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Abstract
Background Distal embolization or movement of the thrombus to previously uninvolved vasculature are feared compli-
cations during stroke thrombectomy. We looked at associated factors in a consecutive series of patients who underwent
thrombectomy with the same endovascular device.
Methods We included all patients with acute ischemic stroke in the anterior or posterior circulation, who underwent
thrombectomy with the same thrombectomy device for acute stroke from 2013 to 2016. Distal embolization was defined
as any movement of the thrombus into a previously uninvolved portion of the cerebral vasculature or the presence of
thrombotic material further downstream in the affected vessel, which occurred after the initial angiogram. We studied
patient-related as well as technical factors to determine their association with distal emboli.
Results In this study 167 consecutive acute stroke patients treated with the emboTrap® device (Cerenovus, Irvine, CA,
USA) were included with a median National Institutes of Health Stroke Scale (NIHSS) of 15 (range 2–30) and mean
age of 67 years (SD 13.1 years). Of the patients in our cohort 20 (11.9%) experienced distal emboli, with 2.3% into
a new territory and 9.6% into a territory distal to the primary occlusion. On univariate analysis, age, intravenous tissue
plasminogen activator (tPA), posterior circulation occlusions, and general anesthesia were associated with distal emboli. On
multivariate analysis, only posterior circulation occlusions (odds ratio OR 4.506 95% confidence interval CI 1.483–13.692,
p= 0.008) were significantly associated with distal emboli. Distal embolization was not significantly associated with worse
functional outcomes at 3 months, increased mortality or increased bleeding risk.
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Conclusion Posterior circulation occlusions were significantly associated with distal emboli during thrombectomy, possibly
due to the lack of flow arrest during such procedures. New techniques and devices should be developed to protect against
embolic complications during posterior circulation stroke thrombectomy.

Keywords stroke · Emboli · Complication · Thrombectomy

Introduction

Clot retrieval systems have been proven to be an effective
treatment in acute ischemic stroke (AIS) with high rates
of recanalization; however, the rates of good clinical out-
comes have not always mirrored this success [1–4]. There
are several possible causes of divergence and one suggested
cause is that clot retrievers can cause fragmentation of the
thrombus with the release of distal emboli [5, 6]. Procedure-
related embolic complications have been noted with various
thrombectomy devices [7–10]. These clots can block col-
lateral flow to potentially salvageable tissue or even cause
ischemia in a previously unaffected territory [11–14]. The
presence of these fragmented clots has been shown to be
associated with worse clinical outcomes [12, 15]. Nonethe-
less, procedural release of embolic particulate matter during
mechanical thrombectomy is a modifiable risk factor that
may be minimized with correct tools and techniques.

We studied a core laboratory adjudicated stroke database
to determine if we could identify factors associated with
embolic complications distal to the initial occlusion as well
as to previously unaffected territories during mechanical
thrombectomy.

Methods

All consecutive AIS patients treated with the emboTrap®

thrombectomy device between October 2013 and Novem-
ber 2016 were assessed. Inclusion criteria were large vessel
occlusion and computed tomography (CT) perfusion as-
sessed viable tissue, regardless of time of onset, and treat-
ment with the emboTrap® revascularization device. Patients
arriving within the 4.5h time window received intravenous
thrombolytic treatment where indicated. Signs of manifest
infarction on CT-perfusion was not an exclusion criterion if
there was still viable tissue to be saved. We did not use the
absolute volume of infarction or the ischemic/hypoxic ratio
as exclusion criteria as this, in our view, may exclude pa-
tients who might benefit from thrombectomy [16]. For the
anterior circulation, an 8 or 9 French balloon guide catheter
(BGC, Merci™ or FlowGate™, Stryker, Kalamazoo, MI,
USA) was typically placed in the cervical internal carotid
artery via an 80cm Arrow sheath (Teleflex®, Wayne, Penn,
USA). A 0.021-inch microcatheter was navigated through
the occlusion and the emboTrap® deployed at the site of

the clot. In the anterior circulation, a 6 French intermediate
catheter (IM) was sometimes used, based on operator pref-
erence and positioned just proximal to the occlusion where-
upon the emboTrap® was fully or partially retrieved into the
IM under aspiration in both the IM and the BGC. In the pos-
terior circulation, a 6 French Envoy guide catheter or inter-
mediate catheter was placed, via a 65cm Arrow sheath, into
the dominant vertebral artery, after which the emboTrap®

was placed through a 0.021-inch microcatheter. Aspiration
on the guiding catheter was done during the entire retrieval
of the emboTrap® device, most intensively while passing
into the guide or intermediate catheter.

We hypothesized that certain variables, such as not en-
suring flow arrest or the absence of intravenous tPA would
be associated with embolic complications. We studied the
following factors to determine if there was such an associa-
tion: age, gender, the use of intravenous tPA, recent stroke,
location of the occlusion, the use of general anesthesia, the
National Institutes of Health Stroke Scale (NIHSS) score,
the use of an intermediate catheter, the modified Throm-
bolysis in Cerebral Infarction (mTICI) score at the end of
the procedure, the procedural duration and the number of
thrombectomy attempts. The modified Rankin Scale (mRS)
score at 3 months, the time intervals from onset of symp-
toms to imaging, groin puncture, and reperfusion were col-
lected. Filling defects present on final angiographic runs
after the retrieval, but absent on preceding computed tomog-
raphy angiography (CTA) or the initial angiographic runs
were considered to be new distal emboli, whether distal to
the occlusion or in new territories (Fig. 1.) We used this
definition to ensure all such distal emboli were recorded,
as compared to other studies where only emboli in new ter-
ritories were considered as a complication [1, 2]. The pre-
treatment CTA was reviewed to ensure that no distal emboli
were present. All post-procedural images were core labora-
tory assessed by neuroradiologists from a different country
uninvolved in the patient treatment and blinded to the clin-
ical factors. They looked for secondary emboli distal to the
occlusion, emboli in previously unaffected territories and
mTICI score [17]. Although successful recanalization was
defined as a score greater than or equal to 2b, when to stop
the procedure was left to the operator’s discretion. Good
functional outcome was defined as mRS �2 at 3 months.
All mRS results were scored by independent neurologists in
a national database. Symptomatic intracranial hemorrhage
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Fig. 1 Computed tomography
angiography. a and b Distal em-
bolization in the same vascular
territory: a angiographic run
showing basilar artery occlusion
(arrow showing location of oc-
clusion), b after thrombectomy
there is a left posterior cerebral
artery thrombus (arrow showing
new occlusion). c and d Distal
emboli in a previously unaf-
fected territory. c Right middle
cerebral artery occlusion (ar-
row showing MCA occlusion).
d After thrombectomy there is
now an anterior cerebral artery
thrombus (arrow showing new
occlusion in the ACA)

(sICH) was defined by the core lab as any hyperdensity
with a worsening of NIHSS by 4 points or more [18].

Statistical Methods

We presented the numerical variables as mean and standard
deviation or median and range. Categorical variables are
presented as percentages. Numerical predictors were tested
by using 2-sample t-test or Mann-Whitney U-test where
applicable. Categorical variables were evaluated using χ2-
test or Fisher’s exact test where applicable. Variables that
were found to have a significant association (p< 0.05) were
entered into the multivariable model to perform logistic re-
gression for determining the independent predictors of em-
bolic complications. Associations were presented as odds
ratios (OR) with corresponding 95% confidence intervals
(CI). Statistical analyses were performed using the Statisti-
cal Package for Social Sciences (SPSS) version 21.

Institutional ethics review board approval for this study
was obtained from the regional ethical committee in Stock-
holm (Regionala Etikprövningsnämnden i Stockholm, di-
arienr:2016/1041-31/4). This research received no specific
grant from any funding agency in the public, commercial
or not-for-profit sectors.

Illustrative Case Descriptions

The first middle-aged patient presented with giddiness then
subsequently loss of consciousness. A CT-angiogram was
performed showing the basilar occlusion and the patent pos-
terior cerebral artery (Fig. 2). Using a right femoral access,
an Envoy guide catheter was placed via a 65cm Arrow
sheath into the vertebral artery and a Prowler® Select® Plus
(Codman & Shurtleff, Inc., Raynham, MA, USA) micro-
catheter was advanced past the clot. An emboTrap® 5× 33
was deployed and the clot was removed after one pass how-
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Fig. 2 A computed tomography angiogram pre-treatment in the same
patient as Fig. 1a and b, showing that the left posterior cerebral artery
was patent before the procedure

ever the subsequent angiogram showed distal emboliza-
tion of part of the clot into the same vascular territory
(Fig. 1a and b). Post-procedure the patient recovered well
but had neurological sequela of a visual field defect. The
second middle aged patient had acute left sided weakness
and neglect from the right middle cerebral artery occlusion
(Fig. 1c), the patient was treated with a long sheath through
which a balloon guide catheter and a prowler select plus mi-
crocatheter delivered an emboTrap® 5× 33 device. After the
first pass, part of the thrombus had migrated into the right
anterior cerebral artery (Fig. 1d). This was then removed
with another pass of the emboTrap® 5× 33 and the patient
recovered well.

Results

A total of 167 consecutive patients were included with
56.8% being male and with a mean age of 67 (SD 13.1)
years. The median pre-treatment NIHSS score was 15
(range 2–30). The location of the occlusion was in the
anterior circulation in 88.0% and in the posterior circula-
tion in 13.8%, including 3 patients having occlusions in
both. Of the patients 78 (46.7%) received intravenous tPA
before the procedure and mTICI 2b/3 was achieved in 141
(84.4%) patients. (Table 1). Of the patients 20 (12.0%) had
distal secondary emboli, of which 2.4% were in a new ter-
ritory and 9.6% were in the same vascular territory, distal
to the initial occlusion. Out of 147 patients with anterior
circulation stroke, 13 (8.9%) had distal emboli and out of
the 23 with posterior circulation stroke, 7 had distal emboli
(30.4%). Good functional outcome at 3 months was seen
in 85 patients (50.9%), of which 79/146 (54.1%) were in

Table 1 Baseline characteristics and results of the study population

Characteristic Number (%)

Mean age (SD) (years) 67 (13.1)

Male sex 95 (56.8%)

Median pre-treatment NIHSS score (range) 15 (2–30)

General anesthesia 23 (13.8%)

Conscious sedation 144 (86.2%)

Intravenous tPA 78 (46.7%)

Recent stroke 6 (3.6%)

Intermediate catheter use 41 (27.9%)

Anterior circulation occlusion 147 (88.0%)

Posterior circulation occlusion 23 (13.8%)

Anterior cerebral artery occlusion 4 (2.7%)

Internal carotid artery occlusion 31 (21.1%)

Middle cerebral artery occlusion 94 (63.9%)

Terminal internal cerebral artery occlusion 18 (12.2%)

Basilar artery occlusion 17 (10.2%)

Vertebral artery occlusion 6 (3.6%)

Puncture to reperfusion time (SD) (mins) 66.38 (46.57)

Distal emboli 20 (12.0%)

mTICI 2b/3 141 (84.4%)

Mortality 21 (12.6%)

Modified Rankin Scale� 2 at 3 months 85 (50.9%)

Symptomatic intracranial hemorrhage 5 (3.0%)

the anterior circulation and 7/23 (30.4%) in the posterior
circulation including 1 patient having an occlusion in both
the anterior and posterior circulation. Out of 167 patients
5 suffered from sICH (3.0%) while 21 patients (12.6%)
were deceased at 3 months follow-up and 2/23 (8.7%) pa-
tients with posterior large vessel occlusion had SICH and
8/23 (34.8%) died. Of the patients 19 were lost to follow-
up.

On univariate analysis, the absence of intravenous
tPA, older age, general anesthesia and posterior circu-
lation occlusions were significantly associated with distal
emboli (Table 2). On multivariate analysis, only pos-
terior circulation occlusions were significantly associ-
ated with distal emboli (OR 4.506, 95%CI 1.483–13.692,
p= 0.008). The use of intravenous tPA (OR 2.447, 95%CI
0.808–7.407, p= 0.113), older age (OR 1.035 per year,
95%CI 0.989–1.052, p= 0.134) and general anesthesia
(OR 2.534, 95%CI 0.718–8.941, p= 0.148) failed to reach
significance.

Finally, the presence of distal emboli was not sig-
nificantly associated with poor functional outcomes at
3 months (OR 0.623 95% CI 0.241–1.612, p=0.229);
however, there was a trend towards increased mortality
(OR 2.73 95% CI 0.875–8.512, p= 0.084) and distal em-
boli was significantly associated with sICH (OR 12.794
95% CI 1.995–82.05, p= 0.013). Nonetheless, due to the
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Table 2 Results of univariate and multivariate analysis: predictors of distal emboli. Effect of distal emboli on outcomes (mRS 0–2, sICH, mortal-
ity) at the bottom of the table

Univariate analysis Multivariate analysis

Distal emboli
(n= 20)

No distal emboli
(n= 147)

P-value Adjusted odds ratio
(95% C.I.)

P-value

Age, mean (SD), year 71.8 (9.36) 66.3 (13.41) 0.026 1.04 (0.99–1.05) 0.134

Male 12 (60.0%) 83 (56.5%) 0.480 – –

Intravenous tPA 6 (30.0%) 73 (49.7%) 0.038 0.411 (0.13–1.26) 0.119

Recent stroke 1 (5.0%) 6 (4.1%) 0.543 – –

Posterior circulation occlusion 7 (35.0%) 16 (10.9%) 0.009 4.51 (1.48–13.69) 0.008

General Anesthesia 7 (35.0%) 16 (10.9%) 0.009 2.53 (0.72–8.94) 0.148

NIHSS at onset, median (range) 18 (3–30) 14 (2–26) 0.276 – –

Intermediate catheter 8 (40.0%) 33 (22.4%) 0.080 – –

TICI 2b/3 16 (80%) 125 (85.0%) 0.339 – –

Number of attempts, median (range) 3 (1–6) 2 (1–10) 0.073 – –

Puncture-to-reperfusion time, mean, (SD)/
median, min

79 (45.2)/53.3 76 (47.2)/54.2 0.670 – –

Outcomes

mRS 0–2 8 (40%) 77 (52.4%) 0.346 – –

sICH 3 (15%) 2 (1.3%) 0.013 – –

Mortality 5 (25%) 16 (10.8%) 0.084 – –

tPA tissue plasminogen activator, NIHSS national institute of health stoke scale, TICI thrombolysis in cerebral infarction scale, mRS modified
Rankin scale, sICH symptomatic intracranial haemorrhage

limited incidence of sICH, the 95% confidence intervals
are wide.

Discussion

Our study showed an association between posterior circula-
tion occlusions and distal embolization. These distal emboli
were in turn associated with sICH and with a trend towards
increased mortality. Secondary distal embolization to the
same or previously unaffected territories is a feared com-
plication during thrombectomy, which may reduce blood
flow to the affected territory as well as inhibit collateral
flow. This may result in penumbral tissue loss and an in-
creased ischemic area [19]. Previous studies have confirmed
that the presence of multiple distal emboli is predictive of
worse functional outcomes [20]. In vitro experiments have
demonstrated that large amounts of clot fragments can be
released during a thrombectomy procedure, but the majority
of these clot fragments are small, approximately 10μm in
size. The resulting small occlusions may not be appreciated
on standard digital subtracted angiography and the actual
incidence of distal emboli could be higher than reported
[21, 22].

Hypothetically there are several factors which can gen-
erate emboli during thrombectomy: 1) the initial breaking
or even “grating” of the clot by the mesh of a thrombec-
tomy device as it is deployed, 2) the opposing shear forces
of the blood flow breaking pieces off of the clot and 3) the

friction of vessel wall and ostia of the side branches which
may fragment the thrombus as it is withdrawn [6], 4) when
a thrombectomy device is pulled into a larger vessel from
a smaller vessel it expands due to the intrinsic tension and
this can result in a temporary loss of apposition between
most devices and the thrombus and finally, 5) shearing off
of the sides of the clot by the edges of the guide catheter
as the clot is pulled into it. The device used in our study
(emboTrap®) is specifically designed to minimize these
mechanisms and be more effective than the previous gen-
erations of devices, especially the standard stent retrievers
without a distal protection coil. Nonetheless this efficacy
remains to be proven as there is not yet a trial comparing
the emboTrap® to other thrombectomy devices.

To illustrate the magnitude of the problem, the MR
CLEAN study, in which a variety of different thrombec-
tomy techniques were used, had thrombus embolization
to new territories in 8.6% of the patients which resulted
in 5.6% developing new neurological deficits. [1]. Older
thrombectomy devices which fragment the clot more fre-
quently like the MERCI device or the initial iteration of the
Penumbra system (Penumbra, Inc., Alameda, CA, USA)
resulted in poorer outcomes than even intra-arterial tPA
thrombolysis, presumably due to a high embolic load, and
have fallen out of favor [22–25]. For studies predomi-
nantly using stent retrievers, 5–22% had distal emboli with
0–7% of these into new vascular territories [1, 2, 10, 11,
26–32]. The direct aspiration technique has an embolic
rate as high as 16% under clinical conditions ([33, 34],
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Table 3 Summary of thrombectomy trials and distal emboli

Study or author’s
name

Thrombectomy
device

N Posterior
circ occ
(N)?

Anterior circ
BCG use?

Emboli distal to
occlusion

Emboli in new terri-
tory

Date
of
study

Core-lab
assessed
distal
emboli?

Current study emboTrap® 167 Yes (23) Yes 9.6% (6.6% anterior,
3% posterior circ)

2.4% (1.2% anterior
1.2% posterior circ)

2017 Yes

MR CLEAN [1] MR CLEAN 233 No Unknown x 8.6% 2015 Yes

EXTEND-IA [2] Solitaire 35 No Unknown x 6% 2015 No

ADAPT-FAST [7] Penumbra 100 Yes (5) No 10% 0% 2014 No

Dorn et al. [10] Phenox (79.8%)
and Solitaire

104 Yes (24) Intermediate
Cath only

x 3.7% 2012 No

Akins et al. [11] Solitaire (61.2%)
and merci

144 Yes (4) No 4.9% 0.7% 2014 Yes

Kurre [12] Various devices 105 No Intermediate
Cath only

x 11% 2013 No

Gascou et al. [28] Solitaire 144 Yes (35) Yes Embolic complication
12.5%

2014 No

Nguyen et al. [29] Solitaire 338 Yes (35) Yes 18% 5% 2014 No

Mazur et al. [30] Solitaire 39 Yes (8) Yes 15% 8% 2016 No

RECOST [31] Solitare 50 Yes (16) Yes x 8% 2011 No

Nogueira et al.[32] Merci/Trevo 178 Yes (12) Yes x 4%/7% 2012 Yes

ASTER [35] Aspiration/stent
retriever

181/176 No Yes X 5.3%/8.5% 2017 Yes

Menon [40] Penumbra 27 Yes (5) No 48% x 2011 No

THRACE [42] Stent retriever
83%, aspiration
16%

204 Yes (2) Unknown x 6% 2016 Yes

N numbers, circ circulation, occ occlusion, Cath catheter, BGC balloon guide catheter

Table 3). The recent ASTER trial, however, showed no
statistically significant difference between the two tech-
niques for emboli to new territories bearing in mind that
they only included anterior circulation occlusions [35]. Our
study showed a lower incidence of distal emboli to new
territories of 2.3%. Our study did not show an association
between distal emboli and poorer outcomes, but it did show
an association with SiCH.

Stent retrievers can also be used in combination with bal-
loon guide catheters (BGC), which can be inflated to arrest
anterograde blood flow and prevent emboli from travelling
distally. Studies have shown that the use of BGC reduced
distal emboli, prevented emboli in new unaffected areas and
was associated with good functional outcomes [5, 33, 36,
37]. Other techniques have also been shown to reduce the
incidence of distal emboli. For example, more distal deploy-
ment of stent retrievers can reduce distal emboli especially
if the stent retriever is designed to function in that way [38].
The PROTECT technique which uses both a BCG and dis-
tal aspiration at the clot in addition to the stent retriever can
also reduce thrombus fragmentation [39]. We used a BGC,
with or without a concomitant intermediate catheter as per
the operator’s preference, in all patients with anterior circu-
lation occlusions and we are therefore unable to determine
if BGCs were associated with less emboli than non-BGC

patients from the data in this study. Intermediate catheter
use was not associated with distal emboli.

Flow reversal could not be achieved in the posterior cir-
culation, which could explain the higher association with
distal emboli in the posterior circulation occlusions com-
pared to the anterior circulation occlusions found in this
study. This is in accordance with the literature where studies
which have a substantial population of posterior circulation
strokes seem to have higher rates of embolic complications,
[27, 28, 30, 31, 40] with the exception of the study by Dorn
et al. ([10]; Table 3).

It is also suggested in the literature that patients who un-
derwent thrombectomy with conscious sedation have more
distal emboli than those under general anesthesia, possi-
bly because of patient movement with associated technical
difficulties [41]. In our study general anesthesia conversely
showed a trend towards more distal emboli but this did not
reach statistical significance when controlled for other vari-
ables. This could be explained by the fact that we performed
the vast majority of our cases with conscious sedation. Pa-
tients with posterior circulation stroke were more likely to
require general anesthesia and a direct comparison between
these two major anesthetic methods becomes invalid be-
cause of a clear inclusion bias.
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Finally, the number of attempts during mechanical
thrombectomy has been reported to be associated with
a larger number of distal emboli generated during the
procedure [36]. We do not know if this is based on the
type of clot or the thrombectomy technique itself. In our
study, there was no association between the number of
attempts and distal emboli. Intravenous thrombolysis with
tPA may theoretically reduce the number of distal emboli
during mechanical thrombectomy by dissolving them or
conversely make the clot more vulnerable to fragmentation
during thrombectomy; however, the in vivo effect of tPA
on emboli has, to the best of our knowledge, not yet been
studied. In our study intravenous tPA was associated with
distal emboli on univariate analysis but this did not reach
statistical significance in the multivariate analysis. Older
age can be result in more tortuous vasculature with an
increase in embolic complications when the thrombectomy
device is withdrawn, in our study there was an association
between distal emboli and older age but this too did not
reach significance in the multivariate analysis.

Some limitations of our study need to be mentioned. This
was a large single center study with no strict inclusion cri-
teria for treatment or uniform treatment protocol enforced.
We did not analyze how the various techniques, such as
distal aspiration with the intermediate catheter would affect
the embolization rate as these data were not available in
our database. The operators had different levels of experi-
ence with the device used. Of the patients 19 did not have
3-month mRS scores available. The strengths of the study
include a realistic patient population and although the study
was not a randomized clinical trial, the core-lab evaluation
helped to ensure a high level of quality in the data. Finally,
we used a stricter definition of distal emboli to ensure our
core-lab captured all instances of distal emboli during the
procedure although we do acknowledge that there was no
intra-reader or inter-reader correlation of the core lab as-
sessment of distal emboli. Moreover, we acknowledge that
small occlusions cannot be detected on CTA if there are
occlusions, as this modality requires blood flow pass the
occlusion to allow sufficient intraluminal contrast media
to show the thrombus fragments. The rate of distal em-
bolization due to mechanical thrombectomy may therefore
be lower than described and is a major limitation. An ideal
scenario would have been to use an additional modality
such as susceptibility weighted imaging (SWI) sequences
on MRI to confirm these emboli [20].

Conclusion

Posterior circulation occlusions are significantly associated
with distal emboli in the same and previously unaffected ter-
ritories during thrombectomy, likely due to the lack of flow

arrest during such procedures. New techniques and devices
should be developed to protect against embolic complica-
tions during posterior circulation stroke thrombectomy.

Funding This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.

Compliancewith ethical guidelines

Conflict of interest L.L. L. Yeo has received substantial grant funding
from the National Medical Research Council (NMRC), Singapore,
substantial grant funding from Ministry of Health (MOH), Singapore
and moderate grant funding from I2R, A-STAR, Singapore. M. Söder-
man is consultant for Medtronic, Cerenovus/Neuravi and Neurvana.
P. Bhogal is consultant for Neurvana. T. Andersson is a consultant for
Ablynx, Amnis Therapeutics, Medtronic, Cerenovus/Neuravi, Rapid
Medical and Stryker. P. A. Brouwer is consultant for Medtronic,
Stryker, Cerenovus/Neuravi, and BALT. A. Holmberg, A. Mpotsaris,
S. Holmin, A. Kuntze Söderqvist, M. Ohlsson, and V. Gontu declare
that they have no competing interests.

Ethical standards Institutional ethics review board approval for this
study was obtained from the regional ethical committee in Stockholm
(regionala etikprövningsnämnden i Stockholm) Diarienr:2016/1041-
31/4.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Lingsma
HF, Yoo AJ, Schonewille WJ, Vos JA, Nederkoorn PJ, Wermer MJ,
van Walderveen MA, Staals J, Hofmeijer J, van Oostayen JA, Lyck-
lama à Nijeholt GJ, Boiten J, Brouwer PA, Emmer BJ, de Bruijn SF,
van Dijk LC, Kappelle LJ, Lo RH, van Dijk EJ, de Vries J, de Kort
PL, van Rooij WJ, van den Berg JS, van Hasselt BA, Aerden LA,
Dallinga RJ, Visser MC, Bot JC, Vroomen PC, Eshghi O, Schreuder
TH, Heijboer RJ, Keizer K, Tielbeek AV, den Hertog HM, Gerrits
DG, van den Berg-Vos RM, Karas GB, Steyerberg EW, Flach HZ,
Marquering HA, Sprengers ME, Jenniskens SF, Beenen LF, van den
Berg R, Koudstaal PJ, van Zwam WH, Roos YB, van der Lugt A,
van Oostenbrugge RJ, Majoie CB, Dippel DW; MR CLEAN In-
vestigators. A randomized trial of intraarterial treatment for acute
ischemic stroke. N Engl J Med. 2015;372:11–20.

2. Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L,
Yassi N, Yan B, Dowling RJ, Parsons MW, Oxley TJ, Wu TY,
Brooks M, Simpson MA, Miteff F, Levi CR, Krause M, Harring-
ton TJ, Faulder KC, Steinfort BS, Priglinger M, Ang T, Scroop R,
Barber PA, McGuinness B, Wijeratne T, Phan TG, Chong W, Chan-
dra RV, Bladin CF, Badve M, Rice H, de Villiers L, Ma H, Desmond
PM, Donnan GA, Davis SM; EXTEND-IA Investigators. Endovas-
cular therapy for ischemic stroke with perfusion-imaging selection.
N Engl J Med. 2015;372:1009–18.

3. Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thorn-
ton J, Roy D, Jovin TG,Willinsky RA, Sapkota BL, Dowlatshahi D,
Frei DF, Kamal NR, Montanera WJ, Poppe AY, Ryckborst KJ, Sil-
ver FL, Shuaib A, Tampieri D, Williams D, Bang OY, Baxter BW,

K

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


432 L. L. L. Yeo et al.

Burns PA, Choe H, Heo JH, Holmstedt CA, Jankowitz B, Kelly M,
Linares G, Mandzia JL, Shankar J, Sohn SI, Swartz RH, Barber PA,
Coutts SB, Smith EE, Morrish WF, Weill A, Subramaniam S, Mitha
AP, Wong JH, Lowerison MW, Sajobi TT, Hill MD; ESCAPE Trial
Investigators. Randomized assessment of rapid endovascular treat-
ment of ischemic stroke. N Engl J Med. 2015;372:1019–30.

4. Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM,
Albers GW, Cognard C, Cohen DJ, Hacke W, Jansen O, Jovin TG,
Mattle HP, Nogueira RG, Siddiqui AH, Yavagal DR, Baxter BW,
Devlin TG, Lopes DK, Reddy VK, du Mesnil de Rochemont R,
Singer OC, Jahan R; SWIFT PRIME Investigators. Stent-retriever
thrombectomy after intravenous t-PA vs. t-PA alone in stroke.
N Engl J Med. 2015;372:2285–95.

5. Chueh JY, Kühn AL, Puri AS, Wilson SD, Wakhloo AK, Gounis
MJ. Reduction in distal emboli with proximal flow control dur-
ing mechanical thrombectomy: a quantitative in vitro study. Stroke.
2013;44:1396–401.

6. Mordasini P, Frabetti N, Gralla J, Schroth G, Fischer U, Arnold
M, Brekenfeld C. In vivo evaluation of the first dedicated com-
bined flow-restoration and mechanical thrombectomy device in
a swine model of acute vessel occlusion. AJNR Am J Neuroradiol.
2011;32:294–300.

7. Turk AS, Frei D, Fiorella D, Mocco J, Baxter B, Siddiqui A, Spi-
otta A, Mokin M, Dewan M, Quarfordt S, Battenhouse H, Turner
R, Chaudry I. ADAPT FAST study: a direct aspiration first pass
technique for acute stroke thrombectomy. J Neurointerv Surg.
2014;6:260–4.

8. Tomsick TA, Khatri P, Jovin T, Demaerschalk B, Malisch T, Dem-
chuk A, Hill MD, Jauch E, Spilker J, Broderick JP; IMS III Exec-
utive Committee. Equipoise among recanalization strategies. Neu-
rology. 2010;74:1069–76.

9. Mokin M, Kass-Hout T, Levy EI. Solitaire FR—a promising new
device for acute ischemic stroke treatment. World Neurosurg.
2012;78:557–8.

10. Dorn F, Stehle S, Lockau H, Zimmer C, Liebig T. Endovascular
treatment of acute intracerebral artery occlusions with the solitaire
stent: single-centre experience with 108 recanalization procedures.
Cerebrovasc Dis. 2012;34:70–7.

11. Akins PT, Amar AP, Pakbaz RS, Fields JD; SWIFT Investigators.
Complications of endovascular treatment for acute stroke in the
SWIFT Trial with Solitaire and Merci devices. AJNR Am J Neu-
roradiol. 2014;35:524–8.

12. Kurre W, Vorlaender K, Aguilar-Pérez M, Schmid E, Bäzner H,
Henkes H. Frequency and relevance of anterior cerebral artery
embolism caused by mechanical thrombectomy of middle cerebral
artery occlusion. AJNR Am J Neuroradiol. 2013;34:1606–11.

13. Soize S, Barbe C, Kadziolka K, Estrade L, Serre I, Pierot L. Predic-
tive factors of outcome and hemorrhage after acute ischemic stroke
treated by mechanical thrombectomy with a stent-retriever. Neuro-
radiology. 2013;55:977–87.

14. Todo A, Minaeian A, Sahni R, Chao KH. Incidence and outcome
of procedural distal emboli using the Penumbra thrombectomy for
acute stroke. J Neurointerv Surg. 2013;5:135–8.

15. Costalat V, Lobotesis K, Machi P, Mourand I, Maldonado I, Her-
oum C, Vendrell JF, Milhaud D, Riquelme C, Bonafé A, Ar-
quizan C. Prognostic factors related to clinical outcome following
thrombectomy in ischemic stroke (RECOST study). 50 patients
prospective study. Eur J Radiol. 2012;81:4075–82.

16. Kakuda W, Lansberg MG, Thijs VN, Kemp SM, Bammer R, Wech-
sler LR, Moseley ME, Marks MP, Albers GW; DEFUSE Investiga-
tors. Optimal definition for PWI/DWI mismatch in acute ischemic
stroke patients. J Cereb Blood Flow Metab. 2008;28:887–91.

17. Goyal M, Fargen KM, Turk AS, Mocco J, Liebeskind DS, Frei D,
Demchuk AM. 2C or not 2C: defining an improved revasculariza-
tion grading scale and the need for standardization of angiography
outcomes in stroke trials. J Neurointerv Surg. 2014;6:83–6.

18. Hacke W, Kaste M, Fieschi C, von Kummer R, Davalos A, Meier
D, Larrue V, Bluhmki E, Davis S, Donnan G, Schneider D, Diez-
Tejedor E, Trouillas P. Randomised double-blind placebo-con-
trolled trial of thrombolytic therapy with intravenous alteplase in
acute ischaemic stroke (ECASS II). Second European-Australasian
Acute Stroke Study Investigators. Lancet. 1998;352:1245–51.

19. Jung S, Gilgen M, Slotboom J, El-Koussy M, Zubler C, Kiefer C,
Luedi R, Mono ML, Heldner MR, Weck A, Mordasini P, Schroth
G, Mattle HP, Arnold M, Gralla J, Fischer U. Factors that de-
termine penumbral tissue loss in acute ischaemic stroke. Brain.
2013;136:3554–60.

20. Gratz PP, Schroth G, Gralla J, Mattle HP, Fischer U, Jung S,
Mordasini P, Hsieh K, Verma RK, Weisstanner C, El-Koussy M.
Whole-brain susceptibility-weighted thrombus imaging in stroke:
fragmented thrombi predict worse outcome. AJNR Am J Neurora-
diol. 2015;36:1277–82.

21. Chueh JY, Wakhloo AK, Gounis MJ. Effectiveness of mechanical
endovascular thrombectomy in a model system of cerebrovascular
occlusion. AJNR Am J Neuroradiol. 2012;33:1998–2003.

22. Penumbra Pivotal Stroke Trial Investigators. The penumbra pivotal
stroke trial: safety and effectiveness of a new generation of mechan-
ical devices for clot removal in intracranial large vessel occlusive
disease. Stroke. 2009;40:2761–8.

23. Smith WS, Sung G, Saver J, Budzik R, Duckwiler G, Liebeskind
DS, Lutsep HL, Rymer MM, Higashida RT, Starkman S, Gobin YP;
Multi MERCI Investigators, Frei D, Grobelny T, Hellinger F, Hud-
dle D, Kidwell C, Koroshetz W, Marks M, Nesbit G, Silverman IE.
Mechanical thrombectomy for acute ischemic stroke: final results
of the Multi MERCI trial. Stroke. 2008;39:1205–12.

24. Ogawa A, Mori E, Minematsu K, Taki W, Takahashi A, Nemoto
S, Miyamoto S, Sasaki M, Inoue T; MELT Japan Study Group.
Randomized trial of intraarterial infusion of urokinase within 6h
of middle cerebral artery stroke: the middle cerebral artery em-
bolism local fibrinolytic intervention trial (MELT) Japan. Stroke.
2007;38:2633–9.

25. Furlan A, Higashida R, Wechsler L, Gent M, Rowley H, Kase C,
Pessin M, Ahuja A, Callahan F, Clark WM, Silver F, Rivera F. In-
tra-arterial prourokinase for acute ischemic stroke. the PROACT II
study: a randomized controlled trial prolyse in acute cerebral throm-
boembolism. JAMA. 1999;282:2003–11.

26. Bonafe A, Castano C, Pereira VM, et al. Solitaire FR revascular-
ization device: a retrospective study as a first line device for acute
ischemic stroke. ESMINT Congress Annual Meeting; 08.9.2011;
Nice. 2011.

27. Pereira VM, Gralla J, Bonafe A, et al. Solitaire FR revasculariza-
tion device: a European retrospective study as a first line device for
acute ischemic stroke. Society of NeuroInterventional Surgery An-
nual Meeting; 24.7.2012; San Diego. 2012.

28. Gascou G, Lobotesis K, Machi P, Maldonado I, Vendrell JF,
Riquelme C, Eker O, Mercier G, Mourand I, Arquizan C, Bonafé
A, Costalat V. Stent retrievers in acute ischemic stroke: compli-
cations and failures during the perioperative period. AJNR Am J
Neuroradiol. 2014;35:734–40.

29. Nguyen TN, Malisch T, Castonguay AC, Gupta R, Sun CH, Mar-
tin CO, Holloway WE, Mueller-Kronast N, English JD, Linfante I,
Dabus G, Marden FA, Bozorgchami H, Xavier A, Rai AT, Froehler
MT, Badruddin A, Taqi M, Abraham MG, Janardhan V, Shaltoni H,
Novakovic R, Yoo AJ, Abou-Chebl A, Chen PR, Britz GW,Kaushal
R, Nanda A, Issa MA, Masoud H, Nogueira RG, Norbash AM,
Zaidat OO. Balloon guide catheter improves revascularization and
clinical outcomes with the Solitaire device: analysis of the North
American Solitaire Acute Stroke Registry. Stroke. 2014;45:141–5.

30. Mazur MD, Kilburg C, Park MS, Taussky P. Patterns and clinical
impact of angiographically visible distal emboli during thrombec-
tomy with solitaire for acute Ischemic stroke. Neurosurgery.
2016;78:242–50.

K



Posterior Circulation Occlusions May Be Associated with Distal Emboli During Thrombectomy 433

31. Costalat V, Machi P, Lobotesis K, Maldonado I, Vendrell JF,
Riquelme C, Mourand I, Milhaud D, Héroum C, Perrigault PF, Ar-
quizan C, Bonafé A. Rescue, combined, and stand-alone thrombec-
tomy in the management of large vessel occlusion stroke using
the solitaire device: a prospective 50-patient single-center study:
timing, safety, and efficacy. Stroke. 2011;42:1929–35.

32. Nogueira RG, Lutsep HL, Gupta R, Jovin TG, Albers GW, Walker
GA, Liebeskind DS, Smith WS; TREVO 2 Trialists. Trevo versus
Merci retrievers for thrombectomy revascularisation of large ves-
sel occlusions in acute ischaemic stroke (TREVO 2): a randomised
trial. Lancet. 2012;380:1231–40.

33. Gralla J, Schroth G, Remonda L, Fleischmann A, Fandino J,
Slotboom J, Brekenfeld C. A dedicated animal model for me-
chanical thrombectomy in acute stroke. AJNR Am J Neuroradiol.
2006;27:1357–61.

34. Gralla J, Schroth G, Remonda L, Nedeltchev K, Slotboom J,
Brekenfeld C.Mechanical thrombectomy for acute ischemic stroke:
thrombus-device interaction, efficiency, and complications in vivo.
Stroke. 2006;37:3019–24.

35. Lapergue B, Labreuche J, Piotin M. Aster trial. Contact aspiration
vs stent retriever front line for rencanalization in acute cerebral in-
farction. LB2. Presented at: 2017 International Stroke Conference;
22–24.02.; Houston. 2017.

36. Spiotta AM, Chaudry MI, Hui FK, Turner RD, Kellogg RT, Turk
AS. Evolution of thrombectomy approaches and devices for acute
stroke: a technical review. J Neurointerv Surg. 2015;7:2–7.

37. Brinjikji W, Starke RM, Murad MH, Fiorella D, Pereira VM, Goyal
M, Kallmes DF. Impact of balloon guide catheter on technical and

clinical outcomes: a systematic review and meta-analysis. J Neu-
rointerv Surg. 2017 Jul 28. [Epub ahead of print]

38. Chueh JY, Marosfoi MG, Brooks OW, King RM, Puri AS, Gou-
nis MJ. Novel distal emboli protection technology: the EmboTrap.
Interv Neurol. 2017;6:268–76.

39. Maegerlein C, Mönch S, Boeckh-Behrens T, Lehm M, Hed-
derich DM, Berndt MT, Wunderlich S, Zimmer C, Kaesmacher
J, Friedrich B. PROTECT: PRoximal balloon Occlusion TogEther
with direCt Thrombus aspiration during stent retriever thrombec-
tomy—evaluation of a double embolic protection approach in
endovascular stroke treatment. J Neurointerv Surg. 2017 Dec 8.
[Epub ahead of print]

40. Menon BK, Hill MD, Eesa M, Modi J, Bhatia R, Wong J, Hudon
ME, Morrish W, Demchuk AM, Goyal M. Initial experience with
the Penumbra Stroke System for recanalization of large vessel oc-
clusions in acute ischemic stroke. Neuroradiology. 2011;53:261–6.

41. Klinger-Gratz PP, Schroth G, Gralla J, Jung S, Weisstanner C,
Verma RK, Mordasini P, Kellner-Weldon F, Hsieh K, Heldner MR,
Fischer U, Arnold M, Mattle HP, El-Koussy M. Protected stent
retriever thrombectomy prevents iatrogenic emboli in new vascular
territories. Neuroradiology. 2015;57:1045–54.

42. Bracard S, Ducrocq X, Mas JL, Soudant M, Oppenheim C, Moulin
T, Guillemin F; THRACE investigators. Mechanical thrombec-
tomy after intravenous alteplase versus alteplase alone after
stroke (THRACE): a randomised controlled trial. Lancet Neurol.
2016;15:1138–47.

K


	Posterior Circulation Occlusions May Be Associated with Distal Emboli During Thrombectomy
	Abstract
	Introduction
	Methods
	Statistical Methods

	Illustrative Case Descriptions
	Results
	Discussion
	Conclusion
	References


