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Status Epilepticus after mechanical thrombectomy: The role of early EEG 
assessment in Stroke Unit, clinical and radiological prognostication 
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A B S T R A C T   

Background: Convulsive (CSE) and non-convulsive (NCSE) Status Epilepticus are a complication in 0.2–0.3% 
ischemic strokes. Large stroke and cortical involvement are the main risk factors for developing SE. This study 
evaluates the prevalence of SE in patients treated with endovascular thrombectomy (EVT) through EEG 
recording within 72- h from admission. Moreover, we compared clinical, radiological, and outcome measures in 
SE and no-SE patients. 
Materials and Methods: We collected retrospectively demographical and clinical characteristics of acute ischemic 
stroke patients who underwent EVT, admitted in the Stroke Unit (SU) of the University Hospital of Trieste be
tween January 2018 and March 2020 who underwent EEG recording within 72- h from the symptoms’ onset. 
Results: Out of 247 EVT patients, 138 met the inclusion criteria, of whom 9 (6.5%) showed SE with median onset 
time of 1 day (IQR 1–2). No difference was found between the two groups as for age, sex, risk factors, grade of 
recanalization, etiology of stroke, and closed vessel. The no-SE group presented higher NIHSS improvement rate 
(p=0.025) compared to the SE group. The sum of the lobes involved in the ischemic lesion was significantly 
higher in SE group (p=0.048). 
Conclusion: SE after EVT in large strokes is a non-rare complication, with most being NCSE. Performing a rapid 
EEG assessment in a Stroke Unit setting may allow for a prompt recognition and treatment of SE in the acute/ 
hyper-acute phase. SE may be correlated with worse clinical outcomes in patients with large vessel occlusion.   

1. Introduction 

Status Epilepticus (SE) may be a complication of an ischemic stroke. 
0.2–0.3% of ischemic strokes are reported to possibly develop SE 
(Bateman et al., 2007; Sinka et al., 2023). SE is related to cortical 
infarction and large size stroke (Belcastro et al., 2014) and shows a 
complex pathophysiology involving inflammation, blood-brain barrier 
disruption, metabolic dysfunction and the release of excitotoxic neuro
transmitters secondary to ischemic brain damage, with a prominent role 
of the penumbra area (Galovic et al., 2021; Heiss et al., 1992; Luhmann 
et al., 1995). Particularly, the effect of epileptic activity on the ischemic 
penumbral tissue results in a deleterious alteration of local metabolism, 
described in some works as “metabolic crisis” (Scoppettuolo et al., 

2019). The perpetuation of the epileptiform activity and the develop
ment of Status Epilepticus may be a consequence of a failure of the 
seizure-terminating mechanisms (Sinka et al., 2023). Previous research 
focused on post-stroke SE either included patients with clinical symp
toms or signs suggestive of convulsive (CSE) or non-convulsive Status 
Epilepticus (NCSE) (Sinka et al., 2023), or they have performed EEG 
monitoring within 7 days after the admission (Belcastro et al., 2014). 
The occurrence of NCSE after the ischemic event is reported in 3–4% of 
strokes (Belcastro et al., 2014). Looking at the effects of endovascular 
thrombectomy (EVT) in post-stroke seizures, studies and meta-analyses 
showed that this procedure does not increase the risk of acute symp
tomatic seizures (Alemany et al., 2021; Jiang et al., 2023). However, no 
data are available on SE prevalence after EVT. The aim of this study was 
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to evaluate the prevalence of SE (NCSE and CSE) in large vessel occlu
sion (LVO) strokes treated with EVT by applying an EEG monitoring 
within 72- h from admission in Stroke Unit. 

2. Material and Methods 

We retrospectively analyzed clinical data of patients with acute 
ischemic stroke admitted to the Stroke Unit (SU) of the University 
Hospital of Trieste (Italy) between January 2018 and April 2020. The 
study was approved by the institutional review board. The patients 
included in the study showed acute focal neurologic symptoms 
compatible with ischemic stroke and received EVT with or without 
bridging thrombolytic treatment (rtPA 0.9 mg/Kg, max 90 mg). The 
diagnosis of ischemic stroke was confirmed by a neuroradiological and 
clinical examination, and eligibility criteria for treatment were chosen 
in accordance with the ESO (European Stroke Organization) guidelines 
(Berge et al., 2021; Turc et al., 2019). Included patients presented at the 
hospital within 4.5 hours from symptoms onset or presenting with a 
favorable core/penumbra mismatch at CT Perfusion evaluation (Caruso 
et al., 2018; Furlanis et al., 2020). In particular, we also included pa
tients with extended LVO window according to the radiological findings 
(i.e. CT perfusion) or patients with unknown time of symptoms onset 
(wake-up strokes) with a penumbra area > 50% of the total hypo
perfused area. We excluded hemorrhagic strokes, ASPECTs (Alberta 
Stroke Program Early CT Score) ≤ 6, patients who were eligible but 
refused the reperfusion treatment, patients without an EEG recording 
within 72- h. We exclude patients with an EEG before 2 hours since the 
stop of sedation. 

We collected demographic data such as age, sex, comorbidities as 
atrial fibrillation (AF), history of diabetes mellitus, arterial hyperten
sion, hypercholesterolemia, history of coronary artery disease, history of 
epilepsy, anamnestic cognitive decline. Clinical features such as NIHSS 
(National Institutes of Health Stroke Scale) score and mRS (modified 
Rankin Scale) were collected at admission and at discharge; mRS and 
mortality rate at 3 months from the index event were recorded, too. The 
mRS at admission referred to the premorbid condition of the patient. 
Etiology of stroke (Trial of Org 1072 in Acute Stroke Treatment: TOAST 
classification) was evaluated and classified as large artery atheroscle
rosis (LAA), cardioembolic (CE), other cause, indeterminate/crypto
genic (Adams et al., 1993). Looking at the neuroimaging assessment, we 
collected data on the closed vessel (Middle cerebral artery with M1 or 
M2 tracts, internal carotid artery (ICA), posterior circulation vessel 
including Basilar artery or posterior cerebral artery P1 tract), the loca
tion of site lesion in the non-contrast CT (NCCT) performed 24- h after 
the treatment; we considered as estimation of stroke extension the 
global burden of involved lobes. Concerning endovascular treatment, we 
discriminated between direct thrombectomy and thrombectomy with 
previous rtPA infusion, and we evaluated the recanalisation rate with 
modified Thrombolysis in Cerebral Infarction (mTICI) score (successful 
recanalisation with mTICI 2b-3, unsuccessful treatment with mTICI 
0–2a) (Anon, 2019). For all patients, we also evaluated the presence of 
hemorrhagic infarctions after treatment with NCCT (performed within 
1- h from the end of the endovascular procedure) and after 24–36 h from 
the cerebrovascular event. We divided the hemorrhagic infarctions into 
symptomatic and asymptomatic in case of clinical deterioration (acute 
NIHSS worsening > 4 points). We also calculated TAGE score (Janvier 
et al., 2022) recently defined. It is composed by 4 different items as 
time-to-successful reperfusion, ASPECTs, Glucose level and Early venous 
filling. For each item is assigned 0–2 or 0–3 points, with a final score 
range from 0 to 10 points. This score is reported to be highly predictive 
of symptomatic intracranial hemorrhage in patients with successful 
recanalization (TICI≥2b). Conventional EEG recordings (with median 
recording time of 30 min) were implemented in patients admitted to our 
Stroke Unit within the first 72 h after stroke onset. EEG could be per
formed again after the first recording, if there was a clinical or suspected 
seizure or SE. EEG was recorded digitally using 21 fixed electrodes 

placed according to the International 10–20 system. The recording was 
obtained in sedative-free patients after EVT. An experienced neuro
physiologist then evaluated the EEGs, reporting pathological patterns 
following the established international glossary (Kane et al., 2017). 
EEGs abnormalities (slowing or epileptic activity) were categorized as 
unilateral or bilateral. NCSE were diagnosed following the Salzburg 
criteria (Beniczky et al., 2013). In case of evidence of epileptic activity, 
we collected time of onset from the ischemic event. Lastly, for NCSE we 
evaluated the performed therapy and the resolution rate of the SE after I, 
II, or III line therapy (according to recent evidence) (Trinka and Lei
tinger, 2022). 

2.1. Statistical analysis 

We performed all statistical analyses using SPSS statistical software 
(v.23, IBM inc.). The Kolmogorov-Smirnov test was used to evaluate the 
normal distribution of variables. Continuous variables with a normal 
distribution were presented as mean and standard deviations (SDs), 
those with a skewed distribution as median and interquartile ranges 
(IQRs) indicating the 1st and 3rd quartile, and categorical variables as 
counts and percentages (%). Subgroups were defined with the presence/ 
absence of SE. Differences between groups were tested with Mann- 
Whitney U-test for skewed variables, and Pearson’s chi square for cat
egorical variables, or Fisher’s Exact Test. A value of p<0.05 was 
considered as significant. 

3. Results 

As many as 247 patients underwent a EVT in the study period in our 
center, of which 138 (56%) underwent EEG recording within 72- h and 
were thus included in our analysis. Out of them, we observed 9 (6.5%) 
SE (all NCSE, no reported CSE) and no SE in 129 patients. EEG re
cordings were performed in a median time of 1 day (IQR 0–2) and SE 
were detected with a median time of 1 day (IQR 1–2). 

Tables 1–3 summarize the general characteristics of the two groups. 
Looking at the SE diagnostic criteria (Salzburg), we found 2 possible 

NCSE and 7 definite NCSE. 

Table 1 
Demographics of the two groups.   

Non SE 
n ¼ 129 

SE 
n ¼9 

Sig. 

Age (years) [median (IQR)] 77 (68–83) 79 (74–81) p= 0.992 
Females [n (%)] 74 (57%) 7 (77%) p= 0.306 
Comorbidities [n (%)]    

Atrial fibrillation 66 (51%) 4 (44%) p=0.743 
Diabetes mellitus 19 (15%) 1 (11%) p= 1.000 
Hypertension 94 (73%) 6 (66%) p=0.706 
Dyslipidemia 70 (54%) 4 (44%) p=0.733 
Ischemic cardiopathy 20 (15%) 1 (11%) p=1.000 
Previous epilepsy 2 (1%) 0 (0%) p=1.000 
Anamnestic cognitive decline 7 (6%) 1 (11%) p=0.425 

Clinical features [median (IQR)]    
NIHSS at admission 13 (8–20) 17 (12–18) p=0.395 
NIHSS at discharge 4 (1–13) 14 (4.5–17.5) p=0.200 
NIHSS significantly improved [n 
(%)] 

84 (65%) 2 (22%) p¼0.025 

mRS anamnestic 0 (0–0) 0 (0–0.75) p=0.401 
mRS at discharge 4 (1–5) 5 (4–5) p=0.058 
mRS after 3 months 3 (1–5) 5 (2–6) p=0.061 
Death within 3 months [n (%)] 21 (16%) 3 (33%) p=0.190 

Notes: participants’ reported age (years); sex (female); history of hypertension, 
diabetes mellitus, dyslipidemia, ischemic cardiopathy, atrial fibrillation; NIHSS 
(National Institutes of Health Stroke Scale) at admission, we defined as NIHSS 
significantly improved patients those who had NIHSS lowering>5 points after 
treatment or reaching NIHSS of 0–1 points; anamnestic, at discharge and at 3 
months modified Rankin Scale (mRS), stroke subtype classification at discharge 
classified by Trial of ORG 10172 in Acute Stroke Treatment(TOAST): car
dioembolic, atherothrombotic, cryptogenic, other cause. 
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4. Discussion 

In this study, we found a higher proportion of SE in patients treated 
with mechanical thrombectomy (6.5%) than ischemic stroke in general 
(0.2–0.3%). SE is known to be a possible complication following 
ischemic strokes. An early EEG assessment (within 72- h from onset of 
symptoms) in the Stroke Unit setting is useful to diagnose subtle 
epileptic activity, in particular NCSE. A rapid recognition of NCSE 

neurological emergency may allow a prompt treatment by the neurol
ogist, thus reducing mortality and morbidity after the ischemic event. 

Most of the SE we found were unilateral (hemispheric), although in 
the opposite side of the ischemic lesion in 2 cases. We may suggest a 
possible role of diaschisis or increase of excitability of the non-affected 
hemisphere, as documented in some TMS study (Kubis, 2016). All SE 
were responsive to a I-II line therapy, generalized SE were successfully 
treated with II-III line therapy. 

No-SE and SE groups had similar baseline characteristics (comor
bidities, NIHSS and mRS at admission, TOAST etiologies, type of vessel 
closed). Yet, SE cohort had a worse outcome than the other group, in 
particular lower improvement of NIHSS at discharge; however can be 
noted a higher mRS at discharge and at 3 months, and higher mortality 
rate (although not statistically significant). These data are in line with 
previous publications on this topic (Velioglu et al., 2001). The fact that 
we did not find any CSE may be explained by the prompt recognition and 
treatment of SE before it becomes clinically evident. Based on these data, 
we cannot clearly establish a causality role of NCSE and outcomes (as 
mRS), but we can suggest a possible correlation between the sustained 
epileptic activity and patient recovery after EVT. 

The location and size of the ischemic lesion have a significant role in 
the development of SE. In some pieces of research, lobar involvement 
(including insular one) has proved to be a risk factor for SE in both 
ischemic and hemorrhagic events (Zhang et al., 2022; Matsubara et al., 
2018), while in others no clear localization has been identified as risk 
factor for early SE (Afsar et al., 2003). In our sample, the SE group had 
significantly higher involvement of insular cortex and basal ganglia than 
the no-SE group. Other lobes were generally less involved in the no-SE 
group. To the best of our knowledge, such findings (insular and basal 
ganglia more involved in SE group) have not been described in other 
works. The higher insular infarction in SE group may explain the higher 
morbidity and mortality rate, in particular a possible autonomic 
dysfunction could lead to a worse prognosis. The higher prevalence of 
deep brain grey matter infarctions in SE may be linked to the embolic 
passage through the first tract of middle cerebral artery, which induces 
ischemia in areas without collateral circulation that could supply them 
until the reperfusion therapy. The fact that there is a basal ganglia 
involvement, could be further marker of stroke extension as a conse
quence of proximal middle cerebral artery occlusion. Our data show a 
trend related to the occipital cortex involvement, which could be a 
consequence of an infarction in middle cerebral artery territory (thus 
including a small piece of the occipital lobe (González Delgado and 
Bogousslavsky, 2012) larger than the lower size of necrosis in the no-SE 
cohort. 

The role of reperfusion therapy success shows no difference between 
the two groups. In general, SE group has a greater lesion but similar 
location in vessel occlusion than the non-SE group. A possible expla
nation is that a weak collateral circulation cannot save enough tissue up 
to the thrombectomy, and when this procedure succeeds in re-opening 
the vessel, a reperfusion-effect in the ongoing dying tissue can pro
mote an epileptic activity. However, this hypothesis requires further 
investigation with CT perfusion imaging to be confirmed. Yet, according 
to recent meta-analysis performed by Bentes et al. (Bentes et al., 2020) 
and a study of Brigo et al. (Brigo et al., 2020), the association of 
reperfusion therapies with early post-stroke seizure is still unclear. A 
possible marginal role may be played by the symptomatic hemorrhages, 
as they may worsen the underlying bioelectrical instability. This issue 
can be sustained by the TAGE score, a predictor or symptomatic hem
orrhage after MT. In fact, we found a higher TAGE score in the SE group 
compared to the non-SE group. 

This study has several limitations, such as the small sample of pa
tients (which did not let us perform a logistic regression), the non- 
standardized timing of the EEG recording, and the retrospective 
design of the data collection from a single center. As a consequence, we 
do not have blood pressure values at admission and after EVT. In fact, 
hyperemia is thought to be a significant contributor to seizure risk post- 

Table 2 
Clinical findings of the two groups.   

Non SE 
n ¼ 129 

SE 
n ¼9 

Sig. 

TOAST classification [n (%)]    
Cardioembolic (CE) 69 (53%) 3 (33%) p=0.301 
Atherothrombotic (LAA) 22 (17%) 2 (22%) p=0.655 
Cryptogenic 28 (22%) 4 (44%) p=0.212 
Other cause 10 (8%) 0 (0%) p=1.000 

Vessel closed [n (%)]    
ICA 17 (13%) 0 (0%) p=0.600 
M1 71 (55%) 4 (44%) p=0.732 
M2 34 (26%) 5 (56%) p=0.117 
Posterior circulation 7 (5%) 0 (0%) p=1.000 

Side of the ischemic lesion [n (%)]    
Rightside 59 (43%) 4 (44%) p=1.000 
Leftside 68 (53%) 5 (56%) p=1.000 
Bilateral 2 (1%) 0 (0%) p=1.000 

Lobe involved in the NCCT    
Frontal 67 (52%) 6 (67%) p=0.500 
Parietal 52 (40%) 6 (67%) p=0.166 
Temporal 52 (40%) 6 (67%) p=0.166 
Insular 41 (32%) 8 (89%) p¼0.001 
Occipital 22 (17%) 4 (44%) p=0.065 
Basal ganglia/thalamus 57 (44%) 8 (89%) p¼0.013 
Brainstem 6 (5%) 0 (0%) p=1.000 
Cerebellar 3 (2%) 0 (0%) p=1.000 
Sum [median (IQR)] 2 (1–3) 4 (3–6) p¼0.048 

Notes: stroke subtype classification at discharge classified by Trial of ORG 
10172 in Acute Stroke Treatment (TOAST): cardioembolic, atherothrombotic, 
cryptogenic, other cause; vessel closed: ICA (internal carotid artery), M1-M2 
(middle cerebral artery). 

Table 3 
Type of Treatment and EEG characteristics of the two groups.   

Non SE 
n ¼ 129 

SE 
n ¼9 

Sig. 

Type of treatment [n (%)]    
Direct Thrombectomy 25 (19%) 1 (11%) p=1.000 
TICI [n (%)]    

2b-3 89 (69%) 7 (77%) p=0.723 
TAGE score [median (IQR)] 1 (0-4) 4 (4-5) p<0.001 
Hemorrhagic complication [n (%)]    

asymptomatic hemorrhage 25 (19%) 1 (11%) p=1.000 
symptomatic hemorrhage 9 (7%) 2 (22%) p=0.158 

EEG characteristics [n (%)]    
Normal 20 (16%) 0 (0%) 
Slowing abnormalities 105 (81%) 0 (0%) 

Unilateral 75 (71%) 0 (0%) 
Bilateral 30 (29%) 0 (0%) 

Epileptiform abnormalities 35 (27%) 9 (100%) 
Unilateral 21 (60%) 7 (77%) 
Bilateral 14 (40%) 2 (23%) 

SE resolutive therapy [n (%)]   
BDZ / 2 (22%) 
AED / 6 (66%) 
Sedative drugs / 1 (11%) 

Notes: Treatment: number of patients that underwent direct thrombectomy 
treatment, successful recanalization rate through the TICI score (Thrombolysis 
In Cerebral Infarction score), number of patients with intracerebral hemorrhage 
(symptomatic or asymptomatic) after treatment. In the unilateral SE, 2 were 
found controlateral to ischemic lesion side. BDZ: Benzodiazepines; AED: anti
epileptic drugs. 
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EVT. We did not have timely EEG (or EEG record at all) in patients 
admitted to ICU or in patients who died before undergoing EEG 
recording. We did not calculate an infarct lesion volume but only a 
description of the infarction extension looking at the lobes involved. On 
the other hand, the study was conducted in a real setting, namely the 
clinical practice of a Stroke Unit, a detailed neuroimaging data has been 
conducted for each patient, as well as a rapid EEG assessment after 
admission. Further studies with higher number of cases and stronger 
statistical power are needed to better investigate NCSE rate after me
chanical thrombectomy, independent factors associated with SE, and to 
develop a protocol in SU for EEG recording after stroke. 

5. Conclusions 

SE after large strokes treated with EVT is a non-rare complication, 
with most of them being NCSE. SE after EVT may be correlated to worse 
outcome and higher final infarct lesion. Performing a rapid EEG 
assessment in a SU setting may allow for a prompt recognition and 
treatment of NCSE in the acute/hyper-acute phase. 
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