®

OPEN ACCESS

» Additional supplemental
material is published online
only. To view, please visit
the journal online (http://dx.
doi.org/10.1136/jnis-2023-
020960).

For numbered affiliations see
end of article.

Correspondence to

Dr Albert J Yoo, Department of
Neurointervention, Texas Stroke
Institute, Plano, TX 75075, USA;
ajyoo74@gmail.com

Received 31 August 2023
Accepted 29 October 2023

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published

by BMJ.

To cite: Yoo AJ, Geyik S,
Froehler MT, et al.

J Neurolntervent Surg Epub
ahead of print: [please
include Day Month Year].
doi:10.1136/jnis-2023-

020960

Original research

New devices and techniques

Primary results from the CLEAR study of a novel stent
retriever with drop zone technology

Albert J Yoo
Christoph Johannes Maurer
Raul G Nogueira " Ricardo A Hanel
Laurent Spelle
Eugene Lin,® Marc Ribo
Aamir Badruddin," Adnan H Siddiqui
Shazam M Hussain

" Serdar Geyik,” Michael T Froehler © ?

* Tareq Kass-Hout,” Osama O Zaidat @,
8 Laurent Pierot ©
%" Demetrius Lopes, > Ameer Hassan, " Audrius Sirvinskas, "

,">"® Jordi Blasco,"” Muhammad Asif Tagj,"®

%2 Timothy R Miller ® %

% Diogo C Haussen,** Keith Woodward,** Christoph Groden,*®

6
9

Arturo Consoli,”’” M Imran Chaudry,”® Christian Ramsey,” Alberto Maud,*

Joshua Bentley,*" Arsida Bajrami,** Maher Sahnoun

Rishi Gupta®

ABSTRACT

Background Challenges to revascularization of large
vessel occlusions (LVOs) persist. Current stent retrievers
have limited effectiveness for removing organized
thrombi. The NeVa device is a novel stent retriever
designed to capture organized thrombi within the
scaffold during retrieval.

Objective To evaluate the safety and effectiveness of
revascularization of acute LVOs with the NeVa device.
Methods Prospective, international, multicenter, single-
arm, Investigational Device Exemption study to evaluate
the performance of the NeVa device in recanalizing LVOs
including internal carotid artery, M1/M2 middle cerebral
artery, and vertebrobasilar arteries, within 8 hours of
onset. Primary endpoint was rate of expanded Treatment
in Cerebral Ischemia (eTICl) score 2b—3 within 3 NeVa
passes, tested for non-inferiority against a performance
goal of 72% with a —10% margin. Additional endpoints
included first pass success and 90-day modified

Rankin Scale (mRS) score 0—2. Primary composite

safety endpoint was 90-day mortality and/or 24-hour
symptomatic intracranial hemorrhage (sICH).

Results From April 2021 to April 2022, 139 subjects
were enrolled at 25 centers. Median National Institutes
of Health Stroke Scale (NIHSS) score was 16 (IQR
12-20). In the primary analysis population (n=107),
eTICl 2b—3 within 3 NeVa passes occurred in 90.7%
(97/107; non-inferiority P<0.0001; post hoc superiority
P<0.0001). First pass eTICl 2b—3 was observed in
73.8% (79/107), with first pass eTICl 2b67-3 in 69.2%
(74/107) and eTICI 2¢=3 in 48.6% (52/107). Median
number of passes was 1 (IQR 1-2). Final eTICl 2b—3
rate was 99.1% (106/107); final eTICl 2b67-3 rate

was 91.6% (98/107); final eTICl 2c—3 rate was 72.9%
(78/107). Good outcome (90-day mRS score 0-2) was
seen in 65.1% (69/106). Mortality was 9.4% (13/138)
with sICH in 5.0% (7/139).

Conclusions The NeVa device is highly effective

and safe for revascularization of LVO strokes and
demonstrates superior first pass success compared with a
predicate performance goal.

23 Jens Fiehler 4%

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Mechanical thrombectomy for large vessel
occlusion (LVO) stroke is the standard of care;
however, revascularization in the context of
organized thrombi remains a challenge.

WHAT THIS STUDY ADDS

= Our investigation demonstrates that the NeVa
stent retriever is highly effective and safe
in the treatment of LVO stroke. In particular,
substantial reperfusion within three passes, first
pass success, 90-day good clinical outcomes,
and a composite of mortality and symptomatic
intracranial hemorrhage at 24 hours with the
NeVa are all equivalent or better than predicate
devices.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The NeVa stent retriever offers a safe and
effective alternative to available thrombectomy
devices, and shows superior first pass success
when compared with a predicate performance
goal.

Trial registration number NCT04514562.

BACKGROUND

Despite the proven benefit of stent retrievers, chal-
lenges to rapid revascularization of large vessel
occlusions (LVOs) in patients with acute ischemic
stroke persist. First pass reperfusion is associated
with the best clinical outcomes following throm-
bectomy.! ? Latest generation devices yield first pass
substantial reperfusion (eTICI 2b-3) in only half of
cases.>* A likely reason is that current stent retrievers
have limited effectiveness for removing organized,
firm thrombi, which are typically fibrin-rich.’
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The NeVa thrombectomy device (Vesalio LLC, Nashville,
USA) is a novel stent retriever designed with openings in the
basket cell structure (‘drop zones’) intended to capture orga-
nized thrombi within the central scaffold during retrieval.

The CLEAR study aimed to evaluate the safety and effective-
ness of revascularization of acute LVOs with the NeVa device.

METHODS

Study design

The data supporting the findings of this study are available on
reasonable request and with approval of the CLEAR investiga-
tors. The CLEAR study was a prospective, multicenter, open-
label, single-arm, Food and Drug Administration (FDA)-regulated
Investigational Device Exemption study to evaluate the safety,
performance, and effectiveness of the NeVa device for recana-
lizing LVOs including the internal carotid artery, M1/M2 middle
cerebral artery, and vertebrobasilar arteries, within 8 hours of
stroke onset. The primary study hypothesis was to demonstrate
the substantial equivalence of the NeVa stent retrievers to other
commercially available devices. The performance goal was based
on two recent premarket studies of the EmboTrap (ARISE II
study) and Tigertriever (TIGER study) devices.**

The study leadership included a Clinical Events Committee
(CEC) and an imaging core laboratory. The CEC consisted
of three physicians who adjudicated key prespecified adverse
events. Information on key adverse events including death
during the trial, serious adverse events through 24 hours
postintervention, or unexpected adverse device effects was sent
to the CEC to determine procedure and device relatedness.
The imaging core laboratory (Eppdata, Hamburg, Germany)
provided independent assessment of digital subtraction angiog-
raphy (DSA) imaging obtained during endovascular treatment
to determine the presence and location of the LVO, degree of
reperfusion after each recanalization attempt (as applicable
after the first through the sixth attempt), and final reperfusion.
De-identified images were sent electronically from the site to
the core laboratory.

Population and participating centers

Informed consent was obtained from the patients or their
legally authorized representatives. Eligible patients had to be
aged 18 years or older and younger than 85 years with acute
ischemic stroke due to an LVO of the internal carotid artery,
middle cerebral artery M1 or proximal M2 segment, vertebral
artery, basilar artery, anterior cerebral artery, or posterior cere-
bral artery demonstrated on DSA. Thrombectomy had to be
initiated within 8 hours. Other key inclusion criteria included
failed IV tissue plasminogen activator (tPA) therapy (initiated
within 3hours of last known well) or contraindication to IV
tPA, baseline National Institutes of Health Stroke Scale (NIHSS)
score 8-25, pre-stroke modified Rankin Scale (mRS) score 0-1,
and imaging demonstrating a small-moderate baseline infarct
volume, defined as non-contrast CT Alberta Stroke Program
Early CT Score (ASPECTS) 6-10, or ischemic core volume
<50mL on CT perfusion or MRI diffusion imaging. In cases of
failed IV tPA, there was no waiting period to establish treatment
failure; patients with persistent deficits were taken immediately
for endovascular treatment. Key exclusion criteria were acute
intracranial hemorrhage, and stenosis or occlusion in a proximal
vessel requiring treatment or preventing access to the thrombus.
Full inclusion/exclusion criteria are provided in online supple-
mental table 1).

A total of 25 sites (16 sites in the USA and nine sites outside
the USA) were initiated and enrolled 139 subjects (online supple-
mental table 2).

Procedures

The NeVa stent retrievers consist of a self-expanding nitinol scaf-
folding attached to a push wire that can be delivered through a
microcatheter. The device scaffolding contains drop zone open-
ings that are intended to capture organized thrombus within the
scaffolding. Depending on the model, an expandable tip incor-
porates two or three drop zones. Multiple configurations of the
NeVa stent retrievers were available during the study.

DSA with anteroposterior and lateral views was performed at
the beginning of the intervention to document baseline occlu-
sion location, after each thrombectomy pass, and at procedure
end. Perfusion status was assessed using the expanded Treatment
in Cerebral Ischemia (eTICI) score. The first three device passes,
if applicable, were required to be performed with the NeVa stent
retriever, after which non-NeVa device therapy was allowed. In
cases where an eTICI score 2b—3 was obtained after the first or
second NeVa pass, non-NeVa device therapy could be performed
for the third pass for residual distal occlusions below the recom-
mended size range for NeVa (<2mm). The same Neva device
could be used for up to three passes for a maximum of six passes
per vessel in total. A smaller-sized NeVa device could be used
for residual distal occlusions, where appropriate, during the first
three attempts. Rescue therapy was defined as when the initial
target vessel occlusion required treatment with an approved
non-NeVa stent retriever or direct aspiration catheter.

Intravenous conscious sedation or general anesthesia was
administered to ensure subject safety and comfort. Proximal
balloon guide catheter aspiration or local aspiration through a
distal access catheter or both for flow control during the throm-
bectomy was at the treating physician’s discretion. Mechanical
pump aspiration was not permitted until after the third NeVa
pass.

Outcomes

Analysis populations

The intention-to-treat (ITT) population consisted of all subjects
in whom a NeVa device was introduced into their vasculature,
regardless of the ability to reach the target location. The safety
population was the same as the ITT Population.

The modified ITT (mITT) population was a subset of the ITT
population, in which subjects were treated with the M1S, 5.5, or
the T-3S NeVa devices (the devices for which FDA clearance was
sought; online supplemental table 3) for the primary occlusion,
and who met eligibility criteria. Study eligibility deviations were
reviewed and determined prior to database lock. As prespeci-
fied in the statistical analysis plan, the analysis of the primary
and secondary effectiveness endpoints was performed on the
mITT population while safety data were reported for the ITT
population.

Primary effectiveness endpoint

The study primary endpoint was the rate of €TICI 2b-3 (substan-
tial reperfusion) achieved within three NeVa passes for the
primary LVO, as determined by the core laboratory.

Primary safety endpoint

In the initial protocol, the primary safety endpoint was 90-day
stroke-related mortality. On regulatory request, this endpoint
was amended to include 90-day all-cause mortality and/or
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symptomatic ICH (sICH) at 24 hours postprocedure using the
European Cooperative Acute Stroke Study (ECASS) III definition
(any intracranial hemorrhage associated with =4 point increase
in NIHSS score or death that is attributable to the hemorrhage).®
This composite endpoint was used in the recent TIGER study,
where the incidence of all-cause mortality at 90 days and/or
sICH at 24 hours postprocedure in TIGER was 17.7% in their
mITT analysis.’

Secondary endpoints

Secondary effectiveness endpoints included core laboratory-
adjudicated rate of first pass successful reperfusion (eTICI
2b-3) and excellent reperfusion (eTICI 2¢-3), core laboratory-
adjudicated reperfusion rate to eTICI 2b-3 and to eTICI 2¢-3
at procedure end (after all thrombectomy attempts), and the
proportion of subjects treated with the NeVa devices with good
clinical outcomes (90-day mRS score 0-2).

Secondary safety endpoints were the incidence of neuro-
logical deterioration (=4 point increase in NIHSS score from
baseline to day 5-10 postintervention or discharge, whichever
was earlier), and the incidence of procedure- and device-related
serious adverse events (SAEs) through 24 hours postinterven-
tion as adjudicated by the CEC and defined as vessel perfora-
tion or dissection, sSICH, embolization to a new territory, access
site complication requiring surgical repair or blood transfusion,
intraprocedural mortality, in vivo device breakage, or any other
complications adjudicated by the investigator and sponsor to be
related to the procedure.

Statistical analysis

The primary statistical hypothesis was to demonstrate non-
inferiority of the NeVa device against a performance goal
based on comparator devices for achieving an eTICI score
=2b following three or fewer passes using only the NeVa for
the primary LVO, as determined by the core laboratory. This
hypothesis was tested in the mITT population (prespecified
effectiveness population). The performance goal of a 72% rate
of success was updated during the course of the study and repre-
sented the average success rate observed in the two most recent
FDA premarket clearance submissions (weighted by sample
size),® * and the non-inferiority margin was set at 10% to be
consistent with the aforementioned predicate device submis-
sions. The primary hypothesis was tested with a one-sided exact
binomial test, comparing the observed primary study endpoint
with the performance goal minus the non-inferiority margin
(ie, 72%-10%, or 62%) using a significance level of 2.5%. If
non-inferiority was demonstrated, a post hoc test of superiority
would be performed, using an exact binomial test comparing the
observed primary study endpoint with the performance goal of
72%. The primary study endpoint was also evaluated between
subgroups according to occlusion site, NeVa device model, the
use of flow control strategies (balloon guide catheter or interme-
diate catheter), use of IV tPA, use of antithrombotics (heparin
or antiplatelet medication), sex, and geographic location (in the
USA vs outside the USA) using a Fisher’s exact test for equality
of proportions.

The primary safety endpoint of 90-day all-cause mortality
and/or 24-hour sICH in the ITT population (prespecified safety
population) was compared against a performance goal of 17.7%.
No formal statistical testing was conducted for the safety anal-
yses. For the secondary effectiveness endpoints in the mITT
population, the rates of first pass eTICI=2b and eTICI=2¢ were
compared with performance goals from the TIGER study (57.8%
and 41.4%, respectively).® Similarly, the rates of eTICI=2b and

eTICI=2c after all passes were compared with the corresponding

TIGER rates (95.7% and 71.8%, respectively). The 90-day mRS

score 0-2 rate in the mITT population was compared against

the 54.7% rate in TIGER. To control study-wise type I error as

required by the FDA, hypothesis testing of the key secondary

endpoints was conducted using a gatekeeping procedure, wherein

the secondary effectiveness analyses would be performed only if

the primary effectiveness endpoint comparison was statistically

significant. The secondary analyses used two-sided exact bino-

mial tests, each with an o of 0.05, and proceeded according to a

prespecified closed fixed-sequence procedure, which is described

below. This sequential procedure controls the overall type I error

at the 5% level and does not require adjustment of the o level of

each hypothesis test.

1. Non-inferiority of the NeVa stent retriever, then

2. Comparison of the rate of eTICI score =2b after the first
pass of the NeVa device with the TIGER rate of 57.8%. If the
comparison achieved statistical significance at the two-sided
0.05 level, then

3. Comparison of the rate of eTICI score =2b after all passes
with the TIGER rate of 95.7%. If the comparison achieved
statistical significance at the two-sided 0.05 level, then

4. Comparison of the rate of eTICI score 2c-3 after all passes
with the TIGER rate of 71.8%. If the comparison achieved
statistical significance at the two-sided 0.05 level, then

5. Comparison of the proportion of subjects treated with the
NeVa devices with 90-day good clinical outcomes (mRS
score <2) with the TIGER rate of 54.7%.

If at any step defined above, the comparison was not statisti-
cally significant at the two-sided 0.05 level, then the remaining
comparisons in the stated hierarchy would be considered
nominal, descriptive, and exploratory.

RESULTS

From April 1, 2021 to April 28, 2022, 139 subjects (ITT popu-
lation) consented to take part in the study and were treated at
16 centers in the USA (n=79; 56.8%)) and 9 centers outside the
US (n=60; 43.2%). (online supplemental figure 1) The mITT
population consisted of 107 subjects, including 73 (68.2%) at
16 USA sites and 34 (31.8%) at 9 sites outside the USA. Reasons
for excluding patients from the mITT population included major
protocol deviations (ie, eligibility criteria not met) in 20 subjects
and a non-mITT NeVa device used in 12 subjects (online supple-
mental table 4).

Baseline characteristics of the ITT and mITT populations are
shown in table 1. In the ITT population, mean*SD age was
66.7+12.8 years; 65 (46.8%) were female. Median NIHSS score
was 16 (IQR 12-20). Median ASPECTS was 9 (IQR 8-10). The
mean ischemic core volume was 17.7+18.4 mL for MRI (n=30)
and 18.0%+26.4 mL for CT perfusion (n=49). IV tPA was admin-
istered in 71 (51.1%) subjects.

Occlusions were 14 (10.1%) internal carotid artery, 86
(61.9%) M1, 37 (26.6%) M2, 1 (0.7%) basilar, and 1 (0.79%)
posterior cerebral artery in the ITT population. The median time
from last known well to arterial puncture was 202 min (IQR
138-294 min). General anesthesia was used in 36.7% (51/139),
and in most cases femoral access was used (95.7%; 133/139).
Flow-control strategies included balloon guide catheter (BGC)
alone in 14.4% of procedures, local aspiration alone in 64.0%,
combined BGC and local aspiration in 15.1%, and none in 6.5%.
Among the ITT population, three patients (2.2%) underwent
extracranial lesion aspiration, and two patients (1.4%) each
underwent angioplasty prior to or after intracranial intervention
and stent placement (table 1; online supplemental table 5).
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Table 1 Baseline and procedural characteristics of the intention-to-
treat and modified intention-to-treat populations

Parameter

ITT/safety (n=139)

miTT (n=107)

Age, mean (SD)
Female sex, n (%)
Ethnicity, n (%)
Hispanic or Latino
Not Hispanic or Latino
Not reported
Race, n (%)
White
Black
Asian
Not reported
Pre-stroke mRS score, median (IQR)
Baseline NIHSS score, median (IQR)
Baseline CT ASPECTS
Number of subjects
Median (IQR)
Baseline MRl ischemic core
Number of subjects
mL, mean (SD)
mL, median (IQR)
Baseline CT perfusion ischemic core
Number of subjects
mL, mean (SD)
mL, median (IQR)
Medical history, n (%)
Hypertension
Diabetes
Atrial fibrillation
Dyslipidemia
Smoking
Previous MI/CAD
Previous stroke
Previous TIA
IV tPA administration, n (%)
Primary occlusive lesion location, n (%)
Intracranial ICA
MCA-M1
MCA-M2
Basilar
PCA
Occlusion side (left)

Significant (>70%) extracranial stenosis
proximal to primary lesion

Procedural characteristics

Last known well to arterial puncture
(min), median (IQR)

General anesthesia, n (%)

Flow control strategies

66.7 (12.8)
65 (46.8%)

4(2.9%)
101 (72.7%)
34 (24.5%)

89 (64.0%)
25 (18.0%)
1(0.7%)
24 (17.3%)
0(0-1)

16 (12-20)

106
9 (8-10)

30
17.7 (18.4)
13 (5.4-26.0)

49
18.0 (26.4)
7(0-28.0)

103 (74.1%)

35 (25.2%)
62/138 (44.9%)
58 (41.7%)

39 (28.1%)

24 (17.3%)
24/138 (17.4%)
9 (6.5%)

71 (51.1%)

14 (10.1%)
86 (61.9%)
37 (26.6%)
1(0.7%)
1(0.7%)
71 (51.1%)
2 (1.4%)

202 (138-294)

51 (36.7%)

65.1(13.2)
45 (42.1%)

3 (2.8%)
84 (78.5%)
20 (18.7%)

72 (67.3%)
22 (20.6%)
1(0.9%)
12 (11.2%)
0(0-0)

16 (12-20)

92
9 (8-10)

12
14.4 (11.0)
14 (5.5-24.0)

42
17.5 (25.5)
8 (0-28.0)

79 (73.8%)

29 (27.1%)
43/106 (40.6%)
43 (40.2%)

27 (25.2%)

19 (17.8%)
21/106 (19.8%)
6 (5.6%)

59 (55.1%)

10 (9.3%)
66 (61.7%)
30 (28.0%)
1(0.9%)
0(0.0%)
57 (53.3%)
0(0.0%)

181 (131-252)

43 (40.2%)

Continued

Table 1 Continued

Parameter ITT/safety (n=139) mITT (n=107)
BGC use only, n (%) 20 (14.4%) 14 (13.1%)
Intermediate catheter use only, n (%) 89 (64.0%) 69 (64.5%)
BGC+intermediate catheter use, n (%) 21 (15.1%) 17 (15.9%)

ASPECTS, Alberta Stroke Program Early CT Score; BGC, balloon guide catheter;
CAD, coronary artery disease; ICA, internal carotid artery; ITT, intention-to-treat
population; MCA, middle cerebral artery; MI, myocardial infarction; mITT, modified
intention-to-treat population; mL, milliliters; mRS, modified Rankin Scale; NIHHS,
National Institutes of Health Stroke Scale; PCA, posterior cerebral artery; TIA,
transient ischemic attack; tPA, tissue plasminogen activator.

Primary effectiveness endpoint and reperfusion results

In the primary analysis mITT population, the NeVa device
achieved eTICI 2b-3 within three NeVa passes and without
rescue therapy in 90.7% (97/107; 95%CI 83.6% to 94.8%),
which was significantly higher than the non-inferiority goal of
62% (non-inferiority P<0.0001) and the performance goal of
72% (post hoc superiority P<0.0001); see figure 1A. Subgroup
analyses of the primary endpoint are shown in online supple-
mental table 6). The only significant difference was in sex, with
97.8% (44/45) women and 85.5% (53/62) men achieving eTICI
2b-3 within three NeVa passes without rescue (exploratory
P=0.04).

The rate of eTICI 2¢-3 within three NeVa passes and without
rescue therapy was 68.2% (73/107). First pass eTICI 2b-3
was observed in 73.8% (79/107; 95%CI 64.8% to 81.2%),
compared with the performance goal of 57.8% (P=0.0008).
First pass eTICI 2¢-3 rate was 48.6% (52/107; 95% CI 39.3%
to 58.0%), versus the performance goal of 41.4% (exploratory
P=0.13). Median number of passes was 1 (IQR 1-2).

In the mITT population, the proportion of subjects with
an eTICI score =2b following all passes without rescue was
95.3% (102/107; 95%CI 89.5% to 98.0%), compared with
the performance goal of 95.7% (exploratory P=0.85). The rate
of eTICI sore =2b following all passes including rescue was
99.1% (106/107; 95% CI 94.9% to 99.8%). The frequency of
eTICI score =2c¢ following all passes without rescue was 71.0%
(76/107; 95% CI 61.8% to 78.8%), which was also similar to the
performance goal of 71.8% (exploratory P=0.86). eTICI score
=>2c after all passes including rescue was observed in 72.9%
(78/107; 95% CI 63.8% to 80.4%).

Angiographic results in the ITT population were similar
(table 2).

Primary safety endpoint

In the ITT/safety population, the rate of the primary composite
safety endpoint of 90-day all-cause mortality and/or 24-hour
sICH was 12.2% (17/139; 95% CI 7.8% to 18.7%), which was
numerically less than the performance goal of 17.7%. A total of
13 patients (9.4%) had died by day 90, 7 patients (5.0%) expe-
rienced sICH within 24 hours of the procedure, and 17 patients
(12.2%) experienced at least one of these events.

Secondary endpoints
One subject was lost to 90-day follow-up. In the mITT popu-
lation; good outcome (90-day mRS score 0-2) was seen in
65.1% (69/106), compared with the performance goal of 54.7%
(exploratory P=0.03); see figure 1B. Additional clinical effec-
tiveness endpoints are shown in table 2.

Secondary and additional safety endpoints are shown in
table 3. Neurological deterioration was observed in four patients
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A

Reperfusion results in mITT population

eTICI 2b-3:73.8%

eTICI 2b67-3:69.2%

eTICl 2¢-3: 48.6%

First Pass 17.8 308
eTICI 2b-3:90.7%
el
€eTICI 2b-3:99.1%
Final (including rescue) 318 411
00 100 200 300 400 50.0 60.0 70.0 80.0 90.0 1000
Patients (%)
=0 w1 u2a u2b50 m2b67 2 3

No

Clinical outcomes in mITT population

mRS 0-2:65.1%

Complete reperfusion

90-day mRS

75 6.6 6.6

00 10.0 20.0 30.0 40.0

mo ml u2

50.0 60.0 70.0 80.0 90.0 100.0

Patients (%)
m3 4 5 6

Death

No symptoms

Figure 1

Reperfusion results and clinical outcomes in the modified intention-to-treat (mITT) population. (A) Distribution of expanded Treatment

in Cerebral Ischemia (eTICI) scores after the first NeVa pass, after up to three NeVa passes (without rescue therapy), and after all treatments.
(B) Distribution of 90-day functional outcomes on the modified Rankin Scale (mRS). mRS was available for 106 of the 107 subjects in the mITT group.

(2.9%; 95%CI 1.1% to 7.2%). Eight SAEs occurred in eight
subjects (5.8%) deemed definitely or possibly procedure-related,
and of these, six SAEs in six subjects (4.3%) deemed definitely or
possibly NeVa device-related. The NeVa-related SAEs consisted
of vasospasm (n=2), asymptomatic subarachnoid hemorrhage
(n=1), symptomatic subarachnoid hemorrhage (n=2), and
vessel perforation resulting in symptomatic intraparenchymal
hemorrhage (n=1). No unexpected adverse device effects were
reported. Additional information on CEC-adjudicated adverse
events is provided in the online supplemental materials. Safety
comparison between the I'TT and mITT populations is shown in
online supplemental table 10).

DISCUSSION

This prospective, multicenter study confirms that the NeVa
stent retrievers are highly effective and safe for the revascular-
ization of large vessel occlusions in acute ischemic stroke. The
NeVa device alone achieved substantial reperfusion within three
passes in 9 out of 10 patients, exceeding both the predefined
non-inferiority threshold and the performance goal based on the
regulatory trials of the predicate EmboTrap and TIGER devices.

In addition, this trial confirms that the NeVa device is superior
to the predicate device performance goal for first pass successful
reperfusion (eTICI 2b-3) in prespecified hierarchical testing.
The NeVa stent retrievers achieved first pass eTICI 2b-3 in more
than 7 out of 10 patients. This rate was more than 15% higher
than TIGER and more than 20% higher than ARISE I1.>*

The high rates of substantial and rapid reperfusion in the
CLEAR study translated to 90-day functional independence
in more than 6 out of 10 patients, which was superior to the
performance goal in exploratory testing and compares favorably
with other device registration studies. The CLEAR population
was similar to these comparator studies in the important base-
line characteristics of age, NIHSS score, premorbid mRS score,
extent of baseline ischemic injury (ASPECTS), rate of IV tPA
pretreatment, and occlusion level®> * 7 ® (online supplemental
table 11). Slightly more M2 occlusions and shorter time from
last seen normal to arterial puncture in CLEAR might have
further contributed to the favorable outcomes.

Virtually all CLEAR patients (99%) underwent substan-
tial reperfusion by the end of the procedure. Notably, the vast
majority (95%) of the primary occlusions were treated only with
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Table 2  Core laboratory-adjudicated reperfusion endpoints and clinical outcomes in intention-to-treat and modified intention-to-treat populations

Parameter

miTT (n=107)*

ITT/safety (n=139)

Primary effectiveness endpoint

Successful reperfusion (eTICI 2b—3) within three NeVa passes without rescue, n (%)

95% Wilson Score Cl
Secondary angiographic endpoints

Successful reperfusion (eTICI 2b-3) after first pass, n (%)

Excellent reperfusion (eTICl 2c=3) after first pass, n (%)

Successful reperfusion (eTICI 2b—3) after all passes without rescue, n (%)

Excellent reperfusion (eTICI 2c-3) after all passes without rescue, n (%)
eTICl outcomes within three passes without rescue

eTICl 2c=3 within three passes without rescue, n (%)

eTICl 2b67-3 within three passes without rescue, n (%)

0: No flow

1: Penetration, but not distal branch filling

2a: Partial reperfusion with incomplete (< 50%) or slow distal branch filling

2b50: Reperfusion of 50-66% of the territory
2b67: Reperfusion of 67-89% of the territory
2c: Reperfusion of 90-99% of the territory
3: Complete or 100% reperfusion
Other angiographic outcomes
eTICl 2b67-3 after first pass, n (%)
eTICl 3 after first pass, n (%)
Use of rescue therapyt, n (%)
Final eTICI 2b-3 including rescue, n (%)
Final eTICl 2b67-3 including rescue, n (%)
Final eTICI 2¢-3 including rescue, n (%)
Final eTICI grade with rescue
0: No flow
1: Penetration, but not distal branch filling

2a: Partial reperfusion with incomplete (< 50%) or slow distal branch filling

2b50: Reperfusion of 50-66% of the territory
2b67: Reperfusion of 67-89% of the territory
2c: Reperfusion of 90-99% of the territory
3: Complete or 100% reperfusion
Time from arterial puncture to first device pass (min), median (IQR)
Procedure duration (min), median (IQR)
Number of passes, median (IQR)
Secondary clinical endpoint
90-day good outcome (MRS score 0-2), n (%)
95% Wilson Score Cl
Other clinical outcomes
NIHSS score at 24 hours, median (IQR)
NIHSS score change from baseline to 24 hours, median (IQR)
NIHSS score at earlier of 5-10days or discharge, median (IQR)

NIHSS score change from baseline to 5-10days or discharge, median (IQR)
*mITT was the primary effectiveness population.

97 (90.7%)
(83.6%, 94.8%)

79 (73.8%)
52 (48.6%)
102 (95.3%)
76 (71.0%)

73 (68.2%)
89 (83.2%)
6%)
.0%)
7%)
16 (15.0%)
32 (29.9%)
41 (38.3%)

605
0(0
40
8 (7.5%)
6
2

74 (69.2%)
33 (30.8%)
4 (3.7%)
106 (99.1%)
98 (91.6%)
78 (72.9%)

0(0.0%)
0(0.0%)
1(0.9%)
8(7.
20
34
44
18
32

69/106 (65.1%)
(55%, 74%)

4(1-8)
-10 (15 to -5)
2 (0-5)
=11 (=17 to -8)

125 (89.9%)
(83.8%, 93.9%)

95 (68.3%)
65 (46.8%)
132 (95.0%)
104 (74.8%)

100 (71.9%)
117 (84.2%)
8(5.8%)
0(0.0%)
6 (4.3%)
8 (5.8%)

17 (12.2%)
43 (30.9%)
57 (41.0%)

89 (64.0%)
42 (30.2%)
5 (3.6%)
137 (98.6%)
126 (90.6%)
106 (76.3%)

0 (0.0%)
0(0.0%)

2 (1.4%)
11 (7.9%)
20 (14.4%)
45 (32.4%)
61 (43.9%)
18 (11-25
35 (22-52
1(1=2)

)
)

87/138 (63.0%)
(54%, 71%)

4(1-10)

-9 (=15 to -5)
2 (0-6)

=11 (=17 to -7)

tRescue therapy is defined as when the initial target vessel occlusion required treatment with an approved non-NeVa stent retriever or direct aspiration catheter.
eTICl expanded Treatment in Cerebral Ischemia; ITT, intention-to-treat population; mITT, modified intention-to-treat population; mRS, modified Rankin Scale score; NIHSS,

National Institutes of Health Stroke Scale.
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Table 3 Safety endpoints in the intention-to-treat population
Total (n=139)

Parameter

Primary safety composite endpoint

Percent of subjects deceased at day 90 and/or 17 (12.2%)

experiencing sICH at 24 hours postprocedure, n (%)
95% Cl

Secondary and other safety endpoints

(7.8% to 18.7%)

13/138* (9.4%)
(95% Cl 5.6% to 15.5%)

Percent of subjects deceased at day 90

Percent of subjects experiencing sICH at 24 hours 7 (5.0%)

AR (95% CI: 2.5% to 10.0%)
Percent of subjects with >4 point increase in NIHSS 7 (5.0%)

score at 24 hours postprocedure (95% Cl 2.5% to 10.0%)
Percent of subjects with >4 point increase in NIHSS 4(2.9%)

score at day 5-10/discharge (95% C1 1.1% to 7.2%)
Procedure-related serious adverse events, n (%) 8(5.8%)

NeVa device-related serious adverse events, n (%) 6 (4.3%)

*One subject lost to follow-up at day 90.
.NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic intracranial
hemorrhage.

the NeVa device. The rate of rescue therapy was approximately
49%. The high rate of first pass successful reperfusion and the low
use of rescue devices in CLEAR support the idea that NeVa is
effective across the spectrum of thrombus types, including firm,
highly organized thrombi, which are often recalcitrant to stent
retriever thrombectomy. Traditional stent retrievers have diffi-
culty sufficiently embedding within firm thrombi to allow for
effective retrieval.” The NeVa device addresses this challenge by
capturing organized thrombi en bloc through openings in the
stent structure known as drop zones.

BGC use has been associated with higher rates of first pass
and final revascularization, shorter procedure times, and better
clinical outcomes.” Flow arrest may also reduce the chances of
distal embolization and embolization to a new territory. BGC use
was low in CLEAR (29.5%), which was similar to the TIGER
study (29.99%) and much less than in ARISE II (73.6%). Despite
the paucity of BGCs, NeVa resulted in superior revascularization
rates, fast times to reperfusion (median procedure duration of
32 min, median of one pass), and no cases of emboli to new terri-
tory, which further supports the effectiveness of the drop zone
technology for more complete, three-dimensional thrombus
capture within the stent scaffolding.

There is growing adoption of €TICI 2¢-3 as an effectiveness
benchmark.? Using this more rigorous threshold, the first pass
eTICI 2¢-3 rate of 48.6% after one pass in CLEAR was numer-
ically higher than both TIGER (41.4%) and ARISE II (40%).
Recent work suggests that a more optimal reperfusion target
may be eTICI 2b67-3. A re-adjudication of angiographic data
from the HERMES (Highly Effective Reperfusion Evaluation in
Multiple Endovascular Stroke trials) meta-analysis demonstrated
significantly better outcomes after 2b67 (67-89%) reperfusion
than after 2b50 (50-66%), and outcomes between 2¢ and 2b67
were nearly identical with a common OR for mRS score shift of
1.02 (95% CI 0.70 to 1.46; P=0.934).'° Unlike previous device
registration trials, CLEAR captured prospective core laboratory
evaluation of eTICI 2b67. Using this updated benchmark, the
NeVa device yielded impressive rates of eTICI 2b67-3: 69.2%
after one pass, 83.2% after three passes (without rescue), and
91.6% at procedure end.

The safety outcomes of the NeVa device were in line with the
predicate device studies. The 5% rate of symptomatic hemor-
rhage in CLEAR was slightly more than TIGER (1.7%) but
similar to ARISE II (5.39%). The 9.4% 90-day mortality was also
equivalent to ARISE II (9.0%) and less than TIGER (18.1%).
These results support a favorable benefit—risk profile of the
NeVa device for large vessel thrombectomy.

Limitations

The primary limitation of this study was the absence of an active
comparator device with randomized allocation. The single-arm
design of CLEAR used an objective performance goal derived
from previous device studies. This design limits the precision of
individual device comparisons. Additionally, the study design
prevented clinical and imaging adjudication blinded to device
type. To limit bias, clinical raters were certified in the endpoint
evaluations and were blinded to the details and outcome of the
thrombectomy procedure, and a core imaging laboratory was
used for the angiographic and imaging endpoints.

CONCLUSIONS

In this prospective, multicenter trial of a novel stent retriever
designed for three-dimensional thrombus capture, the NeVa
device achieved substantial reperfusion within three passes in 9
out of 10 patients, confirming non-inferiority over the prespec-
ified performance goal and demonstrating superiority over
historical rates reported in recent regulatory trials of established
devices. In addition, this trial confirmed that NeVa is superior
to a predicate device performance goal for first pass successful
reperfusion, which was achieved in more than 7 out of 10
patients in the study. Functional independence at 90 days was
achieved in two-thirds of CLEAR patients.

Author affiliations

'Department of Neurointervention, Texas Stroke Institute, Plano, Texas, USA
“Department of Radiology, Istanbul Aydin Universitesj, Istanbul, Turkey
3Cerebrovascular Program, Vanderbilt University Medical Center, Nashville,
Tennessee, USA

“Department of Diagnostic and Interventional Radiology and Neuroradiology,
University Hospital Augsburg, Augsburg, Bayern, Germany

>Department of Medicine, University of Chicago, Chicago, Illinois, USA
6Department of Neuroscience, Mercy Health Saint Vincent Medical Center, Toledo,
Ohio, USA

"Department of Neurology, UPMC Stroke Institute, Pittsburgh, Pennsylvania, USA
®Department of Neurosurgery, Baptist Medical Center Jacksonville, Jacksonville,
Florida, USA

°Department of Radiology, University Hospital Reims, Reims, France

""NEURI The Brain Vascular Center, Bicetre Hospital Interventional Neuroradiology, Le
Kremlin-Bicetre, France

"paris-Saclay University Faculty of Medicine, Le Kremlin-Bicetre, France
"2Advocate Aurora Health Inc, Park Ridge, lllinois, USA

3Department of Neurology, Valley Baptist Medical Center - Harlingen, Harlingen,
Texas, USA

"Vilniaus universitetas, Vilnius, Vilnius, Lithuania

"SStroke Unit, Neurology, Hospital Vall d'Hebron, Barcelona, Spain

"®Medicina, Universitat Autonoma de Barcelona, Barcelona, Spain

""Department of Neurology, Hospital Clinic de Barcelona, Barcelona, Spain
18Department of Neurosurgery and Neurointervention, Vascular Neurology of
Southern California, Thousand Oaks, California, USA

19Communi’[y Healthcare System, Munster, Indiana, USA

“Department of Neurosurgery and Radiology and Canon Stroke and Vascular
Research Center, University at Buffalo Jacobs School of Medicine and Biomedical
Sciences, Buffalo, New York, USA

2WDepartment of Neurosurgery, Gates Vascular Institute, Buffalo, New York, USA
“Department of Radiology, University of Maryland Medical Center, Baltimore,
Maryland, USA

B(leveland Clinic Stroke Program, Cleveland Clinic, Cleveland, Ohio, USA
“Department of Neurology and Radiology, Emory University School of Medicine,
Atlanta, Georgia, USA

SFort Sanders Regional Medical Center, Knoxville, Tennessee, USA

Yoo Al, et al. J Neurolntervent Surg 2023;0:1-8. doi:10.1136/jnis-2023-020960



New devices and techniques

yniversitatsmedizin Mannheim, Mannheim, Germany

“Hopital Foch, Suresnes, Tle-de-France, France

28Department of Neurosurgery, Prisma Health, Greenville, South Carolina, USA
“Baptist Health Lexington, Lexington, Kentucky, USA

3%Department of Neurology, Texas Tech University Health Sciences Center El Paso, El
Paso, Texas, USA

31Southeast Health Medical Center, Dothan, Alabama, USA

32Department of Neurology, Istanbul Aydin Universitesj, Istanbul, Turkey

3CHU de Reims, Reims, Grand Est, France

3University Medical Center Hamburg-Eppendorf, Hamburg, Germany
35Eppdata GmbH, Hamburg, Germany

3%WWellstar Health System Inc, Marietta, Georgia, USA

Twitter Albert J Yoo @Albert)Yoo, Serdar Geyik @stroke, Marc Ribo @marcriboj and
Diogo C Haussen @diogohaussen

Contributors AJY, RG, RGN, 00Z, RAH, DL, KW, AH, LS, and LP provided input to
study design. All authors contributed to data acquisition. AJY and RG interpreted the
data and drafted the manuscript for intellectual content. All authors critically revised
the manuscript. All authors accept full responsibility for the work and conduct of
the study, had access to the data, and controlled the decision to publish.AJY is
responsible for the overall conduct as the guarantor.

Funding The study was funded by Vesalio. The study was designed with input from
an academic steering committee and used an independent imaging core laboratory,
independent statistician, and a clinical events committee. The sponsor provided
operational support with on-site and remote monitoring.

Competing interests AJY: consultant: Penumbra, Cerenovus, Vesalio, Zoll
Circulation, Philips Neurovascular; individual stocks/stock options: Nicolab;
ownership interest: Insera Therapeutics, Galaxy Therapeutics; research funding
(principal investigator (PI) or named investigator): Medtronic, Cerenovus, Penumbra,
Stryker, Genentech. LS: consultant: Balt, Medtronic, Microvention, Stryker; research
funding (Pl or named investigator): Philips. AH: consultant: Medtronic, Microvention,
Stryker, Penumbra, Cerenovus, Genentech, GE Healthcare, Scientia, Balt, Viz.

ai, Insera therapeutics, Proximie, NeuroVasc, NovaSignal, Vesalio, Rapid Medical,
Imperative Care. AS: consultant: Microvention, Stryker, Vesalio. AHS: consultant:
Amnis Therapeutics, Apellis Pharmaceuticals, Inc., Boston Scientific, Canon Medical
Systems USA, Inc., Cardinal Health 200, LLC, Cerebrotech Medical Systems, Inc.,
Cerenovus, Cerevatech Medical, Inc; inidividual stocks/stock options: Adona Medical,
Inc., Amnis Therapeutics, Bend IT Technologies, Ltd., BlinkTBI, Inc, Borvo Medical,
Inc., Cerebrotech Medical Systems, Inc., Cerevatech Medical, Inc., Cognition Medical,
Collavidence, I; other; Cerenovus EXCELLENT and ARISE Il Trial; Medtronic SWIFT
PRIME, VANTAGE, EMBOLISE and SWIFT DIRECT Trials; MicroVention FRED Trial;
CONFIDENCE Study; MUSC POSITIVE Trial; Penumbra 3D Separator Trial, Research
Funding (Pl or named investigator); co-investigator for NIH - TRO1EB030092-01,
Project Title: High speed angiography at 1000 frames per second; Mentor for

Brain Aneurysm Foundation Carol W. Harvey Chair of Research, Sharon Epperson
Chai. SG: Consultant; Stryker, Microvention, Medtronic. TRM: Advisor; Carpl Al.

MTF: advisor; Cerenovus; research funding (Pl or named investigator): Medtronic
Neurovascular; researcher: Stryker Neurovascular, Cerenovus, Rapid Medical. DCH:
consultant; Stryker Neurovascular, Cerenovus, Chiesi USA, Brainomix, Poseydon
Medical; individual stocks/stock options: VizAl and Motif; other: Jacobs Institute/
Medtronic, Vesalio., Frontiers in Neurology. MIC: advisor: Celt/Vasorum; consultant:
Microvention, Medtronic, Imperative Care, Q'Apel; individual stocks/stock options:
Imperative Care, Celt/Vasorum, Synchron, Endostream, Cerebrotech, Q'Apel, RIST,
Three Rivers Medical, Neuolutions, Radical Medical, Tulavi, viseon, VMT, Vastrax,
Serenity Medical. MF: consultant: Cerenovus, Balt, Jacobs Institute, Kai Medical,
Oculus; research funding (Pl or named investigator): Vesalio, Genentech, Siemens.
MS: consultant: Vesalio.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved

by WCG IRB(20202684); Community Healthcare System - Central IRB (CHS IRB
10.13.2020); TTUHSC El Paso Institutional Review Board (E21028); Prisma Health
Office of Human Research Protection - IRB/Committee (Pro00104109); Vanderbilt
IRB (210093); Cleveland Clinic IRB (21-343), Southeast Health Medical Staff
Services IRB GN/jb CMO (IRB 02102021); Emory University IRB (STUDY00001958);
Research Oversight and Education Mercy Health St. Vincent Medical Center (2021-
9); University of Chicago BSD IRB Committee A (IRB21-0373); Mayo Clinic IRB
(21-001164); Hospital Universitari Vall d"Hebron (PR(AG)395/2018), Germans Trias
i Pujol Hospital Comité d'Etica de la Investigacié (PI-19-168); Ethics Committee

(CEIm) of the Hospital Clinic de Barcelona (HCB/2019/0582); Ethik-Kommission I
der Universitat Heidelberg (2019-412M-§23b MPG); CPP IDF 7 Hopital de Bicétre
Commission nationale de I'informatique et des libertés (2019-A01023-54); Turkish
Medicines and Medical Devices Agency (B.30.2.AYD.0.00.00-05S0.06.04}18S); Ethics
Committee of the Bavarian State Medical Association (2019-412M-§23b MPG);
Lietuvos Bioetikos Komitetas (MP-21-2). Participants gave informed consent to
participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local requlations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Albert J Yoo http://orcid.org/0000-0002-7657-142X
Michael T Froehler http://orcid.org/0000-0003-1282-005X
Christoph Johannes Maurer http://orcid.org/0000-0002-0305-0797
Osama O Zaidat http://orcid.org/0000-0003-4881-4698
Raul G Nogueira http://orcid.org/0000-0003-4532-153X
Ricardo A Hanel http://orcid.org/0000-0001-7195-5806
Laurent Pierot http://orcid.org/0000-0002-2523-4909
Laurent Spelle http://orcid.org/0000-0002-6748-8528
Marc Ribo http://orcid.org/0000-0001-9242-043X

Adnan H Siddiqui http://orcid.org/0000-0002-9519-0059
Timothy R Miller http://orcid.org/0000-0003-1784-3402
Shazam M Hussain http://orcid.org/0000-0002-8506-7743
Maher Sahnoun http://orcid.org/0000-0001-5292-3622

REFERENCES

1 Zaidat 00, Castonguay AC, Linfante |, et a/. First pass effect: a new measure for stroke
thrombectomy devices. Stroke 2018;49:660-6.

2 Yoo AJ, Soomro J, Andersson T, et al. Benchmarking the extent and speed of
reperfusion: first pass TICI 2C-3 is a preferred endovascular reperfusion endpoint.
Front Neurol 2021;12:669934.

3 Gupta R, Saver JL, Levy E, et al. New class of radially adjustable stentrievers
for acute ischemic stroke: primary results of the multicenter TIGER trial. Stroke
2021;52:1534-44.

4 Zaidat 00, Bozorgchami H, Ribd M, et al. Primary results of the multicenter ARISE
II'study (analysis of revascularization in ischemic stroke with EmboTrap). Stroke
2018;49:1107-15.

5 van der Marel K, Chueh J-Y, Brooks OW, et al. Quantitative assessment of device-clot
interaction for stent retriever thrombectomy. J Neurointerv Surg 2016;8:1278-82.

6 Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with alteplase 3 to 4.5 hours after
acute ischemic stroke. N Engl J Med 2008;359:1317-29.

7 Nogueira RG, Lutsep HL, Gupta R, et a/. Trevo versus Merci retrievers for
thrombectomy revascularisation of large vessel occlusions in acute ischaemic stroke
(TREVO 2): a randomised trial. Lancet 2012;380:1231-40.

8 Saver JL, Jahan R, Levy El, et al. Solitaire flow restoration device versus the Merci
retriever in patients with acute ischaemic stroke (SWIFT): a randomised, parallel-
group, non-inferiority trial. Lancet 2012;380:1241-9.

9 Baek J-H, Kim BM, Kang D-H, et a/. Balloon guide catheter is beneficial in
endovascular treatment regardless of mechanical recanalization modality. Stroke
2019;50:1490-6.

10 Liebeskind DS, Bracard S, Guillemin F, et a/. eTICI reperfusion: defining success in
endovascular stroke therapy. J Neurointerv Surg 2019;11:433-8.

Yoo Al, et al. J Neurolntervent Surg 2023;0:1-8. doi:10.1136/jnis-2023-020960


https://twitter.com/AlbertJYoo
https://twitter.com/stroke
https://twitter.com/marcriboj
https://twitter.com/diogohaussen
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7657-142X
http://orcid.org/0000-0003-1282-005X
http://orcid.org/0000-0002-0305-0797
http://orcid.org/0000-0003-4881-4698
http://orcid.org/0000-0003-4532-153X
http://orcid.org/0000-0001-7195-5806
http://orcid.org/0000-0002-2523-4909
http://orcid.org/0000-0002-6748-8528
http://orcid.org/0000-0001-9242-043X
http://orcid.org/0000-0002-9519-0059
http://orcid.org/0000-0003-1784-3402
http://orcid.org/0000-0002-8506-7743
http://orcid.org/0000-0001-5292-3622
http://dx.doi.org/10.1161/STROKEAHA.117.020315
http://dx.doi.org/10.3389/fneur.2021.669934
http://dx.doi.org/10.1161/STROKEAHA.121.034436
http://dx.doi.org/10.1161/STROKEAHA.117.020125
http://dx.doi.org/10.1136/neurintsurg-2015-012209
http://dx.doi.org/10.1056/NEJMoa0804656
http://dx.doi.org/10.1016/S0140-6736(12)61299-9
http://dx.doi.org/10.1016/S0140-6736(12)61384-1
http://dx.doi.org/10.1161/STROKEAHA.118.024723
http://dx.doi.org/10.1136/neurintsurg-2018-014127

	Primary results from the CLEAR study of a novel stent retriever with drop zone technology
	Abstract
	Background﻿﻿
	Methods
	Study design
	Population and participating centers
	Procedures
	Outcomes
	Analysis populations
	Primary effectiveness endpoint
	Primary safety endpoint
	Secondary endpoints

	Statistical analysis

	Results
	Primary effectiveness endpoint and reperfusion results
	Primary safety endpoint
	Secondary endpoints

	Discussion
	Limitations

	Conclusions
	References


