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BACKGROUND: Acute symptomatic seizures (ASyS) increase the risk of epilepsy and mortality after a stroke. The impact of the 
timing and type of ASyS remains unclear.

METHODS: This multicenter cohort study included data from 9 centers between 2002 and 2018, with a final analysis in 
February 2024. The study included 4552 adults (2005 female; median age, 73 years) with ischemic stroke and no seizure 
history. Seizures were classified using International League Against Epilepsy definitions. We examined ASyS occurring within 
7 days after stroke. The main outcomes were all-cause mortality and epilepsy. Validation of the updated SeLECT score 
(SeLECT-ASyS) was performed in 3 independent cohorts (Switzerland, Argentina, and Japan) collected between 2012 and 
2024, including 74 adults with ASyS.

RESULTS: The 10-year risk of poststroke epilepsy ranged from 41% to 94%, and mortality from 36% to 100%, depending 
on ASyS type and timing. ASyS on stroke onset day had a higher epilepsy risk (adjusted hazard ratio [aHR], 2.3 [95% CI, 
1.3–4.0]; P=0.003) compared with later ASyS. Status epilepticus had the highest epilepsy risk (aHR, 9.6 [95% CI, 3.5–26.7]; 
P<0.001), followed by focal to bilateral tonic-clonic seizures (aHR, 3.4 [95% CI, 1.9–6.3]; P<0.001). Mortality was higher in 
those with ASyS presenting as focal to bilateral tonic-clonic seizures on day 0 (aHR, 2.8 [95% CI, 1.4–5.6]; P=0.004) and 
status epilepticus (aHR, 14.2 [95% CI, 3.5–58.8]; P<0.001). The updated SeLECT-ASyS model, available as an application, 
outperformed a previous model in the derivation cohort (concordance statistics, 0.68 versus 0.58; P=0.02) and in the 
validation cohort (0.70 versus 0.50; P=0.18).

CONCLUSIONS: ASyS timing and type significantly affect epilepsy and mortality risk after stroke, improving epilepsy prediction 
and guiding patient counseling.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Stroke is a major cause of epilepsy in older adults, 
contributing to over half of new-onset epilepsy cases 
in individuals aged ≥65 years.1 Poststroke seizures 

are associated with an increased risk of mortality, poor 
functional outcomes, disability, and dementia.2,3

Poststroke seizures are categorized into acute symp-
tomatic seizures (ASyS), occurring within the first 7 days 
after a stroke, and remote symptomatic seizures (RSyS), 
which are unprovoked seizures occurring later.4 ASyS 
are considered provoked and do not qualify as epilepsy. 
In contrast, a single or multiple RSyS following ischemic 
stroke fulfills the International League Against Epilepsy 
(ILAE) practical definition of epilepsy due to a height-
ened, >60% recurrence risk of seizures.5

ASyS is a major risk factor for epilepsy and mortal-
ity following ischemic stroke.3,6 Recent research under-
scores the heterogeneity among ASyS, suggesting 
certain subtypes confer higher risks than others.7 We 
have shown that ASyS presenting as status epilepticus 
carries a markedly elevated risk of epilepsy and mortal-
ity compared with short ASyS after ischemic stroke.3 
However, there remains a knowledge gap about other 
characteristics of ASyS that may be associated with an 
increased risk of seizures or unfavorable outcomes.

We hypothesized that the timing and type of a short 
ASyS influence the risk of poststroke epilepsy (PSE) and 
mortality. We assessed this hypothesis using data from 
a large multicenter registry of poststroke seizures. We 
implemented this knowledge in an updated prognostic 
model that improves the prediction of epilepsy following 
ASyS after ischemic stroke.

METHODS
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Participants
We analyzed both a derivation and a validation cohort of par-
ticipants. The derivation cohort was drawn from a multicenter 
registry established as part of the SeLECT study,6 consisting of 
9 international cohorts (n=4552) of adults with neuroimaging-
confirmed acute ischemic stroke. We added 3 additional inde-
pendent international cohorts of people with ASyS following 

ischemic stroke as a validation data set by directly approach-
ing investigators with an interest in PSE research. The valida-
tion cohort included participants with ASyS following ischemic 
stroke from 3 additional independent cohorts. We excluded indi-
viduals with transient ischemic attacks, a history of seizures or 
epilepsy, primarily hemorrhagic stroke (eg, primary intracerebral 
hemorrhage or primary subarachnoid hemorrhage), reinfarc-
tion during follow-up, or potentially epileptogenic comorbidi-
ties (such as intracranial tumors, cerebral venous thrombosis, 
severe traumatic brain injury [Glasgow Coma Scale ≤8; loss of 
consciousness >24 hours, posttraumatic amnesia >7 days, and 
significant brain injury on imaging], or prior brain surgery) while 
retaining patients with a primary ischemic stroke and secondary 
hemorrhagic transformation. Detailed descriptions of the indi-
vidual cohorts are provided in the Supplemental Material.

Informed consent, obtained either in written or verbal form 
(4 cohorts utilized written consent, while 2 cohorts used both 
written and verbal consent), was acquired. In 3 cohorts consent 
requirements were waived by the regulatory authorities, as out-
lined in the Supplemental Material.

Definitions
According to ILAE recommendations, seizures were classi-
fied as ASyS (occurring within 7 days after stroke) or RSyS 
(spontaneous unprovoked seizures >7 days after stroke).4 The 
occurrence of an RSyS was categorized as PSE due to its 
high seizure recurrence risk, exceeding the 60% risk required 
for the ILAE pragmatic definition of epilepsy.5,8 Status epi-
lepticus was classified according to the revised ILAE defini-
tion.9 Electrographic status epilepticus was defined according 
to Salzburg and revised American Clinical Neurophysiology 
Society criteria.10,11 ASyS not qualifying as status epilepticus 
were defined as short ASyS and classified into subtypes (focal 
aware, focal with impaired awareness, focal to bilateral tonic-
clonic, or undetermined) based on the current ILAE nomencla-
ture.12 We dichotomized the timing of ASyS into those occurring 
on the same day as stroke onset (day 0) versus those occur-
ring later because the majority of ASyS occurred on day 0. In 
individuals with multiple ASyS, we only considered the first 
reported ASyS. Further definitions are detailed in the eMethods 
in the Supplemental Material.

Statistical Analysis
First, we used multivariable Cox proportional hazards regression 
to assess the relationship between the type and timing of ASyS 
and the time to PSE or death, while adjusting for covariates (age, 
sex, National Institutes of Health Stroke Scale score at admis-
sion, cortical involvement, involvement of the middle cerebral 
artery territory, stroke cause, reperfusion treatment, and antisei-
zure medication treatment after ASyS). Cases were censored at 
the time of death, first RSyS, or last follow-up. Adjusted risk esti-
mates for PSE or death were obtained from these multivariable 
Cox regression models. The proportional hazards assumption 
was assessed using Schoenfeld residuals. In cases where time-
varying effects were suggested, complementary analyses were 
conducted using an accelerated failure time model (Table S8).

Second, we compared the performance of a previously 
described prognostic model for PSE (SeLECT2.0)

3 in stroke sur-
vivors with versus without ASyS using concordance statistics 
(C statistics). We also compared the observed risk of seizures 

Nonstandard Abbreviations and Acronyms

aHR	 adjusted hazard ratio
ASyS	 acute symptomatic seizures
C-statistics	 concordance statistics
FBTCS	 focal to bilateral tonic-clonic seizure
ILAE	 International League Against Epilepsy
PSE	 poststroke epilepsy
RSyS	 remote symptomatic seizure
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in those with versus without ASyS having similar SeLECT2.0 
score strata (3–4 points and 5–6 points) using Kaplan-Meier 
estimate plots and log-rank tests.

Next, we updated the existing SeLECT2.0 model, specifically 
tailoring it for stroke survivors with ASyS to improve the pre-
diction of PSE in this particularly vulnerable population. Least 
Absolute Shrinkage and Selection Operator Cox regression was 
used initially for variable selection, utilizing a penalty function to 
refine the model.13 The regularization parameter lambda in the 
Least Absolute Shrinkage and Selection Operator regression 
was selected using k-fold cross-validation (k=10). Following 
the Least Absolute Shrinkage and Selection Operator selec-
tion, we used Wald stepwise backward regression as an addi-
tional method to identify significant variables and compare 
them with those selected by Least Absolute Shrinkage and 
Selection Operator. To account for death as a competing risk, 
we also used competing risk regression based on Fine and 
Gray’s subdistribution hazard model, which allowed us to cal-
culate the cumulative incidence function for late seizures (see 
Table S4). We assigned integer values to the retained variables 

based on their adjusted hazard ratio (aHR; see Table S5) to 
calculate a clinical risk score for each study individual.

To evaluate the updated model’s discrimination, that is, the 
ability to distinguish between high- and low-risk cases, we esti-
mated the C statistics (95% CI). Recognizing that prognostic 
models derived from multivariable regression can exhibit opti-
mism and potentially overestimate predictions when applied to 
new patient cohorts,14 we introduced a shrinkage factor. This 
factor was estimated through 1000 bootstrapped random 
samples to adjust the C statistics for overoptimism, a technique 
previously used to enhance model generalizability.15,16 We also 
assessed model calibration, that is, the agreement between 
predicted and observed risks, using calibration plots (see 
Figure S5). Perfect calibration is represented by a 45° diagonal 
line, whereas relevant deviation above or below this line reflects 
under or overprediction. We used a leave-one-cohort-out strat-
egy for cross-validation of model performance.

Lastly, we computed the change of occurrence of a seizure 
in the next year, a parameter that may be relevant for assessing 
the fitness to drive in people with seizures, using the standard 

Figure 1. Characterization of acute symptomatic seizures (ASyS) timing and type.
A and B, The distribution and stratification of the first ASyS occurring after ischemic stroke. A illustrates the timing of ASyS, while B combines the 
timing (day 0 vs other days) with the type of seizure (eg, focal to bilateral tonic-clonic seizure [FBTCS], status epilepticus [SE]). The color coding in 
B aligns with the stratification of ASyS shown in Figure 2. Due to the small number of cases, SE and UD (undetermined/unknown seizure timing) 
seizures were not further differentiated by timing. C and D, Kaplan-Meier estimates (n=4552) of the time to poststroke epilepsy stratified by 
ASyS timing (day 0 vs day≥1; B) and type (FBTCs vs other short seizure type; C). HR indicates hazard ratio.
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statistical definition of conditional risks17 as detailed previ-
ously32 (see Figure S2). Previously proposed change of occur-
rence of a seizure in the next year thresholds are <20% to 
40% for private driving and <2% for professional driving,18–20 
although these may differ based on local regulations.

All analyses were conducted using R Statistical Software, 
version 4.0.3, and SPSS, version 26 (IBM), and followed 
the STROBE guidelines (Strengthening the Reporting of 
Observational Studies in Epidemiology; Supplemental Material).

RESULTS
The study included 4552 individuals from 9 centers. Their 
baseline characteristics are shown in Table S1. ASyS 
occurred in 5% (n=233) of participants. The first ASyS 
was presented on the same day as the stroke (day 0) 
in 55% (n=127; Figure 1A; Table S2). The frequency of 
ASyS stratified by type and timing is shown in Figure 1B.

Risk of PSE
ASyS on day 0 had a higher risk of PSE (aHR, 2.3 [95% 
CI, 1.3–4.0]; P=0.003; Figure 1C; Table 1) compared 
with ASyS occurring later after stroke. Other ASyS tim-
ing cutoffs did not yield relevant differences in the risk 
of PSE (Figure S2). Regarding seizure types, ASyS pre-
senting as status epilepticus had the highest risk of PSE 
(aHR, 9.6 [95% CI, 3.5–26.7]; P<0.001), followed by 
focal to bilateral tonic-clonic seizure (FBTCS; aHR, 3.4 
[95% CI, 1.9–6.3]; P<0.001; Figure 1D; Table 1) com-
pared with other ASyS types (Figure S4). The full results 
of the multivariable model and other variables indepen-
dently associated with PSE (stroke severity, location, and 
cause) are shown in Table 1.

Stroke survivors with a non-FBTC short ASyS occur-
ring on day 1 or later after stroke had a 41% risk of 
developing PSE 10 years after stroke, compared with a 
69% risk in those having a FBTC short ASyS on day 0 
after stroke and a 94% risk in those with acute symptom-
atic status epilepticus (Figure 2A; Table S2). The 10-year 
risk of PSE was 13% in stroke survivors without ASyS.

Mortality
A higher risk of all-cause mortality was observed in those 
with ASyS presenting as FBTCS on day 0 (aHR, 2.8 
[95% CI, 1.4–5.6]; P=0.004) and those with acute symp-
tomatic status epilepticus (aHR, 14.2 [95% CI, 3.5–58.8; 
P<0.001). Other subtypes of ASyS were not associated 
with mortality (Table 2).

Individuals with a stroke and a non-FBTC short ASyS 
occurring on day 1 or later after stroke had a 49% risk of 
all-cause mortality 10 years after stroke, compared with 
a 66% risk in those having a FBTC short ASyS on day 0 
after stroke and a 100% risk in those with acute symp-
tomatic status epilepticus (Figure 2B). The overall 10-year 
risk of all-cause mortality was 32% in those without ASyS.

Prognostic Modeling
We observed that the performance of a previously published 
prognostic model predicting the risk of PSE (SeLECT2.0) 
was low in individuals with ASyS (C statistics, 0.58 [95% CI, 
0.49–0.67]; n=233) compared with a better performance 
in the overall cohort (C statistics, 0.75 [95% CI, 0.72–0.78]; 
n=4552). The observed risk of PSE in stroke survivors with 
ASyS was higher compared with those without ASyS who 
had a similar SeLECT2.0 score (Figure 3; SeLECT2.0 score 3 
to 4, P<0.001; SeLECT2.0 score 5 to 6, P=0.10).

Thus, the SeLECT2.0 model may not adequately cap-
ture the risk of epilepsy in those with ASyS. To overcome 
these limitations, we updated the SeLECT2.0 model spe-
cifically for those having ASyS after stroke and to imple-
ment the above findings on the risk of epilepsy according 
to ASyS type and timing.

We selected predictors using stepwise backward 
elimination of a Cox regression model in stroke survivors 
with ASyS (Table S4). The variables retained in the final 
model were timing and type of first ASyS, large-vessel 
atherosclerotic stroke pathogenesis stratified by sex, and 
stroke involving the cerebral cortex. The calculation of the 
new model termed SeLECT-ASyS and ranging from 0 to 
7 points, is shown in Table 3. The SeLECT-ASyS model 

Table 1.  Multivariable Cox Regression Model of Time to 
First Remote Symptomatic Seizure

Variable aHR (95% CI) P value

Demographics

 � Age (per 10 y) 0.9 (0.9–1.0) 0.07

 � Sex, male 1.0 (0.8–1.3) 0.91

Stroke severity at admission

 � NIHSS 4–10 1.7 (1.2–2.5)* <0.001*

 � NIHSS ≥11 4.2 (3.0–5.9)* <0.001*

Stroke location

 � Middle cerebral artery territory involvement 1.5 (1.2–2.1)* 0.02*

 � Cortical involvement 2.2 (1.7–2.9)* <0.001*

Stroke cause

 � Small-vessel occlusion 1.0 (0.6–1.6) 0.90

 � Larger-artery atherosclerosis 1.6 (1.2–2.1)* 0.003*

 � Cardioembolic 0.9 (0.7–1.2) 0.51

Treatment

 � Acute reperfusion treatment 0.8 (0.6–1.0) 0.05

Acute symptomatic seizure type

 � Seizure occurring on day 0 2.3 (1.3–4.0)* 0.003*

 � Focal seizure with impaired awareness 1.6 (0.7–3.9) 0.28

 � Focal to bilateral tonic-clonic seizure 3.4 (1.9–6.3)* <0.001*

 � Status epilepticus 9.6 (3.5–26.7)* <0.001*

 � Undetermined or unknown seizure type 1.8 (0.7–4.1) 0.20

Data was analyzed using a Cox proportional hazards model in the derivation 
cohort (n=4552). The dependent variable was the time of the first remote seizure. 
aHR indicates adjusted hazard ratio; and NIHSS, National Institutes of Health 
Stroke Scale.

*Statistically significant results (P<0.05).
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had better discrimination for time to PSE compared with 
the original SeLECT2.0 model (C statistics, 0.68 [95% CI, 
0.61–0.76] versus 0.58 [95% CI, 0.49–0.67]; P=0.02) 
in stroke survivors with ASyS. SeLECT-ASyS demon-
strated better, near-optimal calibration for long-term 
outcomes compared with the less optimal calibration of 
the SeLECT2.0 model in those with ASyS, although the 
calibration curves indicated less accuracy for predicting 
the 1-year occurrence of PSE and lacked data for lower 
probability outcomes (Figure S5). We cross-validated the 
results using a leave-one-cohort-out strategy (Table S6). 
To further support our findings, we evaluated a validation 
cohort of 74 adults with ASyS following ischemic stroke 
who met the eligibility criteria (Switzerland, n=32; Argen-
tina, n=23; and Japan, n=19). The baseline characteris-
tics of these individuals are presented in Table S7. In this 
validation cohort, the SeLECT-ASyS model demonstrated 
superior discrimination with a C statistics of 0.70 (95% 
CI, 0.57–0.83) compared with the SeLECT2.0 model (C 
statistics, 0.59 [95% CI, 0.44–0.75]; P=0.18), indicating 
better predictive accuracy for RSyS (Figure S6).

The lowest score SeLECT-ASyS value (0 points) pre-
dicts a 26% risk (95% CI, 9–39) of PSE 10 years fol-
lowing a stroke, compared with a 100% risk (95% CI, 
30–100) for the highest value (7 points; Figure 4). A 
comparison to the SeLECT2.0 values for patients without 

ASyS is shown in Figure S1. In addition, we updated the 
values for change of occurrence of a seizure in the next 
year (Figure S2), a parameter that may be helpful for 
assessing the risks of safe driving. The new SeLECT-
ASyS model was implemented in the SeLECT score 
smartphone applications available for iOS and Android 
and the web-based calculator.

Real-World Case Example
A male patient in his 70s presented with an acute isch-
emic stroke in the right middle cerebral artery territory in 
2021, confirmed by neuroimaging. The stroke had cor-
tical involvement and was classified as atherosclerotic 
in origin (TOAST [Trial of ORG 10172 in Acute Stroke 
Treatment] classification – type 1). Clinically, he exhib-
ited moderate to severe left-sided hemiparesis, facial 
palsy, dysarthria, and dysphagia. His National Institutes 
of Health Stroke Scale score was 25 at the initial evalua-
tion, reduced to 15 following reperfusion therapy.

On the day of admission (day 0), the patient experi-
enced an FBTCS, observed by hospital staff. This event 
was categorized as an ASyS. Based on the SeLECT2.0 
score, the patient’s calculated risk of PSE within 10 
years was 30% (95% CI, 13–43) with a total score of 
5. However, the updated SeLECT-ASyS model, tailored 

Figure 2. Risk of poststroke epilepsy or mortality following acute symptomatic seizures (ASyS) after stroke.
Data according to the type and timing of ASyS and association with remote symptomatic seizure (RSyS; n=4552; A) and mortality (n=3084; 
B). The tables below each graph display the Kaplan-Meier estimates of the risk of RSyS 1 to 10 years after index stroke according to the type 
of ASyS. All results were obtained after adjusting for covariates (age, sex, National Institutes of Health Stroke Scale score at admission, cortical 
involvement, involvement of the middle cerebral artery territory, stroke cause, reperfusion treatment, and antiseizure medication treatment after 
ASyS). The dotted line denotes the 60% cutoff for the risk of unprovoked seizures used in the International League Against Epilepsy practical 
clinical definition of epilepsy. FBTCS indicates focal to bilateral tonic-clonic seizure; and SE, status epilepticus.
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specifically for individuals with ASyS, also assigned a 
score of 5 but predicted a markedly higher 96% (95% 
CI, 70–99) risk of PSE within 10 years.

Initial treatment included Levetiracetam (500 mg 
twice daily), which was discontinued upon discharge 
as the seizure was deemed acute symptomatic. Four 
months postdischarge, the patient reported recurrent 
brief episodes of tremors in the left hand, consistent with 
simple focal seizures. A diagnosis of PSE was made, and 
Levetiracetam was restarted. Since resuming antiseizure 
medication, the patient has remained seizure-free.

DISCUSSION
In this study, we investigated the influence of both timing 
and type of ASyS on the risk of epilepsy and mortality 
after ischemic stroke. Our findings reveal substantial het-
erogeneity among ASyS, indicating that events occurring 
on the day of stroke onset (day 0) and those manifest-
ing as FBTCS or status epilepticus had a higher risk of 
developing PSE. FBTCS on day 0 and acute symptomatic 

status epilepticus had a high, ≥69% risk of epilepsy and 
a ≥66% risk of mortality (Figure 2).

We also showed that a current state-of-the-art model 
for predicting PSE (SeLECT2.0) underperformed in stroke 
survivors with ASyS and confirmed this finding in inde-
pendent validation cohorts. We implemented our results 
on the role of timing and types of ASyS in an updated 
model (SeLECT-ASyS), tailored specifically for stroke 
survivors experiencing ASyS. This model accurately cap-
tures the elevated risks of PSE in this subgroup and 
significantly outperforms the SeLECT2.0 model in those 
with ASyS. For individuals without ASyS, the SeLECT2.0 
model remains the appropriate tool for risk prediction, 
ensuring that each model is applied within its intended 
population to optimize prognostic accuracy.

We previously showed that acute symptomatic status 
epilepticus is a predictor of mortality and epilepsy after 
stroke3 and discussed the potential explanations for this 
observation. The estimated risks for epilepsy and mortality 
in the current study are slightly higher compared with our 
previous study3 because of the completion of long-term 
(60-month) follow-up in the second largest cohort in the 
registry (Switzerland (2)) which results in more robust esti-
mates. Building upon our prior research, we demonstrated 
in this study that ASyS presenting as FBTCS and occur-
ring on day 0 also carry a higher risk of PSE and mortality. 
There are several potential explanations for this finding.

First, individuals experiencing ASyS early after stroke, 
that is, on day 0, and ASyS presenting as FBTCS may 
have a higher predisposition for generating seizures. This 
genetic or acquired vulnerability,21 conceptualized as a 
low seizure threshold,22 may predispose these individu-
als to an earlier onset of ASyS and the propagation of 
seizure activity across hemispheres. Such a low seizure 
threshold may also heighten the probability of subse-
quent RSyS during epileptogenesis.22

Second, the occurrence of ASyS on day 0 and a bilat-
eral spread of seizures could be indicative of a more pro-
nounced proepileptic impact of the stroke. Our previous 
research suggested that more severe strokes due to large 
artery atherosclerosis, affecting the middle cerebral artery 
territory, are more likely to result in PSE.6 But, the present 
study’s outcomes were adjusted for these variables, estab-
lishing independence from such factors. Other stroke char-
acteristics warrant consideration. At a macroscopic level, 
the precise localization23 and connectivity of stroke may 
contribute to acute seizures and epileptogenesis. Strokes 
highly connected to the basal ganglia and cerebellum were 
found to be more likely to cause epilepsy.24 On a micro-
scopic scale, cellular changes that are difficult to detect 
in vivo in humans, such as neurodegeneration, axonal and 
synaptic sprouting, blood-brain barrier damage, and inflam-
mation,21 may promote acute seizures and epileptogenesis.

Third, disparities between ASyS occurring on day 0 
and those manifesting later may be associated with the 
time-dependent dynamics of pathological mechanisms 

Table 2.  Multivariable Cox Regression Model of Time to 
Death

Variable aHR (95% CI) P value

Demographics

 � Age (per 10 y) 2.2 (2.0–2.4)* <0.001*

 � Sex, male 1.2 (1.0–1.4)* 0.05*

Stroke severity at admission

 � NIHSS 4–10 1.7 (1.3–2.1)* <0.001*

 � NIHSS ≥11 2.4 (1.9–3.1)* <0.001*

Stroke location

 � Middle cerebral artery territory 
involvement

0.9 (0.8–1.2) 0.64

 � Cortical involvement 1.0 (0.9–1.3) 0.71

Stroke cause

 � Small-vessel occlusion 0.6 (0.4–0.8)* <0.001*

 � Larger-artery atherosclerosis 0.7 (0.5–0.9)* 0.02*

 � Cardioembolic 0.8 (0.7–1.0) 0.07

Treatment

 � Acute reperfusion treatment 0.8 (0.7–1.0)* 0.04*

 � ASM treatment after ASyS 0.5 (0.3–0.9)* 0.03*

Acute symptomatic seizure type

 � FBTC−, day>0 1.8 (0.8–4.0) 0.18

 � FBTC+, day>0 1.2 (0.4–3.7) 0.81

 � FBTC−, day 0 1.4 (0.7–2.6) 0.32

 � FBTC+, day 0 2.8 (1.4–5.6)* 0.004*

 � Status epilepticus 14.2 (3.5–58.8)* <0.001*

Data was analyzed using a Cox proportional hazards model in the derivation 
cohort (n=4552). The dependent variable was the time to death of any cause. 
aHR indicates adjusted hazard ratio; ASM, antiseizure medication; ASyS, acute 
symptomatic seizures; day 0, same day as stroke onset; FBTC−, other type of 
short seizure; FBTC+, focal to bilateral tonic-clonic short seizure; and NIHSS, 
National Institutes of Health Stroke Scale.

*Statistically significant results (P<0.05).
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following a stroke, such as neuroinflammatory changes 
and metabolic derangements.25 Consequently, ASyS 
occurring early might be triggered by distinct mecha-
nisms compared with those occurring later, potentially 
resulting in variations in the risk of PSE.

Lastly, ASyS may directly or indirectly contribute to epi-
leptogenesis. While this concept has been consistently 
demonstrated in animal models of status epilepticus, it 
is less well-established for brief seizures.26 Some experi-
mental evidence suggests that brief convulsive seizures 
may also contribute to the process of epileptogenesis.26–28

ASyS presenting as FBTCS on day 0 were indepen-
dently associated with higher mortality after stroke. They 
may be a marker of significant macro or microscopic neu-
ronal disruption caused by stroke, as discussed above. 
Furthermore, convulsive seizures have been linked to 
excitotoxic damage in animal models, potentially con-
tributing to poor outcomes.29 Convulsive seizures may 
also be associated with injuries, heightened metabolic 
demand, and aspiration leading to pneumonia, further 
impacting overall outcomes.

To translate these findings into clinical practice, we 
incorporated them into an updated prognostic model. 
Initially, we demonstrated that the current state-of-the-
art prognostic model for poststroke seizures, SeLECT2.0, 
underestimates the risk of PSE in the subset of stroke 
survivors with ASyS (Figure 3). Stroke survivors with ASyS 

represent a distinct group with unique predictors and a 
heightened risk of epilepsy compared with those with-
out ASyS.30 Subsequently, we updated and validated the 
SeLECT2.0 model, resulting in SeLECT-ASyS, which exhib-
ited superior discrimination and calibration compared with 
SeLECT2.0 in the ASyS subgroup. We also performed inter-
nal validation using optimism correction through bootstrap-
ping and cross-validation (Table S6). Furthermore, we also 

Table 3.  Calculation of the SeLECT-ASyS Score

Variable
SeLECT-ASyS 
score (points)

Stroke location

 � Cortical involvement 1

Stroke cause and sex

 � Large artery atherosclerosis, female 1

 � Large artery atherosclerosis, male 2

 � Acute symptomatic seizures type

FBTC−, day≥1 0

 � FBTC+, day≥1 1

 � FBTC−, day 0 1

 � FBTC+, day 0 2

 � Status epilepticus 4

To calculate an individual’s SeLECT-ASyS score, the points associated with 
each predictor can be added to obtain the total risk score. The total score ranges 
from 0 to 7 points. day 0 indicates same day as stroke onset; FBTC+, focal to 
bilateral tonic-clonic short seizure; and FBTC−, other type of short seizure.

Figure 3. Risk of epilepsy in individuals with or without acute symptomatic seizures (ASyS) having a similar SeLECT2.0 score.
Kaplan-Meier estimates (n=4552) of the time to poststroke epilepsy in those with a SeLECT2.0 score of 3 to 4 (A) or 5 to 6 (B) points. Separate 
curves are shown for individuals with (red) or without (blue) ASyS. Those with a SeLECT2.0 score of 3 to 4 who suffered ASyS had a higher 
risk of poststroke epilepsy (higher risk of remote symptomatic seizures) compared with those without ASyS (P<0.001). There was a similar but 
nonsignificant trend in individuals with a SeLECT2.0 score of 5 to 6 who had ASyS compared with those without (P=0.096). ASyS is defined as 
seizures occurring within the first 7 days following ischemic stroke.
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confirmed SeLECT2.0’s underperformance in stroke survi-
vors with ASyS in independent external validation cohorts. 
Consequently, SeLECT-ASyS emerges as the preferred 
model for prognostication in stroke survivors with ASyS.

The presented case example illustrates marked differ-
ences in estimated risks when utilizing SeLECT-ASyS as 
opposed to SeLECT2.0 for individuals with ASyS. These 
differences in risk are clinically meaningful and may have 
an impact on treatment considerations and the approach 
to follow-up in such cases. Risk estimates derived from 
the updated model consistently indicate moderate to 
high risks of PSE following ASyS (Figure 4). These risks 
are realistic, as corroborated by the favorable calibration 
of the model (Figure S5).

The most notable and practically relevant finding is a 
>60% 10-year risk of epilepsy in stroke survivors with ASyS 
presenting as FBTCS on day 0 or status epilepticus (28% 
of all ASyS cases; Figure 1B) and those with SeLECT-ASyS 
scores ≥3 points. This risk level aligns with the ILAE practi-
cal definition of epilepsy.5 But, it is crucial to acknowledge 
that this definition requires at least 1 unprovoked seizure 
occurrence and is, hence, not fully met in cases that suffered 
only an ASyS. Nevertheless, some clinicians may consider 
counseling these high-risk cases as if they had epilepsy, 
potentially recommending primary preventive treatment31,32 
or extended follow-up. It is important to note, however, that 
the efficacy of primary preventive treatment after stroke 
remains unproven. Two ongoing antiepileptogenesis trials in 

Figure 4. Predicted risk of poststroke epilepsy according to a new prognostic model in stroke survivors with acute symptomatic 
seizures.
A, The predicted risk of poststroke epilepsy (unprovoked remote symptomatic seizures) is 0 to 120 months after stroke. Each curve represents 
the estimates for a SeLECT-ASyS value ranging from 0 to 6. Risk estimate charts of late seizures 1 year and 10 years after stroke according to 
SeLECT-ASyS score values are displayed in B and C, respectively. Vertical lines indicate 95% CIs.
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stroke survivors may offer novel insights into the treatment 
of cases at high risk of PSE.33,34 If such treatments become 
available, the accurate prediction of the risk of PSE in those 
with ASyS will become central for the selection of candi-
dates for antiepileptogenic medications.

Our study has several strengths. We assessed one of 
the largest multicenter cohorts of poststroke seizures. 
We translated our findings into a user-friendly prognos-
tic model accessible through both smartphone and web 
applications. The updated model outperforms the current 
state-of-the-art model and its clinical significance was 
underscored through an illustrative case.

Our study has limitations. First, despite the inclusion of 9 
international cohorts, enhanced statistical power, and gen-
eralizability of our results could be further achieved by incor-
porating data from North America, Asia, or Africa. Second, 
the practical constraints of performing continuous electro-
encephalograms in the entire multicenter registry limited 
our evaluation to clinically apparent seizures, not consider-
ing electrographic seizures. Third, the diagnosis of seizures 
relied largely on clinical observation, and systematic electro-
encephalogram monitoring was not performed in all cases. 
This approach may have resulted in an underestimation 
of seizures with subtle clinical signs. We did not consider 
purely electrographic events as seizures in this study. Future 
studies using continuous electroencephalogram monitoring 
should assess the impact of purely electrographic events 
on the risk of poststroke seizures. Fourth, data collected in 
the registry did not differentiate between seizures occurring 
immediately at stroke onset and those on the same day as 
the stroke. However, existing studies35,36 suggest that the 
majority of seizures on day 0 align with the immediate onset 
of the stroke. Fifth, our study lacked data on the discharge 
National Institutes of Health Stroke Scale score or National 
Institutes of Health Stroke Scale score assessed 72 hours 
posttreatment, which may more accurately predict the risk of 
poststroke seizures.37 Sixth, patients with ASyS may receive 
antiseizure medication treatment which may impact the risk 
of subsequent unprovoked seizures. To address this, we 
corrected all results for antiseizure medication treatment. 
Lastly, the SeLECT registry did not consistently collect data 
on the cause of death and long-term disability.

CONCLUSIONS
We demonstrated varying mortality and epilepsy risks 
based on the type and timing of ASyS following stroke. 
We implemented these findings in an updated prognostic 
model (SeLECT-ASyS) that outperformed a previous model 
and is available as both a smartphone and web application. 
The 10-year epilepsy risk in those with ASyS presenting 
as FBTCS on day 0 or status epilepticus and those with 
SeLECT-ASyS≥3 points exceeded 60%, a cutoff used 
for the ILAE definition of epilepsy.5 These findings have 
the potential to inform counseling for stroke survivors with 
ASyS, particularly those with a high (>60%) risk for PSE.
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