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INTRODUCTION

Status epilepticus (SE) is defined as a single seizure that lasts longer than 5 min or repetitive seizures in which the patient does not return 
to the previous state.1 In cases where seizure activity is still present despite first-line benzodiazepine and second-line intravenous (IV) 
antiseizure medication, the patient is considered to have developed refractory SE (RSE). RSE is observed in approximately 9-43% of all SE 
cases, and the mortality rate has been reported to be between 15% and 33%. The mortality rate increases as the duration of SE increases.2 

In the neurological spectrum of Severe acute respiratory syndrome-Coronavirus-2 (SARS-CoV-2) infection; there are many neurological 
symptoms, including delirium, loss of smell and taste, encephalopathies, stroke, epileptic seizures, and SE.3 It has been reported that 
SARS-CoV-2 may cause neurological symptoms due to its neuroinvasive and neurotropic properties and that the inflammatory response 
(cytokine storm) related to SARS-CoV-2 infection may lead to increased circulating cytokine levels and immune cell hyperactivation, 
which may cause secondary organ dysfunction and a life-threatening systemic inflammatory syndrome.4 SARS-CoV-2 may trigger a 
systemic inflammatory response and result in stroke, epileptic seizures, and SE. Acute symptomatic seizures and SE are the most commonly 
reported clinical conditions related to SARS-CoV-2 infection, and the mortality rate is high (5-39%).5 Although vaccines are generally 
safe for patients with epilepsy, they may lead to seizures, particularly with live vaccines. Although the effects of SARS-CoV-2 vaccines 
on seizures are still unknown, They have rarely been observed to increase epileptic seizures.5 It was found that there was a further increase 
in seizures after vaccination in patients with frequent seizures.5,6 In a cross-sectional study by Özdemir et al.6, it was reported that SARS-
CoV-2 vaccines were well tolerated in patients with epilepsy, and more seizures than normal were observed in a small group of patients. In 
rare cases, SE cases after SARS-CoV-2 vaccination in people without epilepsy have also been reported.7
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Several studies have evaluated the situation of epilepsy patients 
during the SARS-CoV-2 pandemic. However, data on SE are 
limited.8-10 Furthermore, no study has investigated SE in patients 
with epilepsy during the pandemic period in Turkey. It was 
considered that there might be an increase in the frequency of 
epilepsy seizures and the prevalence of SE in patients with epilepsy 
during the SARS-CoV-2 pandemic period because of the inability 
of patients with epilepsy to use their medications on a regular 
basis, failure to perform neurologic follow-up appropriately, and 
the possible seizure risk of SARS-CoV-2 infection and vaccines. 
This retrospective study evaluated the demographic characteristics, 
etiologies, and whether there was a relationship with SARS-CoV-2 
infection in SE patients who were hospitalized in our hospital 
during the SARS-CoV-2 pandemic. 

METHODS

Patients who were hospitalized, monitored, and treated in the 
Neurology Clinic and Intensive Care Unit of Bursa City Hospital 
between March 11, 2020 and December 31, 2022 were scanned. 
Patients with a diagnosis of SE were extracted from the hospital 
data processing system and analyzed. 

Study inclusion criteria: 

1. Patients must be over 18 years of age,

2. Patients in whom seizures were consistent with the International 
League Against Epilepsy SE diagnostic criteria (continuous clinical 
and/or electrographic seizure activity that lasts longer than 5 min or 
recurrent seizure activity that does not return to baseline).

We excluded patients under 18 years of age and those with a single 
clinical seizure with a duration of less than 5 min.

If SE developed in the first 3 weeks after SARS-CoV-2 vaccination 
(patients without any underlying etiologic cause and without a 
history of epilepsy), it was a possible vaccine-associated SE. 

During the pandemic period, 59 patients (mean age 51.7±2.7 years), 
32 males (54.2%) and 27 females (45.7%), were hospitalized, 
monitored, and treated in our hospital. Data on age, gender, previous 
history of epilepsy, comorbidities, SE occurrence, SE etiology, 
brain computed tomography and magnetic resonance imaging 
findings, electroencephalography (EEG) findings, laboratory 
findings, SE treatments, and SE prognosis were evaluated. 

For this study, ethics committee approval number: 2023-8/5, date: 
10.05.2023 was obtained from the Bursa City Hospital Ethics 
Committee.

Statistical Analysis

All statistical analyses were performed using MedCalc® 
(Mariakerke, Belgium) software. Comparisons between groups 
were performed using the chi-square test and independent two-
sample t-test. P<0.05 was considered statistically significant. 

RESULTS

A total of 59 patients (mean age 51.7±2.7 years), 32 males (54.2%) 
and 27 females (45.7%) were retrospectively included in the study.

Ischemic stroke was the most common underlying etiologic cause 
of SE in our study group of 16 patients (27.1%). It was found that 
there is intracranial tumor in 8 patients (13.5%), intracerebral 
hemorrhage in 4 patients (6.7%), medication discontinuation in 
4 patients (6.7%), SARS-CoV-2 infection in 4 patients (6.7%), 
other infections in 3 patients (5.1%), possible vaccine-associated 
in 2 patients (3.3%), drug-resistant epilepsy in 4 patients (6.7%), 
autoimmune encephalitis in 1 patient (1.6%), neurodegenerative 
disease in 1 patient (1.6%), and no identified cause in 8 patients 
(13.5%) (Table 1). The most common factors triggering the onset 
of SE were epilepsy after stroke, hemorrhage and intracranial 
tumours, medication discontinuation, epilepsy secondary to 
Coronavirus disease-2019 (COVID-19) infection, and other 
systemic infections. The underlying causes of SE in our patients 
are listed in Table 1.

Considering the drugs used for treating SE; 18 patients (30%) 
received levetiracetam (LEV), 8 patients (13.5%) received 
LEV + valproic acid, and 6 patients (10.1%) received LEV + 
phenytoin infusion. In 27 patients (45.7%), other anti-seizure drug 
combinations were used. Additionally, there were 28 patients (47%) 
who needed general anesthetics such as midazolam, ketamine, 
thiopental, and propofol. Thirty-one patients (53%) did not 
receive general anesthetics. It was seen that only 15 (25%) of the 
patients could undergo EEG and the remaining 44 patients could 
not undergo EEG due to pandemic conditions. Considering the 
EEG findings; 6 patients had generalized slow wave paroxysms, 1 
patient had generalized epileptic abnormality, 2 patients had focal 
epileptic abnormality, 1 patient had focal epileptic abnormality with 
secondary generalization, and 5 patients had normal EEG findings. 
EEG was performed in all patients after the seizures ended (Table 
2). When the mortality rates were evaluated, 10 of the 59 patients 
were lost (16.9%). The mortality period ranged between 5 and 137 
days. 

MAIN POINTS

• Status epilepticus is an important life-threatening neurological condition 
that may occur during the clinical course of Severe acute respiratory 
syndrome-Coronavirus-2 (SARS-CoV-2) infection. 

• In the SARS-CoV-2 pandemic, epilepsy patients could not go for regular 
controls because of fear of infection and various other reasons. 

• Ischemic stroke, cerebral hemorrhage, intracranial tumors, SARS-CoV-2 
and other systemic infections, and medication discontinuation were the 
common etiological factors of status epilepticus in our patients who were 
followed up during the SARS-CoV-2 pandemic.

Table 1. Main underlying causes in SE cases

Number of cases Percentage (%)

Acute/remote stroke 16 27.1%

Brain metastasis 8 13.5%

Intracranial hemorrhage 4 6.7%

Epilepsy inadequate medication 4 6.7%

COVID-19 pneumonia 4 6.7%

Drug resistant epilepsy 4 6.7%

After vaccination 2 3.3%

Other infections 3 5.0%

Other causes 6 10.2%

Unknown 8 13.5%
SE: Status epilepticus, COVID-19: Coronavirus disease-2019
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DISCUSSION

Several studies have been conducted to investigate the situation 
in epilepsy patients during the SARS-CoV-2 pandemic. In these 
studies, the effects of the pandemic on epilepsy were evaluated.11-15 
There are limited studies investigating SE in patients with epilepsy 
during the pandemic period.13-16 To our knowledge, there is no study 
on SE during the pandemic period in Turkey. It has been reported 
that there was an increase in seizure frequency with an increase 
in fatigue, irritability, and anxiety in patients with epilepsy during 
the SARS-CoV-2 period.9 Another study showed that the course 
of epilepsy was generally stable in pediatric patients during the 
pandemic period. It has been emphasized that sleep irregularities 
are also more frequent in patients with worsening seizures.11 

In a study by Emami et al.9, newly developing seizure cases 
without a history of epilepsy were reported in critically ill patients 
with SARS-CoV-2. The reasons for this were hypoxia, metabolic 
disorders, organ failure, and neuroinvasion of the virus. In one 
survey study, it was observed that approximately 5% of patients 
with epilepsy decreased the doses of anti-seizure medications 
or discontinued the medication during the pandemic period due 
to lack of access to anti-seizure medications and difficulty in 
communication with their physicians.12 In this study, 55.9% of our 
patients had a previous history of epilepsy. In 6.7% of our patients, 
we thought that SE developed because of inadequate drug intake 
due to pandemic conditions. SE due to intracranial mass was 
observed in 13.5% of our patients. In a study by Arik et al.17, it 
was stated that SE due to intracranial tumor was observed in 7% 
of all SE cases before the pandemic period. The rate of SE due 
to intracranial tumors was higher in our study. This was thought 
to be due to patients’ SARS-CoV-2 fear of going to the hospital. 

Furthermore, an increase in cerebral edema as a result of decreased 
access to treatment in patients with cerebral masses may be another 
reason for the development of SE.

Status epilepticus is a neurologic condition that may occur during 
the clinical course of SARS-CoV-2 infection. The exact mechanism 
of the relationship between SE and SARS-CoV-2 is not known, but 
it may be related to the systemic inflammatory response due to 
cytokine release.13 SARS-CoV-2 pneumonia was present in 6.7% 
and other infectious conditions in 5.0% of the patients with SE in 
our study. It is thought that the systemic inflammatory response 
secondary to infection may have triggered epileptic attacks.9,13 
New-onset RSE (NORSE) has been reported as a SARS-CoV-2-
related condition. It was observed as the most common type of 
SE in this patient population, and a positive correlation was found 
between the advanced age of the patients and SE severity score.13 
Kheradmand et al.14 reported that severe hyponatremia, ischemic 
stroke, and meningoencephalitis were causes of seizures in 3 of 5 
cases of SARS-CoV-2-related SE. No specific cause of epileptic 
seizures was identified in the two cases. Three of the five patients 
died because of advanced age and accompanying comorbidities. 
The cause could not be determined in 13.5% of our patients with 
SE in our study. Post-stroke SE was found at a rate of 27.1%, which 
is higher than the prevalence of post-stroke SE found in previous 
studies during the pandemic period.18

In a multicenter retrospective study conducted by Kohle et al.19 
in Germany, cases with SE before and during the pandemic were 
compared. It has been suggested that SARS-CoV-2 is not directly 
related to SE. There are differences in the causes of SE, and it 
has been reported that cryptogenic and anoxic-induced SE are 
more common. Likewise, we found that ischemic stroke, brain 
metastasis, and cryptogenic SE were more frequent in our study. 
Several hypotheses have been proposed to explain the possible 
underlying causes of SARS-CoV-2-related SE. One controversial 
hypothesis is that SARS-CoV-2 is capable of direct invasion into 
the central nervous system (CNS). Because of its neuroinvasive 
and neurotropic properties, the virus may lead to SE.20 In addition, 
it may enter the nervous system directly through neural pathways or 
indirectly through the ACE2 receptor. The entry of proinflammatory 
cytokines into the nervous system or the production of these 
cytokines by microglia and astrocytes may lead to disruption of the 
blood-brain barrier, increase in glutamate and aspartate, decrease 
in GABA levels, and consequently epileptic seizures.21 

In epidemiologic studies, it was observed that the incidence of SE 
during the pandemic was consistent with the overall SE incidence 
recorded in the previous 5 years. Our results were also similar. 
However, difficulties in the use of EEG and other examinations 
may have led to a significantly lower recognition of NKSE.22 

In patients older than 60 years with SARS-CoV-2, new-onset 
neurological symptoms, seizures, CNS infections, and stroke are 
frequently reported.23 There are increasing data on the relationship 
between ischemic stroke and SARS-CoV-2. The association 
between SARS-CoV-2 and ischemic stroke is thought to be 
most prominent in cases involving anterior circulation and male 
gender. In these cases, cardioembolic strokes were observed more 
frequently.24 Ischemic stroke was found in approximately 0.5-
1.3% of hospitalized SARS-CoV-2 patients. It was suggested that 

Table 2. Demographic and clinical data of patients

Gender Male 32 54.2%

Female 27 45.7%

Age Arithmetic 
mean

51.7±2.7

Median 54

History of 
epilepsy

Yes 33 55.9%

No 26 44.0%

Comorbidity Yes 50 84.7%

No 9 15.3%

Intubated Yes 27 45.7%

No 32 54.3%

Relation with 
vaccination

Yes 2 3.3%

No 57 96.6%

Exitus Yes 10 16.9%

No 49 83.1%

EEG Yes 15 (25.4%) Normal 5 
---------------------------------

Abnormal 10

No 44 (74.6%)
EEG: Electroencephalography
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there was a 3- to 4-fold relative risk increase in ischemic stroke 
in hospitalized SARS-CoV-2 patients. Increased D-dimer levels, 
history of ischemic stroke, presence of diabetes mellitus, and 
additional vascular risk factors have shown that the likelihood of 
stroke increases in patients with SARS-CoV-2.25 there is a risk of 
epileptic seizures and SE development after stroke.26 In one study 
that investigated the etiology of SE, stroke-related SE was found 
to be 14.5%.27 We found that 27.1% of patients developed SE after 
stroke in our study, and this rate was quite high. Although it is 
thought that the increased risk of stroke during the SARS-CoV-2 
period may play a role in this, the data are not sufficient. 

Although all vaccines, including the SARS-CoV-2 vaccine, are 
safe in patients with epilepsy, seizures can sometimes occur after 
vaccination. Although SARS-CoV-2 vaccines are recommended 
to patients with epilepsy considering the risk-benefit ratio. In a 
study, it was found that there may be an increase in seizures after 
vaccination in patients with frequent seizures.6 A few cases of SE 
after SARS-CoV-2 vaccination in people without epilepsy have 
been reported.8,17 Encephalopathy and NKSE were reported in two 
cases after the SARS-CoV-2 vaccine.17 Post-SARS-CoV-2 vaccine 
SE was observed in approximately 3.3% (2 cases) of our patients 
with SE during the pandemic period in our study, and its relation to 
the vaccine is not clear.

Study Limitations

The limitations of our study is that EEG recordings could not be 
performed or performed with a delay during the pandemic period. 
therefore, we may have missed non-convulsive conditions. In 
addition, the course of COVID-19-related SE could be better 
understood using a multicenter status epilepticus study.

CONCLUSION

As a result, ischemic stroke, cerebral hemorrhage, intracranial 
tumors, SARS-CoV-2 and other systemic infections and medication 
discontinuation were found to be at the forefront of the etiology of 
SE in our patients who were followed up during the pandemic. It 
has been suggested that the development of SE, seen mainly in 
post-stroke patients during the pandemic, may be attributed to the 
multisystemic involvement of SARS-CoV-2 infection. 

Ethics 

Ethics Committee Approval: The study protocol was approved by the 
Ethics Committee of the Bursa City Hospital under the ethical approval number 
2023-8/5, date: 10.05.2023.

Informed Consent: Retrospective study.

Authorship Contributions

Surgical and Medical Practices: S.G., Ö.K., Concept: S.G., Ö.K., A.Ö., Design: 
S.G., Ö.K., A.Ö., Data Collection or Processing: S.G., Ö.K., C.H., M.A.A., 
G.M., G.Ö., Analysis or Interpretation: S.G., Ö.K., C.H., M.A.A., G.M., G.Ö., 
Literature Search: S.G., Ö.K., C.H., M.A.A., G.M., G.Ö., Writing: S.G., Ö.K., 
C.H., M.A.A., G.M., G.Ö.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study received no 
financial support.

REFERENCES
1. Lowenstein DH, Bleck T, Macdonald RL. It’s time to revise the definition 

of status epilepticus. Epilepsia. 1999;40(1):120-122. [Crossref]
2. Rossetti AO, Lowenstein DH. Management of refractory status 

epilepticus in adults: still more questions than answers. Lancet Neurol. 
2011;10(10):922-930. [Crossref]

3. Romoli M, Jelcic I, Bernard-Valnet R, et al. A systematic review of 
neurological manifestations of SARS-CoV-2 infection: the devil is hidden 
in the details. Eur J Neurol. 2020;27(9):1712-1726. [Crossref]

4. Solomon T. Neurological infection with SARS-CoV-2 - the story so far. 
Nat Rev Neurol. 2021;17(2):65-66. [Crossref]

5. Pang EW, Lawn ND, Chan J, Lee J, Dunne JW. COVID-19 vaccination-
related exacerbation of seizures in persons with epilepsy. Epilepsy Behav. 
2023;138:109024. [Crossref]

6. Özdemir HN, Dere B, Gökçay F, Gökçay A. Are COVID-19 vaccines 
safe for people with epilepsy? A cross-sectional study. Neurol Sci. 
2022;43(6):3489-3496. [Crossref]

7. Šín R, Štruncová D. Status epilepticus as a complication after COVID-19 
mRNA-1273 vaccine: A case report. World J Clin Cases. 2021;9(24):7218-
7223. [Crossref]

8. Tedrus GMAS, Silva JFCPD, Barros GS. The impact of COVID-19 on 
patients with epilepsy. Arq Neuropsiquiatr. 2021;79(4):310-314. [Crossref]

9. Emami A, Fadakar N, Akbari A, et al. Seizure in patients with COVID-19. 
Neurol Sci. 2020;41(11):3057-3061. [Crossref]

10. Boz PB, Aslan-Kara K, Şanlı ZS, Peköz MT, Acar D, Bozdemir H. Seizures 
in COVID-19: the relationship between biomarkers and prognosis. Acta 
Neurol Belg. 2023;123(5):1763-1772. [Crossref]

11. Anuszkiewicz K, Stogowski P, Zawadzka M, et al. COVID-19 pandemic 
influence on epilepsy course in pediatric patients. Epilepsy Behav. 
2022;129:108581. [Crossref]

12. Casassa C, Moss R, Goldenholz DM. Epilepsy during the COVID-19 
pandemic lockdown: a US population survey. Epileptic Disord. 
2021;23(2):257-267. [Crossref]

13. Dono F, Nucera B, Lanzone J, et al. Status epilepticus and COVID-19: A 
systematic review. Epilepsy Behav. 2021;118:107887. [Crossref]

14. Kheradmand M, Hemasian H, Khorvash F, et al. Status epilepticus due to 
COVID-19; a cases series and literature review. Am J Neurodegener Dis. 
2022;11(2):34-45. [Crossref]

15. Kizilkilic EK, Unkun R, Uygunoglu U, Delil S, Ozkara C. Treatment of 
COVID-19-induced refractory status epilepticus by tocilizumab. Eur J 
Neurol. 2022;29(9):2861-2863. [Crossref]

16. Liu BD, Ugolini C, Jha P. Two Cases of Post-Moderna COVID-19 Vaccine 
Encephalopathy Associated With Nonconvulsive Status Epilepticus. 
Cureus. 2021;13(7):e16172. [Crossref]

17. Arik Y, Leijten FS, Seute T, Robe PA, Snijders TJ. Prognosis and therapy 
of tumor-related versus non-tumor-related status epilepticus: a systematic 
review and meta-analysis. BMC Neurol. 2014;14:152. [Crossref]

18. Afsar N, Kaya D, Aktan S, Sykut-Bingol C. Stroke and status 
epilepticus: stroke type, type of status epilepticus, and prognosis. Seizure. 
2003;12(1):23-27. [Crossref]

19. Kohle F, Madlener M, Bruno EF, et al. Status epilepticus during the 
COVID-19 pandemic in Cologne, Germany: data from a retrospective, 
multicentre registry. J Neurol. 2022;269(11):5710-5719. [Crossref]

20. Meinhardt J, Radke J, Dittmayer C, et al. Olfactory transmucosal SARS-
CoV-2 invasion as a port of central nervous system entry in individuals 
with COVID-19. Nat Neurosci. 2021;24(2):168-175. [Crossref]

21. Nikbakht F, Mohammadkhanizadeh A, Mohammadi E. How does 
the COVID-19 cause seizure and epilepsy in patients? The potential 
mechanisms. Mult Scler Relat Disord. 2020;46:102535. [Crossref]

22. Leitinger M, Poppert KN, Mauritz M, et al. Status epilepticus admissions 
during the COVID-19 pandemic in Salzburg-A population-based study. 
Epilepsia. 2020;61(12):e198-e203. [Crossref]

https://doi.org/10.1111/j.1528-1157.1999.tb02000.x
https://doi.org/10.1016/S1474-4422(11)70187-9
https://doi.org/10.1111/ene.14382
https://doi.org/10.1038/s41582-020-00453-w
https://doi.org/10.1016/j.yebeh.2022.109024
https://doi.org/10.1007/s10072-022-05956-6
https://doi.org/10.12998/wjcc.v9.i24.7218
https://doi.org/10.1590/0004-282X-ANP-2020-0517
https://doi.org/10.1007/s10072-020-04731-9
https://doi.org/10.1007/s13760-022-02054-4
https://doi.org/10.1016/j.yebeh.2022.108581
https://doi.org/10.1684/epd.2021.1259
https://doi.org/10.1016/j.yebeh.2021.107887
https://pubmed.ncbi.nlm.nih.gov/35874940/
https://doi.org/10.1111/ene.15440
https://doi.org/10.7759/cureus.16172
https://doi.org/10.1186/1471-2377-14-152
https://doi.org/10.1016/s1059131102001437
https://doi.org/10.1007/s00415-022-11260-2
https://doi.org/10.1038/s41593-020-00758-5
https://doi.org/10.1016/j.msard.2020.102535
https://doi.org/10.1111/epi.16737


Arch Epilepsy 2024;30(2):48-52.

52

23. Xiong W, Mu J, Guo J, et al. New onset neurologic events in people with 
COVID-19 in 3 regions in China. Neurology. 2020;95(11):e1479-e1487. 
[Crossref]

24. Finsterer J, Scorza FA, Scorza CA, Fiorini AC. Ischemic stroke in 455 
COVID-19 patients. Clinics (Sao Paulo). 2022;77:100012. [Crossref]

25. De Michele M, Kahan J, Berto I, et al. Cerebrovascular Complications 
of COVID-19 and COVID-19 Vaccination. Circ Res. 2022;130(8):1187-
1203. [Crossref]

26. Nilo A, Pauletto G, Lorenzut S, et al. Post-Stroke Status Epilepticus: 
Time of Occurrence May Be the Difference? J Clin Med. 2023;12(3):769. 
[Crossref]

27. Bingöl Z, Müngen B, Berilgen MS, Rıkanoğlu A, Özel S, Sürgün F. Status 
Epileptikus: Etyoloji, Klinik Özellikler, Tedavi ve Prognoz. Fırat Tıp 
Dergisi. 2008;13(3):188-190. [Crossref]

https://doi.org/10.1212/WNL.0000000000010034
https://doi.org/10.1016/j.clinsp.2022.100012
https://doi.org/10.1161/CIRCRESAHA.122.319954
https://doi.org/10.3390/jcm12030769
https://www.firattipdergisi.com/text.php3?id=497

