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A B S T R A C T

Objective: Despite the wide utilization of mechanical thrombectomy (MT) for acute ischemic stroke treatment,
little is known about the incidence of early post-thrombectomy seizures, its predictors, and association with
long-term outcome.
Methods: Using a prospective registry of mechanical thrombectomy in ischemic stroke between January 2013
and July 2017, we identified patients who developed a seizure within 7 days (early seizure) of qualifying event.
Backward stepwise regression analysis was used to assess independent predictors of seizure occurrence and the
association between seizure and functional outcome (modified Rankin scale of 0–2 vs. ≥3).
Results: A total of 459 patients were included in the final analysis. Mean age was 67.5 (SD 15.1), and 49.9% of
patients were female. Successful recanalization (TICI≥2B) was achieved in 92.8% of patients. Eleven (2.4%)
patients developed at least one seizure. Only an Alberta Stroke Program Early CT (ASPECT) score of< 6 was
independently associated with the occurrence of early seizures [Odds ratio, 95% confidence interval: 8.188,
(2.219–30.214); P= .002]. On multivariate analysis, early seizures were associated with 90-day mortality rate
[OR,6.487; 95% confidence interval, (1.481–28.405); P= .013] and poor functional outcome (OR, 4.7; 95%
confidence interval (1.08–20.83); p= .039).
Conclusion: In the studied cohort, 2.4% of ischemic stroke patients treated with MT developed at least one
seizure within 7 days of stroke onset. A low ASPECT score was associated with the occurrence of early seizures.
The occurrence of seizures was associated with 90-day mortality and poor functional outcome.

1. Introduction

Mechanical thrombectomy (MT) has become the standard of care of
an acute ischemic stroke since the publication of five pivotal rando-
mized trials which showed a remarkable benefit of mechanical throm-
bectomy over medical management in patients with large vessel oc-
clusion (LVO) [1]. Well known complications of mechanical
thrombectomy include intracerebral hemorrhage, emboli to new vas-
cular territories, vessel dissection, vasospasm of the access vessel, and
stent-related complications [2]. Seizure is a potential complication of
thrombectomy after ischemic stroke through a reperfusion injury or
intracerebral hemorrhage [3]. Prior to the thrombectomy era, evidence
has emerged about the association between stroke and seizures. Post-
stroke seizures are arbitrarily divided into early seizures when

occurring within the first 1–2weeks, and late seizures when they occur
after 2 weeks of the stroke [5]. The reported post-stroke seizures in-
cidence ranges from 2%–33% while that of late seizures spans from 3 to
67% [6]. Predictors of post-stroke seizures have been reported in-
cluding cortical involvement [7,8], stroke severity [7,9], and treatment
with intravenous tissue plasminogen activator [10] [11] [12]. There are
suggestions that post-stroke seizures are associated with a midline shift
and worse functional outcome after intracerebral hemorrhage [13,14].
With the projected utilization at a large scale of thrombectomy in the
new guidelines [15], clinicians need to be informed about the risk of
seizures, their predictors and association with functional outcome. In
this study, we aimed to report the incidence of early seizures in patients
treated with mechanical thrombectomy and to investigate the pre-
dictors of seizures and the correlation with 90-day functional outcome.
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2. Methods

2.1. Patient population

We used our prospectively maintained stroke database to identify
patients who presented with an ischemic stroke due to large vessel
occlusion and were treated with mechanical thrombectomy between
January 2013 and July 2017. A detailed report regarding patient po-
pulation was included in previous studies [16]. Patients with large
vessel occlusion (LVO) were considered candidate for thrombectomy if
the CT perfusion demonstrated mismatch between cerebral blood vo-
lume and cerebral blood flow/or mean transit time. Mechanical
thrombectomy was performed using a Direct Aspiration, First Pass
Technique (ADAPT) for all cases. Stent retriever was attempted if re-
canalization was not obtained using an aspiration catheter [17].

2.2. Early seizures

Retrospective chart review identified patients who developed early
seizures post mechanical thrombectomy. Early seizures were defined as
seizures that occurred within 7 days of the procedure (or until discharge
or death, if sooner). Patients who had history of epilepsy were ex-
cluded. Both electrographic seizures and clinical seizures were included
in this study. Clinical seizures were identified as reported seizures by
the treating physician in patients' charts. In addition, all electro-
encephalography (EEG) reports were reviewed for evidence of elec-
trographic or electroclinical seizures. At our institution, all EEGs are
read by board certified electrophysiologists.

Seizures semiology, the time from MT to the first seizure onset, use
of antiepileptic drugs (AEDs) and the EEG findings were recorded.
Seizures were classified based on the operational ILEA classification
[19].

2.3. Data collection

Collected variables included baseline characteristics, procedural
variables, post procedural variables and seizures characteristics.
Baseline characteristics included demographics, admission NIHSS, time
from symptoms onset to groin, IV tPA administration and presence of
medical comorbidities. Procedural variables included Thrombolysis in
Cerebral Infarction (TICI) score. Successful revascularization was de-
fined as TICI≥2B which corresponds to ≥50% reperfusion of the af-
fected vascular territory [21]. Hemorrhagic transformations were di-
vided based on the European Cooperative Acute Stroke Study (ECASS)
radiological criteria into hemorrhagic infarctions (HI) and parenchymal
hemorrhages (pH) [22]. According to the ECASS criteria, HI represent
petechial hemorrhage without space-occupying effect and PH is defined
as blood clot(s) with space-occupying effect [23].

2.4. Primary outcomes

The dependent variables were seizure occurrence and 90-day
functional outcome. Functional outcome was assessed using the 90-day
modified Rankin Scale (mRS). The 90-day mRS was recorded during a
clinic visit or through a telephone interview with an experienced nurse
practitioners or stroke neurologists. A good outcome was defined as
mRS=0–2, and poor outcome was defined as mRS > 2. One of the
authors (A.C.) is a neuro-radiologist with> 5 year-experience, and he
reviewed admission CT scan for all patients and recorded Alberta Stroke
Program Early CT (ASPECT) score. ASPECT<6 was considered a
“poor” ASPECT which is the cutoff commonly used in MT clinical trials
[1,24]. Post-procedure MRIs (or CTs if MRIs were not available) were
reviewed by blinded neurologists to determine if the stroke or the he-
morrhagic transformation involved the cortical areas.

2.5. Covariates

Sex, race, medical comorbidities (diabetes, hypertension, atrial fi-
brillation, hyperlipidemia), admission national institute of health stroke
scale (NIHSS), treatment modalities (intravenous recombinant tissue
plasminogen activator, intra-arterial recombinant tissue plasminogen
activator), hemorrhagic transformations, final TICI score (≥2B
vs.< 2B), and ASPECT score (< 6 vs. ≥6).

2.6. Statistical analysis

All analyses were performed using SPSS V.24 (IBM Corporation,
New York, USA). We have presented the results as counts, percentages,
and mean. Differences between participants with seizures and those
without seizures, and between participants with good and those with
poor outcome were analyzed via Fisher exact test for qualitative vari-
ables and t-test for quantitative variables.

To assess the independent predictors of seizures, outcome and
mortality, baseline characteristics associated with a P < .10 in uni-
variate analyses were implemented into a backward-stepwise model
with removal criteria of P > .1.

2.7. Standard protocol approvals, registrations, and patient consents

Authors confirm that the study is observational minimal risk study
and no consent is required per the Medical University of South. Our
study was approved by the institutional review board of the Medical
University of South Carolina.

3. Results

3.1. Patients characteristics

A total of 459 patients underwent thrombectomy during the study
period including 49.9% females and 60.3% whites. Mean age was 67.5
(SD 15.1) years. There was no significant difference in demographics,
receipt of IV tPA, and comorbidities (diabetes mellitus, hypertension,
Atrial fibrillation, and hyperlipidemia) between the seizures and no-
seizures groups (Table 1). Similarly, variables related to thrombectomy
procedure were comparable between the two groups including
symptom-onset to groin time, procedure time, rate of successful re-
canalization and receipt of intra-arterial tPA (IA tPA). Patients with
seizures had a higher rate of parenchymal hemorrhage and cortical
hemorrhage, but the difference was not statistically significant. Patients
in the seizures group were more likely to have low ASPECT score
(ASEPCT<6, 45.5% vs. 11.4%; P < .001), lower NIHSS on admission
(mean NIHSS, 11.09 v. 15.88; P= .036) and were more likely to have a
stroke in the right side of the brain (81.8% V. 47.3%, P= .029).

3.2. Early seizures predictors and outcome

A total of 11 (2.4%) patients had early seizures (within 7 days of
acute stroke) during admission. Mean time from stroke symptoms onset
to seizures onset time was 2.6 days (SD 1.6). Table 2 summarize the
seizures description for each of the patients in the seizures group. In
multivariate analysis adjusting for multiple confounders, only ASPECT
score < 6 was independently associated with greater odds of having
seizures (OR 8.188; 95% CI, 2.219–30.214; P= .002) (Table 3).

A total of 259 (55%) of patients had a poor outcome (90-day
mRS>2) including 7 (63.6%) in the seizures group and 252 (56.3%) in
the non-seizure group, P= .72 (Table 4). On multivariate regression
analysis, after controlling for extraneous factors, early seizures post
thrombectomy was associated with a poor outcome (OR, 4.7; 95%CI
(1.08–20.83); p= .039). An older age, worse admission NIHSS, un-
successful recanalization (TICI< 2B), the presence of PH hemorrhagic
transformation, female sex and worse baseline mRS also emerged as
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independent predictors of a poor outcome (Table 5). Early seizures post
thrombectomy was also found to be a significant predictor for 90-day
mortality on multivariate analysis (OR, 6.4; 95% CI, (1.481–28.405);
P= .013) as shown in Table 6.

4. Discussion

We found that about 2.4% of patients who underwent throm-
bectomy had at least one early seizure. Studies on early seizures among
patients with an acute ischemic stroke prior to the era or mechanical
thrombectomy, using a cut-off of one week for the definition of early
seizures, have reported an incidence rate ranging from 3.2 to 4.1%
[25–28].

Data on the seizure incidence after thrombectomy is scarce. In a
study of 805 patients who received endovascular treatment between
1992 and 2010, 44/805 (5.5%) had seizures within 3months after in-
tervention with 3.2% occurring within 24 h of intervention [3]. The
difference in the incidence of seizures between this study and our study
has many potential explanations. First, the aforementioned study in-
cluded patients who were treated with mechanical thrombectomy or
only intra-arterial thrombolysis. Second, the type of retriever devices is
different as MERCI, and other old devices were used as opposed to
ADAPT in our study. Of note, the MERCI retriever is credited with a
lower recanalization rate and a higher risk of hemorrhage in compar-
ison to Solitaire stent retriever and aspiration devices [29,30].

In the current study, a low ASPECT score was associated with an
early seizures post-MT. Our findings parallel those from an Australian
cohort of 348 ischemic stroke patients treated with intravenous tissue
plasminogen. The ASPECT score is a comprehensive evaluation of the
extent of ischemia on non-contrast computerized tomography of the

Table 1
Characteristics of patients with and without seizures after mechanical throm-
bectomy for ischemic stroke.

Variable Na No seizure (448) Seizure (11) P-value

Age (years) 459 67.64 (14.5) 62.55 (16.9) 0.25
Female 459 225 (50.2) 4 (36.4) 0.36
White 459 269 (60) 8 (72.7) 0.39
IV tPA 459 176 (39.3) 5 (45.5) 0.67
Admission NIHSS 455 15.88 (7.4) 11.09 (6.9) 0.036
ASPECT<6 398 44 (11.4) 5 (45.5) < 0.001

Thrombectomy procedural variables
Symptom-onset to groinb 438 449 (640) 341 (121) 0.58
Procedure timeb 442 27.1 (22) 40.2 (38) 0.310
TICI≥2B 459 415 (92.6) 11 (100) 0.35
IA tPA 450 64 (14.6) 2 (18.2) 0.93

Stroke location
In the posterior circulation 459 57 (12.7) 0 (0.0) 0.20
In the right side of the brain 459 217 (47.3) 9 (81.8) 0.029
Cortical involvement 459 321 (71.7) 9 (81.8) 0.45

Hemorrhagic transformation
Parenchymal hemorrhage 456 48 (10.8) 3 (27.3) 0.087
Cortical hemorrhagec 459 37 (8.3) 2 (18.2) 0.244

Comorbidities
DM 459 129 (28.8) 6 (54.5) 0.064
HTN 459 333 (74.3) 9 (81) 0.57
Atrial fibrillation 459 141 (31.5) 3 (27.3) 0.76
HLD 459 195 (43.5) 5 (45.5) 0.89

Values are n (%) or mean (SD). Abbreviations: ASPECT, Alberta stroke program
early CT score; DM, Diabetes; IA tPA, intraarterial tissue plasminogen activator;
IV tPA, intravenous tissue plasminogen activator; HLD, hyperlipidemia; HTN,
Hypertension; mRS, modified Rankin Scale; NIHSS, National Institutes of
Health Stroke Scale; TICI, Thrombolysis in Cerebral Ischemia.

a Number of patients with available data for analysis.
b in minutes.
c cortical hemorrhage defined as intraparenchymal hemorrhage that in-

volved the cortical surface.

Ta
bl
e
2

Se
iz
ur
es

de
sc
ri
pt
io
n
fo
r
ea
ch

of
th
e
pa

ti
en

ts
in

th
e
se
iz
ur
e
gr
ou

p.

Pa
ti
en

t
#

O
ns
et

du
ri
ng

po
st
-s
tr
ok

e
da

y
Se

m
io
lo
gy

Ty
pe

of
se
iz
ur
e

C
ap

tu
re
d
on

EE
G

N
um

be
r
of

se
iz
ur
es

A
nt
i-
ep

ile
pt
ic

dr
ug

s
in
it
ia
te
d

1
2

Be
ha

vi
or
al

ar
re
st

w
it
h
le
ft

ga
ze

de
vi
at
io
n

Fo
ca
l
w
it
h
im

pa
ir
ed

aw
ar
en

es
s

N
o

2
Le

ve
ti
ra
ce
ta
m

2
4

R
ig
ht

ar
m

cl
on

ic
m
ov

em
en

t
w
it
h
al
te
re
d
co

ns
ci
ou

sn
es
s

Fo
ca
l
m
ot
or

se
iz
ur
e

Y
es

1
Le

ve
ti
ra
ce
ta
m

3
4

Be
ha

vi
or
al

ar
re
st

co
m
pl
ex

pa
rt
ia
l

Y
es

1
Le

ve
ti
ra
ce
ta
m

4
1

Le
ft
ga

ze
de

vi
at
io
n,

le
ft

ve
rs
iv
e
se
iz
ur
e
w
it
h
al
te
re
d
aw

ar
en

es
s

Fo
ca
l
m
ot
or

w
it
h
im

pa
ir
ed

aw
ar
en

es
s

Y
es

1
Le

ve
ti
ra
ce
ta
m

5
2

R
ig
ht

ga
ze

de
vi
at
io
n,

ri
gh

t
ar
m

to
ni
c-
cl
on

ic
m
ov

em
en

t
w
it
h
al
te
re
d

aw
ar
en

es
s

Fo
ca
l
w
it
h
im

pa
ir
ed

aw
ar
en

es
s

Y
es

2
Le

ve
ti
ra
ce
ta
m

6
6

G
en

er
al
iz
ed

to
ni
c-
cl
on

ic
se
iz
ur
e

G
en

er
al
iz
ed

N
o

1
Le

ve
ti
ra
ce
ta
m

7
2

Be
ha

vi
or
al

ar
re
st

Fo
ca
l
w
it
h
im

pa
ir
ed

aw
ar
en

es
s

Y
es

3
La

co
sa
m
id
e,

Le
ve

ti
ra
ce
ta
m

8
1

G
en

er
al
iz
ed

to
ni
c-
cl
on

ic
se
iz
ur
e

G
en

er
al
iz
ed

N
o

1
N
on

ea

9
1

be
ha

vi
or
al

ar
re
st

Fo
ca
l
w
it
h
im

pa
ir
ed

aw
ar
en

es
s

Y
es

1
Le

ve
ti
ra
ce
ta
m
,
de

pa
ko

te
10

2
A
lt
er
ed

aw
ar
en

es
s
an

d
ap

ha
si
a

Fo
ca
l
w
it
h
im

pa
ir
ed

aw
ar
en

es
s

Y
es

1
N
on

eb

11
4

A
lt
er
ed

aw
ar
en

es
s

Fo
ca
l
w
it
h
im

pa
ir
ed

aw
ar
en

es
s

Y
es

7
Le

ve
ti
ra
ce
ta
m
,
La

co
sa
m
id
e,

To
pi
ra
m
at
e

A
bb

re
vi
at
io
ns
:
EE

G
,e

le
ct
ro
en

ce
ph

al
og

ra
ph

y.
a
Pa

ti
en

t
di
ed

sh
or
tl
y
af
te
r
se
iz
ur
e
on

se
t.

b
Pa

ti
en

t
w
as

tr
an

si
ti
on

ed
to

co
m
fo
rt

ca
re

sh
or
tl
y
af
te
r
se
iz
ur
e
on

se
t.

M. Anadani et al. Journal of the Neurological Sciences 396 (2019) 235–239

237



head. A score of 6 or lower, implying the involvement of at least one
cortical region, is more likely to predict the development of seizures.
However, cortical involvement was not associated with increased risk
of early seizures in our study. This is likely because most of the patients
who underwent thrombectomy had cortical involvement.

We found that occurrence of early seizures was associated with a
poor outcome at 90 days which correlates with the results of previous
studies. In a population-based study [31], seizures were associated with
a poor functional outcome among 489 ischemic stroke patients; how-
ever, no distinction was made between early and late seizures. Fur-
thermore, acute stroke treatment modalities were not defined and mRS
was assessed prior to “discharge” not at 90 days. These results were
echoed at a larger scale in a large multicenter study of> 10,000 is-
chemic stroke patients from the registry of the Canadian Stroke network
[32]. The authors concluded that seizures at stroke onset or during
hospitalization was associated with a poor functional outcome on

discharge. In the Canadian study, the type of seizures was not provided,
and the rate of thrombectomy was not reported. Altogether, our results
along with the aforementioned studies suggest that the occurrence of
early seizures is associated with a short-term poor functional outcome
in patients with ischemic stroke. Theoretical considerations and ex-
perimental evidence [33] indicate that seizures may result in diffusion
weighted imaging changes, cause a midline shift, and therefore ag-
gravate the neurological deficit and subsequently lead to worse func-
tional outcomes.

Post-stroke seizures mechanisms are not entirely understood.
Disruption of blood brain barrier, alteration of gene expression and
hippocampal sclerosis secondary to hippocampal infarcts were sug-
gested as potential causes [34]. In addition, reperfusion injury sec-
ondary to recanalization was proposed as a mechanism for an increased
early seizures after tPA [11]. However, our study along with previous
studies does not support that recanalization increases the risk of early
seizures [34].

5. Limitations

Interpretation of our results should account for its limitations in-
cluding its retrospective single-center design which has limited our
analyses to only available data; however, this data was standardized
and prospectively collected in a regularly updated stroke registry. In
addition, EEG is used at our institution if clinically indicated to rule out
seizures, therefore the incidence of electrographic seizures is likely
underestimated in our study.

6. Conclusion

In this retrospective analysis, we found that nearly 2.4% of ischemic
stroke patients treated with MT developed early seizures. Low ASPECT
score independently predicted the risk of early seizures. The occurrence
of seizures was associated with a poor 90-day functional outcome and
higher 90-day mortality rate after MT.

Authors contributions

Mohammad Anadani: Study concept and design, data interpreta-
tion, statistical analysis, and manuscript writing.

Alain Lekoubou: Study concept and design, data interpretation, and
manuscript writing.

Eyad Almallouhi: Study concept and design, data collection, and
critical revision of the manuscript for important intellectual content.

Ali Alawieh: Data collection.
Arindam Chatterjee: Data collection and critical revision of the

manuscript for important intellectual content.
Jan Vargas: Data collection.
Alejandro M Spiotta: Study concept and design, critical revision of

the manuscript for important intellectual content, and study super-
vision.

Disclosures

Spiotta- Penumbra Consulting, Honorarium, Speaker Bureau; Pulsar
Vascular Consulting, Honorarium, Speaker Bureau; Microvention
Consulting, Honorarium, Speaker Bureau, Research; Stryker Consulting,
Honorarium, Speaker Bureau. Anadani reports no disclosures.
Lekoubou reports no disclosures. Almallouhi reports no disclosures.
Alawieh reports no disclosures. Chatterjee reports no disclosures.
Vargas reports no disclosures.

Funding

None.
Statement of compliance with the guidelines for human studies and

Table 3
Multivariate backward stepwise regression analysis for predictors of early sei-
zure post thrombectomy.

Variable OR (95% CI) P value

Admission NIHSS 0.902 (0.808–1.007) 0.066
ASPECT<6 8.188 (2.219–30.214) 0.002
Right-sided stroke 3.802 (0.745–19.608) 0.108

ASPECT, Alberta stroke program early CT score; NIHSS, National Institute of
Health stroke scale.

Table 4
Difference in 90-day outcome measures between two groups.

Outcome measures No seizure Seizure P-value

Poor outcome (mRS >2) 252 (56.3) 7 (63.6) 0.72
Mortality (mRS 6) 93 (20.8) 4 (36.4) 0.21

Values are n (%).
Abbreviations: mRS, modified Rankin Scale.

Table 5
Multivariate backward stepwise regression analysis for predictors of poor 90-
day outcome post thrombectomy.

Variable OR (95% CI) P value

Age 1.042 (1.025–1.059) < 0.001
Seizure 4.717 (1.08–20.833) 0.039
Admission NIHSS 1.144 (1.103–1.186) < 0.001
TICI< 2b 5.214 (1.799–15.115) 0.002
parenchymal hemorrhage 2.488 (1.11–5.555) 0.027
Female 1.629(1.019–2.597) 0.041
Location of occlusion (anterior vs. posterior) 0.489(0.227–1.052) 0.067
Baseline mRS 6.393(1.476–27.688) 0.013

ASPECT, Alberta stroke program early CT score; mRS, modified Rankin scale;
NIHSS, National Institute of Health stroke scale; TICI, Thrombolysis in Cerebral
Ischemia.

Table 6
Multivariate backward stepwise regression analysis for predictors of 90-day
mortality post thrombectomy.

Variable OR (95% CI) P value

Age 1.042(1.02–1.063) < 0.001
Baseline mRS 0.278(0.118–0.653) 0.003
TICI≥2b 0.348(0.141–0.859) 0.022
Seizure 6.487(1.481–28.405) 0.013
Admission NIHSS 1.105(1.065–1.147) < 0.001

mRS, modified Rankin scale; NIHSS, National Institute of Health stroke scale;
TICI, Thrombolysis in Cerebral Ischemia.

M. Anadani et al. Journal of the Neurological Sciences 396 (2019) 235–239

238



animal welfare regulations.
Authors confirm that the study is observational minimal risk study

and no consent is required per the Medical University of South Carolina
institute policy. Our study was approved by the institutional review
board of the Medical University of South Carolina.

Acknowledgments

None.

References

[1] M. Goyal, B.K. Menon, W.H. Van Zwam, D.W. Dippel, P.J. Mitchell, A.M. Demchuk,
A. Dávalos, C.B. Majoie, A. van der Lugt, M.A. De Miquel, Endovascular throm-
bectomy after large-vessel ischaemic stroke: a meta-analysis of individual patient
data from five randomised trials, Lancet 387 (2016) 1723–1731.

[2] D. Behme, L. Gondecki, S. Fiethen, A. Kowoll, A. Mpotsaris, W. Weber,
Complications of mechanical thrombectomy for acute ischemic stroke-a retro-
spective single-center study of 176 consecutive cases, Neuroradiology 56 (2014)
467–476.

[3] S. Jung, K. Schindler, O. Findling, M.L. Mono, U. Fischer, J. Gralla, M. El-Koussy,
A. Weck, A. Galimanis, C. Brekenfeld, G. Schroth, H.P. Mattle, M. Arnold, Adverse
effect of early epileptic seizures in patients receiving endovascular therapy for acute
stroke, Stroke 43 (2012) 1584–1590.

[5] I.E. Silverman, L. Restrepo, G.C. Mathews, Poststroke seizures, Arch. Neurol. 59
(2002) 195–201.

[6] O. Camilo, L.B. Goldstein, Seizures and epilepsy after ischemic stroke, Stroke 35
(2004) 1769–1775.

[7] C.F. Bladin, A.V. Alexandrov, A. Bellavance, N. Bornstein, B. Chambers, R. Cote,
L. Lebrun, A. Pirisi, J.W. Norris, Seizures after stroke: a prospective multicenter
study, Arch. Neurol. 57 (2000) 1617–1622.

[8] C. Zhang, X. Wang, Y. Wang, Zhang J-G, W. Hu, M. Ge, K. Zhang, X. Shao, Risk
factors for post-stroke seizures: a systematic review and meta-analysis, Epilepsy
Res. 108 (2014) 1806–1816.

[9] G.J. Jungehulsing, P.U. Heuschmann, M. Holtkamp, S. Schwab, P.L. Kolominsky-
Rabas, Incidence and predictors of post-stroke epilepsy, Acta Neurol. Scand. 127
(2013) 427–430.

[10] D. Tanne, R.F. Macko, Y. Lin, B.C. Tilley, S.R. Levine, Group NrSS, Hemostatic
activation and outcome after recombinant tissue plasminogen activator therapy
for acute ischemic stroke, Stroke 37 (2006) 1798–1804.

[11] V. Alvarez, A.O. Rossetti, V. Papavasileiou, P. Michel, Acute seizures in acute is-
chemic stroke: does thrombolysis have a role to play? J. Neurol. 260 (2013) 55–61.

[12] J. De Reuck, G. Van Maele, Acute ischemic stroke treatment and the occurrence of
seizures, Clin. Neurol. Neurosurg. 112 (2010) 328–331.

[13] T. Xu, S. Ou, X. Liu, X. Yu, J. Yuan, H. Huang, Y. Chen, Association between seizures
after ischemic stroke and stroke outcome: a systematic review and meta-analysis,
Medicine 95 (2016) e4117.

[14] P.M. Vespa, K. O'Phelan, M. Shah, J. Mirabelli, S. Starkman, C. Kidwell, J. Saver,
M.R. Nuwer, J.G. Frazee, D.A. McArthur, N.A. Martin, Acute seizures after in-
tracerebral hemorrhage: a factor in progressive midline shift and outcome,
Neurology 60 (2003) 1441–1446.

[15] W.J. Powers, A.A. Rabinstein, T. Ackerson, O.M. Adeoye, N.C. Bambakidis,
K. Becker, J. Biller, M. Brown, B.M. Demaerschalk, B. Hoh, E.C. Jauch, C.S. Kidwell,
T.M. Leslie-Mazwi, B. Ovbiagele, P.A. Scott, K.N. Sheth, A.M. Southerland,
D.V. Summers, D.L. Tirschwell, 2018 guidelines for the early management of pa-
tients with acute ischemic stroke: a guideline for healthcare professionals from the
american heart association/american stroke association, Stroke 49 (3) (2018)

e46–e99.
[16] A. Alawieh, J. Vargas, R.D. Turner, A.S. Turk, M.I. Chaudry, J. Lena, A. Spiotta,

Equivalent favorable outcomes possible after thrombectomy for posterior circula-
tion large vessel occlusion compared with the anterior circulation: the musc ex-
perience, J. Neurointerv. Surg. 10 (8) (2017) 735–740.

[17] A.S. Turk, D. Frei, D. Fiorella, J. Mocco, B. Baxter, A. Siddiqui, A. Spiotta, M. Mokin,
M. Dewan, S. Quarfordt, H. Battenhouse, R. Turner, I. Chaudry, Adapt fast study: a
direct aspiration first pass technique for acute stroke thrombectomy, J.
Neurointervent. Surg. 6 (2014) 260–264.

[19] R.S. Fisher, J.H. Cross, J.A. French, N. Higurashi, E. Hirsch, F.E. Jansen, L. Lagae,
S.L. Moshe, J. Peltola, E. Roulet Perez, I.E. Scheffer, S.M. Zuberi, Operational
classification of seizure types by the international league against epilepsy: Position
paper of the ilae commission for classification and terminology, Epilepsia 58 (2017)
522–530.

[21] O.O. Zaidat, A.J. Yoo, P. Khatri, T.A. Tomsick, R. Von Kummer, J.L. Saver,
M.P. Marks, S. Prabhakaran, D.F. Kallmes, B.-F.M. Fitzsimmons, Recommendations
on angiographic revascularization grading standards for acute ischemic stroke: a
consensus statement, Stroke 44 (2013) 2650–2663.

[22] W. Hacke, M. Kaste, C. Fieschi, D. Toni, E. Lesaffre, R. von Kummer, G. Boysen,
E. Bluhmki, G. Hoxter, M.H. Mahagne, et al., Intravenous thrombolysis with re-
combinant tissue plasminogen activator for acute hemispheric stroke. The european
cooperative acute stroke study (ecass), JAMA 274 (1995) 1017–1025.

[23] S.M. Wolpert, H. Bruckmann, R. Greenlee, L. Wechsler, M.S. Pessin, G.J. del Zoppo,
Neuroradiologic evaluation of patients with acute stroke treated with recombinant
tissue plasminogen activator. The rt-pa acute stroke study group, AJNR Am. J.
Neuroradiol. 14 (1993) 3–13.

[24] G.W. Albers, M.P. Marks, S. Kemp, S. Christensen, J.P. Tsai, S. Ortega-Gutierrez,
R.A. McTaggart, M.T. Torbey, M. Kim-Tenser, T. Leslie-Mazwi, A. Sarraj,
S.E. Kasner, S.A. Ansari, S.D. Yeatts, S. Hamilton, M. Mlynash, J.J. Heit,
G. Zaharchuk, S. Kim, J. Carrozzella, Y.Y. Palesch, A.M. Demchuk, R. Bammer,
P.W. Lavori, J.P. Broderick, M.G. Lansberg, Thrombectomy for stroke at 6 to 16
hours with selection by perfusion imaging, N. Engl. J. Med. 378 (2018) 708–718.

[25] R. Arntz, L. Rutten-Jacobs, N. Maaijwee, H. Schoonderwaldt, L. Dorresteijn, E. van
Dijk, F.E. de Leeuw, Post-stroke epilepsy in young adults: a long-term follow-up
study, PLoS One 8 (2013) e55498.

[26] G. Procaccianti, A. Zaniboni, F. Rondelli, M. Crisci, T. Sacquegna, Seizures in acute
stroke: Incidence, risk factors and prognosis, Neuroepidemiology 39 (2012) 45–50.

[27] D.L. Labovitz, W.A. Hauser, R.L. Sacco, Prevalence and predictors of early seizure
and status epilepticus after first stroke, Neurology 57 (2001) 200–206.

[28] J.Z. Wang, M.V. Vyas, G. Saposnik, J.G. Burneo, Incidence and management of
seizures after ischemic stroke: Systematic review and meta-analysis, Neurology 89
(2017) 1220–1228.

[29] E. Broussalis, E. Trinka, W. Hitzl, A. Wallner, V. Chroust, M. Killer-Oberpfalzer,
Comparison of stent-retriever devices versus the merci retriever for endovascular
treatment of acute stroke, AJNR Am. J. Neuroradiol. 34 (2013) 366–372.

[30] A. Balasubramaian, P. Mitchell, R. Dowling, B. Yan, Evolution of endovascular
therapy in acute stroke: Implications of device development, J. Stroke 17 (2015)
127–137.

[31] T. Bryndziar, P. Sedova, N.M. Kramer, J. Mandrekar, R. Mikulik, R.D. Brown Jr.,
J.P. Klaas, Seizures following ischemic stroke: Frequency of occurrence and impact
on outcome in a long-term population-based study, J. Stroke Cerebrovasc. Dis. 25
(2016) 150–156.

[32] C.W. Huang, G. Saposnik, J. Fang, D.A. Steven, J.G. Burneo, Influence of seizures on
stroke outcomes: a large multicenter study, Neurology 82 (2014) 768–776.

[33] E. Kumral, G. Uncu, I. Donmez, T. Cerrahoglu Sirin, S. Alpaydin, C. Calli, O. Kitis,
Impact of poststroke seizures on neurological deficits: magnetic resonance diffu-
sion-weighted imaging study, Eur. Neurol. 69 (2013) 200–206.

[34] A. Pitkänen, R. Roivainen, K. Lukasiuk, Development of epilepsy after ischaemic
stroke, Lancet Neurol. 15 (2016) 185–197.

M. Anadani et al. Journal of the Neurological Sciences 396 (2019) 235–239

239

http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0005
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0005
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0005
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0005
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0010
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0010
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0010
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0010
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0015
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0015
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0015
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0015
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0025
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0025
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0030
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0030
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0035
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0035
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0035
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0040
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0040
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0040
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0045
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0045
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0045
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0050
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0050
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0050
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0055
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0055
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0060
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0060
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0065
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0065
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0065
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0070
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0070
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0070
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0070
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0075
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0075
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0075
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0075
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0075
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0075
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0075
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0080
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0080
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0080
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0080
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0085
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0085
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0085
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0085
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0095
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0095
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0095
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0095
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0095
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0105
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0105
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0105
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0105
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0110
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0110
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0110
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0110
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0115
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0115
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0115
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0115
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0120
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0120
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0120
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0120
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0120
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0120
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0125
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0125
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0125
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0130
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0130
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0135
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0135
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0140
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0140
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0140
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0145
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0145
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0145
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0150
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0150
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0150
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0155
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0155
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0155
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0155
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0160
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0160
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0165
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0165
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0165
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0170
http://refhub.elsevier.com/S0022-510X(18)30486-6/rf0170

	Incidence, predictors, and outcome of early seizures after mechanical thrombectomy
	Introduction
	Methods
	Patient population
	Early seizures
	Data collection
	Primary outcomes
	Covariates
	Statistical analysis
	Standard protocol approvals, registrations, and patient consents

	Results
	Patients characteristics
	Early seizures predictors and outcome

	Discussion
	Limitations
	Conclusion
	Authors contributions
	Disclosures
	Funding
	Acknowledgments
	References




