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Previously seizures have been reported as presenting neurological manifestation with COVID-19 infec-
tion. There is a growing literature on the delayed neurologic effects of COVID-19 infection. Here, we
report a case with insidious onset of focal impaired awareness seizures associated with left temporal
epileptiform interictal and ictal discharges consistent with focal epilepsy; occurring within a short time
frame of the diagnosis of COVID-19 infection. This may be possibly a post COVID-19 inflammatory syn-
drome manifesting as new onset focal epilepsy with focal non-motor seizures with impaired awareness.
As implicated by presentation with seizure as in our case, longterm follow-up studies are warranted to
further investigate if the patients who acquire COVID-19 infection are at increased risk of developing epi-
lepsy as a delayed manifestation.
� 2021 The Authors. Published by Elsevier Inc. This is an open access article under theCCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The current pandemic associated with the coronavirus (COVID-
19) with predominantly respiratory manifestations (SARS-COV-2)
has been increasingly associated with neurological complications.
Encephalopathy, seizures, stroke, myalgia and many other mani-
festations have been noted over the last year in patients with
COVID-19 [1]. Seizures [2] or status epilepticus [3] can occur in
the acute phase of the illness with potentially resulting from
hypoxia or acute neurologic injury [4]. There is a reported case of
refractory status epilepticus which was presumed to be post-
inflammatory in etiology after COVID-19 infection [5]. Acute dis-
seminated encephalomyelitis (ADEM) [6], acute inflammatory
demyelinating polyneuropathy (AIDP) [7], myasthenia gravis [8],
encephalitis [9], multisystem inflammatory syndrome in adults
(MIS-A) [10] as well as delayed post hypoxic necrotizing leukoen-
cephalopathy [11] have been described as delayed manifestations
of COVID infection. Still, the data regarding the long term effects
of the virus remain unknown in comparison to the complications
during acute illness

Seizures associated with COVID-19 have been noted in 1–2% of
patients in large series [12]. We report a case with insidious onset
of focal impaired awareness seizures associated with left temporal
epileptiform interictal and ictal discharges consistent with focal
epilepsy; occurring within a short time frame of the diagnosis of
COVID-19 infection.
2. Case presentation

A 45-year-old right-handed woman with no prior history of sei-
zures, presented with 3-week history of dry cough and burning
chest pain. She had a positive nasopharyngeal swab test by PCR
for SARS-CoV-2. There was no documented seizure-like activity
during that hospitalization. Her symptoms improved and she even-
tually tested negative for COVID five weeks later. Subsequently,
she developed paroxysmal episodes of paresthesia involving her
right upper extremity and palpitations that were associated with
staring and confusion. Her neurological exam was reported as nor-
mal. Due to concerns for seizures, sequential CT head and MRI of
brain with and without contrast were obtained and were unre-
markable. She also underwent routine EEG recording, which did
not reveal any epileptiform discharges.

Approximately, 6 weeks after negative COVID test, she had a
witnessed episode of focal to bilateral tonic-clonic seizure that
involved jerking movements of her arms and legs, lasting for a
few minutes, associated with loss of consciousness and urinary
incontinence. This was preceded by headache, chest discomfort,
along with a feeling of anxiety and dizziness. She was admitted
to another hospital for workup, and notable lab results include
white blood cell count 14.4 � 103/mm3 [4.4 � 103–10.5 � 103],
absolute neutrophil count 12,200/mm3 [1,800–7,700], normal
basic metabolic panel, serum ammonia 50 lmol/L [11–35], and
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negative urine drug screen. Lumbar puncture was performed and
CSF obtained was clear. CSF analysis showed WBC 1/mm3 [0–5],
RBC 48/mm3 [0–1], glucose 68 mg/dL [41–70], and total protein
34 mg/dL [15–45]. Meningitis panel was negative. CT of the brain
was unremarkable. MRI of brain with and without contrast was
obtained, and did not show radiological evidence of mesial tempo-
ral sclerosis or any other pathology (Fig. 1). She was also evaluated
by cardiology due to palpitations, and her ejection fraction (EF) on
echocardiogram was normal during the acute phase of COVID-19
infection. Later, her EF was found to be low at 45–50%, and she
received colchicine for presumed inflammatory cardiomyopathy.
Eventually, her EF had partially improved to 55–60%, with her
baseline EF being 60–65%. She has had persistent palpitations with
no other explanation found after extensive cardiac evaluation at
two tertiary centers.

She was then transferred to our epilepsy monitoring unit for
characterization of her seizure-like episodes. Her personal history
was reviewed, and was found negative for developmental delay,
febrile seizures, head trauma, CNS infections or tumors, stroke, or
family history of seizures. Interictal EEG recordings showed epilep-
tiform discharges in the form of sharp wave and spike-slow wave
discharges arising from the left anterior temporal region (Fig. 2).
Two clinical seizures were recorded on video EEG. She had a focal
to bilateral tonic-clonic seizure during sleep. At the beginning of
the seizure, significant sinus tachycardia was noted on the EKG,
as the heart rate increased from 60 beats per minute (BPM) to
110 BPM. This was followed by extension of her left arm and fol-
lowed by guttural vocalizations; right arm was extended and left
flexed. Subsequently whole body tonic posturing, followed by clo-
nic jerking was seen for approximately 40 seconds. Post-ictal con-
fusion lasted for 15 minutes. No lateralized post-ictal weakness
was observed. Electrographically, this seizure began as 5 to 6 hertz
rhythmic sharp waves in the left anterior temporal region, after an
8–10 second period of background attenuation. These discharges
increased in amplitude and decreased in frequency to about 4 Hz
over next 20 seconds, rapidly spreading to the rest of left hemi-
sphere, before the background was obscured by dense EMG artifact
from generalized tonic seizure. This activity eventually spread to
the right hemisphere, just prior to appearance of diffuse EMG arti-
fact (Fig. 3a, 3b, 3c). Her second seizure was featured by her typical
Fig. 1. Coronal T2 images of hippocampi (1.5 T, TR = 7094 ms,
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aura of palpitations, paresthesia of the right arm, followed by loss
of awareness. This was associated with electrographic findings of
rhythmic 5–6 Hz sharp wave discharges in the left anterior tempo-
ral region, that later evolved into rhythmic 1–2 Hz delta activity
over the left temporal region. There was no spread to the right
hemisphere. Sinus tachycardia was again noted on the EKG chan-
nel, as heart rate increased from 80 BPM to about 115 BPM. She
was diagnosed with left temporal lobe epilepsy and was started
on oxcarbazepine 600 mg twice a day which was later switched
to lacosamide 200 mg twice a day, due to side effects. The patient
reported improvement with lacosamide with approximately 50%
reduction in the frequency of her seizure. She has also been intol-
erant to additional antiseizure medications including topiramate.
3. Discussion

This case highlights the possibility of new onset focal epilepsies
as a delayed CNS manifestation in patients with recent COVID-19
infection. Our patient developed focal onset non-motor seizures,
and later focal to bilateral tonic-clonic seizures weeks after devel-
oping symptomatic COVID-19 infection. Although in our case there
was no evidence of any active neurologic illness associated with
COVID-19 infection, the possibility of this being a delayed manifes-
tation cannot be completely excluded, especially in the absence of
any other identified risk factor. One of the limitations of this case
report is absence of testing for inflammatory markers at the time
of the clinical presentation with a generalized tonic clonic seizure
although the CSF analysis was normal. Another limitation is that
we did not have ability to perform CSF-PCR and antibody testing
in the CSF. However, the data on CSF positivity rates for PCR and
antibody testing is conflicting and not necessarily consistent with
myriad of clinical presentations [13,14]. It is also very likely that
the seizure onset was earlier than reported due to subtle nature
of her focal seizures with impaired awareness and lack of motor
manifestations until approximately 6–8 weeks later.

Several mechanisms have been proposed as an underlying
mechanism for COVID-19-related seizures, including neu-
rotropism, the entry of pro-inflammatory cytokines into the ner-
vous system, and post-infectious immune-mediated disorders
TE = 87.1 ms). No obvious sclerosis or atrophy was noted.



Fig. 2. Interictal EEG. An interictal EEG during sleep with standard 10–20 placement, bipolar montage, band-pass filter of 1–50 Hz, sensitivity 10 lV/mm, showing spike-slow
wave discharges arising from the left temporal region.

Fig. 3. a–c. Serial ictal EEGs. a. Onset of seizure. EEG during sleep, with the same setting as mentioned in Fig. 1, showing a sharp wave discharge in the left anterior temporal
region followed by diffuse background attenuation. The EKG channel showed significant tachycardia at the beginning of the seizure. b. Consolidation of seizure. An EEG epoch
showing rhythmic 5–6 Hz sharp waves in the left anterior temporal region. These sharp discharges increased in amplitude and spread to the other temporal channels. This
was then superimposed by dense EMG artifact from tonic phase. c. Termination of seizure. Generalized bursts of frontally dominant poly sharp-slow discharges leading to
diffuse suppression of the background.
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[15,16]. There are accumulating data regarding various manifesta-
tions of post-COVID inflammatory responses, including ADEM [6]
and GBS [7]. In addition, a recent case report described a patient
who developed refractory status epilepticus which was presumed
to be post-inflammatory in etiology after COVID-19 infection [5].
Also, cases of multisystem inflammatory syndrome in children
(MIS-C), a postviral inflammatory syndrome, have been described
in the absence of active infection [17]. Although information is lim-
ited regarding other acute inflammatory markers, our patient’s
neutrophilia persisted after she developed seizures, and there
was no clear evidence of infection. Neutrophilia is also well
described in cases of MIS-C [17]. Given persistent neutrophilia as
well as initial diagnosis of inflammatory cardiomyopathy, an indo-
lent inflammatory process cannot be excluded. In addition, mild
memory impairment and intermittent tachycardia has persisted
in our patient. A prospective study has demonstrated changes in
the hippocampus and cingulate gyrus on MRI at a 3-month
follow-up [18], suggesting delayed neurologic injury related to
COVID-19 infection.

There is a growing literature on the delayed effects of COVID-19
which includes but is not limited to ADEM [6], AIDP [7], myasthe-
nia gravis [8], and MIS-A [10]. As implicated by delayed presenta-
tion with seizure as in our case, long-term follow-up studies are
warranted to further investigate if the patients who acquire
COVID-19 infection are at increased risk of developing epilepsy
as a delayed manifestation.
4. Conclusion

We believe that this is the first report of a patient with a possi-
ble post COVID-19 inflammatory syndrome manifesting as new
onset focal epilepsy. In the absence of any clear other risk factor
and with potential temporal relationship of the seizures, the asso-
ciation with COVID-19 infection is quite likely.

In this era of COVID pandemic, knowing if the patient had
COVID-19 infection would be helpful when evaluating new-onset
seizure patients even weeks after diagnosis as the mid to long term
events of this infection are currently unknown. Additionally, based
on our case, inflammatory markers should be assessed in patients
with recent COVID-19 infections and neurological symptoms or
disorders.
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