 87.1+15.14 13.1£14.03 11.1£16.34
n=53)

P, between-group comparison 0.134 0.014 0.511

P, within-group comparison NA NA <0.001 <0.001
NEWS2 (CAVT, n=46; AC, n=53) 3.56+1.95 4.1+2.07 1.8+£1.73 2.7+£2.07 1.7+£2.29 1.6+2.19

P, between-group comparison 0.150 0.034 0.591

P, within-group comparison NA NA <0.001 <0.001
Oxygen saturation (pulse oximeter 96.0+£2.59 95.4+2.44 96.1£2.30 95.4+2.08 0.0£3.12 0.0+3.04
reading), % (CAVT, n=46;
AC, n=53)

P, between-group comparison 0.204 0.097 0.896

P, within-group comparison NA NA 0.925 0.928
Supplemental oxygen for all partici- 2.0 (0.0-4.0) 2.0 (0.0-3.0) 0.0 (0.0-0.0) 0.0 (0.0-2.0) 2.0 (0.0-4.0) 0.0
pants, L/min (CAVT, n=44; AC, n=52) (0.0-2.0)

P, between-group comparison 0.129 0.025 0.003

P, within-group comparison NA NA <0.001 0.019

Data reported as mean+SD, number (percentage), or median (quartile 1, 3).

AC indicates anticoagulation; CAVT, computer-assisted vacuum thrombectomy; CTPA, computed tomographic pulmonary angiography; IVC, Inferior vena cava; MMS,
modified Miller Score; NA, not applicable; NEWS2, National Early Warning Score 2; and RMMS, refined modified Miller score.

“Lowest value presented through either 48 hours or discharge.

trial. These findings indicate the potential for a more con-
sistent and clinically meaningful treatment effect with
CAVT relative to anticoagulation alone.

The significant reduction in RV/LV ratio was not the
only improvement observed with CAVT relative to anti-
coagulation alone in this trial. The reductions observed
at 48 hours on core laboratory—assessed CTPA in PA
obstruction with CAVT point to more rapid recovery com-
pared with anticoagulation alone and are supported by
the decreased contrast reflux into the inferior vena cava.
Within the same time frame, the CAVT arm had improved
heart rate and oxygenation, indicating the potential
added benefits of CAVT in early physiological recovery.

30 January 6, 2026

The improved NEWS2 score further suggests a lower
risk of clinical deterioration in patients receiving CAVT
compared with anticoagulation therapy alone, but there
was no significant difference between groups in relative
reduction in NEWS2 score, warranting further investi-
gation in a larger cohort. The ease of use was clearly
demonstrated by the short procedure time and success-
ful mechanical thrombectomy performed in all patients.
The STORM-PE results highlight the developing role of
mechanical thrombectomy in the PE treatment algorithm
and enhance the existing evidence base. The rapid clini-
cal improvement seen for patients treated with CAVT in
this trial may create opportunities for treatment protocols

Circulation. 2026;153:21-34. DOI: 10.1161/CIRCULATIONAHA.125.077232
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Figure 3. Additional outcomes between treatment arms.

A, Refined modified Miller score (RMMS) absolute reduction from baseline to 48 hours for each arm. Difference between computer-assisted
vacuum thrombectomy (CAVT) and anticoagulation (AC; paired t test, F<0.001). Paired data for CAVT=45 and for AC=52. B, Percentage of
patients with resolved baseline tachycardia (defined as heart rate >100 bpm). Difference between CAVT and AC (Fisher exact test, P=0.006).
C, Reduced supplemental oxygen level from baseline to 48 hours for all patients. Patients who were on room air were assigned a value of O L/
min. Difference between CAVT and AC (Wilcoxon median test, ~=0.003). Paired data for CAVT=44 and for AC=52. D, Percentage of patients
on room air at baseline and 48 hours for CAVT (McNemar test, 7<0.001) and AC (McNemar test, A=0.108). Paired data for CAVT=46 and for

AC=b3.

to improve patient throughput in those presenting with
symptomatic acute PE in the hospital setting.

In STORM-PE, several major adverse events were
observed in both treatment groups, reinforcing the criti-
cal nature of this diagnosis. The number of major adverse
events within 7 days was similar between the CAVT and
anticoagulation arms. Specifically, 3 patients in the antico-
agulation arm had objective clinical deterioration leading
to escalation of therapy requiring endovascular interven-
tion. Two patients in the CAVT arm had PE-related mortality
unrelated to the endovascular procedure. Further research,
including ongoing randomized controlled trials, may identify
the long-term risks and benefits of these novel therapeutic
options in patients with intermediate-high risk PE.33-%6

Circulation. 2026;153:21-34. DOI: 10.1161/CIRCULATIONAHA.125.077232

The results of STORM-PE reinforce the findings of the
ongoing prospective, international, single-arm STRIKE-
PE study (A Prospective, Multicenter Study of the Indigo
Aspiration System Seeking to Evaluate the Long-Term
Safety and Outcomes of Treating Pulmonary Embolism),
in which the majority of patients (87.3%) presented with
intermediate-high risk PE."® Recently published interim
results using CAVT demonstrated a 25.7% reduction in
the RV/LV ratio (F<0.001), along with low rates of major
adverse events (2.7% [4/150]) and device-related seri-
ous adverse events (1.3% [2/150]) within 48 hours of
treatment.’”® PEERLESS assessed large-bore mechani-
cal thrombectomy compared with catheter-directed
thrombolysis for treatment of intermediate-risk PE,
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but given the major trial design differences between
PEERLESS and STORM-PE, including the different
primary end point and the lack of anticoagulation com-
parator arm in PEERLESS, a direct comparison of the
safety and effectiveness of these technologies between
the trials is not feasible3” Although not the primary
end point for the study, the RV/LV ratio was reported
in PEERLESS, with reductions in RV/LV ratio of 0.32
for large-bore mechanical thrombectomy and 0.30 for
catheter-directed thrombolysis compared with 0.52 with
CAVT and 0.24 with anticoagulation alone in STORM-PE.
Future trials that compare mechanical thrombectomy and
anticoagulation alone are underway (eg, PE-TRACT [Pul-
monary Embolism—Thrombus Removal With Catheter-
Directed Therapy]®® and PEERLESS [1°%) and will add to
the growing clinical evidence on the safety and effective-
ness of mechanical thrombectomy for PE.

This trial has several limitations. First, it was designed
to include only patients with intermediate-high risk PE
as defined by current guidelines?; therefore, the results
cannot be extrapolated to patients with PE presenting
with hemodynamic instability or without RV dysfunc-
tion and elevated cardiac biomarkers. Second, all par-
ticipating sites had collaborative PE workflows such as
PERT teams, and the results from this trial may not be
generalizable to institutions without established PE pro-
grams. Third, randomization into the treatment arm was
open label, although the end points were adjudicated
by a CEC and a blinded independent core laboratory.
Fourth, although there were no significant differences
in baseline characteristics between the treatment
arms, imbalances in randomization for sex, race, and
elevated biomarkers driven by the sample size of 100
patients could affect study outcomes. Fifth, the primary
end point, RV/LV ratio, is a surrogate end point. Last,
STORM-PE was not powered to show significant differ-
ences beyond RV/LV ratio. However, the early favorable
changes in patient vital signs and PA obstruction paral-
leled the changes observed in the RV/LV ratio, and the
trial is testing multiple secondary end points focused on
patient symptoms, functional status, and quality of life
through 90 days of follow-up.

Conclusions

STORM-PE is the first reported randomized controlled trial
to compare mechanical thrombectomy with CAVT to an-
ticoagulation and anticoagulation alone in the treatment
of intermediate-high risk PE. CAVT with anticoagulation
was superior to anticoagulation alone in reducing RV/LV
ratio at 48 hours without an increase in the rate of major
adverse events. Patients treated with CAVT also exhibited
greater improvement than those treated with anticoagula-
tion alone in a range of physiological and CTPA param-
eters.
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STORM-PE RCT Primary Outcomes

ARTICLE INFORMATION
Received August 29, 2025; accepted October 22, 2025.

Affiliations

Department of Inverventional Radiology, Icahn School of Medicine at Mount
Sinai, New York, NY (R.A.L.). Center for Thrombosis and Hemostasis, University
Medical Center of the Johannes Gutenberg University, Mainz, Germany (S.V.K.).
Department of Cardiology, Democritus University of Thrace, Alexandroupolis,
Greece (S.V.K). Vascular Medicine, Massachusetts General Brigham, Boston
(LW.). Smidt Heart Institute, Cedars Sinai Medical Center, Los Angeles, CA
(S.Y.D)). Interventional Cardiology, Baylor University Medical Center, The Heart
Hospital, Dallas, TX (ZR.). Pulmonary Circulation Centre, Department of Car-
diac and Vascular Diseases, Jagiellonian University Medical College, Krakow,
Poland (G.K.). Department of Cardiac and Vascular Diseases, St. John Paul Il
Hospital, Krakow, Poland (G.K.). Interventional Radiology, David Geffen School
of Medicine at UCLA, Los Angeles, CA (J.M.M.). Division of Cardiology, Colum-~
bia University Irving Medical Center, New York, NY (S.AP). Northern Region
Interventional Radiology Service, Auckland City Hospital, Grafton, New Zealand
(AH.). Pulmonary and Critical Care Division, University of California—Los An-
geles Health (RN.C.). Department of Critical Care Medicine, Cumming School
of Medicine, University of Calgary, AB, Canada (B.M.). University of Maryland,
College Park (KH.N.). Massachusetts General Hospital and Harvard Medical
School, Boston (K.Y.). Division of Hematology and Oncology, Department of
Medicine, Massachusetts General Hospital and Harvard Medical School, Boston
(RPR).

Acknowledgments

The authors thank all site investigators, CEC, Data Safety Monitoring Board, and
core laboratory for their contribution to the study. They additionally acknowledge
Penumbra employees Alyssa Parafinczuk, MS, and Sam Watcha, MS, for assis-
tance with statistical analysis and Michelle T. Dohm, PhD, for editorial assistance.

Sources of Funding

This study was sponsored and funded by Penumbra, Inc (Alameda, CA). The
sponsor and the authors were involved in the study design, data collection, analy-
sis, and interpretation, manuscript preparation, and the decision to publish.

Disclosures

Dr Dohad reports research grant and consulting fees from Penumbra. Dr Kon-
stantinides reports consulting fees from Bayer AG, Boston Scientific, Inari Medicall
(Stryker), and Penumbra; research support to the institution from Daiichi Sankyo,
Penumbra, Boston Scientific, and Inari Medical (Stryker); and payment or hono-
raria for lectures, presentations, speakers’ bureaus, or educational events from
Boston Scientific, Penumbra, and Inari Medical (Stryker). Dr Lookstein reports
Boston Scientific and Medtronic (advisory board); Penumbra, Abbott Vascular,
Neptune Medical, Bard Vascular, Cordis, Biosense Webster, Becton Dickinson,
SurModics, and Abbott Vascular (speakers’ bureau); Philips Healthcare, Spec-
tranetics, Terumo, Boston Scientific, Inari, Penumbra, Ethicon, Vesper, and Black
Swan (research support); and Imperative Vascular, Summa Vascular, Innova Vas-
cular, and Thrombolex (equity shareholder). Dr Moriarty reports consulting fees
from AngioDynamics, Innova Vascular, Inquis Medical, Boston Scientific, Impera-
tive Care, and Thrombolex; payment or honoraria for lectures, presentations,
speakers’ bureaus, or educational events from AngioDynamics and Penumbra;
and stocks from Paymed, Thrombolex, and Innova Vascular. Dr Moriarty is the
current president of The PERT Consortium. Dr Parikh reports research support
from Abbott, Boston Scientific, Shockwave, TriReme, and SurModics; advisory
board for Abbott, Boston Scientific, Medtronic, Janssen, Philips, and Cordis; and
consultant for Abiomed, Penumbra, Inari, Canon, and Terumo. Dr Rosol reports
consulting fees from Boston Scientific, Shockwave, and Penumbra, as well as
support for attending meetings and/or travel from Society for Cardiovascular An-
giography and Interventions and Cardiovascular Innovations. Dr Rosovsky reports
BMS and Janssen (institutional research support) and Abbott, Boston Scientific,
Dova, Inari, Inquis, Janssen, and Penumbra (advisory/consultant). Dr Weinberg
reports consulting fees from Penumbra, Nova Pulse, and Arenal Medical. The
other authors report no conflicts.

Supplemental Material
Expanded Methods

Tables S1-87

Figures S1-S4
Supplemental Appendix

Circulation. 2026;153:21-34. DOI: 10.1161/CIRCULATIONAHA.125.077232



920z ‘0T Afenuer uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

Lookstein et al

REFERENCES

1.

Kahn SR, de Wit K. Pulmonary embolism. N Engl J Med. 2022;387:45-57.
doi: 10.1056/NEJMcp2116489

. Konstantinides SV, Meyer G. The 2019 ESC guidelines on the diagnosis and

management of acute pulmonary embolism. Eur Heart J. 2019;40:3453—
3455. doi: 10.1093/eurheartj/ehz726

. Machanahalli Balakrishna A, Reddi V, Belford PM, Alvarez M, Jaber WA,

Zhao DX, Vallabhajosyula S. Intermediate-risk pulmonary embolism: a re-
view of contemporary diagnosis, risk stratification and management. Me-
dicina (Kaunas). 2022;58:1186. doi: 10.3390/medicina58091186

. Mirambeaux R, Leén F, Bikdeli B, Morillo R, Barrios D, Mercedes E, Moores

L, Tapson V, Yusen RD, Jiménez D. Intermediate-high risk pulmonary embo-
lism. TH Open. 2019;3:e356-e363. doi: 10.1055/5-0039-3401003

. Franchin L, lannaccone M. Limitations and future perspectives on pul-

monary embolism: so far, so good. Interv Cardiol. 2025;20:e11. doi:
10.15420/icr.2024.45

. Meyer G, Vicaut E, Danays T, Agnelli G, Becattini C, Beyer-Westendorf J,

Bluhmki E, Bouvaist H, Brenner B, Couturaud F, et al; PEITHO Investigators.
Fibrinolysis for patients with intermediate-risk pulmonary embolism. N Eng/
J Med. 2014,370:1402-1411. doi: 10.1056/NEJMoa1302097

. Chatterjee S, Chakraborty A, Weinberg |, Kadakia M, Wilensky RL, Sardar

P, Kumbhani DJ, Mukherjee D, Jaff MR, Giri J. Thrombolysis for pulmo-
nary embolism and risk of all-cause mortality, major bleeding, and intra-
cranial hemorrhage: a meta-analysis. JAMA. 2014;311:2414-2421. doi:
10.1001/jama.2014.5990

. Kline JA, Nordenholz KE, Courtney DM, Kabrhel C, Jones AE, Rondina MT,

Diercks DB, Klinger JR, Hernandez J. Treatment of submassive pulmonary
embolism with tenecteplase or placebo: cardiopulmonary outcomes at 3
months: multicenter double-blind, placebo-controlled randomized trial. J
Thromb Haemost. 2014;12:459-468. doi: 10.1111/jth.125621

. Giri J, Sista AK, Weinberg |, Kearon C, Kumbhani DJ, Desai ND, Piazza G,

Gladwin MT, Chatterjee S, Kobayashi T, et al. Interventional therapies for acute
pulmonary embolism: current status and principles for the development of
novel evidence: a scientific statement from the American Heart Association.
Circulation. 2019;140:€774-e801. doi: 10.1161/CIR0000000000000707

. Piazza G. Advanced management of intermediate- and high-risk pulmonary

embolism: JACC focus seminar. J Am Coll Cardiol. 2020;76:2117-2127.
doi: 10.1016/}jacc.2020.05.028

. Kucher N, Boekstegers P, Mller OJ, Kupatt C, Beyer-Westendorf J, Heitzer

T, Tebbe U, Horstkotte J, Miller R, Blessing E, et al. Randomized, con-
trolled trial of ultrasound-assisted catheter-directed thrombolysis for acute
intermediate-risk pulmonary embolism. Circulation. 2014;129:479-486. doi:
10.1161/CIRCULATIONAHA.113.005544

. Tapson VF, Sterling K, Jones N, Elder M, Tripathy U, Brower J, Maholic RL,

Ross CB, Natarajan K, Fong P, et al. A randomized trial of the optimum
duration of acoustic pulse thrombolysis procedure in acute intermediate-
risk pulmonary embolism: the OPTALYSE PE trial. JACC Cardiovasc Interv.
2018;11:1401-1410. doi: 10.1016/}jcin.2018.04.008

. Ismayl M, Ismayl A, Hamadi D, Aboeata A, Goldsweig AM. Catheter-directed

thrombolysis versus thrombectomy for submassive and massive pulmonary
embolism: a systematic review and meta-analysis. Cardiovasc Revasc Med.
2024;60:43-52. doi: 10.1016/j.carrev.2023.10.002

. Tu T, Toma C, Tapson VF, Adams C, Jaber WA, Silver M, Khandhar S, Amin

R, Weinberg M, Engelhardt T, et al; FLARE Investigators. A prospective,
single-arm, multicenter trial of catheter-directed mechanical thrombectomy
for intermediate-risk acute pulmonary embolism: the FLARE study. JACC
Cardiovasc Interv. 2019;12:859-869. doi: 10.1016/}jcin.2018.12.022

. Moriarty JM, Dohad SY, Schiro BJ, Tamaddon H, Heithaus RE, lliadis EA,

Dexter DJ 2nd, Shavelle DM, Leal SRN, Attallah AS, et al. Clinical, functional,
and quality-of-life outcomes after computer assisted vacuum thrombectomy
for pulmonary embolism: interim analysis of the STRIKE-PE study. J Vasc
Interv Radliol. 2024;35:1154~1165.e6. doi: 10.1016/jjvir.2024.04.028

. Rosovsky RP, Konstantinides SV, Moriarty JM, Dohad SY, Weinberg |, Parikh

SA, Channick R, Lookstein RA. 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. Am Heart J. 2025;288:1-14. doi: 10.1016/}.ahj.2025.03.018

. Royal College of Physicians. National Early Warning Score (NEWS) 2. 2017.

Accessed August 1, 2025. https://rcp.ac.uk/improving-care/resources/
national-early-warning-score-news-2/

. WilliamsB.TheNational EarlyWarning Score:fromconcepttoNHSimplementation.

ClinMed (Lond).2022;22:499-505.doi: 10.7861/clinmed 2022-news-concept

20.

21.

22.

23.

24,

26.

26.

27.

28.

29.

30.

32.

33.

Circulation. 2026;153:21-34. DOI: 10.1161/CIRCULATIONAHA.125.077232

STORM-PE RCT Primary Outcomes

. Jaff MR, McMurtry MS, Archer SL, Cushman M, Goldenberg N, Goldhaber

SZ, Jenkins JS, Kline JA, Michaels AD, Thistlethwaite P, et al; American
Heart Association Council on Cardiopulmonary, Critical Care, Perioperative
and Resuscitation. Management of massive and submassive pulmonary
embolism, iliofemoral deep vein thrombosis, and chronic thrombo-
embolic pulmonary hypertension: a scientific statement from the
American Heart Association. Circulation. 2011;123:1788-1830. doi:
10.1161/CIR.0b013e318214914f

Coutas T, Mannarino M, Ventura M, Fay J, Simoes R, Mannarino G. Technical
aspects of penumbra indigo lightning flash system for mechanical throm-
bectomy of pulmonary embolism: a comprehensive review [published online
July 26, 2024]. J Endovasc Ther. doi: 10.1177/156266028241266148.
Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, Kaul S,
Wiviott SD, Menon V, Nikolsky E, et al. Standardized bleeding definitions
for cardiovascular clinical trials: a consensus report from the Bleeding
Academic Research Consortium. Circulation. 2011;123:2736-2747. doi:
10.1161/CIRCULATIONAHA.110.009449

Ouriel K, Ouriel RL, Lim YJ, Piazza G, Goldhaber SZ. Computed tomography
angiography with pulmonary artery thrombus burden and right-to-left ven-
tricular diameter ratio after pulmonary embolism. Vascular. 2017;25:54-62.
doi: 10.1177/1708538116645056

Becattini C, Agnelli G, Salvi A, Grifoni S, Pancaldi LG, Enea |, Balsemin
F, Campanini M, Ghirarduzzi A, Casazza F; TIPES Study Group. Bolus te-
necteplase for right ventricle dysfunction in hemodynamically stable pa-
tients with pulmonary embolism. Thromb Res. 2010;125:e82-e86. doi:
10.1016/j.thromres.2009.09.017

Fasullo S, Scalzo S, Maringhini G, Ganci F, Cannizzaro S, Basile |, Cangemi
D, Terrazzino G, Parrinello G, Sarullo FM, et al. Six-month echocardiographic
study in patients with submassive pulmonary embolism and right ventri-
cle dysfunction: comparison of thrombolysis with heparin. Am J Med Sci.
2011;341:33-39. doi: 10.1097/MAJ.0b013e3181f1fc3e

Mi YH, Liang Y, Lu YH, Li YM, Liu WX, Qian W. Recombinant tissue plas-
minogen activator plus heparin compared with heparin alone for patients
with acute submassive pulmonary embolism: one-year outcome. J Geriatr
Cardiol. 2013;10:323-329. doi: 10.3969/]issn.1671-5411.2013.04.005
Zhang LY, Gao BA, Jin Z, Xiang GM, Gong Z, Zhang TT, Lu HF, Wang
YQ, Gong Y, Lu C, et al. Clinical efficacy of low dose recombinant tissue-
type plasminogen activator for the treatment of acute intermediate-risk
pulmonary embolism.  Saudi Med J. 2018;39:1090-1095. doi:
10.16537/smj.2018.11.22717

Sista AK, Horowitz JM, Tapson VF, Rosenberg M, Elder MD, Schiro BJ,
Dohad S, Amoroso NE, Dexter DJ, Loh CT, et al; EXTRACT-PE Investiga-
tors. Indigo aspiration system for treatment of pulmonary embolism: results
of the EXTRACT-PE trial. JACC Cardiovasc Interv. 2021;14:319-329. doi:
10.1016/}cin.2020.09.053

Piazza G, Hohlfelder B, Jaff MR, Ouriel K, Engelhardt TC, Sterling KM, Jones
NJ, Gurley JC, Bhatheja R, Kennedy RJ, et al; SEATTLE Il Investigators. A
prospective, single-arm, multicenter trial of ultrasound-facilitated, catheter-
directed, low-dose fibrinolysis for acute massive and submassive pulmonary
embolism: the SEATTLE Il study. JACC Cardiovasc Interv. 2015;8:1382—
1392. doi: 10.1016/jjcin.2015.04.020

Sabri S,Horr S, Stegman B, Jaber WA, Jolly MA, Huff CM, O'Connor D, Younes
A, Tabori NE, Monteleone PP, et al; AVENTUS Trial Investigators. Novel as-
piration thrombectomy and blood reinfusion system for acute intermediate-
risk pulmonary embolism: AVENTUS trial results. J Soc Cardiovasc Angiogr
Interv. 2025;4:103661. doi: 10.1016/]jscai.2025.103661

Ranade M, Foster MT 3rd, Brady PS, Sokol S, Butty S, Klein A, Maholic R,
Safar A, Patel T, Zlotnick D, et al. Novel mechanical aspiration thrombec-
tomy in patients with acute pulmonary embolism: results from the prospec-
tive APEX-AV trial. J Soc Cardiovasc Angiogr Interv. 2025;4:102463. doi:
10.1016/jjscai.2024.102463

. Dalla-Volta S, Palla A, Santolicandro A, Giuntini C, Pengo V, Visioli O,

Zonzin P, Zanuttini D, Barbaresi F, Agnelli G. PAIMS 2: alteplase combined
with heparin versus heparin in the treatment of acute pulmonary embo-
lism: Plasminogen Activator Italian Multicenter Study 2. J Am Coll Cardiol.
1992;20:5620-526. doi: 10.1016/0735-1097(92)90002-5

Sadeghipour P, Jenab Y, Moosavi J, Hosseini K, Mohebbi B, Hosseinsabet A,
Chatterjee S,PouraliakbarH, ShiraniS, ShishehborMH,etal.Catheter-directed
thrombolysis vs anticoagulation in patients with acute intermediate-high-
risk pulmonary embolism: the CANARY randomized clinical trial. JAMA Car-
diol. 2022;7:1189-1197. doi: 10.1001/jamacardio.2022.3591

Sista AK, Troxel AB, Tarpey T, Parpia S, Goldhaber SZ, Stringer WW,
Magnuson EA, Cohen DJ, Kahn SR, Rao SV, et al. Rationale and de-
sign of the PE-TRACT trial: a multicenter randomized trial to evaluate

January 6, 2026 33

J10114Y

(—]
=
o
—
==
—
=
m
ow
m
==
=
(]
==



https://rcp.ac.uk/improving-care/resources/national-early-warning-score-news-2/
https://rcp.ac.uk/improving-care/resources/national-early-warning-score-news-2/

=
]
=
==
L
7]
Ll
==
—l
=
=
=
o=
=]

920z ‘0T Afenuer uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

Lookstein et al

34.

35.

36.

34

catheter-directed therapy for the treatment of intermediate-risk pulmonary
embolism. Am Heart J.2024,281:112-122.doi: 10.1016/j.ahj.2024.11.016
Sanchez O, Charles-Nelson A, Ageno W, Barco S, Binder H, Chatellier G,
Duerschmied D, Empen K, Ferreira M, Girard P, et al; PEITHO-3 Investi-
gators. Reduced-dose intravenous thrombolysis for acute intermediate-
high-risk pulmonary embolism: rationale and design of the Pulmonary
Embolism International THrOmbolysis (PEITHO)-3 trial. Thromb Haemost
2022;122:857-866. doi: 10.1055/a-1653-4699

Klok FA, Piazza G, Sharp ASP, Ni Ainle F, Jaff MR, Chauhan N, Patel B,
Barco S, Goldhaber SZ, Kucher N, et al. Ultrasound-facilitated, catheter-
directed thrombolysis vs anticoagulation alone for acute intermediate-high-
risk pulmonary embolism: rationale and design of the HI-PEITHO study. Am
Heart J. 2022;251:43-53. doi: 10.1016/}.ahj.2022.05.011

Giri J, Mahfoud F, Gebauer B, Andersen A, Friedman O, Gandhi RT, Jaber
WA, Pereira K, West FM. PEERLESS II: a randomized controlled trial of

January 6, 2026

37.

38.

STORM-PE RCT Primary Outcomes

large-bore thrombectomy versus anticoagulation in intermediate-risk pul-
monary embolism. J Soc Cardiovasc Angiogr Interv. 2024;3:101982. doi:
10.1016/jjscai.2024.101982

Jaber WA, Gonsalves CF, Stortecky S, Horr S, Pappas O, Gandhi RT,
Pereira K, Giri J, Khandhar SJ, Ammar KA, et al; PEERLESS Commit-
tees and Investigators. Large-bore mechanical thrombectomy versus
catheter-directed thrombolysis in the management of intermediate-
risk pulmonary embolism: primary results of the PEERLESS ran-
domized controlled trial.  Circulation. 2025;151:260-273.  doi:
10.1161/CIRCULATIONAHA.124.072364

Giri J, Mahfoud F, Gebauer B, Andersen A, Friedman O, Gandhi RT, Jaber
WA, Pereira K, West FM. PEERLESS II: a randomized controlled trial of
large-bore thrombectomy versus anticoagulation in intermediate-risk pul-
monary embolism. J Soc Cardiovasc Angiogr Interv. 2024;3:101982. doi:
10.1016/jjscai.2024.101982

Circulation. 2026;153:21-34. DOI: 10.1161/CIRCULATIONAHA.125.077232



