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Abstract

Backgrounds: Seizures are one of the most common and hazardous neurolagigaications ofa stroke. Post-stroke
seizures were classified as early-onset seizure and late-onset seizurdindepeiseizure onset after stroke. Stroke is one
of the most common risk factors for seizures and epilepsy, especiallgéan patients, accounting for 39-45% of all
seizure incidents. Knowledge of various risk factors and capability torpedupporting examinations such as EEG are
essential to do with the aim of early detection, improving theemtéan and treatment of post-stroke seizures so that it is
expected to reduce the prevalence and mortality rate of post-stroke seizure

Objectives: This study aims to determine the electroencephalogram (EEG) featurdsiriquust-stroke seizure patients
in the Department of Neurology, Dr. Soetomo Surabaya Hospital

Methods: This study is a descriptive observational study using secondary daiaesbfrom the medical records of
patients with post-stroke seizures at the Department of Neurology, Drn&o8torabaya Hospital within the time period
of January 2017 December 2019.

Results: In this research, we evaluated seizure characteristics in 230 patientsad/a ischemic and hemorrhagic
stroke. 116 patients were male (50.4%) while 114 patients wesdef¢d9.6%). The highest age range found in the study
sample was > 19-60 years. In addition, this study revealed tha&i58.8eizures were focal seizures and 39.1% were
generalized seizures, the remaining 2.2% were unknown seizures. Fnaosssbecome bilateral tonic-clonic seizures are
the most common type of focal seizures while generalized tomdéccdeizures are the most common type of generalized
seizures seen. 80% of patients with focal seizures have impairedhassmuring seizures. Seizures occurred in 148
ischemic stroke patients (64.3%) and 82 hemorrhagic stroke patienf8c§3®7 Patients with ischemic stroke had
thrombus etiology (65. 5%) and 32 had an embolic etiolog (Z), while patients with hemorrhagic stroke had the most
dominant etiology, namely ICH as many as 53 patients (64.68t)nkwere cortical (47.8%) and 91 patients had lesions
located subcortical (39.6%). The majority of patients experienced-@asbt seizures (55.2%) and the majority of
patients had EEG recordings 7 - < 14 days and 3 - < 7 deyssafzure manifestations (29.1%). EEG results showed
abnormal features in 78.7% patients. Slow activity EEG is the most visiiBe picture with Continuous Slow Activity
(CSA) as the most dominant pattern, while in epileptiform EEG the /sipékkp-wave image is the most common pattern.
In the EEG special pattern, the most common picture is asymmetry dedraakgbund rhythm accompanied by CSA.
Conclusion: This hospital-based study showed that post-stroke seizures were assaiiatgdung and middle-aged
(>19-60 years), male gender, ischemic stroke, thrombus type, corticébmo@nd comorbid hypertension, with a high
prevalence rate in patients with hypertension. Based on this studyataushowed that patients with post-stroke seizures
after stroke were more likely to have impaired awareness duringitheeseMost EEG features found in this study are
continuous slow activity waves. In this study, post-stroke seizuresrred more commonly after ischemic stroke,
middle-aged, and when the stroke occurred in the cortical region

Keywords: Stroke; Neurology, Seizures; Electroencemralphy
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1. Introduction

Seizures can increase the morbidity and mortality of stroke patients Etjoke patients, seizure activity
can impede post-stroke recovery and cause temporary or evennpatmaurologic impairment and it is
associated with poor functional outcomes. The incidence of post-strokieeseig certainly very dangerous,
therefore treatment with Anti Epileptic Drugs (AED) is needed. Before rastmiing an AED, the type of
seizure that occurs in the patient must be diagnosed first. This is because&tbnly treat certain types of
seizures and cannot be used to treat other types of seizures. Adminisfratieidsowithout a prior diagnosis
can often worsen the patient's symptoms, and even increase mdjidityaddition to the patient's clinical
symptoms, supporting investigations can help to better understandtibiet’p seizure type [3]. One of the
tools used in the investigation is an electroencephalogram (EEG). EEGois-iavasive neurodiagnostic
instrument that can detect abnormal changes in electrical activity in the braMddiforing using post-
stroke EEG can increase the alertness of medical personnel, especially doprediciimg/detecting the risk
of seizures in stroke patients by identifying a pattern of signifiebattrical activity against a lesion in the
brain. EEG can detect early changes in brain electrical activity after sEpKeHG can also be helpful in the
early evaluation of poorly defined focal neurologic symptomsosf-gtroke seizures [6]. Debicki (2017) also
states that the presence of abnormalities in EEG (epileptiform waves or focal }loamgredict seizure
recurrence or recurrence [7]. Until now, research on EEG featntestaracteristics/risk factors of post-
stroke seizure patients has not been widely carried out in Indonesia, espe@&aligbaya city.

Seizures are characterized by transient neurological signs or symptoms tbatheaastivity of neurons
in the central nervous system to be abnormal, paroxysmal, and hygemsyous in the cerebral cortex.
Seizures can be caused by primary dysfunction of the central nervoers ,sgae of the causes is stroke. [8]
Stroke occurs in 16.9 million people every year and is the second lezdisg of death in the world. 69% of
the incidence of stroke occurs in low and middle income countrie$H@te are two main categories of brain
damage in stroke patients, namely ischemic stroke and hemorrhage Stroke is one of the most common
risk factors for seizures and epilepsy, especially in the elderly patiem ft0,11], accounting for 39-45% of
all seizure incidents [12,13]. Patients who have a history of strik&ewery susceptible to seizures and
epilepsy [14]. As the world population ages and the prevalence of straleases, the number of patients
with post-stroke seizures is expected to increase [6]. Post-strokeesearar also common in middle-aged
patients and can occur after ischemic or hemorrhagic stroke [15]. Seazerese of the most common and
dangerous complications of a stroke, and approximately 10% of alegpatients experience one or more
seizures [16]. The prevalence of seizures is predicted to increase alotigewitbreasing incidence of stroke
[14].

Post-stroke seizures are categorized into 2 based on the onset of seizustokftenamely early-onset
seizures and late-onset seizures. According to the definition of the Inteahdte@gue Against Epilepsy, if
seizures occur within 7 days after stroke it is classified as early-saigates and if seizures occur after more
than 7 days after stroke the seizure is classifiddta-onset seizures [17,6,18]. Early-onset seizures occur as
a result of various pathophysiological mechanisms such as metabdiimatisn, the abnormal release of
excitotoxic neurotransmitters, and blood products of metabolism that irritate te®, cohereas late-onset
seizures tend to be caused by gliosis, loss of nervous tissue furarttbfemosiderin deposits [19,11 .20]
The prevalence of post-stroke seizures differs according to strokgsulesion size, stroke location, and
severity [21,13]. EEG can provide useful information for patients wtructural brain diseases such as
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ischemic or hemorrhagic injuries [22]. The specific features famamthe EEG have important implications
for treatment because medical therapy varies for the different types ofesemesn in stroke patients.
However, there are still many stroke patients who do not routinely ¢hetkEEG, this may happen because
EEG is not accessible in all centers and the cost-benefit cannot be detkrf@B]. Whereas EEG
examination greatly contributes to providing an accurate diagnosis anmbpiggso that stroke patients who
are at risk of seizures get prompt and appropriate treatment guidelines.

Identifying risk factors in patients with post-stroke seizures is wepprtant for appropriate therapeutic
management. Knowledge of these various risk factors and capability yingaout supporting examinations
are very important to do with the aim of early diagnosis/detection, singe@revention and treatment of
post-stroke seizures so that it is expected to reduce the prevalence réaddynnate of post-stroke seizige
[24]. Therefore, this study was conducted with the aim of providing @atBEG features in post-stroke
seizure patients in the Department of Neurology, Dr. Soetomo Hospital. Thysaésadprovides data on the
incidence and characteristics of stroke patients with seizures.

2. Method

This research is a descriptive observational study by observing secoatiigbthined from the medical
records of post-stroke seizure patients at the Department of Ngyr&o. Soetomo Surabaya Hospital for
the period Januar2017— December 2019. Our research was conducted from April 2020 to Mdy 262
target population in this study were all patients diagnosed with post-seizkees manifestations who were
treated at the Department of Neurology, Dr. Soetomo Surabaya Hospital in thd penuary 2017
December 2019. To determine the population to be used as the research szeghing was applied with
inclusion and exclusion criteria. The inclusion criteria for this study were patidth post-stroke seizures
who were diagnosed clinically and radiologically at the Department of Neyrolor. Soetomo Surabaya
Hospital in the period January 20%:7December 2019 and the patient's medical record data included the
diagnosis of the EEG examination. The exclusion criteria in this stetg incomplete patient medical
records or did not include the variables to be studied. The research samplasspdst-stroke seizure
patients who were being treated at Dr. Soetomo Surabaya Hospital and patient dateceordesl rin the
patient's medical record in the period January 20T¥ecember 2019 and met the inclusion criteria in the
target population. The sampling technique used in this research is tbeutgal sampling method. The
variables of this study included gender, age, seizure type based on theawmasehess of focal seizures,
stroke type, stroke location, seizure type based on the post-strsite thie time interval between last seizure
and EEG recording, EEG recording results, risk factors/comorbiditieatigits. The collected data variables
will be identified based on inclusion and exclusion criteria, then processegl SPSS software and presented
descriptively in the form of tables and narratives. This research hagegethical approval from the Ethics
Commission of Dr. Soetomo General Hospital Surabaya.

3. Result

There are 310 patient medical records registered in the Department of Neurdo@y B. Soetomo
Surabaya in the period January 2017 to December 2019. Of the &diBamrecords, 80 patients were
excluded because the patient's medical records had incomplete data sottitat thember of patients who
entered the inclusion criteria was 230 patients. Patient characteristics are shabteih. T
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Table 1. Characteristics of Research Subjects

Variable n(%)
Gender Man 116 (50.4)
Woman 114 (49.6)
Age 0-1 years old 1(0.4)
> 1-10 years old 4 (1.7)
> 10-19 years old 9 (3.9)
> 19-60 years old 135 (58.7)
> 60 years old 81 (35.2)
Types of seizures based on onset Focal 135 (58.7)
Generalized 90 (39.1)
Unknown 5(2,2)
Focal seizure sub-type Focal to bilateral tonic-clonic 78 (57.8)
Focal tonic 11 (8,1)
Focal clonic 14 (10,4)
Focal to bilateral tonic 5(3,7)
Focal to bilateral clonic 6 (4,4)
Focal tonic-clonic 21 (15.6)
Awareness during focal seizures  Impaired awareness 108 (80.0)
Aware 27(20,0)
Generalized seizure sub-type General tonic 21 (23.3)
General clonic 10 (11,1)
General tonic-clonic 59 (65.6)
Stroke classification Ischemic 148 (64.3)
Hemorrhagic 82 (35.7)
Ischemic stroke type Embolism 32 (21.6)
Thrombus 97 (65.6)
Thromboembolism 19 (12.8)
Hemorrhagic stroke type SAH 8 (9.8)
ICH 53 (64.6)
SAH with IVH 3(3,7)
ICH with SAH 7 (8.5)
ICH with IVH 7 (8.5)
ICH with SDH 1(1,2)
ICH with IVH and SAH 3(3,7)
Location of stroke Cortical 110 (47.8)
Subcortical 91 (39.6)
Cortical and Subcortical 29 (12.6)
Seizure types based on post-stroki Early-onset seizures 127 (55.2)
onset
Late-onset seizures 103 (44.8)
Time interval between last seizure < 24 hours 3(1,3)
and EEG recording
1-<3days 37 (16.1)
3-<7days 67 (29.1)
7 - < 14 days 67 (29.1)

WWw.ijrp.org



&%, IJRP.ORG

Jessica Vania Wibowo / International Journal of Research Publications (IJRP.ORG)

ISSN: 2708-3578 (Online)

5
14- < 21 days 30 (13.0)

21-<30days 15 (6.5)

>30 hours 11 (4.8)

Based on medical record data, most cases of post-stroke seizuregddnutd6 patients (50.4%) male
and 114 patients (49.6%) female. In this study, there were 135 patiem®}»8ith post-stroke seizures who
were >19-60 years old. From the overall data, the youngest age was 1 yaad dle oldest was 87 years
old.

On examination, 135 patients (58.7%) had focal seizures, 90 patients (3td%generalized seizures,
and 5 patients (2.2%) had unknown onset seizures. The most coypaoof seizure found was focal onset
seizures to bilateral tonic-clonic seizures. 78 out of 135 patients with focaleseizad focal to bilateral
tonic-clonic seizures, 59 patients out of 90 patients with generalized sefmdegeneralizedonic-clonic
seizures. 108 patients with focal seizures had impaired awareness during $8@10%9, and 27 patients
experienced awareness during seizures (20.0%). 59 patients oupafi@tts with generalized seizures had
generalized tonic-clonic seizures (65.6%), 21 patients had generalized tonic 4@i2L8%s, and 10 patients
had generalized clonic seizures (11.1%). Early-onset seizures were §@&mpatients (55.2%), whereas 103
patients (44.8%) had late-onset seizures.

148 patients out of 230 patients had an ischemic stroke (64.3%) whitegrhagic stroke was seen in 82
patients (35.7%). The most common type of ischemic stroke based on tbgysiticthis study was thrombus
ischemic stroke in 97 patients (65.5%), followed by an embolic ischemlestid32 patients (21.6%), and
thromboembolic ischemic stroke in 19 patients (12,8%). Meanwhile, rmotibagic stroke, the majority
etiology was ICH stroke (64.6%). 110 out of 230 post-stroke seiatiengs had a stroke location in the
cortical (47.8%), 91 patients had a stroke location in the subcortical (39.6%@s amany as 29 patients had a
stroke location in the cortical and subcortical (12.6%).

Table 2. Electroencephalogram characteristics of post-stroke seizure patients

Variable n(%)
Types of EEG images Normal 49 (21.3)
Abnormal 181 (78.7)
Abnormal EEG classification Slow Activity 169 (70.4)
Special Pattern 17 (7.1)
Epileptiform 54 (22.5)
Number of Epileptiform EEG Features 1 Epileptiform EEG feature 50 (92.6)
Seen in Patients '
2 Epileptiform EEG features 4 (7,4)
Epileptiform EEG features EEG seizures 9 (15.5)
Sharp/spike-waves 47 (81.0)
SSwcC 2(3,4)
Ep_llept|form EEG features in focal Sharp/spike-waves 30 (78.9)
seizures
EEG seizures 7 (18.4)
SsSwcC 1(2.6)
Epileptiform EEG features in Sharp/spike-waves 17 (85.0)

generalized seizures
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EEG seizures 2 (100)
SsSwcC 1(5.0)
Number of Slow Activity EEG Features 1 Slow Activity EEG feature

Seen in Patients 130 (76.9)
2 Slow Activity EEG features 38 (22.5)
3 Slow Activity EEG features 1(0.6)
Slow Activity EEG features BSA 36 (17.2)
CSA 114 (54.5)
ISA 59 (28.2)
SIQW Activity EEG features in Focal BSA 24 (18.0)
Seizures
CSA 69 (51.9)
ISA 40 (30.1)
Slow Ac_t|V|ty EE_G features in BSA 12 (15.8)
Generalized Seizures
CSA 45 (59.2)
ISA 19 (25,0)
Number of Special Pattern EEG Featul 1 Special Pattern EEG feature 16
. - (94.1)
Seen in Patients
2 Special Pattern EEG features 1(5,9)
EEG Special Pattern features Asymmetry decreased background 8
(44.4)
rhythm
Breach rhythm 2(11,2)
Burst suppression 2(11,1)
GPDs 1(5.6)
PLEDs 4(22.2)
Triphasic wave 1(5.6)
Special Patterns EEG features in Foca Breach rhythm
) 2 (20,0)
Seizures
PLEDs 2 (20,0)
Burst suppression 1(10,0)
Asymmetry decreased background
thythm 5 (50.0)
Special Pattern EEG features in PLEDs 2 (25,0)
Generalized Seizures '
Burst suppression 1(12,5)
Asymmetry decreased background
thythm 3(37.5)
GPDs 1(12,5)
Triphasic wave 1(12,5)

Table 2 shows the characteristics of electroencephalogram in post-stiakee spatients. The time
interval from seizure manifestations to EEG recording of post-steikere patients in this study was mostly
done 7 - < 14 and 3 - < 7 days after the seizure, as many as 6& (®Dbf%). A total of 49 patients out of
230 patients had normal EEG results (21.3%) and 181 patients had abn&@dinHings (78.7%). 169
patients had a slow activityH& pattern (70.4%), 54 patients had an epileptiform EEG pattern (22.5%), and
17 patients had a special pattern EEG (7.1%).

Of the 54 patients with epileptiform EEG features, 50 patients had 1 epilep#HBG pattern (92.6%),
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and 4 patients had 2 epileptiform EEG patterns (7.4%). There were 47 pattergpileptiform sharp/spike-
wave EEG (81.0%), 9 patients with seizure EEG pattern (15.5%), 2 patigntSSWC EEG pattern (3.4%).
30 patients with focal seizures had epileptiform sharp/spike-wavef&@es (78.9%), 7 patients with focal
seizures had EEG seizures pattern (18.4%), and 1 patient had focal seizu®SWEhEEG pattern (2.6%).
While 17 generalized seizure patients had sharp/spike-wave epileptiform EGEsi(8&8.0%), 2 generalized
seizure patients had EEG seizures pattern (10.0%), and 1 generalized seizure pafSWGAEEG pattern
(5.0%). Of the 169 patients with slow activity features, there were a8éngs with 1 slow activity EEG
pattern (76.9%), 38 patients with 2 slow activity&Ratterns (22.5%), and 1 patient with 3 slow activity
EEG patterns (0.6%). There were 114 patients with CSA slow activity EEGrpgteb%), 59 patients with
ISA slow activity EEG pattern (28.2%), 36 patients with BSA slow &gtiEG pattern (17.2%). A total of
69 focal seizure patients had CSA slow activity EEG pattern (51.9%ncéDdeizure patients had ISA slow
activity EEG pattern (30.1%), 24 focal seizure patients had BSA slow acB&® pattern (18.0%).
Meanwhile, 45 patients with generalized seizures had a CSA slow activityp&fEsn (59.2%), 19 patients
with generalized seizures had an ISA slow activity EEG pattern (25.0%) 2apdtients with generalized
seizures had a picture of a BSA slow activity EEG pattern (15.8%). Of thmatights with special EEG
patterns, 16 patients had 1 special pattern EEG feature (94.1%), and 1 ptiehspecial pattern EEG
features (5.9%). There were 8 patients with asymmetry decreased hmckghythm patterns with the
highest percentage (44.4%). 5 focal seizure patients had asymmetry elddryaekground rhythm patterns
(50.0%). Meanwhile, there were 3 generalized seizure patients with asyniieeteased background rhythm
pattern with the highest percentage (37.5%).

Table 3. Distribution of Risk Factors/Comorbid Post-Stroke Seizure Patients

ISSN: 2708-3578 (Online)

Risk factors/comorbid n (%)
Hypertension 81 (33.1)
Diabetes Mellitus 57 (23.3)
Cardiovascular disease 24 (9.8)
Head trauma 15 (6.1)
CKD 14 (5.7)
Pneumonia (CAP, HAP) 11 (4.5)
Aneurysm 9(3.7)
Tumor 8 (3,3)
Acute Kidney Injury 8(3,3)
Dyslipidemia 6 (2,4)
Arteriovenous malformations 4 (1.6)

Table 3 shows the distribution of risk factors/comorbidities in pibskes seizure patients inhé
Department of Neurology, Dr. Soetomo General Hospital Surabaya. The mosbraimskifactor found in
post-stroke seizure patients was hypertension, there were 81 patients (33H%)psitension, 57 patients
(23.3%) with diabetes mellitus, 24 patients (9.8%) with cardiovascular diseae present study, both
early-onset and late-onset seizures were found to be more comnadieirtpwith cortical than in subcortical
lesions and in patients with ischemic stroke than in patients with hemiorgtagke (Table 4). In this study, a
higher incidence of ischemic stroke and hemorrhagic stroke was fouhe a@ortical than in the subcortical
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region (Table 5).

Table 4. Distribution of stroke type and stroke location in early-arsbtate-onset seizures

Parameter Early-onset seizures Late-onset seizures
Stroke type n (%) n (%)
e Ischemic 80 (54.1) 68 (45.9)
e Hemorrhagic 47 (57.3) 35 (42.7)
Location of stroke
Cortical 62 (56.4) 48 (43.6)
e Subcortical 47 (51.6) 44 (48.4)
e Cortical and 18 (62.1) 11 (37.9)
subcortical

Table 5. Distribution of Stroke Types and Stroke Locations

Parameter Cortical Subcortical Cortical and Subcortical
Stroke Type n(%) n(%) n(%)
Ischemic 66 (44.6) 65 (43.9) 17 (11.5)
Hemorrhagic 44 (53.7) 26 (31.7) 12 (14.6)
4. Discussion

In this study, post-stroke seizures were more common in male tsatian female patients. This is
consistent with the results of several studies which state male dominaheerioitience of post-stroke
seizures [1,12,15,16,21,26,27]. However, a study by Misirli e2@0&) showed that gender was not an
important and significant risk factor for the onset of seizures [28re is no significant difference between
the seizure ratio in men and women with stroke, in other wordls gemders have the same risk of post-
stroke seizures [10,17,29,30,31]. A meta-analysis study that eéttktddies published in 1990-2014, found
no significant difference in episodes of early-onset and late-onseteseirmtween male and female patients
[18]. This statement is also consistent with the results of a stuiiehta et a1(2018) where gender has no
influence on the occurrence of early-onset or late-onset seizure3 fiEb$tudy conducted in Indonesia also
stated that the comparison of the number of post-stroke seizure patientgeve male and female was not
much different and the percentage of stroke incidence in male pati@sitdightly higher than in female [14].

In this study, the highest age prevalence of post-stroke seizure pateasnpstients with an age range >
19-60 years, followed by patients with an age range > 60 years. Td®8ts are in accordance with research
conducted by Misli, et al (2006), Mehta, et al (2018), and Xu, M.Y (2019), which stdtadpatients with
age < 65 years (middle-aged) raadsk for the development of post-stroke seizures and the studiyted@o
higher incidence of seizures at this age [15,28,32]. The stubgyigsa, et al (2019) also stated that post-
stroke epilepsy was more frequently reported in patients aged < 85tlyea in patients aged > 85 years [6]
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The results of this study are also in accordance with research condu€edriayl, et al (2013), where in this
study the average age of patients with post-stroke seizures was Bh®years old, the mean age of stroke
cases with early-onset seizures was 53.9. + 18.7 years ottleantkan age of stroke cases with late-onset
seizures was 59.0 = 14.1 years old [12]. Research conductedimebid by Tombeng, et al (2020) found that
the highest prevalence of post-stroke seizures was in patients aged 45s5¢limmed by patients aged 55-
64 years [14]. Misir, et al (2006) provide an explanation for this, that epileptogenicity is genesedliger in
the brains of older people compared to the brains of young peopld [#8tatement is in accordance with
the explanation by Conrad et al, (2013) that the aging brain will experagenerative and neuroplastic
changes that cause a decrease in the excitability of the brain cortex. Giventitalt @@y matter volume is
higher in younger patients, it can be assumed that younger patients ecpsgiures more frequently [12].
However, according to Albertet al (2008), Zhang, et al (2014), Kamble, et al (2017), and Mehta, et al
(2018), age and gender have no effect on the occurrence of eselyseirures and late-onset seizures in
stroke patients and there was no statistically significant difference in thenoeidéearly-onset seizures
compared with late-onset seizures in younger and older patient8,p2%,30]. While Bladin, et ak008),
Burneo, et al (2010), Guekht and Bornst&X2 did not find a significant difference between the incidence
of post-stroke seizures with age [17,29,33].

This study classifies seizure types based on the 2017 ILAE criteria. The ofshissstudy showed that
more patients with focal seizures than generalized seizures. This suppotdseimeist from several studies
that report the incidence of focal seizures with or without generalization andmwitthout impaired
awareness is more dominant than generalized seizures [1,19,29 3R GA&ner and Shevchenk0R1)
stated that the prevalence of post-stroke seizures is mostly due to focdd,lasid post-stroke seizures are
usually of focal onset [36]. This finding differs from severavious studies which stated a higher incidence
of generalized seizures in post-stroke seizure patients [12,15,B5281.37] Misirli, et al (2006) explained
that the difference in outcome may occur because we might ignore the-pastlof generalized seizures
according to the patient's family history [28]. Kamladeal (2017) and Mehta, et al (2018) also explain, the
possible difference in the results of this study may be related tovireducational status of the study
population group that could not report focal seizures or focal seizures to be bilateraloarettninterpreted
it as a generalized seizure [15,25]. According to a study by Varelas, et @),(2@kt post-stroke seizures
have a focal onset. However, the facts in the field illustrate that it is difficdistmguish between
generalized seizures or focal seizures that become clinically bilateral unless the ornsessedior
monitored using continuous video-EEG monitoring [34]. AccgdmBladin, et al (2008), data on seizure
subtypes (focal to bilateral seizures, or generalized seizures) in postssinke studies are limited by the
retrospective design of most studies, and the potential for error or recall lgilzdd to obtaining seizure
descriptions from patients or bystanders [29]. Studies show that633d@f seizures may be unrecognized
by patients. Therefore, it is not surprising that different studies foifiedetht frequencies of post-stroke
seizure subtypes [37].

In this study, the most common form of focal seizures became bilatei@lclonic seizures, and
generalized tonic-clonic seizures were found to have the highest prevalencendihgsif in accordance
with the studies conducted by Okuda, et al (2@I#)Feyissa, et al (2019). These studies explained that the
most common form of seizures was focal to bilateral tonic-clonic seif¥

In this study, it was found that more patients had focal onset seixitindenpaired consciousness than
without impaired consciousness. This finding is also in accordanbeawsiiudy conducted in Indonesia by
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Tombeng et al (2020). They found a predominance of focal onsateizith impaired consciousness over
focal seizures without impaired consciousness [14]. According to Fegisala(2019), seizures can manifest
with or without impaired consciousness with motor or non-motopsyms depending on the location and
size of the stroke [6]. However, this finding differs from saVvether studies which state that focal seizures
without impaired consciousness have a higher incidence4R5,3

This study classified stroke using the 2016 Caplan criteria [46]. Istilndly, seizures tended to be more
common in patients with ischemic stroke than hemorrhagic stroleseTesults are consistent with several
studies which state that the prevalence of ischemic stroke is higheh#hari hemorrhagic stroke
[5,12,15,16,21,25,26,27,30,33,3€]. The etiology of stroke due to infarction is significantly morendwant
than bleeding so that the main prevalence of seizures is related to the cestuknocclusive disease. The
incidence of seizures in hemorrhagic stroke or ischemic stroke varies feostualy to another. Several
previous studies have revealed a higher incidence of seizures in patiritemirrhagic stroke than
ischemic stroke [10,29,32]. The variability in study results cbeldue to variations in sample selection.
Kamble, et al (2017) and Mehta, et al (2018) also explained that thiserimchuse the ischemic stroke has a
higher incidence than hemorrhagic stroke [15,25]. Although vastvake subtypes, both ischemic stroke and
hemorrhagic stroke, are widely associated with an increased risk aesgialhigher incidence of seizures
has been reported in hemorrhagic stroke compared to ischemic strokddi@)ver, it is important to note
that the frequency of ischemic stroke is much greater so the csarlte burden may be higher in this
group [19,40]. There are several studies that did not find a correlation betweewgithente of seizures and
the type of stroke. Aazding to Misirli, et al (2006), there is no significant difference betweekestro
subtypes and the incidence of post-stroke seizures [28]. THesrekthis study are also in accordance with
the results of research conducted in Indonesia by Tombeng, et al (BB2&tudy stated that the difference
in the results of studies with some literature is thought to be causesk lfigators that increase the prevalence
of post-stroke seizures, not only the type of stroke but also tkeityesf a stroke, location of the lesion,
vascular risk factors, and genetic factors [14].

In this study, there were more patients with thrombus ischemkesttamlogy than embolic and
thromboembolic ischemic strokes. This is in accordance with severesstudich state that the prevalence
of ischemic stroke with thrombus etiology is higher than ischetrokes with embolic 16,21,30,39]

However, there are other studies that say otherwise [29,37]. There aseasal studies that state that there
is no relationship between the etiology of ischemic stroke and the incidesezafes [28]. The type of
thrombus ischemic stroke is not an important risk factor in the dewelafpof seizures. According to the
results of this study, seizures were more common in the thromsctiemic stroke compared to the embolic
subtype. This may be due to the high prevalence rate of thrombvokie sases compared to embolic
subtypes in ischemic stroke patients in Dr. Soetomo Surabaya Hospital [16]

In this study, patients with the etiology of intracerebral hemoithsigpke (ICH) had a higher prevalence
than other types of hemorrhagic stroke. This is in accordance wihatstudies which state that the
prevalence of intracerebral hemorrhagic stroke (ICH) is more commomwtthantypes of hemorrhagic stroke
etiologies [19,21,38,39]. The location of the stroke lesion in corticalbmostical was obtained based on the
CT scan readings written in the medical record. The results of thig stwowed that patients with cortical
lesions were more common than subcortical lesions and cortico-subcortical [&isris.consistent with
several studies which state that the prevalence of seizures in cortical lesigheishén in subcortical
lesions [5,6,10,12,18,19,21,25,27,29,30]. Adarg to Misirli et al, (2006), cortical lesions are a major risk
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factor for the development of seizures in ischemic stroke and hemorriragii, $n other words, people are
more likely to have post-stroke seizures with cortical lesions [28]SEimures After Stroke Study (SASS)
reported a twofold increase in the risk of seizures in stroke patienttesiiths in the cortical regions. This
statement is also supported by a study by Bladin, et al (2008) which sttéukthisk factor for seizures
after ischemic stroke and hemorrhagic stroke is cortical involvement428drding to a study conducted in
Pakistan, strokes with a cortical location were more frequently associategosithtroke seizures. It
increases the risk of seizures almost fourfold compared to strokedorsodl lesions. Cortical irritation is
thought to be the cause of the higher epileptogenicity of stroke [31].

In this study, there were more patients with early-onset seizures thamsateseizures. This is in
accordance with several studies which state that stroke patients with esetyseizures are more common
[21,25,26,39]. However, there are several studies showing thaelgmee of late-onset seizures is highentha
that of early-onset seizures [12,16,28,41]. The variability in tegancidence between studies may be due to
differences in definitions or the time limit used to categorize patient34B2n addition, several research
studies defined a different cut-off time variable for classifying seiziassdon the time of occurrence after
stroke. According to a study conducted by Doria, et al (2019mtst commonly used cut-off time is 7 days
or 14 days to determine early-onset and late-onset seizures [&8lition, several studies exist that define
early-onset seizures with various cutoff times, such as within 2446, 1 week, and 2 weeks after stroke
and late-onset seizures with cutoff points of more than 1 weeoorrring at least 2 weeks after stroke
[5,39,41].

In this study, the results of the distribution of time frozgee manifestation to EEG recording were
found that the most frequently performed were 7 - < 14 days ardr3days after seizure manifestation. The
distance between the last seizure and the EEG examination may have agénfln¢he occurrence of
epileptiform waves (which is the most dominant factor in the occurrdreggleptiform waves). Standard
EEG examination is recommended to be performed within 24 lodting last seizure [42]. The closer the
distance between the seizure event and the recording, the more like@hean still record the epileptic
process in the brain. There was a study that found epileptiform was&%omf subjects who had an EEG
within 24 hours and 34% of those who had an EEG thereafterid@re is also a study that found a seizure
proportion of 89% in subjects who had an EEG within 24 hofuttseoseizure and none of the subjects had an
epleptiform wave after 72 hours [43]. So it is recommended that an E&@dshe performed within 24
hours because it is more useful in diagnosing abnormal epileptiform vieveant EEG performed >24
hours.

This study provides an overview of the most common EEG wavesl fiowstroke patients with seizures.
Most of the EEG features in post-stroke seizure patients in this ser@yalvnormal EEGs. In this study, it
was found that slow activity EEG was the most common type foupdtients, followed by epileptiform
EEG waves and special patterns. In this study, the slowing CSA (gounsirslow activity) EEG form was
relatively more dominant than other slow activity EEG forms. In the djfdem wave, it was found that the
Sharp/spike-wave EEG is relatively more dominant than other epilept&@forms. In the special pattern
EEG wave, it was found that the form of EEG asymmetry decreasedrbactighythm was relatively more
dominant than other forms of EEG special pattern. This findingaséordance with the research conducted
by De Reuck, et al (2006); Chung, et al (2014); Varelas, et al (2017); and Mearal (2011) who found
that slowing waves were the most common EEG waves found iregtedlents with seizures [1,34,41].
Chemer et al., (2021) also suggested that focal slowing and diffuse glawete found in 84% of patients
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[36]. This statement is reinforced by a study by Feyissa, e0aBj2vhich stated that the most frequent EEG
findings in acute stroke were focal slowing EEG images according talghefshe infarct and diffuse
slowing [6]. Wave reactivity can be used as an indicator to determine the ebhttentdamage. Changes in
the EEG pattern in stroke patients with seizures are not specific, but if presetentthéy be focal slowing.
Patients with cerebral ischemia most often have slowing, loss of noaciajiound activity, and a reduction
in overall amplitude. Patients with post-intracerebral hemorrhage alsoenqge focal slowing [29]. De
Reuck, et al (2006) suggested that PLEDs are more common in estristiodke seizures [1]. PLEDs are also
frequently seen on the EEG of patients with cortical and focal seizuresri&ictal epileptiform
abnormalities generally represent focal cortical irritation [41].

According to Luders, H. and Noachtar, S (2000) sharp wave andwpikepatterns are relatively typical
and significant features of epilepsy, and there is no difference inatitig information between sharp waves
and spike-waves [44]. Apart from their morphology, sharp waveéspike-waves have the same etiology and
clinical significance in the evaluation of patients with epilepsy. Accordidgya et al (2018), the difference
between sharp waves and spike-waves is only in their durati@re the spike-wave duration is 20-70 ms
while the sharp wave duration is 70-200 ms [45].

In this study, the most epileptiform EEG images in focal and genata&gures were sharp/spike-wave
patterns. The most common slow activity EEG in focal and generalizantesiz CSA. The most common
EEG special pattern in focal and generalized seizures is the asymmetry decaekgeouind rhythm pattern.
Hypertension is a comorbid disease and the most common risk faatar ih stroke patients with seizures
followed by diabetes mellitus, heart disease, and hyperlipidemia [5,12, )3, 35]. Patients with a history
of heart disease and hypertension were also reported to have aassoaigtion with the occurrence of post-
stroke seizures in the study by Kamble, et al (2017) @&jording to Procaccianti, et al (2012) ischemic and
hemorrhagic stroke showed no difference in risk factors, witlexiseption of coronary artery disease, atrial
fibrillation, and smoking habits, which were significantly morerespntative of ischemic stroke [20].

In the present study, both early-onset and late-onset seizures were morercim patients with cortical than
subcortical lesions. This statement is supported by previous studies whichlsthtbe greatest risk factors
for both types of seizures based on the onset, early-onset seizutateantkset seizures, were cortical
involvement and ischemic stroke [10,15,25,26,30,37,39].dy &ty Okuda, et al (2012) reported that patients
with cortical lesions and ischemic lesions had a much greater risk of kgesmizures than subcortical
lesions and hemorrhagic lesions [27]. The type of ischemic lesiothardcation of the cortical lesion is also
directly related to the risk of early-onset seizures [35].

In this study, it was found that the incidence of ischemic staokiehemorrhagic stroke was higher in the
cortical region than in the subcortical region. This statement is supportge\bgus studies which found that
the prevalence of ischemic stroke and hemorrhagic stroke was highetigaldban in subcortical [21,35].
According to Guekht and Bornstein (2012), hemorrhagic stroke patiame a 3 times higher risk of seizures
if they are located in the cortical area [17]. This statement is suppor2driayand Forgacs (2019) who
stated that the risk of hemorrhagic poststroke seizures was higheti¢aldesions [19].

5. Conclusions

Stroke is the most frequently identified cause in most patients with sympt@eiatices. This hospital-
based study showed that post-stroke seizures were associated with youamddiaeaged (>19-60 years),
male gender, ischemic stroke, thrombus type, cortical location, and corhgpaidension, with a high
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prevalence rate in patients with hypertension. These findings are ustfelriak stratification of patients
with stroke and may help to inform patients and clinicians about the riskuoé seizures

In the case of post-stroke seizures, patients with focal seizures were mowiafterof the duration of the
seizure, but in this study, patients with post-stroke seizures werdikabyeo experience impaired
awareness during seizures. Most EEG features found in this stuclyndiraious slow activity waves.

The limitations of this study are the research design is limited to descopseevational research, this study
was only conducted in one place so that the description of the incideninekefwith seizures was less
extensive and varied and the medical record data incomplete so that not all patilehtdtzon clinical data.
Another limitation of this study is the lack of analysis of the effetsost-stroke seizures on other outcomes
such as infarct size and impaired functional recovery. It is recommended tBBGashould be performed
within 24 hours of the last seizure because it is more useful in diagradsnormal epileptiform waves than
an EEG performed >24 hours.
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