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Background: Stroke and epilepsy are common neurological disorders. Post-
stroke epilepsy (PSE) was classified early and late if seizures occurring within
or after 1 week after stroke respectively. Poststroke epilepsy, could be as a
complication or presenting symptoms of stroke.

Method: One hundred and twenty-two patients [66 men (54.1%) and 56
women (45.9%)] with first-ever acute ischemic stroke and developing seizures
after the stroke insult were enrolled in this study. NIH Stroke Scale (NIHSS)
and modified Rankin’s Scale (mRS) were used to evaluate stroke severity
and functional outcome respectively. EEG and radiological data, including
ASPECT score, Duplex ultrasound and echocardiography were used to assess
the patient.

Results: Most of the cases of stroke developed PSE after 7 days (late PSE)
(76.2%) in contrast to Early PSE was found in 23.8% and about one half
of the patients experienced focal seizures. There significant association
between PSE and functional stroke outcome, stroke severity, presence of
MCA territory infarction, cortical involvement and ASPECT score. There
is no significant relationship between early and late PSE as regard smoking,
hypertension, IHD, seizure semiology, etiological type stroke on of TOAST
classification, presence of hemorrhagic transformation

Conclusion: Early PSE is significantly associated with severe stroke measured
by NIHSS score, involvement of middle cerebral artery (MCA) territory,
Alberta Stroke Program Early CT (ASPECT) score and severe functional
outcome measured by mRS. While late onset epilepsy associated with atrial
fibrillation (AF) and cortical involvement.
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troke, accounts for up to 11% of epileptic patients in western countries.

Epilepsy is a common neurological disorders and characterized by an
excessive discharge of certain neurons in the nervous system [1]. According
to an epidemiological survey, about 0.5% of the human population is
suffering from epilepsy with increased risk of death compared to the standard
population [2,3]. Recently International League Against Epilepsy (ILAE)
classified epilepsy according to the onset as focal with or without impaired
awareness and generalized either motor or non-motor [4]. The terms “post
stroke seizures” was defined as “‘single or multiple convulsive episode/s (fit/s)
after stroke and thought to be related to reversible or irreversible cerebral
damage due to stroke regardless of time of onset following the stroke” and
post-stroke epilepsy as “recurrent seizures that met the criteria for diagnosis
of epilepsy [5]. The risk of PSE after stroke varies between 2% and 15% [6]
and it is more common after hemorrhagic stroke than after ischemic one,
except for the total anterior circulation infarctions, which may carry a higher
risk of PSE than hemorrhages [7-12]. PSE is classified according to their time
of onset to early and late PSE when seizures occurring within or after one
week after stroke respectively [13].

Metabolic changes that occurring in the penumbral areas in the acute post-
stroke phase may explain the pathophysiology of PSE namely a reduction
in y-aminobutyric acid (GABA) and an increase in glutamate (Glu) will
lead to excitotoxicity, disturbance of electrolyte balance and destruction
of phospholipid membranes [14-17]. In addition, the accumulation
of intracellular calcium and sodium results in depolarization of the
transmembrane potential which can lower the seizure threshold [8].

It was documented that atrial fibrillation (AF), lesion size, cortical
involvement and a greater stroke severity are all independent susceptibility
factors for PSE [14,18]. ASPECTS (Alberta Stroke Program Early CT Score)
are a quantitative score that measures the extent of early ischemic changes
in anterior circulation hyper acute ischemic stroke and also posterior

circulation (PC-ASPECT) [19].

It is not always easy to diagnose post stroke epilepsy particularly in the elderly
population due to the variety of atypical seizure presentation like acute
confusional state, slowing, behavioral change, and syncope of unknown

origin [5] and the most common symptoms that frequently misdiagnosed as
stroke recurrence, is post-ictal paralysis or Todd’s paralysis which could last
up to four days [20]. Another important issue particularly in older adults is
distinguishing a post-stroke seizure from other causes of acute symptomatic
seizures such as central nervous system infection, electrolyte imbalance, and
cardiac rhythm disturbances [5].

Many studies have examined the risk factors associated with PSE in both
ischemic and hemorrhagic stroke and the studies investigating the different
characteristics in early and late PSE are lacking and unlike previous studies
that correlated cerebral hemorrhage with post stroke epilepsy, we are
focusing on the first ever ischemic stroke and the time onset of seizures with
the incorporation of relatively new imaging modality like ASPECT score.

The aim of this cross sectional study is to clarify the differences between
early and late post stroke, epilepsy regarding clinical characteristics and
radiological findings.

PATIENTS AND METHODS
Participants

One hundred and twenty two patients [66 men (54.1%) and 56 women
(45.9%)] with ischemic stroke were admitted at Neurology department Sohag
University Hospital during the period from October 2017 to June 2018.
Informed written (when possible) consent was obtained from the patients
or relative. The study was approved by the local ethical committee in Faculty
of Medicine, Sohag University in September 2017. Patients with first-ever
acute ischemic stroke were enrolled, stroke diagnosed with focal neurological
signs or symptoms thought to be of vascular origin that persisted for >24 h
[21] and confirmed by brain computed tomography (CT) and/or magnetic
resonance imaging (MRI). Those with clinical data corresponding to stroke
with normal brain CT-Scan result was also considered as ischemic stroke and
follow up CT and/or MRI was done. Stroke severity was measured by the
NIHSS and categorized as 0-5 is considered mild stroke, 6-14 is considered
moderate and 15-31 foe sever stroke [22].

Glasgow coma scale was used to assess the conscious level of the patient and
was graded as mildly disturbed (GCS=13-15), moderately disturbed (GCS=9-
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12), severely disturbed (GCS <8) [23].

Post-stroke epilepsy was defined according to the ILAE, as a single seizure
associated with an enduring condition that could cause epilepsy (for example
stroke) and met the criteria of epilepsy [24]. Seizures occurring <7 days after
the insult were classified as early PSE and seizures occurring thereafter were
classified as late PSE [25]. Status epilepticus (SE) is defined as 5 minutes
or more of continuous clinical and/or electrographic seizure activity, or
recurrent seizure activity without recovery between seizures [26].

During the study period, no patient received IV or IA thrombolysis, apart
from the usual antiplatelet treatment.

The following criteria exclude patients from this study: Patients with
Transient ischemic attack (TIA), recurrent stroke, Posterior circulation
vascular syndrome, Primary intracerebral hemorrhage, traumatic brain
injury, brain surgery, cortical dysplasia, brain tumor, and cerebral vascular
malformation. Patients with radiologic evidence of clinically silent old
lacunar infarctions, periventricular Leukoaraiosis were also excluded.

Each patient was subjected to the following; full medical and neurological
evaluation including age, sex and traditional stroke risk factors. High blood
pressure was defined as; use of anti-hypertensive drugs or persistently
elevated blood pressure (>140/90 mmHg) on admission. Diabetes mellitus
was defined as; use of hypoglycemic agents or a fasting plasma glucose of
>126 mg/dl (after no caloric intake for at least 8 hours) or, casual plasma
glucose >200 mg/dl [27]. Functional disability was evaluated at discharge
after stroke care based on the modified Rankin score (mRS) categorized as
mild (mRS < 1), moderate (2 < mRS < 3), or severe (mRS > 4) [18].

METHODS
Electroencephalography (EEG)

EEG was obtained through digital equipment’s with minimal duration of
20-30 minutes with placement of scalp electrodes according to international
10720 systems. Provocative stimuli like hyperventilation, photic stimulation
were given for three minutes each. The EEG abnormalities were classified as:

(1) Non-specific abnormalities (diffused and focal polymorphic delta
slowing, ipsilateral attenuation or loss of alpha and beta activities, as well
as sleep spindle) [28,29]; (2) Interictal epileptiform abnormalities which
generally indicate an increased potential for developing seizures, like sharp
and spike waves, lateralized periodic discharges (LPDs, formerly known
as periodic lateralized epileptiform discharges), bilateral independent
periodic discharges (BIPD formerly known as bilateral independent periodic
lateralized epileptiform discharges), generalized periodic discharges (formerly
known as generalized periodic epileptiform discharges), and temporal
intermittent delta activity or lateralized rhythmic delta activity [30,31]; and
(3) Ictal abnormalities which may present as rhythmic evolving theta, delta
or alpha activities, rhythmic spike or spike waves, and electrodecremental
activities [32-34]. PLEDs were defined as repetitive periodic, focal, or
hemispheric epileptiform discharges (spikes, spike and waves, poly spikes,
sharp waves) usually recurring every 1 to 2 seconds [35]. EEGs with marked
artifacts were excluded from this study.

Radiological data

Infarction size was evaluated by using the ASPECTS score into which
ischemic stroke patients with a baseline ASPECTS >7 has a better outcome
than ASPECTS <7 [36,37]. Those with clinical data corresponding to
stroke with normal brain CT scan result were also considered as ischemic
stroke, but another CT and/or MRI was done after 2 days for evaluation of
hemorrhagic transformation, cortical or subcortical infarct location.

Duplex ultrasound study using 2D and M mode was performed using Siemens
Acuson X700 device, Germany for all patients and transesophageal or
transthoracic echocardiography (TEE/TTE) were performed when necessary
for further TOAST etiological classification of stroke [38]. Radiological data
were reviewed by 2 seniors neuroradiologists and doubts were discussed by
consensus.

Statistical analyses

The data were analyzed by Statistical Package for the Social Sciences (SPSS
20.0, IBM Corp., Armonk, NY, USA).Chisquare was used to compare
categorical variables. The independent ttest was used for continuous
variables to make unfavorable comparisons of clinical characteristics.
Associations were evaluated by odd ratios (OR) with 95% confidence
intervals (CI). The relationship between between seizure onset after stroke
and patients’ characteristics was investigated using Spearman’s Correlation

2

coefficient and preliminary analyses were performed to ensure no violation
of the assumptions of normality, linearity and homoscedasticity. Two-sided
P-value of less than 0.05 was considered as statistically significant.

RESULTS

The mean age of our study population was 65.6 + 10.2 years, the percentage
of males and females were 54.1%, 45.9% respectively. Hypertension was
found in 64.8%. Diabetes mellitus was found in about one third of our cases
(34.4%), and past and current smoker were found in 41%. Regarding cardiac
diseases, the most common heart disease found was IHD (39.3%), followed

by AF (19.7%) (Table 1).

Most of the cases of stroke developed PSE after 7 days (late PSE) (76.2%) in
contrast to eatly post stroke epilepsy was found in 23.8% and 48.4% of the
patients experienced focal seizures.

The most prevalent stroke severity on NIHSS was moderate which was found

in 58.2% and ASPECT score >7 were found in 54.1%.

The mean age of patient with early and late PSE was 67.5 + 11.9 and 65 +
9.6 respectively (P value 0.2).

There is no significant relationship between PSE and smoking, hypertension,
IHD, seizure semiology, etiological type stroke on of TOAST classification,
presence of hemorrhagic transformation (Table 2).

AF is statistically associated with late PSE [P-value=0.04; OR (95% CI)=0.2
(0.05-1.08)].

There is statistically significant difference between early and late PSE as a
regard functional stroke outcome, stroke severity, presence of MCA territory
infarction, cortical involvement and ASPECT score.

Table 3 showed the correlation between seizure onset after stroke and
different patient’s variables.

DISCUSSION

Post-stroke seizure and post-stroke epilepsy are much more common than
previously thought and important causes of hospital admissions, either as a
presenting feature or as a complication after a stroke [5].

Despite the high risk of PSE, there are no reliable guidelines for the
management of seizures after stroke [39,40]. Most of the previous studies
investigating the PSE are enrolling both hemorrhagic and ischemic stroke
which include both first ever and recurrent ones. In addition, they are
searching the predictors of recurrence of seizures and finally a large number
of these studies are retrospective without patient evaluation, so some seizures
could be missed or underdiagnosed.

We found that early PSE was reported in 23.8% of the patients while late
PSE was found in 76.2%.Previous studies reported that early PSE was found
in 35% of patients in contrast to late PSE which is present in 90% [41].

In this work we found that the most of the prevalent vascular risk factors
is hypertension (64.8%) then diabetes mellitus (34.4%) finally AF (19.7%)
which is only risk factor that is statistically associated with late PSE
(p-Value=0.04) a finding, confirmed by previous study, which is conducted
on a large number of Korean patients admitted to Ewha Woman’s University
Hospital [18]. In contrast to another study which failed to find this relation
as they enrolled all cases of stroke including cerebral hemorrahges [42]. In
patients with post stroke epilepsy we found that the percentage of early and
late PSE was 23.8% and 76.2% respectively which is in agreement to the
results obtained by other study who documented that the percentage of early
PSE was 38.7% while that of the late PSE was 61.2% [18].

In our series the stroke patients presented with focal onset (48.4%) which
including focal and focal to bilateral tonic clonic seizures, generalized motor
seizures (37.7%) and status epilepticus (13.9%) with seizure recurrence in
40.2% which is similar to Kim et al. [18] who found that partial seizures were
reported in 45.1,, while generalized seizures were reported in 54.9, with no
cases reported to have status epileptic. Berge’s et al. [43] who reported that
partial seizures were found in 63.5% of the patients, generalized seizures
in 36.5%, while status epilepticus was observed in 19.4%, and this slight
difference in percentages to those of our study as they enrolled both cerebral
infarction and hemorrhage in their series [44]. Most of the previous studies
documented that the most prevalent seizure type of post stroke epilepsy
were focal one. Stefanidou et al. [43] found that 72% of PSE were focal
onset seizures, among them 22% (4 of 18) with evolution on bilateral
convulsion and 28% (7 of 25) of PSE were generalized onset seizures. While
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TABLE 1

Baseline characteristic of stroke patients with PSE.

Frequency Percent
Age 65.6+10.2
Sex
Male 66 54.1
Female 56 45.9
Smoking
Non smoker 72 59.0
current smoker 31 254
past smoker 19 15.6
Hypertension 79 64.8
Systolic Blood Pressure 142.6+23.9
Diastolic Blood Pressure 87.1£12.3
Diabetes Mellitus 42 34.4
Ischemic heart disease 48 39.3
Atrial fibrillation 24 19.7
Seizure onset
Early PSE <7 days 29 238
Late PSE >7 days 93 76.2
Seizure semiology
Focal 59 48.4
Generalized 46 317
Status epilepticus 17 13.9
EEG
Normal 2 1.6
Non-specific abnormalities
Generalized slowing 20 16.4
Regional slowing 22 18.0
Interictal epileptiform abnormalities
Generalized epileptic discharge 31 254
Focal epileptic discharge 42 34.4
PLEDs 5 4.1
Functional stroke outcome (mRS
Mild disability 9 7.4
Moderate disability 50 41.0
Severe disability 63 51.6
Stroke severity by NIHSS
Mild 1 9.0
Moderate 71 58.2
Severe 40 32.8
Etiological stroke classification (TOAST)
Large artery 46 317
Cardio embolism 19 15.6
Small vessel occlusion 57 46.7
Large artery atherosclerosis 49 40.2
MCA infarction territory 43 35.2
Cortical involvement 58 415
Hemorrhagic transformation 20 16.4
ASPECT score
>7 66 54.1
<7 56 45.9

ASPECT: Alberta Stroke Program Early CT Score.
MCA: Middle cerebral artery.

mRS: modified Rankin scale.

NIHSS: National Institutes of Health Stroke Scale.
PLED:s: periodic lateralized epileptiform discharges.
TOAST: Trial of Org 10172 in Acute Stroke Treatment.
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TABLE 2

Stroke characteristics in early and late post stroke epilepsy.

Early Late P-Value OR (95% CI)
N=29 N=93

Age (mean +SD) 67.55+11.9 65.099.6 0.25
Sex 0.76 1.1(0.4-2.6)

Male 15 (51.7%) 51 (54.8%)

Female 14 (48.3%) 42 (45.2%)
Smoking 0.68

Non smoker 16 (55.2%) 56 (60.2%)

Current smoker 7 (24.1%) 24 (25.8%)

Past smoker 6 (20.7%) 13 (14.0%)
Hypertension 19 (65.5%) 60 (64.5%) 0.92 1(0.4-2.5)
Systolic blood pressure (mean +SD) 146.5+27.1 141.4+22.8 0.31
Diastolic blood pressure (mean +SD) 89.3+13.8 86.4+11.8 0.27
Diabetes mellitus (DM) 8 (27.6%) 34 (36.6%) 0.37 0.6(0.2-1.6)
Ischemic heart disease (IHD) 8 (27.6%) 40 (43.0%) 0.13 0.5(0.2-1.2)
Atrial fibrillation (AF) 2 (6.9%) 22 (23.7%) 0.04 0.2(0.05-1.08)
Seizure semiology 0.48

Focal 13 (44.8%) 46 (49.5%)

Generalized 10 (34.5%) 36 (38.7%)

Status epilepticus 6 (20.7%) 11 (11.8%)
Seizure recurrence 8 (27.6%) 41 (44.1%) 0.11 0.4(0.1-1.2)
EEG 0.17

Normal 1(3.4%) 1(1.1%)
Non-specific abnormalities

Generalized slowing 6(20.7%) 14 (15.1%)

Regional slowing 6(20.7%) 16 (17.2%)
Interictal epileptiform abnormalities

Generalized epileptic discharge 2 (6.9%) 29 (31.2%)

Focal epileptic discharge 12 (41.4%) 30 (32.3%)

PLEDs 2 (6.9%) 3 (3.2%)
Functional stroke outcome (mRS)

Mild disability 1 (3.4%) 8 (8.6%)

Moderate disability 4 (13.8%) 46 (49.5%)

Severe disability 24 (82.8%) 39 (41.9%) 0.001
Stroke severity by NIHSS

Mild 1(3.4%) 10 (10.8%)

Moderate 12 (41.4%) 59 (63.4%)

Severe 16 (55.2%) 24 (25.8%) 0.011
Etiological stroke classification (TOAST) 0.22

Large artery 14 (48.3%) 32 (34.4%)

Cardio embolism 2 (6.9%) 17 (18.3%)

Small vessel occlusion 13 (44.8%) 44 (47.3%)
Large artery atherosclerosis 12 (41.4%) 37 (39.8%) 0.87 1(0.45-2.49)
MCA infarction territory 16 (55.2%) 27 (29.0%) 0.01 3(1.2-7)
Cortical involvement 8 (27.6%) 50 (53.8%) 0.01 0.3(0.1-0.8)
Hemorrhagic transformation 4 (13.8%) 16 (17.2%) 0.66 0.7(0.2-2.5)
ASPECT score 2.8(1.2-6.8)

>7 10 (34.5%) 56 (60.2%)

<7 19 (65.5%) 37 (39.8%) 0.015

ASPECT: Alberta Stroke Program Early CT Score
EEG: Electroencephalography

MCA: Middle cerebral artery

mRS: modified Rankin scale

NIHSS: National Institutes of Health Stroke Scale
PLED:s: Periodic lateralized epileptiform discharges
TOAST: Trial of Org 10172 in Acute Stroke Treatment
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TABLE 3

Spearman’s Correlation between seizure onset after stroke and patient
characteristics.

Correlation Coefficient P value
Age 0.089 0.329
DM -0.080 0.379
Ischemic heart disease 0.134 0.140
Atrial fibrillation (AF) 0.179 0.048
Seizure semiology 0.069 0.448
EEG 0.007 0.941
mRS 0.051 0.579
NIHSS 0.266 0.003
TOAST 0.072 0.432
Large artery atherosclerosis 0.014 0.880
MCA territory infarction 0.233 0.010
Cortical involvement 0.223 0.013
Hemorrhagic transformation 0.039 0.668
ASPECT score 0.220 0.015

ASPECT=Alberta Stroke Program Early CT Score
EEG=electroencephalography

mRS=modified Rankin scale

NIHSS=National Institutes of Health Stroke Scale
TOAST=Trial of Org 10172 in Acute Stroke Treatment

in a population-based study, Bryndziar et al. [43] found that 66% of PSE
were focal (partial) onset seizures, with or without secondary generalisation.
Thirty-four percent of PSE were generalized onset seizures, and 11.4% of
PSE developed into status epilepticus (SE). In contrast to one study with
a limited number of patients, which documented that generalized seizure
was the most common seizure (56%) followed by focal seizures in 36% of
patients [45].

Regarding the degree of disability, we found that patients with severe disability
was 63 (51.6%), moderate disability in 50 (41%) and mild disability only in
6 (7.4%). Also the percentage of severe disability in patients with early and
late PSE was 82.8% and 41.9%, respectively (P value=0.001). These results
are in line with the fact that the more severe stroke the more probability to
develop early PSE as documented by a meta-analysis study [46]. In contrast
to a Korean study who reported that sever disability was 54.2%, moderate
disability in 12.5% and mild disability only in 33.3% without significant
difference between early and late PSE [18] and this difference may explained
by 2 reasons, first they reviewed the patients’ medical records retrospectively,
so functional disability could have been underdiagnosed in some patients
study second they enrolled the recurrent stroke in their series.

Most of our series experience moderate stroke severity on the NIHSS
(58.2%) with is statistically significant to early PSE (P-value 0.011). Arntz, et
al. [43] concluded that PSE is common in stroke patients with high NIHSS
score. Many previous studies also reported that stroke severity among the
independent risk factors of PSE [42,47,48] and the severity of the initial
neurologic deficit could be a clinical predictor for seizures after ischemic
stroke [8,49,50]. As patients presenting with greater neurologic impairment
tend to have larger strokes that involve wider cortical areas. A meta-analysis
concluded that the eatly seizure onset is strongly associated with a higher

NIHSS score [46].

We found a normal EEG pattern in 1.6% of the patients, generalized
slowing in 16.4%, regional slowing in 18%, generalized epileptic discharges
in 25.4%, focal epileptic discharges in 34.4% and lastly PLEDS to 4.1%
without significant association between theses EEG results and PSE
and these results were confirmed by previous studies [18,44]. One study
significantly correlated the interictal epileptiform activity (IEA) in the first
EEG and prediction of post stroke epilepsy [51].

Middle cerebral artery territory infarction was present in 35.2% of the
total number of patients with 55.2% in early and 29% in late PSE with (P
value=0.01) which is different from the results obtained by Kim et al. [18]
who reported that vascular territory distribution of lesion was concentrated
in the middle cerebral artery (MCA) territory in both groups (47.9% vs.
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69.7%). However, there was no statistical significance in the vascular
distribution between early and late PSE.

Cortical involvement was present in 47.5% of the total number of patients
with 27.6% in early and 53.8 in late PSE with P value=0.014 which is in
agreement with previous studies which reported that cortical involvement
were significantly more present in late PSE (P value=0.002) compared to
those in early PSE [18]. Browne et al. [48] reported that cortical damage
is a predictor of poststroke seizures. Also previous studies documented
that cortical location is among the most reliable risk factors for post stroke
seizures [8] and post stroke seizures were more likely to develop in patients
with larger lesions involving multiple lobes of the brain than in those with
single lobar involvement [52].

ASPECT score <7 was present in 45.9% of the total number of patients
with 65.5% in early and 39.8% in late PSE (P value=0.015). Bentes et al.
[51] reported that ASPECTS score can independently predict post ischemic
stroke unprovoked seizures.

Like Kim et al. [18] we found that there is significant correlation between
PSE and age, sex, smoking, seizure semiology, EEG finding, stoke subtype on
TOAST classification, presence of large artery atherosclerosis, hemorrhagic
transformation or functional stroke disability on mRS.

There are different mechanisms have been proposed to explain the post
stroke seizures, according to their proximity to the onset of brain ischemia.
Early seizures occur immediately after a stroke, and are thought to be
consequences of regional metabolic dysfunction with the accumulation
of intracellular calcium and sodium may result in depolarization of the
transmembrane potential and other calcium mediated effects; these
local ionic shifts may lower the seizure threshold [6,8,53]. The ischemic
penumbra, a region of viable tissue adjacent to the infarcted core in ischemic
stroke, contains electrically irritable tissue that may be a focus for seizure
activity [49]. Late seizures occur when the brain is predisposed to seizures
and persistent changes in neuronal excitability occur. These changes are
maintained by replacement of healthy cell parenchyma by neuroglia and
immune cells [6,49] with formation of gliotic scarring which has been
implicated as the nidus for late-onset seizures [8].

CONCLUSION

This study has some restriction one is we did not follow up the patient to
see recurrence rate second continuous EEG monitoring was not done to
observe the effect of antiepileptic drugs on EEG and unmask nonconvulsive
seizures. Further large, prospective studies are needed to answer many issues
regarding post stroke seizures. Inspite of these limitations, the present study
has shown that our results make a new contribution to the field because
they clarify different patient characteristics in early and late PSE with the
addition of NIHSS to measure stroke severity and ASPECT score to estimate
the infarction size.

In conclusion, the present study is among the few subjects that exhibit the
comparison between early and late PSE with the use of NIHSS and ASPECT

scores for stroke severity and infarction volume respectively.
REFERENCES

1. So E, Annegers ], Hauser W, O’brien P, et al. Population-Based Study of
Seizure Disorders After Cerebral Infarction. Neurology. 1996;46:350-5.

2. Sykes L, Wood E, Kwan ]. Antiepileptic Drugs for The Primary and
Secondary Prevention of Seizures After Stroke. Cochrane Database Syst
Rev. 2014;Cd005398.

3. Gilad R. Management of Seizures Following A Stroke. Drugs and Aging.
2012;29:533-8.

4. Fisher RS. The New Classification of Seizures by The International
League Against Epilepsy 2017. Current Neuro and Neurosci Rep.
2017;17:48.

5. Myint P, Staufenberg E, Sabanathan K. Post-Stroke Seizure and Post-
Stroke Epilepsy. Postgraduate Medical J. 2006;82:568-72.

6. Zelano J. Poststroke Epilepsy: Update and Future Directions. Therapeutic
Advances in Neurological Disorders. 2016;9:424-35.

7. Burn ], Dennis M, Bamford ], et al. Epileptic Seizures After A First Stroke:
The Oxfordshire Community Stroke Project. Bmj. 1997;315:1582-7.

8. Bladin CF, Alexandrov AV, Bellavance A, et al. Seizures After Stroke: A
Prospective Multicenter Study. Archives of Neurology. 2000;57:1617-22.

5



Mohamed AAB.

9. Labovitz DL, Hauser WA, Sacco RL. Prevalence and Predictors of
Early Seizure and Status Epilepticus After First Stroke. Neurology.
2001;57:200-6.

10. Pezzini A, Grassi M, Del Zotto E, et al. Complications of Acute Stroke
and The Occurrence of Early Seizures. Cerebrovascular Diseases.

2013;35:444-50.

11. Procaccianti G, Zaniboni A, Rondelli F, et al. Seizures in Acute Stroke:
Incidence, Risk Factors and Prognosis. Neuroepidemiology. 2012;39:45-50.

12.Serafini A, Gigli GL, Gregoraci G, et al. Are Early Seizures Predictive
of Epilepsy After A Stroke! Results of A Population-Based Study.
Neuroepidemiology. 2015;45:50-8.

13. Morgenstern LB, Hemphill III JC, Anderson C, et al. Guidelines for The
Management of Spontaneous Intracerebral Hemorrhage: A Guideline
for Healthcare Professionals from The American Heart Association/

American Stroke Association. Stroke. 2010;41:2108-29.

14. Xie W-J, Dong M, Liu Q, et al. Early Predictors and Prevention for Post-
Stroke Epilepsy: Changes in Neurotransmitter Levels. Translational
Neuroscience. 2016;7:1-5.

15.Kessler KR, Schnitzler A, Classen ], et al. Reduced Inhibition Within
Primary Motor Cortex in Patients with Poststroke Focal Motor Seizures.

Neurology. 2002;59:1028-33.

16.Sun DA, Sombati S, Blair RE, et al. Calcium-Dependent Epileptogenesis
in an in Vitro Model Of Stroke-Induced “Epilepsy”. Epilepsia.
2002;43:1296-305.

17.Sun DA, Sombati S, DeLorenzo R]. Glutamate Injury-Induced
Epileptogenesis in Hippocampal Neurons: An In Vitro Model of Stroke-
Induced “Epilepsy”. Stroke. 2001;32:2344-50.

18.Kim H]J, Park KD, Choi K-G, et al. Clinical Predictors of Seizure
Recurrence After The First Post-Ischemic Stroke Seizure. BMC Neuro.
2016;16:212.

19. Hill MD, Rowley HA, Adler F M, et al. Selection of Acute Ischemic
Stroke Patients for Intra-Arterial Thrombolysis with Pro-Urokinase by
Using ASPECTS. Stroke. 2003;34:1925-31.

20.Pohlmann-Eden B, Hennerici MG, Hoch DB. The Relevance of
Poststroke Seizures. Archives of Neuro. 2002;59:1831-2.

21. The World Health Organization MONICA Project (Monitoring Trends
and Determinants in Cardiovascular Disease): A Major International

Collaboration. J Clin Epidemiol. 1988;41:105-14.

22.Govan L, Langhorne P, Weir CJ. Categorizing Stroke Prognosis Using
Different Stroke Scales. Stroke. 2009;40:3396-9.

23.Teasdale G, Jennett B. Assessment of Coma and Impaired Consciousness.

A Practical Scale. Lancet. 1974;2:81-4.

24.Fisher RS, Boas WVE, Blume W, et al. Epileptic Seizures and Epilepsy:
Definitions Proposed by the International League Against Epilepsy
(ILAE) and the International Bureau for Epilepsy (IBE). Epilepsia.
2005;46:470-2.

25.Galovic M, Dohler N, Erdélyi-Canavese B, et al. Prediction of Late
Seizures After Ischaemic Stroke with a Novel Prognostic Model (the
SELECT score): A Multivariable Prediction Model Development and
Validation Study. The Lancet Neurology. 2018;17:143-52.

26.Trinka E, Cock H, Hesdorffer D, et al. A Definition and Classification
of Status Epilepticus-Report of the ILAE Task Force on Classification of
Status Epilepticus. Epilepsia. 2015;56:1515-23.

217. Clinical Practice Recommendations. Diabetes Care. 2005;28:S1-79.

28.Jordan KG. Emergency EEG and Continuous EEG Monitoring in Acute
Ischemic Stroke. ] Clinical Neurophysiology. 2004;21:341-52.

29.Macdonell RA, Donnan GA, Bladin PF, et al. The Electroencephalogram
and Acute Ischemic Stroke: Distinguishing Cortical from Lacunar
Infarction. Archives of Neurology. 1988;45:520-4.

30.Reiher ], Beaudry M, Leduc CP. Temporal Intermittent Rhythmic
Delta Activity (TIRDA) in the Diagnosis Of Complex Partial Epilepsy:
Sensitivity, Specificity and Predictive Value. Canadian ] of Neurological
Sci. 1989;16:398-401.

31. Chung JM. Seizures in the Acute Stroke Setting. Neurological Res.
2014;36:403-6.

32.Fisher RS, Scharfman HE, DeCurtis M. How Can We Identify Ictal and
Interictal Abnormal Activity? Issues in Clinical Epileptology: A View
from the Bench: Springer. 2014 :3-23.

33.Koren ], Herta J, Draschtak S, Potzl G, et al. Prediction of Rhythmic
and Periodic EEG Patterns and Seizures on Continuous EEG with Early
Epileptiform Discharges. Epilepsy & Behavior. 2015;49:286-9.

34.Carrera E, Michel P, Despland P-A, et al. Continuous Assessment of
Electrical Epileptic Activity in Acute Stroke. Neurology. 2006;67:99-104.

35.Garcia-Morales I, Garcia MT, Galan-Davila L, et al. Periodic Lateralized
Epileptiform Discharges: Etiology, Clinical Aspects, Seizures, and
Evolution in 130 Patients. ] Clin Neurophysiol. 2002;19:172-7.

36.Pexman JW, Barber PA, Hill MD, et al. Use of the Alberta Stroke
Program Early CT Score (ASPECTS) for Assessing CT Scans in Patients
with Acute Stroke. Am ] of Neuroradiology. 2001;22:1534-42.

37. Barber PA, Demchuk AM, Zhang ], et al. Validity and Reliability of a
Quantitative Computed Tomography Score in Predicting Outcome
of Hyperacute Stroke Before Thrombolytic Therapy. The Lancet.
2000;355:1670-4.

38.Adams Jr HP, Bendixen BH, Kappelle L], et al. Classification of Subtype
of Acute Ischemic Stroke. Definitions for Use in a Multicenter Clinical

Trial. Stroke. 1993;24:35-41.

39.Winstein CJ, Stein ], Arena R, et al. Guidelines for Adult Stroke
Rehabilitation and Recovery: A Guideline For Healthcare Professionals
from the American Heart Association/American Stroke Association.

Stroke. 2016;47:¢98-¢169.

40.Xu MY. Poststroke Seizure: Optimising Its Management. Stroke and
Vascular Neurology. 2019;4:48-56.

41.Sung CY, Chu NS. Epileptic Seizures in Thrombotic Stroke. ] of
Neurology. 1990;237:166-70.

42.Jungehulsing GJ, Heuschmann PU, Holtkamp M, et al. Incidence and
Predictors of Post-Stroke Epilepsy. Acta Neurologica Scandinavica.
2013;127:427-30.

43.Jordan KG. Emergency EEG and Continuous EEG Monitoring in Acute
Ischemic Stroke. ] Clinical Neurophysiology. 2004;21:341-52.

44.Berges S, Moulin T, Berger E, et al. Seizures and Epilepsy Following
Strokes: Recurrence Factors. European Neurology. 2000;43:3-8.

45.Siddiqui M, Yaqoob U, Bano A, et al. EEG Findings in Post Stroke
Seizures: An Observational Study. Pakistan ] of Medical Sciences.
2008;24:386.

46.Zhang C, Wang X, Wang Y, et al. Risk Factors for Post-Stroke Seizures:
A Systematic Review and Meta-Analysis. Epilepsy Res. 2014;108:1806-16.

47. Graham NS, Crichton S, Koutroumanidis M, et al. Incidence and
Associations of Poststroke Epilepsy: The Prospective South London
Stroke Register. Stroke. 2013;44:605-11.

48.Browne TR, Holmes GL. Epilepsy. N Engl ] Med. 2001;344:1145-51.

49.Silverman IE, Restrepo L, Mathews GC. Poststroke Seizures. Archives of
Neurology. 2002;59:195-201.

50.Reith ], Jorgensen HS, Nakayama H, et al. Seizures in Acute Stroke:
Predictors and Prognostic Significance: The Copenhagen Stroke Study.
Stroke. 1997;28:1585-9.

51. Bentes C, Martins H, Peralta AR, et al. Early EEG Predicts Poststroke
Epilepsy. Epilepsia Open. 2018;3:203-12.

52.Lancman ME, Golimstok A, Norscini ], et al. Risk Factors for Developing
Seizures After A Stroke. Epilepsia. 1993;34:141-3.

53.Lambrakis CC, Lancman ME. The Phenomenology of Seizures and
Epilepsy After Stroke. ] of Epilepsy. 1998;11:233-40.

J Neurol Clin Neurosci Vol 4 No 1 March 2020



