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Purpose: In March 2020, the World Health Organization declared the SARS-CoV-2 infection-related coro-
navirus Disease (COVID-19) a pandemic. During the first and second waves of the pandemic spread, there
have been several reports of COVID-19-associated neurological manifestations, including acute seizures
and status epilepticus (SE). In this systematic review, we summarized the available data on clinical fea-
tures, diagnosis, and therapy of COVID-19-related SE.
Methods: We performed a systematic search of the literature to identify data on demographics, clinical,
neurophysiological, and neuroradiological data of patients with COVID-19-related SE. We used regression
models (linear or logistic) with a stepwise forward method to identify features associated with mortality
or severity of SE.
Results: Thirty-nine articles were included with a total of 47 cases of SE associated with COVID-19. Age,
time between the acute respiratory phase of SARS-CoV-2 infection and SE onset, and hospitalization cor-
related with a higher SE severity as assessed by quantitative validated scales.
Conclusions: SE can be a neurological manifestation of SARS-CoV-2 infection. Although a possible associ-
ation between SE and COVID-19 has been reported, the exact mechanisms are still not fully understood.
Systemic inflammatory syndrome due to cytokine release could play a role in COVID-19-related SE.

� 2021 Elsevier Inc. All rights reserved.
1. Introduction

Coronavirus disease 2019 (COVID-19) pandemic related to the
infection by the novel coronavirus (SARS-CoV-2) is a challenging
health emergency. Among the symptoms included in the COVID-
19 disease spectrum, neurological manifestations have been fre-
quently reported, including anosmia, ageusia, encephalopathies,
stroke, epileptic seizures, and Status Epilepticus (SE) [1]. The neu-
roinvasive and neurotropic properties of SARS-CoV-2 have been
questioned [2], and the neurologic picture is considered the conse-
quence of an inflammatory response related to SARS-CoV-2 infec-
tion (‘‘cytokine released syndrome” or ‘‘cytokine storm”).
Increased levels of circulating cytokine and immune-cell hyperac-
tivation could lead to secondary organ dysfunction and eventually
to a life-threatening systemic inflammatory syndrome [3].

Acute symptomatic epileptic seizures and Status Epilepticus
(SE) are two of the neurological conditions most frequently
reported in association with SARS-CoV-2 infection and carry a high
rate of mortality (between 5% and 39%) [4]. The management of SE
during COVID-19 infection is particularly challenging, due to the
unavailability of an electroencephalogram (EEG) in many COVID-
19 units, the possible drug-to-drug interactions between antiviral
treatments and anti-seizure medications (ASMs) [5], and the
well-known respiratory suppression properties of benzodi-
azepines, which are the first-line treatment of SE.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.yebeh.2021.107887&domain=pdf
https://doi.org/10.1016/j.yebeh.2021.107887
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In this systematic review, we summarize the available data on
clinical features, diagnosis, and therapy of SE associated with
COVID-19.
2. Methods

2.1. Searching strategy and review organization

Results of this systematic review have been reported according
to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement. The final study protocol was regis-
tered in the PROSPERO international prospective register of sys-
tematic reviews (https://www.crd.york.ac.uk/PROSPERO/,
registration number CRD42020223305).

The following electronic databases and data sources were sys-
tematically searched: MEDLINE (accessed through PubMed),
EMBASE, and Google Scholar (from December 2019 to January
2021). In all databases we used the following search strategy:
(’epileptic state’/exp OR ’epileptic state’) AND (’coronavirus disease
20190/exp OR ’coronavirus disease 20190). We included all studies
reporting cases of SE in the context of COVID-19 syndrome in
patients with or without a previous history of epilepsy, published
in English, and reporting individual patient data. Non-peer
reviewed papers were excluded.

The quality of studies included in the quantitative analysis was
assessed using the Newcastle-Ottawa Quality Assessment Scale
(NOS). This score ranges from 0 to 9, with studies getting scores
�5 were regarded as good quality studies [6]. Nine reviewers (B.
N., J.L., G.E., F.R., R.S., L.T., S.T., M.D.P., and M.R.) independently
screened the retrieved articles for possible inclusion. Disagree-
ments were discussed collegially and resolved through discussion.
Data were extracted on a digital spreadsheet.

We extracted and collected the following individual patient
data: age, gender, previous history of epilepsy, comorbidities, time
between the onset of respiratory and/or gastrointestinal symptoms
of COVID-19 and SE onset (time to SE, TtSE), intra-hospital (IHO), or
extra-hospital (EHO) occurrence of SE, SE etiology (acute symp-
tomatic, remote symptomatic, progressive symptomatic,
unknown/not specified), brain computerized tomography (TC)
and magnetic resonance image (MRI) findings, EEG findings, labo-
ratory findings, COVID-19-specific treatments, SE treatments, SE
duration, and outcome. Some categorical variables were addition-
ally taken into account: use of steroids (Yes/No), use of anesthetics
(Yes/No), and pathological CSF findings (Yes/No). Based on the clin-
ical description, the Status Epilepticus Severity Score (STESS) and
Epidemiology-based Mortality score in SE (EMSE) were calculated
for each case by the reviewers. The full list of variables used for sta-
tistical analysis and missing data are reported in Supp.Tab.1.
3. Statistics

Statistical analysis was performed on the final dataset contain-
ing all information pooled from the included studies. Normality of
continuous data was checked via Kolmogorov–Smirnov test, and a
linear (Forward Stepwise) regression analysis was fitted to
describe the relation of all clinical data with STESS and EMSE
scores. We used logistic (Forward Stepwise) regression to describe
how clinical variables modify the odds of survival and resolution of
SE. To further confirm significant findings, we used an ANOVA to
compare differences in clinical features between patients accord-
ing to the number of ASMs and age group (0–25 years; 25–
65 years; over 65 years), and t-test to compare clinical features
between patients who survived and those who did not. Alpha level
was set at 0.05 for statistical significance. Cases with insufficient
2

information to calculate STESS and EMSE were not included in sta-
tistical analysis. Data were analyzed using IBM SPSSTM.

4. Results

The literature search reported above yielded 909 articles (MED-
LINE: 63; Google Scholar: 797; EMBASE: 15; other sources: 34).
Sixty-five duplicated abstracts and titles were identified through
our electronic search. Of the 844 records screened, the full texts
of 62 articles were reviewed for eligibility. Twenty-three articles
initially considered for possible inclusion were eventually
excluded (excluded articles with reasons for exclusion and number
of patients for each excluded study are reported in Supp.Tab.2).
Thirty-nine articles (24 case reports and 15 case series, with indi-
vidual patient data available for 47 patients) fulfilling the selection
criteria were finally included (Fig. 1) [7–44]. According to
Newcastle-Ottawa Quality Assessment Scale (NOS), six papers
(6/39) were scored 2, sixteen papers (13/39) were scored 3,
twenty-two papers (19/38) were scored 4, and one paper (1/38)
was scored 5 (score results for each study are provided in Supp.
Tab.3).

5. Demographics and past medical history

Forty-seven patients (25 males; 53.2%) were included (median
age: 57 years, range: 2–86). Three patients (6.4%) had a prior his-
tory of epilepsy, with 2 (4.3%) taking ASM before hospitalization.
Hypertension (n = 7; 14.9%), diabetes mellitus type II (n = 6;
12.8%), chronic renal disease (n = 5; 10.6%) and chronic obstructive
pulmonary disease (COPD) (n = 2; 4.3%) were the most commonly
reported comorbidities. Demographics and data on past medical
history are summarized in Table 1.

6. Symptoms related to SARS-CoV-2 infection and therapy

Respiratory or gastrointestinal symptoms occurred in 33
(70.2%) and 9 (19.1%) patients, respectively. Other frequently
reported symptoms were fever (n = 7; 14.9%), hypo/anosmia and
ageusia (n = 2; 4.3%), asthenia/weakness (n = 2; 4.3%), myalgia
(n = 2; 4.3%) and confusion (n = 2; 4.3%). Twenty-eight (59.6%)
patients underwent intubation, whether for respiratory symptoms
(n = 24; 51.1%) or for SE (n = 4; 8.5%). SARS-CoV-2 infection-related
symptoms and therapy are summarized in Table 1.

7. SE presentation and semiology

Twenty-seven out of 47 (57.4%) patients developed SE after
COVID-19 respiratory/gastrointestinal symptoms (median: 168
hours, IQR 96-276), whereas 7 patients (14.9%) before (median:
24 hours, IQR 11-72). SE etiology was mainly unknown, though
acute symptomatic and multifactorial have been reported. Seven-
teen patients (36.2%) met the diagnostic criteria for New-onset
Refractory Status Epilepticus (NORSE) [45]. Although motor symp-
toms represented the most frequent manifestation of SE, several
nonconvulsive SE were reported. Salzburg criteria for the diagnosis
of Non-convulsive Status Epilepticus (NCSE) [46] were mentioned
only in 3/8 cases. The details of SE presentation and semiology
are summarized in Table 2

8. EEG findings

EEG data were available for 33 (70.2%) patients. EEG abnormal-
ities mainly consisted in continuous epileptiform activity (n = 24;
51.1%), although EEG slow-wave continuous activity was also
reported (n = 8; 17%). EEG abnormalities were mostly localized in

https://www.crd.york.ac.uk/PROSPERO/


Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram describing the search from literature; 844 records were screened, fromwhich 39 articles
(24 case reports and 15 retrospective studies) were selected. SE: status epilepticus.
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the frontal lobe (n = 13; 27.7%), followed by temporal lobe (n = 6;
12.8%). Twelve patients (25,5%) showed lateralized abnormalities,
with 8 (17%) in the right hemisphere and 4 (8.7%) in the left hemi-
sphere. Bifrontal localization was described in 4 (8.5%) patients,
while diffuse epileptiform abnormalities were described in 9
(19.1%). A specific EEG pattern was described in 14 patients
(30.4%), consisting in Generalized Periodic Discharges (GPDs)
(n = 5; 10.6%), Lateralized Periodic Discharges (LPDs) (n = 2; 4.3%),
Generalized Rhythmic Delta Activity (GRDA) (n = 2; 4.3%), Bilateral
Independent Lateralized Periodic Discharges (BiLPD) (n = 2; 4.3%),
Lateralized Periodic Discharges with superimposed fast activity
(LPDs + F) (n = 2; 4.3%), and Generalized Spike-&-Wave/Sharp-
and-Wave (GSW) (n = 1; 2.1%).

A follow-up EEG was performed in 5 patients (10.6%). EEG find-
ings were normal in 2 patients, whereas the others showed ‘‘GRDA”
[26], ‘‘GRDA and GPDs” [26], or ‘‘transitioning to moderate back-
ground, slowing with intermittent left temporal sharp waves” [37].

EEG findings are summarized in Table 2.
9. Neuroradiological findings

Information regarding computerized tomography (CT) scans of
the head were reported in 28 (59.6%) cases, and 14 (29.8%) patients
had abnormal findings. Twenty-seven (54.7%) patients underwent
brain magnetic resonance image (MRI), with abnormal findings in
20 (42.6%). These included: inflammatory lesions (n = 8; 17%), pos-
terior reversible encephalopathy syndrome (PRES) (n = 4; 8.5%),
brain atrophy (n = 2; 4.3%), cerebral hemorrhage (n = 2; 4.3%), brain
tumor and cerebral hemorrhage (n = 1; 2.1%), and nonspecific
changes (n = 2; 4.3%). In most of the cases, inflammatory lesions
did not show a specific lateralization neither a specific cortical lobe
3

involvement (n = 5; 10.6%), even though orbito-frontal (n = 2; 4.3%)
and limbic localization were reported.

Data on follow-up were reported for 16 patients (34%). The
median follow-up duration was 21 days (range 4–1080). Four
patients underwent a follow-up brain MRI, showing abnormalities
in 2 cases, that were located in the ‘‘bilateral mesial temporal lobe”
in one patient, and the ‘‘bilateral olfactive bulbs, head of caudate
nucleus, posterior commissural fibers of the fornix, hippocampus,
and left temporal lobe” in the other.

Neuroradiological findings are summarized in Table 1.

10. Laboratory findings

Arterial-blood gas sampling was reported in 7 patients (14.9 %).
Data regarding blood samples were reported in 24 patients (51.1%),
showing increased C-reactive protein (n = 13; 27.7%), procalcitonin
(n = 4; 8.5%) and D-dimer (n = 7; 14.9%).

Twenty-three patients (48.9%) underwent a lumbar puncture,
with a median of 9 white cell/mm3 (range 1–26) and increased
protein and glucose mean concentrations. SARS-CoV-2 protein
chain reaction (PCR) was positive in the cerebrospinal fluid (CSF)
of 4 (8.5%) patients, and in 1 patient antibodies against N-
methyl-D-aspartate receptor (NMDAr) were detected. Laboratory
findings are summarized in Table 2

11. SE treatment

Treatment was reported in 38 (80.9%) patients. The most fre-
quently used first-line IV ASMs were levetiracetam (LEV) (n = 14;
29.8%) and lorazepam (n = 10; 21.3%), while the most frequent
second-line therapy were LEV (n = 11; 23.4%), valproic acid



Table 1
Demographics and clinical data.

Sex Male 25 (53.2%)
Female 22 (46.8%)

Age Median (range) 57 y (2–86)
Range 2–86
age < 18 y 8 (17.4%)

Epilepsy history Yes 3 (6.4%)
No 30 (63.8%)
NA 14 (29.8%)

Comorbidities Yes 22 (46.8%)
No 2 (4.3%)
NA 23 (48.9%)

COVID-19 associated symptoms Respiratory symptoms
Yes 33 (70.2%)
NA 14 (29.8%)
Gastrointestinal symptoms
Yes 9 (19.1%)
NA 38 (81.9%)
Other symptoms
Yes 15 (31.9%)
NA 32 (69.1%)

COVID-19 associated treatment Steroids
Yes 15 (31.9%)
No 2 (4.3%)
NA 30 (63.8%)
Hydroxychloroquine
Yes 13 (27.7%)
NA 34 (72.3%)
Heparin
Yes 10 (21.3%)
NA 37 (78.7%)
Antibiotics
Yes 18 (38.3%)
NA 29 (61.7%)
Remdesevir
Yes 2 (4.3%)
NA 45 (95.7%)
Plasma
Yes 1 (2,1%)
NA 46 (97,9%)

Intubation Yes 28 (59.6%)
– due to systemic disease 24
– due to SE 4

NA 19 (40.4%)
Laboratory findings Arterial-blood gas (ABG)

Performed 7 (14.9%)
– pO2 (mean) 61.1 ± 17.4
– pCO2 (mean) 26.7 ± 5.5
– PH (mean) 7.5 ± 1.1

NA 40 (85.1%)
Blood samples
Performed 24 (51.1%)
– C-reactive protein 13 (27.7%)
– Procalcitonin 4 (8.5%)
– D-dimer 7 (14.9%)

No 23 (48.9%)
Lumbar punction
Performed 23 (48.9%)
– White cell/mm3 (range) 1–26

4 (8.5%)
– SARS-CoV-2 + 7 (14.9%)

(51.1%)
– Autoimmune encephalitis

Autoantibodies (Ab)-panel
1 (2,1%)

s Ab-NMDAR +
NA 24 (51.1%)

Neuroradiological findings Brain CT scan
Performed 28 (59.6%)
– Posterior Reversible Encephalopathy

Syndrome
4 (8.5%)

– Cerebral hemorrhage 3 (6.4%)
– Brain tumor 1 (2.1%)
– Brain tumor and cerebral hemorrhage 1 (2.1%)
– Chronic vascular leukoencephalopathy 1 (2.1%)
– Cerebral Ischemia 1 (2.1%)
– Brain Malformations 1 (2.1%)
– Nonspecific changes 2 (4.3%)

F. Dono, B. Nucera, J. Lanzone et al. Epilepsy & Behavior 118 (2021) 107887
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NA 19 (40.4%)
Brain MRI scan
Performed 27 (57.4%)
– Inflammatory lesions 8 (17%)
– PRES 4 (8.5%)
– Brain atrophy 2 (4.3%)
– Cerebral hemorrhage 2 (4.3%)
– Brain tumor and cerebral hemorrhage 1 (2.1%)
– Nonspecific changes 2 (4.3%)
– Normal 10 (21.3%)

NA 10 (21.3%)

NA: not available.

Table 2
Status Epilepticus clinical features.

Onset Intra-hospital onset (IHO) 30 (63.8%)
Extra-hospital onset (EHO) 12 (25.5%)
NA 5 (10.6%)

Etiology Acute 19
– Vascular 7 (14.9%)
– Septic 5 (10.6%)
– Inflammatory 4 (8.6%)
– multifactorial 3 (6.4%)

Unknown 26 (55.3%)
NA 2 (4.3%)

Semiology Motor onset
– GCSE 11 (23.4%)
– GCSE evolving to NCSE 2 (4.3%)
– FMSE 2 (4.3%)
– FMSE evolving to NCSE 6 (12.8%)
– MSE evolving to NCSE 1 (2.1%)

Non-motor onset
– NCSE 8 (17%)

Unknown 17 (36.2%)
Pattern EEG GPDs 5 (10.6%)

LPDs 2 (4.3%)
LPDs PLUS 2 (4.3%)
BILPD 2 (4.3%)
GRDA 2 (4.3%)
NA 34 (72.3%)

SE duration <1h 15 (31.9%)
1–6 h 0 (0%)
6–12 h 1 (2.1%)
12–24 h 0 (0%)
>24 h 3 (6.4%)
Unknown 28 (59.6%)

Total STESS score 0–3 34 (72.3%)
4–6 13 (27.7%)

Total EMSE score 0–33 27 (57.4%)
�34 20 (42.6%)

BILPDs: bilateral independent periodic discharges; FMSE: focal motor status
epilepticus; GCSE: generalized convulsive status epilepticus; GPDs: generalized
periodic discharges; GRDA: generalized rhythmic delta activity; MSE: motor status
epilepticus; NCSE: non-convulsive status epilepticus; LPDs: lateralized periodic
discharges; NA: not available.
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(n = 5; 10.6%), phenytoin (n = 4; 8.5%), and lacosamide (n = 4; 8.5%).
The median number of ASMs used was 2 (IQR 1–3). Thirteen
patients (27.7 %) received also an anesthetic medication, the most
frequent being midazolam (n = 10; 21.3%) and propofol (n = 2;
4,3%). The median number of anesthetic medications used was 1
(IQR 0.75–1.5). Thirteen patients (27.7%) received further thera-
pies, including steroid treatment (n = 7; 14.9%) or Ig IV (n = 5;
10.6%). In 25 patients (53.2 %) the treatment outcome was
reported, which was favorable in the majority of cases (96%). There
was no discernible difference in outcomes with various ASMs. The
details of ASMs/anesthetic medications are summarized in Table 3.

Regardless of treatment, resolution of SE was reported in 40
patients (85.1%). Among these, 37 (78.7%) had a resolution of SE
with a median of 48 hours (range: 0–1344) after the start of SE
and with a median of 12 hours (range: 0–720) after the initiation
5

of antiseizure treatment. Outcome was reported in 42 patients
(89.3%): although it was mostly favorable, 10 patients (21%) died
after a median of 21 days (IQR 13.5–25).

12. SE severity scales

Even though none of the studies reported the most commonly
used outcome scales for SE, based on the information reported in
the articles, we calculated STESS and EMSE scores for every patient.
The median STESS score was 3 (IQR 2–4), while the mean EMSE
score was 19 (IQR 14–49).

13. Statistical analysis of pooled data

Logistic regression carried out using ‘‘SE resolution” as outcome
variable did not show significant predictors of SE resolution. U
Mann–Whitney test showed that patients who survived were
younger (median age = 49.5, IQR 35–63) than those who did not
(median age = 71, IQR 50–69, p < 0.02) (Fig. 2B). A multiple linear
regression model showed that severity of STESS score was influ-
enced by the number of ASMs (p = 0.007), IHO of SE (p = 0.001),
age (p = 0.048), TtSE (p = 0.005) (Fig. 2A). The relation between
EMSE and age was confirmed using an ANOVA comparing the vari-
ance of EMSE score among age groups (0–30 years, 30–65 years,
over 65 years), with higher mean EMSE scores in the older group
(p < 0.001) (Fig. 2C). Post hoc analysis showed significant differ-
ences between the 0–30 years (mean EMSE = 16,33) and the over
65 years (mean EMSE = 56,83) groups and between the 30–
65 years (mean EMSE = 29,48) and the over 65 years (mean
EMSE = 56,83) groups.

14. Outcomes

Thirteen patients had complete recovery at follow-up, whereas
one patient had a persisting dysexecutive syndrome [36], and a
moderate persistent cognitive deficit with bilateral proximal weak-
ness in a further patient [37].

15. Discussion

The management of patients with SE in the context of COVID-19
pandemic is both a diagnostic and therapeutic challenge. Due to
the highly contagious nature of the disease, these patients have
usually limited access to diagnostic investigations, including the
EEG [47]. This could seriously underestimate the incidence of SE,
particularly in patients with non-convulsive SE or SE with minor
motor phenomena. According to our data, only 70% of SE patients
underwent an EEG recording. Several EEG patterns have been
reported in SE associated with COVID-19, including periodic (LPDs,
LPDs ‘‘plus”, BiLPDs, and GPDs) and rhythmic (GRDA) patterns.
However, based on the available evidence, no single EEG pattern
appears to be specific for SE related to this viral infection. Concern-



Table 3
Anti-seizure (ASM) and Anesthetic (An) treatments of status epilepticus.

Anti-seizure medication
(ASMs)

Median number of ASMs associated
(IQR)

Route of
administration

N� of cases as first
medication

N� of patients
treated

Median dosage
(IQR)

Lorazepam 1 (1–2) i.v. 10 10 2 mg (1.25–6.5)
Levetiracetam 1 (1–2) i.v. 14 23 2000 mg (1625–

3500)
Clonazepam 2 (1–3) i.v. 3 5 NA
Diazepam 3 (0–4) i.v. 2 3 20 mg
Clobazam 2 (1–3) i.v. 1 2 NA
Phenobarbital 2 (1–3) i.v. 1 3 NA
Valproic Acid 1.5 (1–3) i.v. 4 10 NA
Phenytoin 2 (1–2) i.v. 0 4 NA
Lacosamide 2.5 (1.75–3.25) i.v. 1 11 200 mg (100–200)
Perampanel 4 (3–4) o.s. 0 2 20 mg

Anesthetics (An) Median number of An associated
(IQR)

Route of
administration

N� of cases as first
medication

N� of patients
treated

Median dosage
(IQR)

Midazolam 1 (0–2) i.v. 8 10 NA
Propofol 2 (0–2) i.v. 2 3 NA
Tiopental 1 (0–2) i.v. 1 2 NA
Ketamine 2 (1–2) i.v. 1 2 NA

i.v.: intra-venous; NA: not available.

Fig. 2. A) A multiple linear regression model showed that severity of STESS score was influenced by the number of ASMs (p = 0.007), IHO of SE (p = 0.001), age (p = 0.048), TtSE
(p = 0.005). B) U Mann–Whitney test showed that patients who survived were younger (median age = 49,5, IQR 35–63) than those who did not (median age = 71, IQR 50–69)
(p < 0.02). C) The relation between EMSE and age was further confirmed using an ANOVA comparing the variance of EMSE score among age groups (0–30 years, 30–65 years,
over 65 years), with higher mean EMSE scores in the older group (p < 0.001).
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ing SE semiology, a greater percentage of patients presented a Con-
vulsive Status Epilepticus (CSE), focal or generalized. Remarkably,
the Salzburg criteria for NCSE [46] were rarely applied for the diag-
nosis of NCSE. Hence, although the available data suggest that SE
with prominent motor semiology is the most frequent SE type
associated with COVID-19, the difficulties in recording an EEG in
this clinical setting as well as the lack of use of specific diagnostic
criteria could have led to an underestimation of NCSE or SE with
mild clinical seizure activity.
6

Several conditions can lead to SE in patients with COVID-19.
Acute seizures and SE can arise from the febrile status, hypoxia,
or metabolic derangements. Nevertheless, according to the avail-
able data, such etiologies are infrequent, and generally associated
with a milder form of SE, as shown by lower STESS and EMSE
scores. Consequently, these patients generally show a good
response to treatment and a positive outcome. In our systematic
review, however, most cases of SE had an unknown etiology. In this
subgroup of patients, SE started some days after the onset of sys-
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temic symptoms was associated with higher STESS and EMSE
scores, and showed a worse response to treatment.

Several hypotheses have been proposed to explain the possible
underlying causes of SE associated with COVID-19. According to a
controversial hypothesis, a direct invasion of SARS-CoV-2 in the
CNS represents the mechanism underlying these cases of SE, as
suggested by experimental and clinical studies [48,49], showing
the neuroinvasive and neurotropic properties of the virus. The
exact route through which SARS-CoV-2 enters the CNS is still
unclear. It has been hypothesized that a viral involvement of the
peripheral nerve is later followed by a spread to the CNS. However,
in our review, only 4 cases showed the presence of the virus in the
CSF as confirmed by polymerase chain reaction (PCR). Hence, a
direct invasion of the CNS cannot be demonstrated in every case
of SE associated with SARS-CoV-2 infection. In the literature, there
are several reports of SE associated with COVID-19 possibly due to
neuroinvasive or neuroinflammatory mechanisms. However, mere
association does not necessarily imply causality, and the overall
clinical evidence supporting these explanations is rather weak.
Although some criteria such as temporality, plausibility, and coher-
ence [50] may support the association between COVID-19 and SE,
the strength of association (i.e., the larger an association between
exposure and disease, the more likely it is to be causally related)
and consistency needs to be thoroughly evaluated in the assess-
ment of causality. A recent epidemiological study in Salzburg
[51] has shown that the incidence of SE during the pandemic
was not different compared to the general SE incidence recorded
in the previous 5 years. However, it is plausible that the aforemen-
tioned difficulties in using adequate diagnostic tools led to a con-
siderable underestimation of SE, and particularly NCSE.
Regarding consistency, most studies differed greatly in terms of
diagnostic investigations performed to rule out other causes of
SE, hence impairing an accurate assessment of the causal relation-
ship. Of note, only approximately half of the patients underwent a
brain MRI (58.7%), CFS analysis (50%), or extensive laboratory
workup including inflammatory markers (49.9%); serum and CSF
autoimmune antibodies panel were performed in a minority of
patients (15.2%). Hence, at least in some cases, the underlying
cause of SE in COVID-19 may be unrelated to the viral infection
or its systemic consequences. The association between SE and
COVID-19 could therefore be spurious, or there may be a third
underlying condition that could explain both SE and COVID-19.
With this regard, at least in some cases, a concomitant immunode-
pression could have independently increased the risk of SARS-CoV-
2 infection and SE due to immunological impairment (e.g., autoim-
mune or infective encephalitis).

According to a further hypothesis [52], SE could arise from the
SARS-CoV-2-induced systemic inflammatory response. Remark-
ably, most cases of SE with SARS-CoV-2 infection described in
the literature can be classified as cryptogenic New-Onset Refrac-
tory Status Epilepticus (NORSE), which are thought to be the clin-
ical manifestation of a pro-inflammatory state in the CNS.
However, although systemic inflammatory markers, such as ery-
throcytes sedimentation rate (ESR), C-reactive protein (CPR), and
fibrin degradation product (D-dimer) were often increased, only
very few studies provided data on levels of circulating cytokines
(i.e. IL-6 and IL-1). Furthermore, no reports describing SE resolu-
tion following therapy with anti-interleukin drugs (i.e. Anakinra,
Tocilizumab) have been published yet. Hence, although systemic
inflammation and cytokine storm are frequently referred to as a
possible underlying cause of SE associated with SARS-CoV-2, the
evidence supporting this hypothesis is scarce.

The treatment of SE in patients with SARS-CoV-2 infection
poses several challenges. The first-line treatment of SE in these
patients should take into account the possible drug-to-drug inter-
actions between antiviral treatments and anti-seizure medications
7

(ASMs), along with the well-known respiratory depressive effect of
BDZs. International guidelines for SE treatment recommend the
use of i.v. BDZ as first-line treatment. However, our data show that
LEV was the most frequently used medication. This can be due to
the concerns for desaturation associated with BDZ use in patients
with respiratory involvement. Interestingly, we did not observe
any differences in SE resolution, number of ASMs, short- and
long-term outcomes between patients initially treated with intra-
venous BDZs or ASMs.

Although none of the studies provided data on STESS and EMSE
scores, we were able to calculate these scores for every patient.
Based on recent studies, we assumed STESS � 4 and EMSE � 34
to be optimized cutoff points for mortality prediction. Accordingly,
28.3% of patients had a STESS score >4 and 45.7% an EMSE score
>34. STESS score was related to mortality but not to SE resolution.
Older patients had more severe SE, as reflected by higher values on
EMSE and STESS scores. The presence of multiple comorbidities
was also associated with a poorer outcome, as shown by the higher
EMSE values. Furthermore, tTSE, age, number of ASMs, and IHO
onset appear to be associated with more severe SE outcomes. These
findings suggest that a delayed SE onset, probably sustained by
inflammatory storm, is related to more severe SE, whereas early
SE, possibly related to acute febrile reaction, is less severe.
16. Conclusion

SE can represent a neurological manifestation of SARS-CoV-2
infection; it can occur before any other symptom of respiratory
or systemic involvement of COVID-19, although more frequently
it occurs within the context of a clinically overt respiratory infec-
tion. The lack of prompt access to EEG recordings may lead to an
underestimate of its incidence, particularly for NCSE. The etiology
of SARS-CoV-2-related SE remains mostly unknown. A direct role
of SARS-CoV-2 invasion in the CNS or the systemic inflammatory
syndrome due to cytokine release has been proposed as possible
explanations. However, the association between SE and COVID-
19 could be spurious, and there may be other underlying condi-
tions causally and independently related to both SE and COVID-19.
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