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Abstract

Objective: This work is a retrospective review of the electrocorticography of 11 patients with intractable epilepsy who previously were implanted with a Responsive
Neurostimulator (RNS, Neuropace™) who received any of the 3 clinically available SARS-CoV-2 vaccine series in the United States during the Covid-19 pandemic.
The available vaccine products studied included the manufacturers Pfizer, Moderna, and Johnson & Johnson that were FDA approved to provide immunity against
Covid-19.

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: Although visual inspection of the electrocorticograms may suggest there are no significant changes overall in seizure activity, there was a variable clinical
response to SARS-CoV-2 reflected in patients having statistically significant increases or decreases in total electrographic seizure activity and or long episodes. What
substrate underlies this biological heterogeneity is unknown at this time.

Significance: Despite the small number of patients identified and confounders may not be excluded, RNS is a valuable method of studying patients post vaccination. To
our knowledge, this is the first report indicating that there may be subtle biological variability of individual responses to SARS-CoV-2 vaccines on electrocorticography
potentially due to unknown underlying heterogeneous inflammatory or other yet to be determined biological mechanisms.

receiving at least one or the initial dose within a vaccine series. Sev-
eral patients with intractable epilepsy and previously implanted RNS
devices implored that our Epilepsy team should monitor their elec-
trocorticography either prospectively or retrospectively at least after
an initial vaccine dose so they could make decisions regarding receiv-
ing any additional doses or products, or whether or not they should
pre-medicate with a benzodiazepine such as lorazepam- although there
currently is no scientific guidance regarding such clinical reasoning and
associated sentiments in the currently available literature. It remains
unknown what features, findings, or effects on electrocorticography
could or should have impact on clinical decision making. This work
sought therefore to determine if RNS devices might have utility in de-
tecting changes on electrocorticography consistent with changes in sei-
zure activity within a group of intractable epilepsy patients previously

Key Points

1. RNS is a valuable method of studying the effects of vaccines on the
electrocorticograms of patients who undergo vaccination series
against SARS-CoV-2

2. RNS identifies that subclinical seizure activity (Long Episodes- LEs)
is increased in some patients who received vaccines for SARS-CoV-2
while such metrics may be decreased in other patients. The signifi-
cance of the observations of this study as well as the mechanisms ac-
counting for such biological heterogeneity are currently unknown.

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

Introduction

This work resulted from the request of several of our intractable

epilepsy patients who were concerned about the safety of commercially *Correspondence to: Joel M Oster, Departments of Neurology and Neurosurgery,

available FDA approved vaccines against SARS-CoV-2 in the United
States as they specifically feared the emergence of seizures or other side
effects due to such vaccines. Some patients were concerned that even
if the products themselves did not cause seizures directly, that if they
experienced for example a febrile reaction after any vaccine, they could
be at risk of febrile seizures that might be predicted from reviewing
potentially identifiable subclinical changes in electrocorticography after
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Results

Visual inspection of the electrocorticograms may not suggest any
significant changes during and post vaccination series, and patient
reporting of seizures and impression of changes during and post
vaccination did not suggest any definite changes in seizure activity-
however statistical analyses of the electrocorticogram dataset identifies
that certain patients had either increases or decrease in total daily seizure
activity and LEs- (LONG EPISODES) that met statistical significance at
various time points post vaccination (Table 1, Figures 1&2). Although
such results are noted sub clinically, we acknowledge that at this time
they may be of limited or of unknown clinical significance at this time.

Discussion

Articles outlining the initial experiences of patients and providers
regarding the vaccination of patients for SARS-CoV-2 are noted, along
with potential side effects of vaccines in general [6-10]. Vaccines have an
association with seizures and febrile seizures especially in patients with
pre-existing neurologic diagnoses [11-14]. The possible association
of Hepatitis B vaccines with developing Multiple Sclerosis, and other
papers denoting a possible association between the MMR(Measles-
Mumps-Rubella) vaccine and autism which associations were all
subsequently discredited are noted and as a consequence of reports
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Figure 1: Histogram data identifying total seizure activity in relation to when vaccines were
administered. Note that device adjustments, medication adjustments, and other confound-
ers as noted in the discussion are not identified or excluded from the study or tabulation

implanted with such devices associated with SARS-CoV-2 “Covid-19”
Vaccination to guide clinical decision making.

Methods

After obtaining institutional IRB approval, we performed a retrospec-
tive review of our RNS database and identified patients within the patient
data management system (PDMS) who had received doses of the 3 com-
mercially available FDA vaccine products for SARS-CoV-2 “Covid-19” in
the United States 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 as a method of
monitoring and quantifying such information identify that such inventory
may represent surrogate markers of seizure activity [2,3,4]. Statistical anal-
yses were conducted using R version 4.1.1 and tables were produced using
the package gtsummary [5]. Wilcoxon rank sum test was used for compari-
son of groups. A p-value of <0.05 was considered significant.

Of note, 10 such patients completed their vaccination series with
suitable data sets for analyses among the groups of Vaccines available
that included products from Pfizer, Moderna, and Johnson & Johnson.
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Figure 2: Histogram data identifying Long Episodes (LEs) and saturation events. As in
table A, note that confounding factors delineated from the discussion are note excluded
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Table 1. Characteristics of patients under study. 5 Patients received the Moderna Vaccine series, 4 patients received the Pfizer vaccine series, and 2 patients received the Johnson & Johnson
Vaccine series. Note age when implanted with RNS, current age, location of RNS stimulation, time since implantation as noted. (A) Left Bottom panel- results from statistical analysis of
patients activities 4 weeks after the first vaccine dose compared to a baseline considered as such 4 weeks previously. (B) Right Bottom Panel- results from statistical analysis comparing
activities 6 months after vaccine series completion compared with the noted baseline. 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 [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.

Patient Age at first Age Now Date of implant Notes Vaccine
A 53 54 12/17/2019 Bitemporal, hemorrhage after Lead 1.4 Moderna X2 January 2021
placement
B 24 25 2/18/2020 Bitemporal strips 1.22 Pfizer series 1 5/24, 2™ 6/7/2021
c 31 33 10/12/2019 Post resections LT, post temporal 1.55 4/4 and then 5/2 Moderna
strips Sup + inf
D 62 63 1/6/2020 L posterior parietal sup/inf strip 1.34 Moderna 2/2 and 1 month later
E 43 43 9/14/2020 LT, R posterior temporal post 0.65 141 3/22/2021
resection
st nd
F 30 30 6/23/2020 Diffuse poorly localizing B/L CM 0.88 3/17 1% one, 2 one 6/14/2021,
Moderna
G 33 34 1/31/2020 Post temporal resection, Left 1.3 3/16/2021 - J+J
39 41 1/28/2019 Left insula and LT Depth 228 42912021 the‘;gzz;eeks fater 5/20
. Pfizer series, 1%4/1/2021, 2™
I 57 58 1/3/2020 Post resection LT Sup+Inf 1.35 4222021
R frontal diffuse poorly localizable Pfizer series, 1*4/16/2021, 2™
J 26 27 6/30/2020 onset, B/L CM 0.86 5172021
. R Moderna series, 1%t 5/12/2021, 2
K 34 38 5/19/2017 Bitemporal strips 4.01 6/10/2021
A B
Patient Vaccine Change in # seizure Change in # long Change in # seizure episodes Change in # long
episodes (Significant?) | episodes (Significant?) (Significant?) episodes (Significant?)
K Moderna Decrease (p<0.001) Decrease (p=0.56) Decrease (p=0.002) Increase (p=0.71)
H Pfizer Increase (p=0.39) Increase (p=0.014) Increase (p=0.40) Increase (p=0.017)
C Moderna Decrease (p=0.46) Increase (p=0.082) Decrease (p=0.025) Increase (p=0.14)
I Pfizer Increase (p=0.001) Decrease (p=0.26) Increase (p=0.18) Decrease (p=0.29)
D Moderna Decrease (p=0.002) Decrease (p<0.001)
G J&J Decrease (p=0.84) Decrease (p=0.008) Same (p=0.62) Decrease (p=0.009)
B Pfizer Decrease (p=0.001) Increase (p=0.091) Decrease (p=0.001) Increase (p=0.35)
J Pfizer Increase (p<0.001) Increase (p=0.40) Increase (p<0.001) Increase (p=0.025)
F Moderna Decrease (p=0.94) Decrease (p=0.003) Decrease (p<0.001) Decrease (p=0.53)
E J&J Decrease (p=0.074) Increase (p=0.93) Decrease (p=0.052) Increase (p=0.93)

such as those- the general public harbors some fear regarding the
consequences of receiving vaccines [13]. Vaccines have been associated
with developing Guillian -Barre’ Syndrome [15] Patients who may
have an SCNI1A gene mutation are noted to be at greater risk for
vaccine encephalopathy after the pertussis vaccine, and the diphtheria
tetanus and acellular vaccine (TDaP), inactivated polio (IPV), and
Haemophilus type b (Hib) vaccines are associated with increased risks
of febrile seizures in children [12-14]. The MMR vaccine is associated
with an increased risk of febrile seizures 8 to 14 days after vaccination
and there is a 5.7-fold increase in febrile seizures on the same day as
the DPT vaccination noted has been along with a 2-3 fold increase in
the two weeks following the first dose of the MMR vaccination [12-14].

The safety of the SARS-CoV-2 vaccination series has however so far
been well established although articles such an association with vaccine
induced Guillian-Barre Syndrome and myocarditis are noted -but
the presence of seizure disorders has not otherwise been considered
an absolute contraindication for any vaccine series for SARS-CoV-2
[15,16,17]. We acknowledge that the findings of this study may be quite
limited due to the analysis of a small series of patients. We acknowledge
that these findings reported here also may have limited if any clinical
significance, and significant confounding may not be excluded. Such
confounding influences include but are not limited to the effects of poor

Biomed Res Rewv, 2022 doi: 10.15761/BRR.1000148

sleep, psychosocial stressors, device adjustments, medication changes,
cyclical ultradian variation in seizure patterns, and other concomitant
diagnoses or conditions that might have effects on seizures [2,3,18].
We are unable to determine why in some patients subclinical seizure
activity as quantified and LE’s are increased and in some other patients
such metrics are decreased and these findings will require further study.
To our knowledge however - this is the first case series where RNS was
used to study the effects of electrocorticography after vaccination.
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