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and optimal management are essential to improve patients’ 
care and quality of life.

Currently, the factors associated with the incidence of 
post-stroke seizures are not well characterized. A previous 
systematic review of 37 studies exploring the risk factors, 
reported an association between post-stroke seizure and 
stroke severity, lesion size and location, cortical involve-
ment, hemorrhagic transformation (HT), and atrial fibrilla-
tion (AF) (Feher et al. 2020). Except for those variables, 
studies exploring other potential risk factors reported incon-
sistent results. For instance, there is limited evidence linking 
co-morbidities, such as diabetes, hypertension, depression, 
dementia, and peripheral infection to post-stroke seizures 

Introduction

Stroke is a significant health burden, with an increased global 
incidence rate of 70% over the last three decades (Collabo-
rators 2021). Stroke survivors, particularly older adults, are 
at a higher risk of developing spontaneous seizures (Lee et 
al. 2022). The reported incidence of post-stroke seizure var-
ies widely between studies, ranging between 2% and 33% 
(Chang et al. 2022). Post-stroke seizures are associated with 
a severe decline in quality of life, longer hospitalization, 
and increased rates of morbidity and mortality (Huang et al. 
2014). Therefore, early identification of seizure incidence 
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understanding of post-stroke seizure mechanisms, and guide management strategies.

Keywords Stroke · Post-stroke seizures · Right-side impairment · Stroke complications · Stroke mortality

Received: 24 August 2024 / Accepted: 15 December 2024
© The Author(s) 2024

Insights into risk factors and outcomes of post-stroke seizures in Saudi 
Arabia: a multicenter analysis

Eman A. Alraddadi1,2  · Yasser Alatawi3 · Raju S. Kumar1,2 · Jawad I. Bukhari2,4 · Abdulrahman E. Alghamdi2,4 · 
Shahad Lughbi5 · Reema Alghamdi6 · Khalid Al Sulaiman7,8,9,10,11  · Faisal F. Alamri1,2

1 3

http://orcid.org/0009-0002-3883-1929
http://orcid.org/0000-0002-5547-2043
http://orcid.org/0000-0003-4309-8215
http://crossmark.crossref.org/dialog/?doi=10.1007/s11011-024-01508-3&domain=pdf&date_stamp=2024-12-19


Metabolic Brain Disease           (2025) 40:72 

(Galovic et al. 2021). Also, studies exploring the National 
Institutes of Health Stroke Scale (NIHSS) as a predictor of 
post-stroke seizure have mixed results (Labovitz et al. 2001; 
George et al. 2019). In addition, studies assessing the impact 
of seizure on clinical outcomes reported inconsistent find-
ings, with some studies reporting seizure as a predictor for 
worse clinical outcomes, while other studies reported neu-
tral findings (Feher et al. 2020).

Reasons for inconsistent results regarding predictors of 
post-stroke seizure incidence could be small sample size, 
inconsistent diagnostic criteria, timing of the seizure, length 
of stay, and acute vs. late post-stroke seizure (Beghi et al. 
2011). Given the current increase in life expectancy and the 
expected increase in the number of stroke patients, iden-
tifying the ischemic stroke population at high risk is cru-
cial. This study was conducted to characterize and identify 
stroke-related risk factors associated with post-stroke sei-
zures in a large cohort of patients, including stroke signs 
and symptoms, complications, outcomes, and mortality. To 
the best of our knowledge, this study was the first in Saudi 
Arabia to investigate the association between the incidence 
of post-stroke seizures and various stroke signs and symp-
toms, including motor impairment, aphasia, and dysarthria. 
The main aim of this study was to assess incidence of post-
stroke seizure and to explore the association between post-
stroke seizure and stroke outcomes including 12-month 
recurrent stroke, HT, and 12-month mortality.

Methodology

Study design

A retrospective observational cohort study was conducted 
across two centers at King Abdulaziz Medical City (KAMC) 
in Jeddah and Riyadh, from the period of January 2016 to 
September 2022. KAMC functions as an academic referral 
tertiary care hospital, comprising 509 beds in Jeddah and 
690 beds in Riyadh. Electronic medical records (BEST-
Care® 2.0) were used to screen eligible patients based on 
the inclusion and exclusion criteria.

The King Abdullah International Medical Research 
Center (KAIMRC) Institutional Review Board approved 
the study in Riyadh, Saudi Arabia (study number: 
NRC24R/115/02). Given the observational nature of the 
study, informed consent was not deemed necessary for the 
patients, as we utilized de-identified retrospective data.

Study participants

Adults who were ≥ 18 years old and arrived at the emer-
gency room within seven days of stroke symptoms or were 

admitted at the incident time with confirmed ischemic stroke 
diagnosis were included in this study (Alharbi et al. 2022). 
Computerized tomography (CT), magnetic resonance Imag-
ing (MRI), or both were used to confirm the diagnosis of 
ischemic stroke.

The patients in this study were classified based on the 
development of post-stroke seizures within a 12-month 
period. Those excluded from the study were individu-
als with a prior history of seizures or epilepsy prior to the 
stroke event, patients who experienced a transient ischemic 
attack or hemorrhagic stroke, as well as transferred patients 
who lacked admission data or those with complex cases for 
which data collection was not feasible, Fig. 1.

Outcomes

The primary objective of the study was to estimate the 
incidence of post-stroke seizure. Additionally, the study 
assessed the association between post-stroke seizure and 
12-month mortality, 12-month stroke recurrence, and the 
occurrence of HT within 30 days.

Data collection

The data collected included demographic data, stroke sub-
type according to The Trial of Org 10,172 in Acute Stroke 
Treatment (TOAST) classification of ischemic stroke: (1) 
large-artery atherosclerosis, (2) cardioembolism, (3) small-
vessel occlusion, (4) stroke of other determined etiology, 
and (5) stroke of undetermined etiology (Amalia 2023), 
history of stroke (Alamri et al. 2024), initial stroke sever-
ity using NIHSS, administration of tissue plasminogen acti-
vator (tPA) or mechanical thrombectomy (MT), length of 
hospital stay, and intensive care unit (ICU) admission. In 
addition, data regarding history of comorbidities (hyper-
tension, diabetes mellitus, dyslipidemia, AF, dementia, or 
depression), stroke signs and symptoms (motor impairment, 
aphasia, and dysarthria), and stroke complications (pneu-
monia, cerebral edema, deep vein thrombosis-pulmonary 
embolism (DVT-PE), impaired consciousness, HT, recur-
rent stroke, and mortality) were also collected.

Statistical analysis

This study aimed to assess various factors associated with 
post-stroke seizures and their potential impact on patient out-
comes. Descriptive statistics for categorical data were gen-
erated using percentages and frequencies, while the mean 
and standard deviation or median and interquartile range 
were used for continuous data as appropriate. The differ-
ences in clinical and demographic variables based on post-
stroke seizure status were evaluated using the chi-square 
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Fig. 1 Flowchart of the included sample
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Results

Patient characteristics

A total of 1235 patients diagnosed with ischemic stroke 
were included in the current study. The patients had a mean 
age of 65.6 (± 12.6 years) and 61.7% were male. Table 1 
presents the baseline and clinical characteristics of stroke 
patients where 13.5% of the patients developed post-stroke 
seizures. Most of the patients who developed seizures had 
either stroke subtype 1 or 5 (51% and 32%, respectively). 
Patients with seizures had twice more extended hospital stay 
(24.5 vs. 12.8 days, respectively; p < 0.0001), higher ICU 
admission rate (48.5% vs. 27.4%, respectively; p < 0.0001), 
and almost twice increase in the frequency of AF (17.4% 
vs. 9.6%, respectively; p = 0.0023), dementia (10.2% vs. 
5.3%, respectively; p = 0.0143), and depression (22.2% vs. 

test, t-test, and nonparametric statistics when appropriate. 
Subsequently, the relationship between post-stroke seizures 
and clinical and demographic variables was examined using 
multivariable binary logistic regression with the backward 
variable selection technique. Another multivariable binary 
logistic regression analysis was conducted to determine 
whether post-stroke seizures could predict post-stroke out-
comes, such as death, stroke recurrence, and HT. The sta-
tistical analyses were performed using the SAS OnDemand 
for Academics software by SAS.

Characteristics Total
(N = 1235)

Missing Seizure P
Yes
(N = 167)

No
(N = 1068)

Age, mean ± SD 65.5 ± 12.6 65.6 ± 13.7 65.5 ± 12.5 0.8668
Male, n (%) 762 (61.7) 0 101 (60.5) 661 (61.9) 0.7270
Stroke subtype, n (%) 140 0.0029
1 557 (50.9) 80 (51.3) 477 (50.8)
2 275 (25.1) 13 (8.3) 58 (6.2)
3 71 (6.5) 24 (15.4) 251 (26.7)
4 28 (2.6) 3 (1.9) 25 (2.7)
5 164 (15.0) 36 (23.1) 128 (13.6)
History of stroke, n (%) 477 (39.3) 21 91 (55.1) 386 (36.8) < 0.0001
Initial NIHSS, median (IQR) 6 (3–9) 7 (5–12) 6 (3–9) < 0.0001
tPA therapy, n (%) 118 (9.6) 3 21 (12.6) 97 (9.1) 0.1569
Mechanical thrombectomy, n (%) 63 (5.1) 2 15 (9.0) 48 (4.5) 0.0145
Length of stay (days), mean ± SD 14.4 ± 28.9 24.5 ± 41.4 12.8 ± 26.1 < 0.0001
ICU admission, n (%) 372 (30.2) 5 81 (48.5) 291 (27.4) < 0.0001
History of comorbidities, n (%)
 Hypertension 1008 (81.7) 1 144 (86.2) 864 (81.0) 0.1027
 Diabetes mellitus 909 (73.7) 1 129 (77.3) 780 (73.1) 0.2583
 Dyslipidemia 556 (45.1) 1 74 (44.3) 482 (45.2) 0.8351
 Atrial fibrillation 131 (10.6) 1 29 (17.4) 102 (9.6) 0.0023
 Dementia 74 (6.0) 1 17 (10.2) 57 (5.3) 0.0143
 Depression 158 (12.8) 2 37 (22.2) 121 (11.4) 0.0001
Stroke signs and symptoms, n (%)
 LL motor impairment 542 (44.4) 15 81 (49.1) 461 (43.7) 0.1947
 LR motor impairment 489 (40.2) 19 79 (47.9) 410 (39.0) 0.0308
 UL motor impairment 542 (44.3) 12 80 (48.5) 462 (43.7) 0.2466
 UR motor impairment 501 (41.1) 17 85 (51.5) 416 (39.5) 0.0036
 Aphasia 345 (28.1) 6 63 (37.2) 282 (26.6) 0.0028
 Dysarthria 671 (54.4) 2 94 (56.3) 577 (54.1) 0.6023
Stroke-related complications, n (%)
 Pneumonia 275 (22.3) 0 66 (39.5) 209 (19.6) < 0.0001
 Cerebral edema 103 (8.4) 1 29 (17.4) 74 (6.9) < 0.0001
 DVT-PE 101 (8.2) 0 29 (17.4) 72 (6.7) < 0.0001
 Impaired consciousness 359 (29.1) 2 80 (47.9) 279 (26.17) < 0.0001

Table 1 Univariate analysis of 
patients’ characteristics by post-
stroke seizure

BMI Body mass index, DVT-PE 
Deep vein thrombosis-pulmo-
nary embolism, ICU Intensive 
care unit, IQR Interquartile 
range, LL lower left, LR lower 
right, NIHSS National Institutes 
of Health Stroke Scale, SD 
Standard deviation, tPA Tissue-
type plasminogen activator, UL 
Upper left, UR Upper right
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Discussion

This retrospective cohort study investigated the incidence 
and burden of post-stroke seizures in Saudi Arabia. The 
average age of participants was 65.6 ± 12.6 years, and 
61.7% were male. In the included sample, around 13.5% 
of patients with ischemic stroke developed post-stroke sei-
zure. In previously published studies, the rate of post-stroke 
seizure in patients with ischemic stroke varied largely, rang-
ing from 2.5 to 12% (Feher et al. 2020). This discrepancy 
could be explained by the heterogenicity in study design, 
mainly by differences in the inclusion period between stroke 
and seizure occurrence, ranging from 24 h to 30 days. The 
higher seizure incidence found in this study is anticipated 
as the period of inclusion between stroke and seizure was 
longer than in previous studies (12 months). Based on the 
TOAST classification (Amalia 2023), in the current study, 
around one-half of all stroke patients had subtype 1 (large 
vascular occlusion). This is consistent with a previous ret-
rospective study reporting stroke subtype 1 to be the most 
prevalent, accounting for 59.6% of all stroke patients (Har-
ris et al. 2018).

History of previous stroke was present in 39.9% of the 
sample; 55.1% of the seizure group, and 36.8% in the non-
seizure group, Table 1. This study found an independent 
association between previous history of stroke and post-
stroke seizure, Fig. 2. These findings align with a recent 
systematic review and meta-analysis, emphasizing a solid 
link between post-stroke seizure, heightened mortality, and 
severe disability in individuals with a prior history of stroke 
(Misra et al. 2023).

Predicting the outcome following a stroke is mainly 
influenced by stroke severity (Koton et al. 2022). The 
NIHSS score is the most frequently used scoring system 
worldwide to assess the severity of stroke (Amalia 2023). In 
the univariate model, this study reported that NIHSS score 
at admission was significantly associated with developing 
post-stroke seizures, however, this association was not sig-
nificant in the multivariable model. These results are consis-
tent with other reports indicating that a higher initial NIHSS 
score predicts post-stroke seizures (Alsaad et al. 2022; Zoll-
ner et al. 2020). ln addition, the present study showed stroke 
patients who encountered seizures exhibited a notably pro-
longed hospital stay and a higher rate of ICU admission 
compared to those who did not experience seizures. Upon 
using the multivariable regression model, ICU admission 
remained significantly associated with the occurrence of 
post-stroke seizure, Fig. 2. This is consistent with previous 
findings by Alsaad et al., in which patients with post-stroke 
seizure had more ICU admissions and longer length of hos-
pital stay (Alsaad et al. 2022).

11.4%, respectively; p = 0.0001) compared to those who did 
not have seizures. Details about patients’ characteristics are 
presented in Table 1.

Stroke characteristics

The study analysis revealed that initial clinical stroke sever-
ity was associated with a higher risk of developing seizures 
(NIHSS = 8.8 ± 5.7 vs. 6.8 ± 5.4, respectively; p < 0.0001). 
Patients with impairments in their right upper and lower 
limbs had significantly higher incidence of seizures than 
those without right limb impairment (51.5% vs. 39.5%; 
p = 0.0036 and 47.9% vs. 39.0%, p = 0.03, respectively). 
Interestingly, patients with left limb impairment had no sta-
tistically significant difference in seizure incidence, Table 1.

Patients who experienced seizures after suffering a stroke 
had a higher rate of complications compared to those who 
did not have seizures. These complications included pneu-
monia (39.5% vs. 19.6%; p = 0.00001), cerebral edema 
(17.4% vs. 6.9%; p = 0.00001), DVT-PE (17.4% vs. 6.7%; 
p = 0.00001), and loss of consciousness (47.9% vs. 26.17%; 
p = 0.00001).

Factors associated with post-stroke seizure

Individuals who had previously experienced a stroke 
were more likely to develop seizures than those who were 
experiencing their first-ever stroke (aOR = 1.93 [95% CI 
1.35–2.75]; p = 0.0003). In addition, ICU admission was 
significantly correlated with seizure occurrence (aOR = 1.7 
[95% CI 1.15–2.5]; p = 0.0073), Fig. 2. Similarly, patients 
who had depression were nearly twice as likely to develop 
seizures compared to those without depression (aOR = 2.1 
[95% CI 1.38–3.30]; p = 0.0007), Fig. 2.

Association between post-stroke seizure and stroke 
outcomes

Figure 3 shows the mortality, recurrent stroke, and HT inci-
dence rates among the study population and each group. 
Logistic regression analysis showed that post-stroke seizure 
was associated with HT (OR = 2.61 [95% CI 1.70–4.00]; 
P < 0.0001), stroke recurrence (OR = 2.30 [95% CI 1.58–
3.36]; P < 0.0001), and mortality (OR = 1.89 [95% CI 1.33–
2.68]; P = 0.0004), Table 2.

However, following adjustment for covariates, logis-
tic regression analysis found only stroke recurrence to be 
significantly associated with post-stroke seizure (aOR = 1.7 
[95% CI 1.11–2.62]; p = 0.0151). Whereas the incidence of 
HT (aOR = 1.4 [95% CI 0.84–2.33]; p = 0.1992) and mortal-
ity (aOR = 0.93 [95% CI 0.59–1.38]; p = 0.6311) were not 
significantly associated with post-stroke seizures, Table 2.
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is more severe in general (Tawil et al. 2016). Contrary to 
the former, thrombolysis with tPA is the preferred treatment 
for ischemic stroke only when administered within the criti-
cal first few hours after the onset of symptoms (Knecht et 
al. 2017). There was no statistically significant association 
between tPA therapy and the development of post-stroke 
seizures in the current study, Table 1. This finding could 
be of clinical significance in the management of ischemic 
stroke patients.

Moreover, the current report evaluated the influence of 
the thrombolysis and thrombectomy interventions. Accord-
ing to a research study conducted in the United States, there 
was a marked increase in post-stroke seizures in patients 
who underwent MT (Lekoubou et al. 2023). Approximately 
1 in 20 acute ischemic stroke patients who underwent MT 
experienced seizures. The findings are consistent with this 
report which suggested that patients who underwent MT 
were more likely to develop post-stroke seizures, Table 1. 
This is in part owed to the larger vessels ischemic stroke 

Fig. 2 Factors associated with post-stroke seizure
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et al. 2022). However, there was no statistically significant 
disparity in the rate of seizure among patients with left-limb 
motor impairment in the present study. The specific location 
of the brain injury plays a pivotal role in determining the 
timing and duration of post-stroke seizures (Loscher et al. 
2015). Further research is necessary to explore which basic 
and clinical characteristics make patients with right-side 
weakness/aphasia more susceptible to post-stroke seizures. 
It is also important to determine whether the location of the 
stroke and its severity affect the incidence of post-stroke sei-
zures in this group of patients.

The present study found an association between post-
stroke seizure occurrence with aphasia and symptoms 
of right-side weakness, Table 1. It is well established 
that language areas are predominantly located in the left 
hemisphere, the dominant hemisphere, in 95–99% of 
right-handed individuals and roughly 70% of left-handed 
individuals (Kelly et al. 2004). Interestingly, motor impair-
ments on the right upper and lower sides were significantly 
associated with a higher rate of seizures. A contrasting find-
ing revealed that patients exhibiting unilateral weakness 
were less prone to early seizures following a stroke (Alsaad 

Table 2 Association between post-stroke seizure and stroke outcome
Unadjusted Model Adjusted Model a

OR 95% CI P OR 95% CI P
Hemorrhagic transformation 2.61 1.70–4.00 < 0.0001 1.40 0.84–2.33 0.1992
Stroke recurrence 2.30 1.58–3.36 < 0.0001 1.70 1.11–2.62 0.0151
Death 1.89 1.33–2.68 0.0004 0.93 0.59–1.38 0.6311
a The models were adjusted for a history of stroke, atrial fibrillation, dementia, depression, mechanical thrombectomy, ICU admission, pneu-
monia, cerebral edema, DVT-PE, impaired consciousness, motor impairment, and aphasia

Fig. 3 Post-stroke outcomes by seizure status
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the risk of in-hospital death compared to those without 
(Alsaad et al. 2022). However, in our study, logistic regres-
sion analysis did not show a significant association between 
post-stroke seizures and mortality rates after adjusting for 
covariates. This variation may be attributed to differences 
in study design, stroke severity, stroke subtypes, cortical 
involvement, and comorbidities across study populations.

Lastly, the current study reported stroke recurrence to 
be independently associated with post-stroke seizure. Simi-
lar to our study, results from a study conducted in Sweden 
reported stroke recurrence as an independent predictor of 
seizure incidence (Redfors et al. 2020). In contrast, another 
multicentric study conducted with cohorts from Portugal, 
Colombia, and the Netherlands indicated that experiencing 
a stroke recurrence does not increase the frequency of acute 
symptomatic seizures (Leal Rato et al. 2024). We anticipate 
that variations in demographics, genetics, and underlying 
health conditions among populations in different countries 
may influence the risk of seizures after stroke. Factors such 
as age, prevalence of vascular risk factors, and comorbidi-
ties can vary significantly.

One of the limitations of this report was the retrospec-
tive nature of the study. In addition, due to limitations in 
data collection, specific data related to type of seizure, the 
exact median time for seizure occurrence, and the differen-
tiation between post-stroke seizure and post-stroke epilepsy 
was not documented. Future studies should aim to pro-
vide more comprehensive insights by using extensive and 
diverse cohorts that include a larger sample size, ethnicities, 
and geographic regions. Additionally, it is advisable to con-
duct long-term follow-up studies to examine the long-term 
effects of stroke on the incidence and recurrence of seizures. 
Moreover, it is important to evaluate whether a subset of the 
population, by categorizing patients based on variables such 
as seizure type and characteristics, stroke initial severity, 
and age, may influence the rate of post-stroke seizure. This 
approach will help in understanding the temporal relation-
ships involved.

Conclusion

Our investigation into post-stroke seizures in patients with 
ischemic stroke revealed important associations and insights. 
Key risk factors for post-stroke seizures included a history 
of stroke and ICU admission. Moreover, MT was associ-
ated with post-stroke seizure, however it was not statisti-
cally significant in the multivariable model. Additionally, 
individuals with comorbidities such as AF, dementia, and 
depression showed a higher prevalence of seizures. Compli-
cations such as pneumonia, cerebral edema, DVT-PE were 
also significantly linked to post-stroke seizures. Notably, 

As presented in Table 1; Fig. 2, the post-stroke seizure 
group had higher odds of developing complications such 
as pneumonia, cerebral edema, DVT-PE, and impaired 
consciousness. Stroke-associated pneumonia is a preva-
lent complication of acute ischemic stroke (Jitpratoom and 
Boonyasiri 2024). In the present study, 22.3% of ischemic 
stroke patients developed pneumonia and it was indepen-
dently associated with post-stroke seizure. This finding is 
in alignment with a previous multicenter study linking the 
correlation between post-stroke seizure to stroke-associated 
pneumonia infection (Huang et al. 2014). In addition, the 
present study found a statistically significant independent 
association between the incidence of cerebral edema with 
post-stroke seizures, Fig. 2. A multicentric cohort study 
from the United Kingdom revealed that cerebral edema 
could serve as an additional independent marker for iden-
tifying patients with high prevalence of acute seizures. 
Recent research has explored the role of blood-brain barrier 
(BBB) dysfunction in pathogenesis and the onset of seizures 
and epilepsy (Bernardino et al. 2024). One possible expla-
nation of these findings is that cerebral edema may have 
disrupted the BBB further, leading to seizures in ischemic 
stroke patients.

DVT and PE were observed in 17.4% of ischemic stroke 
patients who experienced post-stroke seizures and only in 
6.7% of those who were seizure-free. Researchers have 
firmly established that the occurrence of DVT in the lower 
extremities is a common complication of acute ischemic 
stroke (Han et al. 2023). DVT can lead to PE, a life-threaten-
ing condition that accounts for 13–25% of early deaths after 
a stroke (Kelly et al. 2004). Our results aligned with a study 
conducted in Saudi Arabia, which reported that patients who 
suffered from ischemic stroke developed PE, and a signifi-
cant number of them encountered early seizures (Alsaad et 
al. 2022). According to a recent study, seizures are thought 
to be a consequence of ischemic hypoxic encephalopathy 
resulting from PE (Leong et al. 2022). However, our study 
failed to document DVT-PE independent association with 
the occurrence of post-stroke seizure.

In the current study, HT, stroke recurrence, and death 
were assessed to explore the association between post-
stroke seizures and major adverse effects post-stroke. Two 
previous studies have reported an independent association 
between HT and post-stroke seizure incidence (Procaccianti 
et al. 2012; Brondani et al. 2019). In contrast, after adjusting 
for covariates, our study’s logistic regression analysis found 
no significant association between HT and post-stroke sei-
zures. In addition to HT, post-stroke seizures have been 
linked to higher mortality rates (Lahti et al. 2021). Simi-
larly, a study from Saudi Arabia by Alsaad et al., reported 
a higher mortality rate in patients with early seizures, with 
those experiencing early seizures having more than double 
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