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Abstract

Purpose of Review Seizures, including status epilepticus, have been reported in association with acute COVID-19 infection.
People with epilepsy (PWE) have suffered from seizure exacerbations during the pandemic. This article reviews the data for
clinical and electrographic seizures associated with COVID-19, technical EEG considerations for reducing risk of transmis-
sion, and factors contributing to seizure exacerbations in PWE as well as strategies to address this issue.

Recent Findings An increasing number of studies of larger cohorts, accounting for a variety of variables and often utilizing
EEG with standardized terminology, are assessing the prevalence of seizures in hospitalized patients with acute COVID-19
infections, and gaining insight into the prevalence of seizures and their effect on outcomes. Additionally, recent studies are
evaluating the effect of the pandemic on PWE, barriers faced, and the usefulness of telehealth.

Summary Although there is still much to learn regarding COVID-19, current studies help in assessing the risk of seizures,

guiding EEG utilization, and optimizing the use of telehealth during the pandemic.

Keywords Convulsions - Clinical neurology - Telemedicine - EEG - Encephalography - Coronavirushis presented the
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Introduction

COVID-19 presented with a vengeance and uncertainty
in early 2020. It is distinguished by its high transmissibil-
ity, intense inflammatory response, and hypoxemia. The
virus itself produces neurologic manifestations and the
virus® consequences of restrictions to healthcare drastically
altered how medical care could be delivered in both acute
and chronic conditions, seizures, and epilepsy included.
One of the first reports from Wuhan, China, retrospec-
tively looking at 214 patients, reported neurologic manifes-
tations in approximately 36%, specifically CNS symptoms
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in 25%, with a greater percentage of CNS manifestations
seen in severe infection. Notably, there was impairment of
consciousness in 15% (13/88) of those with severe infec-
tion and 2% (3/126) of those with non-severe infection. The
one seizure noted occurred in the severely infected group
[1ee]. With a known propensity for seizures in inflamma-
tory processes and the critically ill [2], and as evidence of
brain imaging abnormalities in COVID-19 grew [3], seizures
became an obvious suspect as a contributor to altered mental
status. A number of supportive case reports began to arise
[4-7]. This presented the question not only of how often are
seizures occurring and what role do they play in prognosis
but also of how can patients be safely monitored while limit-
ing exposure to EEG technicians?

Apart from new-onset seizures due to acute illness, the
impact of COVID-19 on patients with pre-existing epilepsy
has been immense. They experienced barriers to obtaining
medications, diagnostic studies, and clinic visits, in addition
to the isolation and psychological effects suffered by indi-
viduals globally. Here, we review the literature from the first
year of the COVID-19 pandemic in order to assess the risk
of new-onset seizures resulting from COVID-19 infections,
the utility of EEG in managing severe COVID-19-related
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illness, the risk of seizure exacerbations in people with epi-
lepsy (PWE), and the pandemic’s overall impact on the clini-
cal care of PWE.

Seizures and COVID-19

The prevalence of seizures in COVID-19 varies in cohorts
anywhere from 0 to 26% with a multitude of case reports
[8, 9, 10e, 11]. Key factors to consider when comparing
results are the size and type of cohort, how seizures were
determined, how infection with COVID was determined,
and if there was pre-existing epilepsy and/or other comor-
bidities. A systematic review looking specifically at status
epilepticus (SE) associated with severe COVID-19 infec-
tions found 47 cases reported but 30% of these did not have
EEG performed, and standardized EEG criteria were only
used for defining nonconvulsive status epilepticus (NCSE)
in 3 cases [12]. Two of the largest studies, each with > 4,000
COVID-19 patients from Iran and New York, consistently
noted seizures in< 1% of admitted COVID-19 patients
[13ee, 14]. A study of 304 patients from the Hubei province
in China reported 0 seizures; notably, none had a history of
epilepsy [10e]. A study from Chicago, IL, reported 26% of
their cohort had seizures; however, their cohort was defined
by COVID-19 positive patients admitted specifically to a
neurology unit or had a neurology consult (n=50) [8]. When
seizures have been identified in COVID-19 patients, they
have not necessarily correlated with disease severity scores
or inflammatory markers, but have been associated with a
history of epilepsy and brain injury [15ee, 16e¢]. The overall
risk of new-onset seizures in the setting of acute COVID-19
infections is low. It is a lower rate of seizures than reported
in association with hospitalizations from other coronaviruses
such as SARS (2.7%), MERS (8.6%), as well as other more
common viruses such as influenza A (19.5%), parainfluenza
(12.2%), or adenovirus (9%) [17-19].

As with febrile infections in general, COVID-19 may lead
to seizure exacerbation in patients with pre-existing epilepsy,
and precautions can be taken through the use of antipyretic
medications when indicated. The impact of COVID-19 on
people with pre-existing epilepsy will be discussed in more
detail below.

EEG Findings Associated with COVID-19

Non-convulsive/subclinical seizures (NCS) and nonconvul-
sive status epilepticus (NCSE) can contribute to coma and
encephalopathy in critically ill patients, and EEG monitor-
ing is an important tool for clinical management [2, 20, 21].
Prior studies in critically ill patients have shown NCS in
8-10% of patients without brain injury [20], 11% of patients
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hospitalized with severe sepsis [21], and 10-13% of patients
admitted with brain injury [21, 22]. NCSE has been noted in
5-8% of critically ill patients [20, 23]. NCS have been linked
to poor outcomes [20, 24].

Several studies have reviewed COVID-19 EEG cohorts,
with variations in EEG timing and duration, as well as
variable additional ancillary testing such as neuroimag-
ing. Despite the variability, some trends have emerged. In
a cohort of 197 patients with COVID-19 who underwent
continuous EEG (cEEG) monitoring at 9 centers across the
USA and Belgium, epileptiform abnormalities of any kind
were found in nearly half of patients (48.7%), electrographic
seizures (ES) specifically in 19 (9.6%), and NCSE in 11
(5.6%). Of the 19 patients with ES, 14 (73.7%) had either
a history of a CNS disorder (including 6 with history of
epilepsy) or intracranial lesions (acute or chronic). Of those
without either CNS disorder or intracranial lesion (n=86),
5 patients (5.8%) had ES. All 5 had acute metabolic risk
factors for developing seizures [16ee]. These findings are
similar, though higher than, two other single center New
York cohorts of 111 and 79 COVID-19 patients, and a mul-
ticenter study from Michigan with 110 patients that showed
any epileptiform abnormality in 35%, ES in 6-8%, and
NCSE in 2-4%. Of note, only one of the studies mentioned
commented on the number of patients experiencing cardiac
arrest, which in itself can be associated with NCS, worse
outcomes, and is prevalent in severe COVID-19 infection
[11, 25, 26]. There were 11/111 patients who experienced
cardiac arrest, and after excluding these patients, the preva-
lence of any epileptiform abnormality decreased from 35
to 30%, with 1 fewer patient experiencing NCS and NCSE
[15ee]. There was a higher prevalence of ES when indication
for EEG was a clinically apparent seizure-like event or a his-
tory of epilepsy and a low prevalence of ES when indication
for EEG was persistent altered mental status [15ee, 27].

There have also been reports of seemingly novel EEG
abnormalities, specifically frontally predominant abnormali-
ties, in patients hospitalized with acute COVID-19 infec-
tions [28, 29]. However, based on an overall review of the
literature to date, there is no EEG pattern that is specific for
patients with neurological manifestations of COVID-19, and
a more thorough investigation of these findings with atten-
tion to confounding variables is needed to establish correla-
tion [28, 30-32]. Potential confounding variables include
body positioning (prone vs supine positioning in ventilated
ICU patients), imaging findings, and medical comorbidities.

Association of in-patient mortality and EEG findings has
varied, with one study reporting death in 53% (10/19) of
patients with ES compared to 35% (63/178) without ES, a
couple studies reporting no association between any epilep-
tiform finding and in-patient mortality, and one study report-
ing an association between mortality and need for EEG in
the third week of admission [10e, 11, 15ee, 33]. Again,



Current Neurology and Neuroscience Reports (2022) 22:11-17

13

there are many factors to consider when interpreting these
results, primarily how cohorts were defined. Ultimately, a
higher mortality rate in critically ill patients with epilepti-
form abnormalities is consistent with prior studies and not
necessarily unique to COVID-19 [34, 35]. It is expected that
higher rates of seizures will be reported in EEG cohorts
as indication for EEG inherently biases for those patients
who have suspected seizures or seizure risk factors. It is
also important to remember most of these studies included
patients on sedation and/or anti-seizure medication. It is
possible rates of epileptiform abnormalities, especially ES,
could be higher without treatment.

Weighing risks and benefits of inpatient EEG monitoring
is imperative given COVID-19’s unique risk of transmis-
sion to patients and healthcare providers, including EEG
technologists, particularly as PPE and vaccine availability
varies geographically [36ee]. Potential ways to minimize
risk is to use single-use options and/or reduced montages
(compared to the standard 10-20 complement) for screen-
ing and long cables allowing for portable machines to be
placed outside of patient rooms. This permits technicians
and readers to remain outside the room once leads are placed
[36e¢]. Beyond minimizing the risk of transmission, EEG
triage may be particularly important in resource-limited set-
tings, as well as during surges in hospital admissions when
the number of critically ill patients exceeds EEG monitoring
capabilities (Fig. 1).

Overall, the EEG findings most commonly seen in acute
COVID-19 infections are not dissimilar to other studies in
the critically ill population. Taking the current literature
into account, suspicion of NCS/NCSE as a contributor to
coma and encephalopathy in COVID-19 infections should
be low in the absence of clinically determinable risk factors
such as preceding event concerning for seizure, intracranial

abnormalities, and CNS disorder—especially epilepsy
[15ee, 16ee, 37]. The overall risk of EEG monitoring in this
patient population for the technologists and other healthcare
workers will presumably decrease in the post-vaccine era.
More studies on this topic will be helpful in addressing EEG
triage decisions in hospitals, as well as initiation and dura-
tion of treatment with anti-seizure medications.

Epilepsy and COVID-19

An initial question is whether or not PWE are more suscep-
tible to COVID-19 and have worse outcomes. A large study
of hospitalized patients in Iran found of 37,968 COVID-19
patients, 82 (0.2%) had pre-existing epilepsy, with a known
1% prevalence of epilepsy in Iran. When comparing groups
with and without epilepsy, there was no significant differ-
ence in the percentage requiring intubation, ICU care, or
death. However, PWE were more likely to present with sei-
zure at time of diagnosis (OR=27) [38]. A study of 358
people with an 11% COVID-19 infection rate comparing
PWE, people with psychiatric illness and the general popu-
lation, found the only factor associated with contraction of
COVID-19 was having an affected relative [39].

A number of studies have supported seizure exacerbation
during the COVID-19 pandemic, though this is likely mul-
tifactorial and not purely related to acute infections [40, 41,
42e 43, 44]. Survey-based studies of patients and providers
around the world have associated an increase in seizure fre-
quency during the pandemic to psychological stress, lapses
in medication adherence or availability, disrupted sleep
cycles, and high baseline seizure frequency [45e, 46, 47].

A major barrier for PWE has been accessed to medication
and care. The pandemic has hindered patients from obtaining

Fig.1 The use of EEG for
inpatient management of people
with acute COVID-19 infections
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Table 1 Important topics to address during outpatient visits

Topic

Considerations

[1 Medications
e Standing medications
e Rescue medications

[] Seizure frequency

e Compliance
e Availability
o Side effects

e Exacerbation factors/triggers

e Seizure related injuries

[] Comorbid psychiatric illness e Depression
e Anxiety

e Other

e Availability to in-person
examination

e Hesitancy to visit healthcare
facility when needed

[] Comorbid neurologic illness

[] Lifestyle e Sleep hygiene
e Diet and exercise
e Relationships

e Non-medicinal drug use/abuse

medications in a variety of ways. It is crucial for healthcare
providers and various medical agencies to consider filling
prescriptions for longer durations, and automatically by mail
order if available, with healthcare providers being alerted
if a medication will not be available. In general, healthcare
providers should discuss rescue plans with patients, and it
is especially imperative during this time. Standard topics
assessed during routine outpatient follow-up appointments
have become particularly important to re-assess during
the pandemic as the landscape of healthcare delivery has
changed and factors such as lifestyle changes and access to
care have shifted dramatically (Table 1). At the beginning of
the pandemic, a consensus statement from epilepsy experts
on the treatment approach for PWE was published and
serves as a reference for areas that may experience surges
with limited healthcare access [48ee].

The pandemic caused a rapid shift from in-person care to
telehealth. Overall, PWE have expressed satisfaction with
telehealth visits with effective management during the pan-
demic and interest in continued flexibility between in-person
and telehealth visits [49, 50ee]. The expansion of telehealth
is especially helpful in this population that often cannot
drive and may require evaluation at a tertiary care center
that is not local. Older studies have shown telehealth to be an
effective option for some PWE and the pandemic provides
the opportunity to broaden availability [51, 52].

However, most patients and healthcare providers would
agree telehealth works best for established patients and
diagnoses. A large study from Germany found that although
adherence to anti-seizure medications appeared to be sta-
ble in their population with established diagnoses, there
was reduced care for people with new-onset epilepsy dur-
ing the pandemic [53]. Restricted EEG availability, espe-
cially in epilepsy monitoring units, during the pandemic
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forced consideration of alternate methods of diagnoses. A
recent publication found that outpatient smartphone video
recordings of clinical events are highly reliable in predict-
ing epileptic seizures when reviewed by an epilepsy expert,
with a specificity of 93.3% [54]. Smartphone devices are
now widely available and likely in close proximity of wit-
nesses. A series during the pandemic demonstrated child-
hood absence could be effectively diagnosed and ultimately
treated despite lack of immediate access to EEG by perform-
ing hyperventilation over telehealth [55].

PWE now have increasing availability of COVID-19 vac-
cination. At this time, there is no evidence PWE are at higher
risk of side effects following vaccination. As fever can lower
the seizure threshold and the vaccine could provoke a fever,
PWE prone to seizures in the setting of febrile illness can
consider taking acetaminophen the day of and following
vaccination as an antipyretic. Vaccination is also largely
recommended for those who may be on immunomodula-
tory therapy for their epilepsy after discussion with their
provider [56].

Conclusions

New-onset seizures in acute COVID-19 infection are rare.
The risk of seizures is the highest in those who experi-
ence a witnessed seizure-like event and those who have
pre-existing epilepsy or brain injury. Encephalopathy can
be common following severe COVID-19 illness requiring
prolonged sedation. However, EEG studies have found a low
prevalence of NCS or NCSE in the absence of risk factors
(though confounded by treatment with ASM and sedation),
and no EEG signature for COVID-19 has been demonstrated
consistently. If EEG resources are limited, patients should
be treated clinically and those with risk factors for seizures
should be given priority for EEG. Limited montage single-
use EEG leads can be helpful for screening. It is important
to remember many studies were conducted at the beginning
of the pandemic in acutely hospitalized patients with moder-
ate to severe disease; there is no data yet on development of
epilepsy with chronic COVID-19 symptoms.

While PWE do not have an increased risk of COVID-19
infection, they are a vulnerable population in terms of risk
for seizure exacerbation due to the many complications pre-
sented by the pandemic. Healthcare providers need to help
patients as best they can to optimize medication adherence,
rescue plans, and access to care. Technology has been a tre-
mendous asset and should be leveraged to provide flexibility
going forward. COVID-19 vaccination should be encouraged
in PWE as there is no evidence of increased side effects in
this population at this time.
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