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Abstract: Objective: To explore the risk factors for epileptic seizure after stroke for the purpose of guiding clinical 
practice. Methods: The clinical data of 358 cases of stroke patients admitted to our hospital from June 2012 to June 
2015 were analyzed retrospectively in a case-control study. Stroke patients with confirmed epilepsy were enrolled in 
the research group and those without epilepsy were included in the control group. Risk factors related to epilepsy af-
ter stroke were statistically analyzed and univariate and multivariate Logistic regression analyses were performed. 
Results: The incidence of epilepsy after stroke was 9.48% (n=31) in 358 patients with stroke. Univariate analysis 
showed that subtype, site, and range of stroke and neurological severity score (NSS) were significantly associated 
with epileptic seizure after stroke (P<0.05). Multivariate Logistic regression analysis showed that cardioembolism, 
cortical lesions, neurological severity score >20 and multi-lobar lesions were risk factors for epileptic seizure after 
stroke (P<0.05). The incidence of epilepsy after stroke was high in patients with cardioembolism, cortical lesions 
and high NSSs. Conclusion: Stroke patients with stroke subtypes including cardioembolism, lesions in cortex, and 
high NSSs are more likely to be attacked by secondary epileptic seizure.

Keywords: Ischemic stroke, hemorrhagic stroke, epileptic seizure, risk factors

Introduction

Cerebral apoplexy (CA) is an acute cerebrovas-
cular disease, also known as “stroke” or “cere-
bral vascular accident” (CVA). It is a set of dis-
eases of brain tissue circulatory dysfunctions 
caused by sudden rapture or blockage of blood 
vessels in the brain. There are ischemic and 
hemorrhagic strokes [1]. Ischemic stroke, ac- 
counting for 60%-70% of stroke patients over-
all, has a higher incidence than hemorrhagic 
stroke [2]. This disease can lead to hemiplegia 
and some other symptoms in patients, greatly 
impacting their quality of life. It may also cause 
epilepsy or other complications. Epilepsy after 
stroke refers to epileptic seizure that occurs at 
certain time after stroke in patients who have 
no history of epilepsy before stroke, no cerebral 
or other metabolic diseases [3]. According to 
data statistics in the literature, more than 50% 
newly-diagnosed epilepsies in elderly patients 
are caused by stroke. Secondary epilepsy after 
stroke can increase mortality and difficulty in 
management of strokes. As a result, the life 

quality of patients with stroke decreases. With 
the improvement of quality of life, the incidence 
of stroke is increasing on a yearly basis. It is 
imminent to know the risk factors for epilepsy 
after stroke and to improve the efficiency of 
early clinical prevention and treatment. There- 
fore, we selected 358 patients and made a ret-
rospective analysis on their clinical data, as 
reported in the following sections.

Materials and methods

General data

The subjects consisted of 358 patients who 
were admitted to our hospital form June 2012 
to June 2015 for stroke treatment. The patients 
included 246 males and 112 females, aged 
from 45 to 75 (mean, 63.7 years, s=10.6). 
Inclusion criteria: Patients who were diagnosed 
as having stroke as documented on brain CT or 
MRI scans and eligible for the diagnostic crite-
ria for stroke approved at The Fourth National 
Conference on Cerebrovascular Diseases [4]. 
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Exclusion criteria: (1) Patients with a history of 
epilepsy before stroke; (2) Those with epilepsy 
caused by other factors; (3) Those with severe 
symptoms after stroke associated with severe 
multiple organ dysfunctions. This trial was 
approved by the ethics committee on clinical 
research. All the patients signed written in- 
formed consents in a sober state.

Research methods

A total of 358 patients were divided into two 
groups. According to the above inclusion crite-
ria, patients confirmed with diagnosed as hav-
ing epilepsy after stroke were enrolled in the 
research group while the stroke patients with-
out epilepsy were included in the control group. 
The patients’ relevant clinical data were ana-
lyzed respectively, including patients’ (1) gen-
eral information like gender, age, personal his-
tory, and complications (hypertensive disea- 
se, type 2 diabetes mellitus, hyperlipidemia, or 
coronary heart disease), (2) stroke subtypes: 

subarachnoid hemorrhage, non-trauma cere-
bral hemorrhage, cerebral infarction, and car-
diogenic brain embolism, (3) lesion sites: corti-
cal stroke and subcortical stroke; (4) range  
of lesions: uni-lobar stroke, and multi-lobar 
stroke; (5) National Institute of Health Stroke 
Scale (NIHSS) score: mild neurologic impair-
ment (NIHSS scores ≤10); moderate neurologic 
impairment (NIHSS scores, 11-19); and severe 
neurologic impairment (NIHSS scores ≥20).  
The above clinical data were analyzed using 
univariate and multivariate Logistic regres-
sions. Patients with acute stroke were treated 
with conventional drugs for cerebral infarction, 
and closely observed. Relevant clinical resusci-
tative measures were taken based on the 
severity of attacks and type of early epileptic 
seizure.

Statistical analyses

Data were analyzed using SPSS statistical soft-
ware (version 17.0). Univariate analysis was 

Table 1. Univariate analysis of epilepsy after stroke
Univariate Research group (n=31) Control group (n=327) χ2 P
Sex male 21 225 0.015 0.903
    Female 10 102
Age <60 17 181 0.003 0.956
Age ≥60 14 146
Smoke history 11 115 0.001 0.972
Hypertension
    Level 1 5 62
    Level 2 10 90 1.808 0.179
    Level 3 12 153
Type 2 diabetes mellitus 12 131 0.022 0.883
Hyperlipidemia 18 150 1.690 0.194
Coronary heart disease 15 102 3.805 0.051
Stroke subtype
    Nontrauma cerebral hemorrhage 13 81 4.309 0.038
    Subarachnoid hemorrhage 9 65 1.447 0.229
    Cerebral infarction 20 136 6.053 0.014
    Cardio embolism 25 189 6.147 0.013
Stroke site
    Cortical lesions 20 120 9.202 0.002
    Subcortical lesions 11 207
Range of stroke
    Uni-lobe lesions 13 223 8.692 0.003
    Multi-lobar lesions 18 104
NIHSS score
    <20 9 236 24.394 0.000
    ≥20 22 91
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performed using the χ2 test. Multivariate Lo- 
gistic regression analysis was used to analyze 
risk factors for epileptic seizure after stroke. 
With the significance level (α=0.05), P<0.05 is 
considered statistically significant.

Results

Univariate analysis

As shown in Table 1, compared with the control 
group, the research group had 4 risk factors 
(P≤0.05), which were subtype stroke, lesion 
site, range of lesions, and NIHSS score. But 
general data, such as gender, age (Figure 1), 
smoke history, complications (hypertension, 
type 2 diabetes mellitus, coronary heart dis-
ease, and hyperlipidemia) showed no signifi-
cant difference between the research group 
and the control group (P>0.05).

Stroke subtypes

Cerebral hemorrhage occurred in 13 patients 
in the research group and 81 in the control 
group, and the difference was significant (P= 
0.038). Twenty cases of Cerebral infarction occur- 
red in 20 patients in the research group and 
136 in the control group, so the difference was 
significant (P=0.014). Cardiogenic brain embo-
lism occurred in 25 patients in the research 
group and 189 in the control group, so the dif-
ference was significant (P=0.013). Table 1 
shows cerebral hemorrhage, cerebral infarc-
tion, and cardiogenic brain embolism are the  
major risk factors for epilepsy after stroke.

Lesion sites

Cortical lesions occurred in 20 patients in the 
research group and 120 in the control group, 

(P=0.003). Table 1 shows multi-lobar lesions is 
also a major risk factor for epilepsy after stroke.

NIHSS

There was a significant difference between 
NIHSS<20 and NIHSS≥20 (P=0.000), showing 
that the degree of neurologic impairments, 
namely, the severity of stroke is also a major 
risk factor for post-stroke epilepsy (Figure 2).

Multivariate analysis

On the univariate analysis, multivariate analy-
sis indexes and quantitative criteria are shown 
in Table 2. Significant independent variables 
were analyzed using multivariate Logistic re- 
gression. It shows that the risk factors indepen-
dently effecting epileptic seizure after ischemic 
stroke included cardiogenic cerebral embolism, 
cortical lesions, NIHSS and multi-lobar lesions.

Discussion

Cerebrovascular diseases are clinically com-
mon and frequently-encountered diseases, in- 
cluding cerebral atherosclerosis, thrombosis, 
stenosis, occlusion, cerebral arterial injury, and 
cerebral aneurysms [5], with the common fea-
ture causing ischemic or hemorrhagic acci-
dents in the brain tissues. Cerebrovascular dis-
eases could greatly affect patients’ health and 
quality of life, resulting in their inability to take 
care of themselves and a variety of complica-
tions including secondary epilepsy which in- 
creases mortality and morbidity of the patients 
[6]. Thus, it is crucial to properly evaluate the 
risk factors for early-onset epilepsy after cere-
bral hemorrhage in clinical prevention and 
treatment.

In our study, we retrospective analyzed the 
data of stroke patients admitted to our hospi-

so the difference was sig-
nificant (P=0.002). Table 
1 shows cortical lesion is 
also a major risk factor 
for epilepsy after stroke. 

Range of lesions

Multi-lobar lesions occu- 
rred in 18 patients in the 
research group, and 104 
cases in the control 
group. There was a sig-
nificant difference be- 
tween the two groups 

Figure 1. The gen-
eral information of 
patients with cere-
bral apoplexy.
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tal, and the data showed that the incidence 
rate of epilepsy after stroke reached 8.7%. 
Bladin et al. [7] conducted a multi-center case-
control study in 2021 patients, and found 
10.6% of epilepsy after hemorrhagic stroke and 
8.6% of epilepsy after ischemic stroke in the 
patients. The results of our study were basically 
consistent with theirs, both suggesting high 
incidence of epilepsy after stroke. Therefore, it 
is essential to make additional studies on the 
risk factors for this disease and strategies for 
early intervention, with the aim to reduce the 
incidence of epilepsy after stroke. In our study, 
we explored the risk factors of epilepsy after 
acute cerebrovascular disease and found that 
epileptic seizure was associated with patients’ 
cortical lesions, multi-lobar lesions, neurologi-
cal severity score and symptoms of cardiogenic 
brain embolism, cerebral hemorrhage or cere-
bral infarction. Clinical studies reveal [8] that 
the probability of epilepsy after cortical hemor-
rhage is significantly higher than that of cortical 
lesions. Cortical lesions may be the essential 
cause for epilepsy after cerebral hemorrhage. 

orrhage and cortical lesions were associated 
with the occurrence of epilepsy after cerebro-
vascular diseases and were also major risk fac-
tors for epileptic seizures. Epilepsy occurred in 
patients with cerebral hemorrhage may be 
attributed to biochemically functional disorders 
in nerve cells. Increases in hematoma stimula-
tion and release of neurotransmitters may 
cause intracranial hypertension, resulting in a 
great deal of paradoxical discharge of the brain 
neurons in patients [11, 12]. Mechanisms of 
cortical infraction might be due to the fact that 
what in the cortex are mainly nerve cells and 
axons which are sensitive to discharging in the 
cortex, but few neurons are located in other 
parts of the body. Cardiogenic brain embolism 
is inclined to cause epileptic seizure which may 
be attributable to its rapid onset. Acute isch-
emia and hypoxia in case of unestablished col-
lateral circulation in the brain tissues and cells 
may cause severe damages to the nerve cells 
in ischemia regions, resulting in injuries in the 
cortical branches of peripheral arteries and 
finally in epileptic seizures [13]. According to 

Figure 2. Cerebrovascu-
lar diseases in patients 
with cerebral apoplexy.

Table 2. Multivariate Logistic regression analysis on epilepsy after 
acute cerebrovascular diseases

Risk factors Regression 
coefficient

Wald 
value

OR 
value P 95% CI

Coronary heart disease 0.03 0.005 1.031 0.942 0.451-2.355
Subarachnoid hemorrhage -7.98 2.708 0.454 0.100 0.177-1.163
Brain infarction 0.236 0.284 1.266 0.594 0.532-3.013
Cardiogenic brain embolism 0.105 5.287 1.111 0.048 1.001-1.232
Cortical lesions 1.747 7.052 2.110 0.000 1.917-2.322
Multi-lobar lesions 2.704 7.613 2.021 0.000 1.716-2.379
NIHSS score 1.722 9.387 5.596 0.002 1.860-16.837

Ming [9] also reported 
that the location of corti-
cal infarction and stroke 
cardiogenic brain embo-
lism were the major risk 
factors for early epileptic 
seizures. According to rel-
evant international stud-
ies [10], one of the inde-
pendent factors for sta- 
tus epilepticus (SE) is car-
diogenic brain embolism. 
In this study, cerebral 
infarction, cerebral hem-
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relevant domestic studies, neurologic impair-
ments are associated with epilepsy after stroke 
[14, 15]. Our study revealed the significantly 
higher incidence of epilepsy in patients with 
high neurological severity scores than in those 
with lower scores, and the difference was sta-
tistically significant. However, Martin et al. [16] 
reported that the severity of neurologic impair-
ments was not associated with epileptic sei-
zure in stroke patients. Their different findings 
may be due to the sampling errors and differ-
ences in regions and races. In our study, 
patients with cerebrovascular diseases pre-
sented the symptoms of multi-lobar lesions 
and had a higher risk of epileptic seizures, 
which is consistent with the findings reported 
in other related studies [17]. The multivariate 
Logistic regression analysis showed the associ-
ated factors such as cardiogenic brain embo-
lism, cortical lesions, multi-lobar lesions and 
high neurological severity scores were major 
high risk factors for epilepsy after cerebrovas-
cular diseases. The results were consistent 
with those reported in the other studies [18, 
19].

This study did not cover the clinical features of 
patients with epilepsy after stroke. The select-
ed patients were admitted in our hospital with-
in a given period. Patients without hospitaliza-
tion in our hospital were excluded, so there is a 
bias of selection.

Clinical patients were mostly elderly ones with 
declined memory, so there might be something 
wrong with the information on their previous 
physical conditions and medical history. Thus, 
there are a lot of confounding factors in this 
trial. The correlations between neurological 
severity score and this disease are controver-
sial. Additional studies are needed to explore 
relevant specific mechanisms from the per-
spective of molecular biology, for the purpose 
of getting a better understanding of clinical 
diagnosis and treatment.

In conclusion, secondary epilepsy after stroke 
may be caused by a variety of etiological fac-
tors. Secondary epilepsy is a complication of 
cerebrovascular diseases, and epileptic sei-
zure would aggravate cerebrovascular disease, 
thus resulting in a vicious circle [20]. Only with 
a better understanding of clinical pathogenesis 
of secondary epilepsy after cerebrovascular 
diseases and a thorough analysis on the patho-
genic risk factors, can we make treatment  

and prevention targeted at the disease and 
decrease the incidence of secondary epilepsy. 
It also has implications for improving patients’ 
recovery and quality of life in the future.

Acknowledgements

This paper was supported by Scientific Re- 
search Project of Shaanxi Provincial Education 
Commitment for the Research upon Effects of 
Lactic Acid and MCT Blockers on Low Glucose 
and Hypoxic Preconditioning in PC12 Cells 
(10JK808), and by Education Reform Project of 
Shaanxi Provincial Education Commitment for 
the Construction and Practice of General 
Medical Undergraduate Training System to 
Primary Medical and Health Service (13BY83).

Address correspondence to: Minjuan Wang and 
Yajun Li, Department of Gerontology, The First 
Affiliated Hospital of Xi’an Medical University, No. 
48, Fenghao West Road, Xi’an 710077, Shaanxi, P. 
R. China. Tel: +86-13402969305; E-mail: wangmin-
junscies@sina.com (MJW); Tel: +86-15929938299; 
E-mail: liyajunfahsci@sina.com (YJL)

References

[1] Liu SF, Wang SM, LI QY, Qin J and Han P. Analy-
sis of risk factors for epilepsy associated with 
ischemic stroke. Chinese Journal of Contempo-
rary Neurology & Neurosurgery 2010; 10: 219-
224.

[2] Zhang C, Wang X, Wang Y, Zhang JG, Hu W, Ge 
M, Zhang K and Shao X. Risk factors for post-
stroke seizures: a systematic review and meta-
analysis. Epilepsy Res 2014; 108: 1806-1816.

[3] Chang CS, Liao CH, Lin CC, Lane HY, Sung FC 
and Kao CH. Patients with epilepsy are at an 
increased risk of subsequent stroke: a popula-
tion-based cohort study. Seizure 2014; 23: 
377-381.

[4] The Fourth National Conference on cerebro-
vascular diseases. Diagnosis on various cere-
brovascular diseases. Chinese Journal of Neu-
rology 1996; 29: 379-380. 

[5] Basic Baronica K, Sruk A, Planjar-Prvan M and 
Bielen I. Seizures in the peracute stage of 
stroke: incidence and effect on inpatient mor-
tality. Acta Med Croatica 2008; 62: 29-32.

[6] Strzelczyk A, Haag A, Raupach H, Herrendorf 
G, Hamer HM and Rosenow F. Prospective 
evaluation of a post-stroke epilepsy risk scale. 
J Neurol 2010; 257: 1322-1326.

[7] Bladin CF, Alexandrov AV, Bellavance A, Born-
stein N, Chambers B, Cote R, Lebrun L, Pirisi A 
and Norris JW. Seizures after stroke: a pro-

mailto:wangminjunscies@sina.com
mailto:wangminjunscies@sina.com


Risk factors of for epilepsy after acute stroke

9784 Int J Clin Exp Med 2017;10(6):9779-9784

spective multicenter study. Arch Neurol 2000; 
57: 1617-1622.

[8] Roivainen R, Haapaniemi E, Putaala J, Putaala 
J, Kaste M, Tatlisumak T. Young adult isch-
aemic stroke related acute symptomatic and 
late seizures: risk factors. Eur J Neurol 2013; 
20: 1247-55.

[9] Xie WJ, Dong M, Liu Q, Mei HM. Early predic-
tors and prevention for post-stroke epilepsy: 
changes in neurotransmitter levels. Transl 
Neurosci 2016; 7: 1-5. 

[10] Serafini A, Gigli GL, Gregoraci G, Janes F,  
Cancelli I, Novello S and Valente M. Are early 
seizures predictive of epilepsy after a stroke? 
Results of a population-based study. Neuroepi-
demiology 2015; 45: 50-58.

[11] Wagner F, Erdelyi B, Siebel P, Felbecker A. Post-
stroke epilepsy: does stroke volume matter? 
Congress of the European-Federation-Of-Neu-
rological-Societies 2011; 46-46. 

[12] Lossius M I, Rønning OM, Slapø GD, Mowinckel 
P, Gjerstad L. Poststroke epilepsy: occurrence 
and predictors--a long-term prospective con-
trolled study (Akershus stroke study). Epilepsia 
2005; 46: 1246-1251.

[13] Pitkanen A, Roivainen R and Lukasiuk K. De-
velopment of epilepsy after ischaemic stroke. 
Lancet Neurol 2015; 15: 185-197.

[14] Tanaka T, Yamagami H, Ihara M, Motoyama R, 
Fukuma K, Miyagi T, Nishimura K, Toyoda K 
and Nagatsuka K. Seizure outcomes and pre-
dictors of recurrent post-stroke seizure: a ret-
rospective observational cohort study. PLoS 
One 2015; 10: e0136200.

[15] Ferlazzo E, Gasparini S, Beghi E, Sueri C, Rus-
so E, Leo A, Labate A, Gambardella A, Belcas-
tro V, Striano P, Paciaroni M, Pisani LR and 
Aguglia U. Epilepsy in cerebrovascular diseas-
es: review of experimental and clinical data 
with meta-analysis of risk factors. Epilepsia 
2016; 57: 1205-1214.

[16] Martin HC, Kim GE, Pagnamenta AT, Murakami 
Y, Carvill GL, Meyer E, Copley RR, Rimmer A, 
Barcia G, Fleming MR, Kronengold J, Brown 
MR, Hudspith KA, Broxholme J, Kanapin A, Ca-
zier JB, Kinoshita T, Nabbout R, Bentley D, 
McVean G, Heavin S, Zaiwalla Z, McShane T, 
Mefford HC, Shears D, Stewart H, Kurian MA, 
Scheffer IE, Blair E, Donnelly P, Kaczmarek LK 
and Taylor JC. Clinical whole-genome sequenc-
ing in severe early-onset epilepsy reveals new 
genes and improves molecular diagnosis. Hum 
Mol Genet 2014; 23: 3200-3211.

[17] Kishore A, Vail A, Majid A, Dawson J, Lees KR, 
Tyrrell PJ and Smith CJ. Detection of atrial fibril-
lation after ischemic stroke or transient isch-
emic attack: a systematic review and meta-
analysis. Stroke 2014; 45: 520-526.

[18] Kim HJ, Park KD, Choi KG and Lee HW. Clinical 
predictors of seizure recurrence after the first 
post-ischemic stroke seizure. BMC Neurol 
2016; 16: 212.

[19] Lei Z, Zhang H, Liang Y and Xu ZC. Reduced 
expression of IA channels is associated with 
post-ischemic seizures. Epilepsy Res 2016; 
124: 40-48.

[20] Chung JM. Seizures in the acute stroke setting. 
Neurol Res 2014; 36: 403-406.


