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IMPORTANCE The benefits of endovascular revascularization using the contact aspiration
technique vs the stent retriever technique in patients with acute ischemic stroke remain
uncertain because of lack of evidence from randomized trials.

OBJECTIVE To compare efficacy and adverse events using the contact aspiration technique vs
the standard stent retriever technique as a first-line endovascular treatment for successful
revascularization among patients with acute ischemic stroke and large vessel occlusion.

DESIGN, SETTING, AND PARTICIPANTS The Contact Aspiration vs Stent Retriever for Successful
Revascularization (ASTER) study was a randomized, open-label, blinded end-point clinical
trial conducted in 8 comprehensive stroke centers in France (October 2015-October 2016).
Patients who presented with acute ischemic stroke and a large vessel occlusion in the anterior
circulation within 6 hours of symptom onset were included.

INTERVENTIONS Patients were randomly assigned to first-line contact aspiration (n = 192) or
first-line stent retriever (n = 189) immediately prior to mechanical thrombectomy.

MAIN OUTCOMES AND MEASURES The primary outcome was the proportion of patients with
successful revascularization defined as a modified Thrombolysis in Cerebral Infarction score
of 2b or 3 at the end of all endovascular procedures. Secondary outcomes included degree of
disability assessed by overall distribution of the modified Rankin Scale (mRS) score at 90
days, change in National Institutes of Health Stroke Scale (NIHSS) score at 24 hours, all-cause
mortality at 90 days, and procedure-related serious adverse events.

RESULTS Among 381 patients randomized (mean age, 69.9 years; 174 women [45.7%]), 363
(95.3%) completed the trial. Median time from symptom onset to arterial puncture was 227
minutes (interquartile range, 180-280 minutes). For the primary outcome, the proportion of
patients with successful revascularization was 85.4% (n = 164) in the contact aspiration
group vs 83.1% (n = 157) in the stent retriever group (odds ratio, 1.20 [95% CI, 0.68-2.10];
P = .53; difference, 2.4% [95% CI, −5.4% to 9.7%]). For the clinical efficacy outcomes (change
in NIHSS score at 24 hours, mRS score at 90 days) and adverse events, there were no
significant differences between groups.

CONCLUSIONS AND RELEVANCE Among patients with ischemic stroke in the anterior
circulation undergoing thrombectomy, first-line thrombectomy with contact aspiration
compared with stent retriever did not result in an increased successful revascularization rate
at the end of the procedure.
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A fter recent reports from 6 randomized clinical trials
(RCTs) demonstrated the superiority of mechanical
thrombectomy over standard medical management

alone, research priorities shifted toward reducing time to re-
vascularization, optimizing imaging methods for patient selec-
tion, and evaluating new thrombectomy devices.1-3 Because
stent retriever techniques were used predominantly in these
trials, questions remain regarding the safety and efficacy of
aspiration thrombectomy techniques as a first-line therapy. A
direct aspiration first-pass technique (ADAPT), or contact aspi-
ration, involves the first-line use of aspiration through a large-
bore catheter,4-8 then adding a stent retriever if needed. In cases
in which aspiration alone is not successful in removing the
thrombus, the large-bore aspiration catheter provides the ad-
ditional benefit of offering access for a stent retriever.

Contact aspiration has not been demonstrated to be supe-
rior or noninferior to the stent retriever technique. Neverthe-
less, aspiration has gained growing acceptance as it is thought
to facilitate revascularization quickly and potentially at a lower
cost.9 Controversies about the relevance of the technique have
arisen in rare cases of aspiration component failure because
of concerns that it might result in a delay in revascularization
that could have been avoided by using the stent retriever tech-
nique as first-line endovascular therapy. Although no random-
ized trials have studied aspiration vs the stent retriever tech-
nique to date, some retrospective studies have reported
increased successful revascularization rates when using con-
tact aspiration as first-line endovascular treatment.7,10 Addi-
tional insights through RCTs are needed to identify which pa-
tients may benefit from this novel technique.

The Contact Aspiration vs Stent Retriever for Successful
Revascularization (ASTER) trial aimed to compare the effi-
cacy and adverse events of first-line neurothrombectomy using
the contact aspiration technique vs the standard stent re-
triever technique.

Methods
The study protocol and the consent form were approved by the
Comité de Protection des Personnes Ile de France VI (ID 2015-
A00830-49). The details of the trial protocol were published
previously11 (available in Supplement 1).

Trial Design
This trial was a randomized, multicenter, open-label, blinded
end-point clinical trial. It was an investigator-initiated trial de-
signed to assess the effect of the first-line strategy for me-
chanical thrombectomy (contact aspiration vs stent re-
triever) on revascularization rates at the end of all endovascular
procedures.

Patients were recruited at 8 high-volume, comprehen-
sive stroke centers in France, all of which regularly perform
both types of techniques. The study was conducted in accor-
dance with the Declaration of Helsinki and Good Clinical
Practice.12 Data collection during the study was facilitated with
an electronic case report form developed using Clinsight soft-
ware (ENNOV).

According to French laws, oral informed consent was
sought from patients if their level of consciousness was suffi-
cient, or else from a relative. This study operated under
an emergency inclusion protocol because of the nature of
the condition.

Patient Population
This study enrolled adults admitted with suspected ischemic
stroke secondary to occlusion of the anterior circulation
within 6 hours of onset of symptoms. Patients were required
to have imaging evidence of occlusion of the intracranial
internal carotid artery or the M1 or M2 branches of the middle
cerebral artery. Use of intravenous (IV) thrombolysis treat-
ment was permitted. Key exclusion criteria included cerebral
infarction of the posterior circulation, occlusion of the cervi-
cal carotid artery, and prestroke modified Rankin Scale (mRS)
score greater than 3.

Randomization
Immediately after baseline brain imaging and prior to the en-
dovascular procedure, patients were randomly allocated in a
1:1 fashion to undergo either contact aspiration (interven-
tion) or stent retriever (control) thrombectomy as the first-
line intervention. The randomization sequence was provided
by an independent statistician (who did not take part in as-
sessing the patients at any point in the study) using computer-
generated random numbers with block sizes of 4 and stratifi-
cation by center and IV tissue plasminogen activator (tPA)
treatment. The block size information was not specified in the
protocol to ensure that vascular neurologists and interven-
tional neuroradiologists were not able to anticipate treat-
ment group assignment. The randomization sequence was
implemented in the electronic case report form system to en-
sure a centralized real-time randomization procedure.
Patients were enrolled and randomized by vascular neurolo-
gists and interventional neuroradiologists.

Interventions
In line with the recommendations of the American Stroke
Association and European Stroke Organization,3,13 enrolled pa-
tients received IV thrombolysis (if eligible) and were then trans-
ferred to the angiographic suite for urgent thrombectomy.

Key Points
Question Does first-line contact aspiration result in an increased
successful revascularization rate compared with first-line use of
a stent retriever in patients with acute ischemic stroke undergoing
thrombectomy?

Findings In this multicenter randomized clinical trial, 381 patients
with acute ischemic stroke and large vessel occlusion were
randomized to first-line contact aspiration or stent retriever
revascularization. There was no significant difference in successful
revascularization rates at the end of the procedure (85.4% for
contact aspiration vs 83.1% for stent retriever).

Meaning First-line contact aspiration did not result in increased
successful revascularization compared with first-line use of
a stent retriever.
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Patients underwent their assigned endovascular procedure
(contact aspiration or stent retriever) under general anesthe-
sia or conscious sedation. Operators were required to per-
form at least 3 attempts at revascularization using the as-
signed endovascular technique before switching to another
endovascular procedure (rescue therapy) if needed and in ac-
cordance with good practice recommendations. The deci-
sions of whether to use a rescue therapy and which rescue
therapy to use were at the discretion of the operator. Permit-
ted rescue techniques were contact aspiration, stent re-
triever, combined contact aspiration and stent retriever, and
angioplasty with or without stenting.

Contact aspiration was performed using a long sheath po-
sitioned in the distal cervical vasculature using an exchange
technique. The technique has been previously reported.4,6-8,14

A 0.021- to 0.027-in inner lumen microcatheter was ad-
vanced up to or past the thrombus over a microwire and then
a large-bore aspiration catheter was advanced as close to the
proximal aspect of the thrombus as possible. The large-bore
aspiration catheter was connected to a source of continuous
aspiration, and thrombus aspiration was attempted.

The stent retriever technique used was in accordance with
the European Conformity marked device instructions for use.
A large-bore balloon guide catheter was positioned in the cer-
vical internal carotid artery. A delivery microcatheter was navi-
gated over a microwire into the occluded artery, and the stent
retriever was deployed across the occlusion. During stent re-
triever removal, the proximal vessel was occluded by infla-
tion of the balloon guide catheter. The Solitaire and Trevo stent
retriever devices were most commonly used.

Outcomes
Primary Outcome
The primary outcome was the percentage of patients with suc-
cessful revascularization defined as a modified Thromboly-
sis in Cerebral Infarction (mTICI) score of 2b or 315 at the end
of angiography after all endovascular treatments.

Secondary Outcomes
The secondary technical efficacy outcomes included the
percentage of patients with successful revascularization
(separately defined as mTICI score of 2b/3, mTICI score of
2c/3, or mTICI score of 3) at the end of the first-line proce-
dure, the percentage of patients with successful revascular-
ization (separately defined as mTICI score of 2c/3 or mTICI
score of 3) at the end of all procedures, and the time from
arterial puncture to successful revascularization (defined as
mTICI score of 2b/3).

The secondary clinical efficacy outcomes were degree of dis-
ability assessed by overall distribution of the mRS score at 90
days (shift analysis combining scores of 5 and 6),16 functional
independence as defined by a 90-day mRS score of 2 or lower,
change in National Institutes of Health Stroke Scale (NIHSS) score
at 24 hours, and death due to any cause at 90 days.

Adverse events included procedure-related serious ad-
verse events (arterial perforation, arterial dissection, emboli-
zation in a new vascular territory, subarachnoid hemorrhage,
vasospasm), intracranial hemorrhage on imaging at 24 hours

according to the European Cooperative Acute Stroke Study 3
classification, and symptomatic intracranial hemorrhage at 24
hours, defined as any intracranial hemorrhage, including in-
tracerebral, subarachnoid, and intraventricular hemor-
rhages, visualized on follow-up imaging and associated with
a 4-point or greater worsening on the NIHSS score or that re-
sulted in death.

A cost-effectiveness analysis was prespecified as a sec-
ondary end point and is ongoing.

Blinding
For the primary outcome, 2 independent assessors at a cen-
tral imaging core laboratory not involved in patient manage-
ment determined the mTICI score and collateral status. In
cases of disagreement between the 2 assessors, a centralized
neurointerventionalist reviewed angiograms and decided on
the primary end-point value. All neuroimaging readings
including determination of site of arterial occlusion, clot bur-
den score, and hemorrhagic transformation were performed
at the imaging core laboratory and blinded to procedure allo-
cation. Serious adverse events and procedure-related compli-
cations were adjudicated by 3 members of the data and safety
monitoring board blinded to treatment group. The 90-day
mRS score was assessed by trained research nurses unaware
of the group assignments during face-to-face interviews or
via telephone conversations. The NIHSS score at 24 hours
was assessed by the treating physician, who was not blinded
to the group assignments.

Statistical Analysis
The study was designed to have a statistical power of 90% with
a 2-sided α=.05 to demonstrate the superiority of first-line con-
tact aspiration over stent retriever in achieving the primary out-
come. The sample size was calculated based on an expected
rate of successful revascularization of 70% in patients treated
with stent retrievers2,7and assuming an absolute increase in
successful revascularization of 15% with the contact aspira-
tion strategy. This difference was based on published data on
contact aspiration and on 2 nonrandomized studies compar-
ing contact aspiration with stent retriever as first-line endo-
vascular therapy.6-8,10,17 Assuming a rate of spontaneous re-
vascularization and catheterization failures of 15%,18 a total of
380 patients (190 per group) was required.

Analyses were performed on all randomized patients in
their assigned group according to the intention-to-treat prin-
ciple. Categorical variables are reported as frequencies and per-
centages. Quantitative variables are reported as mean (stan-
dard deviation) or median (interquartile range [IQR]) for
nonnormal distribution. Normality of distributions was as-
sessed graphically and by using the Shapiro-Wilk test.

Rates of the primary outcome were compared between the
2 groups using a mixed logistic regression model adjusting for
the randomization stratification variables by including IV
thrombolysis as a fixed effect and center as a random effect.
From this model, we derived an effect size measure, adjusted
odds ratio (OR), and 95% confidence interval around the OR
for contact aspiration relative to stent retriever. We also cal-
culated absolute and relative risk differences from the marginal
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probabilities of successful revascularization, estimated by a
mixed logistic regression model using the method described
by Austin.19 For the primary outcome, missing values due to
groin access failure (n = 4) were treated as failures (mTICI score
of 0), and in cases of unavailable or poor-quality core labora-
tory images (n = 20), mTICI scores from the study site evalu-
ation were used.

A sensitivity analysis was conducted in the per-protocol
population, which was defined as all patients who received at
least 3 attempts at successful revascularization with the as-
signed first-line endovascular treatment. An unplanned sen-
sitivity analysis was conducted using the mTICI scores as
graded by the study site for all patients. Treatment effect modi-
fication on the primary outcome was explored in prespeci-
fied subgroups: IV thrombolysis (yes vs no), location of throm-
bus (intracranial internal carotid artery vs M1 branch of the
middle cerebral artery vs M2 branch of the middle cerebral ar-
tery) based on vascular imaging at time of admission, and clot
burden score (<6 vs ≥6). An unplanned subgroup analysis was
also conducted according to clot length (<8 vs ≥8 mm). Treat-
ment effect size heterogeneity across the subgroups was tested
by including the corresponding multiplicative interaction term
into the mixed logistic regression model.

Further details on statistical analysis for secondary out-
comes are available in the eAppendix in Supplement 2). All sta-
tistical tests were 2-sided, and P < .05 was considered statis-
tically significant. No adjustment for multiple testing was
applied and thus, all secondary objectives are considered ex-
ploratory. Data were analyzed using SAS software version 9.4
(SAS Institute Inc).

Results
Randomization and Baseline Characteristics
Between October 2015 and October 2016, a total of 381 pa-
tients (mean age, 69.9 [SD, 14.3] years; 207 men [54.3%]) were
included in the intention-to-treat analysis (Figure 1). One hun-
dred ninety-two patients were randomized to first-line treat-
ment with contact aspiration and 189 to first-line treatment
with a stent retriever. Details of device use are available in the
eTable in Supplement 2.

Among the 381 patients enrolled, the mean baseline NIHSS
score was 16.2 (SD, 6.2) and the median time from symptom
onset to arterial puncture was 227 minutes (IQR, 180-280 min-
utes). The 2 groups were well balanced regarding most of the

Figure 1. Flow of Patients Through the ASTER Trial

640 Patients assessed for eligibility

259 Excluded
253 Did not meet inclusion criteria

77 Onset to randomization >6 h
2 Modified Rankin Scale score >3

6 Enrolled in another trial

61 Ischemic stroke of the
posterior circulation

113 Proven occlusion of the
cervical carotid artery

381 Randomized

189 Randomized to receive stent retriever
170 Received stent retriever as

randomized
19 Did not receive stent retriever

12 Spontaneous clot lysis
1 Groin access failure

1 Extracranial stenting
without stent retriever

5 Mistakenly treated in the
contact aspiration group
(protocol violation)

192 Randomized to receive contact
aspiration
174 Received contact aspiration

as randomized
18 Did not receive contact aspiration

15 Spontaneous clot lysis
3 Groin access failure

182 Died or completed follow-up
6 Lost to follow-up
1 Withdrew consent

181 Died or completed 90-d follow-up
11 Lost to follow-up

181 Had core laboratory adjudicated
data (primary end point)

11 Did not have core laboratory
adjudicated data
8 Images of poor quality
3 Groin access failure

176 Had core laboratory adjudicated
data (primary end point)

13 Did not have core laboratory
adjudicated data
12 Images of poor quality
1 Groin access failure

189 Included in primary analysis192 Included in primary analysis
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Table 1. Baseline Characteristics of Patients

Characteristics
First-Line Contact Aspiration
(n = 192)

First-Line Stent Retriever
(n = 189)

Baseline demographics and medical history
Age, mean (SD), y 71.7 (13.8) 68.1 (14.6)
Men, No./total (%) 103/192 (53.7) 104/189 (55.0)
Medical history, No./total (%)

Hypertension 118/186 (63.4) 111/187 (59.4)
Diabetes 36/185 (19.5) 40/188 (21.3)
Hypercholesterolemia 65/184 (35.3) 66/187 (35.3)
Current smoking 31/158 (19.6) 31/163 (19.0)
Coronary artery disease 30/183 (16.4) 33/186 (17.7)
Previous stroke or transient ischemic attack 36/186 (19.4) 29/188 (15.4)
Previous antithrombotic medications 91/185 (49.2) 91/187 (48.7)

Antiplatelets 58/185 (31.4) 60/187 (32.1)
Anticoagulants 37/185 (20.0) 35/187 (18.7)

Current stroke event
Systolic blood pressure, mean (SD), mm Hga 150 (24) 145 (26)
National Institutes of Health Stroke Scale (NIHSS) score, mean (SD)b 16.3 (5.9) 16.1 (6.5)
Prestroke modified Rankin Scale score, No./total (%)c

0 158/190 (83.2) 159/189 (84.1)
1 17/190 (8.9) 16/189 (8.5)
2 5/190 (2.6) 11/189 (5.8)
3 8/190 (4.2) 3/189 (1.6)
>3 2/190 (1.0) 0

ASPECTS, median (interquartile range)d 7 (6-9) 7 (5-9)
Site of occlusion, No./total (%)e

Middle cerebral artery branch M1 100/174 (57.5) 104/176 (59.1)
Middle cerebral artery branch M2 48/174 (27.6) 31/176 (17.6)
Intracranial internal carotid artery 22/174 (12.6) 33/176 (18.7)
Tandem lesionf 4/174 (2.3) 8/176 (4.6)

Clot burden score, median (interquartile range)g 7 (5-8) 6 (3-8)
Clot length, median (interquartile range), mmh 13.0 (9.0-19.0) 11.5 (8.0-18.0)
Arterial occlusion lesion score, No./total (%)i

0 153/177 (86.4) 160/175 (91.4)
1 1/177 (0.6) 2/175 (1.1)
2 13/177 (7.3) 8/175 (4.6)
3 10/177 (5.7) 5/175 (2.9)

Favorable collaterals, No./total (%)j 37/146 (25.3) 37/138 (26.8)
Suspected stroke cause, No./total (%)

Large artery atherosclerosis 13/192 (6.8) 17/189 (9.0)
Cardioembolic 88/192 (45.8) 75/189 (39.7)
Other or unknown 91/192 (47.4) 97/189 (51.3)

Directly admitted to a comprehensive stroke center, No./total (%) 70/192 (36.5) 68/189 (36.0)
Intravenous recombinant tissue plasminogen activator, No./total (%) 126/192 (65.6) 124/189 (65.6)
General anesthesia, No./total (%) 21/191 (11.0) 25/188 (13.3)
Onset to groin puncture time, median (interquartile range), mink 217 (166-279) 235 (186-283)

Onset to imaging 109 (82-146) 116 (85-150)
Imaging to randomization 86 (43-132) 82 (40-135)
Randomization to groin puncture 11 (5-25) 13 (5-23)

a There were 13 missing values (6 in the contact aspiration group).
b The NIHSS classifies neurological deficit from 0 (no deficit) to 42 (most

severe). There were 3 missing values (1 in the contact aspiration group).
c Modified Rankin Scale score range: 0 (symptom free) to 6 (dead).
d Alberta Stroke Program Early Computed Tomography Score (ASPECTS)

measures the extension of stroke, with a score range of 0 to 10 (higher scores
indicating fewer early ischemic changes). There were 5 missing values (1 in the
contact aspiration group).

e Assessed angiographically by an independent core laboratory (not available
for spontaneous clot lysis, n = 27, or groin access failure, n = 4).

f Tandem lesion involves an occlusion of the internal carotid artery at the
bifurcation with an intracranial middle cerebral artery occlusion.

g The clot burden score (range, 0-10; lower score indicates higher clot burden)

is a semiquantitative imaging-based score that assesses the number of arterial
segments exhibiting a visible clot, assessed by an independent core laboratory
after excluding patients with poor-quality images, incomplete examinations,
or nondetected clot (254 assessed values, 129 in the contact aspiration group).

h Assessed by an independent core laboratory after excluding patients with
poor-quality images, incomplete examinations, or nondetected clot
(293 assessed values, 147 in the contact aspiration group).

i The arterial occlusion lesion score ranges from 0 to 3 (0 indicates no
revascularization of the primary occlusive lesion; 3, complete revascularization).

j The collateral score ranges from 0 to 4 (0 indicates poor collateral supply;
4, good collateral supply) via an American Society of Interventional and
Therapeutic Neuroradiology/Society of Interventional Radiology grading
system. A favorable collateral score refers to grade 3-4.

k There were 3 missing values (1 in the contact aspiration group).
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baseline characteristics, except for age, admission systolic
blood pressure, prestroke mRS score, and site of occlusion
(Table 1).

Endovascular techniques were largely standardized (a bal-
loon-guide catheter was used to allow proximal flow arrest dur-
ing stent retriever removal in 92% of patients treated with the
stent retriever technique).

Angiographic Efficacy Outcomes
The primary outcome was assessed by the core laboratory in
357 patients (93.7%; 181 in the contact aspiration group and 176
in the stent retriever group). The primary efficacy outcome was

not significantly different in the contact aspiration vs stent re-
triever groups (85.4% [n = 164] vs 83.1% [n = 157]; OR, 1.20; 95%
CI, 0.68-2.10; P = .53) (Table 2). The corresponding risk dif-
ference was 2.4% (95% CI, −5.4% to 9.7%). The distribution of
mTICI scores after all endovascular procedures is shown in
Figure 2A. There were no significant between-group differ-
ences in the primary outcome in sensitivity analyses re-
stricted to the per-protocol population or when successful re-
vascularization was defined as mTICI score of 3 or mTICI score
of 2c/3 (Table 2).

After first-line strategy only, there were no significant dif-
ferences between groups in revascularization rates (Figure 2B

Table 2. Primary and Secondary Efficacy Outcomes

Outcomes

No./Total (%)a

Risk Difference,
% (95% CI)b

Odds Ratio
(95% CI) P Value

First-Line Contact
Aspiration
(n = 192)

First-Line Stent
Retriever
(n = 189)

Primary Efficacy Outcome

Successful revascularization at the end
of all procedures

mTICI score of 2b or 3 assessed
by core laboratoryc,d

Intention-to-treat analysise 164/192 (85.4) 157/189 (83.1) 2.4 (−5.4 to 9.7) 1.20 (0.68-2.10) .53

Per-protocol analysis 140/153 (91.5) 140/165 (84.9) 6.8 (−0.6 to 14.11) 1.91 (0.93-3.91) .08

mTICI score of 2b or 3 assessed at study
sited,f

163/192 (84.9) 163/189 (86.2) −1.4 (−8.3 to 5.5) 0.90 (0.50-1.59) .71

Secondary Angiographic Efficacy Outcomes

Complete revascularization at the end
of all procedures

mTICI score of 3 assessed
by core laboratoryd

72/192 (37.5) 73/189 (38.6) −1.1 (−11.0 to 9.0) 0.95 (0.62-1.45) .82

mTICI score of 2c or 3 assessed
by core laboratoryd

108/192 (56.3) 107/189 (56.6) 0.4 (−10.9 to 9.7) 0.99 (0.65-1.48) .84

Successful revascularization
after first-line strategy alone

mTICI score of 2b or 3 assessed
by core laboratoryd

121/192 (63.0) 128/189 (67.7) −4.7 (−13.8 to 4.4) 0.81 (0.53-1.24) .34

mTICI score of 3 assessed
by core laboratoryd

55/192 (28.7) 67/189 (35.5) −6.8 (−16.2 to 2.5) 0.73 (0.54-1.13) .16

mTICI score of 2c or 3 assessed
by core laboratoryd

83/192 (43.2) 94/189 (49.7) −6.5 (−16.4 to 3.3) 0.77 (0.51-1.16) .21

Use of rescue treatment 63/192 (32.8) 45/189 (23.8) 9.0 (−0.9 to 18.1) 1.57 (0.99-2.47) .05

Clinical Efficacy Outcomes

Change in NIHSS score at 24 h,
mean
(95% CI)g

−4.8 (−6.1 to −3.6)h −5.2 (−6.5 to −3.9)h 0.38 (−1.42 to 2.18)i NA .68

Functional independence at 3 moj 82/181 (45.3) 91/182 (50.0) −4.6 (−14.7 to 6.1) 0.83 (0.54-1.26) .38

Modified Rankin Scale score at 3 mo,
median (interquartile range)

3.0 (1.0 to 5.0) 2.5 (1.0 to 5.0) NA 0.76 (0.53-1.10)k .15

Abbreviations: mTICI, modified Treatment in Cerebral Infarction; NA, not
applicable; NIHSS, National Institutes of Health Stroke Scale.
a Values expressed as No./total No. (%) unless otherwise indicated. Effect sizes

were calculated after adjustment for randomization stratification variables
(center and intravenous thrombolysis).

b Expressed as a percentage and calculated from the marginal probabilities
accordingly to the Austin method unless otherwise indicated.

c Eleven patients in the contact aspiration group and 13 in the stent retriever
group were not assessed by the core laboratory because of groin access failure
or unavailable or poor-quality images.

d mTICI score: 0, no perfusion or anterograde flow beyond site of occlusion;
1, penetration but not perfusion (contrast penetration exists past the initial
obstruction but with minimal filling of the normal territory); 2, incomplete
perfusion wherein the contrast passes the occlusion and opacifies the distal
arterial bed but rate of entry or clearance from the bed is slower or incomplete

compared with noninvolved territories; 2a, some perfusion with distal branch
filling of <50% of territory visualized; 2b, substantial perfusion with distal
branch filling of �50% of territory visualized; 2c, near-complete perfusion
except for slow flow in a few distal cortical vessels or presence of
small distal cortical emboli; and 3, complete perfusion with normal filling
of all distal branches.

e Prespecified as the primary efficacy analysis.
f Unplanned sensitivity analysis.
g There were 23 missing 24-hour NIHSS values (12 in the contact aspiration

group).
h Mean change (95% CI) adjusted on baseline NIHSS score.
i Mean risk difference adjusted on baseline NIHSS score.
j Defined as a modified Rankin Scale score �2.
k Common odds ratio of improvement of 1 point in modified Rankin Scale score.
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and Table 2). Rescue treatment after first-line strategy oc-
curred in 63 patients (32.8%) in the contact aspiration group
and 45 patients (23.8%) in the stent retriever group, with no
significant difference between groups (OR, 1.57; 95% CI, 0.99-
2.47; P = .05). Among the 119 patients (68 contact aspiration
and 51 stent retriever) with failure of first-line therapy (de-
fined as mTICI score of 0/1/2a graded at the time of procedure
by operator), rescue treatment was used in 57 patients (83.8%)
in the contact aspiration group and 42 patients (82.4%) in the
stent retriever group (OR, 1.21; 95% CI, 0.43-3.38; P = .72).

There was no significant difference in the total number of
revascularization attempts, with a median of 2 (IQR, 1-4; range,
0-11) in the contact aspiration group and 2 (IQR, 1-3; range, 0-15)
in the stent retriever group (P = .84).

Among patients reaching the primary outcome, the me-
dian time from arterial puncture to revascularization was 38
minutes (IQR, 24-60 minutes) in the contact aspiration group
and 45 minutes (IQR, 31-60 minutes) in the stent retriever group
(P = .10).

Clinical Efficacy Outcomes
Early improvement in neurological outcomes was not signifi-
cantly different between the 2 groups, with a mean change in
NIHSS score at 24 hours of −4.8 points (95% CI, −6.1 to −3.6)
in the contact aspiration group and −5.2 points (95% CI, −6.5
to −3.9) in the stent retriever group (mean difference, 0.38; 95%
CI, −1.42 to 2.18; P = .68). Among 363 patients (95.3%) with mRS
assessments at 3 months, no significant difference was found
in the proportion who were functionally independent (45.3%
in the contact aspiration group vs 50.0% in the stent retriever
group; OR, 0.83 [95% CI, 0.54-1.26]; P = .38; risk difference,
−4.6% [95% CI, −14.7% to 6.1%]) (Table 2). There was no sig-

nificant shift in the mRS distribution in favor of the contact as-
piration strategy, with a common OR for a 1-point improve-
ment of 0.76 (95% CI, 0.53-1.10; P = .15) (eFigure 1 in
Supplement 2; Table 2).

Adverse Events
All-cause mortality at 3 months occurred in 70 patients (19.3%).
Intracranial hemorrhage at 24 hours was observed in 87 pa-
tients (46.3%) in the contact aspiration group and 85 patients
(46.2%) in the stent retriever group; the types of hemorrhage
are detailed in Table 3. Symptomatic intracranial hemor-
rhage occurred in 10 patients (5.3%) in the contact aspiration
group and 12 patients (6.5%) in the stent retriever group. Pro-
cedure-related adverse events occurred in 31 patients (16.2%)
in the contact aspiration group and 30 patients (15.9%) in the
stent retriever group. The most frequent event was subarach-
noid hemorrhage (n=26), followed by vasospasm (n = 17), em-
bolization in a new vascular territory (n = 12), arterial perfo-
ration (n = 8), and arterial dissection (n = 7). New ischemic
stroke in a different vascular territory occurred in 10 patients
(5.3%) in the contact aspiration group and 16 (8.5%) in the stent
retriever group.

Subgroup Analyses
Prespecified exploratory subgroup analyses (IV tPA treatment,
siteofocclusion,clotburdenscore)showednosignificanthetero-
geneity in treatment effect on the primary outcome across the
studied subgroups (eFigure 2 in Supplement 2).

Unplanned Analyses
In exploratory analyses of the primary outcome that were not
prespecified, there was no heterogeneity of treatment effect

Figure 2. Modified Treatment in Cerebral Infarction (mTICI) Scores at the End of All Endovascular Procedures and After First-Line Strategy Alone
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Scores indicate the following: 0 (no revascularization), no perfusion or
anterograde flow beyond site of occlusion; 1 (minimal revascularization),
contrast passes the area of occlusion but fails to opacify the entire cerebral bed
distal to the obstruction during angiographic run; 2 (partial revascularization),
2a, partial filling (<50%) of territory visualized, and 2b, partial filling (�50%) of
territory visualized; 3 (complete revascularization), complete revascularization
with normal filling.

a Primary outcome.
b Assessed by core laboratory. Missing data due to groin access failure (n = 4)

were treated as failures (mTICI score of 0) and missing data due to no core
laboratory reading (n = 20 for mTICI score at end of all procedures and n = 22
for mTICI score after first-line procedure) were replaced by the study site
evaluation regardless of treatment groups.
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in a subgroup analysis by clot length and no significant
between-group differences in a sensitivity analysis using mTICI
scores from local study sites. A significantly shorter time from
clot contact to revascularization was observed in the contact
aspiration group (median, 13 minutes; IQR, 6-38 minutes) com-
pared with the stent retriever group (median, 22 minutes; IQR,
10-38 minutes; P = .03), but this was not a prespecified out-
come and should be considered exploratory.

Discussion
In this multicenter RCT, 381 patients with acute ischemic stroke
and large vessel occlusion were randomized to undergo either
contact aspiration or stent retriever as first-line endovascular
treatment. First-line contact aspiration was not superior to first-
line stent retriever in achieving successful revascularization
at the end of the endovascular procedure.

To our knowledge, this is the first open-label RCT with
blinded end-point evaluation to compare first-line contact as-
piration vs stent retriever for mechanical thrombectomy in
acute ischemic stroke. Patients were enrolled across 8 com-

prehensive stroke centers, with very few restrictive inclusion
criteria in keeping with clinical situations. The use of an inde-
pendent imaging core laboratory reduced bias in evaluation
of the primary outcome, and the short period in which pa-
tient enrollment was completed reduced potential bias in a field
in which technological progress and refinement evolve rap-
idly. The endovascular techniques were largely standardized
in both groups, patients in the stent retriever group were pri-
marily treated with validated devices, and there were few cross-
overs (90% of patients received the allocated treatment).

The primary outcome for this study was the difference in
revascularization rates after all procedures. Revasculariza-
tion rate was chosen as the primary outcome because it is a
major early indicator of treatment success, has been corre-
lated with good clinical outcome,15,20 and has been used as a
primary outcome in other stroke trials comparing thrombec-
tomy devices; eg, SWIFT21 and TREVO2.22 The primary out-
come was assessed at the end of all procedures because the
goal of the study was to assess the effect of first-line endovas-
cular strategy on revascularization after the entire procedure
rather than to directly compare the contact aspiration and stent
retriever techniques when used alone.

Successful revascularization was specifically defined as an
mTICI score of 2b or 3 in this study because this outcome has
been reported to be a predictor of clinical outcome.20,23,24

Theoretically, contact aspiration could result in a higher rate
of an mTICI score of 3 compared with stent retriever because
use of a stent retriever requires that it be passed through the
clot and therefore might result in a higher rate of distal em-
boli (as was found in an in vitro study25), but there were no sig-
nificant differences between groups in the secondary out-
come of an mTICI score of 3 or in the frequency of embolization
to a new vascular territory in this study.

Contact aspiration and stent retriever were never used
simultaneously during the first-line strategy, as this was not
allowed in the study protocol. However, during rescue
therapy, the choice of the technique was left to the discretion
of the operator, and there were 2 instances of combined use
of contact aspiration plus stent retriever in the contact aspira-
tion group and 8 instances in the stent retriever group. The
effect of combining contact aspiration and stent retriever to
obtain a better rate of recanalization, especially perfect
recanalization, has never been studied in an RCT and is a
potential area of future study.

The hypothesis of this trial was that use of first-line con-
tact aspiration would increase the rate of successful revascu-
larization by 15% compared with a first-line stent retriever (su-
periority design), so, although contact aspiration was not
superior to stent retriever in achieving successful recanaliza-
tion, this study was not designed to claim equivalence or non-
inferiority of these strategies. Furthermore, although the con-
tact aspiration group did not achieve a 15% increase in
successful revascularization, a smaller yet potentially clini-
cally significant difference in revascularization rate cannot be
fully excluded.

Regarding secondary clinical outcomes and adverse events,
there were no significant differences between groups, al-
though the trial was not powered to assess differences in these

Table 3. Adverse Events

Events

No./Total (%)
First-Line Contact
Aspiration
(n = 192)

First-Line Stent
Retriever
(n = 189)

All-cause mortality at 3 mo 35/181 (19.3) 35/182 (19.2)

Intracranial hemorrhage
at 24 ha,b

87/188 (46.3) 85/188 (46.2)

Hemorrhagic infarction 58/188 (30.9) 49/188 (26.6)

Type 1c 23/188 (12.2) 24/188 (13.0)

Type 2d 35/188 (18.6) 25/188 (13.6)

Parenchymal hematoma 24/188 (12.8) 33/188 (17.4)

Type 1e 17/188 (9.0) 19/188 (10.3)

Type 2f 7/188 (3.7) 14/188 (7.6)

Intraventricular hemorrhage 6/188 (3.2) 2/184 (1.1)

Remote intracranial
hemorrhage

1/188 (0.5) 1/184 (0.5)

Symptomatic intracranial
hemorrhage at 24 h

10/188 (5.3) 12/188 (6.5)

Procedure-related adverse
eventsb

31/192 (16.2) 30/189 (15.9)

Embolization in a new vascular
territory

7/192 (3.7) 5/189 (2.7)

Arterial perforation 5/192 (2.6) 3/189 (1.6)

Arterial dissection 5/192 (2.6) 2/189 (1.1)

Vasospasm 5/192 (2.6) 12/189 (6.4)

Subarachnoid hemorrhage 13/188 (6.9) 13/188 (7.1)

New ischemic stroke in a different
vascular territory

10/188 (5.3) 16/188 (8.5)

a Assessed by core laboratory.
b Patients with multiple events of one type were counted once.
c Isolated petechiae in infarcted tissue without mass effect.
d Confluent petechiae in infarcted tissue without mass effect.
e Hemorrhage in <30% of the infarcted area with mild space-occupying effect.
f Hemorrhage in >30% of the infarcted area with significant space-occupying

effect.
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outcomes. A retrospective study comparing aspiration and
stent retriever techniques reported a lower rate of sympto-
matic hemorrhages for contact aspiration compared with stent
retriever (2.9% for contact aspiration and 5.4% for stent
retriever),7and retrospective studies have reported low rates
of embolization in a new territory (2%) and no incidence of
symptomatic intracranial hemorrhage when using contact
aspiration.6,8 Embolization in a different vascular territory oc-
curred in 3.7% of the contact aspiration group in this study,
which is less than the rates of 6% and 5.7% reported in 2 re-
cent retrospective studies.7,26 Adverse events in the retrospec-
tive analyses were site reported, while in this trial, they were
adjudicated in a blinded manner.

Limitations
This study has several limitations. First, the primary end point
was technical (ie, successful revascularization after all inter-
ventions), which is less relevant than a clinical outcome such
as the 90-day mRS score. Second, given its superiority design
to detect a 15% difference in the primary end point, this trial
was not designed to establish noninferiority between contact
aspiration and stent retriever as first-line endovascular strat-
egies and not powered to detect a smaller yet potentially clini-
cally important difference between groups. Third, the use of
rescue therapy was at the discretion of the operator and is a

potential source of bias, although the rates of rescue therapy
were not significantly different between groups overall or
among those who experienced failure after first-line throm-
bectomy. Fourth, participating centers were all highly expe-
rienced in performing both endovascular techniques, which
may explain the high mTICI 2b/3 score rates in both study
groups and may limit the ability to generalize these findings
to other comprehensive stroke centers with less experience in
these techniques. Fifth, although the 2 groups were well bal-
anced for most of the baseline characteristics, the degree of
randomness was limited by using the stratified permuted ran-
domization with fixed blocks of 4 in light of the sample size
and number of strata. Sixth, although exploratory subgroup
analyses showed no heterogeneity in treatment effect across
the studied subgroups for the primary outcome, these results
should be interpreted with caution given that the study was
not designed to have adequate power for subgroup analyses.

Conclusions
Among patients with ischemic stroke in the anterior circula-
tion undergoing thrombectomy, first-line thrombectomy with
contact aspiration vs stent retriever did not result in a higher
successful revascularization rate at the end of the procedure.
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