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Background and Objective: Stroke is one of the most frequent neurological syndromes in the adult population and the cause of
10% of all diagnosed epilepsies. It is attributed to the origin of up to 50% of them in adults >60 years of age. Although a few risk
factors have been described and considered when modeling predictive tools, this aspect is still clinically complex. The objective of this
study is to describe and compare predictor scales of post stroke epilepsy (PSE) in adult patients with better performance.

Methods: A systematic review and meta-analysis were performed of studies published between 2010 and 2020 and found in PubMed,
Scopus, EMBASE, LILACS, BVS, Google Scholar, and CENTRAL databases. Sixteen studies were included with a total of 298,694
patients with a diagnosis of stroke, 5590 presented late seizures (LS).

Results: Hemorrhage, cortical involvement, and early seizure were the elements most associated with the risk of presenting late
seizures. The SeLECT score demonstrated a low risk of bias with a high predictive ability in patients with ischemic stroke (AUC: 0.77
[95% CI: 0.71-0.82]). In patients with hemorrhagic stroke, the CAVE score demonstrated adequate predictive ability (AUC: 0.81 [95%
CI: 0.76-0.86]), but an uncertain risk of bias. Research has established risk factors for post ictal epilepsy; however, the numerous ways
of assessing data in studies and the difference in their designs make the task of producing a predictive scale that covers the most
important risk factors and is reliable for application in the clinical setting, regardless of stroke etiology, very arduous.

Conclusion: Hemorrhage, cortical involvement, and early seizure are associated with an increased risk of post ictal epilepsy. Also,
elements such as age, traditional vascular risk factors, and functional assessment failed to reflect statistical significance. Finally, further
research is required to refine the available predictive tools.
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Introduction
Stroke is the most frequent neurological syndrome of adulthood;' it is understood as the abrupt onset of a focal
neurological deficit caused by a localized lesion in the central nervous system generated by vascular damage that
disrupts the normal blood supply of the brain, retina, or spinal cord,” resulting in ischemia or an accumulation of blood
within the brain tissue or ventricular system. It is noted that ischemic stroke accounts for 80-87% of all strokes and has
a complex etiopathogenesis that varies according to the specific cause, such as atrial fibrillation cardioembolism, large
vessel atherosclerosis, lacunar infarcts, and undetermined causes.>

Thanks to advances in the management of stroke, mortality and incidence have been reduced since 1950, but there has
been an increase in hospitalizations of adults between 18 and 44 years of age and, therefore, the number of survivors
living with complications has increased.' * According to data from the Global Burden of Diseases (GBD), in 2019, the
United States estimated a mortality rate of 37.72 deaths per 100,000 habitants, and that year the prevalence of stroke was
1.03%, which means there are about 6.4 million stroke survivors in this country.>°
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The average overall lifetime risk has increased to 25%,> and stroke survivors have an increased mortality risk, in
some cases even triple it, especially in infarcts involving the middle cerebral artery territory. In survivors, inherent
neurological deficits are observed such as fatigability, spasticity, or flaccidity of limbs and face; as well as a plethora of

complications including epilepsy and seizures. The latter occur in 3-10%, "8

making them the most common cause of
new-onset epilepsy in adults.

The International League Against Epilepsy (ILAE) defines epilepsy as the occurrence of two or more unprovoked
seizures (UPSs) in a span of more than 24 hours, or a UPS with a substantial risk of recurrence (60%) within the next 10
years. After contrasting clinical observations, the ILAE concludes that seizures resulting from brain injury, such as
stroke, are dichotomized in terms of time into acute symptomatic seizures (ASS) and UPSs: the former occur in the first
seven days after stroke; the latter, one week after the cerebrovascular event.®® A patient with a persistent proclivity for
future seizures has epilepsy if at least one UPS occurs and the likelihood of additional seizures is comparable to the
chance of recurrence after two UPSs (at least 60%);” hence, late seizures (LS) are termed epilepsy.

This differentiation becomes relevant when observing that LS have a higher risk of recurrence. Classically, it is
known that the annual rate of seizures in the first year after stroke is 4.2% and at 5 years is 9.7%, and values increase
dramatically in the case of hemorrhagic stroke where values of 20% in the first year and 26% at 5 years are found.>'’
According to Hesdorffer et al the risk of subsequent UPS is 33% (95% CI: 20.7-49.9%) in those patients who had an
early seizure, and 71.5% (95% CI: 59.7-81.9%) in patients where UPSs were evident one week after the stroke. '

UPSs occur due to excessive excitatory activity of a neuronal network in the context of an imbalance of excitatory
and inhibitory factors in normal synaptic activity. This results in a disruption of neuronal communication networks and
causes excessive discharge within a local or generalized neural network which, in turn, causes a disruption of
physiological neuronal metabolism and triggers an epileptiform rhythm within normal cortical activity.'' Causes of
epileptic seizures in adult patients without a history of epilepsy include stroke (40%), metabolic disorders (15%), brain
neoplasm (10%), and neurodegenerative diseases such as Alzheimer’s disease (5%).'?

In 2017 Wang et al presented a meta-analysis on the incidence of seizures after ischemic stroke, acknowledging that
in this type of stroke a lower prevalence of post stroke epilepsy (PSE) is observed. They report that in 20 of 35 articles
exploring the epidemiology of PSE, a cumulative incidence of eighteen cases per one-thousand-person years is observed
(95% CI: 15-22).>"3

In the case of PSE it is distinguished as a seizure that occurs after seven days following the stroke and is related to
brain tissue damage as a sequel to the ischemic insult resulting from the lack of vascular supply, from which
a hyperexcitable tissue is created. During the first days after the injury, a biochemical imbalance occurs with elevated
glutamate levels which results in an increase in the excitatory level of this neurotransmitter resulting in ASS. As a result
of structural and physiological damage to the cerebral cortex, structural affectations such as glial scars can emerge during
the process of lesion resolution, becoming potential epileptogenic foci.'* The etiopathogenic explanations may variate in
the case of a hemorrhagic stroke where the accumulation of hemosiderin, an insoluble protein that stores iron, can cause
local irritation in the brain tissue, therefore causing the seizures,'® increasing cellular dysfunction and subsequent
neurodegeneration,'®'®

In this sense, a variety of risk factors associated with PSE have been described. Tanaka and Thara mention that there
are numerous studies describing risk factors, and most of them describe that cortical involvement, hemorrhage, severity
of stroke, comorbidities, and family history of seizures increase the likelihood of PSE.'* For Toro Perez there is
a segmentation of these risk factors where ischemic stroke will represent a higher probability of risk of PSE in the
context of severe neurological impairment, a large extent of the infarct verified with neuroimaging, the location of the
lesion, and the origin of ischemia (such as cardioembolism or atherosclerosis); on the other hand, in the case of
hemorrhagic stroke the frequency of PSE increases in lobar and subcortical hemorrhages.® It is estimated that the
hemorrhage, the cortical involvement, the early seizures, age, and the cardiovascular risk factors are associated with PSE,
hence the scores related to these variables will select individuals with this condition more accurately.

The significant psychosocial burden of epilepsy has an impact on the quality of life of the patient and their family and,
indirectly, of the community.'” In this regard, it is considered that it is useful to establish the risk of PSE for the
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comprehensive management of stroke survivors and proposed to systematically compare the tools described in the
literature of the last decade to establish their efficacy and practicality.

Methods

A systematic review and meta-analysis were reported according to the recommendations of the Cochrane Group and the
PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta-analysis). Due to the nature of this
study, informed consent was not required from the patients.

The investigators performed the review using all the titles and abstracts obtained from the initial search. The
investigators independently selected articles for assessment. During the synthesis phase, studies were categorized into
groups based on their effect measure.

Eligibility Criteria

Inclusion Criteria

Studies meeting the following criteria were included: (1) published randomized controlled trials (RCTs) and observa-
tional studies between 2010 and 2020; (2) original research evaluating risk factors for post stroke epilepsy; (3) incidence
and prevalence of seizures in adult patients; (4) time-dependent definition of the clinical presentation of the event (early
or late seizures); (5) diagnosis of stroke of any type; and (6) assessment of at least one of the following predetermined
study variables (age, modified Rankin Scale or mRs, hemorrhage, cortical involvement, early seizure, lesion size, and
vascular risk factors).

Exclusion Criteria

Expert opinions, commentaries, editorials, and case reports were excluded; as well as studies covering etiologies such as
trauma, bleeding related to neoplasms, recent brain surgery, central nervous system infections, and iatrogenic causes. Studies
whose population included patients with a history of epilepsy, and pediatric and obstetric patients were also excluded.

Sources of Information

A search for scientific publication in the health sciences was initiated in November 2021 in the electronic databases
PubMed, Scopus, EMBASE, LILACS, BVS, Cochrane, CENTRAL, and Google Scholar, which included original studies
published in English or Spanish for the period between 2010 and 2020. Furthermore, some references’”** were

examined to feed our own database.

Search Strategy

The key search terms were: “ischemic stroke”, “hemorrhagic stroke”, “seizures”, “epilepsy”, and “prognostic model”. Terms
derived from Medical Subject Heading (MeSH) were used to improve the search strategy, and results were filtered by date to
examine studies published between 2010 and 2020. The strategies used in each search engine are listed in Annex 1.

Selection Process

The authors of the present study independently evaluated the results of the searches in the databases listed in the previous
section, initially screening them according to the title and abstract of the articles. Subsequently, the full texts of the
articles approved in the initial search were obtained and stratified according to the inclusion criteria stated above. Finally,
research articles proposing risk estimation of late seizure risk in adult stroke survivors published between 2010 and 2020
were included in the final analysis.

Data Collection Process

The following numbers were obtained from the search of articles by databases: in PubMed, 658 results; in Scopus, 7; in
LILACS, 96; in BVS, 80; in Cochrane, 1; in CENTRAL, 47; and in Google Scholar, 344. A total of 48 duplicate articles
were excluded from these, and another 8 that did not meet the criteria. The articles were reported in the PRISMA
flowchart format for systematic reviews (Figure 1).
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Identification of studies via databases and registers ]
\
Records identified from: Records removed before
s PubMed (n =658) screening:
£ Scopus (n =7) Duplicate records removed (n
2 LILIACS (n =96) > =48)
= BVS (n = 80) Records marked as ineligible
K] Cochrane (n =1) by automation tools (n=0)
— CENTRAL (n =47) Records removed for other
Google Scholar (n =344) reasons (n =695)
Records screened (n =490) —»| Records excluded (n =344)
. ‘
=
7=
g Reports sought for retrieval (n =146) | —| Reports not retrieved (n =122)
»
o Reports excluded:

Reports assessed for eligibility (n =24) |—» Reason 1: Articles including
expert’s opinion and case
report (n =3)

l Reason 2: Studies including

paediatric and obstetric
population (n =5)

Studies included in review (n =16)
Reports of included studies (n = 0)

Included

Figure | PRISMA flowchart.

Data Extraction
Data extraction was performed independently by the authors using a standardized form taken from the Critical Appraisal

and Data Extraction for Systematic Reviews of Prediction Modelling Studies (CHARMS).

Data Elements

For each eligible study, the following data were extracted: name of the first author, name of the predictor tool, year of
publication, country, study design, sample size, demographic characteristics (age and sex), clinical characteristics
(NIHSS scale, seizure presentation over time, use of neuroimaging techniques, follow-up time, and discrimination
ability). These variables and description are summarized in Tables 1-2.
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Table | Characteristics of the Studies

symptomatic seizure risk in ischemic stroke: a population-based study

involving| 35,1 [ 7cases

Name Author Date Design Sample Country Follow-Up Tool
(Years)

Blood biomarkers predictive of epilepsy after an acute stroke Abraira et al? 2020 Prospective analysis 895 Spain 4.8 No name

Post-stroke seizures are associated with low Alberta Stroke Program Early CT Chen et al** 2017 Prospective analysis 348 Australia 1.53 No name

score

Development and validation of risk score to estimate |-year late poststroke Chi et al*® 2018 | Retrospective analysis 87,068 Taiwan | PSEiCARe

epilepsy risk in ischemic stroke patients

Prediction of late seizures after ischemic stroke with a novel prognostic model Galovic et al® 2018 Prospective analysis 1200 Switzerland 23 SeLECT

(the SeLECT score): a multivariable prediction model development and

validation study

Incidence and associations of poststroke epilepsy Graham et al”’ 2013 Prospective analysis 3310 England 38 No name

The CAVE score for predicting late seizures after intracerebral hemorrhage Haapaniemi et al®® | 2014 | Retrospective cohort 933 Finland 2.7 CAVE

Clinical predictors of seizure recurrence after the first post-ischemic stroke Kim et al*’ 2016 | Retrospective analysis 3792 South Korea 37 No name

seizure

Predictors of acute poststroke seizures Krakow et al* 2010 Prospective analysis 58,874 Germany Does not refer | No name

Risk factors for seizures after intracerebral hemorrhage: Ethnic/Racial Kwon et al'” 2020 | Retrospective analysis 2503 United States | CAVS

Variations of Intracerebral Hemorrhage (ERICH) study

Young adult ischemic stroke related acute symptomatic and late seizures: risk Roivainen et al*' 2013 Prospective analysis 994 Finland 3 No name

factors

Are early seizures predictive of epilepsy after a stroke? Results of a population- Serafini et al* 2015 Prospective analysis 782 Italy 2 No name

based study

Prospective evaluation of a post-stroke epilepsy risk scale Strzelczyk et al*® 2010 Prospective analysis 264 Germany | PoSERS

Seizure outcomes and predictors of recurrent post-stroke seizure: Tanaka et al** 2015 | Retrospective analysis 104 Japan | No name

a retrospective observational cohort study

Analysis of risk factors for first seizure after stroke in Chinese patients Wang et al*® 2013 | Retrospective analysis 2074 China 1.5 No name

Investigation of poststroke epilepsy (INPOSE) study: a multicenter prospective Yamada et al®¢ 2020 Prospective analysis 436 Japan 3 INPOSE

study for prediction of poststroke epilepsy

National Institutes of Health Stroke Scale (NIHSS) on admission predicts acute Zéliner et al®” 2020 | Retrospective analysis | 135,117 Germany Does not refer | No name
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Table 2 Characteristics of Participants

Study Population | Gender Age Type of Diagnostic Statistically Significant Variables
(% Men) | (Median Stroke Modality of
in Years) Stroke
Abraira et al? 895 57.80 72.1 All types Clinical Endostatin levels >1.203, Hsc70 levels <2.496,
neuroimaging S100B levels <1.364, NIHSS Score >8, early seizure
techniques
Chen et al** 348 55.00 73 Ischemic Neuroimaging ASPECTS at admission, ASPECTS at 24 hours,
techniques cortical compromise at admission, cortical
compromise at 24 hours
Chi et al”® 87,068 58.60 68.6 Ischemic Does not refer In-hospital stay greater than two weeks, early
seizure, age >80 years, ICU stay, dementia, atrial
fibrillation, pneumonia on admission
Galovic et al*® 1200 58 71 Ischemic Clinical Cortical involvement, early seizure, NIHSS 211,
neuroimaging middle cerebral artery territory involvement, large
techniques vessel atherosclerosis
Graham et al”’ 3310 50.50 65 All types Computed Dysphasia, visual disturbances, incontinence
tomography
Haapaniemi et al*® 933 57 68 Hemorrhagic Computed Cortical involvement, age <65 years, hemorrhage
tomography volume >10 mL, early seizure
Kim et al*® 3792 Does not 68 Ischemic Neuroimaging Early seizure, atrial fibrillation, cortical involvement,
refer techniques functional impairment, partial seizure, late seizure
(age <65 years), large lesion
Krakow et al*® 58,874 49.94 71.6 All types Clinic Acute non-neurological infection, transient ischemic
attack
Kwon et al'’ 2503 58.90 61.3 Hemorrhagic Computed Age, hematoma volume, lobar cortical location,
tomography surgical evacuation of the hematoma
Roivainen et al*' 994 62.50 413 Ischemic Clinical Male sex, recent infection, hyperglycemia (>6.1
neuroimaging mmol/l), severe NIHSS (>15 points), hemorrhagic
techniques infarction, total and partial anterior circulation
infarction, acute symptomatic seizure, use of
antidepressant medication at follow-up
Serafini et al*? 782 44.80 80 All types Clinical Age, cortical location
neuroimaging
techniques
Strzelczyk et al*? 264 53.78 74.2 All types Clinical Supratentorial stroke, intracerebral hemorrhage,
neuroimaging intracerebral hemorrhage with involvement of
techniques cortical areas, stroke with neurological deficit of
mRS >3
Tanaka et al** 104 68.30 72.1 All types Magnetic resonance Young age (<74 years), presence of seizures at
imaging hospital admission, monotherapy with valproic acid
Wang et al*® 2074 66.50 62.8 All types Clinical Large lesion, cortical involvement, hypertension,
neuroimaging electrolyte imbalance
techniques
Yamada et al*® 436 58.90 68.2 All types Neuroimaging Hemorrhagic stroke, cortical involvement, frontal
techniques cortical lesion, absence of comorbidities
ZslIner et al*’ 135,117 50.24 754 Ischemic Neuroimaging Acute non neurologic infection, NIHSS >5,
techniques premorbid mRS of 3-5, previous stroke
Results

The primary outcomes were the odds ratio (OR) and hazard ratio (HR) measures with their corresponding confidence

intervals derived from the risk factors reported in the studies that evaluated the probability of PSE.
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Risk of Bias Assessment
To estimate the quality of the selected articles, we applied specific scales. For observational cohort studies the
Newcastle-Ottawa Scale allows the assessment of the selection characteristics of the participants, the comparability
of the populations and the general results of the research. This tool assigns one star to each category; there is a higher risk
of bias when the score is less than six stars; a moderate risk when the score is between six and seven stars; and a low risk
of bias when the score is greater than seven stars.>*°

For studies that offer a predictive tool the PROBAST tool was applied since it is a specific score for estimating the
quality of predictive models with multiple variables. To do this, each article is evaluated, indicating whether it is under
development or in the process of validation by peers, and an in-depth investigation is conducted to assess whether there is
a risk of bias in the selection of participants, predictors, and results with a general analysis. In this way, a low, high, and
undetermined risk is estimated when there is at least one item classified as high or uncertain; and the concern about the
applicability of said predictive tool to be evaluated is considered as low, high, and uncertain.*

Measures of Effects

The main effect measures in this dissertation are the OR and HR, expressed as binary data. The logarithm of OR and HR
were calculated for subsequent use in the RevMan program. Means and standard deviations were used for continuous
variables. Finally, the randomized effects method was applied according to the heterogeneity of the study conditions.

Synthesis Methods

A database was prepared with the previously stated items. Each study’s statistically significant variables were docu-
mented, and the coincidences of these variables between studies were then included in the meta-analysis for its
comparison. The chosen studies were classified according to the reported measure of effect, between the OR and the
HR. Two separate meta-analyses were performed to group the studies according to the data reported. To identify
significant associations between the different PSE risk factors, OR data with 95% confidence intervals were used for
comparison of cumulative proportions of LS incidents between the exposed and unexposed groups.

Consequently, we evaluated the studies that reported HR measures with 95% confidence intervals for the
comparison of conditional probabilities over time; and we analyzed these data in the Review Manager 5.4.1
developed by Cochrane Reviews, where we entered the data to perform an inverse variance analysis of the OR
and HR values of each of the variables identified as coincidences among the studies, thus performing subanalysis for
each proposed risk factor.

The level of statistical significance was set at p<0.05 and the heterogeneity of the studies was evaluated visually by means
of forest plots, and quantitatively by means of the I?, so that the points of 25%, 50%, and 75% were used to consider low,
medium, and high heterogeneity, respectively. In this regard, the statistical tables show the categorical data with percentages.

Results

Selection of Studies

After data extraction from the articles, a systematic review and meta-analysis were performed, including sixteen
studies: seven were retrospective and nine were prospective. Mean follow-up time was 2.3 years, and a total of
298,694 patients with a diagnosis of stroke were evaluated, where 5590 had seizures. Likewise, nine studies used
seven days as the cutoff point to define LS, while seven studies used fourteen days to define LS. These
characteristics are summarized in Table 1.

Predictors Associated with PSE

Studies Reporting Odds Ratio

Regarding the analysis of age, five studies were included, with a total population of 201,068, where no significant effect
was seen (OR 1.55 [95% CI: 0.38-6.27], Z=0.61, p=0.54) (Figure 2). Regarding mRs, four studies were observed, with
a total population of 198,047, where no heterogeneity was seen among them, but an (OR 2.63 [95% CI: 1.28-5.41], Z =
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PSE No PSE Odds Ratio Odds Ratio
Study or Subgrou log[Odds Ratio] SE__Total Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
11.1.1 Age
Kim 2016™ = 1.3207 1.139 124 3668 0.7% 3.75[0.40, 34.92] —
Krakow 2010 -0.1985 1.551 1175 57699 0.4% 0.82[0.04, 17.14] -
Kwon 2020 _ 01278 1417 77 2403  05% 0.88 [0.05, 14.15]
Serafini 2015 -0.0513 1.894 41 741 0.3% 0.95[0.02, 38.90]
Zollner 2020 -0.01 0.0036 2555 294565 4.8% 0.99 [0.98, 1.00]
Subtotal (95% Cl) 3972 359076 6.7% 0.99 [0.98, 1.00]
Heterogeneity: Tau? = 0.00; Chi? = 1.39, df = 4 (P = 0.85); I> = 0%
Test for overall effect: Z = 2.77 (P = 0.006)
mRs
Kim 2016 0.605 0.616 124 3668 1.8% 1.83[0.55, 6.12] T
Krakow 2010* 1.1499 0.637 1175 57699 1.7% 3.16[0.91, 11.01] —
Strzelczyk 2010 2412 1.1 10 254 0.8% 11.16 [1.27, 98.25] -
Zoliner 2020 05306 0.815 2555 294565 1.2% 170 [0.34, 8.40] —_—t
Subtotal (95% Cl) 3864 356186  5.6% 2.63 [1.28, 5.41] -
Heterogeneity: Tau? = 0.00; Chi? = 2.41, df = 3 (P = 0.49); I = 0%
Test for overall effect: Z = 2.64 (P = 0.008)
Hemorrhage
Chen 2017%" 0.0257 0.144 22 326 4.4% 1.03 [0.77, 1.36] T
Kim 2016 058  0.02 124 3668  4.8% 1.79[1.72, 1.86] .
Krakow 2010 1.1223 0.647 1175 57699 1.7% 3.07 [0.86, 10.92] T
Serafini 2015 0.8198 0.17 41 741 4.3% 2.27[1.63,3.17] -
Strzelczyk 201 0" 2.3627 0.998 10 254 0.9% 10.62 [1.50, 75.09]
Wang 2013" 3.4308 0.858 109 1985 1.1% 30.90 [5.75, 166.08] -
Zoliner 2020 201054 0991 2555 294565  0.9% 0.90 [0.13, 6.28] —
Subtotal (95% Cl) 4036 359238 18.1% 2.06 [1.36, 3.11] <&
Heterogeneity: Tau? = 0.15; Chi = 32.16, df = 6 (P < 0.0001); I> = 81%
Test for overall effect: Z = 3.43 (P = 0.0006)
Cortical Involvement
Chen 2017 0.7178 0.0098 22 326 4.8% 2.05[2.01, 2.09]
Kim 2016* -0.4894 0.014 124 3668  4.8% 0.61[0.60, 0.63] .
Kwon 2020 0.9821 1.066 7 2403 0.8% 2.67[0.33, 21.57] -1
Serafini 2015* 1.3244 0.357 41 741 3.1% 3.76 [1.87,7.57] -/
Strzelczyk 2010* 0.595 0.19 10 254 4.1% 1.81[1.25, 2.63] -
Wang 2013” 24715 0.612 109 1985 1.8% 11.84 [3.57, 39.29] e
Subtotal (95% Cl) 383 9377 19.4% 2.25 [1.05, 4.80] -
Heterogeneity: Tau? = 0.72; Chi? = 5012.87, df = 5 (P < 0.00001); I* = 100%
Test for overall effect: Z = 2.10 (P = 0.04)
Early Seizure
Kim 2016 3.4171 0.835 124 3668 1.2% 30.48 [5.93, 156.60] -
Kwon 2020”7 0.9933  0.049 7 2403  4.7% 2.70[2.45,2.97] M
Serafini 2015 1.4446 0.56 41 741 2.0% 4.24[1.41,12.71] I
Strzelczyk 2010 4.7553 215 10 254 0.2% 116.20 [1.72, 7857.49] B —
Subtotal (95% Cl) 252 7066 8.2% 6.99 [2.09, 23.35] -
Heterogeneity: Tau? = 0.94; Chi2 = 12.06, df = 3 (P = 0.007); I> = 75%
Test for overall effect: Z = 3.16 (P = 0.002)
Lesion Size
Kim 2016 -1.1066 1.0651 124 3668 0.8% 0.33[0.04, 2.67] - 1
Kwon 2020“7 0.371 0.684 7 2403 1.6% 1.45[0.38, 5.54] -
Wang 2013™ 0.6259 0.319 109 1985 3.3% 1.87[1.00, 3.49] —
Subtotal (95% Cl) 310 8056  5.7% 1.47 [0.73, 2.97] o
Heterogeneity: Tau? = 0.09; Chi? = 2.45, df = 2 (P = 0.29); I> = 18%
Test for overall effect: Z = 1.07 (P = 0.28)
DM
Chen 20177 0.4198 0.097 22 326 4.6% 1.52[1.26, 1.84] -
Kim 2016 -0.5692 0.223 124 3668 3.9% 0.57 [0.37, 0.88] -
Krakow 2010 0.8275 0.866 1175 57699 1.1% 2.29[0.42, 12.49] -1
Kwon 20207 -0.5108 0.69 7 2403 1.6% 0.60[0.16, 2.32] -1
Serafini 2015~ -0.369 0.243 41 741 3.8% 0.69[0.43, 1.11] ]
Zollner 2020 0.669 1.025 10 254 0.9% 1.95[0.26, 14.56] I
Subtotal (95% Cl) 1449 65091 15.9% 0.94 [0.54, 1.66] L 4
Heterogeneity: Tau? = 0.29; Chi? = 24.29, df = 5 (P = 0.0002); I* = 79%
Test for overall effect: Z = 0.20 (P = 0.84)
-0.32 0.587 22 326 1.9% 0.731[0.23, 2.29] -1
Serafini 201 0.363 0.129 41 741 4.5% 1.44[1.12,1.85]
Zoliner 2020 0.4951 1.069 2555 294565 0.8% 1.64 [0.20, 13.33] - 1
Subtotal (95% CI) 2618 295632 7.2% 1.40 [1.09, 1.78]
Heterogeneity: Tau? = 0.00; Chi* = 1.31, df =2 (P = 0.52); I = 0%
Test for overall effect: Z = 2.67 (P = 0.008)
HBP
Chen 20177 0.2311  0.138 22 326 4.4% 1.26 [0.96, 1.65] ™
Kim 2016~ -0.5692 0.22 124 3668 4.0% 0.57[0.37,0.87] -
Krakow 2010~ 0.3812 0.951 1175 57699 1.0% 1.46 [0.23, 9.44] B —
Serafini 2015 * -0.7657 0.547 41 741 2.1% 0.47 [0.16, 1.36] - 1
Zollner 2020 1.5813 0.642 2555 294565 1.7% 4.86[1.38, 17.11] -
Subtotal (95% Cl) 3917 356999 13.2% 1.04 [0.54, 2.00] o
Heterogeneity: Tau? = 0.34; Chiz = 17.63, df =4 (P = 0.001); = 77%
Test for overall effect: Z = 0.13 (P = 0.90)
Total (95% Cl) 20801 1816721 100.0% 1.63 [1.33, 2.00] *

Heterogeneity: Tau? = 0.23; Chi* = 7632.29, df = 42 (P < 0.00001); I* = 99%
Test for overall effect: Z = 4.63 (P < 0.00001)
Test for subgroup differences: Chi? = 42.59, df = 8 (P < 0.00001), I2 = 81.2%

Figure 2 Forest plot of OR.
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2.64, p=0.008) was evidenced. For the analysis respecting to hemorrhage, there were seven studies included, with a total
population of 203,754, where a high heterogeneity of (I>=81%) and a Z value of 3.43 was obtained (OR 2.06 [95% CI:
1.36-3.11], p=0.0006).
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With cortical involvement, six studies were included in the analysis and showed a high range of heterogeneity
(I*=100%), as well as a Z value of 2.1 with a and a pooled (OR 2.25 [95% CI: 1.05-4.8], p=0.04,) which implies that the
probability of LS is higher. According to early seizure, there were four studies in this subanalysis where heterogeneity
was observed to be high (I>=75%), the estimated effect was 3.16 with an estimated (OR 6.99 [95% CI: 2.09-23.35],
p=0.002), thus estimating a significantly higher risk for triggering PSE. Finally, about the lesion size, three studies were
included with high heterogeneity (I>=92%), where no significant effect was evidenced as a function of lesion size (OR
0.91 [95% CI: 0.24-3.54], p=0.9).

Additionally, the vascular risk factors such as high blood pressure (HBP), diabetes mellitus (DM), and dyslipidemia
were evaluated as independent predictors of PSE. The presence of DM was evaluated in six studies with high
heterogeneity (I>=79%) and did not seem to be (OR 0.94 [95% CI: 0.54-1.66], p=0.84); dyslipidemia was evaluated
in three studies, where the I? value was 0. There was a significant effect for the occurrence of PSE (OR 1.4 [95% CI:
1.09-1.78], p=0.008); and HBP was assessed in five studies with a population of 198,913, and there was evidence of
heterogeneity and no significant effect for the occurrence of PSE (OR 1.04 [95% CI: 0.54-2], p=0.9).

Studies Reporting Hazard Ratio
Regarding age, seven studies were included with a total population of 94,045, where a significant effect was seen (HR
1.91 [95% CI: 1.25-2.90], p=0.003) with a Z value of 3.01 with >=46% (Figure 3). For mRs, two studies were included
with a total population of 99 participants, and no heterogeneity was observed between studies (HR 1.4 [95% CI: 1.14—
1.73], Z=3.14, p=0.002). Regarding hemorrhage, six studies were included in this subanalysis with a total population of
6939, and a moderately low heterogeneity (I>=36%) evidenced; furthermore, a Z value of 3.85 was obtained (HR 1.77
[95% CI: 1.32-2.38], p=0.0001).

On the other hand, regarding cortical involvement, seven studies were included in the subanalysis and showed
a moderate range of heterogeneity (I>=60%), a Z value of 5.17, and a pool (HR 2.23 [95% CI: 1.65-3.02], p<0.00001),
which implied that this variable was independently associated with PSE and can be taken as a predictor factor. For early
seizure, seven studies were considered in this subanalysis, and high heterogeneity was proven (1>=98%), and an estimated
(HR 2.85 [95% CI: 0.92-8.86], Z = 1.82, p=0.07); due to the very wide confidence intervals a significantly higher risk for
triggering PSE was not estimated.

However, with lesion size, two studies were included with no measurable heterogeneity (I>=0%) and showed
a significant effect according to lesion size (HR 2.77 [95% CI: 2.17-3.55], p=0.03). Finally, regarding vascular risk factors,
HBP, DM, and dyslipidemia were evaluated as independent predictors of PSE. The presence of DM was evaluated in five
studies with 1>=0% and with an apparent protective effect (HR 0.72 [95% CI: 0.53-0.97], p=0.03). Dyslipidemia as
a predictive factor was evaluated in five studies where no heterogeneity was evidenced (I>=0%), with an effect that showed
no difference between the exposed and unexposed groups (HR 0.92 [95% CI: 0.63-1.35], p=0.66); and HBP was assessed
in six studies with a population of 4562, where high heterogeneity was seen (I>=93%) and no significant effect for the
prediction of PSE between the exposed and unexposed groups (HR 0.98 [95% CI: 0.63—1.54], p=0.94).

Risk of Bias in the Studies
Two types of tools already described were used to identify bias in the publications used. For the cohort studies, the

Newecastle-Ottawa Scale was used, where eight articles with low risk of publication bias were identified (Table 3),
corresponding to the following authors: Abraira et al,>> Chen et al,>* Graham et al,>’ Krakow et al,>* Roivainen et al,*'
Serafini et al,*” and Tanaka et al.>* On the other hand, there were some with a high risk of bias: Wang et al*> and ZolIner
et al.>” The PROBAST tool, specific for these studies, was used in the articles that provided a predictor score. It was

found that the work of Galovic et al*® was the only one in which a low risk of bias and a low concern for its applicability

1’28 1’29 1’17 133

were evidenced (Table 4). Meanwhile, Chi et al,> Haapaniemi et al,”® Kim et al,” Kwon et al,”’ and Strzelczyk et a

were studies with an uncertain risk of bias and uncertain concern regarding their applicability.
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PSE No PSE

Study or Subgroup __log[Hazard Ratio SE_Total Total Weight IV, Random, 95% Cl
Age

Chi2018%% 0.1546 0.0589 1684 85384
Galovic 2018%° -0.1307 04153 71 1129
Graham 2013 -1.5606 0.6392 213 3097
Haapaniemi 2014 08782 0.2656 70 694
Roivainen 20133% -0.0005 0.0153 102 876
Tanaka 2015° 0.8671 0.4323 31 73
Yamada 2020%¢ 0.0092 0.0202 26 410
Subtotal (95% CI) 2197 91663

Heterogeneity: Tau? = 0.01; Chi* = 28.64, df = 6 (P < 0.0001); I* = 79%

Test for overall effect: Z = 1.04 (P = 0.30)

mRs
Abraira 2020%% 0.196 0.3986 51 844
Tanaka 201527 0.3639 04636 31 73
Subtotal (95% CI) 82 917

Heterogeneity: Tau? = 0.00; Chi* = 0.08, df = 1 (P = 0.78); I>= 0%
Test for overall effect: Z = 0.88 (P = 0.38)

Hemo[[hage
Abraira 2020 i: -0.3224 0.361 51 844
Galovic 2018 0.606 0.423 71 1129
Graham 2013~ 2 0.3624 0.1605 213 3097
Roivainen 2011_3 - 0.6607 0.2483 102 876
Tanaka 20157 0.0202 0.3333 31 73
Yamada 2020 1.1072  0.54 26 410
Subtotal (95% CI) 494 6429

Heterogeneity: Tau? = 0.06; Chi* = 8.33, df = 5 (P = 0.14); I = 40%
Test for overall effect: Z = 2.24 (P = 0.02)

Cortical Involvement

Abraira 2020%% 05237 02626 51 844
Galovic 201822 14195 0.3968 71 1129
Graham 2013~ 04296 01029 213 3097
Haapaniemi 2014>" 0.8269 0.2841 70 694
Roivainen 2013 0.5837 0.4246 102 876
Tanaka 201537 0.2281 02631 31 73
Yamada 2020 ¥ 15357 0.5975 26 410
Subtotal (95% Cl) 564 7123

Heterogeneity: Tau? = 0.06; Chi? = 11.22, df = 6 (P = 0.08); I = 47%
Test for overall effect: Z = 4.39 (P < 0.0001)

Early Seizures

Abraira 2020°° 13956 0.4116 51 844
Chi2018%% 1.7587 0.0561 1684 85384
Galovic 2018%° 15732 03351 71 1129
Haapaniemi 2014 1503 0.2639 70 694
Roivainen 2013 3 13699 0.3277 102 876
Tanaka 201537 1.3533 0.5373 31 73
Yamada 2020%¢ -1.5989 0.1947 26 410
Subtotal (95% Cl) 2035 89410

3.3%
3.2%
1.3%
2.6%
3.4%
1.9%
3.4%
19.2%

21%
1.8%
3.9%

22%
2.0%
3.1%
27%
2.3%
1.5%
13.8%

2.6%
21%
3.3%
2.5%
2.0%
2.6%
1.4%
16.5%

2.0%
3.3%
2.3%
2.6%
2.4%
1.6%
2.9%
17.2%

Heterogeneity: Tau? = 2.21; Chi? = 274.93, df = 6 (P < 0.00001); I? = 98%

Test for overall effect: Z = 1.81 (P = 0.07)

Lesion Size
Haapaniemi 2014°" 1.0243 0.2549 70 694
Yamada 2020°° 0.958 0.8032 26 410
Subtotal (95% Cl) 96 1104

Heterogeneity: Tau? = 0.00; Chi? = 0.01, df = 1 (P = 0.94); I>= 0%
Test for overall effect: Z = 4.19 (P < 0.0001)

DM
Abraira 2020%% 0.0085 0527 51 884
Haapaniemi 20143 041377 0381 70 694
Roivainen 2013 0.0687 049 102 876
Tanaka 2015°%7 208915 0715 31 73
Yamada 2020 0496 0197 26 410
Subtotal (95% CI) 280 2937

Heterogeneity: Tau? = 0.00; Chi? = 3.49, df = 4 (P = 0.48); I = 0%

Test for overall effect: Z = 2.13 (P = 0.03)
Dyslipidemia

Abraira 2020°° 00042 0671 51 884
Galovic 2018%% 0.0099 0551 71 1129
Roivainen 2013%¢ 00375 0846 102 876
Tanaka 201577 02684 0324 31 73
Yamada 2020°° 0496 0319 26 410
Subtotal (95% CI) 281 3372

Heterogeneity: Tau? = 0.00; Chi* = 2.92, df = 4 (P = 0.57); I>= 0%
Test for overall effect: Z = 0.43 (P = 0.66)

HBP
Abraira 2020%% 0059 0796 51 884
Galovic 2018%° 02381 0389 71 1129
Haapaniemi 2014°" 0.2898 0914 70 694
Roivainen 201_); 34 0.005 0.766 102 876
Tanaka 2015°7 01255 054 31 73
Yamada 2020 04228 0472 26 410
Subtotal (95% CI) 351 4066

Heterogeneity: Tau? = 0.00; Chi* = 1.33, df = 5 (P = 0.93); I’ = 0%
Test for overall effect: Z = 0.07 (P = 0.94)

Total (95% CI) 6380 207021

27%
0.9%
3.6%

1.6%
21%
1.7%
1.1%
2.9%
9.4%

1.2%
1.5%
0.9%
2.4%
2.4%
8.3%

0.9%
21%
0.8%
1.0%
1.5%
1.8%
8.1%

100.0%

Heterogeneity: Tau? = 0.24; Chi? = 1198.11, df = 46 (P < 0.00001); I* = 96%

Test for overall effect: Z = 4.12 (P < 0.0001)

Test for subgroup differences: Chi? = 43.83, df = 8 (P < 0.00001), I*=81.7%

Figure 3 Forest plot of HR.
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Table 3 Studies Evaluated with the Newcastle—Ottawa Scale

Newcastle-Ottawa Scale for Cohorts

Study Selection Comparability Result Total
Abraira et al?? 4 | 3 8
Chen et al** 3 | 3 7
Graham et al”’ 4 [ 3 8
Krakow et al*° 4 [ 2 7
Roivainen et al®' 3 | 3 7
Serafini et al*> 3 [ 2 6
Tanaka et al** 4 [ 3 8
Wang et al*® 2 I 2 5
ZélIner et al*’ 4 [ I 6

Table 4 Studies Evaluated with PROBAST

Studies Risk of bias Applicability General
Participants | Predictors Result Participants | Predictors Result RS Applicability
Galovic et al*® *) *) *) *) *) *) *) *)
Chi et a*® *) *) *) *) *) *) ) *)
Haapaniemi et al*® *) ? *) *) *) *) ) *)
Kim et al*? *) *) ? *) *) *) ) *)
Kwon et al'” *) *) *) *) *) ? *) ()
Strzelczyk et al*? *+) ) ) ) +) (+) ) (+)
Yamada et al*® () *) *) *) *) *) *)
(+) Indicates low risk of bias and low concern regarding applicability.
(-) Indicates high risk of bias and high concern regarding applicability.
_ (?) Indicates risk of uncertain bias and uncertain concern regarding applicability.

Discussion
Despite the constraints imposed by the quality of the included studies (with approximately half of the studies being
retrospective) and the high heterogeneity observed (in terms of design and in terms of the included population, the way to
define epilepsy and early seizure in time, length and form of follow-up, and the proposed variables), our meta-analysis
underscores that the cortical involvement, the hemorrhage, and the early seizures are linked to an elevated likelihood of
developing PSE.

The epileptogenic role of cortical involvement and the presence of extravasated blood in the brain parenchyma is
supported by clinical and experimental evidence, and this meta-analysis confirms these statements where the risk is
doubled; nevertheless the assessment of the lesion size is one the variables most inconsistently reported, in which five
different studies have examined this particular aspect and their findings diverge in terms of defining risk thresholds. In

this matter the authors have noted that the significant interest in the development of risk models for predicting the
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likelihood of the onset of late seizures in stroke patients serves various purposes, having implications not only in the
clinical practice but in the research and understanding of this peculiar pathophysiology.

The integration of biomarkers represents an innovative approach to addressing this condition; however, only a limited
number of studies incorporate biomarkers as predictive tools, preventing their meta-analysis. In the prospective long-
itudinal study by Abraira et al,> the authors suggested that reduced levels of S100B and Hsc70, coupled with elevated
levels of endostatin, collectively indicate a 17% increased risk of PSE. Based on present literature the significance of
inflammatory mediators such as interleukins IL-1, IL-6, and IL-10 is noted in the interplay between seizures and stroke.
Additionally, the presence of the CD40/CD40L system, associated with seizure susceptibility, further contributes to
inflammatory mechanisms.*'**

In the clinical field, the studies included in this meta-analysis have not shown evidence supporting the prophylactic

use of antiseizure medications in the post stroke setting. Serafini et al*>

suggested that patients with hemorrhagic stroke
could benefit from the antiseizure drugs; Tanaka et al** evaluated different families of antiepileptic drugs and conclude
that valproic acid does not improve prognosis; and Yamada et al*® mentioned that prophylactic antiepileptic therapy of
short duration could be beneficial in high-risk patients with intracerebral hematomas, or with at least two factors
identified in their study. Chi et al*> pointed out that it would pose a risk if antiepileptic therapy was routinely
administered to all stroke patients, therefore it is important to identify those patients who are at most risk of experiencing
complications like PSE. Despite the PSEIiCARe score’s adequate predictability, the study was unable to establish a cutoff
point at which antiepileptic therapy should be initiated.

As aforementioned, the early seizures have shown a strong correlation with PSE; however, some authors'”*® argue
that early seizure is a difficult factor to evaluate, due to the probability of the introduction of antiepileptic drugs during
the acute setting affecting the occurrence of LS and, therefore, of recurrence. Recognizing this factor might have been the

reason why Kwon et al'’

did not observed statistically significance of early seizure in their sample, so it was disregarded
in their remodeling of the CAVE score and replaced by surgical evacuation as a predictor item.”® Furthermore, the
authors recognized that the epileptogenic process between early and late seizures differs, also noted in Kim et al*’
noticing that the factors related to early seizure did not overlap with the factors for PSE; however, Haapaniemi et al*®
mentioned that the relevance of this variable is due to the fact that early epileptiform activity increases metabolic
1?° stated that

patients who suffered an early seizure have a greater predisposition to generate epileptiform activity, which implies that

demand, causes secondary alterations, and accelerates gliotic scarring processes, similarly Galovic et a

their seizure threshold is lower, so this is a factor that is considered.

Similarly, the variables related to the stroke risk, like DM and dyslipidemia, showed varied associations with PSE.
Krakow et al’” identified DM as an important risk factor in young patients with ischemic stroke and noted that
dyslipidemia is projected as a probable risk factor, but further studies are required, because these variables are usually

only relevant in univariate analyses. Yamada et al*®

observed that more than one comorbidity is associated with a lower
probability of developing PSE and mentioned that some reports show an anticonvulsant effect of certain drugs used for
the treatment of chronic illnesses, such as dipeptidyl-peptidase 4 (DPP 4) inhibitors used in the treatment of DM, or
angiotensin II receptor blockers (ARB, Annex 2), used in the treatment of HBP. Our analysis on these variables did not
show association with PSE, however, in the subanalysis of studies that examined DM using the HR it appeared to be
a protective factor. The identification of high-risk individuals based on their risk factors brings another practical
application which lies in optimizing related to antiepileptogenesis following strokes. Once the individual seizure risk
is acknowledged based on the evidenced-based risk factors can enhance the study power and potentially lead to more
successful trials, thus, the approach that we have implemented in this meta-analysis may aid in the shifting of the
research focus, avoiding the random inclusion of individuals with low risk for seizures into the clinical trials, which may
also lower the research costs while still assuring study power. For examples, following the evidence we have extracted it
is noted that most studies agree that age is inversely proportional to the probability of suffering a PSE. Serafini et al*>
mentioned that the older the age of patients with ischemic stroke, the lower the probability of LS (OR=0.96 [95% CI:
0.92-0.99], p=0.020). Tanaka et al** noted that patients younger than 74 years were more frequently associated with late
seizures. Graham et al’’ concurred with these observations, as in their cohort 15.6% of patients younger than 65 years

were affected with PSE as opposed to those older than 85 years, who were affected by only 4.4%. Roivainen et al’'
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aligned with the same results, noting that the range of seizures decreases over time during follow-up and becomes stable
by the fourth year, but their frequency remains higher than the general population, thus confirming the link between
stroke and seizures. In this regard, future clinical trials should consider the heterogeneity in the fluctuating state of this
feature, which limits the association between this variable with PSE, bringing the focus to the patients in high-risk ages.

In this aspect, the authors believe that taking into account the risk factors assessed in this meta-analysis helps
supporting the pathophysiological conclusions and therefore expands our understanding of this entity, for example, for
the details involving the stroke severity, the evidence is not noticeably clear. Wang et al*> pointed out that there is no
increased risk depending on the severity measured by the NIHSS. ZélIner et al®’ showed that there is an increase in risk
of 9.2% for each point increase in the score during admission. Abraira et al*> considered the NIHSS score important,
since they observed that epilepsy occurs more frequently in patients with high scores and pointed out a correlation that is
verified with cortical involvement. Finally, Krakow et al** evaluated the severity of symptoms using mRs and recognized
that severe neurological deficit is associated with an increased risk of seizures, but this is only true for patients with
ischemic stroke and not for patients with hemorrhagic stroke. The authors explained that this is probably because
generally patients with intracranial hemorrhage tend to have greater deficits, but cortical injury may be less; and this
aligns with what was found in the present study, where the estimated effect of cortical involvement is always greater than
the estimated effect of hemorrhage, regardless of whether the study reports its results with odds ratio or hazard ratio. In
this same matter, the notions regarding a specific location of the lesions and the development of PSE do not have a strong
correlation, only Tanaka et al** mentioned that occipital lesions are associated with seizure recurrence, and Yamada
et al*® identified frontal lobe involvement as a risk factor. Overall, retrospective studies were unable to investigate this
type of variables because their datasets lacked the necessary details to establish size parameters or location. We believe
that it is vital to standardize the examination of these data during the hospitalization to clarify the association between the
extent of the lesion and the risk of PSE.

The significance of factors like cortical involvement, the connection between hemorrhagic stroke and early seizures,
and the extent of the ischemic area for seizure development has been corroborated by other researchers.*® In the
assessment of hemorrhagic stroke, an unexplored predictive tool called the LANE score, formulated within the
Chinese population, incorporates four elements: lobar hemorrhage, age over 65 years, an NIHSS score exceeding 15,
and the existence of early seizures (ES). The LANE score produces comparable statistics to the CAVE score.**

When looking at the model performances (discrimination and calibration) provided by the included studies they
exhibit a moderate to acceptable punctuation, implying there is room for improvement. A variable that displays potential
is the non-neurological infection. For Krakow et al*® this is a powerful predictor, but it involves many confounding
variables in its analysis since the use of antibiotics or metabolic alterations related to the infection should also be
evaluated.

Chi et al*® showed that non-neurological infections such as pneumonia increase the risk of PSE, but there is
a correlation between prolonged hospital stay and infection. Therefore, they considered that on many occasions patient
conditions require airway protection, dysphagia screening, and antibiotic measures to prevent conditions such as
aspiration pneumonia, which reduces the seizure threshold and increases the likelihood of observing PSE.
Consequently, a separate analysis was performed where variables were excluded and observed for difference in the
predictive power of the model.

Considering the addition of EEG to the clinical variables that constitute the predictive tools yields no benefit in terms
of PPV and low sensitivity, according to Strzelczyk et al** so including it in the analyses or proposing it as an element
that amplifies the predictive power is not very encouraging. Abraira et al*> made a brief mention to acknowledge that
very few of the patients in their sample underwent EEG, so they considered it likely that seizures without motor
symptoms had been overlooked. Galovic et al*® also mentioned that they did not use EEG as a predictive method;
instead, they clarified that it refines follow-up conditions. In this context, an unexamined study by Bentes et al*’
presented a contrary stance. After conducting a prospective investigation involving video EEG within the initial 72
hours of the patient’s admission the study revealed a 3.2-fold higher risk of PSE in patients with background activity
asymmetry, even after adjusting for age, admission NIHSS score, and ASPECT. The risk was also increased 3.8 times
when interictal epileptiform activity was present. The study identified periodic discharges as an independent predictor of
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epileptiform activity during hospitalization. The authors acknowledged that continuous EEG, while valuable, has
limitations due to its time-consuming nature, need for specialized human resources, and limited accessibility in all
centers, posing a constraint as an additional element in the described predictive tools.

Overall, risk models for the prediction of entities like PSE offer versatile applications, enhancing patient care of those
who are at high risk, refining the research strategies for future clinical trials, and aiding our understanding of the disease
mechanisms. While uncertainties and challenges remain, refining models and validating their performance will positively
impact the patient’s outcomes while properly routing healthcare costs. Altogether, the well-recognized limitations
associated with observational studies, if not appropriately addressed in a meta-analysis, can pose a risk to the conclusion
drawn. Furthermore, the anticipated substantial diversity across populations, settings, and methodologies adds an
additional layer of complexity to the synthesis of their results, but the utilization of the data obtained in these studies
may offer a certain advantage over the RCTs due the inclusion of a richer pool of information, broader applicability of
the findings, and the ability to assess infrequent and extended-term outcomes.

Limitations

Several limitations were identified, the primary limitation of this study was the significant heterogeneity observed in the
included studies which restricted the generation of pooled estimates. Despite employing a comprehensive search strategy,
it is possible that we may have missed some relevant studies. Furthermore, since all the included studies were
observational the quality of evidence presented represents another limitation. Few studies that presented a predictive
score presented the sensitivity and specificity values for these tools, thus, the data concerning that aspect could not be
analyzed by this study.

Conclusion

Hemorrhage is one of the major risk factors; however, as far as hematoma size is concerned, there is no clear consensus
on the correct way to measure its dimensions. Factors like acute non-neurological infection are reported as relevant but
have not been evaluated in this review due to lack of data; furthermore, there are many elements related to this condition
that could serve as confounding factors. This research identified biomarkers that amplified the predictive power of
clinical variables, but they were not evaluated in other studies.

Few studies have attempted to create a predictive scale applicable to hemorrhagic stroke and ischemic stroke, but it is
considered that, given the heterogeneity observed, the scales should be used accordingly to the etiology. The components
included in the SeLECT and CAVE scores have demonstrated good predictive ability with low risk of bias and are
therefore suggested for the stratification of patients at high risk, although it is recognized that these require further
validation in other types of populations for wide clinical implementation.
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