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Large scale healthcare data shows that new-onset epilepsy is noted in 0.3 % patients within 6 months of
COVID-19 infection. We analyzed diagnostic epilepsy monitoring unit (EMU) evaluations to identify and
report such cases. We thoroughly reviewed our EMU database and identified patients having ‘‘COVID” or
‘‘Corona” virus mention in their medical record from 03/15/2020 to 02/28/2022. Patients with epilepsy
prior to COVID infection were excluded. Among 62 patients without prior epilepsy evaluated in the
EMU for new-onset spells after confirmed COVID-19 infection, three patients were diagnosed with focal
epilepsy. These three women without epilepsy risk factors had seizure onset at the time of, or within one
to three months of, COVID-19 diagnosis. Their 3 T MRI imaging was non-lesional but revealed bilateral
enlarged perivascular spaces. The video EEG monitoring was consistent with temporal or fronto-
temporal lobe epilepsy in all three patients. Two of them developed drug-resistant epilepsy within six
months of seizure onset. Our thorough analysis of diagnostic EMU evaluations during the two years of
pandemic reveals three cases of post-COVID-19 epilepsy after non-symptomatic to mild disease.
Although coincidental epilepsy onset cannot be ruled out, larger multicenter or national database inves-
tigations are needed to further analyze the possibility of post-COVID epilepsy.

� 2023 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Almost a quarter of coronavirus disease (COVID-19) patients
develop post-acute sequelae of SARS-CoV-2 infection (PASC),
which prominently includes fatigue, anosmia/parosmia, concentra-
tion and memory impairment, headache, and insomnia among
other symptoms [1,2]. The whole spectrum of neurological seque-
lae of COVID-19 is likely to emerge in the coming years. Many
questions about the underlying pathophysiology remain unan-
swered. The landmark UK Biobank study comparing the pre- and
post-COVID-19 MRI showed that even mild COVID-19 infection
in non-hospitalized patients leads to significant changes in brain
structure, specifically reduced gray matter thickness in the
parahippocampal gyrus, orbitofrontal and anterior cingulate cortex
[3]. These limbic and paralimbic structures play a critical role in
focal epilepsy. However, epilepsy is not yet recognized as a sequela
of COVID-19 [4]. Acute COVID-19 infection is associated with
epileptiform abnormalities and seizures on continuous electroen-
cephalogram (EEG) monitoring [5–7]. COVID-19 damages brain
endothelial cells, and through the infiltration of immune cells,
upregulates inflammatory cytokines and chemokines leading to
inflammation [8]. Such changes can cause acute cortical irritation
and epileptogenicity. Viral infections are known to cause neuronal
excitation and epilepsy development through glial activation,
blood–brain barrier breakdown, immune cell infiltration, and neu-
roinflammation [9].

An analysis of electronic health records (EHR) of 81 million peo-
ple in the US recently found that COVID19 patients had a 0.81 %
incidence of seizures and 0.3 % incidence of epilepsy within
6 months of COVID diagnosis, which has hazard ratio 1.6 to 1.9
times higher than well-matched influenza population [10]. Given
the structural and neuroinflammatory changes from COVID, and
large datasets revealing post-COVID epilepsy, we investigated epi-
lepsy development as a sequela of COVID-19 infection in patients
undergoing epilepsy monitoring unit (EMU) admission, and report
three cases of new-onset focal epilepsy confirmed on video EEG
monitoring that developed after COVID-19 infection.
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Methods

We queried the prospectively maintained EMU database of our
level-4 comprehensive epilepsy center from 03/15/2020 to
02/28/2022. The electronically searchable database was used to
screen the clinical history to identify patients with the mention
of ‘‘COVID” or ‘‘Corona” virus. The EMU database of the patients
identified by above process was thoroughly reviewed, particularly
for the video EEG findings and ensuring that the seizure onset was
any time after the COVID-19 diagnosis. Patients with epilepsy prior
to COVID infection were excluded. Only the patients with seizure
onset after COVID-19 who had confirmed epilepsy on EMU moni-
toring are reported here. Their relevant electro-clinical and diag-
nostic information was extracted. The brain MRIs and raw EEGs
of the selected patientswere re-reviewed.

Results

As noted in the study patient flowchart (Fig. 1), the free-word
search identified 109 patients with mention of ‘‘COVID” or
‘‘Corona” in their clinical history. They accounted for 5.4 % of the
total patient population monitored in the EMU during the study
period. Among these 109 patients, 47 had epilepsy history. Among
the remaining 62 who underwent diagnostic EMU evaluation for
new-onset spells after a reverse transcription polymerase chain
reaction test of nasopharyngeal swab confirmed COVID-19 infec-
tion, three (4.8 %) patients were diagnosed with new-onset focal
epilepsy. Rest of the patients did not have any epileptiform dis-
charge or epileptic seizure captured during the EMU monitoring
to confirm epilepsy.

Patient 1
A 32-year-old right-handed female with diabetes mellitus type

II (DMII), obesity, obstructive sleep apnea, depression, and alco-
holism was brought to the emergency department (ED) after a
Fig. 1. Study Flowchart (Percentages shown as proportion of the number of patients
a step-above in the flowchart).
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first-time seizure described as whole-body convulsion. The patient
was at baseline by the time of ED arrival. She had mild creatine
kinase and white blood cell count elevation, and urine was positive
for marijuana. Her last alcoholic drink was the previous day. She
tested positive for COVID but was asymptomatic and denied sick
contacts. She had no history of febrile seizures, developmental
delays, head trauma, strokes, CNS infection, or family history of sei-
zures (hereafter referred as epilepsy risk factors). This was her first
lifetime seizure. Her antibody prevalence in epilepsy and
encephalopathy (APE2) score [11] was 0 out of 13 (excluding 2
points for CSF findings), making autoimmune etiology unlikely.
anti-seizure medication (ASM) was not started despite EEG show-
ing right temporal sharp waves due to the possibility of acute
symptomatic seizure from alcohol withdrawal in the setting of
non-symptomatic COVID-19. This was her first lifetime EEG. A 3-
tesla (3 T) MRI was non-lesional. She stopped alcohol use after
the first seizure. Almost a month later, she presented to the ED
due to another similar seizure. She was started on levetiracetam,
and later switched to oxcarbazepine because of mood–related
adverse effects. Soon zonisamide was added and despite the use
of two ASMs at appropriate doses, seizures with impaired aware-
ness continued. She was admitted to our EMU for diagnosis confir-
mation and potential pre-surgical evaluation. Her interictal
findings showed exclusively right fronto-temporal (maximum F8/
T8) sharp waves. We captured seizures that started with an aura
of feeling hot and increased heart rate followed by impaired
awareness, and oro-manual automatisms. Ictal EEG showed a char-
acteristic high amplitude theta activity arising from the right fron-
totemporal region (Fig. 2A) in all seizures.
Magnetoencephalography showed two tight dipole clusters in the
right temporal lobe (Fig. 2B). Positron emission tomography
showed hypometabolism in the anterior aspect of the right supe-
rior temporal gyrus (Fig. 2C). At the last follow-up, 19 months since
COVID-19 diagnosis, she is on oxcarbazepine and zonisamide, and
despite escalating doses, she was still having frequent daily sei-
zures including generalized-tonic clonic. Therefore, she is undergo-
ing work-up for potential epilepsy surgery.

Patient 2
A 36-year-old right-handed female with no comorbid medical

history tested positive for COVID after 3 days of anosmia onset.
Her COVID test remained positive 28-days later. Almost three
months after COVID-19 diagnosis, she had an episode of ‘‘passing
out while driving,” leading to an accident. On presentation, her ini-
tial workup was unremarkable, including head CT, chest X-ray, uri-
nalysis, CMP, CBC, and lactate. EEG showed epileptiform sharp
waves over the right temporal (maximum T8 or P8) head region,
and she was started on levetiracetam. She then had recurrent epi-
sodes of left ear ringing followed by right facial numbness and
hypersalivation. Two months later, she started having episodes of
repeating the phrase ‘‘mmm here we go”, followed by impaired
awareness for 10 s. These episodes continued despite compliance
with levetiracetam and addition of oxcarbazepine for clinical sus-
picion of epilepsy. Her 3 T MRI was reported as normal, and her
CSF was negative for inflammatory biomarkers like WBC count
and autoimmune antibodies. She had no epilepsy risk factors.

The diagnostic EMU evaluation confirmed right temporal lobe
epilepsy. Interictal EEG showed sharp waves over the right tempo-
ral (maximum T8 or P8) region. Three typical focal-onset aware
seizures were recorded, characterized by vocal humming followed
by mouth and bilateral hand automatisms with a left hand dys-
tonic posturing. Ictal pattern showed right temporal rhythmic
delta activity evolving to rhythmic theta rhythm (Fig. 3A). At the
last follow-up, 11 months after COVID-19 diagnosis, she was con-
tinuing to have monthly seizures on oxcarbazepine, lamotrigine,
and lacosamide.



Fig. 2. EEG, magnetoencephalography, and positron emission tomography of Patient 1. A) Ictal EEG showing seizure activity arising from the right fronto-temporal region.
Longitudinal bipolar montage. Sensitivity 10 lV, 21 s EEG page. B) Two tight dipole clusters in the right temporal lobe displayed on magnetoencephalography. C)
Hypometabolism in the anterior aspect of the right superior temporal gyrus on positron emission tomography.

Fig. 3. EEG of Patient 2 and 3. A) Ictal EEG of Patient 2 showing seizures activity arising from the right fronto-temporal region. Longitudinal bipolar montage. Sensitivity
10 lV, 22 s EEG page. B) Interictal EEG of Patient 3 demonstrating anterior temporal sharp waves. Longitudinal bipolar montage. Sensitivity 7 lV, 6.5 s EEG page.
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Patient 3
A 52-year-old right-handed female with history of hypertension

and DMII developed fever and diarrhea, which resolved in 3 days.
Then she had nausea, vomiting, and abdominal pain for 3 weeks.
On presentation, she had an acute kidney injury (AKI), which
resolved with hydration. She also tested positive for COVID-19.
She was discharged home in stable health after 4 days. Soon after
discharge, she started to become episodically confused and was re-
admitted to the local hospital. She had readmissions to her local
hospital over the next several weeks for similar complaints but
the routine tests remained negative. Three months from her initial
positive test, a three-day video-EEG showed left anterior temporal
sharp waves, but no seizures. She was discharged on lamotrigine.
Her 3 T MRI brain was non-lesional and only showed minimal
white matter disease. CSF testing performed during the EMU
admission was with in normal limits twice, including zero white
cells, negative oligoclonal bands, negative infectious markers
(meningitis/encephalitis panel, Lyme, and VDRL) and negative
cytology. Serum and CSF autoimmune encephalitis and paraneo-
plastic antibody testing was also negative. She complained of
short-termmemory deficits and scored 27/30 on mini-mental state
examination (MMSE, losing points on month, date, and day) during
a clinic visit after hospital discharge. She self-discontinued lamot-
3

rigine and the caregiver reported increased confusional episodes
and memory issues. Her paternal uncle had epilepsy, but she had
no other epilepsy risk factors. She was admitted to our EMU for
episode characterization, which were not captured during seven
days of monitoring despite ASM discontinuation. However, fre-
quent left temporal sharp waves (T7 > P7) were noted on EEG
(Fig. 3B). She was diagnosed with likely non-lesional left temporal
focal epilepsy, based on clinical history and interictal EEG findings,
and was discharged on oxcarbazepine. At the last follow-up,
15 months after COVID-19 diagnosis, she was not having any fur-
ther episodes of confusion on oxcarbazepine monotherapy.

MRI findings
The visual re-review did not reveal clear epileptogenic lesions.

However, T2-weighted images showed extensive, bilateral
enlarged perivascular spaces in all three patients (Fig. 4). Patients
did not have MRIs prior to above reported presentation to allow
for pre- and post-COVID comparison.

Discussion

Our review of EMU admissions during the two years of COVID-
19 pandemic reveals three adults lacking epilepsy risk-factors or



Fig. 4. T2-weighted coronal images showing enlarged perivascular spaces. MRIs of all three patients were reported as normal.
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other identifiable etiologies who developed new-onset focal epi-
lepsy following SARS-CoV-2 infection, suggesting that epilepsy
could be a possible sequela of COVID-19. The three patients had
asymptomatic (Patient 1) to mild (Patient 2 and 3) COVID-19, not
requiring hospitalization or COVID-specific treatment (Patient 3
later admitted due to AKI). While Patient 1 was COVID-19 positive
but asymptomatic at the time of her first seizure, the other two
developed seizures within 1 – 3 months of COVID-19. Our findings
are consistent with the emerging literature showing that the risk of
epilepsy development is higher in patients who did not require
hospitalization for COVID-19, and the median time to seizure onset
in this patient population is 41 days. However, it is relevant to note
that epilepsy development in the absence of identifiable risk-
factors is not uncommon.

Several mechanisms for seizures in the acute COVID-19 settings
are proposed [5,12]. A case-series of 50 PASC patients report one
person with seizures after COVID-19 related hospitalization [13].
Another patient developed temporal-lobe epilepsy, confirmed by
EMU evaluation, approximately-six-weeks after COVID-19 infec-
tion requiring hospitalization [14]. These rare cases seem to be
consistent with 0.3% incidence of epilepsy within 6 months of
COVID diagnosis [10]. The absolute risk of post-COVID epilepsy is
low and could only have been detected through large-scale EHR
datasets [10]. However, such datasets lack the patient level details
that are required to understand the phenotype of rare disease.
Additionally, they do not have validated diagnosis, which is espe-
cially concerning for condition like seizures and epilepsy given
its several clinical mimickers. It is best highlighted by only 5% of
patients with new-onset spells after COVID diagnoses with con-
firmed epilepsy in 2-years of EMU monitoring during the pan-
demic. Our study is not designed to provide estimates of
incidence or prevalence of post-COVID epilepsy.

Our three cases, and the one reported in the literature [14], have
temporal or fronto-temporal epilepsy. Although a common region
for focal epilepsy, this localization is highly relevant in the context
of structural changes in the limbic and paralimbic cortex noted on
the MRIs after mild COVID-19 compared to pre-COVID imaging [3].
Due to the small sample size, we did not perform advanced MRI
post-processing. Our visual re-review of MRIs revealed a shared
neuroimaging feature among the three patients – extensive, bilat-
erally enlarged perivascular spaces. Recent studies reveal enlarged
perivascular spaces in epilepsy patients [15], and their potential to
serve as imaging biomarkers of post-stroke epilepsy development
[16]. However, an etio-pathogenic association of this perivascular
space enlargement to the temporal or fronto-temporal epilepsy
in our patients is unclear. Given their bilateral presence, these
are more likely consistent with the perivascular space enlargement
noted on the post-mortem pathology and in-vivo MRI imaging of
COVID-19 patients, which is proposed as a marker of neuroinflam-
mation [17,18]. Our patients did not have clinical, serological, or
4

CSF (Patient 2 and 3) signs of neuroinflammation and hence, did
not receive immunomodulatory therapies.

Critically ill COVID-19 patients show neuropathological changes
in form of mild astrogliosis and microglial activation [19,20]. A
pathogenic association of these changes with epileptogenesis is
speculative, but not improbable. Another, more plausible explana-
tion is that the COVID-19 infection could be a sufficient ‘second-
hit’ for epileptogenesis in these three patients who otherwise
lacked the typical epilepsy risk factors. Additionally, the rapid
drug-resistance development in a matter of months in Patients 1
and 2 is noteworthy [21]. A major limitation of our study is the
sample size. However, that may be indicative of the rarity of such
events. Additionally, the three patients show differences in epi-
lepsy onset in relation to COVID-19 positivity, and Patient 1 lacks
CSF testing. Our reporting on these three patients with post-
COVID epilepsy behooves future multi-center or national database
analysis to further explore an association between COVID-19 and
epileptogenesis in some patients.

Conclusion

While a large EHR dataset study clearly shows increased risk of
epilepsy development after COVID-19 compared to influenza, over-
all, such cases are infrequent. In our single-center, first of its kind
analysis of EMU diagnostic evaluations during the two years of
pandemic, possible post-COVID-19 epilepsy was noted among
5 % of individuals with new-onset spells after COVID-19. A coinci-
dental new-onset epilepsy unrelated to non-symptomatic to mild
COVID-19 disease cannot be ruled out. However, as the scope of
COVID-190s complications and long-term outcomes continue to
evolve, it is critical to report on rare but possible disease states that
emerge in the setting of COVID-19.
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