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Background: Recombinant tissue plasminogen activator (r-tPA) has remained the primary 
therapeutic intervention for ischemic stroke when administered within the recommended 
time window. Despite its well-established benefits, potential side effects—glutamate release, 
increased leukocyte activity, and oxidative stress—should also be considered. Among these 
concerns, the development of post-stroke seizures (PSS) has gained attention as a possible 
complication.

Objectives: This study explored the association between r-tPA administration and the 
likelihood of post-stroke seizure.

Materials & Methods: A retrospective cohort of 200 patients, split evenly between those treated with 
r-tPA and those who were not, was analyzed at an academic hospital in northern Iran over three years 
(2017–2020). Clinical parameters were collected and compared, including demographics, medical 
history, involved artery, NIHSS (the National Institutes of Health Stroke scale) values on admission, 
the Alberta stroke program early CT score (ASPECTS), and post-stroke seizure occurrence.

Results: Nineteen patients (10%) developed seizures; 8 of them (8%) belonged to the group 
without r-tPA, and 11(11%) belonged to the r-tPA group (P=0.469). Results showed no significant 
relationship between developing seizures and r-tPA therapy. This study shows that the ASPECT 
score is the only parameter associated with the risk of post-stoke seizure. By increasing one 
score in ASPECTS, the rate of seizure occurrence decreases by 24.
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Introduction

troke has remained the reason for in-
patient rehabilitation because it leads to 
significant disabilities and long-term com-
plications such as seizures [1]. Post-stroke 
seizures (PSS) severely impact patients’ 

quality of life, increase morbidity, and place emotional 
and financial strain on both families and society at large 
[2]. These seizures are classified as early onset and late 
onset seizures; early onset seizure occurs within two 
weeks after the stroke. The highest reported rate is ap-
proximately 45%, most often occurring within the first 
24 hours following cerebrovascular event [3]. If the sei-
zure occurs after two weeks, it is classified as a late onset, 
which typically develops within the first year post-stroke 
[4, 5]. While all types of strokes carry an increased risk of 
seizure, hemorrhagic strokes are associated with a higher 
incidence compared to ischemic strokes [2].

Nevertheless, it is essential to emphasize that due to the 
higher incidence of ischemic stroke, the overall burden 
of post-stroke seizure is greater in this group [2]. Statis-
tics show that seizure develops in 2%-14 % of patients 
who have had an ischemic stroke [6]. In ischemic stroke 
patients, factors such as the severity of the initial neu-
rological deficit (measured by the National Institutes of 
Health Stroke scale [NIHSS]), persistent disability, larg-
er or multiple brain lesions (based on Alberta stroke pro-
gram early CT score [ASPECTS]), cortical damage, and 
hippocampus involvement are predictors of post-stroke 
seizure development [7]. 

Recombinant tissue plasminogen activator (r-tPA) is 
currently regarded as the standard thrombolytic treat-
ment for eligible patients with acute ischemic stroke [8]. 

There is no doubt that r-tPA plays an effective role in 
these patients' treatment [9]. Still, apart from its throm-
bolytic capacity, r-tPA has known neurotoxic effects [10-
12], including some that may give rise to epileptogenic 
tissue alterations [13]. Specifically, r-tPA may worsen 
brain injury by increasing glutamic acid release follow-
ing ischemia, particularly if it crosses into brain tissue. 
It further stimulates leukocyte infiltration, activates 
microglial, and enhances free radical production in the 
ischemic brain [14]. More importantly, it activates ma-
trix metalloproteases which contribute to the disruption 
of blood-brain barrier [15-17]. These processes can lead 
to cerebral edema, intracerebral hemorrhage, and hemor-
rhagic transformation (HT). Research also indicates that 
during the early phase following stroke onset, changes 
such as brain edema and cytotoxic injury, neurotransmit-
ter imbalance, glutamate toxicity, and gliosis may trigger 
seizure activity [4, 18]. HT following stroke increases 
the risk of early post-stroke seizure, emphasizing the role 
of blood leakage in promoting epileptogenesis. This risk 
is heightened in the cortical region, where HT frequently 
coexists with edema, further stimulating cortical excit-
ability [19]. These changes, especially when HT and 
edema are present, may serve as independent predic-
tors of status epilepticus in patients with acute ischemic 
stroke [20]. This study seeks to clarify whether the use 
of r-tPA in acute ischemic stroke patients has any statisti-
cally significant association with the incidence of post-
stroke seizures, thereby contributing to safer and more 
informed treatment decisions. 

Materials and Methods

This retrospective cohort study was conducted on 100 
patients with r-tPA treatment and 100 patients without r-
tPA treatment, who were first admitted with acute ischemic 
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Highlights 

• Patients with more severe strokes and greater initial neurological deficits are more prone to developing post-
stroke seizures.

• The ASPECTS was the only factor significantly correlated with seizure risk.

• r-tPA appears to be a safe treatment with no increased risk of post-stroke seizure.

Conclusion: These outcomes confirm the continued use of r-tPA as a safe and effective 
treatment option for ischemic stroke patients. 
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stroke at an academic stroke center in the north of Iran in 
the years 2017-2020. To select patients, we searched all 
patients affected by acute ischemic stroke (AIS) in our 
center from 2017 to 2020, and then, according to exclu-
sion criteria, we selected them randomly. Exclusion cri-
teria involved any pre-existing epilepsy or seizures, the 
use of antiepileptic medication before receiving inpatient 
care, and the presence of other significant neurological 
disorders or metabolic abnormalities, which are risk fac-
tors for seizures and patients who are dead.

Data gathered for all patients included demographic in-
formation (age, gender), medical history (hypertension, 
diabetes, hyperlipidemia, cardiac disease), and lifestyle 
factors (smoking, alcohol, and opium use). Additional 
stroke-specific data were also recorded, such as the af-
fected artery, side, and size of the infarct and ASPECTS 
and NIHSS scores upon admission. To differentiate ear-
ly from late-onset seizure, a 2-week threshold following 
stroke onset, similar to the approach used in posttrau-
matic seizure, was applied [8]. The stroke management 
protocol at our center involves promoting non-contrast 
brain CT imaging and an assessment for potential eligi-
bility for intravenous thrombolysis therapy. Information 
such as demographic factors, underlying disease and 
smoking, and alcohol or opium use was collected from 
the academic stroke center’s medical files. Infarct radio-
logic features were collected from the academic stroke 
center’s PACS (picture archiving and communication 
system). The occurrence and timing of PSS were ob-
tained during the patient’s follow-up. This information 
was collected via phone interviews for those who did 
not attend the visit.

Statistical analysis

The sample size was determined using G*Power soft-
ware, version 3.1, relying on the seizure frequencies of 
19% in the r-tPA group and 6% in the non-r-tPA group 
reported by Nesselroth et al. [8]. To achieve a power of 
0.80 and an alpha level of 0.05, it was established that a 
minimum of 100 cases is necessary in each group.

The data were arranged using Microsoft Excel, version 
2013 (Microsoft Corporation, Redmond, WA, USA) and 
analyzed with IBM SPSS Statistics for Windows (ver-
sion 26.0; IBM Corp., Armonk, NY, USA). Mean±SD 
is used for continuous variables, while numbers (per-
centages) are used for categorical variables. Normal 
distribution was assessed using the Shapiro–Wilk test. 
The chi-squared test or Fisher exact test was applied 
to categorical variables, and the independent t-test or 
Mann-Whitney U test was used for continuous variables 

in group comparisons. A multivariate regression model 
included variables with a significance level of P<0.20 or 
lower on initial univariate analysis. Logistic regression 
with control on accompanying parameters was conduct-
ed to evaluate the association between r-tPA and seizure; 
adjusted odds ratios are provided. A P≤0.05 was consid-
ered statistically significant.

Results

Of 200 patients, 100 received intravenous r-tPA, while 
100 did not. Both groups were matched in terms of sex 
and major stroke risk factors, including diabetes, hyper-
tension, hyperlipidemia, smoking, and substance use. 
Our result showed that patients with IV r-tPA therapy 
had a higher mean age (P=0.049), and this group had a 
higher rate of heart disease (P=0.027).

There was a statistically significant difference in the 
distribution of involved arteries between patients treated 
with and without r-tPA therapy (P=0.002). This study 
showed that the middle cerebral artery (MCA) trunk, 
superior MCA, and anterior cerebral artery were more 
involved in the r-tPA group. 

The mean NIHSS score at admission was significantly 
higher in the r-tPA group (11.5) compared to the non-
treated group (6.8) (P<0.001). Conversely, the non-
treated group had higher ASPECTS scores (P=0.034), 
indicating less severe infarcts (Table 1).

Figure 1 shows 19 patients (10%) who experienced 
seizures in our retrospective cohort study. Of these, 
8(8%) were in the non-r-tPA group and 11(11%) in the 
r-tPA group. The majority of seizures were classified as 
late onset. Although the seizure rate was slightly higher 
in the r-tPA group, statistical analysis revealed no signif-
icant difference in seizure incidence between the r-tPA 
and non-r-tPA groups (P=0.469).

We found no statistical association between baseline 
parameters, including age, sex, smoking, alcohol or 
opium use, and underlying diseases and PSS in both 
groups (P>0.05).

However, our results indicated a statistically signifi-
cant relationship between the lesion location and the risk 
of developing secondary seizures. Specifically, involve-
ment of the MCA trunk was associated with a higher risk 
for post-stroke seizure in the non-r-tPA group (Table 2).
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Furthermore, a significant association was absorbed 
between seizure incidence and stroke severity in both 
groups, as measured by the NIHSS score at admission. 
Patients with high-grade strokes (NIHSS ≥6) had a high-
er likelihood of developing PSS compared to those with 
mild strokes (NIHSS ≤5) (Table 3).

As in Table 4, this finding indicated that considering 
all dependent factors, r-tPA therapy does not increase the 
risk of post-stoke seizure. In addition, the only param-
eter associated with the risk of post-stoke seizure is the 
score of ASPECT, and by increasing the number of AS-
PECTS, the rate of seizure occurrence decreases by 24.

Table 1. Baseline characteristics of the study population

Characteristics
No. (%)/Mean±SD

P
Total (n=200) tPA (n=100) Non- tPA (n=100) 

Sex Female 100(50) 48(48) 52(52) 0.572*

Age (y) 64.2±11.1 65.8±12 62.7±9.9 0.049†

Smoking Yes 31(15.5) 13(41.9) 18(58.1) 0.329*

Alcohol Yes 2(1) 0(0) 2(100) 0.497**

Opium Yes 22(11) 12(54.6) 10(45.4) 0.651*

Hypertension Yes 127(63.5) 59(46.5) 68(53.5) 0.186*

Diabetes Yes 66(33) 28(42.4) 38(57.6) 0.133*

Hyperlipidemia Yes 51(25.5) 27(52.9) 24(47.1) 0.626*

Heart disease Yes 56(28) 35(62.5) 21(37.5) 0.027*

NIHSS 9.2±5 11.5±5.3 6.9±3.3 <0.001‡

ASPECTS 7.3±1.9 7.1±1.7 7.5±2 0.034‡

Abbreviations: tPA: Tissue plasminogen activator; NIHSS: National Institutes of Health Stroke scale; ASPECTS: Alberta stroke 
program early CT score. 

*Chi-squared test, **Fisher's exact test, †Independent t-test, ‡The Mann-Whitney U test.

Khoshtarash H, et al. r-tPA and Post-ischemic Stroke Seizure. Caspian J Neurol Sci. 2025; 11(3):237-244. 

Figure 1. Seizure data by treatment type 

http://cjns.gums.ac.ir/
https://doi.org/10.1155/2024/3997463.
https://www.ncbi.nlm.nih.gov/pubmed/39035854


241

July 2025, Volume 11, Issue 3, Number 42

Table 3. Relationship between the incidence of seizure and NIHSS score at admission

Severity of stroke (NIHSS score)

No. (%)

PSeizure

+ -

Mild (1-5) 0(0) 42(100)

0.019*Moderate (6-13) 14(11) 113(89)

Severe (14-42) 5(16.1) 26(83.9)

Mean±SD 11.8±5.1 8.9±4.9 0.010†

*Fisher's exact test, Mann-Whitney U test.

Table 4. Association between the incidence of seizure and other factors in multiple logistic regression after variable selection

Parameters
Univariate Multivariate

OR 95% CI OR P OR 95% CI OR P

Sex 2.79 0.94-8.26 0.064 2.78 0.95-8.13 0.062

Age 1.0 0.96-1.05 0.998

ASPECTS 0.78 0.61-0.99 0.043 0.76 0.60-0.97 0.025

NIHSS 1.12 0.99-1.25 0.061 1.09 0.99-1.2 0.075

Thrombolytic therapy 1.56 0.47-5.16 0.467

Abbreviations: NIHSS: National Institutes of Health Stroke scale; ASPECTS: Alberta stroke program early CT score; OR: 
Odds ratio.

Khoshtarash H, et al. r-tPA and Post-ischemic Stroke Seizure. Caspian J Neurol Sci. 2025; 11(3):237-244. 

Table 2. Relationship between the incidence of seizure and involved artery

Involved Artery

No. (%)

P

No. (%)

P
tPA Non-tPA

Seizure Seizure

+ - + -

MCA trunk1 4(36.4) 20(22.5)

0.186

4(50) 11(12)

0.023

Superior MCA 1(9.1) 23(25.8) 1(12.5) 8(8.7)

Inferior MCA 0(0) 2(2.3) 2(25) 9(9.8)

ACA2 1(9.1) 1(1.1) 0(0) 0(0)

PCA3 0(0) 5(5.6) 0(0) 7(7.6)

Lenticulostriate 0(0) 15(16.9) 0(0) 14(15.2)

Small perforating arteries 5(45.4) 23(25.8) 1(12.5) 43(46.7)

Abbreviations: MCA: Middle cerebral artery; ACA: Anterior cerebral artery; PCA: Posterior cerebral artery.

Note: P significant by the Fisher exact test.
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Discussion

The overall incidence of post-stroke seizure, according 
to our data, was 10, with rates of 11 in the r-tPA group 
and 8 in the non-r-tPA group. Our findings did not dem-
onstrate a significant association between r-tPA adminis-
tration and post-stroke seizure (P=469). This finding is 
consistent with previous studies [21-23]. However, the 
role of r-tpA in the development of PSS remains con-
troversial, as some recent studies reported conflicting 
results. For instance, research by Brigo et al. [24] stroke 
localization, NIHSS and Alvarez et al. [25] indicates a 
higher risk of seizure following r-tPA administration. 
One proposed mechanism suggests that reperfusion in-
jury, possibly mediated by free-radical, may provoke 
seizure even in the absence of hemorrhage [25]; in con-
trast, Nesselroth et al. reported that r-tPA was linked to a 
reduced risk of post-stroke seizure [8].

Also, we found no association between individual 
characteristics and PSS. However, some studies have 
suggested that a higher cholesterol level may protect 
against seizure [26, 27]. Possibly due to the anticonvul-
sant properties of cholesterol-derived compounds, such 
as neurosteroids [28]. However, our data do not support 
the proposed protective effect of hypercholesterolemia. 
Also, the Krakow study showed diabetes as a predic-
tor of PSS [29]. It can be explained by the mechanism 
that acute seizures after AIS are thought to result from 
cellular biochemical dysfunction leading to electrically 
irritable tissue [30]. Acute ischemia elevates intracellu-
lar levels of calcium and sodium as well as extracellular 
glutamate in the peri-infarct region. These epileptogenic 
mechanisms may be further intensified by hyperglyce-
mia in diabetic patients, a phenomenon also supported 
by experimental findings [29].

Regarding the type of treatment, we found that MCA 
trunk is more commonly involved in patients with PSS. 
Because it causes a broad cortex involvement, it is es-
sential to note that many previous studies support the 
epileptogenic potential of cortical involvement. They 
confirm that participation of the cerebral cortex, such as 
in trauma [31] and tumor [32], is found to increase the 
risk of seizure. This is due to the role of the neocortex in 
seizure occurrence [33] and the limited number of pa-
tients with the involvement of any other arteries in this 
study; we cannot conclude them. 

Also, according to our study regarding the type of 
treatment, patients with higher NIHSS scores have more 
chance for PSS (P=0.019). As another risk factor, we 

found a significant association between ASPECTS and 
seizure occurrence (odds ratio 0.76, P=025).

To summarize, r-tPA treatment did not affect the fre-
quency of post-stroke seizure manifestation compared to 
patients who were not treated with r-tPA.

This study has several limitations, the most important 
being the small sample size. Although the participants 
were of varied ages, which may reduce some selection 
bias, the relatively limited sample may still influence the 
statistical power and generalizability of the results. Fur-
ther research with larger cohorts is necessary to draw a 
more definitive conclusion.

Additionally, several potential biases must be acknowl-
edged. Patients in the non-r-tPA group either had contra-
indications to r-tPA therapy or presented to the hospital 
more than 4.5 hours after symptom onset, resulting in 
prolonged cerebral ischemia. As a result, it was initial-
ly assumed that this group would include more severe 
and complex cases. However, findings from the study 
by Nesselroth et al. [8] showed a lower average NIHSS 
score in the non-r-tPA group. This inconsistency could 
be due to the inclusion of patients with milder strokes 
who were not eligible for r-tPA administration. Thus, 
selection bias may have been a confounding variable, 
potentially affecting the study’s findings.

Conclusion

Based on the findings of this retrospective cohort study, 
administration of r-tPA in patients with acute ischemic 
stroke does not appear to increase the risk of post-stroke 
seizures. The treatment remains a safe and effective 
therapeutic approach within the appropriate clinical 
timeframe. Continuous monitoring and further studies 
may help clarify the impact of additional risk factors 
on seizure development. In addition, it may not be nec-
essary to prescribe seizure prophylactic drugs in these 
patients. Conducting a larger, multicenter study may ad-
dress these limitations and further highlight the benefits 
of r-tPA in AIS.
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