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ABSTRACT

Background The contact aspiration (CA) technique

is often used to perform endovascular thrombectomy
(EVT) for acute ischemic stroke (AIS); however,

rescue strategies are necessary if CA fails to achieve
recanalization. This study investigates the outcomes of
incorporating stent retriever (SR) thrombectomy in the
rescue strategy following failed CA.

Methods EVT patients with failed CA attempts were
identified from a large multicenter registry and stratified
by rescue technique: CA alone or incorporating SR

in the rescue strategy. Outcomes included successful
recanalization, 90-day functional outcomes (defined by
the modified Rankin Scale (mRS) score), symptomatic
intracranial hemorrhage (sICH), and 90-day mortality.
Results Among 1885 patients with failed CA
attempts, conversion to SR was associated with higher
recanalization rates (85.2% vs 80.6%; p=0.03),

higher rates of second-pass recanalization (31.2% vs
23.4%; p<0.001), and better 90-day outcomes (mRS
0-2:35.2% vs 29.9%; p=0.04) when compared with
repeated CA attempts. Trevo SRs showed higher odds of
successful recanalization (adjusted odds ratio (aOR)=1.9;
p=0.02), second-pass recanalization (@OR=1.7; p=0.01),
and reduced odds of sICH (aOR=0.3; p=0.02). EmboTrap
SRs were associated with higher odds of 90-day
mortality (@0R=2.6; p=0.004) and sICH (aOR=2.9;
p=0.04) and lower odds of recanalization (aOR=0.5;
p=0.03).

Conclusions Incorporating SR in the rescue strategy
after a failed CA improves recanalization rates and
functional outcomes. Trevo SRs demonstrated superior
efficacy and safety when incorporated into the rescue
strategy.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Contact aspiration (CA) and stent retrievers
(SRs) are used as first-line endovascular
thrombectomy techniques with similar efficacy.
Prior studies have shown that converting
techniques after a failed pass improves
outcomes.

WHAT THIS STUDY ADDS

= This study demonstrates that incorporating SRs
in the rescue strategy after failed CA attempts
improves recanalization rates and favorable
functional outcomes. This is the first study to
compare the safety and efficacy of various SRs
as a rescue strategy. Trevo SRs were superior
to other SRs, with higher recanalization rates,
higher recanalization, and lower odds of
symptomatic intracranial hemorrhage.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE, OR POLICY

= These findings may influence clinical guidelines
by supporting the decision to incorporate SRs in

the rescue strategy after a failed CA.

INTRODUCTION

Endovascular thrombectomy (EVT) is the standard
of care for the management of acute ischemic stroke
(AIS) with large vessel occlusion (LVO) in certain
patients.” Many initial studies that established the
safety and efficacy of EVT-utilized stent retrievers
(SRs) as the primary technique.? Early guidelines
recommended that SRs be the first choice for EVT
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Ischemic stroke

over alternative techniques such as contact aspiration (CA).>
Subsequent studies established non-inferiority of CA compared
with SR thrombectomy.' CA is often utilized as the initial tech-
nique during EVT as it offers reduced procedure times and costs,
though this remains at the operator’s discretion.’

In up to 45% of EVT cases, recanalization is achieved in
the first pass; multiple attempts are often required to achieve
successful recanalization for the remainder of the cases.* Addi-
tional EVT passes are commonly performed, and current data
suggest improved outcomes with additional passes up to the
third pass, after which increased number of attempts and asso-
ciated prolonged procedural times and complications appear
to compromise the chance of good functional outcomes.’ ©
Converting to an alternative technique for the second pass may
increase the odds of recanalization and improve functional
outcomes at 90 days.*

Multiple prior studies have failed to find significant differ-
ences between SR devices used for EVT.”” However, one study
found higher recanalization rates and shorter recanalization
times with the Trevo (Stryker, Kalamazoo, MI, USA) device
compared with the Solitaire (Medtronic, Dublin, Ireland) device,
with no difference in clinical outcomes between SRs.'” These
studies compared different SRs in the first pass during EVT. It
is unknown whether different SRs vary in safety and efficacy
following failed CA frontline technique. This study assesses the
outcomes of incorporating different SRs in a rescue technique
after a failed CA during EVT.

METHODS

Data collection and patient population

This study was conducted according to Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.'" We utilized the Stroke Thrombectomy and Aneu-
rysm Registry (STAR), a database of 37 thrombectomy-capable
stroke centers in the US, Europe, and Asia.'* Ethical approval
was obtained from the institutional review board at each
participating center. Our study spanned from 2013 to 2024.
The primary study group comprised patients initially under-
going one or more CA attempts for occlusions at the internal
carotid artery (ICA), M1, or M2 segments of the middle cerebral
artery (MCA). Only those patients with subsequent attempts of
mechanical thrombectomy on the same vessel and segment of
the vessel (ie, the same thrombus) were included; those who had
tandem occlusions or attempts on different vessels or segments
of the same vessel were excluded. Patients with missing outcome
data were excluded. For comparison in our study, the rescue
technique was defined as ‘contact aspiration (CA) only’ if all
subsequent attempts were performed using CA. If one or more
of the following attempts involved using an SR, the rescue tech-
nique was classified as ‘incorporating stent retriever (SR)’.

Outcomes

The primary outcome was a favorable clinical outcome at 90
days, defined as a 90-day modified Rankin Scale (mRS) score
of 0-2. Secondary outcomes included 90-day mRS 0-3, 90-day
mortality, recanalization status, distal embolization, any intra-
cranial hemorrhage (ICH), and symptomatic ICH (sICH). The
mRS score was assessed during follow-up visits or telephone
encounters at 90+14 days. sICH was defined as hemorrhage
associated with a =4 point increase in the National Institutes of
Health Stroke Scale (NIHSS) score at 24 hours post-procedure.
Successful recanalization was defined as achieving modified

Thrombolysis in Cerebral Ischemia (mTICI) 2B or higher, while
complete recanalization was defined as mTICI 2C or higher.'*

Statistical analysis

All statistical analyses were performed using R (version 4.2.2;
RStudio Inc., Boston, MA, USA). Continuous variables were
presented as median (interquartile range (IQR)), while cate-
gorical variables were reported as frequencies and percentages.
Between-group comparisons of characteristics were conducted
using the Wilcoxon rank-sum (Mann-Whitney) test and the %2
test, as appropriate.

Propensity score matching (PSM) was applied to adjust for
baseline characteristics and capture two matched cohorts. A 1:1
nearest neighbor greedy matching algorithm without replace-
ment was used. Variables included in the model for matching are
listed in online supplemental figure 1 and adjusted for the effect
of different centers by employing generalized estimating equa-
tions (GEE) within the propensity-matched cohorts. The optimal
caliper width for matching was set at 0.2 times the standard devi-
ation of the logit of the propensity scores for all patients. Base-
line characteristics were compared between the matched cohorts
to validate the matching model. An adequate balance between
the groups was confirmed if the absolute standardized difference
for any baseline characteristic was <0.20.

Multivariable logistic regression analyses were performed to
study the impact of SR subtypes used in the rescue attempt(s)
on successful recanalization at the end of the procedure,
successful recanalization in two attempts, ICH, sICH, 90-day
functional outcomes (mRS 0-2, mRS 0-3), and mortality. The
models adjusted for prior stroke, location of occluded vessel,
use of thrombolytics, use of a balloon-guided catheter, onset to
arterial puncture time, the number of thrombectomy attempts
(either with CA or SR), age, sex, hypertension, atrial fibrillation,
and baseline infarct size (defined by Alberta Stroke Program
Early Computed Tomography Score (ASPECTS)<6). We also
employed GEE in our multivariate regression analysis to account
for within-center correlations and to adjust for center-specific
effects. This method ensured that our estimates remained consis-
tent even when observations within clusters (centers) were
correlated. All reported p-values were two-tailed, with statistical
significance at p<0.05.

RESULTS

Study population

Among 15844 patients who underwent EVT for AIS in STAR,
1885 were eligible for inclusion. Of these, 1188 patients under-
went CA alone, while 696 had SR incorporated in the rescue
attempts (online supplemental figure 2). Propensity score
matching resulted in two well-balanced groups regarding major
baseline and procedural characteristics (online supplemental
figure 1 and table 1). The incorporation of SRs in rescue treat-
ment was associated with significantly increased total thrombec-
tomy attempts (median=3; IQR (3-4) vs median=3; IQR (2-4);
p=0.01), longer procedure times until achieving successful reper-
fusion (median=38; IQR (24-63) vs median=26; IQR (15-43);
p<0.001), and longer total procedural times (median=51; IQR
(34-80) vs median=33; IQR (22-52); p<0.001) compared with
rescue attempts using CA alone (table 1).

Outcomes in PSM cohorts

Incorporating SR in the rescue EVT after failed CA attempts
resulted in significantly higher overall rates of successful reca-
nalization compared with continued CA attempts (85.2% vs
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Table 1 Baseline characteristics of patients between rescue
treatment groups; continued contact aspiration alone versus
incorporating stent retrievers in the rescue attempts after propensity
score matching.

Baseline characteristics — Rescue technique: CA technique only versus SR

CA technique

(N=696) SR (N=696) P-value
Female sex, n (%) 346 (49.7) 336 (48.3) 0.63
Age, median (IQR) 70 (61-81) 70 (60-79) 0.44
Race/ethnicity, n (%) 0.9
White 473 (68.0) 426 (61.2)
Black 145 (20.8) 160 (23.0)
Hispanic 54 (7.8) 65 (9.3)
Other 24 (3.4) 45 (6.5)
Diabetes, n (%) 200 (28.7) 192 (27.6) 0.68
Hypertension, n (%) 535 (76.9) 525 (75.4) 0.57
Atrial fibrillation, n (%) 242 (34.8) 245 (35.2) 0.91
Hyperlipidemia, n (%) 324 (46.6) 325 (46.7) 0.99
Congestive heart failure, n (%) 117 (16.8) 104 (14.9) 0.38
Prior stroke, n (%) 157 (22.6) 150 (21.6) 0.7
Smoking, n (%) 0.33
Never smoker 385 (55.3) 404 (58.1)
Former smoker 150 (21.6) 137 (19.7)
Current smoker 161 (23.1) 155 (22.3)
Occluded vessel location, n (%) 0.1
ICA 240 (34.5) 196 (28.2)
M1 299 (43.0) 329 (47.3)
M2 157 (22.6) 171 (24.6)
ASPECTS<6 82 (11.8) 80 (11.5) 0.93
ASPECTs, median (IQR) 8(7-10) 8(7-10) 0.85
Admission NIHSS score, median 16 (10-21) 15 (10-20) 0.54
(IQR)
Intravenous thrombolysis n (%) 235 (33.8) 237 (34.1) 0.71
Intra-arterial thrombolysis n (%) 81 (11.8) 60 (9.2) 0.13
Transradial approach, n (%) 26 (4.7) 29 (5.4) 0.75
Intracranial angioplasty and or 56 (8.0) 59 (8.5) 0.85
stenting
Balloon guide catheter 72 (10.7) 74 (10.9) 0.93

Time from onset to arterial 327 (204-496) 325 (213-583) 0.4

puncture (min), median (IQR)

Total thrombectomy attempts, 3(2-4) 3 (3-4) 0.01
median (IQR)

CA technique attempts, median 3 (2-4) 2(1-2) 0.21
(IQR)

Procedure time until successful 26 (15-43) 38 (24-63) <0.001
recanalization (min), median (IQR)

Total procedure time (min), 33 (22-52) 51 (34-80) <0.001

median (IQR)

ASPECTS, Alberta Stroke Program Early Computed Tomography Score; CA, contact
aspiration; ICA, internal carotid artery; IQR, interquartile range; NIHSS, National
Institutes of Health Stroke Scale; PSM, propensity score matching; SR, stent retriever.

80.6%; p=0.03), as well as successful recanalization after the
second pass (31.2% vs 23.4%; p<0.001) (table 2). Additionally,
the use of SRs increased the rates of favorable 90-day outcomes,
measured by an mRS score of 0-2 (35.2% vs 29.9%; p=0.04)

Table 2 Outcomes comparison between rescue treatment groups;
continued contact aspiration alone versus incorporating stent retrievers
in the rescue attempts after propensity score matching.

Outcomes — Rescue technique: CA technique only versus with SR

CA technique

(N=696) SR (N=696) P value OR (95%Cl)

Successful 163 (23.4) 217 (31.2) <0.001 1.47(1.16 to 1.88)
recanalization in two

attempts

mTICI 2B or higher 561 (80.6) 593 (85.2) 0.03 1.13(0.94 to 1.35)
mTICI 2C or higher 310 (44.5) 339 (48.7) 0.13 1.18 (0.98 to 1.41)
Any ICH 206 (31.6) 212 (31.6) 0.99 1.00 (0.85t0 1.17)
sICH 49 (7.7) 53 (8.0) 0.92 1.04 (0.71 to 1.52)
90-day mRS 0-3 308 (44.3) 336 (48.3) 0.15 1.18[0.98 to 1.42)
90-day mRS 0-2 208 (29.9) 245 (35.2) 0.04 1.27 [1.04 to 1.55)
90-day mortality 208 (29.9) 177 (25.4) 0.07 0.83 [0.69 to 0.99)

CA, contact aspiration; Cl, confidence interval; ICH, intracranial hemorrhage; mRS,
modified Rankin Scale score; mTICI, modified Thrombolysis in Cerebral Infarction
score; OR, odds ratio; PSM, propensity score matching; sICH, symptomatic
intracranial hemorrhage; SR, stent retriever.

(table 2). No significant differences were seen in safety outcomes,
including ICH, sICH, and mortality rates (table 2).

Outcomes by SR type

A comparison of subgroups was conducted among different SR
types: Solitaire (Medtronic) (n=245), Trevo (Stryker) (n=159),
EmboTrap (Cerenovus, Irvine, CA, USA) (n=46 cases), and
other subtypes (n=246) (table 3 and online supplemental table
1). Univariate analysis revealed significant differences in baseline
characteristics, including prior stroke incidence (p=0.02) and
occluded vessel type (p<0.001), as well as procedural factors
such as using thrombolytics and balloon-guided catheters, time
from onset to arterial access (p=0.002), and number of EVT
attempts (p<0.001) (table 3).

After adjusting for these subgroup differences using pair-
wise multivariate regression analysis, Trevo SRs were associ-
ated with higher odds of achieving successful recanalization
(adjusted OR (aOR)=1.9; 95% CI=1.12-3.34; p=0.02)
and successful recanalization within two attempts of EVT
(@OR=1.7; 95% CI=1.13-2.61; p=0.01), with a reduced risk
of sICH (aOR=0.3; 95%CI=0.07-0.84; p=0.02) (figure 1).
EmboTrap SRs were associated with higher odds of 90-day
mortality (aOR=2.6; 95% CI=1.36-5.09; p=0.004) and sICH
(aOR=2.9; 95% CI=1.07-7.86; p=0.04), and lower odds of
achieving successful recanalization (aOR=0.5; 95% CI=0.22-
0.93; p=0.03) (figure 1). All results are reported after imple-
menting GEE accounting for between-center differences.

DISCUSSION

This study contributes insights into using SRs as a rescue strategy
after failed attempts with CA during EVT. Incorporating SR in
the rescue strategy after CA failure improves successful recanal-
ization rates and 90-day functional outcomes with no increase
in complications. Univariate and multivariate regression analysis
comparing different SRs supported the superiority of Trevo SRs,
which were associated with higher odds of achieving successful
recanalization, higher odds of achieving recanalization during
the second pass (early technique switching), and lower odds
of sICH. Additionally, our results suggest that EmboTrap SRs
are associated with lower odds of recanalization, higher odds
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Table 3 Baseline characteristics and outcome comparisons of patients between subtypes of stent retriever incorporated in rescue treatment.

Characteristics and outcomes Solitaire (N=245) Trevo (N=159) EmboTrap (N=46) Other SR types (N=246) P value
Female sex, n (%) 113 (46.1) 73 (45.9) 26 (56.5) 124 (50.4) 0.47
Age, median (IQR) 69.5 (60.0-78.0) 70.0 (59.3-78.0) 72.5 (61.8-82.0) 70.0 (59.0-79.0) 0.47
Race/ethnicity, n (%) 0.27
White 132 (53.9) 103 (64.8) 37(80.4) 154 (62.6)

Black 71 (29.0) 29(18.2) 2(4.3) 58 (23.6)

Hispanic 23 (9.4) 11 (6.9) 4(8.7) 7(2.8)

Other 19 (7.8) 16 (10.1) 3(6.5) 27 (11.0)

Hypertension 192 (78.4) 116 (73.0) 32 (69.6) 185 (75.2) 0.47
Diabetes, n (%) 71 (29.0) 43 (27.0) 12 (26.1) 66 (26.8) 0.94
Atrial fibrillation, n (%) 78 (31.8) 59 (37.1) 16 (34.8) 92 (37.4) 0.57
Hyperlipidemia, n (%) 117 (47.8) 81 (50.9) 16 (34.8) 111 (45.1) 0.24
Congestive heart failure, n (%) 45 (18.4) 23 (14.5) 4(8.7) 32 (13.0) 0.21
Prior stroke, n (%) 68 (27.8) 30(18.9) 11(23.9) 41 (16.7) 0.02
Smoking, n (%) 0.11
Never smoker 128 (52.2) 96 (60.4) 29 (63.1) 151 (61.4)

Former smoker 55 (22.4) 35 (22.0) 4(8.7) 43 (17.5)

Current smoker 62 (25.3) 28 (17.6) 13(28.3) 52 (21.1)

Occluded vessel location, n (%) <0.001
ICA 66 (26.9) 28 (17.6) 12 (26.1) 90 (36.6)

M1 112 (45.7) 78 (49.1) 28 (60.9) 111 (45.1)

M2 67 (27.3) 53(33.3) 6(13.0) 45 (18.3)

ASPECTS<6 35(14.3) 17 (10.7) 4(8.7) 24(9.8) 0.39
ASPECTS, median (IQR) 8 (7-10) 8 (7-9) 8 (6.25-9) 8 (7-10) 0.3
Admission NIHSS score, median (IQR) 16 (10-21.25) 14 (9.25-19) 16 (12-20.5) 16 (10-20) 0.12
Intravenous thrombolysis n (%) 67 (27.3) 56 (35.2) 19 (41.3) 95 (38.6) 0.04
Intra-arterial thrombolysis n (%) 18 (8.5) 10 (6.3) 12.2) 31 (13.0) 0.03
Transradial approach, n (%) 20 (8.8) 4(3.2) 0(0) 5(3.5) 0.02
Angioplasty or intracranial stenting 25(10.2) 15 (9.4) 3(6.5) 16 (6.5) 0.45
Balloon guide catheter 25 (10.5) 27 (17.0) 8(17.4) 14 (6.0) 0.003
Time from onset to arterial puncture (min), median (IQR) 387 (234-595) 292 (195-507) 334 (231-729) 270 (186-450) 0.002
Total thrombectomy attempts, median (IQR) 3(2-4) 3(2-3) 3(2-3) 4 (3-5) <0.001
CA technique attempts, n (%) 2(1-2) 1(1-2) 1(1-2) 2(1-3) <0.001
SR attempts, n (%) 1(1-2) 1(1-2) 1(1-1.75) 1(1-2) 0.5
Procedure time until successful recanalization (min), median (IQR) 36(26-59) 40 [20.5-63) 39.5 [26-60.5) 50(30-73) 0.002
Total procedure time (min), median (IQR) 50.5 [34-81.8) 50(32-84) 48 [33-71.5) 53 [37.5-79.5) 0.675
Successful recanalization in two attempts 66 (26.9) 51 (32.1) 14 (30.4) 32 (13.0) <0.001
mTICI 2B or higher 202 (82.4) 139 (87.4) 32 (69.6) 188 (76.4) 0.009
mTICl 2C or higher 115 (46.9) 76 (47.8) 20 (43.5) 99 (40.2) 0.37
Any ICH 79 (32.2) 43 (27.0) 15 (32.6) 69 (28.0) 0.62
sICH 16 (6.5) 3(1.9) 6 (13.0) 24 (9.8) 0.004
90-day mRS 0-3 105 (42.9) 85 (53.5) 17 (37.0) 101 (41.1) 0.04
90-day mRS 0-2 72 (29.4) 55 (34.6) 10 (21.7) 71 (28.9) 0.02
90-day mortality 68 (27.8) 37(23.3) 22 (47.8) 81(32.9) 0.009

ASPECTS, Alberta Stroke Program Early Computed Tomography Score; CA, contact aspiration; ICA, internal carotid artery; ICH, intracranial hemorrhage; IQR, interquartile range;
mRS, modified Rankin Scale score; mTICI, modified Thrombolysis in Cerebral Infarction score; NIHSS, National Institutes of Health Stroke Scale; PSM, propensity score matching;
sICH, symptomatic intracranial hemorrhage; SR, stent retriever.

of 90-day mortality, and higher odds of sICH, though these Our results concur with findings reported in prior studies
results should be interpreted with caution given the relatively suggesting that switching to a different technique after a failed
low number of patients in this group. first attempt is superior to a second attempt using the same
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Figure 1

Adjusted Odds Ratio (OR)

Multivariate logistic regression analysis for the impact of stent retriever type (Solitaire, Trevo, EmboTrap, or other types) on outcomes.

Multivariate regression is adjusted for prior stroke, occluded vessel, use of thrombolysis, use of balloon guide catheter, onset to arterial puncture time,
total number of attempts, age, sex, hypertension, atrial fibrillation, Alberta Stroke Program Early Computed Tomography Score (ASPECTS)<6, and
clustering for centers. mRS, modified Rankin Scale score; sICH, symptomatic intracranial hemorrhage; TICI, Thrombolysis in Cerebral Infarction score.

technique.* This may be explained by the benefit of exposing
the thrombus to different biomechanical forces, particularly if
the initial force is insufficient to remove the thrombus.* It is
important to note that while our analysis confirms the efficacy
of incorporating SR in rescue attempts, it does not establish the
optimal timing for such interventions. Our findings suggest a
beneficial outcome from the inclusion of SR, but further studies
are necessary to determine the best procedural stage for tran-
sitioning to SR to maximize patient outcomes. Another study
on early switching techniques following failed passes of EVT
found that switching from an SR to CA did not impact the odds
of recanalization, whereas switching from an SR to a combined

technique, CA to a combined technique, and CA to an SR were
all associated with higher odds of recanalization.'

A prior retrospective study compared Trevo SRs to Solitaire
SRs in 200 patients and found that Trevo SRs had a higher reca-
nalization rate and shorter procedure time than Solitaire SRs, but
found no significant differences in clinical outcomes.'® A prior
meta-analysis of 972 patients failed to find statistically significant
differences between Trevo and Solitaire SRs in recanalization
rate, functional outcomes, 90-day mortality, and sICH.” This
is in contrast to another systematic review and meta-analysis,
including 51 studies that compared EmboTrap, Solitaire, and
Trevo SRs, and found that EmboTrap SRs were associated with a

Ezzeldin M, et al. J Neurolntervent Surg 2025;0:1-9. doi:10.1136/jnis-2024-022781
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significantly higher proportion of patients achieving good func-
tional outcomes (mRS 0-2) at 90 days compared with Solitaire
and Trevo SRs, and higher rates of sICH and 90-day mortality
with Solitaire SRs compared with Trevo and EmboTrap SRs.'” Of
note, these studies involved the first pass of EVT, which differs
from our analysis, as we focused on rescue attempts after a failed
CA technique attempt(s).

To our knowledge, no studies have compared the efficacy and
safety of SRs as a rescue strategy after a CA. This is significant
because the decision regarding subsequent technique can present
unique challenges and may highlight variations in device effi-
cacy. Failure of the technique may reflect that the thrombus is
more compact and prosperous in fibrin or platelets than red
blood cell (RBC)-rich thrombi.'® Additionally, the structure of
the thrombus may change between passes, as the first pass can
compress or fragment the thrombus, which makes subsequent
extraction more challenging.'®2° Different SRs may vary in their
ability to extract thrombi with these characteristics. Each SR
device has unique designs and biomechanical properties, which
may influence their effectiveness in various procedural contexts.

From a safety perspective, each additional pass increases the
risk of vascular damage, and differences between SRs in safety
may become more apparent during or after the subsequent
pass. Notably, a prior study in a rabbit model of thrombectomy
comparing Solitaire FR SR to Trevo XP ProVue SR concluded
that Trevo SR induced less vascular damage than Solitaire SR.'®

Because prior data have suggested that switching to an alterna-
tive device after a failed first pass is advantageous, examining the
safety and efficacy of various SRs when used as a rescue strategy
is important."

Solitaire, EmboTrap, and Trevo were the three most common
SRs used in our sample and, as such, they were the focus of
this study. However, because our analysis included a large period
over which SRs were iteratively developed, previous versions of
SRs were included (in the ‘other’ category). Solitaire FR was the
most commonly used SR in our sample, followed by Trevo XP
ProVue and NXT, and, lastly, EmboTrap.

Our data suggest that SRs are superior to CA after a failed
CA during EVT, showing higher odds of recanalization and
improved outcomes. A predictor of successful recanalization
during EVT is thrombus composition.'® ' Thrombi vary based
on their relative composition of fibrin, RBCs, platelets, and
other minor endothelial components.'”® RBC-rich thrombi are
the easiest to retrieve, with low frictional coefficients and higher
conformability.?’ Fibrin-rich thrombi are more likely to require
multiple passes before extraction during EVT." In vitro data
have shown that the coefficient of friction of fibrin-rich thrombi
is three-fold higher than that of RBC-rich thrombi.?! A prior
meta-analysis suggested that SRs are more efficacious than CA
for fibrin-rich thrombi, as high frictional resistance makes CA
challenging.”

Because CA is a faster and more cost-effective technique, it is
often employed for the first pass; if unsuccessful, it is common
to convert to an SR as a backup strategy.”> CA relies on gener-
ating a negative pressure force that must be sufficient to over-
come the frictional coefficient of the thrombus, adhesive forces
linking the thrombus to the vessel wall, and force of residual
blood flow.* Conversely, SRs use radial force whereby the struts
of the SR expand outward to deform the thrombus and embed
the struts of the SR into the thrombus.?* The radial force must
be sufficient to embed the struts into the thrombus but not too
high to compress or fragment the thrombus, which can lead to
embolization.”® As the SR is retracted, a force is applied by the
operator to move the thrombus toward the guide catheter. Thus,

SRs must generate sufficient radial and applied forces to over-
come the frictional coefficient, adhesive forces, and the force of
residual blood flow.**

Our data suggest that 90-day functional outcomes are more
favorable when switching to an SR after a failed CA. This is
understandable, as achieving successful recanalization is associ-
ated with better functional outcomes, and we observed higher
rates of overall and second-pass successful recanalization with
SRs. Conversely, longer procedure duration is associated with
worse functional outcomes.?® Interestingly, procedure duration
was significantly longer when an SR was incorporated into the
rescue technique. Despite increasing procedure duration, func-
tional outcomes were better when an SR was used for the second
pass instead of CA.

The fact that SRs involve the creation of a channel for central
flow while they are being deployed may play a role in the
improved functional outcomes that we observed, even in the
setting of increased total procedure duration.** SRs are deployed
for several minutes before retrieval to facilitate thrombus inte-
gration, and 30-50% of blood flow can be restored through the
central channel created by the expanding SR during this time.**
The early restoration of partial blood flow may confer a func-
tional benefit to patients, although this remains to be studied.

While SRs appear to improve functional outcomes by facili-
tating recanalization and restoring blood flow, their mechanical
interaction with the vasculature draws attention to the impor-
tance of minimizing vascular damage. Frictional resistance
during SR retrieval can potentially cause mechanical damage to
the vasculature and may influence complication rates.?® A prior
in vitro study compared the frictional resistance forces of various
SRs and found that Trevo XP SRs had an initial retrieval force
(IRF) of 0.09+0.04N and a maximal retrieval force (MRF) of
0.36+0.07N. In comparison, Solitaire 2 SRs had an IRF of
0.25+0.07N and MRF of 0.54+0.06N.* Solitaire SRs have
more rigid struts, which may contribute to higher frictional
forces than Trevo SRs (the EmboTrap SR was not included in
this study).?® Our results suggest that Trevo SRs are associated
with lower odds of sICH than other SRs, possibly due to the
sodium hyaluronate hydrophilic coating designed to reduce fric-
tion during deployment.?’

Limitations

This study’s results should be interpreted cautiously due to
several limitations. First, the decision to switch from CA to SR
rescue was not randomized, introducing potential selection bias
influenced by operator preference or institutional protocols
rather than standardized criteria. This variability, combined with
the study’s multicenter design, likely introduced differences in
procedural approaches that could affect outcomes and compli-
cate comparisons. Additionally, differences in CA and SR tech-
niques, subtypes, devices’ generations, and sizes were not fully
captured, limiting the understanding of device properties on
outcomes as these granularities in outcomes reporting are usually
limited in retrospective, large registry studies. We addressed the
possible effects of intravenous and intra-arterial thrombolysis by
employing PSM and multivariate regression analysis. However,
the impacts of different thrombolytic regimens remain critical
for exploration, especially in cases involving multiple attempts
or the need for rescue treatment.”® A limitation of our study is
the potential influence of outliers and center-specific practices,
as certain centers may predominantly use specific devices, poten-
tially confounding the observed association between device type
and outcomes. This was partially addressed through multivariate
regression with clustering against centers.
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Additionally, self-adjudicating and non-blinded radiolog-
ical and functional variables (ASPECTS, mTICI, mRS) at each
site may introduce assessment bias. While the sample size was
substantial, it may still be underpowered to detect subtle differ-
ences across SR subtypes, indicating the need for future studies
with standardized protocols. Our study spanned from 2013 to
2024, during which time large-bore catheters and stroke inter-
vention techniques, including the CA technique, have evolved
significantly. The CA technique has become more efficient,
especially with newer catheters.”” Although patients in the early
phase of our study may not have had access to the latest catheter
models, all patients were treated with the most advanced tech-
nology available at the time, ensuring that any differences would
be uniformly distributed across the CA cohort. Thus, this should
not have a significant impact on the overall results of our study.

CONCLUSIONS

After a failed EVT attempt(s) using CA, switching to an SR
improved functional outcomes and successful reperfusion
compared with repeat CA attempts. The Trevo SRs may be supe-
rior to other SR devices in successful reperfusion and with lower
rates of sICH.
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