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Background: The two most common approaches to thrombectomy of emergent large
vessel occlusion (direct aspiration and primary stent retriever thrombectomy) have
been extensively studied; however, the detailed benefit and risk comparison is
largely unknown. Objective: To conduct a systematic review and meta-analysis to
compare radiographic and clinical outcomes between the use of primary stent
retrievers and direct aspiration in management of acute ischemic stroke. Methods:
PubMed database was searched for studies between September 1, 2012 and Decem-
ber 31, 2017 with acute ischemic stroke patients. Results: We identified 64 studies
with 6875 patients in the primary stent retriever group and 25 studies with 2252
patients in the aspiration group. Primary aspiration alone, without the need of res-
cue stent retriever devices within the aspiration cohort, was performed in 65% of
2252 patients. There was no difference in the distribution of emergent large vessel
occlusion based on occlusion site, age, baseline National Institutes of Health Stroke
Scale, or the use of intravenous tPA (P = .19, .051, .23, and .093, respectively). Suc-
cessful recanalization rates, defined as thrombolysis in cerebral Infarction 2b/3,
were significantly higher in the aspiration group than the primary stent retriever
group (89% versus 80%, P < .0001). No significant difference in good clinical out-
come, defined as modified Rankin scale 0-2 (aspiration 52% versus stent 48%,
P = .13), symptomatic intracerebral hemorrhage (aspiration 5.6% versus stent 7.2%,
P = .07), and mortality at 3 months (aspiration 15% versus stent 19%, P = .10).
Conclusions: Both aspiration-first (including the subsequent use of stent retriever)
and primary stent retriever thrombectomy approaches are equally effective in
achieving good clinical outcomes. Our study suggests that direct aspiration with or
without subsequent use of stent retriever is a safe and effective alternative to pri-
mary stent retriever in acute ischemic stroke.
Key Words: Stent—thrombectomy—aspiration—ADAPT–-stroke—endovascular
© 2019 Elsevier Inc. All rights reserved.
of Neurosurgery, University of South Florida, Tampa, Florida; †Department of Psychology, University of South Florida,
ent of Neurosurgery, Medical University of South Carolina, Charleston, South Carolina; §Department of Neurosurgery,

m, New York, New York; and {Department of Neurosurgery, University at Buffalo, Buffalo, New York.
18; revision received January 16, 2019; accepted January 29, 2019.
is research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.
: This work was presented in part at the 2018 International Stroke Conference, poster (AWP9).
e to Maxim Mokin, MD, PhD, Department of Neurosurgery, University of South Florida, 2 Tampa General Circle, 7th
mail: mokin@health.usf.edu.
matter
rights reserved.
6/j.jstrokecerebrovasdis.2019.01.034

ebrovascular Diseases, Vol. 28, No. 5 (May), 2019: pp 1329�1337 1329

mailto:mokin@health.usf.edu
https10.1016/j.jstrokecerebrovasdis.2019.01.034


1330 C.T. PRIMIANI ET AL.
Introduction

The treatment of acute ischemic stroke (AIS) from emer-
gent large vessel occlusion (ELVO) has been revolution-
ized by the advent of modern endovascular techniques.
Indications for thrombectomy have been expanded,
including patients with symptoms for up to 24 hours of
last known normal.1 The 2 most common approaches to
mechanical thrombectomy of ELVO are the primary use
of a stent retriever and direct aspiration approach. In
direct aspiration, which is often referred to as the direct
aspiration first pass technique (ADAPT), aspiration of the
embolus (clot) is attempted first, and if aspiration only
fails to achieve successful recanalization, then a rescue
treatment with a stent retriever is performed.2 The major-
ity of patients in the recent randomized trials of endovas-
cular stroke therapy versus medical management alone,
including intravenous alteplase (tPA), were treated with
the primary stent retriever approach.3-5 Interestingly, in a
survey of neurointerventionalists on real-world thrombec-
tomy practices for ELVO, ADAPT was found to be the
most common initial strategy for revascularization.6

There are currently significant discrepancies in recom-
mendations on whether primary stent retriever thrombec-
tomy should be the first-line strategy of endovascular
stroke treatment. In its most recent 2018 Guidelines for
the management of AIS, the American Heart Association
stated that stent retrievers should remain the first choice
for thrombectomy.1 Contrary to this statement, the Society
of NeuroInterventional Surgery in its statement on neuro-
endovascular management of emergent LVO concluded
that the superiority of stent retrievers versus the primary
aspiration techniques is not clearly established.7

We performed a systematic review and meta-analysis of
published studies to compare radiographic and clinical
outcomes in patients with AIS from ELVO treated with
primary stent retriever thrombectomy versus the direct
aspiration approach.
Methods

Literature Search

Institutional board and ethics approval from our insti-
tution was not indicated due to type of study design (sys-
tematic analysis of previously published studies). The
manuscript followed Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis guidelines (Fig 1).
Using the PubMed database, we searched for studies
including patients with acute ischemic stroke from ELVO
treated with direct aspiration or primary stent retriever
thrombectomy. Manuscripts were identified through the
search terms “ADAPT,” “direct aspiration,” “stent
retriever,” “thrombectomy,” “large vessel occlusion,”
“stroke” and that were published between September 1,
2012 and December 31, 2017. Only studies with �10 cases
of stent retriever or aspiration thrombectomy technique
were included in our analysis. Duplicate studies, studies
utilizing thrombectomy devices other than stent retrievers
or aspiration thrombectomy alone, and studies with
incomplete data were excluded. When possible, authors
of the original studies were contacted to provide the miss-
ing data points before the study was excluded from final
analysis. All manuscripts were included in analysis that
met criteria within search terms to minimize risk of bias
of individual studies.
Studies selected for analysis were divided into 2

groups: primary stent retriever thrombectomy and aspira-
tion group. If studies reported the use of a stent retriever
thrombectomy in conjunction with aspiration via an inter-
mediate catheter (example is the technique often referred
to in the literature as “solumbra”8,9 or “ARTS”10), such
studies were classified under primary stent retriever
thrombectomy for the purpose of our analysis. If the fun-
damental approach to recanalization relied on aspiration
alone (either using aspiration pump or hand aspiration
with a syringe), followed by the secondary attempts with
a stent retriever if needed, such studies were included in
the aspiration group, even if the authors proposed a dif-
ferent original name for their described technique (for
example, such as “MAT”11 or “FAST”12). We did not fur-
ther separate studies based on the adjunct use of a bal-
loon-guide catheter versus a conventional guide catheter.
The literature search yielded 925 studies, which was

further reduced by inclusion criteria into 240 manuscripts.
Total of 84 manuscripts included in data series with 5
manuscripts offering both aspiration and primary stent
retriever data. Final statistical analysis was performed
from data included in 64 publications with a total of 6875
patients that underwent thrombectomy using a stent
retriever device and 25 publications with total of 2252
patients that underwent thrombectomy using the aspira-
tion approach (Fig 1). A description of all manuscripts
reviewed, included in the stent retriever group (Supple-
mental Table I), aspiration group (Supplemental Table II),
and excluded studies with reason of exclusion (Supple-
mental Table III) are found in supplemental material.
Data Extraction

Two authors performed data extraction and analysis
independently. Inter-rater agreement among the 2 inde-
pendent datasets was 100%. Our study followed to the
Meta-analysis of Observational Studies in Epidemiology
guidelines as well as the Preferred Reporting Items for
Systematic Reviews and Meta-analysis recommendations.
Each study was required to report recanalization rates
based on thrombolysis in cerebral Infarction (TICI) score
or functional outcomes based on modified Rankin Scale
(mRS). Successful recanalization rates were defined as
TICI 2b/3 and good functional outcome at third month as
mRS �2. If mRS 3-month data were not available, then
clinical outcomes between 30 days and 12 months



Figure 1. Flowchart depicting data inclusion criteria and studies in final analysis.
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postintervention was utilized, when available. Symptom-
atic intracerebral hemorrhag was defined using the Euro-
pean Cooperative Acute Stroke Study II definition;
however, when authors did not define hemorrhage, we
considered hemorrhages associated with decline in neuro-
logical status as symptomatic.
Patient characteristics included mean age of patient, use

of intravenous alteplase, National Institutes of Health
Stroke Scale, and location of occlusion. ELVO sites were
separated into three groups: internal carotid artery, mid-
dle cerebral artery, and posterior circulation including
posterior cerebral artery and basilar artery.
Statistical Analysis

Recanalization rates and clinical outcomes were
assessed using the meta-analysis program metafor.13 A
meta-analysis compared 64 stent-retriever and 24 aspira-
tion studies for rates of successful recanalization (TICI
2b/3) and separately for good clinical outcome (3-month
mRS �2). Meta-analyses on symptomatic intracranial
hemorrhage (Supplemental Fig I) and mortality rates
(Supplemental Fig II) were also completed and included
in supplemental material.
Proportions were converted to logits for analysis and

restricted maximum likelihood was used to estimate the
random-effects variance component. Several studies
required addition of 1 data point to prevent proportion
equal to 0 or 1, respectively, due to required transforma-
tion to logit (detailed report included in the Supplemental
Table I-III). Heterogeneity of effect sizes was assessed by
the following statistics: Q, I2, and tau. Meta-regression
was used to test for the difference between stent retrieval
and aspiration for each dependent variable. A regression
test for funnel asymmetry and the trim-and-fill methods
were used to examine possible publication bias (Supple-
mental Fig IIIA-D).
All meta-analyses were performed by using the R lan-

guage for statistical programming (RStudio Team (2018).
RStudio: Integrated Development for R. RStudio, Inc.,
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Boston, MA URL). Statistical analyzes including chi-
square and the student t test were performed using
GraphPad Prism version 7 for Windows, GraphPad Soft-
ware, La Jolla, CA, and SPSS (IBM SPSS Statistics for Win-
dows, version 24 (IBM Corp., Armonk, NY). P < .05 was
considered statistically significant.
Results

We identified 64 publications with a total of 6875
patients that were treated with a stent retriever device as
a primary treatment strategy and 25 publications with
total of 2252 patients that underwent thrombectomy using
the aspiration approach. A total of 9127 patients were
included in final analysis. The design of each study
included in final analysis, the total number of patients
treated with primary stent retriever or aspiration throm-
bectomy and patient characteristics are described in Sup-
plemental Tables I-II, respectively.
Mean age was 66.9 and 69.0 years for the stent retriever

and aspiration groups, respectively (P = .051). There was
no difference in the distribution of ELVO based on occlu-
sion site (internal carotid artery, middle cerebral artery, or
posterior circulation), baseline National Institutes of
Health Stroke Scale, or the use of intravenous tPA
between the two groups (P = .19, .23, and .09, respectively;
Table 1). Primary aspiration alone, without the need of
rescue stent retriever devices within the aspiration cohort
was performed in 65% of 2252 patients.
The successful recanalization TICI 2b/3 rate was higher

with aspiration, 88.65%, confidence interval (CI; 85.64,
91.09) than the primary stent retriever thrombectomy
rate, 80.46%, CI (77.81, 82.87), P < .0001 (Fig 2). Recanali-
zation rate data showed heterogeneous results (I2 :
84.64%, tau: .6239, Q (df = 88) = 484.91, P value < .0001),
suggesting that some studies achieved higher success
rates than others. Good clinical outcome 3 months
between aspiration, 52.43%, CI (48.01, 56.73), and primary
stent retriever thrombectomy, 48.38%, CI (45.69, 51.09),
were similar, P = .13 (Fig 3). Symptomatic intracranial
hemorrhage (aspiration, 5.63%, CI [4.43, 7.14] and pri-
mary stent, 7.24%, CI [6.32, 8.28]; Supplemental Fig I),
Table 1. Clinical characte

Stent retriever (N = 6875)

Age, years 66.9 § 4.8

NHISS on admission- mean 17.41 § 3.1

IV tPA use, n (%) 2946/6083(48.4)

Location of LVO

ICA 1522 (22.1)

MCA 4610 (67.1)

Posterior circulation 661 (9.6)

Abbreviations: CI, confidence interval; ICA, internal carotid artery; IV

artery; mRS, modified Rankin Scale; NIHSS, National Institutes of Health

thrombolysis in cerebral infarction; tPA, tissue plasminogen activator.
and mortality rates (aspiration, 18.51%, CI [16.48, 20.73],
and primary stent retriever, 15.15%, CI [12.16, 18.72]; Sup-
plemental Fig II), were similar, with P = .07 and .10,
respectively. The effect sizes for each of these variables
was also heterogeneous: mRS (I2 : 74.70%, tau: .3544, Q
(df = 88) = 332.90, P < .0001), symptomatic intracranial
hemorrhage (I2 : 42.02%, tau: .3466, Q (df = 84) = 167.24,
P < .0001), and mortality rate (I2 : 73.17%, tau: .4318, Q
(df = 79) = 244.67, P < .0001). A detailed summary of
results for each meta-analysis is shown in Supplemental
Table IV.
The regression test for funnel asymmetry was signifi-

cant for the collection of stent studies based on recanaliza-
tion rates (z = 5.07, P < .01), and the trim-and-fill
algorithm imputed 17 studies for the sample set of studies
(Supplemental Fig IIIA). The trim-and-fill estimate for the
stent studies was .77 (95% CI = .74, .80), which is a slight
revision downward. The regression test for funnel asym-
metry was not significant for the collection of aspiration
studies (z = .93, P = .35), and the trim-and-fill algorithm
did not impute any missing studies. Thus, there was no
revised estimate for the aspiration studies. Further ana-
lyzes regarding funnel plot based on clinical outcomes,
symptomatic intracranial hemorrhage, and mortality rate
found in Supplemental Figure IIIB-D.
Discussion

Recanalization is strongly associated with improved
functional outcomes and reduced mortality in patients
with ELVO.14 Thrombectomy device innovation, resulting
in higher recanalization rates in ELVO patients, is a key
element advancing the field of endovascular stroke ther-
apy, shifting the landscape of interventional stroke studies
from “negative” to “positive” trials.15 Stent retriever
thrombectomy has been the most commonly utilized pri-
mary treatment strategy for recanalization in nearly all
key randomized trials of AIS endovascular therapy since
the superiority of stent retrievers over Merci retrieval
device was demonstrated in 2012.16,17 In the original 5
randomized trials of mechanical thrombectomy, utiliza-
tion of stent retrievers ranged from 86% to 100% of all
ristics and outcomes

Aspiration (N = 2252) P value (95% CI)

69.0 § 3.4 .0510 (¡4.18 to .0089)

16.56 § 2.3 .2253 (¡.53 to 2.21)

1220/2252(54.2) .0933 (¡17.46 to 1.38)

602 (26.9) .1941

1532 (68.5)

121 (5.4)

, intravenous; LVO, large vessel occlusion; MCA, middle cerebral

Stroke Scale; sICH, symptomatic intracerebral hemorrhage; TICI,



Figure 2. Meta-analysis of aspiration versus primary stent retriever studies based on thrombolysis in cerebral infarction (TICI). Row data depicts manuscript by
first author and year published, N column: # of patient’s status post procedure with recanalization score of TICI 2b/3; total column: # of patient’s in study; pro-
portion: successful recanalization rate based on TICI 2b/3. Abbreviation: RE, random-effects model.
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Figure 3. Meta-analysis of aspiration versus primary stent retriever studies based on modified Rankin Score. Row data depict manuscript by first author and
year published, N column: # of patient’s with mRS 0-2 at third month after intervention; total column: # of patient’s in study; proportion: proportion of good clin-
ical outcomes based on mRS 0-2. Abbreviation: RE, random-effects model.
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interventions.18 Similarly, in the more recent trials of
thrombectomy in patients with expanded time window,
stent retrievers were used in 98% of interventions in the
DAWN trial,3 and 82% of interventions in the DEFUSE3
trial.19

Meanwhile, an alternative technique relying on direct
aspiration alone emerged and has gained increased popular-
ity among neurointerventionalists.6 In this approach to
thrombectomy, most commonly referred to as the ADAPT
technique, a flexible large-bore catheter is placed in direct
contact with the clot to perform aspiration, and allows
immediate use of a stent retriever as a rescue therapy if aspi-
ration alone fails to achieved successful recanalization.2,20

Proponents of ADAPT report improved time to recanaliza-
tion and cost-effectiveness of direct aspiration over stent
retriever thrombectomy.21 There is also evidence that throm-
bectomywith a stent retriever may be more damaging to the
arterial wall, especially the endothelium, than vessel changes
caused by aspiration catheter alone.22,23

Pooled data from all of the studies included in our anal-
ysis suggest that direct aspiration and primary stent
retriever thrombectomy result in similar rates of good
clinical outcome and mortality rates. We found a small
yet statistically significant difference in the rates of
TICI2b/3 recanalization favoring the use of direct aspira-
tion over the primary stent retriever thrombectomy. Our
findings suggest that both treatment approaches are safe
and effective for the treatment of ELVO. Only preliminary
results of a randomized trial comparing the ADAPT tech-
nique to stent retriever as the first line approach (COM-
PASS, a COMParison of direct ASpiration versus Stent
retriever as first approach) were available at the comple-
tion of our systematic analysis, therefore, the study was
not included in our analysis.24 COMPASS study was
designed to test the noninferiority of the ADAPT
approach in patients with anterior circulation LVO for
AIS within 6 hours of symptoms onset. Based on its pre-
liminary results, the ADAPT approach to thrombectomy
is noninferior to primary stent retriever thrombectomy,
with comparable rates of final reperfusion and procedure
times.25

Limitations

Our study has several limitations. Most of publications
included in our analysis were retrospective studies and
registries with imaging data interpreted locally without
adjudication by a central core lab. There is a tendency to
overestimate the reperfusion success when self-reported
TICI scores are compared to core lab adjudicated results.26

Centers had variations in treatment protocols, which
should be considered when interpreting the results of our
systematic analysis. For instance, type and brand of aspi-
ration catheter, the use of manual aspiration or aspiration
pump, and the number of aspiration attempts before
switching to rescue therapy with a stent retriever may
influence the efficacy of the approach and thus might
explain some of the heterogeneity in our results. Similarly,
for primary stent retriever thrombectomy, the choice of
the device and the use of a balloon-guide catheter may
affect the success rate of thrombectomy.
The data on procedure times, average number of passes

and rates of TICI 3 only were excluded from the analysis.
A new thrombectomy metric, called first pass effect (FPE)
has recently been introduced.27 The manuscript describes
the ability of a certain thrombectomy device or approach
to achieve a complete recanalization with a single device
pass. Variations in exact definition of FPE and limited
number of publications reporting this measure prevented
us from conducting meta-analysis of FPE between aspira-
tion and stent retriever thrombectomy. Data from regis-
tries and single center studies estimates 25%-52% rate of
FTE with stent retrievers27,28 and 34% with direct aspira-
tion.29 Finally, many of the studies included in our analy-
sis studied did not provide outcome rates of the
aspiration only component of ADAPT; therefore, we only
reported the overall safety and efficacy of aspiration,
including cases where rescue therapy with stent retrievers
was required.
Conclusions

The direct aspiration and primary stent retriever
approaches to thrombectomy resulted in similar rates of
good clinical outcome and mortality. Our study indicates
that the aspiration-first, including the subsequent use of
stent-retriever, is a safe and effective alternative to pri-
mary stent retriever in ELVO.
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