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Introduction: Single-pass complete reperfusion using stent retrievers has been shown
to improve functional outcome in patients with large vessel occlusion strokes. The aim
of this study was to investigate the optimal size of stent retrievers to achieve one-pass
complete reperfusion by mechanical thrombectomy.

Methods: The study evaluated the results of aspiration-assisted mechanical
thrombectomy of acute isolated occlusion of the middle cerebral artery in the M1 segment
with a novel 5 x 40-mm stent retriever compared to the usual 4 x 20-mm device.
Reperfusion status was quantified using the Thrombolysis In Cerebral Infarction (TICI)
scale. We hypothesized that thrombectomy of M1 occlusions with 5 x 40-mm stent
retriever yields higher rates of complete first-pass reperfusion (FP) (TICI >2c after one
pass) and successful or modified FP (mFP) (TICI >2b after one pass) than thrombectomy
with 4 x 20. We included isolated M1 occlusions treated with pRESET 5 x 40 (phenox)
as first-choice device for thrombectomy and compared with M1 occlusions treated with
pRESET 4 x 20. We excluded patients with additional occlusions or tandem stenosis or
who received an intracranial stent or angioplasty as a part of the endovascular treatment.

Results: One hundred thirteen patients were included in the 4 x 20 group and
57 patients in the 5 x 40 group. The 5 x 40 group achieved higher FP compared
to 4 x 20 group [61.4% (35 of 57 patients) vs. 40.7% (46 of 113), respectively;
adjusted odds ratio (OR) and 95% confidence interval (95% Cl) = 2.20 (1.08-4.48),
p = 0.030] and a higher mFP [68.4%, 39 of 57 patients vs. 48.7%, 55 of 113;
adjusted OR (95% Cl) = 2.11 (1.04-4.28), p = 0.037]. Frequency of successful
reperfusion (TICI >2b) was similar in both groups (100 vs. 97.3%), but frequency of
complete reperfusion (TICI >2c) was higher in the 5 x 40 group [82.5 vs. 61.9%,
adjusted OR (95% CI) = 2.47 (1.01-6.04), p = 0.047]. Number of passes to achieve
reperfusion was lower in the 5 x 40 group than in the 4 x 20 group [1.6 + 1.1
vs. 2 + 1.4, p = 0.033; adjusted incidence rate ratio (95% CI) = 0.84 (0.69-1.03),
p = 0.096]. Modified Rankin scale at 90 days was similarin 5 x 40 and 4 x 20 groups.
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Retriever Size and First-Pass in M1-Occlusions

Conclusions: The size of stent retriever matters in acute M1 occlusions treated with
aspiration-assisted mechanical thrombectomy. A longer stent retriever with a larger
nominal diameter achieves a higher complete and successful FP and higher successful
reperfusion compared to a shorter stent retriever.

Keywords: first-pass, stroke, thrombectomy, reperfusion, stent retriever, large vessel occlusion, pPRESET

INTRODUCTION

Mechanical thrombectomy has become standard of care
for patients with acute ischemic stroke and large vessel
occlusion (LVO). The goal of the thrombectomy is to achieve
reperfusion as early as possible to maximize the probability
of good functional clinical outcome (1). Although a successful
reperfusion, measured after endovascular treatment as a
Thrombolysis In Cerebral Infarction (TICI) >2b score in the
angiography, was the initial goal, a complete reperfusion TICI
3 is associated with greater neurological improvement during
hospitalization, better functional outcome at 90 days, and
reduced infarct growth (2, 3); moreover, increasing degrees
of reperfusion associate better clinical outcome (4). Therefore,
achieving TICI 2¢ or 3 should be the new aim of mechanical
thrombectomy for anterior circulation (5).

The first-pass effect (FPE), restoring a complete or near-
complete reperfusion (TICI 2¢-3) in a single pass, is an
independent predictor of good clinical outcome (6-8). FPE is
also associated with lower healthcare resources use and lower
estimated costs (8), and therefore, it should be pursued as the new
goal of the endovascular treatment of LVO with thrombectomy
devices. Thrombectomy with stent retriever under aspiration has
shown higher rates of first-pass reperfusion (FP) (9) or similar
(10) compared to direct aspiration.

There are no recommendations regarding size selection of
stent retriever for thrombectomy, and this remains at the
discretion of the neurointerventionalist. Larger devices have
shown in vitro a higher frequency of complete clot removal
(11, 12). Use of longer stent retrievers (30-40 mm) was found to
be an independent predictor of FP in internal carotid artery (ICA)
and middle cerebral artery (MCA) occlusions in comparison to
shorter stent retrievers (20 mm) by equal diameter, enhancing
the idea that longer retrievers offer a larger surface area of
interaction with the thrombus reducing the possibility of leaving
a clot behind (13). A longer stent retriever (4 x 40) showed the
highest frequency of FP compared with larger diameter (6 x
30) and shorter stents (4 x 20) in ICA, MCA-M1, and MCA-
M2 occlusions (14). In vitro, it was reported that longer stent
retrievers (6 x 40 vs. 6 x 30) achieve higher FP in fibrin-rich
clots (15). On the contrary, one study comparing diameter (4 vs.
6 mm) found no difference in reperfusion rate of ICA, MCA, and
anterior cerebral artery (ACA) occlusions (16), and others found
higher rates of modified FP (mFP) (TICI >2b) in the MCA with
short stent retrievers (20 mm vs. others) (17).

Our aim is to describe results of thrombectomy of
acute isolated M1-MCA occlusions with a new longer size
of stent retriever (5 x 40) compared to the usual size

used in our center (4 x 20) (18). We hypothesized that
thrombectomy of M1 occlusions with a 5 x 40 stent
retriever is associated with higher rates of angiographic
FP than thrombectomy with a 4 x 20 stent retriever.

MATERIALS AND METHODS

Patient Population

Using a prospective stroke registry, where we collect all
the patients referred to our interventional neuroradiology
department in order to receive endovascular treatment, we
identified the patients with isolated occlusion of MCA in
M1 segment treated with pRESET 5 x 40 (phenox, Bochum,
Germany), with 5-mm diameter and 40-mm length as first-choice
device. The new size of stent retriever is also recommended,
as 4 x 20, for 2-mm vessel diameter and was available in our
center from December 2019. Until then, we had used pRESET
4 x 20, with 4-mm diameter and 20-mm length as standard stent
retriever for thrombectomy in M1 occlusions. Since November
2019, both sizes had been used in our center for thrombectomy
in M1 occlusions at the discretion of the neurointerventionalists.
We compared patients with acute M1 occlusions treated with 5
x 40 as first-choice device with those patients with M1 occlusion
treated with 4 x 20 as first-choice device the previous year
(December 2018 to November 2019). For the period where both
sizes were available, there was a tendency to use the size 5 x
40. Therefore, we did not find comparable patients treated with
the size 4 x 20 during this period, suggesting a selection bias
could occur. We excluded patients with additional occlusions
or tandem stenosis or who received an intracranial stent or
angioplasty as a part of the endovascular treatment.

The new size of stent retriever pRESET 5 x 40 was used
between November 2019 and October 2020 in 89 patients with
MCA occlusions: 9 were M2-MCA occlusions, and 80 were
MI1-MCA occlusions. From eligible M1-MCA occlusions: 57
were included in the present study (representing group 5 x
40), and 23 were excluded: 11 because of additional occlusions
(9 tandem M1-ICA, 1 tandem A2-M1-ICA, 1 A2-M1) and 12
because an intracranial stent and/or angioplasty was needed
(10 patients: proved intracranial stenosis, 2 patients: dissection
after thrombectomy or intracranial stenosis). For the comparison
group of M1-MCA occlusions treated with pRESET 4 x 20,
we selected all the consecutive patients between December 2018
and November 2019. From 126 M1 occlusions treated over the
mentioned period with 4 x 20: 113 were included (representing
group 4 x 20), and 13 were excluded: 3 because of additional
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occlusion, 5 because pRESET LT was used, and 5 because
intracranial stenting and/or angioplasty was performed.

Our hospital is a certified comprehensive stroke center,
providing endovascular service for 13 regional stroke units.
The local ethics committee approved the data collection and
analysis. We treat patients initially presented to our hospital or
patients referred from other hospitals [with or without previous
intravenous (IV) recombinant tissue plasminogen activator
(rtPA)]. In our center, all stroke patients with LVO are eligible
for mechanical thrombectomy. If there are no contraindications,
IV rtPA is administered in eligible patients, according to clinical
guidelines (1). We perform computed tomography (CT), CT
angiography (CTA), and CT perfusion. Presence or absence
of mismatch in CT perfusion is informative and does not
preclude the treatment. In the case of unknown onset time,
magnetic resonance (MR) with MR angiography (MRA) is the
preferred imaging modality. Patients referred from other centers
receive CT-CTA or MR-MRA. Patients with acute LVO are
considered for endovascular treatment under real life conditions,
without exclusion regarding age, baseline National Institute of
Health Stroke Scale, time of stroke onset, comorbidities, baseline
functional status prestroke, or Alberta Stroke Program Early CT
Score (ASPECTS; all included patients had ASPECTS >4) as
long as the joint assessment of neurology and neuroradiology
proposed a realistic chance for improvement.

Endovascular treatment is performed with a standardized
technique: 8F sheath, 8F guiding catheter, thrombectomy
with stent retriever pRESET (phenox) in a 0.021-inch inner-
diameter microcatheter [usually Trevo 18 (Stryker) or Velocity
(Penumbra)] under proximal aspiration with a distal access
catheter (DAC), such as Sofia (MicroVention) or ACE68
(Penumbra) catheters. A VacLok AT Vacuum Pressure Syringe
(Merit Medical) aspirates through DAC during thrombectomy
maneuver, when we advance DAC over the stent retriever at the
same time that thrombectomy is undergone. After removal of
the stent retriever, the DAC is left in M1 or M2 segments under
aspiration and after a while removed. Sometimes the DAC and
stent retriever are removed together under aspiration through
the guiding catheter. In the 5 x 40 group, we used as first DAC
Sofia Plus 6F (n = 30; 52.6%), Sofia 5F (n = 24; 42.1%), and
pHLO (phenox) (n = 3; 5.3%), and in the 4 x 20 group, Sofia
5F (n = 83; 73.5%), Sofia Plus 6F (n = 27; 23.9%), and ACE68
(n = 3; 2.7%). First DAC used differed between groups (p <
0.001). No balloon guiding catheter (BGC) was used. When more
passes were necessary, another DAC may have been used at the
discretion of the neurointerventionalist. The size of the first stent
retriever used was pRESET 5 x 40mm in the 5 x 40 group
and pRESET 4 x 20mm in the 4 x 20 group. When more
than one pass was needed, it could be done with the same stent
retriever or with another one according to the preference of the
operator, always according to anatomy and technical need. Other
stent retrievers used were registered. Intra-arterial (i.a.) rtPA after
thrombectomy was allowed: 2 patients (3.6%) with right M1
occlusions received i.a. rtPA after thrombectomy, both in the 5
x 40 group. All procedures were done under general anesthesia.
Procedural experience and skills were considered similar between
the neurointerventionalists.

Data on demographics, prestroke functional status [quantified
by the modified Rankin scale (mRS)], and vascular risk profile
were collected. The National Institute of Health Stroke Scale
(NIHSS) score before angiography was considered as baseline
neurological status. Last time seen well was considered stroke
onset if time was unknown or in wakeup stroke. Stroke cause
was defined, according to TOAST (Trial of ORG 101172 in Acute
Stroke Treatment) classification (19).

Imaging, Clinical, and Angiographic
Assessment
Presence of early ischemic changes on admission CT or MRI
[diffusion-weighted imaging (DWI)] and in control CT was
assessed using the ASPECT score (20). Vessel occlusion was
confirmed in primary imaging (CTA or MRA) and in the
diagnostic run of the angiography. For patients transferred
from other centers, primary imaging and time of imaging were
considered from imaging of the referring center. We repeat the
imaging after transfer to our center if hemorrhage is suspected
by a clinical deterioration of >4 points in NIHSS. Occlusion
of the MCA was differentiated into proximal, when thrombus
was seen in proximal or middle segment of M1 segment of
MCA and distal, when thrombus was seen in the distal third
of the MCA with distal or no lenticulostriate arteries or in
MCA bifurcation (21). Origin of the anterior temporal branch
from M1 segment was still considered M1 occlusion. Collateral
leptomeningeal status was assessed visually in CTA as previously
described (22) and graded as follows: grade 1 = absent collaterals,
grade 2 = less than the contralateral unaffected side, grade 3
= equal to the contralateral unaffected side, grade 4 = more
than the contralateral unaffected side, and grade 5 = exuberant.
The scale was dichotomized in “poor collaterals,” with less
collaterals than contralateral unaffected side (grades 1-2), and
“good collaterals,” with equal or greater collaterals to contralateral
unaffected side (grades 3-4, as no case was graded as 5). In
the angiography first run of the affected side, collaterals were
assessed according to the American Society of Interventional and
Therapeutic Neuroradiology/Society of Interventional Radiology
(ASITN/SIR) scale (23) graded as grade 0: no collaterals visible
at the ischemic site; grade 1 = slow collaterals to the periphery
of the ischemic site with persistence of some of the defects; grade
2 = rapid collaterals to the periphery of the ischemic site with
persistence of some of the defects and to only a portion of the
ischemic territory; grade 3 = collaterals with slow but complete
angiographic blood flow of the ischemic bed by the late venous
phase; and grade 4 = complete and rapid collateral blood flow
to the vascular bed in the entire ischemic territory by retrograde
perfusion. The five grades were dichotomized as score 0-2 “poor
collaterals” and score 3-4 “good collaterals.” If the first run was
not performed until the end of venous phase, it was considered
not valuable; this occurred in one case in the study.
Angiographic revascularization was assessed using the
modified Thrombolysis in Cerebral Infarction (TICI) score
in the final run of the angiography, measuring reperfusion in
downstream territory of the specific arterial occlusion, as follows:
grade 0 = no reperfusion; grade 1 = antegrade reperfusion past
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the initial occlusion, but limited distal branch filling with little
or slow distal reperfusion; grade 2a = antegrade reperfusion of
less than half of the occluded target artery previously ischemic
downstream territory; grade 2b = antegrade reperfusion of more
than half, but < 90% complete antegrade reperfusion; grade 2c
= near-complete reperfusion (90-99%) except for slow flow in
a few distal cortical vessels or presence of small distal cortical
emboli; and grade 3 = complete antegrade reperfusion, with an
absence of visible occlusion in all distal branches (4, 24, 25). TICI
>2b was considered successful reperfusion, and TICI >2c was
considered complete reperfusion. A reader reviewed all study
cases under blinded conditions and compared the score with the
score given the day of treatment. In the cases of discrepancy, a
third blinded reader decided the score.

FP complete reperfusion was defined as achieving a complete
reperfusion (TICI >2c) with a single thrombectomy device pass
(6, 14). TICI 2¢ was included with TICI 3, as substantial evidence
suggests that patients with LVO and a TICI 2c reperfusion after
treatment follow the same clinical course as patients with a TICI
3 reperfusion (4, 5, 26). FPE was described in patients with a
complete TICI 3 reperfusion after a single pass of thrombectomy,
but patients with TICI 2c reperfusion were also included in
the complete reperfusion category (6), with higher rates of
good clinical outcome. mFP or successful FP was defined as
achieving successful reperfusion (TICI >2b) after a single pass.
The numbers of thrombectomy passes were recorded. Vasospasm
after thrombectomy, dissection, or perforation was also recorded.

Furthermore, for each patient, we noted the following values:
time from stroke onset to IV rtPA, time to groin puncture (stroke
onset up to groin puncture), and time to recanalization (time to
first assessment of final recanalization). Duration of treatment
was the time from groin puncture to last run of angiography.

The clinical outcome was assessed as severity of disability
at 90 days according to the mRS. An mRS <2 was considered
a good clinical outcome (27). Further rates that were recorded
were mortality at 90 days, subarachnoidal hemorrhage (SAH),
and parenchymal hematoma (PH) [according to ECASS
Classification (28)] in imaging 24-36h after stroke or
symptomatic intracranial hemorrhage (SICH) confirmed
on neuroimaging (CT or MRI). A SICH was defined as any type
of intracerebral hemorrhage on posttreatment imaging with an
increase of at least 4 points on NIHSS (ECASS II) (28).

The primary outcome of our study was frequency of FP
and mFP. Secondary outcomes were frequency of complete
reperfusion (TICI >2c), number of passes of thrombectomy, and
favorable clinical outcome at 3 months.

Statistical Analysis
Metric variables were reported as mean with standard deviation
(SD) or median with interquartile ranges; categorical variables
were described by frequencies. Fisher exact test was used
for testing the null hypothesis that two categorical variables
were independent. Mann-Whitney U-test was used to compare
whether two groups differed regarding the distribution of a
metric variable.

For bivariate outcomes, logistic regression was used to
determine which characteristics influence the likelihood of

an event happening and Poisson regression to determine the
variables with an influence on N passes. For multivariate
analysis, variables that show a significant influence on the
outcome in the bivariate analysis were chosen (full model).
In addition, forward selection with a p-value threshold of
0.05 was used for further selection of variables in the
multivariate analysis.

The analysis was performed with Stata/IC 16.1 for Unix, and
the level of significance was set at a 0.05 level (two-sided).

RESULTS

A total of 113 patients were included in the 4 x 20 group and 57
patients in the 5 x 40 group. Baseline characteristics between the
4 x 20 and 5 x 40 groups, including age, gender, stroke etiology,
risk factors, mRS prestroke, NIHSS, ASPECTS, collateral status in
CTA and in angiography, and IV rtPA treatment, among others,
were comparable and are described in Table 1. As shown in
Figure 1 and Table 2, the 5 x 40 group achieved significantly
higher FP (61.4%, 35 of 57 patients) compared to the 4 x 20
group (40.7%, 46 of 113), unadjusted odds ratio (OR) [95%
confidence interval (95% CI)] = 2.32 (1.19-4.51), p = 0.014, and
adjusted OR = 2.20 (1.08-4.48), p = 0.030 (Table 3). Also the 5
x 40 group achieved a higher mFP (68.4%, 39 of 57 patients vs.
48.7%, 55 of 113), with unadjusted OR = 2.28 (1.15-4.53), p =
0.022, and adjusted OR = 2.11 (1.04-4.28), p = 0.037. Frequency
of successful reperfusion (TICI >2b) was similar in both groups
(4 x 20 vs. 5 x 40, 97.3% vs. 100%), but the frequency to achieve
complete reperfusion (TICI >2c) was higher in the 5 x 40 group
[4 x 20 vs. 5 x 40 (61.9% vs. 82.5%)] with unadjusted OR = 2.89
(1.30-6.43), p = 0.008, and adjusted OR = 2.47 (1.01-6.04), p =
0.047. Multivariate analysis is shown in Table 3.

Variables associated with FP in bivariate analysis
thrombectomy with a 5 x 40 stent retriever, better collaterals in
the angiography, absence of SAH, type of DAC used, older age,
higher ASPECTS on baseline imaging and at 24 h, lower duration
of treatment, and time to recanalization. mFP was associated
with better collaterals in angiography, absence of SAH, type of
DAC, higher ASPECTS after 24 h, lower duration of treatment,
and lower time to recanalization. FP was also associated in
bivariate analysis with good clinical outcome, OR = 2.28 (1.18-
4.38), p = 0.016, whereas mFP associated more frequently with
a good clinical outcome, OR = 1.94 (1-3.75), without reaching
statistical significance.

Variables associated with a complete reperfusion (TICI >2c)
in bivariate analysis were thrombectomy with a 5 x 40
stent retriever, better collaterals in the angiography, older age,
higher ASPECTS at 24h, lower number of passes with stent
retriever, lower time from onset to groin puncture, lower time
to recanalization, and lower duration of treatment. Complete
reperfusion was not associated with good clinical outcome at 90
days in the whole population [in TICI >2c 39.3% vs. not TICI
>2c¢ 28.3% good clinical outcome, OR = 1.64 (95% CI = 0.81-
3.34), p = 0.227]. But in patients with a prestroke mRS of 0,
achieving a TICI >2c is associated with 71.4% of good clinical
outcome at 90 days vs. achieving TICI 1-2b, which is associated

were
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TABLE 1 | pRESET 5 x 40 vs. pRESET 4 x 20 in M1-MCA occlusions: baseline characteristics.

pRESET 4 x 20 pRESET 5 x 40 p-value*
(n=113) (n =57)
Age (years), mean + SD 77.2+11.6 77.6 +£13 0.513
Gender male/female, n (%) 46 (40.7)/67 (59.3) 27 (47.4)/30 (52.6) 0.417
Cardioembolic etiology of stroke, n (%) 80 (70.8) 39 (68.4) 0.789
AF, n (%) 75 (66.4) 35 (61.4) 0.610
DM, n (%) 25 (22.1) 12 (21.1) 1
Hypercholesterolemia, n (%) 15(18.3) 9 (15.8) 0.648
Smoker, n (%) 6 (5.3) 6 (10.5) 0.220
Hypertension, n (%) 74 (65.5) 42 (73.7) 0.301
Cardiovascular disease, n (%) 48 (42.5) 24 (421 1
mRS prestroke: MRS <2/mRS >2, n (%) 89 (78.8)/24 (21.2) 44 (77.3)/13 (22.7) 0.377
Secondary transport, n (%) 82 (72.6) 45 (78.9) 0.456
Unknown onset, n (%) 42 (37.2) 19(33.3) 0.735
NIHSS, median [IQR] 14 [11-18] 16 [11-19] 0.193
ASPECTS on baseline, median [IQR] 9[8-10] 9[8-10] 0.597
Min-max 5-10 4-10
Collaterals CTA 0.103
Grade 1-2: poor collaterals, n (%) 34 (37.8) 25 (63.2)
Grade 3-4: equal or greater collaterals, n (%) 56 (62.2) 22 (46.8)
Collaterals angiography 0.241
Grade 0-2: poor collaterals, n (%) 45 (39.8) 17 (30.4)
Grade 3-4: good collaterals, n (%) 68 (60.2) 39 (69.6
M1-MCA occlusion site
Proximal/distal, n (%) 58 (51.3)/55 (48.7) 35 (61.4)/22 (38.6) 0.254
Left/right, n (%) 51 (45.1)/62 (54.9) 28 (49.1)/29 (50.9) 0.517
IV rtPA, n (%) 40 (35.4) 27 (47.4) 0.139
Time onset to IV rtPA, h, median [IQR] 1.8[1.2-2.7] 1.7[1.4-3.2] 0.706
Time imaging-groin puncture, h, median [IQR] 2.1[1.8-2.7] 2.4 [2-2.8] 0.187
Time onset-groin puncture, h, median [IQR] 4.2[3.1-7.4] 4.1[3-6.1] 0.513
Min-max 1.9-29.2 2-13.4
Time to recanalization, h, median [IQR] 5[3.8-7.8] 5.1[3.8-7.2] 0.869
Duration of treatment, h, median [IQR] 0.6 [0.4-0.9] 0.6 [0.4-1] 0.427

*Fisher exact test (qualitative variables); Mann-Whitney U-test (quantitative variables).

AF, atrial fibrillation; ASPECTS, Alberta Stroke Program Early Computed Tomography Score on baseline imaging; CTA, computed tomography angiography; DM, diabetes mellitus; IQR,
interquartile range; MCA, middle cerebral artery; min-max, minimum and maximum; mRS, modified Rankin scale; NIHSS, National Institute of Health Stroke Scale; IV rtPA, intravenous
recombinant tissue plasminogen activator; SD, standard deviation; secondary transport, patients with LVO referred from other hospitals (with or without previous IV rtPA).

with 38.1% of good clinical outcome at 90 days [OR = 4.06 (95%
CI = 1.19-13.82), p = 0.024].

Regarding use of first DAC (Figure 2) and taking into account
only Sofia, as the use of the other DACs is anecdotic, in the whole
study population, we found higher FP with Sofia 6F (59.6%)
vs. Sofia 5F (43%), p = 0.049. In the pRESET 4 x 20 group,
using Sofia 6F as first DAC compared to Sofia 5F associated
higher FP (55.6 vs. 37.3%, OR = 2.10, p = 0.018). In the
pRESET 5 x 40 group, there was no difference regarding FP
between both sizes of DAC. No differences were found between
the type of first DAC used and rate of complete reperfusion
(TICI >2c); although in the whole study population there was
a higher frequency of complete reperfusion with Sofia 6F as
first DAC used (78.9%) vs. Sofia 5F (64.5%), p = 0.074; 4
x 20 and 5 x 40, groups follow the tendency but without
statistical significance.

The number of passes to achieve reperfusion was lower in
the 5 x 40 group than in the 4 x 20 group (mean + SD =
2 + 14 vs. 1.6 £ 1.1, p = 0.033). In 39 patients of the 5 x
40 group, a single pass was sufficient. More than one pass was
needed in 18 patients (31.5%) in the 5 x 40 group and in 55
patients (48.6%) in the 4 x 20 group. In bivariate analysis, a lower
number of passes was associated with the use of the 5 x 40 device,
successful and complete reperfusion, age, and ASPECTS, whereas
a higher number of passes was associated with atrial fibrillation
and the presence of SAH in control CT. After adjusting for
relevant variables, the number of passes was not associated with
thrombectomy with the 5 x 40 retriever [incidence rate ratio =
0.84 (95% CI = 0.69-1.03), p = 0.096].

Regarding clinical outcome and safety variables, we did not
find differences between the 5 x 40 and 4 x 20 groups in mRS
at 90 days, mortality, ASPECTS 24 h after treatment, PH, SICH,
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90%

30%
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10%

0%
First-pass complete reperfusion (TICI>2c)

p 0.008
80% 82.5%
OR 2.28(1.15-4.51)
p 0.022
0,

0% OR 2.32(1.19-4.51)

p0.014 68.4%

et
60% A% 61.9%
50%
48.7%
40%
40.7%

First-pass successful reperfusion (TICI22b)

pRESET 4 x 20

FIGURE 1 | pRESET 5 x 40 vs. pRESET 4 x 20 in M1-MCA occlusions: primary and principal secondary outcomes. Abbreviations: M1-MCA, M1 segment of middle
cerebral artery; TICI, modified thrombolysis in cerebral infarction score; first-pass complete reperfusion (TICI >2c) and first-pass successful reperfusion (TICI >2b) are
abbreviated in text as FP and mFP, respectively. Statistics: Fisher exact test; odds ratio (OR) and 95% confidence interval (Cl).

OR 1.96 (1.01.-3.81)

Final reperfusion TICI22¢

PRESET 5 x 40

or SAH (Table 2). Incidence of vasospasm after thrombectomy
was similar in both groups (27.4% in group 4 x 20 and 22.8% in
group 5 x 40) (Table 2). Only one patient in the 4 x 20 group had
a perforation of the MCA after the third pass of thrombectomy,
and no embolization in a new territory or dissection in any group
was reported.

A good clinical outcome at 90 days was achieved in 35.1% of
patients in the 5 x 40 group and 36.3% in the 4 x 20 group (p
non-significant). Variables associated with good clinical outcome
were absence of atrial fibrillation, direct presentation in our
hospital, better collaterals in angiography, absence of SAH, FP,
younger age, higher ASPECTS prestroke and poststroke, lower
NIHSS at baseline, lower number of passes, and lower time from
imaging to groin puncture. FP was not independently associated
with good outcome at 90 days in the whole study population
in multivariante analysis. Taking into account only patients with
an mRS prestroke 0-2, achieving an FP-associated good clinical
outcome at 90 days occurred in 53.1% of patients, compared with
not achieving FP, which resulted in good clinical outcome in only
31% of patients [OR (95% CI) = 2.27 (1.11-4.65), p = 0.024].

DISCUSSION

We found a significantly higher FP (TICI >2c) for M1 occlusions
treated with thrombectomy under aspiration with longer stent

retriever compared to shorter stent retriever, 61.4 vs. 40.7%,
respectively. FP for all patients in both groups was 69.2%.
Although we assume that frequencies are not directly
comparable because of the nature of each study and different
patient characteristics, inclusion criteria, and techniques applied,
our reported frequencies of FP are higher than in the published
literature. FP frequency (TICI >2c) described for stent retriever
in M1 occlusions was 39.7% (Trevo, almost in 90% of cases) (9).
In the data of the NASA registry, for M1 occlusions, FP was
29% (Solitaire) (6), with younger and selected patients, in 2012
and 2013, and in the TRACK registry, FP was 22.3% for M1
occlusions (Trevo 4 x 20) (29). In the ASTER trial, FP in M1
occlusions was 31.2% with stent retriever or aspiration, within
6h of onset (10). In the STRATIS registry, FP was 40% (Solitaire
and Mindframe) (30). Recently, for LVO (including ICA, M1,
M2, and posterior circulation), 53% was reported, and for M1,
51% in the ARISE II study [clinical trial with EmboTrap device
(Cerenovus, Irvine, CA, USA) (8)]. Including ICA, MCA, and
other LVO localizations, although with 85.6% of M1 occlusions,
22.8% of FP was reported in anterior circulation strokes within
6 h of stroke onset treated with only stent retriever, or aspiration
or a combination of both (31). Some of these studies (9, 10)
include tandem occlusions or intracranial stenosis, or in other
studies, it is unknown, and these could be one factor influencing
the difference of frequencies as these lesions preclude a FP
because of the need for other maneuvers. If we had counted the
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TABLE 2 | pRESET 5 x 40 vs. pRESET 4 x 20 in M1 occlusions: safety parameters and clinical and angiographic outcomes.

pRESET 4 x 20 (n = 113)

pRESET 5 x 40 (n = 57)

p-value* OR (95% CI)

Safety and imaging

ASPECTS post, median [IQR], min—max 7 [5-9]1 0-10
PH, n (%) 5(4.5)8
SICH, n (%) 08
SAH, n (%) 18 (16.2)8
Vasospasm, n (%) 31(27.4)
Primary outcome
First-pass reperfusion (TICI >2c), n (%) 46 (40.7)
First-pass reperfusion (TICI >2b), n (%) 55 (48.7)
Secondary outcomes
No. of passes, mean + SD, min-max 2+1.4,1-9
TICI final, n (%)
0-2a 3(2.7)
2b, 3 110 (97.3)
TICI final >2¢, n (%) 70 (61.9)
mRS at 90 days, n (%)
mRS <2 41(36.3)
mRS >2 72 (63.7)
Mortality at 90, days, n (%) 35 (31)

7 [5-8] 1-10 0.342
0 0.168
O —
6 (10.5) 0.361
13 (22.8) 0.581
35 (61.4) 0.014 2.32 (1.19-4.51)
39 (68.4) 0.022 2.28 (1.15-4.53)
1.6+ 1.1, 1-6 0.033
0.552
0(0)
57 (100)
47 (82.5) 0.008
1
20 (35.1)
37 (64.9)
13 (22.8) 0.285

*Fisher exact test (categorical variables); Mann-Whitney U-test (metric variables). Significant p-value marked in bold.

S8Control CT 24 h after treatment was not undergone in two patients of group 4 x 20.

ASPECTS post, Alberta Stroke Program Early Computed Tomography Score 24 h after stroke; IQR, interquartile range; mRS, modified Rankin scale; mTE/aTE, aspiration and mechanic
thrombectomy; TICI, modified thrombolysis in cerebral infarction; OR 95% Cl, odds ratio und 95% confidence interval; PH, parenchymal hemorrhage; SAH, subarachnoid hemorrhage;

SD, standard deviation; SICH, symptomatic intracranial hemorrhage.

patients with dissection or intracranial stenosis, FP frequency
would still be high at 39% in the 4 x 20 group and at 50.7% in
the 5 x 40 group.

Independent predictors of FP in the literature were use of
BGC, better collateral grade (30, 32), site of occlusion with ICA-
terminus occlusion as worse predictor and M1 occlusion as
better predictor of FP (6, 30, 31), older age, lower systolic blood
pressure, a higher DWI-ASPECTS at admission, local anesthesia,
and combined first-line device strategy (31). We also found
pial collaterals in the angiography, as an independent predictor
of FP. Collaterals in acute stroke with LVO correlate with
outcome; good collaterals are associated more likely with smaller
core infarction, whereas poor collaterals associate larger core
infarctions and more rapid infarct growth. Good collaterals also
correlate with improved outcome after endovascular treatment
and a favorable response to it, with higher recanalization rate and
with less core infarct growth (33, 34). Angiographic collaterals
were associated in our study with FP, mFP, good clinical
outcome at 90 days, and complete reperfusion. Interobserver
and intraobserver agreement of collateral circulation grading
using the ASITN/SIR score was poor; a simplified dichotomized
evaluation was considered more reproducible (23), why we
decided to follow this suggestion. A possible explanation to a
higher FP frequency with better leptomeningeal collaterals in the
angiography could be that they provide a better definition of
length of the thrombus, which allows a better position of the stent
retriever related to the thrombus; also, good collaterals could

avoid thrombus progression as they exert a retrograde pressure
over the thrombus.

FP has been reported to be an independent factor for favorable
clinical outcome (6, 7), with rates of 90-day better clinical
outcome of 61.3% by FP TICI >2c (6) and rates of 67% by FP
TICI 3 (7), and is associated with lower mortality rate, reduced
hemorrhagic transformation, and procedural complications (10).
Our study did not find an association between FP and clinical
outcome, probably because of clinical characteristics of our
population, with a large proportion of patients (21%) older
than 85 years, almost 22% of patients with mRS prestroke >2,
10.6% with ASPECTS on baseline imaging <6 and long times
from stroke onset to groin puncture and to recanalization. We
observed that including patients with baseline mRS prestroke
>2 influenced this result, as patients in our study with mRS
prestroke 0-2 and FP had 53.1% of good clinical outcome at 90
days (good clinical outcome by FP and mRS prestroke 0, 71.4%;
by mRS prestroke 1, 57.9%; by mRS prestroke 2, 17.6%), similar
to previous publications.

Despite the observed association between size of stent
retriever and higher frequency of FP, the size of retriever was
not associated in our study with a favorable outcome at 90
days, and in our opinion, the size of the study population
could be one reason. Likewise, the STRATIS registry even with
a prestroke mRS >1 did not find an association between stent
retriever size and clinical outcome or mortality by comparable
final revascularization between groups (14).
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TABLE 3 | Preset 5 x 40 vs. pRESET 4 x 20 in M1-MCA occlusions: multivariate analysis.

Stepwise selection*

First-pass reperfusion (TICI >2c) OR (95% CI) p-value* OR (95% CI) p-value*
PRESET 5 x 40 vs. 4 x 20 2.20 (1.08-4.48) 0.030 2.18 (1.07-4.44) 0.032
Age (years) 1.03 (1-1.06) 0.052 1.08 (1-1.06) 0.035
ASPECTS basal 1.18 (0.93-1.49) 0.173 — —
Collaterals (angiography) 2.35 (1.15-4.76) 0.018 2.73 (1.37-5.43) 0.004
Time to recanalization 0.92 (0.84-1) 0.051 0.91 (0.83-0.99) 0.033
First-pass reperfusion (TICI >2b) OR (95% CI) p-value* OR (95% CI) p-value*
PRESET 5 x 40 vs. 4 x 20 2.11 (1.04-4.28) 0.037 2.11(1.04-4.28) 0.037
Collaterals (angiography) 1.96 (1.01-38.77) 0.045 1.96 (1.01-38.77) 0.045
Time to recanalization 0.91 (0.84-0.98) 0.014 0.91 (0.84-0.98) 0.014
Complete reperfusion, (TICI >2c) OR (95% CI) p-value* OR (95% CI) p-value*
PRESET 5 x 40 vs. 4 x 20 2.47 (1.01-6.04) 0.047 2.38 (1.01-5.60) 0.047
Age (years) 2.39 (1.16-4.93) 0.018 — —
No. of passes 0.64 (0.49-0.85) 0.002 0.62 (0.48-0.82) 0.001
Time to recanalization 0.99 (0.88-1.11) 0.862 - —
Collaterals (angiography) 2.39 (1.16-4.93) 0.018 2.15 (1.06-4.37) 0.035

*Statistics: logistic regression with forward selection (p-value threshold for adding a variable: 0.05). n = 169 (one patient had no valuable collaterals in angiography).
ASPECTS, Alberta Stroke Program Early Computed Tomography Score; NIHSS, National Institute of Health Stroke Scale; OR, odds ratio; Cl, confidence interval; mTICI, modified
Treatment In Cerebral Infarction score.

mFP no FP
100% I 1 I 1 [ 1
OR 1.96 (1.01-3.81) OR 2.10 (0.86-5.13) OR 1.04 (0.34-3.18)
90% p 0.0497 p 0.018 pl
7 37,5 36,7
80% 40,4 44,4
57
. 62,7
60%
50%
40%
%
30% 59,6 55,6
43

e 37,3
10%

0%

Sofia 5F Sofia 6F Sofia 5F Sofia 6F Sofia SF Sofia 6F
Study population Group pRESET 4x20 Group pRESET 5x40
n=170 n=113 n=57
FIGURE 2 | First-pass reperfusion (FP) regarding use of distal access catheter in the whole population and in groups 4 x 20 and 5 x 40. Statistics, Fisher exact test;
odds ratio (OR) and 95% confidence interval (Cl).
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Both clot control and aspiration are necessary for
a successful endovascular treatment of LVOs. Clot
control  with  stent depends on  multiple
factors such as device mechanical characteristics, device
behavior during retrieval, and thrombus biomechanics
and consistencies (11).

The pRESET 4 x 20 stent retriever has shown a high
recanalization rate experimentally in vivo (35) and in daily
clinical practice (18, 36, 37). In vitro experience with the 4 x
20 pRESET and 6 x 30 pRESET has shown a close apposition
to the vessel wall during thrombus removal, and highly effective
clot removal for both white and red thrombi, with the 6 x 30
demonstrating a 60 and 100% rate of removal for white and red
thrombi, respectively, the highest in comparison to other stent
retrievers (14). If the specific device characteristics of the pRESET
stent retriever play a role in achieving a higher FP, it cannot
be elucidated from this study. A clinical comparison between
pRESET 4 x 20 and 5 x 40 has to date not been published.

Retriever size could, as mentioned, influence stent properties.
Longer and larger stent retrievers provide the potential to catch
the clot on multiple planes of attachment in smaller arteries (2—
3mm) like the MCA and keep the engagement at larger vessel
diameters in ICA, during clot retrieval (15). Larger-diameter
stent retrievers come with higher radial force and a better vessel
wall apposition. This results in more stability during the retrieval
process (11). Previously, a comparison between 4- and 6-mm
diameter Solitaire stent retrievers did not find differences in
endovascular treatment outcomes for occlusions of the ICA,
MCA, or ACA (16), focusing on reperfusion TICI >2b, not >2c,
and without evaluation of FP. In our opinion, the superiority
of the 5 x 40 over 4 x 20 might be rather related to the stent
retriever length than to the stent retriever diameter. Longer stent
retrievers have previously demonstrated in vitro higher rates of
complete clot removal (11, 12).

Large white clots with higher fibrin content are stiffer and
more difficult to retrieve in comparison to red blood cell-rich
clots. Tests in vitro with white clot thrombus showed that stent
retrievers up to 40 mm did not expand and therefore do not
capture this type of thrombus if longer than 6 mm (11); for white
thrombus between 2- and 4-mm, stent retrievers could expand,
and thrombus was retrieved. In vitro studies with 20-mm-long
fibrin-rich cloth have shown in M1 occlusion a frequency of FP
for Solitaire 6 x 40 of 95%, and for 6 x 30, 67% (if a BGC was
used, FP was 100% for both sizes, and if a 0.088-inch sheath and
DAC catheter were used, FPs were 83% and 33%, respectively, for
6 x 40 and 6 x 30) (15).

The observed higher frequency of FP with longer stent
retrievers in clinical practice has already been described. Longer
stent retrievers (4 x 30 to 4 x 40) vs. short (4 x 20) were an
independent predictor of mFP (TICI >2b) (13) in occlusions
of intracranial ICA, M1, and M2 treated with BGC; they also
included tandem occlusions; mFP was 62% in long and 50% in
short stent retrievers, TICI 2b final was 98% in long and 94%
in short stent retrievers with comparable clinical outcomes and
comparable SAH. Zaidat et al. (14) reported the highest rate of
FP and mFP in ICA, M1, and M2 occlusions with longer stent
retrievers (4 x 40) compared to larger (6 x 30) or shorter (4

retriever

x 20) without differences in final revascularization or functional
outcome. For MCA occlusions, they found the highest rates of
mFP and FP with 4 x 40, 71.5 and 49.5%, respectively, and 6 x
30 did not perform better than 4 x 20 (mFP and FP, respectively,
63.2% and 41.6 vs. 59.5% and 41.3%) (14).

On the contrary, comparing lengths of stents (short: 4 x
20 mm and long >20 mm: 4 x 40, 6 x 30, or 4 x 30), Styczen et
al. (17) found comparable FP TICI 3 for both short and long stent
retrievers in MCA (50.8 vs. 40.7%) occlusions with higher mFP in
short vs. long stent retrievers (50.8 vs. 40.7%, p = 0.024). But long
retrievers achieved a higher rate of successful reperfusion (TICI
>2b) with higher rate of SAH.

Possible explanations for higher rates of FP with longer stent
retrievers are summarized here. As proximal and distal parts of
the stent retriever are non-working, longer stent retrievers offer
a longer working length, which potentially offer a larger surface
for device integration in the clot and uniform distribution of
forces along with the clot during traction (13). Using longer
stent retrievers allows some degree of imprecision of placement
(38) by lack of operator experience and allows for engagement
of the entire thrombus in cases of vessel tortuosity/elongation
when tension causes a proximal dislocation of the stent retriever
by deployment, or if patients without general anesthesia move
and make deployment imprecise. Also, a longer stent retriever,
with a distal segment beyond the clot in M2, could help to
anchor the stent retriever if the operator prefers to remove the
microcatheter before the aspiration through DAC during the
thrombectomy (38). The part of the retriever placed distal to the
thrombus could help to sweep along a clot that does not integrate
in the struts. Also, when a push-and-fluff technique is used for
better wall apposition resulting in device foreshortening on active
deployment, alonger retriever offers a higher security to cover the
whole clot (39).

Achieving a reperfusion in only one pass of thrombectomy
is our goal, but it is not always possible; therefore achieving
a successful or complete reperfusion in the lower number of
passes is also determinant. Reperfusion after fewer passes results
in better outcomes in comparison to after a higher number of
passes (6, 40). Multiple passes of thrombectomy are associated
with worse outcomes and higher complication rates (41, 42).
Thrombectomy attempts are associated with a risk for distal
embolization and vessel damage. In our study, the number
of passes is associated independently significant with higher
frequency of SAH in control CT. In our study, thrombectomy
with a longer stent retriever achieved reperfusion in a lower
number of passes than the shorter stent retriever but after
adjustment with other relevant variables lost significance. In both
groups, the number of passes was low, and this could be one cause
for not detecting a difference.

Theoretically, a longer retriever could have more contact to
the vessel wall and cause more friction. Safety assessment of
longer stents in vivo in porcine models has been done for 4-
mm-diameter Solitaire devices, 4 x 40 and 4 x 20 (43), and
in 6-mm devices, 6 x 40 and 6 x 30 (15), without difference
in vascular safety parameters at 90 days. We found similar
frequency of vasospasm and SAH after thrombectomy with both
stent retriever sizes. No perforation was seen with pRESET 5 x
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40. Our observations show that the longer stent retriever is safe
to use for M1 occlusions.

Use of BGC was reported to be a predictor of FP (6, 30).
The use of a BGC did not affect angiographic outcomes in other
reported studies (29, 31). We achieved good FP results without
the use of a BGC. We hypothesized that emboli appear when the
microcatheter, stent retriever, and DAC are removed at the same
time from M2-MCA to M1-MCA and to ICA as vessel diameter
changes. We do not use a BGC for intracranial occlusions, with
good angiographic and clinical results. As we almost always try
to advance the DAC up to the M1 segment, we remove the stent
retriever inside the DAC and leave the DAC under aspiration;
then, under aspiration, we also remove the DAC minimizing risk
of emboli in new territory as we avoid the loss of engagement
of the clot during retrieval (44). Sometimes, we remove the
stent retriever and the DAC at the same time under aspiration.
Thrombus is retrieved within the stent retriever or within the
DAGC, after removal, or in both devices. Positioning of a BGC
high enough in the ICA is difficult in patients with marked vessel
elongation and increases risk of complication specially with a
9F BGD (allowing for the use of a 6F DAC). If the position of
the BGC is not high enough, the DAC could be too short to be
advanced up to intracranial ICA bifurcation. We agree that the
use of BGC could be better in reducing distal emboli, but in our
experience, it is not cost-effective.

As we try to advance the DAC over the stent, both stent
retriever and aspiration have a role in reperfusion rate in our
study. The use of a DAC was not independently associated with
FP, although we achieved higher FP with the Sofia 6F in the
4 x 20 group. In the 5 x 40 stent retriever group, there was
no difference in using both sizes of DAC (Figure 2). In our
experience, we think a larger inner diameter DAC brings more
lumen for aspiration but also could be associated with difficulties
in navigating the DAC distally to the M1 segment. We accept that
our FP rate is a result of a combined technique of stent retriever
and aspiration, but as treatment in both groups was performed
with exactly the same technique, we can assume that the size of
stent retriever matters.

The retrospective nature of our study is a major limitation,
and selection bias could have occurred. We have designed a
prospective, randomized study comparing both size of retriever
for M1 occlusions, and we look forward to verify our results.
The single-center design could also be a limitation but may
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