Letters to the Editor

Refractory Status Epilepticus in a Patient with SARS-CoV2
Infection: Possible Mechanisms

During the pandemic of SARS-CoV2 infection (COVID-19),
several neurological complications have been documented.
However, the direct causality is uncertain.l'?! Seizures or status
epilepticus (SE) are very rare complications of SARS-CoV2
infection. In a recent study in Iran, seizure was the presenting
symptom in 0.8% of all patients with severe illness. Four of these
patients (9%) had a history of epilepsy.?! A recent systematic
review identified SE in 47 patients with COVID-19. The reported
types of SE included generalized convulsive SE (GCSE); GCSE
evolving to nonconvulsive SE (NCSE); focal motor SE (FMSE);
FMSE evolving to NCSE; motor SE evolving to NCS; and
NCSE.M In a meta-analysis of electroencephalogram (EEG)
findings in 308 patients with COVID-19, the proportion of
patients with SE on EEG was 2.05%.5! This report describes
refractory SE (RSE) in a patient with COVID-19 and a history
of frontal focal epilepsy and reviews the literature.

A 21-year-old male, a known case of right frontal focal-onset
epilepsy secondary to left frontal focus, [Figure 1] was
brought to the Emergency Medicine Department (EMD) for
high-grade fever and chills, dry cough, and breathlessness
of a duration of 2 days. At EMD, he was febrile, dyspenic,
and hemodynamically stable. He was intubated and put on

mechanical ventilation for hypoxia (SpO,88%). High-resolution
CT (HRCT) thorax showed multiple areas of ground-glass
opacities and consolidations and fibro-atelectatic lesions in
the left lung (CORAD 5). SARS-CoV2 nasopharyngeal swab
RT-PCR was positive. White blood counts ranged between
3,900 and 23,600/cu mm with lymphopenia. He was put
on injection azithromycin and injection cefoperazone and
sulbactum combination. The antiseizure medications (ASM)
which he was taking — levetiracetam 750 mg q12h, lacosamide
200 mg ql2h, and clobazam 15 mg q24 — were continued.
He had not missed any of the ASM before this admission.
He required continuous sedation for ventilator dyssynchrony.
Initially, he was started on fentanyl (max infusion rate 100 ug/
kg/h), as he continued to fight the ventilator, he was started on
midazolam (maximum infusion rate 0.5 mg/kg/h). On day-2,
he had prolonged right focal, facio-brachial onset to bilateral
tonic-clonic seizure. Proper neurological assessment could
not be done as he was sedated. The pupils were of equal size
and reactive to light. Midazolam infusion was increased to
1 mg/kg/h and was given IV levetiracetam 3000 mg load, and
the oral dose was increased to 1500 mg q12h. Continuous
EEG (cEEG) monitoring could not be started due to constraints
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Figure 1: Awake EEG showing normal background activity. (Bottom) longitudinal anterior-posterior bipolar montage showing a transient of spikes in
the left anterior frontal and central with negative phase reversal at F3; (Top) common average reference montage showing voltage maximum at F3

of pandemic and also nonavailability of subdural single-use
needle electrodes. During this event, he was hemodynamically
stable. He was started on low molecular weight heparin in view
of elevated levels of D-dimer (3—68 pg/mL). On day-3, he had
multiple episodes of right focal, facio-brachial onset seizures
while on midazolam infusion, breakthrough seizures. CT brain
showed features suggestive of small vessel disease and no acute
pathology or any chronic pathology for epilepsy. On day-4, he
had recurrent episodes of right focal, facio-brachial onset to
bilateral tonic-clonic seizures, while on midazolam infusion,
breakthrough seizures. Proper neurological evaluation could
not be done as he was on midazolam infusion. The pupils
were bilaterally equal and reactive to light. He was started
on ketamine infusion 2 mg/kg/h in addition to midazolam
infusion. In view of fluctuations in arterial oxygen partial
pressure (PaO,)/fractional inspired oxygen (FiO,) ratios, he
was put on prone ventilation. Blood and urine cultures were
negative, and serum procalcitonin (PCT-Q) was 3.03. The
antibiotic was escalated to injection meropenem. He was

hemodynamically stable. On day-6, he had recurrent right focal
onset to bilateral tonic-clonic seizures, the dose of ketamine
was increased (maximum infusion rate 4 mg/kg/h), and
perampanel 4 mg oral was added, and the dose was increased
to 12 mg over the next 6 days. He had no observable clinical
seizures from day-11. Infusion of midazolam and ketamine
were slowly tapered over the next 3 days. On day-14, ECG
showed bradycardia, lacosamide was stopped. On day-18,
EEG showed diffuse slowing. He was discharged on day-23
in a stable condition on ASM. In the follow-up, he is seizure
free and back to his previous occupation.

Our patient, a known case of right frontal focal-onset epilepsy
was admitted for COVID-19 and refractory CSE (RSE). In this
patient, probably the RSE was precipitated by the SARS-CoV2
infection. There was no change in the seizure semiology, and
it was the same before and during RSE. RSE was terminated
with intravenous anesthetic agents (midazolam and ketamine)
and oral perampanel. Withdrawal of therapeutic coma was
based solely on the absence of clinical seizures.
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The standard of care of patients with RSE includes cEEG
monitoring during therapeutic coma. We could not do so
as our hospital EEG triage policy is to limit exposure of
EEG technologists to patients with COVID-19. We do not
have subdural single-use needle electrodes. Because of this
limitation, it is possible that we would have exposed the patient
to anesthetic agents for a longer time than required before
withdrawing therapeutic coma.

The possible mechanism for seizures/SE in patients with
COVID-19 is unknown. Two possible mechanisms have
been suggested virus infection mechanisms and autoimmune
mechanisms. The neuropathological features in the brains of
patients with COVID-19 showed astrogliosis and no evidence
to suggest fulminant virus-induced encephalitis nor direct
evidence for SARS-CoV2 caused CNS damage.® Activation of
microglia and infiltration by cytotoxic T lymphocytes was most
pronounced in the brainstem and cerebellum. Meninges showed
cytotoxic T lymphocyte infiltration. SARS-CoV-2 was detected
by quantitative real time (qRT)-PCR predominantly in the
brainstem, but small amounts were also detected in frontal lobe
tissue and activation of microglia and infiltration of cytotoxic T
lymphocytes in small amounts (up to 49 cells per HPF) in the
frontal cortex.!® In patients with COVID-19, a high frequency
of frontal EEG abnormalities has been reported.” Nearly about
a half of reported EEG focal slowing (49%) and SE (45%)
involved the frontal regions.l” All these observations suggest
that in nearly half of the patients with COVID-19 and SE, the
SE is probably due to a frontal epileptogenic focus. This may be
due to virus infection mechanisms. Access for the virus to CNS
is via the neuroepithelium of the olfactory bulb. This hypothesis
is supported by the frequent initial presentation of hyposmia/
anosmia and the pathological changes in the olfactory bulb. [1->%]

It is possible that acute systemic factors may precipitate SE in
patients with SARS-CoV2 infection. However, the published
literature does not support this possibility.*1% In a retrospective
multicenter study in China, neither acute symptomatic seizures
nor SE was observed in a cohort of 304 people hospitalized
during the acute phase of COVID-19. This was despite a
substantial proportion of the cohort having risk factors for
acute symptomatic seizures.'” In our patient, there were no
acute systemic causes to explain SE at the onset. Moreover,
he presented with SE on day-2 of SARS-CoV2 infection.
The seizure semiology was similar to habitual seizures. We
feel that in this patient the SARS-CoV?2 infection associated
frontal lobe pathological changes might have lowered the
seizure threshold of the existing epileptogenic focus and thus
triggered RSE. Vollono et al.' reported a known patient with
focal-onset epilepsy with SARS-CoV2 infection and SE, in
whom ictal EEG showed left fronto-centro-temporal ictal
rhythms consistent with SE. EEG performed 10 days before
the present admission was normal.

Highlights
e Acute symptomatic seizures and status epilepticus (SE)
are rare in active COVID-19

e SE can be convulsive or nonconvulsive,

e A review of the literature suggests in nearly a half of the
patients, SE is due to frontal epileptogenic focus

e Epileptogenesis is probably due to virus infection
mechanisms
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