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The APEX-AV (Acute Pulmonary Embolism Extraction
Trial with the AlphaVac System) study (NCT05318092)
is an investigational device exemption study aimed
at evaluating the efficacy and safety of the AlphaVac
multipurpose mechanical aspiration (MMA) F1885
system (AngioDynamics, Inc.) for the treatment of acute
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Figure 1. AlphaVac MMA F1885 System. The cannula is
indicated for the nonsurgical removal of thrombi or emboli
from the venous vasculature as well as aspiration of contrast
media and other fluids from the venous vasculature.

intermediate-risk pulmonary embolism (PE) (Figure 1). The
single-arm study is led by Coprincipal Investigators William
Brent Keeling, MD, and Mona Ranade, MD. The study will
enroll patients at up to 20 hospital-based sites in the United
States. Patient enrollment commenced in October 2022 and is
expected to complete by early 2024.!

The AlphaVac F1885 thrombectomy system consists of an
18-F cannula (105-cm long) with an 85° angled tip and was
cleared by the FDA for the removal of thrombus from the
venous system.* An ergonomic handle that acts as the engine
or the vacuum source creates an off-circuit method of action
and includes the volume-limiting switch, which allows the user
to dictate the amount of aspirated material per pull of the
handle, thereby minimizing blood loss during the procedure.

The primary efficacy endpoint of the APEX-AV study is
the reduction in right ventricular/left ventricular (RV/LV)
ratio from baseline to 48 hours postprocedure. The primary
safety endpoint is the rate of major adverse events, including
device-related death and major bleeding within the first
48 hours. Patients will be followed for 30 days after the index
procedure. The study will also evaluate secondary efficacy
endpoints, including thrombolytic use within 48 hours of the
procedure, length of stay in the intensive care unit/hospital,
and change in modified Miller Index from baseline to
48 hours postprocedure, as assessed by CTA. The secondary
safety endpoints include rate of device-related complications
(comprising clinical deterioration, cardiac injury, pulmonary
vascular injury, major bleeding) and device-related death
within 48 hours of the index procedure. This study will also
conduct an exploratory analysis to evaluate unmet health
care needs with study enrollments and outcomes.

*The AlphaVac MMA F1885 System is not indicated
for treatment of PE and is considered off-label.

1. Evaluating the safety and efficacy of the AlphaVac multipurpose mechanical aspiration (MMA) F1885 PE
for treatment of acute pulmonary embolism (APEX-AV). Clinicaltrials.gov website. Accessed June 8, 2023.
https://clinicaltrials.gov/ct2/show/NCT05318092
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Approximately 5% of patients presenting with
submassive PE treated with anticoagulation alone will
experience fatal or nonfatal clinical deterioration.! Thus,
routine reperfusion therapy with the intent of reducing
the incidence of clinical deterioration is unlikely to be of
benefit in most patients with submassive PE. However,
many more patients (30%-50%) suffer from dyspnea,
reduced quality of life, and physiologic impairment
(a combination termed by some as the “post-PE
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syndrome”).>“ It is hypothesized that residual thrombus
and RV dysfunction contribute to these symptoms, and
an outstanding question is whether up-front thrombus
removal with catheter-directed therapy (CDT) reduces
the incidence of these post-PE impairments.

The PE-TRACT (Pulmonary Embolism—Thrombus
Removal with Catheter-Directed Therapy) study
(NCT05591118) has been designed to address this
knowledge gap. Funded by the National Heart, Lung, and
Blood Institute, PE-TRACT is a randomized, controlled,
open-label, assessor-blinded, parallel-group, multicenter
trial comparing CDT plus anticoagulation (CDT group)
to anticoagulation alone (no-CDT group) in patients with
acute submassive PE. Its primary objective is to determine
whether the CDT group has better cardiopulmonary
health in the year following PE than the no-CDT group.
Five-hundred patients with submassive PE diagnosed
by CTA (RV/LV ratio > 1 and main or lobar PE) will be
randomized to CDT or no-CDT. Allowed CDT techniques
are mechanical thrombectomy (MT) and catheter-directed
lysis (CDL) with devices that are cleared for the treatment
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of PE. Exclusion criteria include age < 18 years, inability
to walk, life expectancy < 1 year, and contraindications
to thrombolytic drugs if CDL is to be used. There are two
primary outcomes linked by a gatekeeping strategy—the
peak oxygen uptake at 3 months (via a cardiopulmonary
exercise test [CPET]) and the New York Heart Association
(NYHA) class at 12 months. These two outcomes were
chosen because they encompass physiologic and patient-
reported measures. The gatekeeping strategy anchors the
patient-reported measure to the physiologic peak oxygen
uptake. If CDT result in an improvement in peak oxygen
uptake, the trial will be considered negative regardless of
any difference in NYHA class.

The primary safety outcome is a composite of major
bleeding, major cardiovascular or pulmonary injury, and
major procedure-related serious adverse events. Secondary
outcomes include clinical deterioration at 7 days, the
6-minute walk distance at 12 months, and generic
quality of life at 12 months. The trial will enroll at 30 to
50 clinical sites across the United States over a period
of approximately 40 months. The primary manuscript is
expected to be submitted in 2028.

PE-TRACT is the only non-industry-sponsored trial
of its magnitude and scope. It is therefore an essential
trial to nonprocedural PE stakeholders, as it features
numerous protections against bias in its design and
conduct. After PE-TRACT’s completion, physicians
will be able to confidently advise patients presenting
with submassive PE whether CDT is or is not likely to
improve their cardiopulmonary health in the following
year. Subgroup analyses will identify which groups may
benefit the most from CDT. Other CPET parameters (eg,
ventilatory and cardiac efficiency) will offer exploratory
insights into the post-PE syndrome. Ultimately,
PE-TRACT will enable the creation of level 1 guideline
recommendations and spur innovation regardless of its
result. Its successful completion should therefore be a
major priority for the PE community.

Disclaimer: Research reported in this publication was
supported by the National Heart, Lung, And Blood Institute
of the National Institutes of Health under Award Number
UG3HL155798. The content is solely the responsibility of the
authors and does not necessarily represent the official views
of the National Institutes of Health.
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Massive or high-risk PE presenting with clinical
and hemodynamic instability is a medical emergency
requiring reperfusion treatment. Options include systemic
intravenous (IV) thrombolysis/fibrinolysis, catheter-
directed mechanical treatment with or without local
thrombolysis, and surgical embolectomy.' However,
a much larger part of the PE severity spectrum covers
the intermediate-high-risk class, specifically “stable”
patients who may exhibit (1) RV dysfunction on
echocardiography or CT pulmonary angiography (CTPA)
and (2) myocardial injury as indicated by elevated
laboratory biomarkers on admission.? In these patients,
the PEITHO trial demonstrated the clinical efficacy of full-
dose IV thrombolysis as reflected by a reduction in the



clinical composite of death from any cause or hemodynamic
collapse within 7 days of randomization. However, this benefit
came at a high price, with stroke occurring in 12 (2.4%)
patients randomized to the thrombolysis arm (odds ratio
[OR], 12.10; 95% Cl, 1.57-93.39 vs heparin alone) and
hemorrhagic in 10 cases.*

Pharmacomechanical reperfusion, notably ultrasound-
assisted thrombolysis (USAT), has the potential of
reversing RV dilation, pulmonary hypertension, and
anatomic thrombus burden at a considerably lower risk
of major bleeding and hemorrhagic stroke than systemic
thrombolysis.>® The HI-PEITHO (Higher-Risk Pulmonary
Embolism Thrombolysis) trial (NCT04790370) is a
multinational, controlled, randomized, adaptive-design,
multicenter, parallel-group comparison trial. The primary
objective is to assess whether USAT plus anticoagulation
is associated with a significant reduction in the composite
outcome of PE-related mortality, cardiorespiratory
decompensation or collapse, or nonfatal symptomatic
and objectively confirmed PE recurrence compared to
anticoagulation alone within 7 days of randomization.
Study patients are randomized 1:1 to treatment with
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USAT plus anticoagulation versus anticoagulation
alone. Allocation to the treatment arms is open label
to investigators and patients, but adjudication of the
composite primary outcome and safety outcomes is
performed by a blinded clinical events committee.

Upon confirmation of intermediate-high-risk PE,
patients are screened for specific clinical criteria indicating
an elevated risk of early death and/or imminent
hemodynamic collapse. These include: (1) heart rate
> 100 bpm; (2) systolic blood pressure <110 mm Hg; and
(3) respiratory rate > 20 breaths/min™ and/or oxygen
saturation on pulse oximetry (SpO,) < 90% (or partial
arterial oxygen pressure < 60 mm Hg) at rest while
breathing room air. Patients are required to meet two or
more of the above three clinical criteria.

The study flow diagram is shown in Figure 1. The trial
protocol strongly recommends starting USAT within
2 hours of randomization. The primary outcome is a
composite of PE-related mortality, cardiorespiratory
decompensation or collapse, or nonfatal symptomatic
and objectively confirmed recurrence of PE, within seven
days of randomization. Cardiorespiratory collapse or
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Figure 1. Flow diagram of the HI-PEITHO trial. CTPA, CT pulmonary angiography; D/C, discharge; LV, left ventricular; PE, pulmonary
embolism; RV, right ventricular; USAT, ultrasound-assisted thrombolysis.

decompensation is defined as cardiac arrest or need for
cardiopulmonary resuscitation; signs of shock; placement
on extracorporeal membrane oxygenation, intubation, or
initiation of noninvasive mechanical ventilation; or a NEWS
(National Early Warning Score) of > 9, confirmed on two
consecutive measurements 15 minutes apart. The study is
designed to detect a 15% versus 5% difference (OR, 0.298)
in the primary endpoint event rates. A total of 406 patients
will yield 90% power to detect the target difference in
event rates. Adaptation of the trial, if necessary, will

follow predefined rules and be based on the results of the
interim analysis. Analysis of the primary endpoint will be
performed on the intention-to-treat population and, as a
second step, the per-protocol population.

Additional outcomes include disease-specific and
generic quality of life, functional limitation, and health care
resource utilization.” '

As of June 2023, 65 sites have been initiated, and a total
of 183 patients have been enrolled at 56 active sites. The
estimated completion of enrollment is December 2024.

In conclusion, HI-PEITHO is a landmark trial, the first
to perform a randomized comparison evaluating the
potential benefit of advanced therapy in patients with high-
intermediate-risk PE. The results of this trial will fill a portion
of the evidence gap for PE and inform management for
this group of patients in which there is currently significant
variation in treatment. HI-PEITHO is also unique in its
balance of enrollment of patients between the United States
and Europe and is the first of many trials incorporating a

16 SUPPLEMENT TO ENDOVASCULAR TODAY JULY 2023 VOL.22, NO.7

collaborative partnership between industry and The The
National Pulmonary Embolism Response Team (PERT)
Consortium. As a seminal trial, HI-PEITHO is expected
to inform international guidelines and set standards for
evaluation of catheter-directed reperfusion options.
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Anticoagulation is well-established as the mainstay
of therapy in all patients diagnosed with acute PE
unless contraindicated and is recommended as
first-line treatment by numerous societal guidelines.>*
The need for additional therapy in patients with
intermediate-high—risk PE, as defined by right heart
strain on both imaging and laboratory biomarkers, is
not well established primarily due to lack of randomized
controlled trials in this setting. The European Society
of Cardiology, American Heart Association, and PERT
guidance statements all recommend monitoring these
patients and consider employing advanced therapies
in those who deteriorate or have high-risk features.>*
Addressing this gap in care and recognizing the clinical
equipoise, STORM-PE will evaluate the safety and
efficacy of adding catheter-directed thrombectomy
with the Lightning Flash catheter (Penumbra, Inc.) to
anticoagulation in this patient population. Specifically,
this trial will include 100 patients from up to 20 sites
and will focus on determining whether treatment with
the Indigo aspiration system (Penumbra, Inc.) is able
to relieve right heart strain more than treatment with
anticoagulation alone and without putting patients at
increased risk for adverse events.

The primary outcome of STORM-PE is the change in
RV/LV ratio at 48 hours on original therapy, as assessed
by CTPA. Secondary outcomes include major adverse
events within 7 days: a composite of clinical deterioration
requiring escalation of care, PE-related mortality,
symptomatic recurrent PE, or major bleeding, as well as
within 90 days: all-cause mortality, PE-related mortality,
and symptomatic PE recurrence. In addition to these
important clinically relevant outcomes, STORM-PE will also
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measure quality of life and functional status assessments
to help evaluate how patients in both treatment arms
recover through their 90-day follow-up. By capturing these
patient-relevant outcomes, STORM-PE will allow for better
understanding of the determinants of well-being that play
an important role in the recovery after PE>

This trial is led by a multidisciplinary steering
committee including two National Principal Investigators,
Rachel Rosovsky, MD, MPH, and Robert Lookstein, MD, as
well as a broad representation of the physician specialties
from around the world that care for these patients
from diagnosis to treatment and post-PE follow-up. No
randomized trials to date have compared anticoagulation
alone to anticoagulation plus mechanical aspiration
thrombectomy in patients with acute PE. The results of
this trial will advance the understanding of the role of
mechanical aspiration thrombectomy in the management
of acute PE and will inform future guidelines and set
standards to improve the outcomes for patients with this
life-threatening condition. We anticipate the first patient
in to be enrolled in Q3 2023, and the duration of the trial
is expected to be about 2.5 years. ®
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