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Summary

Objectives: Cerebrovascular disease is one of the major causes of epileptic seizures in the elderly. The aim of this study was to identify the
incidence and predictive factors of early seizures after ischemic stroke (ESAIS) and the effect of early seizures on clinical outcome.
Methods: The medical records of 619 patients with acute ischemic stroke were retrospectively reviewed. Early seizures were defined according
to the International League Against Epilepsy within 7 days of stroke onset. Patient demographics, risk factors, National Institutes of Health
Stroke Scale (NIHSS) score, thrombocyte count, and C-reactive protein (CRP) level on admission; modified Rankin Scale (mRS) score in the fol-
low-up period; and details of the location of lesions observed on diffusion-weighted imaging were recorded and analyzed.

Results: A total of 22 (3.6%) patients with ESAIS [10 females, 45.5%; mean age: 66.55+15.3 years (range: 35-91 years)] and 597 (85.5%) patients
with non-ESAIS [280 females, 46.9%; mean age: 69.5+13.3 years (range: 23-103 years)] were included. The mean NIHSS score on admission,
CRP level, thrombocyte count, in-hospital mortality, mean follow-up mRS, and the recurrent stroke rate were significantly higher in the ESAIS
group (p<0.05). Logistic regression analysis revealed that only the NIHSS score on admission, thrombocyte count, and recurrent stroke rate
were significantly associated with ESAIS (p<0.05).

Conclusion: An elevated thrombocyte count and severe stroke on admission are possible major risk factors for ESAIS.
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Ozet

Amag: Serebrovaskdler hastaliklar 6zellikle ileri yastaki hastalarda epileptik nobetlerin 6nemli nedenlerinden biridir. Bu calismanin amaci akut
iskemik inmeli hastalarda gorilen erken nobetlerin insidansini, prediktif faktorlerini ve prognoz tizerine etkisini arastirmaktir.

Gereg ve Yontem: Bu calismada akut iskemik inmesi olan 619 hastanin dosyalari incelendi. Erken nébetler, Uluslararasi Epilepsi ile Savas
Dernegi (ILAE) kriterlerine gore inmeden sonraki bir hafta icinde ortaya cikan nébetler olarak tanimlandi. Hastalarin demografik 6zellikleri, risk
faktorleri, bagvuru sirasindaki National Institutes of Health Stroke Scale (NIHSS) skorlari, serum C-reaktif protein (CRP) duizeyleri ve trombosit
sayilari ile hastalarin takiplerindeki modifiye Rankin Skalasi (mRS) skorlari ve difflizyon agirlikh goriintiilemede lezyon yerlesimi kaydedildi.
Bulgular: Calismaya 22 (%3.6) erken ndbet gegiren (10 kadin [45.5%]; ortalama yas, 66.55+15.3 yil) ve 597 (%85.5) erken nébet gegirmeyen
(280 kadin [%46.9]; ortalama yas, 69.5+13.3 yil) hasta dahil edildi. Basvuru sirasindaki NIHSS skoru ortalamasi, CRP dizeyleri ve trombosit
sayilari, hastanede mortalite, izlemde mRS skoru ve rekiirren inme oranlari erken nébet gegiren grupta anlamli olarak daha ytiksek idi (p<0.05).
Lojistik regresyon analizinde basvuru sirasindaki NIHSS skoru, trombosit sayisi ve rekiirren inme, erken nobetler ile anlamli olarak iliskili bu-
lundu (p<0.05).

Sonug: Artmis trombosit sayisi ve basvuru sirasindaki inme siddeti akut iskemik inme hastalarinda erken nobetler icin ana risk faktorleri olarak
goriinmektedir.

Anahtar sozcukler: Erken nobetler; iskemik inme; prediktif faktorleri.
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Introduction

Cerebrovascular disease is one of the most important causes
of epileptic seizures in the elderly.'-' Seizures after stroke
may be with early or late onset. According to the Interna-
tional League Against Epilepsy (ILAE), early seizures are de-
fined as those occurring within the first 7 days of stroke.?
In literature, hemorrhagic stroke, cortical involvement, and
large lesions have been reported as risk factors for the de-
velopment of early seizures after stroke.®

The aim of this study was to identify the incidence and pre-
dictive factors of early seizures after ischemic stroke (ESAIS)
and the effect of early seizures on clinical outcome in our
stroke patients.

Materials and Methods

We retrospectively reviewed the medical records of 619 con-
secutive patients who were admitted to the stroke unit with
acute ischemic stroke from January 2011 to November 2014.
Approval was obtained from the research ethic committee at
the start of the study. All patients had acute ischemic lesion
on diffusion-weighted imaging (DWI). The magnetic reso-
nance imaging scans of all patients were reviewed by inves-
tigators blinded to the history of the patients. The patients
were divided into two groups: ESAIS group, patients with
ESAIS; non-ESAIS group, patients without ESAIS.

According to ILAE, early seizures are defined as paroxysmal
disorders of the central nervous system with or without
loss of consciousness or awareness and with or without
motor involvement within 7 days from stroke onset2. Thus,
patients with history of epilepsy and those with any past
episodes of subarachnoid hemorrhage (SAH) and cerebral
venous sinus thrombosis were excluded.

Patient demographics and medical risk factors, including
the history of hypertension, diabetes, hyperlipidemia, atrial
fibrillation, congestive heart failure, coronary artery disease,
previous transient ischemic attack, and previous stroke, as
well as the National Institutes of Health Stroke Scale (NIHSS)
scores, C-reactive protein (CRP) level, and thrombocyte
count on admission were collected using a standard data
collection form and entered in an institutional database.
Hypertension was defined as a blood pressure of >140/90
mmHg on repeated measurements or prior use of antihy-
pertensive medication; diabetes mellitus was defined as
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a fasting blood glucose level of =126 mg/dL on repeated
measurements or the use of medications to lower blood
glucose. Atrial fibrillation was defined based on findings in
the history or detection on ECG or Holter. Coronary artery
disease was defined based on any history of angina, my-
ocardial infarction, or coronary revascularization.

A single rater (MHS) determined the etiologic stroke sub-
types using the automated Causative Classification System
(CCS, available at https://ccs.mgh.harvard.edu).” The CCS
subtypes include supra-aortic large artery atherosclerosis
(LAA), cardioaortic embolism, small artery occlusion, other
causes, and undetermined causes. The etiologic work-up
includes vascular imaging studies, such as carotid Doppler
ultrasonography, computerized tomography angiography,
magnetic resonance angiography or digital subtraction
angiography, transthoracic or transesophageal echocardio-
gram, 24-h cardiac rhythm monitoring, and laboratory tests
for hypercoagulability and vasculitis. In-hospital mortality,
follow-up mRS scores, and stroke recurrence were consid-
ered as the outcome measures. Stroke recurrence was di-
agnosed based on both clinical and imaging findings. The
modified Rankin Scale (mRS) scores were recorded accord-
ing to the follow-up visits of the patients.

Statistics

Statistical analysis was performed using the Statistical Pack-
age for the Social Sciences 16.0 version (SPSS Inc. Chicago,
lllinois, USA). Descriptive statistics are expressed as means
+ standard deviations for normally distributed continuous
variables and as median (interquartile range) for non-nor-
mally distributed variables. Statistical analysis was per-
formed to determine the incidence, predictive factors, and
clinical outcome of early seizures in patients with acute
ischemic stroke in our registry. The group rates were com-
pared using a chi-squared test, and the means were com-
pared using Student’s t test; p<0.05 was considered to be
statistically significant. Logistic regression analysis was per-
formed to determine the risk factors and clinical outcome
measures associated with ESAIS.

Results

A total of 22 (3.6%) patients with ESAIS [10 females (45.5%);
mean age, 66.55+15.3 (35-91) years] and 597 (85.5%) pa-
tients with non-ESAIS [280 females (46.9%); mean age,
69.5+13.3 (23-103) years] were included. Patient demo-
graphics and medical risk factors are shown in Table 1.
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No between-group differences with respect to history of
hypertension, diabetes, hyperlipidemia, atrial fibrillation,
congestive heart failure, coronary artery disease, previous
transient ischemic attack, or previous stroke were observed
(p>0.05) (Table 1).

Levetiracetam (n=15), phenytoin (n=8), valproic acid (n=6)
and carbamazepine (n=1) were taken by patients in the
ESAIS group. Fourteen patients took monotherapy and
eight took dual therapy.

The mean NIHSS score on admission was 8.95+5.7 (range,
1-26) in ESAIS group and 5.96+4.5 (range, 0-26) in the
non-ESAIS group. The mean NIHSS score on admission was
significantly higher in the ESAIS group than in the non-
ESAIS group (p=0.002). The mean admission CRP level was

53.1+74.6 mg/l in the ESAIS group and 22.6+38.2 mg/l in the
non-ESAIS group (p=0.012). The mean admission thrombo-
cyte count was 284.5+168.8 mm? in the ESAIS group and
241.3+86.1 mm? in the non-ESAIS group (p=0.028). The
mean admission CRP level and thrombocyte count was sig-
nificantly higher in the ESAIS group than in the non-ESAIS
group (p<0.05) (Table 1).

In the ESAIS group, four (18.2%) patients had LAA, 12 (54.5%)
had cardioaortic embolism, and one (4.5%) had stroke due
to other causes; the etiologic subtype of five (22.7%) pa-
tients remained undetermined. In the non-ESAIS group, 148
(24.8%) patients had LAA, 244 (40.9%) had cardioaortic em-
bolism, 32 (5.4%) had small artery occlusion, and 34 (5.7%)
had stroke due to other causes; the etiologic subtype of 139
(23.3%) patients remained undetermined (Table 1). Appro-

Table 1. Epidemiologic and clinical characteristics of patients with ESAIS and non-ESAIS

ESAIS Non- ESAIS p
(n=22) (n=597)
Age, year, Mean£SD 66.55+15.3 (35-91) 69.5+13.3 (23-103) 0.41
Sex, n (%)
Female 10 (45.5) 280 (46.9) 0.89
Male 12 (54.5) 317 (53.1)
Medical history, n (%)
Hypertension 17 (77.3) 415 (69.5) 0.44
Diabetes mellitus 6 (27.3) 177 (29.6) 0.81
Atrial fibrillation 6(4.8) 119 (19.9) 04
Hyperlipidemia 2(9.1) 156 (26.1) 0.07
CAD 3(13.6) 141 (23.6) 0.28
CHF 2(9.1) 68 (11.4) 0.71
Previous stroke 5(22.7) 101 (16.9) 0.48
Previous TIA 1(4.5) 47 (7.9) 0.57
CCS classification, n (%)
Large-artery atherosclerosis 4(18.2) 148 (24.8) 0.48
Cardio-aortic embolism 12 (54.4) 244 (40.9) 0.20
Small vessel disease - 32(5.4) 0.26
Other rare causes 1(4.5) 34 (5.7) 0.82
Undetermined causes 5(22.7) 139 (23.3) 0.95
NIHSS score on admission, Mean+SD 8.95+ 5.7 5.96+4.5 0.002
Cortical infarct, n (%) 19 (86.4) 367 (61.5) 0.018
CRP mg/dL, Mean+SD 53.13£74.61 22.55+38.17 0.012
Thrombocyte mm?®, Mean+SD 284.5+168.8 241.3+86.1 0.028
Recurrent stroke, n (%) 3(13.6) 10(1.7) 0.009
Mortality rate, n (%) 6(31.6) 71(20.2) 0.03
Follow up mRS, Mean+SD (Min-Max) 3.6+2.2 (0-6) 2.5£2.4 (0-6) 0.04

ESAIS: Early seizures after ischemic stroke; SD: Standard deviation; CAD: Coronary artery disease; CHF: Congestive heart failure; TIA: Transient
ischemic attack; CCS: Causative Classification System; mRS: The modified Rankin Scale; NIHSS: the National Institutes of Health Stroke Scale;

CRP: C-reactive protein.
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Table 2. Logistic regression analysis of ESAIS

NIHSS score on admission >4
Thrombocyte count >450/mm?
Recurrent stroke

95%, Cl p
1.021-1.243 0.018
1.002-1.010 0.005

1.975-50.296 0.005

ESAIS: Early seizures after ischemic stroke; NIHSS: The National Institutes of Health Stroke Scale; OR: Odds ratio;

Cl: Confidence intervals.

priate therapeutic drugs were given to all patients accord-
ing to the etiologic subtypes of ischemic stroke.

Nineteen patients had cortical infarct in the ESAIS group.
The cortical infarct is significantly associated with the ESAIS
group (p=0.018) (Table 1).

The in-hospital mortality was significantly higher in the
ESAIS group (31.6%, n=6) than in the non-ESAIS group
(20.2%, n=71) (p=0.03).

The follow-up information was available for only 308 pa-
tients (16 patients in the ESAIS group and 292 patients in
the non-ESAIS group). The mean follow-up time of the pa-
tients was 9 (range, 1-32) months, with 11.09 (range, 1-28)
months in the ESAIS group and 8.92 (range, 1-32) months
in the non-ESAIS group. The mean mRS was 3.6+2.2 (range,
0-6) in the ESAIS group and 2.5+£2.4 (range, 0-6) in the non-
ESAIS group during the follow-up period. The outcome was
significantly better in the non-ESAIS group than in the ESAIS
group (p=0.04). Recurrent stroke occurred in three (13.6%)
patients with ESAIS and 10 (1.7%) patients without ESAIS. It
was significantly higher in the ESAIS group than in the non-
ESAIS group (p=0.009) (Table 1).

According to the results of the logistic regression analysis,
NIHSS score on admission >4, thrombocyte count >450/
mm?, and recurrent stroke were the factors that were signif-
icantly associated with ESAIS (Table 2).

Discussion

Incidence

In literature, the incidence of early seizures is reported to be
2.13%-33.14% depending on the variability of period used
in early seizure definition.®” Some studies, which included
patients with hemorrhagic stroke, have reported that early
seizures were more common in hemorrhagic stroke than
in ischemic stroke; however, other studies found no differ-
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ence.” In one study, the incidence of ESAIS was reported
as 3.9%, with 10% in patients with intracerebral hemor-
rhage and 2.4% in those with ischemic stroke.'"” In this
study, we included only patients with ischemic stroke, and
the incidence of ESAIS was 3.6%. This data was consistent
with those reported in the literature.'%

Predictive factors

In accordance with previous studies, there was no correla-
tion between the risk factors of ischemic stroke and early
seizures and we found that high NIHSS score on admis-
sion and cortical involvement were associated with early
seizures.''? In a prospective multicenter study including
1897 patients with stroke, cortical location and stroke dis-
ability were shown as independent risk factors for seizures
after ischemic stroke on multivariate analysis.'® In a more
recent prospective study, it was revealed that alcoholism,
NIHHS score on admission, hemorrhagic stroke, and cortical
location were the predictors of early seizures.!""

Previous studies have reported controversial results for the
relationship between early seizures and etiology of ischemic
stroke.>'3' Although some authors report cardioembolic
infarction as a risk factor for developing seizures,”'¥ other
studies have shown no association between stroke etiology
and early seizures.”» We also did not find any significant cor-
relation between stroke etiology and early seizures.

The pathophysiology of seizures after stroke is still not
clearly understood. It was demonstrated that there is an
up-regulation of pro-inflammatory mediators in the ex-
perimental models of epileptogenesis.™™ There have been
several reports about the potential contribution of inflam-
mation in the damaged hyper-excitable brain tissue, which
causes spontaneous seizures.''” |n this study, the high CRP
levels and platelet count on admission in patients with early
seizures could be associated with this condition. However,
high CRP levels in the ESAIS group were not found to be
statistically significant.
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Clinical outcome

The effect of early seizures on clinical outcome is contro-
versial. Some studies have reported early seizures as a risk
factor for mortality;"'"'3'" conversely, others have shown no
association between early seizures and an adverse outcome
at discharge.” A multicenter study including 5027 patients
investigating the mRS scores and mortality rates during
discharge and 30th day mortality rates after discharge re-
ported that patients with ischemic stroke who had early
seizures showed poor prognosis.''®

The outcome was significantly better in patients with non-
ESAIS than those with ESAIS regarding in-hospital mortal-
ity, follow-up mRS, and recurrent stroke, but only recur-
rent stroke was significantly higher in the ESAIS group.
These results may be explained by higher NIHSS scores on
admission. Previous studies have also shown that a high
NIHSS score is associated with a higher risk of recurrent
stroke.l'*? |n addition, it is demonstrated that recurrent
epileptic seizure activity increases the lesion volume and
ruins the functional recovery in experimental stroke mod-
els.? Mortality was higher in the ESAIS group. This may
also be related to generalized seizures, unconsciousness,
need for sedative benzodiazepines, or risk of aspiration
pneumonia.

There are several limitations to this study, including its ret-
rospective design and a relatively short follow-up period. In
addition, the cohort was chosen from a single medical cen-
ter. However, all of our patients underwent a detailed work-
up for determining the causative mechanism of ischemic
stroke. Acute ischemic lesions were identified with DWI in
all patients. In contrast to the previous studies, the etiologic
subtypes of ischemic stroke were determined systemati-
cally, according to CCS, in our patients.

In conclusion, elevated thrombocyte counts and severe
stroke at admission appear to be the major risk factors for
early seizure in patients with acute ischemic stroke. The
recurrent stroke rate was significantly higher in patients
with ESAIS. Further studies with larger patient numbers are
needed to clarify this issue.

Ethics Committee Approval
Ethics committee approved.

Peer-review
Externally peer-reviewed.

Conflict of interest
The authors declare that they have no conflict of interest.

Authorship Contributions

Concept: S.E., M.H.S; Design: S.E., M.H.S.; Data collection &/
or processing: ZK., MK, CU,HCL,15.0,ST,SR, V.Y, Anal-
ysis and/or interpretation: S.E., M.H.S., R.Y.; Literature search:
S.E., M.H.S.; Writing: S.E.; Critical review: M.H.S., C.T.l.

References

1. Forsgren L, Bucht G, Eriksson S, Bergmark L. Incidence and
clinical characterization of unprovoked seizures in adults: a
prospective population-based study. Epilepsia 1996;37(3):224-
9. [CrossRef]

2. Berg AT, Berkovic SF, Brodie MJ, Buchhalter J, Cross JH, van
Emde Boas W, et al. Revised terminology and concepts for or-
ganization of seizures and epilepsies: report of the ILAE Com-
mission on Classification and Terminology, 2005-2009. Epilep-
sia 2010;51(4):676-85. [CrossRef]

3. Cheung CM, Tsoi TH, Au-Yeung M, Tang AS. Epileptic seizure af-
ter stroke in Chinese patients. J Neurol 2003;250(7):839-43.

4. Ay H, Furie KL, Singhal A, Smith WS, Sorensen AG, Koroshetz WJ.
An evidence-based causative classification system for acute is-
chemic stroke. Ann Neurol 2005;58(5):688-97. [CrossRef]

5. Labovitz DL, Hauser WA, Sacco RL. Prevalence and predictors of
early seizure and status epilepticus after first stroke. Neurology
2001;57(8):200-6. [CrossRef]

6. Kilpatrick CJ, Davis SM, Hopper JL, Rossiter SC. Early
seizures after acute stroke. Risk of late seizures. Arch Neurol
1992;49(5):509-11. [CrossRef]

7. Giroud M, Gras P, Fayolle H, André N, Soichot P, Dumas R. Early
seizures after acute stroke: a study of 1,640 cases. Epilepsia
1994,35(5):959-64. [CrossRef]

8. Giindiiz A, Bozluolcay M, Goksan B, Erkol G, ince B. Cerebrovas-
cular Diseases and Early Seizure. Turk J Neurol 2006;12(4):275-
8.

9. Alberti A, Paciaroni M, Caso V, Venti M, Palmerini F, Agnelli G.
Early seizures in patients with acute stroke: frequency, predic-
tive factors, and effect on clinical outcome. Vasc Health Risk
Manag 2008;4(3):715-20.

10. Pezzini A, Grassi M, Del Zotto E, Giossi A, Volonghi |, Costa P, et
al. Complications of Acute Stroke and the Occurrence of Early
Seizures. Cerebrovasc Dis 2013;35(5):444-50. [CrossRef]

11. Goswami RP, Karmakar PS, Ghosh A. Early seizures in first-ever
acute stroke patients in India: incidence, predictive factors and
impact on early outcome. Eur J Neurol 2012;19(10):1361-6.

12. Beghi E, D'Alessandro R, Beretta S, Consoli D, Crespi V, Delaj L,
at al; Epistroke Group. Incidence and predictors of acute symp-
tomatic seizures after stroke. Neurology 2011;77(20):1785-93.

13. Bladin CF, Alexandrov AV, Bellavance A, Bornstein N, Chambers
B, Coté R, et al. Seizures after stroke: a prospective multicenter
study. Arch Neurol 2000; 57(11):1617-22. [CrossRef]

14. Misirli H, Ozge A, Somay G, Erdogan N, Erkal H, Erenoglu

73


https://doi.org/10.1111/j.1528-1157.1996.tb00017.x
https://doi.org/10.1111/j.1528-1167.2010.02522.x
https://doi.org/10.1007/s00415-003-1091-3
https://doi.org/10.1002/ana.20617
https://doi.org/10.1212/WNL.57.2.200
https://doi.org/10.1001/archneur.1992.00530290097017
https://doi.org/10.1111/j.1528-1157.1994.tb02540.x
https://doi.org/10.1159/000348704
https://doi.org/10.1111/j.1468-1331.2012.03782.x
https://doi.org/10.1212/WNL.0b013e3182364878
https://doi.org/10.1001/archneur.57.11.1617

Epil

74

epsi 2018;24(2):69-74

NY. Seizure development after stroke. Int J ClinPract

2006;60(12):1536-41. [CrossRef]

. RavizzaT, Balosso S, Vezzani A. Inflammation and prevention of

epileptogenesis. Neurosci Lett 2011;497(3):223-30. [CrossRef]

. Vezzani A, Friedman A, Dingledine RJ. The role of inflammation in

epileptogenesis. Neuropharmacology 2013;69:16-24. [CrossRef]

. Arboix A, Comes E, Garcia-Eroles L, Massons JB, Oliveres M,

Balcells M. Prognostic value of very early seizures for in-hos-
pital mortality in atherothrombotic infarction. Eur Neurol
2003;50(2):78-84. [CrossRef]

. Burneo JG, Fang J, Saposnik G; Investigators of the Registry of

the Canadian Stroke Network. Impact of seizures on morbid-
ity and mortality after stroke: a Canadian multi-centre cohort

19.

20.

21.

study. Eur J Neurol 2010;17(1):52-8. [CrossRef]

Tsai NW, Chang HW, Chang WN, Huang CR, Lin TK, Chen SD,
et al. Prognostic factors and therapeutic outcome of isolated
symptomatic middle cerebral artery stenosis. Eur J Neurol
2005;12(7):519-26. [CrossRef]

Park JH, Ovbiagele B. Neurologic symptom severity after a
recent noncardioembolic stroke and recurrent vascular risk. J
Stroke Cerebrovasc Dis 2015;24(5):1032-7. [CrossRef]

Williams AJ, Lu XM, Slusher B, Tortella FC. Electroencephalo-
gram analysis and neuroprotective profile of the N-acetylated-
alpha-linked acidic dipeptidase inhibitor, GP15232, in normal
and brain-injured rats. J Pharmacol Exp Ther 2001;299(1):48-
57.


https://doi.org/10.1111/j.1742-1241.2005.00782.x
https://doi.org/10.1016/j.neulet.2011.02.040
https://doi.org/10.1016/j.neuropharm.2012.04.004
https://doi.org/10.1159/000072503
https://doi.org/10.1111/j.1468-1331.2009.02739.x
https://doi.org/10.1111/j.1468-1331.2005.00995.x
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.12.033



