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SUMMARY

Objective: Electroencephalography (EEG) can identify biomarkers of epileptogenesis
and ictogenesis. However, few studies have used EEG in the prediction of poststroke
seizures. Our primary aim was to evaluate whether early EEG abnormalities can pre-
dict poststroke epilepsy.

Methods: A prospective study of consecutive acute anterior circulation ischemic
stroke patients, without previous epileptic seizures, who were admitted to a stroke
unit over 24 months and followed for | year. All patients underwent standardized clini-
cal and diagnostic assessment during the hospital stay and after discharge. Video-EEG
was performed in the first 72 h (first EEG), daily for the first 7 days, in case of neurolog-
ical deterioration, at discharge, and at 12 months after stroke. The occurrence of
epileptic seizures in the first year after stroke (primary outcome) was evaluated clini-
cally and neurophysiologically during the hospital stay and at 12 months. A telephone
interview was also performed at 6 months. The primary outcome was the occurrence
of at least one unprovoked seizure (poststroke epilepsy). Secondary outcomes were
the occurrence of at least one acute symptomatic seizure and (interictal and/or ictal)
epileptiform activity on at least one EEG during the hospital stay for acute stroke. The
first EEG variables were defined using international criteria/terminology. Bivariate
and multivariate analyses with adjustment for age, admission National Institutes of
Health Stroke Scale (NIHSS) score, and Alberta Stroke Program Early CT Score
(ASPECTS) were performed.

Results: A total of 151 patients were included; 38 patients (25.2%) had an acute symp-
tomatic seizure and 23 (16%) had an unprovoked seizure.The first EEG background
activity asymmetry and first EEG with interictal epileptiform activity were indepen-
dent predictors of poststroke epilepsy during the first year after stroke (P = 0.043 and
P = 0.043, respectively). No EEG abnormality independently predicted acute symp-
tomatic seizures. However, the presence of periodic discharges on the first EEG was
an independent predictor of epileptiform activity (p = 0.009) during the hospital stay.
Significance: An early poststroke EEG can predict epilepsy in the first year after
stroke, independently from clinical and imaging-based infarct severity.
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KEY POINTS

e An early poststroke EEG with background activity
asymmetry independently predicted epilepsy in the
first year after stroke

e An early poststroke EEG with interictal epileptiform
activity independently predicted epilepsy in the first
year after stroke

e An early poststroke EEG with lateralized periodic dis-
charges independently predicted the occurrence of
EEG epileptiform activity during the hospital stay for
acute stroke

e Qur data add neurophysiological risk factors to post-
stroke epilepsy

e Our findings might help to identify patients with an
increased risk for poststroke epilepsy

Clinical stroke severity and infarct dimension are known
risk factors for poststroke epileptic seizures and vascular epi-
lepsy.' Although electroencephalography (EEG) is a sensi-
tive neurophysiological technique in the detection of acute
cerebral ischemia® and a robust one in the functional assess-
ment of the brain,” it is unclear whether electroencephalo-
graphic markers of acute vascular injury severity are
independently associated with an increased risk of poststroke
seizures or useful for their prediction. A single retrospective
study* showed an association between diffuse EEG back-
ground slowing in acute stroke phase and seizure occurrence.
Furthermore, although the presence of periodic discharges
and frontal intermittent rhythmic delta activity has been asso-
ciated with the occurrence of acute symptomatic seizures,” it
is still unknown whether electroencephalographic markers of
cortical hypersynchronization and of an epileptogenic zone
may be helpful in the prediction of unprovoked seizures or
poststroke epilepsy, according to the current definition.”

Our primary aim was to investigate whether early EEG
abnormalities are independent predictors of poststroke epi-

lepsy.

METHODS

Ours was a prospective study of consecutive patients with
an acute anterior circulation ischemic stroke, admitted to
the stroke unit of a neurology department between October
2011 and October 2013 and followed for 12 months. The
ethics committee “Comissdo de Etica para a Saude” of the
Hospital de Santa Maria - Centro Hospitalar Lisboa Norte
approved this study (HSM-CHLN).

The following inclusion criteria were used: (1)

Acute anterior circulation ischemic stroke, established by
imaging (computed tomography [CT] scan or magnetic
resonance imaging [MRI]), with fewer than 7 days of clini-
cal evolution

Epilepsia Open, 3(2):203-212, 2018
doi: 10.1002/epi4.12103

(2) National Institutes of Health Stroke Scale (NIHSS)
score >4 upon admission to the emergency department

(3) Signed informed consent by the patients or their next of
kin.

The subsequent exclusion criteria were used:

(1) Posterior circulation vascular syndrome,6 even if not
confirmed by imaging

(2) Acute posterior circulation ischemic stroke, established
by imaging (CT scan or MRI) obtained at any time dur-
ing the hospital stay

(3) Previous stroke with modified Rankin scale (mRS)

score’ >1 at the time of acute stroke

(4) Brain imaging study (any CT scan or MRI) with one of
the following: contusion, subdural/epidural hematoma,
subarachnoid hemorrhage, neoplastic lesion, infectious/
inflammatory lesion, or hydrocephalus

(5) Brain CT scan performed in the emergency department
(first CT scan) showing intracerebral hemorrhage

(6) Previous history of head trauma with hospital admis-
sion

(7) Previous neurosurgery

(8) Previous history of epilepsy or epileptic seizures

Standardized clinical and ancillary evaluation

All patients were attended by a neurologist at the emer-
gency department and admitted to our stroke unit with con-
tinuous surveillance of their neurological status and daily
observation by a stroke neurologist. During the study period,
this unit admitted all patients treated with intravenous alte-
plase (rtPA) in our hospital (according to European Stroke
Organisation (ESO) Guidelines®) and, depending on bed
availability, also patients not treated with rtPA. The NIHSS
score and seizure occurrence were prospectively recorded.
During the hospital stay, the patient underwent diagnostic
tests allowing stroke etiological classification® and appropri-
ate therapeutic approach, including blood tests, carotid and
vertebral duplex scans, transcranial Doppler, and electrocar-
diography (ECG). All patients underwent a CT scan at the
emergency department (first CT scan), which was repeated
24 hours after stroke in patients administered rtPA and when
clinically indicated in all patients (second CT scan). Select
patients also underwent MRI with diffusion-weighted imag-
ing, transthoracic or transesophageal echocardiography,
24-hour Holter monitoring, or cerebral angiography.

After discharge, patients had a standard clinical follow-
up at the cerebrovascular outpatient clinic. A neurologist
with expertise in epilepsy (CB) performed a telephone inter-
view 6 months after stroke accessing seizure occurrence,
with a free interview followed by a brief phone screening
tool for identifying patients with epilepsy.'® A scheduled
appointment 12 months after stroke was also conducted
(CB), recording the following clinical variables: NIHSS and
mRS scores, occurrence of seizures and type, other stroke or
medical complications, final etiological classification of
stroke,” and ongoing therapy.
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Neurophysiological evaluation

All patients underwent a neurophysiological evaluation
protocol,'" which included a 64-channel synchronized
video-EEG with a maximum duration of 60 minutes in dif-
ferent time frames after stroke:

(1) As early as possible, in the first 72 hours after admis-
sion (first EEG)

(2) Dalily, after the first EEG, for the first 7 days after

stroke (except on weekends)

(3) If neurological worsening, unexplained by medical
complications, and with indications for repeating the
imaging exam

(4) Atthe time of clinical discharge (discharge EEG)

(5) At 12 months after stroke (12M EEG)

Imaging Interpretation

All imaging evaluations performed during the study per-
iod were reviewed by 2 senior neuroradiologists (CM and
CC), who were blinded to the clinical and electroencephalo-
graphic findings and trained for Alberta Stroke Program
Early CT Score (ASPECTS) classification. Doubts were dis-
cussed and final determination was reached by consensus.

In patients with an infarct limited to the middle cerebral
artery (MCA) territory in the imaging study (considering
first CT scan, second CT scan, or MRI), the infarct size was
quantified by ASPECTS'? in the first and second CT scan.
Insula and M1 to M6 ASPECTS territories were considered
“cortical territories of ASPECTS.” Furthermore, any type of
hemorrhage tramsformation,13 cortical or subcortical infarct
location, or presence of cortical areas with normal attenua-
tion coefficient (islands of preserved cortex) within the
infarct'*'® were evaluated on the second CT.

Outcomes

The primary outcome of this study was the occurrence of
at least one unprovoked epileptic seizure (poststroke epi-
lepsy>'”), 1 year after stroke.

The secondary outcomes were the occurrence of at least
one acute symptomatic seizure and EEG epileptiform activ-
ity on at least one EEG during the hospital stay.

The following operational definitions were used:

(1) Unprovoked seizures (or poststroke epilepsy”™ '): at
least one clinical seizure® occurring 7 days after (and
in the first year of) a stroke, in the absence of precipi-
tating factors'®

(2) Acute symptomatic seizure: at least one epileptic sei-
zure occurring within the first 7 days of a stroke.'® In
these patients, cut-off values for metabolic disorders
and febrile symptomatic seizures were not overreached
and alcohol/drug withdrawal or intoxication'® were
excluded

(3) Electrographic seizure; generalized spike-wave dis-
charges at 3 per second or faster or clearly evolving
discharges of any type that reach a frequency >4 per
second, whether focal or generalized.'® Evolving was

5,17

defined as at least 2 unequivocal sequential changes in
frequency, morphology, or location lasting for at least
3 cycles each. Evolution in frequency was defined as
at least 2 consecutive changes in the same direction by
at least 0.5 per second. Evolution in morphology was
defined as at least 2 consecutive changes to a novel
morphology. Evolution in location was defined as
sequentially spreading into or sequentially from at
least 2 different standard 10-20 electrode locations
and persisting for at least 3 cycles."”

(4) EEG epileptiform activity during hospital stay (interic-
tal or ictal): At least one EEG during hospital stay with
interictal epileptiform activity (IEA)*° and/or an elec-
trographic seizure. '’

Predictors
The following characteristics were studied:

(1) Clinical characteristics: age, admission NIHSS,?! and
Trial of Org 10172 in Acute Stroke Treatment classifi-
cation subgroups’

(2) Imaging characteristics: first CT ASPECTS'? (and cor-
tical territories of ASPECTS), second CT with islands
of preserved cortex within the infarct'+ 10 (Figure 1),
and any intracerebral haemorrhage'?

(3) First EEG abnormalities: background activity slow-
ing”’; asymmetry'?; suppression (focal, hemispheric or
diffuse)'; nonrhythmic slow wave activity20 (NRSA)
defined as continuous or intermittent slow activity, that
is, theta and/or delta band activity without an approxi-
mately constant period, limited to an area of the brain or
scalp region (including focal and regional concept of
the International Federation of Clinical Neurophysiol-
ogy>®); rhythmic slow-wave activity (RSA), including
the lateralized rhythmic delta activity (LRDA) defini-
tion by the American Clinical Neurophysiology
Society'? and rhythmic delta/theta (>0.5 Hz) activity,*
interictal epileptiform activity (IEA)?’; lateralized peri-
odic discharges (LPDs)'?; electrographic seizure.'

Statistical analysis

A descriptive analysis was used for nominal qualitative
and quantitative variables. Nominal variables are expressed
in frequency, discrete variables as medians and interquartile
ranges (IQRs), and continuous variables as means and stan-
dard deviations (SDs).

The bivariate analysis of qualitative variables was per-
formed by y? test, Fisher’s exact test, or McNemar test and
of quantitative variables by Student’s #-test or Mann-Whit-
ney U tests, as appropriate.

Variables with a significant association in bivariate anal-
ysis were adjusted in a logistic regression model for known
functional outcome predictors of stroke and poststroke
seizures,"'****> namely age, clinical stroke severity (ad-
mission NIHSS), and imaging infarct size (ASPECTS),
when meeting the requirements for this analysis. The

Epilepsia Open, 3(2):203-212,2018
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Figure 1.

Islands of preserved cortex within the infarct. Brain CT scan showing an acute left middle cerebral artery ischemic stroke. Black arrows
indicate cortical areas with normal attenuation coefficient (islands of preserved cortex) within the infarct.

Epilepsia Open © ILAE

significance level was o0 < 0.05. The odds ratios (ORs) and
the confidence intervals (CIs) of 95% were calculated.

Defined outcome prediction model characteristics
encompassing predictors with the highest odds to impact
outcome were studied. The percentage of patients correctly
identified by the models was calculated. Model calibration
was analyzed by the Hosmer-Lemeshow test, and its dis-
criminative capacity measured by the area under the recei-
ver-operator characteristic (ROC) curve. In all models, the
study of the assumptions associated with logistic regression
showed the existence of a multicollinearity problem
between the variables “ASPECTS” and “cortical territories
of ASPECTS”. Only the first was included in the logistic
regression models.

Epilepsia Open, 3(2):203-212, 2018
doi: 10.1002/epi4.12103

Statistical analysis was done using SPSS program version
24 for the Mac.

RESULTS

A total of 151 patients (112 male) with a mean age of
67.4 (SD 11.9) years was included. The study flowchart was
described previously.?® The median NIHSS score was 12
(IQR 10) at admission.

An infarct limited to the MCA territory was observed in
146 patients (96.7%) and to the anterior cerebral artery
(ACA) territory in 3 patients (2.0%). Two patients had
MCA and ACA infarcts simultaneously. Patients with an
exclusively MCA infarct had a median first CT ASPECTS
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score of 9 (IQR 3), scoring 6 (IQR 3) in the cortical territo-
ries of this scale.

All patients had at least one EEG during the hospital stay
in a median time of 1 day (IQR 1) after stroke (first EEG).
The median number of EEGs performed per patient was 5
(IQR 3).

Seven patients died during their hospital stay. Of the 144
discharged patients, 143 patients (99.3%) had an EEG on
the date of discharge. One patient (0.7%) refused to undergo
EEG. The discharge EEG was done a median of 7 days after
stroke.

Of the 127 patients who were alive at 12 months, 117
(92.1%) had an EEG at this time and 10 patients (7.9%)
refused to undergo the EEG. One patient (0.66%) was lost
to clinical and neurophysiological follow-up between
months 6 and 12.

The frequency of EEG abnormalities is described in
Table 1. Clinical and imaging characteristics associated
with early EEG abnormalities are described in
Appendix S1. In the first 7 days after stroke, 7 patients had
at least one electroencephalographic seizure (5 of whom
had exclusively electrographic seizures and 2 of whom had
both clinical and electrographic seizures). Clinical, imaging
characteristics, and EEG abnormalities associated with
these events are disclosed in Appendix S2.

During the study period, 38 patients (25.2%) had at least
one epileptic seizure, 22 (14.6%) an acute symptomatic sei-
zure, and 23 (16%) an unprovoked seizure. Furthermore, 5
patients had pure electrographic seizures during their hospi-
tal stay.

Defined outcome predictors

Clinical, imaging, and first EEG variables associated with
defined outcomes are disclosed in Tables 2-3 and
Appendix S3.

First EEG independent predictor of defined outcomes

First EEG background activity asymmetry was an inde-
pendent predictor of unprovoked seizures during the first
year after stroke. The occurrence of interictal epileptiform
activity in the first EEG was also an independent predictor
of unprovoked seizures. No EEG abnormality indepen-
dently predicted acute symptomatic seizures. However, the
presence of periodic discharges in the first EEG was an
independent predictor of epileptiform activity (interictal
and/or ictal) in at least one EEG during the hospital stay. No
other studied first EEG abnormality was an independent
predictor of defined outcomes.

Imaging independent predictor of defined outcomes

ASPECTS was an independent predictor of unprovoked
seizures and acute symptomatic seizures. The presence of
islands of preserved cortex within the infarct was an inde-
pendent predictor of the presence of IEA and/or electro-
graphic seizures in at least one EEG during the hospital
stay.

Other independent predictors of defined outcomes

Unprovoked seizures were also independently associated
with the occurrence of a previous acute symptomatic sei-
zure.

Table |I. EEG abnormalities in different time frames after stroke

McNemar's Discharge McNemar’s McNemar's
Serial EEG during test |€ EEGY test 2° I2MEEG " test 32
First EEG “ n (%) hospitalization® n (%) n (%) P n (%) P

n 151 I51 143 - 6 -
BA slowing 57 (37.7) 57 (37.7) ns 32(224) <0.0005 13(11.2) <0.005
BA asymmetry 64 (42.4) 44 (29.1) <0.0005 42(29.4) <0.0005 20(17.2) <0.005
Suppression 12(7.9) 19 (12.6) 0.016 10(7) ns 1 (0.9) ns
NRSA 134 (88.7) 143 (94.7) 0.004 124 (86.7) ns 99 (85.3) ns
RSA 26(17.2) 38(25.2) <0.0005 17 (11.9) ns 9(7.8) 0.031
LPD 27 (17.9) 38(25.2) 0.007 9(6.3) 0.002 3(26) 0.002
IEA 16 (10.6) 18(11.9) ns 12 (8.4) ns 54.3) ns
EEG Seizures 1(0.7) 6 (4.0) ns 0 ns 0 ns

form activity; EEG Seizures, electrographic seizures.

lyzed features)

f12M EEG — video-EEG (<60 min) performed at 12 months after stroke

"ns - nonsignificant (p > 0.05).

BA, background activity; NRSA, nonrhythmic slow-wave activity; RSA, rhythmic slow-wave activity; LPD, lateralized periodic discharge; IEA, interictal epilepti-

“First EEG - video-EEG (<60 min) performed as early as possible, in the first 72 hours after admission for acute anterior circulation ischemic stroke
bSerial EEG during hospitalization - video-EEG (<60 min) performed daily for the first 7 days after stroke (except on weekend), or if neurological worsening
unexplained by medical complications and with indication for repeating the imaging exam (at least one EEG record during the hospitalization with one of the ana-

“‘McNemar’s test | — McNemar's test defining the difference between first EEG and serial EEG during hospitalization
IDischarge EEG — video-EEG (<60 min) performed at time of clinical discharge
°McNemar’s test 2 — McNemar's test defining the difference between first EEG and discharge EEG

8McNemar’s test 3 — McNemar’s test defining the difference between first EEG and |2-month EEG

Epilepsia Open, 3(2):203-212, 2018
doi: 10.1002/epi4.12103
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Table 2. Clinical, imaging, and neurophysiological predictors of unprovoked seizures (poststroke epilepsy)
Multivariate analysis®
P
Unprovoked seizures Yes No Bivariate analysis? P OR; 95% Cl OR;95% Cl
Demographic and clinical characteristics of patients with
>7 days of follow-up (n = 144)
Number of patients 23 121
Mean Age (SD) 64.9 (13.3) 67.5(11.3) 0.466 NA
Median admission NIHSS (IQR) 16 (7) 11 (10) 0.009 0.146
1.07;0.98-1.16
Stroke etiology
Cardioembolism 14 (60.9%) 62 (51.2%) 0.156 NA
Atherosclerosis 5(21.7%) 31 (25.6%)
Small vessels 1 (4.3%) 3(2.5%)
Undetermined 1 (4.3%) 23 (19.0%)
Other 2(8.7%) 2(1.7%)
Previous acute symptomatic seizure 7 (30.4%) 9 (7.4%) 0.001 0.019
5.44;1.78-16.65 4.47;1.28-15.68
Imaging stroke characteristics
Isolated MCA territory infarct patients with >7 days of
follow-up (n = 140)
Number of patients 21 119
First CT median ASPECTS (IQR) 8(3) 9(1) 0.002 0.020
0.73; 0.56-0.95
First CT median CORTICAL ASPECTS (IQR) 5(3) 6(2) 0.002 0.20
0.73;0.56-0.95
Isolated MCA infarct patients with a second CT and
>7 days of follow-up (n = 119)
Anterior circulation ischemic stroke patients with a
second CT scan and >7 days of follow-up (n = 123)
Number of patients 23 100
Islands of preserved cortex within the infarct 8(34.8%) 17 (17.0%) 0.056 NA
2.60;0.95-7.11
Hemorrhage 6(26.1%) 16 (16.0%) 0.255 NA
1.85;0.63-5.42
First EEG characteristics (n = I51)
Number of patients 23 121
BA diffuse slowing 12 (52.2%) 38 (31.4%) 0.055 NA
2.38;0.96-5.88
BA asymmetry 16 (69.6%) 43 (35.5%) 0.002 0.043
4.15;1.58-10.87 3.16; 1.04-9.65
Suppression 4(17.4%) 4(3.3%) 0.023 NA
6.16; 1.42-26.74
NRSAk 22 (95.7%) 106 (87.6%) 0.469 NA
3.11;0.39-24.81
RWSA 8 (34.8%) 16 (13.2%) 0.011 0.062
3.50; 1.28-9.58 2.92;0.95-8.97
LPD 7 (30.4%) 18 (14.9%) 0.071 0.424
2.50;0.90-6.94 1.61;0.50-5.16
IEA 7 (30.4%) 8(6.6%) 0.001 0.043
6.18,1.97-19.35 3.84;1.04-14.13
OR, odds ratio; Cl, confidence interval; SD, standard deviation; NIHSS, National Institutes of Health Stroke Scale score; IQR, interquartile range; NA, not applic-
able; MCA, middle cerebral artery; first CT, first CT scan obtain at the emergency department; ASPECTS, Alberta Stroke Program Early CT Score; Cortical
ASPECTS — value in ASPECTS considering only the 7 cortical territories of this scale; BA, background activity; NRSA, nonrhythmic slow-wave activity; RSA, rhyth-
mic slow-wave activity; LPD, periodic discharge; IEA, interictal epileptiform activity.
Bold indicates statistical significance (P < 0.05).
“Bivariate analysis - bivariate analysis of dichotomous data performed by chi-square test or Fisher’s exact test and quantitative variables by t-test or Mann-Whit-
ney U, as appropriate
bMultivariate analysis - variables with a positive significant association in bivariate analysis, were adjusted for age, clinical stroke severity (admission NIHSS) and
imaging infarct severity (ASPECTS), using a logistic regression model. The OR for age, NIHSS, and ASPECTS are derived from multivariable logistic models includ-
ing exclusively these three variables, whereas the OR for the EEG variables are derived from models including age, NIHSS, ASPECTS and the respective EEG vari-
able

Epilepsia Open, 3(2):203-212, 2018
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Table 3. Clinical, imaging and neurophysiological predictors of EEG epileptiform activity during hospital stay
Bivariate analysis” Multivariate analysis”
P P
IEA and/or EEG seizures during hospital stay Yes No OR; 95% ClI OR; 95% ClI
Demographic and clinical characteristics (n = 151)
Number of patients 27 124
Mean Age (SD) 70.8 (12.1) 66.6 (12.1) 0.076 NA
Median admission NIHSS (IQR) 15 (15) 12.(10) 0.019 0214
1.05;0.97-1.13
Stroke etiology
Cardioembolism 18 (66.7%) 59 (47.6%) 0.388 NA
Atherosclerosis 5(18.5%) 32 (25.8%)
Small vessels 0 (0%) 4(3.2%)
Undetermined 4 (14.8%) 25 (20.2%)
Other 0 (0%) 4(3.2%)
Imaging stroke characteristics
Isolated MCA territory infarct (n = 146)
Number of patients 25 121
First CT median ASPECTS (IQR) 9(3) 9(2) 0.029 0.105
0.82;0.640-1.043
First CT median cortical ASPECTS (IQR) 6(3) 6(2) 0.029 0.105
0.82;0.640-1.043
Anterior circulation ischemic stroke patients with a second CT scan
(n=129)
Number of patients 25 104
Islands of preserved cortex within the infarct 11 (44.0%) 15 (14.4%) 0.001 0.01
4.66;1.78-12.1 4.29; 1.41-13.1
Hemorrhage 6 (24.0%) 17 (16.3%) 0.369 NA
First EEG characteristics (n = 151)
BA diffuse slowing 13 (48.1%) 44 (35.5%) 0.219 NA
1.69;0.73-3.91
BA asymmetry 18 (66.7%) 46 (37.1%) 0.005 0.055,
3.39; 1.41-8.20 2.64,0.98-7.14
Suppression 3(11.1%) 9 (7.3%) 0.450 NA
1.60; 0.40-6.34
NRSA 26 (96.3%) 108 (87.1%) 0.311 NA
3.85;0.49-30.38
RWSA 7 (25.9%) 19 (15.3%) 0.186 NA
1.93;0.72-5.20
LPD 12 (44.4%) 15 (12.1%) <0.0005 0.009
5.81;2.29-14.76 3.88,1.41-10.70
IEA 16 (59.3%) 0(0%) NA NA
OR, odds ratio; Cl, confidence interval; SD, standard deviation; NIHSS, National Institutes of Health Stroke Scale score; IQR, Interquartile range; NA, not applic-
able; MCA, middle cerebral artery; first CT, first CT scan obtain at the emergency department; ASPECTS, Alberta Stroke Program Early CT Score; Cortical
ASPECTS, Score in ASPECTS considering only the 7 cortical territories of this scale; BA, background activity; NRSA, nonrhythmic slow wave activity; RSA, rhyth-
mic slow wave activity; LPD, lateralized periodic discharge; IEA, interictal epileptiform activity.
Bold indicates statistical significance (P < 0.05).
“Bivariate analysis - bivariate analysis of dichotomous data performed by chi-square test or Fisher’s exact test and quantitative variables by t-test or Mann-Whit-
ney test, as appropriate.
PMultivariate analysis - variables with a positive significant association in bivariate analysis, were adjusted for age, clinical stroke severity (admission NIHSS), and imaging
infarct severity (ASPECTS), using a logistic regression model. The ORs for age, NIHSS, and ASPECTS are derived from multivariable logistic models including exclusively
these 3 variables, whereas the ORs for the EEG variables are derived from models including age, NIHSS, ASPECTS, and the respective EEG variable. Bold values —p < 0.05

Table 4 displays the characteristics of prediction models
for defined outcomes. All models have a good to very good
discriminative capacity.

Di1SCUSSION

In this work, poststroke epilepsy could be predicted by
EEG findings, extracted from visual analysis of an early and
short-duration EEG, independently from clinical and

imaging-based infarct severity. Indeed, for the same age and
clinical and imaging infarct severity, the risk of poststroke
unprovoked seizures was 3.2 times higher in patients with
first EEG background activity asymmetry and 3.8 times
higher if interictal epileptiform activity was displayed in
this recording. Furthermore, we found early neurophysio-
logical markers of an increased risk of EEG epileptiform
activity during the hospital stay, thereby identifying patients
who might benefit from an extended neurophysiological

Epilepsia Open, 3(2):203-212,2018
doi: 10.1002/epi4.12103
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Table 4. Defined outcomes binary logistic regression models characteristics

Model features Omnibus test  Nagelkerke’s R?

Hosmer-
Lemeshow test

AUC

PAC SEN SPE PPV NPV 95%Cl

Post-stroke unprovoked seizures (post-stroke epilepsy)

with interictal epileptiform activity

Independent variables: “previous post-stroke acute symptomatic seizures” + “1°* CT ASPECTS” + |°* EEG background activity asymmetry + |**EEG

Model characteristics ~ y*(4) = 22.58 26,1% $2(6) = 5.11, 85.7%  23.8% 96.6%  55.6% 87.8% 0.8l
p < 0.0005 p =053 0.71-0.90
Poststroke acute symptomatic seizures
Independent variables: “1°* CT ASPECTS”
Model characteristics x*(1) = 6.50 7.9% $*(3) =0.23, 86.3% 0% 100% 0% 100% 0.72
p=10.01I3 p = 0.830 0.63-0.82
EEG epileptiform (interictal and/or ictal) activity during hospital stay
Independent variables: “Islands of preserved cortex within the infarct” + “I°*EEG with periodic discharges”
Model characteristics ~ x*(2) = 19.49 22.4% $*(2) = 0993, 845% 28.0% 98.1%  77.8% 85.0% 0.72
p < 0.0005 p = 0.609 0.60-0.85

PAC, percentage of accuracy in classification; SEN, Sensibility; SPE, specificity; PPV, positive predictive value; NPV, negative predictive value; AUC, area under
the ROC (receiver-operating characteristic) curve; Cl, confidence interval; ASPECTS, Alberta Stroke Program Early CT Score.

study. A previous analysis of our group'' already showed
that the frequency of poststroke seizures is clinically under-
estimated without a systematic neurophysiological evalua-
tion. The present study further enlarges the importance of
EEG in stroke patients, defining the characteristics of those
with an increased for epilepsy and also for paroxysmal EEG
events during the hospital stay.

Strengths of this work include the sample size, with
prospective clinical assessment and rigorous electroen-
cephalographic acute evaluation and follow-up. Further-
more, this work includes standardized imaging evaluation
of MCA infarct dimension and the presence of islands of
preserved cortex within the infarct. Another aspect that
stands out is the use of internationally recognized terminol-
ogy,'” showing good interobserver agreement,”’ for
describing the electroencephalographic features. The con-
sideration of clinical and imaging parameters in the statistic
models is also pertinent.

In this study, the noncontinuous nature of the neurophysi-
ological assessment may be considered a limitation. How-
ever, we identified early neurophysiological and imaging
markers that can guide the need for a more prolonged study
(serial or even continuous) only in some patients, presum-
ably improving the cost-benefit of such a procedure. Contin-
uous EEG requires large quantities of time, specialized
human resources (physicians and technicians), and is not
accessible at all centers. Accordingly, studies about the per-
formance of a short duration EEG for epileptiform activity
detection are important. In fact, the search for EEG markers
suggesting the need and helping to identify patients for a
more prolonged or frequent record, as analyzed in this
paper, is a current trend in EEG research.”® ! Furthermore,
antiepileptic drug prescription was not analyzed in this
study. Although (theoretically) antiepileptic drug treatment
could affect outcomes, primary and secondary prophylaxis
of an index acute symptomatic seizure is not routinely per-
formed in our stroke unit, in accordance with the recently
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published ESO guidelines.*> Furthermore, even when
repeated acute symptomatic seizures occur during a hospital
stay leading to antiepileptic drug prescription, their with-
drawal after the acute stroke phase is encouraged. There-
fore, the occurrence of unprovoked seizures 1 year after
stroke is probably not greatly affected by antiepileptic drug
prescription in our study.

In the present work, unprovoked seizures or epilepsy (ac-
cording to the current International League Against Epi-
lepsy [ILAE] definition) in the year following an anterior
circulation ischemic stroke was independently predicted by
first EEG asymmetry (reflecting asymmetrical cerebral dys-
function) even when adjusted for age, admission NIHSS
score, and ASPECTS. These data add a neurophysiological
risk factor to poststroke seizures, reflecting not only their
association with large and disabling ischemic strokes™ but
also the importance of EEG for brain functional assessment.
In fact, recently, first EEG asymmetry was also reported as
an independent predictor of unfavorable stroke functional
outcome, even when adjusted for age and clinical and imag-
ing stroke severity.**

Furthermore, poststroke epilepsy was also independently
predicted by the presence of IEA in the first EEG. This
observation seems physiopathologically coherent, because
spikes and sharp waves are neurophysiological markers of
epileptogenesis™ and therefore of an increased susceptibil-
ity for seizures. This result is also of great clinical relevance,
helping to identify patients with an increased risk for post-
stroke epilepsy.

There is currently no high-quality evidence providing
strong support for the primary prophylactic use of
antiepileptic drugs for postischemic stroke unprovoked sei-
zures.>? However, we think that our EEG findings can, at
least, support more strict clinical monitoring, oriented
toward an early recognition of seizures in these higher risk
patients, and may help earlier identification, prevention of
associated risks, and timely prescription of appropriate
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secondary prophylaxis of poststroke unprovoked seizures.
On the other hand, one should note that the European Stroke
Organization’s “weak recommendation” against primary
prophylaxis of unprovoked seizures is based on their low
risk of occurrence in most stroke patients (approximately
10%).>* Although lacking external validation, our model
might help to consider the need for antiepileptic drugs when
EEG and other independent predictors of poststroke epi-
lepsy are present, that is, whenever the estimated risk of an
unprovoked seizure occurrence is at least similar to its
recurrence risk>>: >60% (95% C159.7-81.9%)."”

In our study, first EEG periodic discharges were an inde-
pendent predictor of epileptiform activity (interictal and/or
ictal) during hospital stay, reinforcing the notion that peri-
odic discharges are in the continuum between an interictal
and ictal phenomenon®® and in accordance with the associa-
tion of this neurophysiological feature to clinical and EEG
epileptiform manifestations both in studies using the short
duration®*'**” and continuous EEG.?*2** Another inde-
pendent predictor of epileptiform activity in our study was
the presence of islands of preserved cortex within the
infarct. Although suggested by 2 case-control studies from
the 1990s,'*!° this association has not yet been prospec-
tively associated with EEG epileptiform activity during hos-
pital stay for acute stroke. It has been postulated that this
finding reflects regional cerebral blood flow reduction,
although at a threshold higher than that of ischemia,'® pro-
viding a state of neuronal hyperexcitability to these regions.
Periinfarct depolarizations have been observed in stroke
animal models® and positron emission tomography (PET)
studies have shown that most patients with unprovoked sei-
zures have hypermetabolism in the infarct boundaries.* In
addition, a recent study*' demonstrated that IEA is associ-
ated with several separated cortical microinjuries, postulat-
ing that its presence may interrupt the connectivity between
cortical deep and superficial layers and induce hypersyn-
chronization of the latter ones.
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Additional supporting information may be found online in

the Supporting Information section at the end of the article:

Appendix S1. Clinical and imaging characteristics and

first EEG abnormalities.

Appendix S2. Clinical imaging characteristics and first

EEG abnormalities in patients with (vs without) EEG sei-
zures during hospital stay.

Appendix S3. Clinical imaging and neurophysiological

predictors of acute symptomatic seizures.



