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Abstract

Purpose Endovascular treatment (EVT) with a stent

retriever is known to be effective and safe in patients with

acute ischemic stroke due to large vessel occlusion. We

aimed to compare the most used stent retrievers in a

nationwide registry of EVT-treated stroke patients (MR

CLEAN Registry).

Methods Patients with ischemic stroke due to large vessel

occlusion, treated with stent retriever thrombectomy (each

stent retriever with at least 100 EVTs) as first-line tech-

nique in the MR CLEAN Registry, were included. The

primary outcome was the modified Rankin Scale (mRS)

score at 90-day follow-up. Secondary outcomes included

reperfusion (expanded Treatment In Cerebral Infarction

[eTICI]), mortality at 90 days, symptomatic intracranial
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hemorrhage, National Institutes of Health Stroke Scale

(NIHSS) score between 24 and 48 h post-EVT, and pro-

cedure time. With multivariable regression analyses, we

calculated odds ratios (OR) and b-estimates to compare

outcomes between the most frequently used stent retriev-

ers, with adjustments for predefined variables. One sub-

group analysis focused on the effect of the stent retriever

on outcomes in M1 occlusions.

Results Trevo (Stryker) was the most frequently used stent

retriever (n = 1541, 70%). Other types were Solitaire

(n = 301, 14%) (Medtronic), Embotrap (n = 255, 11%)

(Cerenovus; Johnson&Johnson), and Revive (n = 103,

5.2%) (Cerenovus; Johnson&Johnson).

There was a slightly, but statistically significant, higher

90-day mRS score (adjusted common [ac]OR: 0.75,

95%CI: 0.57–0.99) and mortality rate (aOR: 1.77, 95%CI:

1.16–2.68) for the Solitaire and longer procedure times for

the Revive stent (mean: 67.6 versus 58.9 min; adjusted b-
estimate: 11.6, 95%CI: 2.69–20.6) compared to the Trevo

retriever. There were no outcome differences in the M1

subgroup analyses.

Conclusion Differences in clinical, technical, and safety

outcomes after EVT between the Trevo, Solitaire, Embo-

trap, and Revive stent retrievers were—although statisti-

cally significant—small. Treating physicians should use the

stent retriever they are used to, and further studies with

more strict patient selection should be conducted to vali-

date these results.
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Introduction

Stent retriever thrombectomy has been effective and safe in

patients with acute ischemic stroke due to large vessel

occlusion (LVO) in the anterior intracranial circulation

[1, 2]. Stent retrievers are deployed in the thrombus to

capture and then subsequently retrieve it to achieve

removal and blood flow restoration [3, 4].

Despite the safety, clinical benefits, and device

improvements, overall frequency of complications (e.g.,

embolization to new territory, dissection, spasm, intracra-

nial hemorrhage, and perforation) during stent retriever

thrombectomy is still approximately 15% [5, 6]. As stent

retrievers differ in structure and size, differences in per-

formance of each type of stent retriever might be present.

Studies comparing technical, clinical, and safety outcomes

between different stent retrievers are scarce. Only a few

single-center studies compared the Solitaire (Medtronic)

with the Trevo stent retriever (Stryker), in which the Trevo

stent retriever had higher recanalization rates, shorter

procedure times, and less attempts needed; however, these

studies compared small groups [7, 8].

Data on individual stent retriever performance may be

relevant to gain insight in safety and effectiveness of the

treatment. It is known that stent retrievers have different

designs (e.g., open-end and close-end baskets, overlapping

stent, and dual-layer design), these differences may influ-

ence the outcome [9]. We aimed to compare the most used

stent retrievers on clinical, technical, and safety outcomes

in ischemic stroke patients with large vessel occlusion,

treated in the MR CLEAN Registry.

Method

Design and Participants

Patients are included from the MR CLEAN Registry,

which was a prospective, observational study in 18

endovascular treatment (EVT) performing centers in the

Netherlands. The registry started March 2014 and ended

December 2018 and included patients treated with EVT for

acute ischemic stroke [10]. On reasonable request to the

corresponding author, detailed statistical analyses will be

made available. Source data will not be made available due
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to legislative issues on patient privacy. This study was

conducted using the STROBE guidelines.

Eligible patients met the following criteria: age C 18

years, groin puncture within 6.5 h after onset symptoms, an

anterior circulation occlusion on CT angiography (internal

carotid artery [ICA], ICA-terminus [ICA-T], or middle cere-

bral artery [M1, M2]), and stent retriever as first thrombec-

tomy device. Based on theMRCLEANTrial, a patient should

be treatedwithin 6 h after onset symptoms.However, the time

window was extended with 30 min in the MR CLEAN Reg-

istry to be compatible with the intended treatment of the trial

within six hours. Patients were excluded when direct aspira-

tion only was used as first-line thrombectomy technique, no

bilateral view on digital substantiate angiography was per-

formed, and no endovascular treatment was performed.When

a brand of stent retriever was rarely (\ 100) used in the reg-

istry, it was excluded from this study, to minimize differences

in experience between stent retrievers.

Outcomes

The primary outcome was the score on the modified Ran-

kin Scale (mRS) score at 90 days. The mRS score ranges

from 0 meaning no disability and 6 death [11]. Secondary

outcomes were excellent functional outcome (mRS 0–1),

good functional outcome (mRS 0–2), the National Insti-

tutes of Health Stroke Scale (NIHSS) score at 24–48 h

post-EVT, reperfusion rates measured with the expanded

Treatment In Cerebral Ischemia (eTICI) score, procedure

duration, total attempts, and first-pass success. Safety out-

comes were symptomatic intracranial hemorrhage (sICH),

ischemic stroke progression, pneumonia, and total proce-

dures with at least one complication (dissection, embolus in

new territory, perforation, distal thrombus, spasm,

intracranial hemorrhage, or other).

Reperfusion rates were measured ordinal on the eTICI

score, ranging from 0 (no antegrade reperfusion of the

affected vascular territory) to grade 3 (complete antegrade

reperfusion). Successful reperfusion was defined as a score

of C 2B and excellent reperfusion is defined as an eTICI

C 2C. A reperfusion grade C 2C after one attempt was

considered as first-pass reperfusion. Procedure time was

defined as time between groin puncture and reperfusion,

when no reperfusion was reached, the time of last digital

subtraction angiography (DSA) image was used. An

intracranial hemorrhage was considered symptomatic when

the patient had neurological deterioration of at least four-

point increase on the NIHSS score. The intracranial hem-

orrhage on follow-up imaging was classified regarding the

Heidelberg criteria [12].

Imaging Assessment

Baseline (non-contrast CT (NCCT) and CT angiography

(CTA)), interventional (DSA), and follow-up imaging

(NCCT) were assessed by an imaging core laboratory

consisting of experienced (neuro)radiologists. The core

laboratory was blinded for clinical data. The Alberta Stroke

Programme Early CT Score (ASPECTS, a 10-point scale in

which points are lost for each of 10 regions affected by

ischemia) on NCCT, eTICI on DSA, collateral status

(range from no [0] to good [3] collaterals) on CTA, pro-

cedural complications on DSA, and intracranial hemor-

rhage on follow-up imaging were assessed by the core

laboratory [13–15].

Fig. 1 Flowchart of included patients. MR CLEAN, Multicenter collaboration for endovascular treatment of acute ischemic stroke in the

Netherlands; EVT, endovascular treatment; NIHSS, National Institutes of Health Stroke Scale
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Treatment

All patients were treated according to national guidelines.

The choice of thrombectomy materials (e.g., balloon guide

catheter and stent retriever) and thrombectomy technique

was left to the decision of the treating physician. Patients

treated with stent retriever thrombectomy combined with

direct aspiration thrombectomy as first choice were regar-

ded as treated by stent retriever thrombectomy in this

study. The approach for anesthetic management was

center-specific and was left to the treating physician and/or

anesthesiologist. General anesthesia was defined as the

need for airway protection.

Statistical Analysis

Baseline characteristics are compared between the different

stent retrievers and presented with standard statistics, such

as mean with standard deviation (SD), median with

interquartile range (IQR), and frequency with percentage

Table 1 Patients’ baseline characteristics

Trevo

n = 1541

Solitaire

n = 301

Embotrap

n = 255

Revive

n = 115

Missing

(%)

P value

Age–mean (SD) 70.1 (14) 69.4 (14) 71.3 (14) 70.6 (13) 0.0 0.397

Male sex–n. (%) 834 (54) 138 (46) 128 (50) 61 (53) 0.0 0.057

NIHSS–mean (SD) 15.3 (6.1) 15.5 (6.2) 15.4 (5.4) 15.6 (5.5) 0.5 0.856

Pre-mRS–n. (%) 2.3 0.571

0 985 (66) 194 (65) 152 (62) 69 (60)

1 205 (14) 38 (13) 40 (16) 23 (20)

2 113 (7.5) 29 (9.7) 23 (9.4) 10 (8.7)

[ 2 198 (13) 37 (12) 31 (13) 13 (11)

IVT–n. (%) 1088 (70) 211 (71) 176 (69) 86 (75) 0.3 0.731

Systolic blood pressure–mean mmHg (SD) 149 (25) 149 (27) 148 (25) 151 (26) 2.3 0.549

Previous ischemic stroke–n. (%) 274 (18) 52 (17) 44 (17) 19 (17) 0.6 0.974

Atrial fibrillation–n. (%) 384 (25) 75 (25) 60 (24) 30 (27) 1.1 0.924

Hypertension–n. (%) 801 (53) 149 (50) 129 (51) 54 (49) 2.0 0.645

Hypercholesterolemia–n. (%) 460 (31) 76 (26) 70 (29) 28 (29) 3.1 0.361

Diabetes mellitus–n. (%) 263 (17) 62 (21) 42 (17) 13 (11) 0.5 0.117

Current smoking–n. (%) 322 (27) 60 (24) 53 (28) 26 (35) 22 0.276

Transferred to stroke center–n. (%) 825 (54) 137 (46) 176 (69) 63 (55) 0.0 < 0.001

Occlusion location–n (%) 3.4 0.018

ICA 68 (4.6) 16 (5.7) 9 (3.6) 3 (2.7)

ICA-T 283 (19) 69 (24) 59 (23) 17 (15)

MCA segment M1 876 (59) 143 (51) 149 (59) 80 (71)

MCA segment M2 262 (18) 55 (19) 35 (14) 12 (11)

ASPECT group 2.8 0.187

0–4–n. (%) 69 (4.6) 14 (4.8) 9 (3.6) 6 (5.5)

5–7–n. (%) 284 (19) 46 (16) 55 (22) 26 (24)

8–10–n. (%) 1144 (76) 234 (80) 186 (74) 78 (71)

Collaterals 4.7 0.140

Grade 0–n. (%) 80 (5.5) 19 (6.7) 15 (5.9) 5 (4.7)

Grade 1–n. (%) 533 (36) 102 (36) 100 (39) 34 (32)

Grade 2–n. (%) 559 (38) 103 (37) 110 (43) 44 (41)

Grade 3–n. (%) 293 (20) 58 (21) 29 (11) 24 (22)

Onset to groin–mean minutes (SD) 198 (77) 195 (75) 214 (72) 203 (68) 1.1 0.012

Balloon guide catheter–n. (%) 991 (75) 180 (71) 106 (51) 64 (68) 15 < 0.001

General anesthesia–n. (%) 219 (15) 87 (30) 110 (43) 22 (20) 2.9 < 0.001

SD, standard deviation; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; IVT, intravenous thrombolysis; ICA,

internal carotid artery; ICA-T, internal carotid artery terminus; MCA, middle cerebral artery; ASPECTS, Alberta Stroke Program Early

Computed Tomography score; CTA, CT angiography
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(%). Multivariable ordinal regression analysis was used to

identify differences in outcome between stent retriever

types, with the most frequently used stent retriever as

comparator. Results were presented as odds ratios (OR) or

beta-estimates with corresponding 95% confidence inter-

vals. All analyses were adjusted for: stroke center, time

since start MR CLEAN Registry, pre-stroke mRS, age,

time between onset symptoms and groin puncture, intra-

venous thrombolysis (IVT) before EVT, baseline NIHSS,

referral from primary stroke center, general anesthesia, the

use of a balloon guide catheter, collateral status (continu-

ous), ASPECT score (continuous), and location of occlu-

sion. Variable selection was based on literature and expert

opinion. As described, we adjusted for time between start

MR CLEAN registry and procedure date, to minimize

experience differences between operators. No corrections

were made for multiple testing, since we do not interpret

results based on p values. All statistics were performed

with R (version 4.1.2). The significance level was set at

5%.

Missing Values

All descriptive analyses were performed with original data.

For the regression analysis, missing outcomes and baseline

values were replaced by values from multiple imputations

with chained equations (MICE) using the mice package

(version 3.16.0). A predefined set of variables was used for

multiple imputations, which was set at 50.

Subgroup Analysis

Since it may be assumed that different sizes of the stent

retrievers will influence the outcome per occlusion loca-

tion, we predefined a subgroup analysis with only occlu-

sions of the M1 segment of the middle cerebral artery to

minimalize this effect. The difference in the effect of stent

retriever on outcome in M1 segment occlusions was tested

with a likelihood-ratio test with and without interaction

term. If the interaction was significant, the effect of stent

retriever on outcome in the M1 group was analyzed and

presented separately, with the largest stent retriever group

as comparator.

Results

A total of 5193 patients are included in the MR CLEAN

Registry (March 2014—December 2018). After applying,

the inclusion and exclusion criteria for the present study

Fig. 2 Distribution of the modified Rankin Scale between stent retrievers. mRS, modified Rankin Scale

123

Robrecht R. M. M. Knapen et al.: Outcomes After Thrombectomy for Acute Ischemic Stroke... 1131



2212 patients remained in our analysis (Fig. 1). Trevo stent

retriever (Stryker) was the most frequently used (n = 1541;

70%), followed by Solitaire (n = 301; 14%) (Medtronic),

Embotrap (n = 255; 12%) (Cerenovus; Johnson&Johnson),

and Revive (n = 115; 5.2%) (Cerenovus; Johnson&John-

son) (Figure S1). The mRS was missing in 197 cases

(8.9%) and NIHSS in 99 cases (4.5%) (Table 1). At

baseline, the usage of a balloon guide catheter, time

between onset and groin puncture, occlusion location,

transferred to stroke center, and thrombectomy under

general anesthesia differed between the stent retrievers

(Table 1).

Clinical Outcome

The mRS score at 90-day follow-up was worse with the

Solitaire retriever compared to the Trevo stent retriever

(adjusted common [ac]OR: 0.75, 95%CI: 0.57–0.99)

(Table 3, Fig. 2). No other differences were seen between

the Trevo and other stent retrievers on the primary outcome

(Table 3). In the secondary outcomes, patients treated with

the Solitaire stent retriever had higher odds of mortality at

90-day follow-up compared to the Trevo stent retriever

(33% [n = 94] versus 27% [n = 370], aOR: 1.77, 95%CI:

1.17–2.70) (Table 3). Good functional outcome was not

statistically significant different between the groups, in

43% (n = 596) in the Trevo group, in 39% (n = 111) in the

Solitaire group, in 44% (n = 100) in the Embotrap group,

and in 37% (n = 40) in the Revive group.

Technical Outcome

No statically significant differences were seen in success-

ful, excellent, and first-pass reperfusion rates among the

stent retrievers (Tables 2 and 3). The Solitaire (mean 2.6;

aß: 0.30, 95%CI: 0.01–0.59) stent retriever showed higher

total attempts compared to the Trevo stent retriever (mean

2.4). The procedure duration was significantly longer in

patients treated with the Revive retriever compared to the

Trevo (mean 67.6 versus 58.9 min; aß: 11.6, 95%CI:

2.61–20.5) (Table 3). No other differences in procedure

time were objectivated.

Table 2 Clinical and functional outcomes

Trevo

n = 1541

Solitaire

n = 301

Embotrap

n = 255

Revive

n = 115

mRS at 90 days–n/N. (%)

0 110/1393 (7.9) 18/288 (6.3) 4/228 (1.8) 5/109 (4.6)

1 242/1393 (17) 38/288 (13) 51/228 (22) 14/109 (13)

2 244/1393 (18) 55/288 (19) 45/228 (20) 21/109 (19)

3 195/1393 (14) 31/288 (11) 23/228 (10) 11/109 (10)

4 162/1393 (12) 36/288 (13) 24/228 (11) 19/109 (17)

5 70/1393 (5.0) 14/288 (4.9) 9/228 (4.0) 8/109 (7.3)

6 370/1393 (27) 94/288 (33) 72/228 (32) 31/109 (28)

mRS 0–1 at 90 days–n/N.(%) 352/1393 (25) 56/288 (20) 55/228 (24) 19/109 (17)

mRS 0–2 at 90 days–n/N.(%) 596/1393 (43) 111/288 (39) 100/228 (44) 40/109 (37)

Mortality at 90 days–n/N. (%) 370/1393 (27) 94/288 (33) 72/228 (32) 31/109 (28)

NIHSS post-intervention–mean (SD)* 10.9 (9.5) 12.0 (11) 11.1 (8.3) 13.1 (8.7)

Successful reperfusion (eTICI C 2B)–n/N. (%) 1155/1506 (77) 213/290 (73) 196/251 (78) 79/114 (69)

Excellent reperfusion (eTICI C 2C)–n/N. (%) 793/1506 (53) 147/290 (51) 140/251 (56) 52/114 (46)

Total attempts–mean (SD)^ 2.4 (1.7) 2.6 (2.1) 2.3 (1.6) 2.8 (1.8)

First-pass successful–n/N. (%) 336/1445 (23) 62/287 (22) 76/249 (31) 23/113 (20)

Procedures with complications–n/N. (%) 349/1481 (24) 71/271 (26) 76/253 (30) 39/115 (34)

sICH–n. (%) 71 (4.6) 23 (7.6) 19 (7.5) 8 (7.0)

Ischemic stroke progression–n. (%) 121 (7.9) 29 (9.6) 26 (10) 17 (15)

Pneumonia–n. (%) 155 (10) 40 (13) 14 (4.7) 14 (12)

Procedure time–mean minutes (SD) 58.9 (32) 68.6 (40) 53.1 (30) 67.6 (37)

*NIHSS was missing in 99 patients; ^ total attempts were missing in 208 patients; # procedure time was missing in 57 patients

mRS, modified Rankin Scale; eTICI, expanded Thrombolysis In Cerebral Infarction; sICH, symptomatic intracranial hemorrhage; NIHSS,

National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; SD, standard deviation
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Safety Outcomes

Symptomatic ICHdid not differ betweenpatients treatedwith

Trevo (n = 71; 4.6%), Solitaire (n = 23; 7.6%), or Revive

(n = 8; 7.0%) stent retriever (Tables 2 and 3). The Embotrap

(n = 19; 7.5%) had higher changes of sICH rates and pro-

cedural complications compared to the Trevo stent retriever

(aOR: 2.01, 95%CI: 1.00–4.05, and aOR: 1.53, 95%CI:

1.05–2.25, respectively). The procedural complications are

presented in Table S2. Patients treatedwith Solitaire retriever

had higher changes of pneumonia (aOR: 1.66, 95%CI:

1.00–2.76) compared to the Trevo group (Table 3). Ischemic

stroke progression did not differ (Tables 2and 3).

Sensitivity Analysis

A significant interaction effect estimate between the

occlusion location and the effect of the different stent

retrievers on the mRS at 90 days was found (P\ 0.001).

However, in the group of M1 occlusions, no difference in

mRS at 90 days was observed for Solitaire (acOR: 0.77,

Table 3 Regression analyses outcomes

Trevo as

comparator

Solitaire Embotrap Revive

EE

mRS at 90 days cOR 0.76 (0.61–0.95)* 0.90 (0.71–1.15) 0.76 (0.54–1.06)

acOR 0.75 (0.57–0.99)* 0.94 (0.70–1.27) 1.23 (0.81–1.85)

mRS 0–1 at 90 days OR 0.72 (0.53–0.99)* 0.97 (0.71–1.34) 0.62 (0.37–1.03)

aOR 0.72 (0.44–1.16) 1.21 (0.77–1.90) 1.58 (0.68–3.64)

mRS 0–2 at 90 days OR 0.84 (0.65–1.09) 1.08 (0.82–1.42) 0.78 (0.52–1.16)

aOR 0.84 (0.56–1.24) 1.00 (0.66–1.52) 1.53 (0.73–3.19)

Mortality at 90 days OR 1.37 (1.04–1.79)* 1.21 (0.90–1.63) 1.08 (0.70–1.67)

aOR 1.77 (1.17–2.70)^ 1.37 (0.88–2.13) 0.95 (0.45–2.03)

NIHSS at 24–48 h after EVT ß 0.97 (-0.24–2.17) 0.04 (-1.22–1.30) 2.17 (0.33–4.02)*

aß 1.44 (0.10–2.77) 0.10 (-1.25—1.45) -0.02 (-2.38–2.33)

Post-EVT eTICI OR 0.87 (0.69–1.09) 1.04 (0.82–1.32) 0.76 (0.53–1.07)

acOR 0.76 (0.58–1.00) 0.84 (0.64–1.11) 1.35 (0.98–1.87)

Successful reperfusion (eTICI C 2B) OR 0.84 (0.63–1.13) 1.08 (0.78–1.49) 0.69 (0.45–1.04)

aOR 0.74 (0.51–1.08) 0.83 (0.55–1.24) 1.00 (0.52–1.91)

Excellent reperfusion (eTICI C 2C) OR 0.93 (0.72–1.20) 1.12 (0.86–1.47) 0.75 (0.51–1.11)

aOR 0.85 (0.61–1.20) 0.91 (0.64–1.28) 1.33 (0.74–2.39)

First-pass successful OR 0.94 (0.70–1.28) 1.41 (1.05–1.90)* 0.81 (0.51–1.31)

aOR 0.99 (0.67–1.46) 1.13 (0.78–1.65) 1.18 (0.57–2.46)

Total attempts ß 0.14 (-0.09–0.38) -0.12 (-0.37–0.13) 0.34 (-0.02–0.71)

aß 0.30 (0.01–0.59)* 0.12 (-0.19–0.42) 0.53 (-0.02–1.08)

Procedures with complications OR 1.10 (0.82–1.49) 1.39 (1.03–1.86)* 1.66 (1.11–2.49)*

aOR 1.18 (0.81–1.73) 1.53 (1.05–2.25)* 1.67 (0.87–3.18)

Symptomatic ICH OR 1.71 (1.05–2.79)* 1.67 (0.99–2.82) 1.55 (0.73–3.30)

aOR 1.51 (0.76–3.02) 2.01 (1.00–4.05)* 1.81 (0.56–5.81)

Ischemic stroke progression OR 1.25 (0.82–1.92) 1.33 (0.85–2.08) 2.04 (1.18–3.52)*

aOR 1.55 (0.89–2.70) 1.03 (0.56–1.88) 1.45 (0.59–3.55)

Pneumonia OR 1.37 (0.94–1.99) 0.44 (0.24–0.80)^ 1.24 (0.69–2.22)

aOR 1.66 (1.00–2.76)* 0.70 (0.34–1.44) 0.84 (0.31–2.23)

Procedure time ß 9.94 (5.78–14.1)# -5.82 (-10.3–-1.36)# 8.79 (2.49–15.1)*

aß 4.88 (-0.29—10.0) 0.29 (-5.04—5.62) 11.6 (2.61–20.5)*

*\ 0.05; ^\ 0.01; #\ 0.001

EE: effect estimate; cOR: common odds ratio: acOR: adjusted common odds ratio; OR: odds ratio; aOR: adjusted odds ratio; aß: adjusted ß-

estimate; mRS: modified Rankin Scale; EVT: endovascular treatment; eTICI: expanded Thrombolysis In Cerebral Infarction; ICH: intracranial

hemorrhage; NIHSS: National Institutes of Health Stroke Scale
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95%CI: 0.52–1.13), Embotrap (acOR: 0.97, 95%CI:

0.65–1.46), or the Revive (acOR: 1.59, 95%CI: 0.94–2.69)

stent retrievers (Table S1), compared to Trevo. Similarly,

no significant differences were seen in excellent and good

functional outcome (Table S1).

Discussion

In this nationwide study, we compared four different stent

retrieves regarding clinical, safety, and technical outcomes

in patients with acute ischemic stroke due to anterior cir-

culation occlusion.

Our study showed small, but statistically significant,

differences in clinical outcome in favor of the Trevo stent

retriever, without differences in reperfusion rates. Earlier

meta-analysis and studies comparing Trevo and Solitaire

showed opposite results with no significant differences in

clinical outcome, while the Trevo stent retriever achieved

higher reperfusion rates and shorter procedure time in two

studies, but not within the meta-analysis [7, 8, 16–18]. A

potential reason may be the larger groups and the potential

selection bias present in the study arms, as there will be

differences in experience with each stent retriever (espe-

cially in the Trevo and Solitaire group) and as different

sizes of stent retrievers may be used in different occlusion

locations. Although we adjusted for the location, influence

may still occur. Therefore, we performed a sensitivity

analysis with only M1 occlusions in which the differences

in clinical outcomes were not observed. Results must,

therefore, be interpreted with caution.

The longer procedure times with Revive might be due to

the fact that this stent retriever was mainly used in the first

years of the MR CLEAN Registry (Figure S1). Although

we adjusted for the time between start registry and day of

treatment, the experience of the treating physician over

time may result in shorter procedure times.

The ARISE II study showed better Embotrap results

compared to our results, higher first-pass reperfusion rates

(52% vs. 31%), lower mortality rates (9.2% vs. 32%),

shorter procedure time (median 35 [IQR:24.0–58.0] versus

mean 53.1 [SD:30.0]), and higher functional outcome rates

(67% vs 44%) [19]. A possible reason for the differences in

outcome may be the first-line thrombectomy technique and

the use of a balloon guide catheter. The ARISE II study

reported 74% of the patients treated with a balloon guide

catheter, while our percentage for the Embotrap group is

51%. It is known that stent retriever thrombectomy alone

(without direct aspiration thrombectomy) combined with a

balloon guide catheter results in better outcomes than stent

retriever thrombectomy alone without a balloon guide

catheter [20–22]. In addition, another important explana-

tion is the study population. In the MR CLEAN Registry,

all patients who received EVT were included, whereas

patients in the ARISE II study were included when strict

in- and exclusion criteria were met.

In this study, we observed no differences between Trevo

and Solitaire stent retriever concerning the occurrence of

sICH, which is similar to previous studies comparing both

stent retrievers [8, 16]. Procedural complications and sICH

were more often seen in the Embotrap group compared to

the Trevo group; however, this did not lead to differences

in clinical outcome. Approximately 10% of the patients in

our study developed a poststroke pneumonia (PSP). In the

Solitaire stent retriever group, more patients suffered from

a PSP (13%). Patients treated with the Solitaire stent

retriever were treated more under general anesthesia

compared to patients treated with the Trevo stent retriever.

General anesthesia is a risk factor for PSP, and PSP has

been associated with poor outcomes [23–25]. This is a

potential added argument why patients treated with Soli-

taire had higher mortality rates and higher mRS rates at

90 days.

This study contains limitations related to its observa-

tional design, including selection bias and free choice of

endovascular approach. In our study, we did not take the

length or diameter of the stent retriever into account, nor

the additional use of a distal access catheter, since these

data were not registered properly. These aspects may

influence the reperfusion rates [26]. However, the choice of

stent retriever size (length and diameter) mainly depends

on the location of the occlusion, we tried to minimize this

effect to adjust for the occlusion location. Our subgroup

analysis of M1 occlusions showed no difference in stent

retrievers. Moreover, no differentiation was made between

stent retriever-only thrombectomy and the combined

thrombectomy technique; however, the ASTER-2 trial and

a meta-analysis showed no significant differences in clin-

ical and technical outcome between stent retriever

thrombectomy and the combined technique, meaning that

this data are still relevant [27, 28]. Additionally, over the

years different generation of stent retrievers are developed

and this is not taken into account in this study. Therefore,

interpretation needs to be done with caution. Further, the

experience level of the treating physician with certain stent

retrievers may differ over the years, and between the

treating physicians, which can influence outcomes. Olthuis

et al. showed better outcomes after EVT when interven-

tionist treated more patients in the preceding year. How-

ever, less effect on outcome was seen in the total number of

procedures an interventionist has performed previously

[29]. The treating physicians were free to switch between

the stent retrievers, while only the first-choice stent

retriever was analyzed. Finally, the proportional use of

each stent retriever differs and certain stent retriever

brands, including newer generations of stent retrievers,
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were excluded, but still, every stent retriever was used at

least 100 times. Over the years, the use of the Revive stent

retriever has become less, whereas the Embotrap is used

more, especially since 2016 (Figure S1).

Conclusion

Differences in outcomes after EVT between the Trevo,

Solitaire, Embotrap, and Revive stent retrievers were—

although statistically significant—small. These differences

were not present if only M1 occlusions were taken into

account. Treating physicians should use the stent retriever

they are used to, and further studies with more strict patient

selection should be conducted to validate these results.

Supplementary Information The online version contains

supplementary material available at https://doi.org/10.1007/s00270-

025-04048-0.
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Radiology, Haaglanden MC, the Hague), Jelis Boiten (Neurology,

Haaglanden MC, the Hague), Sebastiaan F. de Bruijn (Department of

Neurology, HAGA Hospital, the Hague), Lukas C. van Dijk (Radi-

ology, HAGA Hospital, the Hague), H. Bart van der Worp (Depart-

ment of Neurology, University Medical Center Utrecht), Rob H. Lo

(Radiology, University Medical Center Utrecht), Ewoud J. van Dijk

(Department of Neurology, Radboud University Medical Center,

Nijmegen), Hieronymus D. Boogaarts (Neurosurgery, Radboud

University Medical Center, Nijmegen), J. de Vries (Department of

Neurology, Isala Klinieken, Zwolle), Paul L.M. de Kort (Department

of Neurology, Elisabeth-TweeSteden ziekenhuis, Tilburg), Julia van

Tuijl (Department of Neurology, Elisabeth-TweeSteden ziekenhuis,

Tilburg), Issam Boukrab (Radiology, Elisabeth-TweeSteden zieken-

huis, Tilburg), Jo P. Peluso (Radiology, Elisabeth-TweeSteden

ziekenhuis, Tilburg), Puck Fransen (Department of Neurology, Isala

Klinieken, Zwolle), Jan S.P. van den Berg (Department of Neurology,

Isala Klinieken, Zwolle), Heleen M. den Hertog (Department of

Neurology, Isala Klinieken, Zwolle), Boudewijn A.A.M. van Hasselt

(Radiology, Isala Klinieken, Zwolle), Leo A.M. Aerden (Department

of Neurology, Reinier de Graaf Gasthuis, Delft), René J. Dallinga
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