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A B S T R A C T

Background: Acute mortality for high-risk, or massive, pulmonary embolism (PE) is almost 30% even when treated using advanced therapies. This analysis
assessed the safety and effectiveness of mechanical thrombectomy (MT) for high-risk PE.

Methods: The prospective, multicenter FlowTriever All-comer Registry for Patient Safety and Hemodynamics (FLASH) study is designed to evaluate
real-world PE patient outcomes after MT with the FlowTriever System (Inari Medical). In this study, acute outcomes through 30 days were evaluated
for the subset of patients with high-risk PE as determined by the sites and following European Society of Cardiology guidelines. An independent
medical monitor adjudicated adverse events (AEs), including major AEs: device-related mortality, major bleeding, or intraprocedural device-related
or procedure-related AEs.

Results:Of the 799 patients in the US cohort, 63 (7.9%) were diagnosed with high-risk PE; 30 (47.6%) patients showed a systolic blood pressure <90 mm Hg,
29 (46.0%) required vasopressors, and 4 (6.3%) experienced cardiac arrest. The mean age of patients with high-risk PE was 59.4 � 15.6 years, and 34 (54.0%)
were women. At baseline, 45 (72.6%) patients were tachycardic, 18 (54.5%) showed elevated lactate levels of �2.5 mM, and 21 (42.9%) demonstrated
depressed cardiac index of <2 L/min/m2. Immediately after MT, heart rate improved to 93.5 � 17.9 bpm. Twenty-five (42.4%) patients did not require an
overnight stay in the intensive care unit, and no mortalities or major AEs occurred through 48 hours. Moreover, no mortalities occurred in 61 (96.8%) patients
followed up through the 30-day visit.

Conclusions: In this cohort of 63 patients with high-risk PE, MT was safe and effective, with no acute mortalities reported. Further prospective data are
needed in this population.
Abbreviations: CDT, catheter-directed thrombolysis; CI, cardiac index; MAE, major adverse event; mMRC, Modified Medical Research Council; mPAP, mean pulmonary artery
pressure; MT, mechanical thrombectomy; PE, pulmonary embolism; SAE, serious adverse event.
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Introduction

The defining feature of high-risk, or massive, pulmonary embolism
(PE) is hemodynamic instability, which warrants rapid reperfusion ther-
apy. When treated solely using anticoagulation (AC), hemodynamic
collapse and death occur in ~50% of patients with high-risk PE.1–3 In a
meta-analysis of PE literature, which included 4 studies enrolling
high-risk patients, systemic fibrinolytics were associated with a signifi-
cant reduction in early mortality compared with AC alone (pooled odds
ratio, 0.59; 95% CI, 0.36-0.96; P ¼.03), and systemic lysis in conjunction
with AC is the current guideline-recommended treatment for high-risk
disease.4–6 Nevertheless, the rates of major bleeding and intracranial
hemorrhage in that meta-analysis were approximately 10% and 2%,
respectively, and patients may demonstrate contraindications, or fail
to respond, to systemic fibrinolytics. In addition, even after systemic
lysis or other interventional therapies, contemporary early mortality
for patients with high-risk PE remains ~30%.1,3,7 Consequently,
catheter-directed approaches, such as lower-dose catheter-directed
thrombolysis (CDT) and mechanical thrombectomy (MT), are playing
expanding roles in the treatment of patients with high-risk PE.

Several clinical trials of CDT and MT in the context of PE have been
performed in recent years. However, patients with high-risk PE have been
excluded from many of the largest studies of catheter-directed reperfu-
sion treatments. For example, the EXTRACT-PE and FLARE investiga-
tional device exemption trials and the OPTALYSE and SUNSET sPE
randomized trials enrolled patients with intermediate-risk PE only.8–11

Furthermore, high-risk disease will not be investigated in many of the
currently active interventional PE randomized controlled trials, such as
HI-PEITHO, PEERLESS, STORM-PE, and PE-TRACT. Thus, limited data
exist regarding interventional catheter-directed therapies for high-risk PE,
with little forthcoming evidence expected. One notable exception is the
FlowTriever for Acute Massive PE (FLAME) study, which is designed to
evaluate high-risk PE treatments.

Unlike the aforementioned studies, the FlowTriever All-comer Reg-
istry for Patient Safety and Hemodynamics (FLASH) is enrolling patients
with either intermediate-risk or high-risk PE. Previous publications of
FLASH registry data, including the most recent encompassing acute
outcomes for 799 patients in the fully enrolled US cohort, reported
results without stratification by disease severity.12,13 To help address the
present evidence gap for MToutcomes specific to high-risk disease, the
objective of this analysis was to describe the characteristics and acute
outcomes of patients with high-risk PE only in the full US cohort of
FLASH.
Materials and methods

Study design

The prospective, multicenter, all-comer FLASH registry (Clinical
Trials.gov identifier: NCT03761173) is designed to assess the outcomes
of real-world PE patients treated with MT using the FlowTriever System
(Inari Medical). The FLASH registry design has been published previ-
ously.12 Before patient enrollment, investigators at each site obtained
approval from their institutional review board, and all patients provided
written informed consent before the procedure or shortly after the
procedure.

Key inclusion criteria consist of age �18 years and acute
intermediate-risk or high-risk PE based on current European Society of
Cardiology (ESC) guidelines.5 Diagnosis of high-risk PE was made by
each participating site and was based on clinician determination of
hemodynamic instability according to ESC guideline definitions
included in the study protocol, which requires 1 of the following pre-
sentations: cardiac arrest with cardiopulmonary resuscitation, obstruc-
tive shock with systolic blood pressure (SBP) <90 mm Hg or
vasopressors required to achieve SBP of �90 mm Hg and evidence of
end-organ hypoperfusion, or persistent hypotension with SBP <90 mm
Hg or SBP drop �40 mm Hg lasting longer than 15 minutes not caused
by new-onset arrhythmia, hypovolemia, or sepsis.5 Although all patients
were diagnosed with high-risk PE at the site level per these protocolized
criteria, the study database did not elicit or capture which specific cri-
terion was used to arrive at this diagnosis for each patient. Key exclusion
criteria include life expectancy <30 days and inability to receive AC.
Patients were not excluded for fibrinolytic contraindications as defined
in current American College of Chest Physicians guidelines.14 The
treating physician or local PE response team determined patient eligi-
bility for enrollment and treatment using MT. This report aimed to
present acute effectiveness and safety outcomes, including results from
48-hour and 30-day follow-up evaluations, for all high-risk patients in
the full US cohort of the FLASH registry.
Primary end point

The primary end point is a composite of major adverse events
(MAEs) within 48 hours of MT, consisting of device-related mortality,
major bleeding, and intraprocedural device-related or procedure-
related adverse events (AEs). An independent, third-party medical
monitor adjudicated components of the composite primary end point
and relatedness to the study device, procedure, or both. Device-related
or procedure-related AEs were defined as device-related pulmonary
vascular injury, device-related cardiac injury, and hemodynamic or res-
piratory worsening meeting specific thresholds. The major bleed defi-
nition was similar to Bleeding Academic Research Consortium (BARC)
type 3b bleeding or higher: symptomatic bleeding in a critical organ or
area or bleeding that led to a hemoglobin decrease of �5 g/dL,
transfusion of �2 units of blood products, or fatality.15
Secondary end points and additional data collected

The secondary safety end points are the individual elements of the
composite primary end point; major access site complications requiring
open surgical repair, endovascular intervention, or blood transfusion;
and device-related serious adverse events (SAEs) per ISO 14155.

The secondary effectiveness end points include vital sign and
hemodynamic improvements during the procedure and echocardio-
graphically assessed changes in the right ventricle/left ventricle (RV/LV)
ratio at the 30-day follow-up. Echocardiography was also performed at
the 48-hour follow-up in some patients. Either computed tomography
pulmonary angiography (CTPA) or echocardiography could be used to
assess RV/LV ratio at baseline, but follow-up assessments were most
often performed using echocardiography to minimize radiation and
contrast exposure. Therefore, baseline RV/LV ratio is presented as a
composite of CTPA and echocardiography, prioritizing CTPA if data
using both techniques were available. Analysis of RV/LV ratio change
over time was performed using only paired echocardiographic results to
preclude bias from differences in imaging methods. Echocardiographic
measurements of RV function and systolic pressure were also collected
at baseline and follow-ups using the standard practice at each site.

Further in-hospital data were collected, such as thrombectomy time
from Triever catheter vasculature entry until final removal, estimated
blood loss, length of postprocedural hospital and intensive care unit
(ICU) stay, and patient-reported dyspnea and quality-of-life measure-
ments. Dyspnea was assessed at baseline and at 48-hour and 30-day
follow-ups using the Modified Medical Research Council (mMRC) dys-
pnea scale that ranges from 0 to 4, with scores �3 indicating severe
dyspnea. Pulmonary Embolism Quality-of-Life questionnaires were
used to quantify patient-reported quality of life and were collected only
at 48-hour and 30-day follow-up visits owing to the emergent nature of
high-risk PE.

http://ClinicalTrials.gov
http://ClinicalTrials.gov


Table 1. Demographic characteristics and clinical presentation.

Values N

Demographics and medical history
Age, y 59.4 � 15.6 63
Women 34 (54.0) 63
Body mass index, kg/m2 33.9 � 9.9 63
Race

Black or African American 15 (25.0) 60
White 44 (73.3) 60
Other 1 (1.7) 60

Hispanic or Latino ethnicity 4 (7.4) 54
History of DVT 7 (11.1) 63
History of PE 7 (11.1) 63
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Hemodynamic calculations

Per protocol, right heart catheterization was used for invasive he-
modynamic assessment before Triever catheter insertion and�5 minutes
after Triever catheter removal. Hemodynamic assessments were per-
formed before and after thrombectomy and include direct measurement
of mean right atrial pressure, mean pulmonary artery pressure (mPAP),
and systolic pulmonary artery pressure (sPAP). Derived measurements of
total pulmonary vascular resistance (TPVR) and cardiac index (CI) were
also collected. Cardiac output (CO) was estimated using the indirect Fick
method and divided by body surface area to calculate CI. To calculate
TPVR, mPAP was divided by CO.
History of PHTN 4 (6.3) 63
History of cancer 14 (22.2) 63
Active cancer 7 (11.1) 63

Clinical presentation
Cardiac arrest with cardiopulmonary resuscitation 4 (6.3) 63
Vasopressor use before presentation or before procedure 29 (46.0) 63
Systolic blood pressure <90 mm Hg 30 (47.6) 63

Lowest systolic blood pressure, mm Hga 90.8 � 17.8 63
Tachycardic (heart rate �100 bpm) 45 (72.6) 62

Highest heart rate, bpm 120.5 � 20.8 63
In-hospital average heart rate, bpm 106.6 � 17.0 63

Elevated lactate (�2.5 mM) 18 (54.5) 33
Depressed cardiac index (<2.0 L/min/m2) 21 (42.9) 49
Vasopressor use before presentation at study hospital 21 (33.3) 63
Severe PHTN (sPAP �70 mm Hg) 7 (11.5) 61
Intubated before thrombectomy 6 (10.0) 60
RV/LV ratio (CTPA or echocardiographic composite)b 1.7 � 0.5 58

RV/LV ratio (CTPA) 1.7 � 0.5 46
RV/LV ratio (echocardiography) 1.5 � 0.7 43

Duration of current PE symptoms, d 1.0 (0.0-1.0) 63
c

Data analysis

Categorical data are presented as counts with percentages, and
continuous data are reported as mean with standard deviation or
median with interquartile range (IQR). Box plots present median values
bounded by the IQR. Upper whiskers extend to the value closest to but
not greater than the third quartile plus 1.5 � IQR, and lower whiskers
extend to the value closest to but not less than the first quartile minus
1.5 � IQR. Values beyond this range are considered outliers and indi-
cated as points. Wilcoxon signed-rank tests and McNemar tests, or
McNemar-Bowker tests, were used to analyze changes from baseline
using available paired values for continuous and categorical variables,
respectively. A 2-sided P value of .05 was used to determine statistical
significance. Analyses were performed using SAS 9.4 (SAS Institute) and
R version 4.1.2.16
Failed previous therapy for current PE 8 (12.9) 62
Anticoagulation 6 (75.0) 8
Fibrinolytics, systemic 3 (37.5) 8
Fibrinolytics, catheter-directed 0 (0.0) 8
Other mechanical thrombectomy 1 (12.5) 8

Fibrinolytics contraindication 16 (25.4) 63
Absolute 4 (25.0) 16
Relative 12 (75.0) 16

PE location at screeningd

Central 59 (93.7) 63
Saddle 25 (39.7) 63
Lobar 4 (6.3) 63

Concomitant DVT 34 (54.8) 62
Proximal only 9 (27.3) 33
Distal only 18 (54.5) 33
Both 6 (18.2) 33

Values are mean � SD, median (IQR), or n (%).
CTPA, computed tomographypulmonary angiography;DVT, deepvein thrombosis;
IQR, interquartile range; LV, left ventricle; PE, pulmonary embolism; PHTN, pul-
monary hypertension; RV, right ventricle; sPAP, systolic pulmonary artery pressure.

a Value likely affected by prearrival vasopressor use in 21 (33.3%) patients.
b Composite RV/LV ratios used CTPA or echocardiographic measurements,
prioritizing CTPA when both were available. c More than 1 previous therapy
was attempted in some patients. d As assessed by the treating physician.
Central is defined as main, left, or right pulmonary artery, or a combination of all
3, and lobar is defined as left lobar, right lobar, or both.
Results

Demographic characteristics and clinical presentation

The FLASH registry enrolled 800 patients at 50 sites in the United
States from December 2018 to December 2021. In the analysis pop-
ulation of 799 patients, 63 (7.9%) were diagnosed with high-risk PE.
This high-risk PE cohort is the basis for the current analysis. Owing to
the acuity of high-risk PE, 37 (58.7%) patients consented to participate
in the registry on a day after the procedure, with a median consent
latency of 1.0 (1.0-2.0) days. Baseline characteristics are summarized
in Table 1. The mean age was 59.4 � 15.6 years, 34 (54.0%) patients
were women, 34 (54.8%) were diagnosed with concomitant deep vein
thrombosis, and 16 (25.4%) demonstrated contraindications for fibri-
nolytics. Eight (12.9%) patients had failed previous therapy for the
index PE, including 3 who received systemic fibrinolytics and 1 who
underwent MT with another device.

Multiple physiologic metrics were indicative of high-risk disease,
including markers of hemodynamic instability: 4 (6.3%) patients experi-
enced cardiac arrest requiring cardiopulmonary resuscitation; 29 (46.0%)
were on vasopressors before the procedure, including 21 (33.3%) who
were on vasopressors at arrival; and 30 (47.6%) showed SBP of <90 mm
Hg. The lowest SBP at any point before MT was 90.8 � 17.8 mm Hg,
which was likely affected by one-third of the patients having received
vasopressors before presenting to the study hospital.

Additional indicators of severe disease were demonstrated. The in-
hospital average heart rate before MTwas 106.6 � 17.0 bpm, with 45
(72.6%) patients being tachycardic (�100 bpm) at presentation and the
highest prethrombectomy heart rate being 120.5 � 20.8 bpm. More-
over, 18 (54.5%) patients demonstrated elevated lactate concentration
of �2.5 mM. During prethrombectomy invasive hemodynamic assess-
ment, 21 (42.9%) patients exhibited reduced CI of <2 L/min/m2, an
indicator of possible cardiogenic shock. Furthermore, 6 (10.0%) patients
were intubated before MT.
Procedural characteristics

Most (93.7%) patients did not receive general anesthesia and
were treated using only local anesthesia, with or without sedation.
The preprocedural SBP, measured after vasopressors were admin-
istered to some patients, was 116.8 � 17.7 mm Hg. The access
site for almost all (98.4%) patients was a femoral or common
femoral vein, and there were no major access site complications.
The median thrombectomy and procedure times were 47.0 (27.5-
64.0) and 64.0 (53.0-91.0) minutes, respectively. The estimated
blood loss was 200.0 (100.0-395.0) mL, whereas the 8 (12.7%)
patients whose treatment included use of the FlowSaver Blood



Table 2. Procedural characteristics and length of stay.

Characteristic Values N

Anesthesiaa

General anesthesia 4 (6.3) 63
Local anesthesia 10 (15.9) 63
Local anesthesia with sedation 50 (79.4) 63

Femoral or common femoral vein access siteb 61 (98.4) 62
Major access site complications 0 (0.0) 63
Location of treated PEc

Central only 21 (33.3) 63
Lobar only 4 (6.3) 63
Both 38 (60.3) 63

Thrombectomy time, min 47.0 (27.5-64.0) 60
Total procedure time, min 64.0 (53.0-91.0) 58
Estimated blood loss, mL 200.0 (100.0-395.0) 61
With FlowSaver blood return 157.5 (25.0-200.0) 8

Preprocedural ECMO use 1 (1.6) 63
Postprocedural ECMO use 1 (1.6) 63
Preprocedural vasopressor use 22 (34.9) 63
Postprocedural vasopressor use 16 (25.4) 63
Adjunctive PE therapyd 3 (4.8) 63
Catheter-directed thrombolysis 3 (4.8) 63
Other mechanical thrombectomy 0 (0.0) 63

Postprocedural hospital overnights 4.0 (2.0-7.0) 60
Postprocedural ICU overnights 1.0 (0.0-2.0) 59
No postprocedural overnight ICU stay 25 (42.4) 59
One postprocedural overnight ICU stay 12 (35.3) 34

Site-reported reason for ICU stay
Standard-of-care practice only 14 (41.2) 34
Need for additional care 20 (58.8) 34

Values are n (%) or median (IQR).
ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; IQR,
interquartile range; PE, pulmonary embolism.

a Patients might have receivedmore than 1 type of anesthesia. b More than 1
access site may have been used during the procedure. Access site sample size
is the total number of access sites. c As assessed by the treating physician.
Central is defined as main, left, or right pulmonary artery, or a combination of all
3, and lobar is defined as left lobar, right lobar, or both. d Patients may have
received more than 1 type of adjunctive PE therapy.

Table 3. Safety and mortality outcomes.

Value N

Safety outcome (48 h)
Major adverse event composite 0 (0.0) 63
Device-related death 0 (0.0) 63
Major bleeding 0 (0.0) 63
Intraprocedural device-related or procedure-related
adverse event

0 (0.0) 63

Serious adverse event 4 (6.3) 63
Device-related serious adverse event 0 (0.0) 63

All-cause mortality
48-h visit 0 (0.0) 63
30-d visit 0 (0.0) 61

Values are n (%).
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Return System demonstrated a lower estimated blood loss of 157.5
(25.0-200.0) mL.

Postprocedural extracorporeal membrane oxygenation was used for
only 1 (1.6%) patient. Three (4.8%) patients received an adjuvant PE
therapy, all of which were CDTwithout open surgical thrombectomy or
other mechanical device treatment. After thrombectomy, the length of
ICU stay was 1.0 (0.0-2.0) nights, and 25 (42.4%) patients did not stay in
the ICU overnight. Of the 34 (57.6%) patients who spent�1 overnight in
the ICU, 12 (35.3%) stayed only 1 night, and 14 (41.2%) received
intensive care owing to standard-of-care practice only. These data and
additional procedural characteristics are included in Table 2.
Safety and mortality outcomes

No deaths occurred during the procedure, and all 63 patients sur-
vived to 48 hours (Table 3). At the 30-day visit, mortality status was
known for 61 (96.8%) patients; 2 (3.2%) patients survived the procedure
but had withdrawn from the study. There were 0 (0%) all-cause mor-
talities in the 61 (96.8%) patients followed up through the 30-day visit.

No patients met the composite primary end point of MAEs; there
were no device-related deaths, major bleeds, or intraprocedural
device-related or procedure-related AEs at 48 hours (Table 3). There
were 4 (6.3%) SAEs through 48 hours, none of which were adjudicated
to be related to the FlowTriever System. The SAEs included 2 patients
who developed a subsequent PE, 1 with additional right atrial
embolus-in-transit and the other with concomitant deep vein throm-
bosis and inferior vena cava filter placement. Another patient devel-
oped a pelvic retroperitoneal hematoma contralateral to the access
site limb and demonstrated a hemoglobin decrease from 10.7 g/dL
before the procedure to 7.5 g/dL (�3.2 g/dL) after, not meeting the
BARC 3b criteria for major bleeding of a 5-g/dL reduction; the patient
remained stable and recovered without sequelae. The final SAE was in
a patient who presented with a 1-cm right groin hematoma 5 days
after the procedure, which also did not meet the BARC 3b criteria for
major bleeding. This patient underwent computed tomography im-
aging with no significant findings and was discharged home 6 days
post SAE.
Immediate hemodynamic and vital sign improvements

Acute changes in hemodynamics and vital signs are presented in
Table 4. Immediately after thrombectomy, mPAP decreased from 31.5 �
9.7 to 24.3 � 9.6 mm Hg (mean change, �7.2 mm Hg [�22.6%];
P < .0001), and sPAP decreased from 50.7 � 15.3 to 38.3 � 15.1 mm Hg
(mean change, �12.3 mm Hg [�24.3%], P < .0001). Although not sta-
tistically significant, intraprocedural SBP increased from 116.8 � 17.7 to
121.3� 18.8 mmHg (mean change, 4.5 mmHg [5.3%]; P¼ .1302). Heart
rate also improved from 98.4 � 19.9 to 93.5 � 17.9 bpm (mean change,
�4.8 bpm [�3.7%]; P ¼ .0091). Among the 42.9% of patients with
depressed baseline CI <2 L/min/m2, CI increased from 1.54 � 0.21 to
1.91 � 0.56 L/min/m2 (mean change, 0.41 L/min/m2 [26.5%], P < .0001).
The TPVR also decreased from 7.3 � 3.8 to 5.3 � 2.7 mm Hg⋅min/L
(mean change, �2.1 mm Hg⋅min/L [�21.6%]; P < .0001) immediately
after thrombectomy.
Right ventricular echocardiographic assessments

Improvements were also observed for RV assessments by echocar-
diography, with the RV/LV ratio decreasing from 1.5 � 0.7 at baseline
(n ¼ 43) to 1.1 � 0.4 at 48 hours (n ¼ 22; P < .0001) and 0.9 � 0.2 at 30
days (n ¼ 24; P < .0001) (Figure 1A). In addition, RV systolic pressure
decreased from 51.0 � 16.8 mm Hg before the procedure (n ¼ 34) to
38.4� 15.1 mm Hg at 48 hours (n¼ 18; P ¼ .0076) and 30.5� 14.1 mm
Hg at 30 days (n¼ 13; P¼.0017) (Figure 1B). The proportion of patients
with normal or mildly reduced RV function increased from 15.9% at
baseline (n ¼ 44) to 56.5% at 48 hours (n ¼ 23; P ¼ .0296) and 92.3% at
30 days (n ¼ 26; P ¼ .0008) (Figure 1C).
Dyspnea and quality-of-life measures

Decreases in mMRC scores from 2.9� 1.5 at baseline (n¼ 40) to 1.8
� 1.5 at 48 hours (n ¼ 34; P ¼ .0003) and 1.1 � 1.1 at 30 days (n ¼ 33;
P < .0001) indicated significant improvement of dyspnea after throm-
bectomy. Similarly, the proportion of patients with severe dyspnea
decreased from 72.5% at baseline to 38.2% at 48 hours (P ¼ .0010) and
15.1% at 30 days (P < .0001). Distributions for all dyspnea scores are



Table 4. Immediate intraprocedural hemodynamic and vital sign improvements.

Variable Preprocedure Postprocedure Mean change P

mPAP, mm Hg 31.5 � 9.7 (60) 24.3 � 9.6 (60) �7.2 (�22.6), 60 <.0001
sPAP, mm Hg 50.7 � 15.3 (61) 38.3 � 15.1 (61) �12.3 (�24.3), 61 <.0001
Mean right atrial pressure, mm Hg 12.8 � 5.1 (58) 10.6 � 5.7 (48) �2.3 (�15.4), 48 <.0001
Systolic blood pressure, mm Hga 116.8 � 17.7 (60) 121.3 � 18.8 (60) 4.5 (5.3), 60 .1302
Heart rate, bpm 98.4 � 19.9 (62) 93.5 � 17.9 (61) �4.8 (�3.7), 61 .0091
CI, L/min/m2b 1.54 � 0.21 (21) 1.91 � 0.56 (18) 0.41 (26.5), 18 <.0001
TPVR, mm Hg⋅min/L 7.3 � 3.8 (48) 5.3 � 2.7 (42) �2.1 (�21.6), 42 <.0001

Values are mean � SD (n) or mean change (%), n.
CI, cardiac index; mPAP, mean pulmonary artery pressure; sPAP, systolic pulmonary artery pressure; TPVR, total pulmonary vascular resistance.

a Values likely affected by vasopressor use before presentation or before procedure in 29 (46.0%) patients. b For patients with baseline CI<2.0 L/min/m2. P values
were calculated using available paired assessments and Wilcoxon signed-rank tests.
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presented in Figure 2A. In agreement, 49 (83.1%) patients demon-
strated lower postprocedural supplemental oxygen requirements. The
number of patients on room air increased from 8 (13.8%) before
thrombectomy to 33 (57.9%) at 48 hours (P < .0001) and 52 (98.1%) at
30 days (P < .0001).

Patient quality of life also increased, with Pulmonary Embolism
Quality of Life Frequency of Complaints scores improving from 15.6
(6.3-31.3) when first assessed at 48 hours (n ¼ 21) to 0.0 (0.0–6.3) at 30
days (n ¼ 15; P ¼ .0010) (Figure 2B).
Readmissions

At 30 days, there were 5 (8.5%) all-cause readmissions. One (1.7%)
readmission was related to the PE treatment, with the patient admitted
to the emergency department 5 days post procedure for a 1-cm groin
hematoma and discharged the following day.
Discussion

To date, this cohort analysis of the FLASH registry represents the
largest reported interventional experience to evaluate MToutcomes in
patients with high-risk PE. The 63 patients in this study presented with
severe disease and hemodynamic compromise: 72.6% were tachycar-
dic, 42.9% of patients presented with depressed CI, 46.0% were on
vasopressors before thrombectomy, 10.0% were intubated before the
procedure, and 6.3% required cardiopulmonary resuscitation on arrival.
Figure 1.
Right ventricle echocardiographic assessments. (A) RV/LV ratio (mean � SD), (B) RV systolic
collected at baseline and 48-hour and 30-day follow-up visits. From available paired measure
signed-rank tests, and P values for RV function category distributions were calculated using
Despite the elevated disease severity, this large cohort of patients
with high-risk PE exhibited considerably favorable outcomes. All
patients survived to 48 hours, and there were no all-cause mortalities in
the 61 (96.8%) patients followed up through the 30-day visit. There
were also no MAEs or device-related SAEs through 48 hours, indicating
that MT can offer a safe treatment option for this patient population.
Moreover, patients showed immediate hemodynamic and vital sign
improvements, including a significant on-table reduction of mPAP and a
resolution of tachycardia for the average patient, and 42.4% of patients
avoided a postprocedural overnight ICU stay. These results demon-
strate that patients can rapidly respond to this reperfusion treatment
(Central Illustration).

Patients presenting with high-risk PE are at substantial risk of early
mortality. A recent meta-analysis reporting outcomes for high-risk PE
found the aggregate in-hospital all-cause mortality rate to be 28.3%
among a subset of 15 studies involving treatments ranging from AC
alone to extracorporeal membrane oxygenation.7 Current guidelines
recommend systemic fibrinolytics for these patients in the absence of
contraindication, but the guidelines are based on an earlier
meta-analysis that was highly sensitive to a study of only 8 randomized
patients with high-risk PE.4–6,17

In one study, patients with high-risk PE who received intravenous
fibrinolytics still demonstrated an in-hospital mortality of 28.6%.3

Moreover, only 11.3% to 30.4% of patients with high-risk disease were
administered systemic fibrinolytics in recent reports, potentially owing
to high rates of contraindications in these medically complex patients
and hesitancy due to concern for bleeding-related complications.1,3,18

In patients analyzed without risk stratification, the rates of major
pressure (mean � SD), and (C) RV function profile were evaluated from echocardiograms
ments, P values for RV/LV ratio and RV systolic pressure were calculated using Wilcoxon
McNemar-Bowker tests. LV, left ventricle; RV, right ventricle; SD, standard deviation.



Figure 2.
Dyspnea and quality-of-life measures. (A) Dyspnea was evaluated at baseline and 48-hour and 30-day follow-up visits using mMRC assessments in which a higher score is equivalent
to more severe dyspnea. (B) Quality of life was evaluated using PEmb-QoL questionnaires collected at 48-hour and 30-day follow-ups. An outlier PEmb-QoL score at 30 days is
indicated. From available paired measurements, P values for dyspnea were calculated using McNemar-Bowker tests, and the P value for quality of life was calculated using a Wilcoxon
signed-rank test. mMRC, Modified Medical Research Council; PEmb-QoL, pulmonary embolism quality of life.
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bleeding and intracranial hemorrhage after systemic fibrinolytics for PE
were 9.2% to 9.9% and 1.5%, respectively, and recent evidence sug-
gests that the frequencies are greater in high-risk patients.1,4,7,19 By
contrast, there were no major bleeds, intracranial hemorrhages, or
all-cause mortalities by the 30-day visit after MT in this study.

Given the historical in-hospital mortality rate of nearly 30%, it is
highly clinically relevant that there were no acute mortalities in any of
the 63 patients with high-risk PE in this multicenter registry. It is possible
Central Illustration.
Acute outcomes after mechanical thrombectomy for high-risk PE. (A) Diagram of a Triever ca
monary artery. (B) Thromboemboli removed from pulmonary arteries in a case example, wit
monary artery; PE, pulmonary embolism.
that selection bias contributed to the low in-hospital and 30-day mor-
tality rates because patients with life expectancy <30 days were
excluded from the study, and patients with high-risk PE often have
complex comorbid conditions or sequelae of cardiogenic shock that
can lead to mortality even when the PE is effectively treated. None-
theless, all patients in this cohort were hemodynamically unstable, and
a low mortality rate after large-bore MT for high-risk PE is not unprec-
edented. The FLAME study (ClinicalTrials.gov identifier: NCT04795167)
theter from the FlowTriever System crossing the right heart for thrombectomy in a pul-
h (C) preprocedural and (D) postprocedural pulmonary angiograms presented. PA, pul-

http://ClinicalTrials.gov
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is a prospective, multicenter, and all-comer study designed to evaluate
outcomes for patients with high-risk PE after treatment with either the
FlowTriever System or alternative therapies. Fifty-three patients were
enrolled in the FlowTriever Arm of FLAME, and in close agreement with
the lack of all-cause mortalities in the current FLASH analysis, the in-
hospital mortality rate for these patients was low at 1.9%.20

Other studies have also demonstrated positive outcomes for pa-
tients with high-risk PE who were treated with the FlowTriever System. A
retrospective analysis of 34 patients with either high-risk or borderline
high-risk PE reported no clinical AEs attributable to large-bore MT
despite 18 (52.9%) patients presenting with high-risk disease and 16
(47.1%) being normotensive but with either depressed CI or respiratory
failure requiring intubation.21 There was only 1 (2.9%) mortality event in
that analysis, with all other patients surviving to a mean follow-up of 205
days. The investigators observed immediate improvements in vital
signs and hemodynamics. Altogether, these data support the conclu-
sion that the subset of high-risk patients who are deemed appropriate
candidates for thrombectomy based on the decision of the treating
physician or local PE response team, and who can be transported to the
catheterization laboratory for treatment with large-boreMT, experience
excellent mortality outcomes and low procedural complications.

The immediate hemodynamic improvement offered by this treat-
ment is likely key to the low mortality rate observed. Removal of emboli
using large-bore MT allows for rapid unloading of RV strain, resulting in
swift increases in CO and SBP. This reverses hemodynamic deteriora-
tion, leading to decreased RV oxygen demands, wall tension, and
dilatation. Patients correspondingly demonstrate rapid improvement of
hemodynamic parameters and dyspnea symptoms, as reported in this
analysis. Large-bore MT is a fast-acting intervention that is effective for
patients who can be stabilized for transportation to a catheterization
laboratory.20,21

Intravenous fibrinolytics also act quickly, and some high-risk patients
present with extreme urgency requiring immediate reperfusion therapy.
Systemic lysis may still be the optimal or only available approach in such
instances. However, systemic therapy is most effective for PE resulting
from thromboembolus formed within a few weeks of symptom onset.22

A postmortem histologic analysis of thromboemboli specimens from
the pulmonary arteries or deep veins of 140 subjects who experienced
fatal PE events found that only 34.3% of examined thromboemboli were
<1 week old, and 15.7% formed >2 months before patient death.23

Owing to a mechanism of action that does not rely on fibrinolytic
processes, the effectiveness of MT is less likely to be affected by
embolus chronicity. Combined with the obviation of significant major
bleeding risks associated with the administration of fibrinolytics, a
mechanical approach to treating patients with high-risk PE may be a
safer and more effective therapeutic option in many cases. The current
research and other recent data indicate that treatment with large-bore
MT leads to objectively low rates of acute mortality in high-risk PE for
candidate patients who can be successfully transported to a catheteri-
zation laboratory.
Limitations

The FLASH registry is limited by the lack of a comparator arm and
assessment relative to other PE therapies. Although all patients were
rigorously diagnosed with high-risk PE at the site level according to ESC
criteria for hemodynamic instability, the study database did not elicit or
capture the specific criterion used to arrive at the diagnosis. This limi-
tation in the database design precluded independent corroboration of
the reason for high-risk PE diagnosis in some patients. Screen failures
were not routinely collected; therefore, it cannot be confirmed that pa-
tients were not excluded for life expectancy <30 days owing to effects
from the index PE alone, introducing a source of potential selection bias.
In addition, owing to the high disease severity and urgent presentation
and the effects of the COVID-19 pandemic on clinical investigations,
>50% of patients consented to participate in the registry after proce-
dural completion. Although this allowed study sites to maximize the
inclusion of patients treated using the FlowTriever System, the consent
window design and high rate of postprocedural consenting introduces
the possibility of selection bias. Furthermore, and similar to most other
registries, a detailed treatment protocol was not specified, increasing
the potential for variability in procedures and outcome measurements.
Aside from AEs and their device or procedural relatedness, which were
centrally adjudicated by a third party, outcome measurements were
individually assessed by each site, presenting an additional source of
possible bias. Measurements collected after patient discharge may be
influenced by follow-up bias. In addition, 48-hour echocardiograms were
not required during some of the enrollment period owing to the
COVID-19 pandemic, leaving echocardiographic data available for only
a subset of patients.
Conclusions

In this analysis of all 63 patients with high-risk PE from the full US
cohort of the FLASH registry, there were noMAEs within 48 hours of MT.
The treatment resulted in immediate improvements in invasively
measured hemodynamics. All patients survived to 48 hours, and there
were no mortalities in the 96.8% of patients followed up through the
30-day visit despite significant risk of deterioration and death due to
hemodynamic instability. These findings indicate that MT has a highly
favorable safety profile and is rapidly effective in the context of patients
who can be stabilized for catheterization. Thus, MT using the FlowTri-
ever System could be considered as a viable frontline approach to
treating patients with high-risk PE.
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