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1 | INTRODUCTION

Although the prevalence and pathophysiology have yet to be
fully elucidated, there have been multiple reports of seizures
in the setting of acute COVID-19 infection.'™ This report
describes a case of refractory status epilepticus (RSE) after
recovery from acute COVID-19, likely secondary to a postin-
fectious inflammatory response.

2 | CASE REPORT

A 69-year-old African American woman was initially admit-
ted to our medical center with confusion, diarrhea, and cough
in March 2020. She had diabetes with a hemoglobin Alc of
9.4%, which had been complicated by nephropathy necessitat-
ing a renal transplant and was on tacrolimus, mycophenolate,
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There have been multiple descriptions of seizures during the acute infectious period
in patients with COVID-19. However, there have been no reports of status epilepti-
cus after recovery from COVID-19 infection. Herein, we discuss a patient with re-
fractory status epilepticus 6 weeks after initial infection with COVID-19. Extensive
workup demonstrated elevated inflammatory markers, recurrence of a positive na-
sopharyngeal SARS-CoV-2 polymerase chain reaction, and hippocampal atrophy.
Postinfectious inflammation may have triggered refractory status epilepticus in a

manner similar to the multisystemic inflammatory syndrome observed in children
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and prednisone. Although she had no history of seizures, she
had a routine electroencephalogram (EEG) and magnetic res-
onance imaging (MRI) 3 months prior to presentation as part
of the workup for forgetfulness. The EEG captured awake
and drowsy states, and revealed mild generalized slowing.
The MRI was notable for mild hippocampal atrophy, right
greater than left (Figure 1A).

On admission in March 2020, she had a positive severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) naso-
pharyngeal polymerase chain reaction (PCR) and was intubated
for hypoxia. She was empirically given a 5-day course of azi-
thromycin and hydroxychloroquine, and a dose of tocilizamab.
On hospital day (HD) #2, she had a 2-minute episode of spon-
taneous, symmetric, tonic movements of her arms and left gaze
deviation without reported head turn. The episode resolved with
lorazepam 2 mg and did not recur. She was hemodynamically
stable at the time of event. On neurologic assessment, while
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FIGURE 1

A, Magnetic resonance imaging brain axial fluid-attenuated inversion recovery sequences, from left to right, obtained 3 months

prior to diagnosis of COVID-19, on hospital day (HD) #8, HD #15, and HD #29 of hospital course #2, demonstrating global cerebral atrophy
and progressive right > left hippocampal atrophy. B, Electroencephalogram (EEG) from HD #8 of hospital course #2, demonstrating bilateral

synchronous periodic discharges maximal over the right posterior quadrant and the left occipital pole. C, EEG from HD #9 of hospital course #2,

demonstrating a burst suppression pattern with 20% of the page showing bursts, following initiation of propofol, midazolam, and ketamine drips.

Bursts consist of synchronous polyspike and wave discharges. D, EEG from HD #29 of hospital course #2, demonstrating increased burden of brief

runs of rhythmic discharges that are again maximal biposteriorly. E, EEG from HD #11 of hospital course #3 demonstrating right posterior quadrant

discharges with moderate to severe generalized background slowing. All EEG studies in Figure 2 are shown in time base of 30 mm/s, read at 7 uV/

mm, with notch filter of 60 Hz applied, in double banana montage with subtemporal leads

on sedation for ventilator dyssynchrony, she had no response
to voice or pain and no movement of extremities to noxious
stimuli, but had intact brain stem reflexes with no evidence of
focality. As the event was transient and isolated, both EEG and
neuroimaging were deferred due to constraints of the pandemic.
Antiseizure medications were not initiated.

During her intensive care unit admission, she required contin-
uous sedation with a combination of fentanyl (max infusion rate
= 200 pg/kg/h), dexmedetomidine (max infusion rate = 1.5 pg/
kg/h), and 4 days of ketamine (max infusion rate = 2 mg/kg/h); an
insulin drip for hyperglycemia; norepinephrine for hypotension;
a furosemide drip for diuresis; and a heparin drip for stroke pro-
phylaxis. Tacrolimus and prednisone were continued throughout
her admission, but mycophenolate was held for 3 weeks.

Her inflammatory markers fluctuated over the course of
her admission: C-reactive protein (CRP; normal < 3 mg/L)
was 99.6 mg/L initially, peaked at 171.1 mg/L, normalized,

then was 16.6 mg/L prior to discharge; erythrocyte sedi-
mentation rate (ESR; normal = 0-20 mm/h) was initially
111 mm/h, then improved to 108 mm/h midway through her
admission; interleukin-6 (normal < 5 pg/mL) was initially
18 pg/mL, peaked at 136 pg/mL, then improved to 81 pg/mL
midway through her admission.

By HD #39, SARS-CoV-2 nasopharyngeal PCR was nega-
tive, and she was discharged to subacute rehabilitation (SAR). She
was oriented to herself, able to follow commands, had no focal
deficits, and was on room air. She was discharged on her home
immunosuppressant regimen of tacrolimus, mycophenolate, and
prednisone. See Figure 2 for a timeline of her hospitalization.

Nine days after admission to rehabilitation, she was trans-
ferred to a local hospital for lethargy. She was afebrile and
hemodynamically stable. She was found to be hypoglycemic
at 16 mg/dL, but her blood sugar and mental status improved
after glucagon. On HD #4, she developed intermittent,
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FIGURE 2 Timeline of the 114 days from admission for COVID-19 to discharge from her third hospitalization. BIRD, brief potentially ictal
rhythmic discharge; CRP, C-reactive protein; CSF, cerebrospinal fluid; EEG, electroencephalography; ESR, erythrocyte sedimentation rate; HD,

hospital day; ICU, intensive care unit; IVIG, intravenous immunoglobulin; L, left; LPD, lateralized periodic discharge; MICU, medical ICU; MRI,

magnetic resonance imaging; NCHCT, noncontrast head computed tomography; NYU, New York University Hospital; PCR, polymerase chain

reaction; R, right; RBC, red blood cells; SAR, subacute rehabilitation; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; WBC, white

blood cells.

nonsuppressible left arm shaking. During these episodes, she
was normoglycemic and able to respond to questions. She was
started on levetiracetam. By HD #6, she developed continu-
ous left arm shaking, prompting addition of clonazepam and
lacosamide, but the shaking persisted. A routine EEG showed
continuous right hemispheric lateralized periodic discharges
at 1 Hz. She was initially alert despite the continuous shak-
ing, but she gradually become more lethargic, prompting a
request for transfer back to our hospital for continuous EEG
monitoring on HD #8. At this time, due to concern that she
was not protecting her airway, we requested intubation and
initiation of a propofol drip to facilitate a safe transfer.

Upon arrival, on propofol 40 pg/kg/min, she grimaced to
pain, had minimal spontaneous movement of her right arm and
leg, and withdrew her left arm and leg to pain. She was started
on norepinephrine for hypotension. Brain MRI without contrast
on HD #8 showed worsened right > left hippocampal atrophy
compared to the MRI obtained 3 months prior to her initial hos-
pitalization, diffuse parenchymal volume loss, and no evidence
of diffusion restriction (Figure 1A). EEG showed continuous
lateralized periodic polyspike and wave discharges, often with
sporadic superimposed fast activity, in the right posterior quad-
rant and left occipital pole (Figure 1B). A midazolam infusion
was initiated and titrated up to 3 mg/kg/h. A ketamine drip was
subsequently added to achieve burst suppression (Figure 1C).

Studies obtained on HD #8 were remarkable for negative
SARS-CoV-2 nasopharyngeal PCR X2, ESR of 120 mm/h,

and CRP of 55.2 mg/L. Additional workup including routine
laboratory tests, a cortisol stimulation test, free T4, thiamine,
and vitamin B12 was unrevealing. Sputum culture grew
Escherichia coli.

Cerebrospinal fluid (CSF) sampling on HD #9 revealed
elevated protein (91 mg/dL), but only 1 white blood cell.
Infectious studies, including bacterial and fungal culture, cryp-
tococcal antigen, meningitis-encephalitis pathogen panel, and
SARS-CoV-2 PCR, were negative in CSF. The Mayo Clinic
autoimmune encephalitis panel, which tests for 20 autoantibod-
ies including anti-N-methyl-D-aspartate, was also negative.
Although serum SARS-CoV-2 IgG was positive at 4.5 S/C (ref-
erence range < 1.4 S/C), CSF SARS-CoV-2 IgG was negative.
She had elevated CSF IgG (16.8 mg/dL; normal = 0-6 mg/dL),
and IgG synthesis rate (23.3 mg/dL; normal < 8 mg/dL), and
borderline high CSF IgG index (0.64; normal = 0.28-0.66).
However, CSF/serum SARS-CoV-2 IgG index was <1, indi-
cating lack of intrathecal SARS-CoV-2 antibody production.
CSF albumin was elevated to 52 mg/dL (normal = 0-35 mg/
dL), as was albumin index (25.6; normal = 0-9).

All drips were discontinued by HD #13, but she remained
comatose. She developed septic shock on HD #15; SARS-
CoV-2 nasopharyngeal PCR was repeated, and found to be
positive, although tracheal PCR was negative. Hemodynamic
status subsequently improved, but neurologic status remained
poor. Although she did not have any seizures, she continued
to have abundant lateralized discharges in the right posterior
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quadrant on her EEG (Figure 1D). Repeat lumbar puncture on
HD #29 revealed protein of 384 mg/dL. MRI brain with and
without contrast on HD #29 showed no evidence of diffusion
restriction or enhancement, but bilateral hippocampal atrophy
had progressed (Figure 1A). Given her active EEG, a 5-day
course of pulse dose steroids and intravenous immunoglobulin
(IVIG) was initiated on HD #30. However, the abundant right
posterior quadrant periodic discharges, which had been pres-
ent throughout the 25 days she was on EEG, persisted and her
ESR and CRP remained elevated (120 mm/h and 116 mg/L,
respectively). On HD #37, she remained comatose and was dis-
charged to SAR on clobazam 10 mg twice daily (BID), leve-
tiracetam 2000 mg BID, lacosamide 200 BID, and phenytoin
100/100/200 mg.

Ten days later, she was readmitted for sepsis secondary
to osteomyelitis and was still comatose. Continuous EEG on
HD #6-11 revealed abundant right posterior quadrant dis-
charges (less frequent than on her prior EEG) with moderate
to severe background slowing (Figure 1E). She was weaned
off clobazam, and levetiracetam was decreased to 1000 mg
BID, without change in EEG. By HD #26, when she was dis-
charged, her CRP had improved to 55.9 mg/L and her exam-
ination had markedly improved; she opened her eyes to voice,
stuck out her tongue and wiggled her toes to command, and
mouthed words in response to questions.

3 | DISCUSSION

Since the onset of the COVID-19 pandemic, there have been
multiple reports of seizures in the setting of active COVID-19
infection.'™ This has been hypothesized to be the result of cy-
tokine storming and viral invasion of the central nervous sys-
tem (CNS) via cranial nerves or hematogenous spread.l’3 This
population is also at risk for seizures due to hypoxia, electro-
lyte derangements, hypo- or hyperglycemia, acute kidney in-
jury, shock, systemic infections, medications, and stroke.* In
most reports, seizures have been focal.> Patients with acute
COVID-19 can also have seizure mimics due to electrolyte
derangements or anxiety.4 Although our patient had a tran-
sient event early in her first hospitalization for acute COVID-
19 infection, we are unsure whether this was a seizure or a
seizure mimic; however, the left gaze deviation is consistent
with a right hemispheric seizure focus. Nonetheless, despite
lack of treatment, she had no additional events concerning for
seizure for 50 days after this initial event, until she developed
focal RSE. We believe this is the first report of RSE in a pa-
tient who recovered from COVID-19.

Postviral refractory seizures have been reported in a child
with leukoencephalopathy and microhemorrhages on MRI
and pathology evidence of necrotizing white matter with
superimposed hypoxic-ischemic injury.” Although some pa-
tients with COVID-19 also have leukoencephalopathy and

microhemorrhages, this was not the case for our patient.’
However, her mild cognitive impairment and hippocampal
atrophy placed her at increased risk for seizures.” This alone
does not explain RSE, so we sought to identify other etiolo-
gies for her presentation. She was profoundly hypoglycemic
on the day of her second admission, but this resolved quickly,
her mental status returned to baseline, and 3 days passed
before she started having seizures. At the onset of RSE, in
addition to having a normal blood sugar level, she was nor-
monatremic and had normal kidney function. Because of her
recent critical illness and prolonged hospitalization, we ruled
out thiamine deficiency and adrenal insufficiency as possible
explanations for RSE. Additionally, we evaluated for infec-
tion of the CNS by COVID-19 or other organisms. As there
have been reports of postviral autoimmune encephalitis, we
also sent an autoimmune encephalitis panel in the CSF, which
was negative.8 Thus, her only notable laboratory findings at
the time of RSE onset were the elevated serum inflammatory
markers and CSF protein, IgG, IgG synthesis rate, IgG index,
albumin, and albumin index.

As we continue to follow survivors of severe COVID-19
infection, we have learned about multiple presentations of
postinfectious inflammatory responses. Neurologic examples
of a post-COVID-19 inflammatory response include Guillain-
Barré syndrome and acute disseminated encephalomyeli-
tis.”'® The most prominent presentation of an inflammatory
response after COVID-19 has been reported in the pediatric
population; children with asymptomatic SARS-CoV-2 infec-
tion have developed multisystem inflammatory syndrome in
children (MIS-C), characterized by fever, elevated inflamma-
tory markers, and single or multiorgan failure, in the absence
of active infection.!’ Seizures have been observed in several
children with this syndrome at our institution.

We suspect that our patient's RSE was the result of a
postinfectious inflammatory response as evidenced by her
elevated systemic inflammatory markers. Although she did
not have multisystem organ failure or fever,'! MIS-C en-
compasses a broad phenotypic spectrum, and her lack of
fever may be explained by her immunosuppressed state. She
did not have evidence of inflammation on her brain MRI or
intrathecal production of SARS-CoV-2 antibodies, as has
been described in some COVID-19 patients with severe en-
cephalopathy and encephalitis,12 but she did have elevated
CSF albumin index, reflecting breakdown of the blood-
brain barrier,'” and elevated CSF IgG synthesis, which may
suggest inflammation in the CNS." The elevated protein in
her repeat CSF studies on HD #30 was hypothesized to be
secondary to longstanding diabetes mellitus as well as the
aforementioned CNS inflammation and further breakdown
of the blood-brain barrier. We were unable to test cytokine
levels in the CSF to compare them to serum levels, as was
done in a case report in a patient who had COVID-19 by
Pilotto et al,'” but this would have been interesting, as it has
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been suggested that cytokine levels may differ in various
bodily fluids in patients with COVID-19 such that local
cytokine storm in some organs may be more extreme than
systemic cytokine storm.'®

Although our patient demonstrated recurrence of a pos-
itive SARS-CoV-2 nasopharyngeal PCR and developed re-
crudescence of hypoxia and hypotension (albeit also in the
setting of E. coli and Klebsiella in her sputum), intermittent
positive PCR has been described in patients with COVID-
19 up to 12 weeks after initial infection.'” This is attributed
to prolonged viral shedding, which may have autoimmune
repercussions. As of July 22, 2020, the Centers for Disease
Control and Prevention reported that there have been no con-
firmed cases of COVID-19 reinfection.'”

Patients with MIS-C have been shown to respond to IVIG
and pulse dose steroids.'' Given our patient's lack of clinical
improvement and persistently active EEG through HD #29, the
decision was made to administer steroids and IVIG. This did
not change her EEG or clinical examination, but she ultimately
improved 1 month later when she was tapered off clobazam.

4 | CONCLUSION

The epidemiology, range of presentations, pathophysiology,
and ideal treatment of postinfectious inflammatory response
to COVID-19 remains unknown, but our case adds to the
growing literature on this topic. We believe this is the first
report of a patient with post-COVID-19 inflammatory syn-
drome manifesting as RSE.
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