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Abstract

Objective: This work characterizes the electrocorticograms in a small case series retrospectively in which Responsive Neurostimulation (RNS -Neuropace™) recorded
subclinical seizure activity during Covid-19 infection in patients who tested positive for SARS-CoV-2.

Methods: After gaining institutional IRB approval, we performed a retrospective review of our RNS database and identified patients who received the initial
series (without boosters) of SARS-CoV-2 vaccines after the World Health Organization declared the pandemic’s start date of March 11, 2020. We quantified the
inventories of ictal and interictal discharges including short and long episode counts, channel saturations, magnet-swipes, and histogram data counts as arbitrary
potentially surrogate correlates of seizure activity as other articles denote. Statistical analyses were conducted using R version 4.1.1 and tables were produced using the
package gtsummary. Wilcoxon rank sum test was used for comparison of groups. A p-value of <0.05 was considered significant.

Results: Increases in Long Episodes (LEs indicating >30 seconds of activity) exhibited a statistically significant increase in the four weeks of these post infection with
a p value of <0.05 in 50 % of patients. There was an overall modest increase in the total number of total daily episode counts after initial infection with SARS-CoV-2
during this 4-week post exposure period, although this observation was not statistically significant.

Significance: Despite the small number of patients identified and although other confounders may not be excluded, RNS is a valuable method of studying the

electrocorticograms of the ambulatory SARS-CoV-2 population.

Key Points

1. RNS is a valuable method of studying the electrocorticograms of
patients with SARS-CoV-2

2. RNS identifies that subclinical seizure activity is increased in the
SARS-CoV-2 population

3. Further studies of the SARS-CoV-2 population using quantification
that RNS allows may yield future valuable observations

Introduction

This work identifies ambulatory patients with intractable epilepsy
who were infected with SARS-CoV-2 who had subclinical seizures in
the non-acute ambulatory setting and neither the patients themselves
nor did any caretakers report any seizures in this group who had been
previously implanted with an RNS-Responsive NeuroStimulation
device (Neuropace™) at our institution. The study concept originated
from retrospective electrocorticogram reviews at office visits during
which increases in seizure counts were noted by visual inspection of
the histogram dataset tallied by the RNS device leading to querying if
there had been any prior SARS-CoV-2 infection among these patients.

Methods

After obtaining institutional IRB approval, we performed a
retrospective review of our RNS database and identified patients within
the patient data management system (PDMS) who had tested positive for
acute SARS-CoV-2 after March 11, 2020 which was designated the start
of the Covid-19 pandemic by the World Health Organization (WHO)
[1]. We quantified the daily inventories of ictal and interictal discharges,
short and long episode counts, channel saturations, magnet-swipes,
and thus the daily histogram data counts as other articles utilizing RNS
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as a method of monitoring and quantifying such information identify
that such inventory may represent surrogate markers of seizure activity
[2-4]. Statistical analyses were conducted using R version 4.1.1 and
tables were produced using the package gtsummary [5]. Wilcoxon rank
sum test was used for comparison of groups. A p-value of <0.05 was
considered significant.

Of note, three out of the four patients (A, B and D) each completed
their vaccination series prior to being infected with SARS-CoV-2 as
noted in the tables. Patient C was noted to be unvaccinated against
SARS-CoV-2 at the time of study.

Results

We identified four patients from our RNS database who tested
positive for SARS-CoV-2 infection, three males and one female, and 3 of
these patients had bitemporal epilepsy and 1 had occipital localization.
The patients that reported SARS-CoV-2 infection, did not report any
clinical seizure activity and such SARS-CoV-2 infection status was
queried retrospectively at office visits for these cases that identified an
increase in seizure activity upon visual inspection of the histograms.
These patients were queried about SARS-CoV-2 infection since
clinically it seemed no other readily identifiable factors such as anti-
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Figure 1: Histograms showing daily inventory of all day-to-day seizure activities (interictal
and ictal activities). Covid-19 date of acute infection (when patient reported positive SARS-
CoV-2 testing) is indicated by RED arrows, 2 most recent medication changes are indicated
with YELLOW arrows, and the 2 most recent changes in RNS therapy are denoted by the
Green Arrows

seizure medication noncompliance or changes, device changes, or other
variables which might have potentially contributed to such increases
as literature might suggest [3,4,6]. Potential confounders of histogram
data which included RNS adjustments, dates of anti-seizure medication
changes, and other notable clinical circumstances (one patient reported
urosepsis, another started Vaping THC, CBD products, and nicotine
in the months acutely prior to SARS-CoV-2 infection) were tabulated
below in the figures. The number of daily seizure episodes as well as
the previously noted histogram data identifying the number of long
episodes were tabulated and analyzed as noted in the figures and tables
below. A modest increase in the overall number of daily seizure activity
was noted within 4 weeks of the infection (See Table and Figures 1 & 2).
Increases in Long Episodes (LEs) were defined as seizure activity lasting
more than 30 seconds and there was a statistically significant increase
in the four weeks of these post infection with a p value of <0.05 in 2
patients- 50 % of our series, see table and figures. There was an overall
modest increase in the total number of daily episode counts after initial
infection with SARS-CoV-2 within 4 weeks post exposure, although
this was not a statistically significant finding.

Discussion

There is a literature regarding SARS-CoV-2 during the Covid-19
pandemic that delineates the association with seizures [7-13].
Both sporadic and more fulminant seizures that may progress to
status epilepticus have been described along with severe and acute
neurologic manifestations resulting from a SARS-CoV-2 associated
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neuroinflammatorysyndromeandarticles exist that contain descriptions
of the notable EEG findings during the Covid-19 pandemic [7-13]. The
biologically mediated mechanisms of the SARS-CoV-2 virus on seizure
activity in epilepsy patients remains unknown after approximately
2 years of the pandemic. Confounding factors such as stress, social
and or socioeconomic issues, or circumstantial factors such as missed
medication or lack of sustained supply of medications and so forth may
be responsible for the occurrence of seizure activity in this population
in a literature referencing other world events and calamities, but those
articles are limited by the subjective self-reporting of seizures [14-17].
Responsive neurostimulation (RNS) devices which provide ongoing
electrocorticogram monitoring present an opportunity for objectively
studying seizure activity in epilepsy patients in various circumstances-
including a recent article noting the association of seizure activity
with RNS devices in conjunction with verifying such patient reports
[2-4]. In this study, we retrospectively analyze RNS data of epilepsy
patients with prior documented SARS-CoV-2 infection comparing
activity on the electrocorticograms 4 weeks before with activity 4 weeks
post infection in patients who had no such reports whatsoever of any
seizures and these were cases noted at office visits to have retrospectively
appreciated increases in tallies on histogram dataset counts from
the electrocorticograms that seemed unexplained otherwise at the
time of the observations which led to inquiry about SARS-CoV-2
infection. Viral subtypes of the SARS-CoV-2 were not identified. To
our knowledge, this is the first report to provide this unique clinically
surprising perspective of noting such increased in activity on the
electrocorticogram review at ambulatory office visits and subsequently
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Figure 2: Histograms of Long episodes (green bars) and saturations of channels (Yellow
bars) showing Covid-19 date of acute infection (RED arrows), 2 most recent medication
changes (YELLOW arrows), 2 most recent changes in RNS therapy (Green Arrows), and
in one patient the purple arrow coincides with initiation of vaping Nicotine and CBD
containing products

Volume 6: 2-4



Oster JM (2022) SARS-CoV-2 infection and electrocorticographic changes

Table 1. Note that N=number of days with datapoints/RNS upload data for analysis

. Date Reports . Most Recent Dates of recent Other clinical
Patient COVID+ RNS Implan Age Now Electrode Position AED change 2 RNS Rx changes Notables
. 10/8/2021 -
A 1/12/2021 19-Dec 55 Bi-hippocampal depths reloaded with meds (VPA) 7/10/2021, 10/25/2021
. . . 11/18/2021 - Started Vaping
B 15/12/2021 20-Feb 26 Bi temporal cortical strips added Brivaracetam 2/16/2022, 6/1/2021 11/2021
C 25/11/2021 19-Dec 51 Lateral and Medial - 8/11/2021 and 92712021 -1 611005 6/1/2021  Urosepsis 11/2021
occipital strips med reduction
D 15/10/2021 17-May 39 Bi temporal cortical strips 4/28/2021 and 6/30/2021 8/7/2019, 7/28/2020
- increased clobazam
Patient A Patient B
Covid Covid
Variable Negative, N=28' | Positive, N=29' p-value? Variable Negative, N=8! Positive, N=29! p-value?
Seizure Episodes 928 (306) 1,113 (578) 0.45 Seizure Episodes 166 (135) 189 (94) 0.41
Long Episodes 0.00 (0.00) 1.83 (4.58) 0.012 Long Episodes 1.5 (3.06) 0.76 (1.06) 0.58
pattern_a_channel_1 286 (80) 243 (275) 0.037 pattern_a_channel_1 29 (16) 31 (14) 0.81
pattern_b_channel_2 665 (252) 902 (443) 0.052 pattern_b_channel_1 144 (129) 163 (89) 0.44
Patient C Patient D
Covid Covid
Variable Negative, N=28' | Positive, N=20' p-value? Variable Negative, N=28! Positive, N=29' p-value?
Seizure Episodes 251 (247) 330 (246) 0.11 Seizure Episodes 82 (43) 84 (37) 0.5
Long Episodes 0.04 (0.19) 3.10 (7.72) 0.01 Long Episodes 0.11 (0.32) 0.15 (0.46) 0.97
pattern_a_channel_1 88 (237) 188 (233) <0.001 pattern_a_channel_1 80 (42) 82 (37) 0.48
pattern_b_channel_2 164 (98) 145 (76) 0.58 pattern_b_channel_1 0 (0%) 0 (0%)

"Mean (SD)
2Wilcoxon rank sum exact test; Wilcoxon rank sum test

enquiring about SARS-CoV-2 infection that led to this observation.
Several case reports denote that there may be an association between
SARS-CoV-2 and non-convulsive status epilepticus but such did not
occur in our ambulatory patient population with RNS and the current
literature suggests that some patients exhibited electrographic seizures
during SARS-CoV-2 infection while undergoing continuous inpatient
video EEG monitoring- but these patients seem distinct from our group
as these previously reported cases exhibited underlying significant
encephalopathy and abnormal neuroimaging and were managed in real
time within an acute inpatient intensive care setting and not in the non-
acute ambulatory outpatient office setting as occurred here [8-13].

Despite our findings, it is not obvious what accounted for the
electrographic seizure activity exactly whether it was due to the SARS-
CoV-2 virus itself or other confounding socioeconomic factors related
to the pandemic or other factors such as sleep disturbances, depression,
or the effects of a febrile or viral illness might have on increasing
seizure activity already mentioned above [14-19]. As an attestation of
the bias of subjective reporting that potentially limits these reports,
our study also offers the unique perspective regarding such ambulatory
and intractable epilepsy patients who have previously implanted RNS
devices that can reliably document seizures in patients who also do
not accurately report seizures if at all. Additionally, these 4 patients
remained ambulatory and required no specific care, had no anti-seizure
medication adjustments other than as noted, had no immediate device
programming changes in relationship to the results we report, nor did
they require hospitalization or any form of inpatient management post
infection with SARS-CoV-2.

Conclusions

In summary, our study indicated a subclinical increase in seizure
activity following infection with SARS-CoV-2 with a statistically
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significant increase in Long Episodes (LEs) associated with a p<0.05
within four weeks post infection in 50% of our small sample as
outlined. RNS technology therefore provides a unique opportunity
to quantitatively study seizure activity in patients with SARS-CoV-2
infection. In future studies, matching of subjects based on age, gender,
duration of RNS therapy, location or type of seizures, and the severity
of infection or subtypes of SARS-CoV-2 infections along with other
clinical factors may be considered which might allow a more definitive
and scientifically valid prospective study design for full delineation of
the effects of SARS-CoV-2 on seizure activity utilizing the objective
data quantification RNS devices offer.
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