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Abstract

With more than 6000 attendees between in-person and virtual offerings, the American Epilepsy Society Meeting 2022 in
Nashville, felt as busy as in prepandemic times. An ever-growing number of physicians, scientists, and allied health profes-
sionals gathered to learn a variety of topics about epilepsy. The program was carefully tailored to meet the needs of pro-
fessionals with different interests and career stages. This article summarizes the different symposia presented at the meeting.
Basic science lectures addressed the primary elements of seizure generation and pathophysiology of epilepsy in different
disease states. Scientists congregated to learn about anti-seizure medications, mechanisms of action, and new tools to treat
epilepsy including surgery and neurostimulation. Some symposia were also dedicated to discuss epilepsy comorbidities and
practical issues regarding epilepsy care. An increasing number of patient advocates discussing their stories were intertwined
within scientific activities.

Many smaller group sessions targeted more specific topics to encourage member participation, including Special Interest Groups,
Investigator, and Skills Workshops. Special lectures included the renown Hoyer and Lombroso, an ILAE/IBE joint session, a
spotlight on the impact of Dobbs v. Jackson on reproductive health in epilepsy, and a joint session with the NAEC on coding and
reimbursement policies. The hot topics symposium was focused on traumatic brain injury and post-traumatic epilepsy.

A balanced collaboration with the industry allowed presentations of the latest pharmaceutical and engineering advances in satellite
symposia.

Keywords
epilepsy, annual meeting, American Epilepsy Society
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Introduction

The 76th Annual Meeting of the American Epilepsy Society
took place from December 2 to 6, 2022, in Nashville, TN.
During this 5-day meeting, over 5500 people in-person and
680 virtually attended the meeting.

An outstanding combination of topics during major sympo-
sia, annual courses, workshops, special interest groups, poster
sessions, and satellite symposia, covering epilepsy clinical and
basic science, practice, and professional development, were
tailored to different interests and levels of expertise. The meet-
ing started with a symposium defining the concept of a
“seizure,” which was an excellent opening to the latest science
in epilepsy. Deeper knowledge about the functioning of ion
channels has allowed us to target treatments in some early
refractory epilepsies. Lessons from the past remind us of the
wonderful observations made by Epilepsy giants such as John
Hughlings Jackson. Newest pharmacotherapies, devices, and
surgeries are carefully reviewed in the meeting. Special care
was devoted to comorbidities, behavioral/cognitive aspects,
disparities, and epilepsy care in underserved areas of the world.

The meeting is developed by members, for our members,
and attempts to cater to the different constituencies of our
society. An inclusive society that welcomes any other allied
health professional that is involved in the care of patients with
epilepsy. This includes basic scientists, neurosurgeons,
advanced practice providers, neuropsychologists, nurses, and
advocacy groups. The annual meeting provides guidance for
clinical practice and is the perfect setting for trainees, including
residents and fellows to learn about epilepsy. Patient advocates
and patients are increasingly involved in the planning and
delivery of the meeting.

This is a summary of the major symposia of the 2022
Annual meeting.

Epilepsy Specialist Symposium
What Is a Seizure After All?

*Barbara Jobst, MD, PhD, *Ignacio Valencia, MD, Patrick
Chauvel, MD, Jean Gotman, PhD, Michael R. Sperling,
MD, Jana Veliskova, MD, PhD, Yuliya Voskobiynyk, PhD
*Co-Chairs

The word seizure is derived from the Greek and means “to
take hold” with the oldest scriptures going back 1000-2000 BC.
Babylonian tablets have descriptions for the “Falling disease”
and “to seize.” The etiology was presumed to be the effect of
demons and ghosts. Around 400 BC, Hippocrates, a Greek
physician, argued that epilepsy originated in the brain when
an excess of phlegm (one of the 4 basic Hippocratic humors)
enters the blood. The word “Epilepsy” comes from “Epi”: upon
and “lepsis™: seizure.' Aristotelés suggested that an excess of
black bile produced seizures and Galen believed that the soul
was based in the brain and epileptic attacks occurred as a result
of involvement of brain. The Persian physician, Avicenna, in
his book, Canon of Medicine, stated that the clinical

manifestation of a seizure may be associated with its origin
(brain, stomach, spleen, the “Maraqq” defined as a membra-
nous structure in the abdomen, and the whole body) or related
to a specific humor. John Hughlings Jackson, an English Neu-
rologist and father of modern epileptology stated that “A con-
vulsion is but a symptom, and implies only that there is an
occasional, an excessive and a disorderly discharge of nerve
tissue on muscles.” In the 1970s, the World Health Organiza-
tion and a group of experts published a “Dictionary of
Epilepsy” and defined “Seizure” as a sudden and transitory
abnormal phenomenon of a motor, sensory, autonomic, or psy-
chic nature resulting from transient dysfunction due to exces-
sive discharge of a hyperexcitable population of neurons. The
International League Against Epilepsy defines an epileptic sei-
zure as a transient occurrence of signs and/or symptoms due to
abnormal excessive or synchronous neuronal activity in the
brain.?

This symposium aimed to provide a comprehensive concept
of “seizure” from different points of view.

The long and winding road from interictal activity to seizures. Rather
than defining spikes, sharp waves, or high-frequency oscilla-
tions (HFOs) as “interictal,” which implies a relationship to
seizures, it may be more fruitful to consider them as patholo-
gical events that result from abnormal brain tissue, such that
this abnormal brain tissue generates 3 types of events: seizures,
spikes/sharp waves, and HFOs. We may then consider how
these 3 event types interact with each other, how they are
affected by extrinsic factors such as anti-seizure medication
(ASM) or sleep, and how they can be used as a marker for each
other or for the abnormal brain tissue.

An unexpected relationship links ASM and the 3 events:
whereas it is often considered that a reduction in ASM, which
increases seizure occurrence, is also followed by an increase in
interictal spikes, it has in fact been demonstrated that reduced
ASM does not result in increased spiking® and can result in
reduced spiking.* The seizures (particularly those from the
temporal lobe) are followed by increased spiking, which makes
it look like reducing ASM is followed by increased spiking.
Contrary to spikes, HFOs increase following medication
reduction.’

Sleep is another factor that affects seizures, spikes, and
HFOs. Whereas the 3 stages of NREM sleep activate seizures
about equally,® N3 is by far the state with the highest spiking
rate. Here again, we see that spikes and seizures react differ-
ently to sleep.

Seizures, spikes, and HFOs are affected differently by ASM
and by sleep: we should consider them as distinctive pathophy-
siological phenomena, which are in their specific way linked to
abnormal cerebral tissue.

How are seizures defined at a microscopic level: From cell to the
microcircuit to the live animal. Understanding cellular, microcir-
cuit, and network properties underlying seizures is key to iden-
tifying effective epilepsy therapies. For example, in humans
and in a mouse model of Dravet syndrome (DS) with a
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Table 1. Brain Development Comparison Between Rodents and
Humans."?

Rat age
(in postnatal days)

Approximate developmental stage in humans
(brain maturation)

P3-9 Gestational weeks 32-39

PI10-11 Neonate (gestational week 40/birth to | month)
PI2-16 Infancy (1-18 months)

P18-21 Early childhood (2-3 years)

P20-28 Late childhood (4-11 years)

P28-50 Adolescence (12-20 years)

P55 on Adult age

heterozygous loss of function of Scn/a, nonconvulsive seizures
are caused by hyperexcitability of the thalamic microcircuit
connected to the somatosensory cortex. Specifically, the micro-
circuit’s reticular thalamic cells exhibit augmented bursts of
firing caused by the downregulation of calcium-activated
potassium SK channels. This promotes augmented bursting
of ventrobasal neurons projecting to the somatosensory cortex,
where the seizures are detected.” Enhancing SK channel
expression in the reticular thalamus or optogenetic disruption
of ventrobasal neuron bursting aborts these nonconvulsive sei-
zures in DS mice.

Thus, the thalamus both reticular and ventrobasal is required
for seizure maintenance and is a promising target for DS and
other genetic or acquired epilepsy disorders.®’

Of mice, rats, and men: what do we have in common?. Seizure
semiology in humans shares many features with rodents. Evi-
dence from patients with acute seizures induced by convulsant
neurotoxins, that is, those acting by antagonizing the GABAA
receptor currents or agonists of kainic acid receptors, for exam-
ple, domoic acid, show that types and progression of seizures,
and histopathological consequences are similar in both spe-
cies. 1011 However, differences also exist and need to be
reflected for translational interpretation of animal data. While
humans develop seizures with neurotoxin doses several folds
lower than rodents, rodents show higher propensity for epilep-
togenesis. These differences likely root from interspecies brain
structural variations, especially in structures relevant to seizure
generation and cessation, that is, the motor and limbic systems
or basal ganglia. Proper correlation of brain developmental
milestones, which occur mainly postnatally in rodents, while
completed already in full-term human newborn, is also essen-
tial (Table 1). Further, the disproportional timeline for achieve-
ment of distinct brain developmental milestones in rodents and
humans must be considered.'? In conclusion, to get most of the
animal models, the structural, molecular, and developmental
differences between humans and rodents must be implemented
when interpreting the data.

Lessons learned from SEEG. Stereoelectroencephalography
(SEEQG) gives access to the network structure of the seizures.
“Focal” seizures develop in cortical and subcortical systems;
epileptogenic zone features vary depending on the system and
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on the underlying pathology. Mesial temporal seizures have
long been considered a model. Typically, multiple limbic areas
or nuclei (amygdala, anterior and posterior hippocampus,
entorhinal cortex, etc.) engage synchronously. In the epilepto-
genic zone, the transition from interictal to ictal discharge is
made up of preictal spiking, then high-frequency activity
(HFA), with early and late propagation (“fingerprint” of the
epileptogenic zone). Narrow-band HFA is a hallmark of this
pattern. It is a tunable oscillatory phenomenon emerging from
the preictal spikes. Duration and level of this narrow-band HFA
are the differentiating features between the cortical systems’
seizure types. Its “chirping” aspect is characteristic of a gamma
resonant activity. A new hypothesis postulates that this cortical
resonance is produced by a positive plus negative feedback
between pyramidal neurons and perisomatic fast-inhibitory
interneurons in the epileptogenic cortex. A postinhibitory
rebound would trigger the late propagation part of the seizure.

Clinical controversies in defining seizures. The International Lea-
gue Against Epilepsy defines a seizure as “a transient occur-
rence of signs and/or symptoms due to abnormal excessive or
synchronous neuronal activity in the brain.”> However, this
definition falls short in 2 ways: It does not include electrophy-
siological discharges that appear to be seizures, yet does
include interictal EEG discharges that fulfill the criteria stated
above. Subclinical seizures are well-described phenomena
exhibiting characteristic EEG patterns identical to those asso-
ciated with seizures (Figure 1) yet do not produce obvious signs
or symptoms. Their electrophysiological features clearly merit
a definition of seizure. At the opposite end of the spectrum,
interictal spikes and even high-frequency oscillations (HFOs)
may cause neurological signs, for example, by disrupting cog-
nitive processing,'* and should fit the definition of a seizure.
However, the electrophysiological characteristics of interictal
spikes and HFOs differ substantially from that of a seizure; it
represents an entirely different type of hypersynchronous neu-
ronal discharge and has different clinical implications. Lastly,
the term “seizure” is overly broad and encompasses a wide
range of phenomena that have vastly different implications
regarding mortality, morbidity, functional impairment, and
need for treatment, and the adjectives employed to classify
seizures do not lessen the negative psychosocial and medical
impact of a seizure diagnosis. Both the definition and terminol-
ogy require updating and modification.

American Epilepsy Society-Child Neurology
Foundation Symposium

Genetic Testing in Epilepsy: Improving Outcomes and
Informing Gaps in Research

*Sarah A. Kelley, MD, *Anup D. Patel, MD, Katie
Hentges, Leah S. Myers, Heather Mefford, MD, PhD, John
J. Millichap, MD, Tamara Reynolds, MS, CGC, Jacy L.
Wagnon, PhD

*Co-Chairs
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Figure 1. Subclinical seizure on a depth recording.

The Child Neurology Foundation (CNF) connects partners
from all areas of the child neurology community so those
navigating the journey of disease diagnosis, management, and
care have the ongoing support from those dedicated to treat-
ments and cures. The mission of CNF is to serve as a colla-
borative center of education, resources, and support for
children and their families living with neurologic conditions,
and to facilitate connection with medical professionals who
care for them."?

Child Neurology Foundation sent a survey through the
American Epilepsy and Child Neurology Society listservs and
their newsletter, and all social media supported by 53 advocacy
organizations and the Child Neurology Society to child neurol-
ogy providers and caregivers. In total, 152 neurology providers
from 30 states responded in addition to 1513 caregivers from
48 states. Child neurology providers reported 20% of their
epilepsy patients did not have an underlying cause identified.
Eighty-eight percent report talking about genetic testing to
patients without a known cause. Among families, 40% did not
know the reason for the child’s epilepsy or seizures, and among
those children one-third had not had genetic testing. Interest-
ingly, 72% of families without a diagnosis are interested in
getting genetic testing yet only 35% have talked to their neu-
rologist about it. Of those that talked about it, 32% reported
their child’s neurology provider was unable to answer all their
questions about genetic testing.

A standard for when to consider genetic testing is lacking.
There is a need in our community to dive deeper into identify-
ing the causes of epilepsy. Families and clinicians need to
effectively communicate about options for finding the cause.
CNF provided a symposium to address these issues. These
included helping to determine when a genetic test is appropri-
ate for a patient, when to order or refer a patient for genetic
testing, and to go beyond seizure management to further
explore a diagnosis that may subsequently affect treatment.

Improving the patient and caregiver experience. Leah Myers is the
founder and Executive Director of the FamilieSCN2A Founda-
tion, an international advocacy organization partnering with
clinicians and industry to cure the life-limiting conditions
caused by mutations of the SCN2A gene. She’s also the parent
of 12-year-old Ben, whose diagnosis a decade ago launched her
family’s own heartbreaking and miraculous journey through

genetic epilepsy. Finding the etiology was just the start of her
fight that has had an incredible ripple effect. The Foundation
represents more than 1000 families globally, funding research,
and supporting families. Leah hopes that by sharing her story
she will inspire professionals to work together with family-
driven organizations. Just like no 2 patients are the same, no
2 parents are the same. Do not shield the families—empower
them, encourage them to learn, and become experts. Because
no one will fight for a better future for pediatric genetic epi-
lepsy like parents trying to save their child.

Impacts on clinical care. The number of genes associated with
epilepsy has increased dramatically over the last 30 years,
resulting in an increasing clinical impact of genetic testing
on the diagnosis and treatment of patients with epilepsy.'®
Several established genes have known treatment implications,
including SCNI1A4, POLGI, ALDH7A1, SLC2A1, SCN2A4, and
KCNQ2. KCNQ2 was one of the first known epilepsy genes
discovered to cause neonatal seizures that are passed down in
families (now known as “Self-limited neonatal epilepsy”
[SeLNE]).'” In 2012, different pathogenic variants in KCNQ2
were associated with severe intractable neonatal-onset ence-
phalopathy with a variable spectrum of outcomes in seizures
and development (now known as “KCNQ2-developmental
and epileptic encephalopathy” [KCNQ2-DEE]).!” Between
2012 and 2017, there was increased awareness of the severe
presentation and it was determined that sodium channel-
blocking anti-seizure medications are most effective for
seizures in this disorder.'® Five years later, neonates with
unexplained seizures still do not receive genetic testing that
could stop the diagnostic odyssey, facilitate counseling, and
lead to personalized treatments."’

Bench to bedside: How basic research informs treatment in genetic
epilepsies. Functional analyses of genetic variants can help us
identify molecular mechanisms underlying genetic epilepsies.
In turn, details of these pathogenic mechanisms can inform
treatment with available anti-seizure medications and spur
development of new therapies for genetic epilepsies that are
refractory to current treatments. For example, we have tools to
study the properties of sodium currents generated by variants in
sodium channel genes identified in DS (SCN1A4) and SCN8A-
related developmental and epileptic encephalopathy (DEE).*°
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These studies revealed that DS is caused mostly by loss-of-
function variants of SCNIA. In contrast, SCN8A-related DEE
is caused by gain-of-function variants of SCN84. These data
explain why sodium channel blockers are contraindicated for
Dravet syndrome but may be helpful for SCN84-related DEE.
Promising new therapeutic strategies utilizing antisense oligo-
nucleotides are being developed that upregulate SCN/A4 or
downregulate SCN8A to treat sodium channel-related epilep-
sies.?!*? Thus, basic research can inform and impact clinical
care in genetic epilepsies.

Genetic testing in epilepsy. The number of genes in which patho-
genic changes can cause epilepsy has grown rapidly over the
past decade. Alongside that growth, the array of genetic test-
ing options has expanded from chromosome arrays and
single-gene testing to include gene panels, exome sequencing,
and genome sequencing. In addition, methylation testing and
RNA sequencing are increasingly employed in specific clin-
ical situations, often to clarify or augment prior test results.
Selection of the appropriate genetic test(s) in the clinical set-
ting should take into consideration the diagnostic yield of
each test. In epilepsies, exome sequencing is most efficient,
and recent guidelines from the National Society of Genetic
Counselors recommend exome or genome sequencing, when
possible, as the first-tier test in individuals with epilepsy; a
gene panel with >25 genes can be performed if exome/gen-
ome testing is not possible, followed by chromosome array.
Given the complexities or both genetic testing and interpreta-
tion of results, pre- and posttest genetic counseling should
also be incorporated into the testing process.*

Managing common genetic testing barriers. Over the past 20 years,
a rapid increase in the volume and complexity of genetic test-
ing has led to gaps in provider training, insurance coverage, and
adjustments to hospital workflows and staffing, resulting in
barriers to patient access. As the clinical utility of genetic test-
ing advances, there is an increasing need for neurology provi-
der to integrate genomics into their practice.”* In order to
ensure patient access, creating new delivery service models,
collaboration between departments, and increased provider
support, time, and education is needed. Short-term strategies
to overcome testing barriers include a partnership with genetics
and social work departments, engaging the existing resources
in the commercial genetic testing lab, and utilizing existing
staff in new ways.?> Long-term strategies include creation and
implementation of new workflows, increased genetics support
staff, and increased provider training at both the graduate and
postgraduate level.**

Knowledge gained from genetic testing is exploding but
there continue to be barriers to getting clinically relevant test-
ing for our patients and to learning more about how genetic
testing can help them. The talks during this symposium demon-
strated how we are making progress toward these goals. We
have learned how important it is for families to have access to
genetic testing and information not only to inform their provi-
der’s treatment decisions but to give them an opportunity to

AN I

connect to advocacy groups and to other families with similar
diagnoses and challenges and subsequently empower those
families. With genetic testing knowledge, we can treat the
whole patient and not just epilepsy in isolation. Exciting
research allows us to continually learn more as studies are
taken from the bench to the bedside and then back again. If
we do not get an answer the first time around, we now have new
emerging approaches to evaluating further and work toward
finding a diagnosis for our patients. These wonderful new
options require increased training and improved models to bet-
ter deliver this care while expanding genetic counseling ser-
vices so we can continue to improve the utility of genetic
testing to the benefit of our patients and their families.

Spanish Symposium

Seizures and Use of Electroencephalography (EEG) in
the ICU

*Jorge G. Burneo, MD, MSPH, Miguel Arevalo-Astrada,
MD, Maite La Vega-Talbott, MD, Luis Carlos Mayor,
MD, Clio Rubinos, MD, Cesar Santana-Gomez, MsC, PhD
*Chair

The role of high-frequency oscillations in epilepsy, epileptogenesis,
and drug-resistant epilepsy. High-frequency oscillations (HFOs)
are defined as local field potentials corresponding to an
increase in bursts of synchronous neuronal spikes. Based on
their spectral frequency properties, HFOs are classified into
“ripples” (80-200 Hz) and “fast ripples” (FRs, 200-800 Hz).
Experimental findings from animal models and brain tissue
from patients with drug-resistant epilepsy (DRE) showed the
association of the HFOs with epileptic tissue and, are increased
in areas of the brain capable of generating epileptic seizures. In
clinical epilepsy, recording HFOs could provide a measure of
the risk for developing epilepsy and propensity for spontaneous
seizures, and, in some types of epilepsy, the epileptogenicity of
a lesion and severity of the disease.

Rhythmic and periodic patterns in critically ill patients. In critically
ill patients, the EEG may reveal interictal discharges but also
rhythmic and periodic patterns (ictal-interictal continuum), as
well as ictal (seizures and status epilepticus) and potentially
ictal activity (BIRDs).

Rhythmic and periodic patterns consist of the repetition of a
waveform at nearly regular intervals and are described accord-
ing to the localization, type of pattern, and presence of modi-
fiers, which helps to predict the risk of seizures.?® They
constitute the interictal—ictal continuum when they do not meet
the criteria for ictal activity.

A seizure is defined by the frequency of the discharges,
duration, clinical manifestations, or response to parenteral
anti-seizure medication. Status epilepticus is a seizure of longer
duration (>10 continuous minutes or a total duration of >20%
of any 60-minute period of recording) and BIRDs are not sei-
zures because of their short duration (<10 seconds).
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The use of continuous EEG in the critical care setting: What do we do
when resources are limited?. Video-EEG allows us to identify
nonconvulsive seizures and nonconvulsive status epilepticus.
It is also useful for the assessment of those affected by abnor-
mal mental status following generalized status (SE) or a sei-
zure. Other indications would include the comatose patient,
acute supratentorial brain injury with altered mental status,
unexplained altered mental status, and assessment of paroxys-
mal events.?’

In locations with limited resources, medical history, mental
status, and comorbidities may help with the diagnosis. But, in
most situations the use of cellphone videos is useful. If the
patient is hospitalized, a 1-hour EEG would suffice. If the
answer is not met, repetitive studies or the use of video-EEG
for 6 hours may help.”®

The most common findings include periodic discharges,
focal or generalized, abnormal background, and lack of back-
ground reactivity. The presence of epileptiform discharges in
the first 30 minutes of recording, increases the risk of status
epilepticus. If there is no presence of epileptiform discharges in
the first 2 hours of recording, the risk for SE decreases to 5%.

Case illustration of seizures in a critically ill patient. During this talk,
we consolidated the audience’s knowledge of the latest Amer-
ican Clinical of Neurophysiology Society ICU-EEG terminol-
ogy,?® including new terminologies such as Ictal interictal
continuum (IIC), possible electrographic seizures, and cyclic
alternative pattern of encephalopathy (CAPE). We reviewed
and analyzed frequent patterns seen in critically ill patients
by promoting an interactive discussion focused on the clinical
implication and possible management of the patterns aiming to
provide precision medicine management for each case. We
taught the audience the concept of benzodiazepine/anti-
seizure medication trials and discussed cases when the trial’s
results were positive, negative, or equivocal.”’ Finally, we
reviewed the importance of using quantitative EEG and video
as adjunctive diagnostic tools for continuous EEG monitoring.

Annual Fundamentals Symposium

Beyond Seizures: Tapping Into the Community for Care

*Anne T. Berg, PhD, *Martha Sajatovic, MD, Barbara
Jobst, MD, PhD, James W. Mitchell, MBChB, Janelle L.
Wagner, PhD

*Co-Chairs

Seizures are the core defining symptom of epilepsy and the
focus of most treatment efforts. While critical to the definition
of epilepsy, seizures alone are not the only aspect of having
epilepsy and often are not the most burdensome aspect of it.
Many other aspects and consequences of epilepsy can have a
profound impact on health-related quality of life and on the
success of people with epilepsy but are often not the direct
subject of clinical care. This symposium addressed (1) key
areas of nonseizure outcomes identified as important to patients
by patients and caregivers, (2) their recognition and their

treatment implications, and importantly, (3) the role of
self-efficacy, self-management, and partnerships with services
outside of the epilepsy care setting to optimize these outcomes
and ultimately the overall care and quality of life for people
with epilepsy and their families.

International epilepsy standard set of outcomes for routine clinical
practice. The International Consortium for Health Outcomes
Measurement (ICHOM) ** has developed an international Core
Outcome Set for routine clinical practice for infants, children,
and adults with epilepsy, which can be used for comparisons
across countries and settings as well as quality improvement
within a setting. Delphi-based consensus methods engaged an
international working group of health care providers, epilepsy
researchers, people with epilepsy, and their representatives to
identify a set of 22 essential outcomes. Brief and feasible to
implement measurement tools including Patient Reported Out-
come Measures (PROMS) were recommended based on their
evidence of strong clinical measurement properties and cross-
cultural applicability. The essential outcomes included many
nonseizure outcomes: anxiety, depression, suicidality, memory
and attention, sleep quality, somnolence, and—for infants and
young children—neurodevelopmental outcomes.

The ICHOM Epilepsy Sets ensure that outcomes that are
relevant to people with epilepsy, their representatives, and
health care providers are measured. They also facilitate harmo-
nization of outcome measurement, and if widely implemented
should reduce outcome measurement heterogeneity and there-
fore facilitate comparative research and big-data science.*'**

Behavioral health across the spectrum of epilepsy. Behavioral
health comorbidities are common in persons with epilepsy
(PWE), can worsen ASM side effects, and are associated with
poor health-related quality of life (HRQoL).* In addition, 30%
to 60% of PWE are nonadherent to ASMs. Results from a
recent scoping review revealed that socioeconomic factors
influenced adherence, educational, seizure, and HRQoL out-
comes in youth with epilepsy.

Addressing behavioral health comorbidities can reduce the
seizure burden and improve quality of life. Evidence-based
screening measures are available and have clinical utility
(e.g., brevity, no cost).>* A 3-tiered health promotion approach
provides more intensive services for patients at higher risk.* In
applying this stepped-up model to pediatric epilepsy care, pro-
viders are encouraged to consider the family background and
social determinants of health when setting up a behavioral
health screening protocol for (1) a targeted population (high-
risk, new patients), (2) personnel (clinic nurse, behavioral
health), (3) method (survey, waiting room), and (4) next steps
in care (documentation, positive screen).>* Integrated beha-
vioral health care reduces challenges with access and stigma,
increases patient satisfaction and communication between pro-
viders, and embodies comprehensive epilepsy care.

Addressing the cognitive difficulties of people with epilepsy. Cogni-
tive difficulties are common in people with epilepsy and
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interfere with quality of life. Impaired cognition often contri-
butes more to disability than the seizures itself. Cognitive dif-
ficulties in epilepsy have many etiologies and interictal
epileptiform activity has been shown to selectively interfere
with cognitive processing. Treating epileptiform activity with
ASM is problematic as medications by themselves can worsen
cognitive difficulties. Certain music, more specifically
Mozart’s Sonata for 2 pianos (KV448) can reduce interictal
epileptiform activity and may be a venue to engineer cogni-
tively beneficial music in the future.*®

Self-management programs such as HOBSCOTCH (Home-
Based Self-management and Cognitive Training Changes
lives) are aimed to improve cognitive problems through
problem-solving therapy and learning memory strategies. The
program has been proven to improve quality of life and sub-
jective cognition.”” The program is currently disseminated
throughout the Unites States and can be delivered virtually.

Self-management and the self: Partnering with the community to
improve outcomes for people with epilepsy. Epilepsy self-
management (ESM) refers to the processes used to control
seizures and manage the effects of epilepsy. Current
approaches for ESM have generally been derived from models
of chronic illness self-management. For over a decade, the US
Centers for Disease Control and Prevention (CDC) has sup-
ported the Managing Epilepsy Well (MEW) Network with the
mission of advancing the science related to ESM by facilitating
and implementing research, conducting research in collabora-
tion with community stakeholders, and broadly disseminating
the findings.**>° A variety of evidence-based MEW Network
programs have been developed which empower people with
epilepsy to improve their health. Over 15 randomized con-
trolled trials assessing different MEW Network delivery modes
demonstrate improvements in quality of life, epilepsy knowl-
edge, ESM competency, self-efficacy, and mood as well as
reduced seizure frequency. Epilepsy self-management can be
implemented in both clinical and community settings, espe-
cially when coordinated with epilepsy-focused service agen-
cies. Resources outside of the clinical office can offer
important complementary services to what the medical care
system can provide and these additional supports may be
especially critical for people with epilepsy who live in under-
served areas.

Raising the stakes: Complexities for those with neurodevelopmental
disorders. For people with developmental and epileptic ence-
phalopathies (DEE) and their families, the wide range of cog-
nitive, behavioral, functional, social, and medical morbidities
are overwhelming. These include severe to profound impair-
ments in essential functions such as mobility, hand use, self-
feeding, and, perhaps most importantly, communication.*’
Dysregulation of autonomic functions and sleep are pervasive,
disruptive to daily life, and highly distressing. Other trouble-
some medical and neurologic morbidities include hypotonia,
dystonia, scoliosis, cerebral-visual impairment, and precocious
puberty. The impact on the individual as well as the family can
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be profound. Most of these concerns are not well-addressed in a
care-setting focused on seizures. Most parents report exhaus-
tion, financial stress, and decreased time and attention for their
other healthy children. Care is often seen as poorly coordinated
and even fractured, especially for older individuals in the pro-
cess of transferring care or who have completed the transfer of
care to adult settings. The need for competent multidisciplinary
care with excellent communication among providers (including
the family) is paramount for DEE-affected individuals yet is
rarely available. Community resources such as DEE-P (Devel-
opmental Epileptic Encephalopathy-Project) Connections®*!
provide critical, otherwise unavailable information for affected
families and care providers. In many ways, it is the families
who are leading the way in educating the providers.

Presidential Symposium

Seizure Semiology: The Jacksonian March to the Present

*R. Edward Hogan, MD, Neda Bernasconi, MD, PhD, Hal
Blumenfeld, MD, PhD, Mark J. Cook, MD, Jacqueline A.
French, MD, Terence J. O’Brien, MD, FRACP

*Chair

John Hughlings Jackson was appointed as a physician at the
National Hospital for the Paralyzed and Epileptic in London
from 1862 to 1906. Using primarily clinical observations, he
established many of the concepts of modern neurology.** In
addition to his descriptions of focal motor seizures, currently
known as Jacksonian seizures, he outlined concepts of focal
epileptic seizures, excitation and inhibition during seizures,
and temporal lobe epilepsy (which he called the “dreamy
state”). Given Hughlings Jackson outlined these concepts with-
out modern tools such as EEG and neuroimaging, his work
highlights the importance of interpretation of signs and symp-
toms (semiology) in the diagnosis of epileptic seizures.

The symposium reviewed, from a modern perspective, orig-
inal Jacksonian concepts of focal and generalized epileptic
seizures, excitation and inhibition during epileptic seizures,
and localization of temporal lobe seizures. Further lectures
highlighted the importance and role of clinical semiology
today, including the role of semiology in clinical trials, and
modern approaches to exploring semiology and seizures.

Focal versus generalized epilepsy: Are all epilepsies focal?. The con-
cept of the dichotomization of seizures and epilepsies into
generalized and partial (or focal) seizures, while dating back
to Hughlings Jackson’s time, did not become common usage
until developed by the Commissions on Classification of the
International League Against Epilepsy. However, in clinical
practice, this dichotomy between generalized and focal epilep-
sies is not always so clear. Patients with otherwise typical
Idiopathic Generalized Epilepsy (IGE) do not uncommonly
manifest “focal” clinical and EEG features.*’ In-vivo electro-
physiology studies in rodent models of IGE, and human func-
tional MRI studies, have both demonstrated that apparently,
generalized absence seizures can originate in a focal region
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of the cortex before spreading to engage widespread bilateral
thalamocortical structures.** However, the dichotomy
between “Focal” and “Generalized” epilepsy does have clin-
ical value, being important in selecting treatment options,
prognostication, and genetic counseling. Differentiation
between them is usually possible with expert epileptological
assessment. There is also building evidence for an etiological
dichotomy between Generalized and Focal epilepsy from
large-scale genomics studies.*’

Excitation and inhibition during temporal lobe epileptic seizures.
Temporal lobe seizures disrupt normal brain function through
abnormal excitatory activity in limbic circuits. This activity
also produces inhibition of regions outside the limbic system.
The network inhibition hypothesis proposes that inhibition of
subcortical arousal systems including the thalamus leads to
depressed cortical function and impaired consciousness in tem-
poral lobe seizures.*® The network inhibition hypothesis is sup-
ported by human cerebral blood flow and intracranial EEG
studies as well as by experimental animal models. Neurostimu-
lation in epilepsy animal models and in patients with chronic
disorders of consciousness targeting the intralaminar central
lateral (CL) nucleus of the thalamus demonstrates the feasibil-
ity of restoring arousal.*’ Based on this, the START (Stimula-
tion of the Thalamus for Arousal Restoral in Temporal lobe
epilepsy) clinical trial is aimed at responsive stimulation of
thalamic CL in the hope of improving consciousness during
and after temporal lobe seizures that cannot be stopped by other
treatment approaches.

Neuroimaging of temporal lobe epilepsy. Hughlings Jackson’s
ideas have helped direct the use of MRI as a research and
clinical tool. His observations most relevant to neuroimaging
of temporal lobe epilepsy include linking symptoms of the
“dreamy state” to lesions of the mesiotemporal lobe structures.
He also conceptualized epilepsy as a model to understand brain
organization. Today, structural MRI reliably detects mesiotem-
poral sclerosis and pattern learning characterizes its heteroge-
neity across individuals. Combining whole-brain features of
grey- and white-matter pathology with unsupervised topic
modeling provides a description of individual variability that
refines predictors of clinical outcomes, including drug response
and postsurgical seizure outcome.*® Imaging markers of con-
nectivity have identified large-scale anomalies of brain orga-
nization that are at the basis of cognitive impairment across
multiple domains.*’

Semiology in clinical trials. Hughlings Jackson was a proficient
diagnostician before EEG and neuroimaging were in exis-
tence.’ Epilepsy is among the few diseases that are diagnosed
primarily on semiology, with assistance from diagnostic test-
ing. Thus, understanding semiology is critical in classification
and appropriate subject selection for clinical trials. We can
only study the impact of interventions on specific seizure types
and syndromes, if appropriately classified subjects are enrolled.
Remote adjudication of trial subjects by the Epilepsy Study

Consortium has placed a spotlight on substantial variability
in phenotyping from person to person, from center to center,
and from country to country, which potentially can lead to
enrolling subjects inappropriately. Misclassification of tonic—
clonic seizures is of particular concern since they are a seizure
type associated with specific harms, including SUDEP. While
testing remains important, semiologic assessment remains crit-
ical in the determination of eligibility for clinical trials.

Modern approaches to exploring semiology and seizures. Seizure
semiology is an essential component of clinical assessment.
There is a structure to the development of the features of a
seizure that provide a way of understanding how the origin
of the event relates to the clinical manifestations, and this ulti-
mately provides a means of seizure onset localization and helps
guide management.’' Hughlings Jackson correlated his close
clinical observations of seizure semiology with detailed patho-
logical studies, recognizing the cortical origin of seizures, and
that the clinical manifestations were determined by the site of
seizure origin and extent of seizure spread. These remarkable
insights provided us with the tools we still use today in clinical
practice. Advances in intracranial neurophysiology—particu-
larly SEEG—and structural imaging have allowed the relation-
ship between clinical manifestations, seizure onset, and spread
to be further clarified, and quantitative methods of analysis
such as motor activity through automated video analysis may
further improve assessment.>?

Advanced Practice Providers Symposium

Medication Dilemmas: Practical Approaches to
Pharmacological Management of Epilepsy

*Kelly R. Conner, PhD, MMS, PA-C, Nancy Auer, APRN,
FNP-BC, Danielle A. Becker, MD, MS, Shivani Bhatnagar,
DNP, RN, CPNP, Michael A. Gelfand, MD, PhD, Elizabeth
H. Michael, MMS, CPNP, CSN, Michelle W. Welborn,
PharmD

*Chair

The commitment to care for a loved one with drug-resistant
epilepsy often results in substantial emotional, psychosocial,
and financial burdens on the entire family unit. Early discus-
sion with caregivers regarding the potential uphill battle in
obtaining acceptable seizure control; comorbidities, including
SUDEP; and the level of care needed to support the patient is
encouraged. Timely referral to family counseling; genetic
counseling when appropriate; state-based Early Intervention
Programs’>; physical, occupational, and speech therapy; and
skilled nursing agencies when appropriate is important.

Providers who exhaust all FDA-approved ASMs and seek
better seizure control may consider accessing investigational
drugs through FDA Expanded Access™ or Personal Importa-
tion programs. State-based Medicaid waivers provide Medi-
caid, in-home skilled nursing, and nonskilled care for
medically fragile and intellectually disabled children and
adults, regardless of parental income or primary private health
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insurance coverage. Letters of Medical Necessity often make
or break access to medications and services.

Choosing the first anti-seizure medication. Choosing the first anti-
seizure medication for a patient with newly diagnosed epilepsy
can be daunting considering there are currently over 30 avail-
able medications. The ideal anti-seizure medication would
maximize seizure freedom without unwanted side effects.

Full seizure control can be achieved in about 50% of
patients and about 30% will be refractory to medication treat-
ment.>> The success rate depends on several factors including
the type of epilepsy and family history.

Factors influencing the appropriate choice include epilepsy
classification, patient age, comorbid conditions, current medi-
cations, potential side effects, time to titration, dosing regimen,
and cost.

It is important to use a targeted approach and choose the
medication best matched for the epilepsy type. If the focus is
unknown, use a broad-spectrum ASM. If the patient has comor-
bid conditions (such as headache), consider a medication that
will treat underlying epilepsy as well as the comorbid
condition.®

Polypharmacy, is less more?. Drug—drug interactions are com-
mon and thus one should be aware of pharmacokinetic and
pharmacodynamic interactions and choose drug selection
accordingly. Utilization of various mechanisms of action is
KEY to avoid side effects from pharmacokinetic interac-
tions.”” If a new medication is started and is more efficacious,
evaluate and possibly reduce previous treatment to improve
tolerance and retention. It was also discussed that the use of
lower doses and slower titrations in the elderly may improve
tolerance and reduce side effects.

Consider nonpharmacologic methods: surgery, neuromodu-
lation, and diet therapy. Neuromodulation does not produce the
same side effects as medication and in fact has shown improve-
ments in cognition, memory, and mood. The use of neuromo-
dulation can help reduce polypharmacy. The data from the
RNS allows providers to identify the efficacy of new medica-
tion early to determine clinical benefit of titration and possibly
guide the reduction of other anti-seizure medication.®

Thus, it is important to consider reducing medications after
surgery or neuromodulation devices have been placed. By
reducing medication, one can reduce side effects and ultimately
improve quality of life.

Drug interactions and medications that lower seizure threshold.
Interactions between ASMs and other medications (non-
ASMs) can be significant. Interactions may be pharmacody-
namic, however, pharmacokinetic interactions may be more
meaningful. Enzyme-inducing ASMs may decrease non-
ASMs efficacy. Conversely, enzyme inhibition can increase
non-ASM side effects. Likewise, non-ASMs can cause either
decreased ASM efficacy or increased concentration. Manage-
ment of interactions depends on the duration of use and the
availability of ASM and/or non-ASM alternatives.>’
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Non-ASMs can also “lower the seizure threshold”; either
inducing a seizure in a patient without epilepsy or worsening
seizures in patients with epilepsy. When considering medica-
tion combinations, questions include: Necessity? How urgent is
the need for treatment? How strong is the seizure-provoking
effect? Are alternatives available? Avoidance of the non-ASM,
short-term “bridge” or titration of ASM may be appropriate.
Medication classes of common concern include antibiotics,
antidepressants, and antipsychotics. Of note, most common
antidepressants, with limited exceptions, are considered safe
at therapeutic doses.®

Seizure action plans and rescue medications across the lifespan.
Most seizures occur outside of a hospital with few persons with
epilepsy having seizure action plans (SAP). An SAP is an aide
for seizure care.

Seizure action plans are effective in providing confidence to
parents regarding their child’s epilepsy diagnosis, increasing
the return rate of neurology appointments, and are more useful
for people with lower seizure frequency. They are not effective
in decreasing ED visits or health care utilization. It may not be
the SAP itself, but the education and training of the individuals
who institute SAPs. States are requiring education and training
of school staff on seizure care. Currently, how improved
knowledge affects health care utilization is being studied.

Several rescue medications are commonly incorporated into
SAPs: Intranasal midazolam and diazepam, and rectal diaze-
pam. They are safe, effective, and easily administered.

In conclusion, SAPs allow persons with epilepsy to partic-
ipate in societal normal activities with safe and effective rescue
medications.®! %2

Special situations: Surgery/NPO, illness, missed dose and so on.
Shivani Bhatnagar, DNP, RN, CPNP, discussed how to formu-
late a plan and choose appropriate alternatives for anti-seizure
medications (ASMs) in special situations. She summarized
ASMs can be safely given by mouth with a small amount of
water when a patient is NPO, for extended NPO status, an alter-
native ASM plan should be in place. For a missed medication
dose, if it has been less than half the time between doses (i.e., for
once-a-day dosing that is 12 or more hours before the next dose)
the patient can be advised to safely take the dose. If it has been
longer than half the time, the patient should be advised to wait to
take the next scheduled dose.®® She highlighted 2 key points
regarding the ketogenic diet, in the setting of illness: (1) pre-
venting, monitoring, and treating for hyperketosis and (2) main-
taining hydration, take priority over maintaining ketosis.**

Epilepsy Therapies Symposium
New Approaches to Drug-Resistant Epilepsy

*Dean Naritoku, MD, *Alica M. Goldman, MD, PhD, Ally-
son Alexander, MD, PhD, Danielle Andrade, MD, MSc,
FRCPC, Ingmar Bliimcke, MD, David Burdette, MD,
Stephan Schuele, MD, MPH, FAES

*Co-Chairs



Valencia et al

— AW WAL

An estimated 400 000 of the 2 million individuals with focal
epilepsy in the United States are medically refractory®® with
resultant disabling seizures, increased risks of premature death,
injuries, psychosocial dysfunction, and reduced quality of life
for the patients and their caregivers.®® The effect of a drug-
resistant epilepsy (DRE) on personal and professional achieve-
ment or employment, the need for long-term treatment, and the
often recurrent hospitalizations contribute to a considerable
individual and societal economic burden.®’” Remediation of
DRE is complex. However, novel molecular diagnostic
approaches in neuropathology are aiding in precision diagnos-
tics, discoveries in epilepsy genetics are shedding light not only
on the DRE causality but also on comorbidities and associated
adverse outcomes, and new anti-seizure medications and sur-
gical approaches offer hope to many patients. The 2022 Epi-
lepsy Therapy Symposium aimed to address some of these
advances as relevant to clinical practice.

Impact of genetics on surgical management of epilepsy—
Advancements in neuropathology. Considerable advances in
understanding the genetic causes of cortical malformations and
low-grade epilepsy-associated brain tumors (LEAT) prompted
the adaptation of our current disease classification systems
integrating genotype—phenotype associations.®® Such geno-
type—phenotype association is established for somatic (postzy-
gotic) mutations related to the mTOR pathway in Focal
Cortical Dysplasia ILAE Type II located predominantly in the
frontal lobe.*” Another common association is that of altered
MAP-kinase signaling in LEAT predominantly located in the
temporal lobe,®” or brain somatic mutations in the galactose
transporter gene SLC3542 in mild malformation of cortical
development with oligodendroglial hyperplasia in epilepsy
(MOGHE).*""! The latter association also helped to define
MOGHE as a new disease entity®® and postsurgical seizure
freedom rates increased from 33% in the initial report’' to
64% in a most recent study.’® This knowledge will finally also
help to move toward precision medicine, that is, D-galactose
supplementation in patients with MOGHE.

New anti-seizure medications: Update for 2022. The years 2019 to
2022 have seen the approval of 3 anti-seizure medications with
unique, putative mechanisms of action driving unique spectra
of efficacy. Cenobamate was approved in 2019 for the treat-
ment of focal (partial) seizures in adults. Cenobamate is a
positive allosteric modulator of GABA 4 receptors and inhibits
the persistent component of the sodium current. It is quite
effective but requires a slow titration to minimize the risk of
drug reaction with eosinophilia and systemic symptoms
(DRESS).”*"* Fenfluramine was approved for the treatment
of seizures associated with Dravet Syndrome in 2020 and for
Lennox—Gastaut syndrome in 2022. It reduces serotonin uptake
and increases serotonin release thereby producing seizure
reduction, appetite reduction, and rarely potential cardiac val-
Vulopathy.74’75 Ganaxolone was approved for treating seizures
associated with a rare genetic disorder, CDKLS5 deficiency
disorder. It activates synaptic and extrasynaptic GABA

receptors producing specific efficacy in this developmental and
epileptic encephalopathy.’®

New approaches for treatment of multifocal epilepsy. Multifocal
epilepsy includes a wide spectrum of disorders that can be
defined either by semiology, neurophysiology, or etiology as
having potentially independent or widespread foci of epilepto-
genicity. Based on etiology, multifocal epilepsies include
patients who failed surgery are found to have a germline or
somatic mutation, lack an MRI abnormality, or demonstrate
multifocal lesions on imaging such as tuberous sclerosis, mul-
tiple cerebral cavernoma syndrome or patients with bilateral
nodular heterotopia, polymicrogyria or hemi-megalencephaly.
Select patients with consistent focal features in their presurgi-
cal workup, in particular a localizing semiology and regional
seizure onset pattern, can be candidates for an invasive evalua-
tion using SEEG.”’ For patients with multifocal epileptic ence-
phalopathies, neuromodulation is a consideration targeting the
centromedian nucleus of the thalamus in addition to more tra-
ditional stimulation targets.

Minimally invasive epilepsy surgery techniques. Clinical studies
have repeatedly shown that patients with drug-resistant epi-
lepsy are unlikely to become seizure free with traditional
anti-seizure medications alone and they ought to be considered
for epilepsy surgery. Modern techniques in minimally invasive
epilepsy surgery offer options for many patients’® and fall into
4 main categories: diagnostic, ablative, disconnective, and neu-
romodulatory. Within the diagnostic category: SEEG has
become a widely accepted technique for phase II monitoring.
Minimally invasive forms of ablation for epilepsy include laser
interstitial thermal therapy (LITT) and radiofrequency (RF)
ablation. Focused ultrasound is a newer technique for ablation
of brain tissue that may prove efficacious for the treatment of
epileptogenic lesions in the future. Minimally invasive tech-
niques for disconnection of broad epileptogenic networks
include the use of endoscopy or LITT to accomplish corpus
callosotomy and hemispherectomy. Finally, neuromodulation
for epilepsy includes vagus nerve stimulation, deep brain sti-
mulation, and responsive neurostimulation.”’ Advantages of
minimally invasive approaches include smaller incisions,
decreased surgical complications, reduced hospital stay,
increased palatability for patients and families, and expanded
indications for patients with generalized epilepsies.

Genetic approaches to epilepsy comorbidities. Understanding the
genetic etiology of epilepsy syndromes is important not only
for precision diagnostics but also to guide targeted therapies.
Comorbidities are an important aspect of many epilepsies.
They may occur independently of epilepsy (i.e., cortical visual
impairment in CDKL5-related epilepsy), consequently to
epilepsy (epileptic encephalopathy at the onset of treatment-
resistant seizures), or be treatment-related (sedation and
cognitive slowing in the context of polypharmacy). Design
of targeted therapies ought to consider these aspects as the
optimal outcome will remediate both epilepsy and related
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comorbidities. Examples of therapies where multifaceted
benefits have been observed are (1) fenfluramine that aids in
seizure control but may also reduce mortality®® and lead to
an improvement in executive function in patients with DS,*'
(2) everolimus, an mTOR inhibitor that helps control growth
progression of subependymal giant cell astrocytomas (SEGAs),
improves seizure control, and possibly symptoms of autism in
patients with tuberous sclerosis complex.®**** Gene allele-
specific antisense oligonucleotide therapies have been emer-
ging as a new line of promising treatment strategies.

Treatment-resistant epilepsies affect an estimated 30% of
patients and their treatment represents an ongoing important
challenge. However, investment in basic and translational
research has driven annual progress in genetics, precision
molecular diagnostics, minimally invasive probing of epileptic
networks, and novel surgical therapies. Therapeutic focus has
expanded beyond seizure suppression toward striving to mini-
mize drug-related adverse effects and to combine epilepsy con-
trol with positive effects on comorbidities and adverse
outcomes, such as SUDEP.

Best Practices in Clinical Epilepsy
Symposium

Access to Care for the Underserved Managing Epilepsy

*Shanna Guilfoyle, PhD, *Madona Plueger MSN, ACNS-
BC, CNRN, Lisa Clifford, PhD, Jeannine Conway, PharmD,
Jasmine Kwasa, PhD, Sarita Maturu, DO, Christopher Ryan,
MSW, LICSW, Lindsay M. Schommer, MSN, APRN, ANP-
BC, Naymee Velez-Ruiz, MD, Claire Waller, Jill Waller
*Co-Chairs

Madona Plueger APRN, CNRN, FAES introduced the sym-
posium and the content experts presenting topics that address
both clinical and research integration of care for underserved
and vulnerable populations managing epilepsy from the inter-
disciplinary lens. Our symposium sets out each year to provide
key implications for practice not only across the continuum of
care of the person with epilepsy but also across the landscape of
care that is available. The goal of this symposium is to capture
opportunities applicable from the smallest to largest institu-
tions, being able to apply principles to practice.

Claire and Jill Waller; patient advocates, opened our sym-
posia by sharing Claire’s story of the initial diagnosis and
provided a glimpse to us, of the journey of a person and family
living with epilepsy. The richness of the candid reality of epi-
lepsy as a disease, coupled with the triumphs and tribulations
along the way, was a perfect way to meld the lectures together.

Lisa Clifford, PhD, presented “Defining Social Determi-
nants of Care in Vulnerable Individuals with Epilepsy.” The
presentation addressed the importance of understanding the
social determinants of health conceptual framework and health
inequities in epilepsy. This presentation was rich with key
implications of care and data-driven support, validating the
ongoing concerns of social determinants of health in the field
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of epilepsy.® Dr Clifford challenged us all to work on continu-
ing to close the treatment gap. This will require a multisystem,
integrative approach that addresses inequities at all levels.

Lindsay Schommer APRN and Christopher Ryan MSW,
LICSW took on the task of sharing information on barriers to
access to care. Ms. Schommer addressed accessibility to care in
her presentation “Access to Epilepsy Care in Rural Commu-
nities: Challenges and Opportunities.” Ms. Schommer
addressed the barriers to access for those living in communities
and some thoughts on how telemedicine and other venues of
access to care are approached.® This presentation reminded all
of us about some things that most take for granted. Things like
distance, transportation availability, and accessible internet.
Health literacy concerns are higher in rural communities than
in other areas. Opportunities on other networks, such as support
groups, church support, and resources for self-management,
were shared. The Epilepsy Community has formed several
established self-management programs. Ms. Schommer spent
a few minutes and shared the definitions and brief overviews of
Hopscotch, Uplift, Paces, Mindset, Time, Pause, and Smart.
These programs are available throughout the country; some
in communities with limited resources. Mr. Ryan’s presenta-
tion focused on recognition and awareness of the importance of
psychosocial screening design and some of the barriers to care
in their use. Practical examples of how these screeners can be
used across the continuum of care were shared. Mr. Ryan
shared that there may be opportunities to use semi-structured
psychosocial screens to complement empirically validated
instruments that are used clinically. The semi-structured
approach offers an opportunity for assessment and direction
as to when to refer to psychosocial providers for proactive
screening. He left the audience with the understanding that high
acuity new onset population benefit from automatic referrals.

Jasmine Kwasa, PhD, addressed the attendees from the basic
science lens of EEG lead application and assessment of hair
preparation of black individuals, as a backdrop to a poignant
discussion on the focus on the importance of cultural compe-
tency. Dr Kwasa addressed how the cultural competency
approach improves inclusion in basic and clinical research
through approaches in hiring inclusive medical staff. Dr Kwasa
provided an example by addressing research being completed
on traditional EEG systems on afro-textured hair-prep and tech
solutions.®® Discussion of a current process and protocol for
hair preparation provided attendees with evidence on avoiding
patient discomfort, increasing medical trust in marginalized
communities, and therefore increasing data fidelity.

Jeannine Conway, PharmD, presented “How to Get Bang
for Your Buck with Anti-Seizure Medications.” This session
provided practical points for providers that are faced with the
task of getting the right medications for seizure control, for
those uninsured. Basic Information was shared, along with
strategies to optimize anti-seizure medication costs for persons
with epilepsy with payer challenges. Often providers of care
struggle to be able to articulate availability resources. Different
countries and different parts of the country set medication
prices. The lecture also included the whys that are behind the
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scenes with drug coverage. This included discussion about the
regulatory bodies and venues of payment, such as mail order,
pharmacies, drug coupons, and so on.

Claire and Jill Waller returned to the podium. The story
continued as Claire shared the surgical workup, surgery inter-
vention, and now celebration of seizure freedom for a duration
of time. A poignant message resonated from Ms. Jill Waller, as
being the mother of a vibrant young lady who advocates
strongly for epilepsy awareness. A person may be seizure-
free, but the person continues to have epilepsy, which affects
the entire family and surrounding community. The importance
of advocating with that message rang through the room as the
ebb and flow of motions of a person and family with epilepsy
were shared.

Sarita Maturu, DO, and Naymee Velez Ruiz, MD, copre-
sented on the models of care for women with epilepsy in their
presentation “Insights and Suggestions for Adopting Models of
Care for Pregnant Women with Epilepsy.”

Dr Maturu presented resource-rich and resource-spare
opportunities in opening up a pregnancy clinic for women with
epilepsy and shared insights on how to create and sustain such a
clinic. The importance of establishing relationships early on,
benefits immensely, assisting in sustainability with assuring
that key stakeholders are aware of services and support to
women with Epilepsy that become pregnant. Dr Velez Ruiz
shared data supporting the models of care.®” Participants were
able to take key implications of practice away with the under-
standing that data can drive change and the viability and sus-
tainability for such clinics.

Co-Chairperson Shanna Guilfoyle, PhD, invited speakers
back to the stage and recognized our advocates, as well as the
speakers overall. Audience participants were able to address
questions and discussions continued after the completion of
this symposium.

Epilepsy Surgery Symposium
Epilepsy Surgery Controversies: A Case-Based Discussion

*Guy M. McKhann II, MD, *Jorge Gonzalez-Martinez,
MD, PhD
*Co-Chairs

The 2022 Epilepsy Surgery Symposium focused on current
state-of-the-art methods and procedures related to epilepsy sur-
gery, with particular attention to the main controversial topics
in the field. Controversies discussed included (1) open resec-
tion versus laser ablation for mesial temporal lobe epilepsy;
(2) surgical approaches to lesional neocortical temporal lobe
epilepsy; (3) responsive neurostimulation (RNS) versus deep
brain stimulation (DBS) for primary generalized epilepsy; and
(4) SEEG versus subdural grid monitoring and mapping for
dominant perisylvian epilepsy. After case presentations intro-
ducing each topic, speakers presented the different surgical
approaches, discussing indications, advantages, and limitations
for the respective approaches and clinical scenarios. After the

presentations for each case, a controversy-based session took
place, motivating intense discussion and participation from
the audience.

Following participation in Epilepsy Surgery Symposium,
participants are able to discuss the different aspects of epilepsy
surgery practice, including indications, techniques, and
expected results from different approaches to specific clinical
scenarios. For the clinical topics that were presented, partici-
pants recognize the challenges and controversies related to
surgical interventions, the options available, and the advan-
tages and disadvantages of each intervention. Participants fur-
ther recognize the value of epilepsy neurology and
neurosurgery’s close clinical and surgical collaboration, pro-
moting positive patient outcomes and minimizing adverse
consequences.

The program started with a short introduction of Speakers
and learning objectives followed by Dr Arka Mallela’s presen-
tation of an amygdala-centered mesial temporal lobe epilepsy
(MTLE). Subsequently, Dr Guy McKhann exposed the differ-
ences in indications and techniques related to standard versus
selective resections for MTLE, emphasizing the importance of
individualization of care. Dr Chen Wu then discussed applying
laser ablation (LITT) therapy to the presented case and to
MTLE in general. The presentations were followed by a debate
among speakers and the audience, focusing on the advantages
and disadvantages of each approach.

The second case was presented by Dr Garrett Banks, an
example of lesional neocortical temporal lobe epilepsy. The
case presentation was followed by Dr Stephen Ojemann’s talk,
discussing the indications and techniques of neocortical
temporal resections guided by intraoperative monitoring with
electrocorticography (ECOG). Subsequently, Dr Brett Young-
erman discussed the advantages and challenges of utilizing
extraoperative invasive monitoring in defining the epilepto-
genic zone in lesional neocortical temporal epilepsies.

The third case, an example of primary generalized epilepsy,
was presented by Dr Hussam Shaker. This presentation was
followed by a discussion focusing on the utilization of closed-
loop RNS Stimulation by Dr Mark Richardson, in which he
summarized methods and techniques related to RNS thalamic
stimulation in generalized epilepsy, particularly focusing on his
experience with centromedian thalamic closed-loop stimulation.
Subsequently, Dr Arthur Cukiert, presented his experience in the
utilization of deep brain stimulation (DBS) open-loop stimula-
tion therapy in patients with generalized epilepsy.

The final topic of the symposium focused on the surgical
management of nonlesional focal epilepsies and the advantages
and disadvantages related to the different methods of invasive
monitoring. Dr Jessica Fessler began the discussion, presenting
a case of nonlesional dominant perisylvian epilepsy, with rich
semiological features of auditory auras followed by general-
ized tonic—clonic seizures. Dr Jorge Gonzalez-Martinez next
discussed the indications and results of utilizing the SEEG
methodology in nonlesional epilepsies, emphasizing the
importance of SEEG-based spatial-temporal dynamics and
3-dimensional mapping of the epileptogenic zone. Dr Yemi
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Damisah then discussed the indications, advantages, and dis-
advantages of using subdural grids in mapping the epilepto-
genic zone and performing the functional mapping.

The Epilepsy Surgery Symposium was finalized with a ses-
sion of questions and answers related to the presentations, with
an engaging dialogue among the speakers and audience.

Annual Course

Epilepsy in the Era of Personalized Medicine

*Kelly Knupp, MD, MSCS, *Heather R. McKee, MD,
Allyson L. Alexander, MD, PhD, Jacquelyn L. Bainbridge,
PharmD, FCCP, MSCS, Sallie A. Baxendale, PhD, Robyn
M. Busch, PhD, Cornelia Drees, MD, Taneeta Mindy
Ganguly, MD, Tracy A. Glauser, MD, Ann Hyslop, MD,
Jong Woo Lee, MD, PhD, Kimford J. Meador, MD, M. Scott
Perry, MD, Shilpa B. Reddy, MD, Jessica W. Templer, MD,
Sophia M. Varadkar, MRCPI, MSc, PhD, Zhong Irene
Wang, PhD

*Co-Chairs

Personalized medicine is a refined and optimal treatment
approach. The Annual Course addressed the personalized man-
agement of epilepsy from unique perspectives and populations.
This included topics on genetic testing, potential gene modu-
latory therapies, pregnancy management, and epilepsy associ-
ated with oncologic processes. Pharmaceutical management,
personalized prediction of surgical outcomes, bias in surgery,
and surgical approaches were also addressed in the comprehen-
sive course. A thread throughout the course was a patient’s
mother who addressed her personal story regarding genetic
testing, medication experience, and surgery with her child’s
genetic epilepsy syndrome.

The first session focused on genetics, including ordering
genetic testing, understanding results, and gene modulatory
therapies. A summary of this section is detailed in a separate
summary publication.

The second session addressed personalized pharmaceutical
management, including detailed and careful approaches in
pregnancy, oncology patients, and pharmacogenomics. A
debate about polypharmacy closed the session.

Dr Kimford Meador opened session 2 with a lecture on
personalized pharmaceutical management for patients with epi-
lepsy during pregnancy which elaborated on the following
main points. Women with epilepsy (WWE) should receive
informed consent outlining risks before conception, preferably
when anti-seizure medication (ASM) is first prescribed and
repeated at least yearly. Although increased risks exist, most
children born to WWE are normal. Risks for many ASMs are
uncertain, but valproate is a poor first-choice ASM for most
WWE of childbearing potential. Lamotrigine and levetiracetam
have safer profiles. Women with epilepsy of childbearing
potential should be on folate. Clearance changes in pregnancy
occur with many ASM requiring increased doses to maintain
pre-pregnancy levels and then adjusted back in postpartum.
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Anti-seizure medication dosing in pregnancy needs to balance
seizure control and risk to the fetus. If dose adjustments are
done to correct clearance changes, pregnant WWE is no more
likely to have increased seizures during pregnancy than non-
pregnant WWE. Mood and anxiety disorders should be
assessed during pregnancy and postpartum and treated if pres-
ent. Breastfeeding on ASMs appears safe.¥3

Following this, pharmacogenomics, and its impact in the
field of epilepsy was presented by Dr Tracy Glauser. Genetic
variability can impact ASM pharmacokinetics and/or pharma-
codynamics resulting in unexpected changes in efficacy, dose-
dependent side effects, or idiosyncratic reactions.”® For a few
ASM, there are 4 well-characterized anti-seizure medication
pharmacogenetic relationships (CYP2C9, CYP2C19, HLA-
B*1502, and HLA-A*3101).°"-°> The most cited one is
between the HLA-B*1502 allele and carbamazepine, oxcarba-
zepine, and phenytoin/fosphenytoin with increased risk in
patients of Asian descent (other than Japanese or Korean des-
cent) of toxic epidermal necrolysis and Stevens—Johnson
syndrome.”'?

Important current challenges to implementing routine phar-
macogenetic testing in outpatient epilepsy clinics include (i)
variability in ASM drug response is more often related to drug—
drug interactions rather than genetics, (ii) few ASM have a
genetic component in their pharmacokinetic pathways so pre-
scribers have multiple ASM options not affected by genetics,
and (iii) in routine clinical practice, risk of idiosyncratic reac-
tions is less important in driving prescribing behavior than
ASM efficacy and dose-dependent toxicities.

In the future, a holistic computational trajectory approach
integrating genetic data, drug—drug interactions, demographic
data, and environmental data could be impactful in reducing
the variability in ASM response and optimizing our patients’
seizure control and quality of life.”?

Dr Jessica Templer provided her expertise on personalized
pharmaceutical management for multidisciplinary care in
neuro-oncology and epilepsy. Managing seizures in patients
with brain tumors presents unique challenges that the treating
provider should consider when making treatment decisions. It
is essential to recognize the impact of seizures as well as the
side effects of anti-seizure medications for patients with tumor-
related epilepsy.

The frequency of seizures is most significantly related to
tumor type with low-grade tumors associated with a higher risk
of seizures and high-grade tumors often carrying a relatively
lower risk of seizures. While anti-seizure medications may
potentially be associated with side effects including poor cog-
nition or metabolic dysfunction, the impact of seizures as a
reminder of a patient’s brain tumor cannot be understated in
this population. It is essential to review the patient’s seizure
frequency, individual tolerability of their anti-seizure medica-
tion regimen, and the patient’s unique goals at each clinic visit
to ensure the optimal treatment for each individual patient.”**>

To close the session, Doctors Lee and Bainbridge discussed
opposing sides of whether polypharmacy is beneficial or not in
pharmaceutical management.
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Dr Jong Woo Lee presented the point of view that “best
medicine is less medicine.” Polypharmacy is typically defined
as 5 or more medications, with at least one inappropriate med-
ication. In patients with epilepsy, 37% use at least 2 ASMs.
Polypharmacy increases with age and has also increased over
the past 30 years. There is greater variation in prescribing
related to prescriber factors than patient factors.”®

Polypharmacy magnifies the hazards associated with mono-
therapy. The most significant hurdle of polypharmacy is med-
ication side effects. Drug—drug interactions may cause
unfavorable pharmacokinetic and pharmacodynamic interac-
tions. Although there are examples of synergistic effects of
ASM, there are numerous potential antagonistic effects. Poly-
pharmacy increases noncompliance; using 2 ASMs increases
odds of nonadherence by 30%; using 3 or more medications
increases odds 2- to 3-fold.”” Polypharmacy increases the risk
of medication errors, particularly in the elderly. Lastly, poly-
pharmacy is inevitably associated with an increase in medica-
tion costs.

When polytherapy is required for optimal seizure manage-
ment, extreme care should be exercised to minimize these risks.

In response to this, Dr Bainbridge presented the opposing
point of view that polypharmacy can be beneficial when treat-
ing patients with epilepsy.

For many patients, epilepsy is complicated. In 60% to 70%
of patients with epilepsy, treatment with a single ASM,
“monotherapy,” provides adequate seizure control. For 30%
to 40% of patients, monotherapy isn’t effective, denoted
drug-resistant epilepsy (DRE). Each patient’s epilepsy is
unique, and DRE requires a patient-centered “personalized
medicine” approach. Consider each patient’s adverse effects,
epilepsy etiology, comorbid conditions, drug costs, and
adherence.

Combining multiple, mechanistically unique ASM,
“rational polytherapy,” is particularly useful for treating DRE.
Some ASM combinations are synergistic, valproate, and lamo-
trigine most famously so. Leveraging pharmacokinetic and
pharmacodynamic interactions can improve efficacy, poten-
tially allowing the use of lower doses. Conversely, avoiding
combinations with identical mechanisms can make adverse
effects less likely. Indeed, treatment failure due to adverse
effects following the addition of a second ASM may not differ
from monotherapy alone.

Rational polytherapy by individualizing care is our best
chance to help the 30% to 40% of patients with DRE.?*%°

The third session focused on personalized preparation for
surgery and included an enlightening debate on surgical out-
comes, as well as lectures on predicting cognitive and mood
outcomes, and addressed bias in epilepsy surgery.

Dr Cornelia Drees presented the stance of nonseizure out-
comes being more important regarding epilepsy surgery. Non-
seizure outcomes are neglected measures of success—or
failure—after epilepsy surgery. Patients and physicians focus
on seizure freedom while overlooking other major determi-
nants of quality of life (QOL). This view disregards the greater
impact that psychosocial distress, loneliness, and struggles with

adjustment and stigma have on overall QOL compared to sei-
zure frequency.'® Yet, “seizure freedom” represents the hope
for independence, opportunity, health, and happiness. Reach-
ing these goals is easier when seizures are controlled, though
they should be pursued despite seizures. And, despite seizure
freedom, patients can continue to be challenged by the “burden
of normality” and changes in family dynamics.'®' These poten-
tial difficulties need additional support for patients and families
in both the pre- and postsurgical phase. A multidisciplinary
team that includes a psychologist, psychiatrist, and social
worker could address patients’ life goals and hardships parallel
to attaining seizure freedom.

On the contrary, Dr Sophia Varadkar presented the view that
seizure outcome is a fundamentally important factor with
regard to epilepsy surgery. Resective epilepsy surgery is the
most clinically effective treatment for children, young people,
and adults with drug-resistant focal epilepsy. The primary aim
is to stop seizures. International League Against Epilepsy
(ILAE) expert consensus recommendations are to offer an eva-
luation to every suitable patient with drug-resistant epilepsy.
Early surgery improves outcomes. Patients are carefully
selected after multidisciplinary assessment. Shared decision-
making with the patient (and family) must include careful dis-
cussion of hoped-for-benefits and possible risks, individualized
for that patient. Discussion includes likelihood of seizure free-
dom or meaningful seizure reduction and possibility of seizure
return. Surgical mortality is rare, and morbidity is surgery and
patient-specific, carefully considering motor function, lan-
guage, memory, and vision. Seizure freedom may allow reduc-
tion of drug burden, all-cause mortality, SUDEP, injuries, and
health care resource utilization. It may allow the person to drive
and increase life choices and quality of life. In temporal lobect-
omy, cessation of antiepileptic medication is the strongest pre-
dictor of IQ increase. Other focal surgeries may offer modest
improvements in 1Q.'*

Dr Robyn Busch, PhD, joined us to delve into predicting
individual cognitive and mood outcomes following epilepsy
surgery. Temporal lobe resection is an effective treatment
option for pharmacoresistant temporal lobe epilepsy (TLE) but
is often associated with declines in cognition and mood that can
negatively impact patient functioning and quality of life. A
recent series of multicenter studies developed and validated
multivariable prediction models for older adolescents and
adults with TLE being evaluated for epilepsy surgery. These
models consolidate multiple, often contradictory, risk factors to
identify an individual patient’s risk for postoperative declines
in language, memory, and mood following temporal lobe
resection given their unique demographic and disease charac-
teristics.' %1% The models have good to excellent discrimina-
tory ability (concordance statistic range 0.70-0.84) and very
good calibration. All models are publicly available in 2 easy-
to-use formats—nomograms and online risk calculators—that
clinicians can use to estimate the probability of cognitive and
mood declines in their patients considering resective surgery
for treatment of TLE and to aid preoperative decision-making
and patient counseling.
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Dr Sallie Baxendale discussed prehabilitation prior to sur-
gery. Postoperative declines in cognitive function following
epilepsy surgery can be categorized as cognitive contraindica-
tions to surgery, cognitive complications of surgery, and cog-
nitive costs of surgery. A contraindication describes the
unacceptable risk of a cognitive deficit developing following
surgery, such that surgery is not a viable treatment option for
the patient. Cognitive complications of surgery refer to unex-
pected cognitive deficits which may result from perioperative
processes, postoperative events, or an incomplete appreciation
of the salience of preoperative information. The cognitive costs
of surgery are the expected declines in function associated with
the proposed surgery. These costs are different for every patient
and can be predicted on an individual basis prior to surgery.
Prehabilitation refers to the process whereby cognitive func-
tions are utilized before they are lost to build the compensatory
strategies and routines that will be required after surgery to
manage the losses anticipated from surgery.'%%!%7

Bias in epilepsy surgery was presented by Dr Shilpa Reddy.
Identifying patient populations overlooked for surgical manage-
ment of epilepsy is vital in addressing barriers contributing to
underutilization of or delay in surgical intervention. Disparities
in patient demographics (i.e., race, English proficiency, age),
seizure types, epilepsy syndromes, etiology of epilepsy, and
psychiatric and cognitive comorbidities have all been cited as
biases in epilepsy surgery referrals. The lecture emphasized find-
ings in the article entitled “Underrepresented Populations in
Pediatric Epilepsy Surgery.”'® Addressing disparities in health
care, particularly in vulnerable populations, allows us to take one
step forward toward narrowing gaps in epilepsy care.

The final session addressed personalized approaches to epi-
lepsy surgery. The session started with a debate detailing about
surgery in genetic epilepsy and then addressed tailored imaging
strategies, personalized surgical approaches, and the use of
devices.

Dr Ann Hyslop led the debate with the perspective of not
pursuing surgery in patients with genetic epilepsy. Genetically
driven treatments other than anti-seizure medications may
reduce seizures and improve associated symptoms including
cognition, behavior, and gait in a subset of patients with genetic
epilepsies,'® but phenotypic variability plays a significant role
in the efficacy achieved in the individual patient. Thus, there is
a need for more data, better phenotyping, consistent functional
testing, and further development of targeted therapies.''®
Rather than turn immediately toward surgical interventions
when a patient fails 2 appropriately chosen and dosed anti-
seizure medications, it is incumbent upon providers to ensure
that a genetic evaluation has been done, is complete, and up to
date prior to epilepsy surgery in every patient, even in cases of
nonacquired focal lesions. By doing so, epileptologists may be
able to provide patients with all available options and more
accurate prognoses for genetic epilepsies, whether or not sur-
gery is ultimately performed.

Dr Scott Perry presented the opposing perspective for doing
surgery on genetic disorders. Epilepsy surgery is an effective,
yet underutilized treatment for DRE. Underutilization is
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particularly true for epilepsies where seizure freedom is not
expected, or the etiology remains following surgery (i.e.,
genetic epilepsies). Surgery for genetic epilepsy can result in
significant seizure reduction and improvements in quality of
life and development.

Genetic conditions wherein the epileptogenic source is a
focal brain malformation (i.e., tuberous sclerosis complex and
DEPDCS5-related epilepsy) experience seizure-free rates
exceeding 50% in many studies.''""''? Early surgical therapy
is also associated with improved developmental trajectories.
Conditions without structural epileptogenic sources, such as
channelopathies, have been described as poor surgical candi-
dates, yet data is often biased toward the expectation of seizure
freedom."''? Instead, it is imperative to consider the palliative
benefits of surgery in this group. Procedures such as corpus
callosotomy demonstrate response rates often exceeding those
of medications approved for these conditions, in addition to
improvements in nonseizure outcomes.''* Data from the Pedia-
tric Epilepsy Research Consortium’s Surgery Database found
two-thirds of patients with genetic etiology experienced >50%
seizure reduction following surgery.''> While nonlesional
genetic etiologies were often palliative procedures, 35% had
>90% seizure reduction at a mean 11-month follow-up. There-
fore, surgery must be considered a viable treatment option for
genetic epilepsies in the absence of precision medical treat-
ments with better disease-modifying effects.

Tailored epilepsy imaging strategies for personalized care,
focusing on structural MRI, was presented by Dr Irene Wang.
The talk centered around 3 important aspects that imaging
could help with lesion presence, border, and characteristics.
The importance of using dedicated MRI protocol and review-
ing guidelines was addressed. The utilization of voxel-based
and surface-based MRI postprocessing methods has shown
great promise (and in some cases proven essential) for lesion
detection and delineation in everyday clinical care. Emerging
advanced techniques such as 7 T and MR fingerprinting
(MRF)''® may detect previously unseen lesions in patients
with nonlesional 3 T MRI. Lesion characteristics such as FCD
subtypes and epileptogenicity may be interrogated by multi-
modal MRI and MRF. Machine/deep learning studies using
multicenter, large data sets, may soon be used for individual
detection/prediction on local datasets.''”"''® It is hoped that
the integrative use of advanced MRI and postprocessing in
everyday care will substantially improve the individualized
yield of structural MRI.

Dr Allyson Alexander presented personalized surgical
approaches and new tools at our disposal. Epilepsy surgery is
an excellent example of personalized medicine. Presurgical
workup includes video-EEG, MRI, MEG, PET, SPECT, and/
or phase II evaluation to localize the seizure focus for each
individual patient. If the seizure focus is resectable, traditional
open surgery or laser interstitial thermal therapy may be per-
formed to remove the epileptogenic zone. Patients with gener-
alized or multifocal epilepsy have traditionally had few
surgical options. Currently, many such patients are eligible for
neuromodulation (summarized in Table 2). Vagus nerve
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Table 2. Comparison of Currently Available Forms of Neuromodulation.

RNS

VNS DBS
FDA approved Partial-onset seizures in patients
indications > 4 years of age

Common uses
(including targets
for DBS or RNS)

Any form of drug-resistant epilepsy

e Extracranial leads
e Subclavicular generator

Invasiveness

Hoarseness, discomfort with stimulation,
sensation, exacerbation of sleep apnea,
cough, hemorrhage

50% responder rate at 4 years: 60%

Complications

Outcomes

ANT stimulation for patients
> 18 years of age with partial-
onset seizures

ANT: temporal lobe or fronto-
temporal epilepsy

CM: multifocal or idiopathic
generalized epilepsy including
Lennox—Gastaut syndrome

e Intracranial leads
e Subclavicular generator

Intracranial hemorrhage, infection,
lead fracture, skin breakdown

Partial onset seizures with no more
than 2 epileptogenic foci in patients
> 18 years of age

Cortex: multifocal epilepsy, eloquent
regions, long-term seizure
monitoring

Hippocampus: bilateral mesial
temporal lobe epilepsy

ANT: temporal lobe or fronto-
temporal epilepsy

CM: multifocal or idiopathic
generalized epilepsy including
Lennox—Gastaut syndrome

e Intracranial leads
e Cranially placed generator
(requires craniectomy)

Intracranial hemorrhage, infection,
CSF leak/durotomy, lead fracture,
skin breakdown

50% responder rate at 9 years: 70% 50% responder rate at 9 years: 73%

Abbreviations: ANT, anterior nucleus of the thalamus; CM, centromedian nucleus of the thalamus.

stimulation (VNS) is a simple extracranial outpatient procedure
with minimal risks; however, there are few data available to
help predict which patients will respond to this therapy. Intra-
cranial forms of neuromodulation, including deep brain stimu-
lation (DBS) and responsive neurostimulation (RNS) offer
more customizable forms of therapy via targeting of neuromo-
dulatory signals to the patient’s seizure disorder. Current
research is underway to develop biomarkers, such as an indi-
vidualized brain connectome, that will allow the prediction of
an optimal form of neuromodulation for each patient.!'*1%2

Dr Ganguly joined with a discussion on the potential of
standard-of-care techniques in personalizing therapeutic device
selection for those with drug-refractory epilepsy. For example,
functional connectivity on MEG and network synchronizability
on SEEG are calculated measures that have demonstrable dif-
ferences between responders and nonresponders to RNS. While
biomarkers like these are not yet ready for widespread clinical
use, they show promise—some of these predictive functional
neuroimaging techniques have been used to prospectively pre-
dict response to VNS at independent enrollment sites. Dr
Ganguly also outlined the role of long-term diagnostic devices
and wearables in optimizing quality of life for those with drug-
resistant epilepsy. Long-term subscalp and intracranial EEG
have been used to successfully forecast periods of high seizure
risk. These prediction models are generalizable, meaning that a
classifier trained on a group of patient data is able to success-
fully predict seizures in a different, yet unseen group of indi-
viduals. Aiming to define “pro-ictal states” of high seizure
probability allows for the integration of multimodal data
including accelerometry, electrodermal activity, and surface
EMG which have acceptable efficacy in commercially avail-
able wearables.'**'2*

The 2022 American Epilepsy Society Annual Course on
Epilepsy in the Era of Personalized Medicine was a compre-
hensive review of the factors that influence recommendations
for genetic testing in epilepsy, the ILAE guidelines for the
treatment of women with epilepsy during pregnancy, and per-
sonalized approaches to tumor-related epilepsy. It also high-
lighted specific pharmaceutical tools and medication
management. Methods were employed to assess persons living
with epilepsy for epilepsy surgery to maximize their seizure
and nonseizure outcomes while avoiding patient bias. In sum-
mary, personalized medicine in epilepsy is an attainable goal
with tremendous and lasting benefits.

Susan Spencer Symposium

Patient-Centered Research: Over a Decade of Impact on
Practice

*Piero Perucca, MD, PhD, *Adam L. Hartman, MD, R.
Edward Hogan, MD, Linda Huh, MD, Colin B. Josephson,
MD, MSc, FRCPC, Alice D. Lam, MD, PhD, Daniel H.
Lowenstein, MD, Page B. Pennell, MD

*Co-Chairs

This Symposium celebrated the 12th anniversary of the
“Susan S. Spencer, MD Clinical Research Training Scholarship
in Epilepsy” with a program highlighting the importance of
patient-oriented research as well as opportunities and chal-
lenges in the field. The program started with reflections on the
legacy of the late Dr Susan Spencer (Drs. Huh and Perucca),
moving to showcase the research of 2 previous successful reci-
pients of the Scholarship (Drs. Lam and Josephson), and con-
cluding with a series of presentations and a multistakeholder
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panel discussion around strategies to foster the success of early
career researchers (Drs. Lowenstein, Pennell, Hogan, and
Hartman).

Reflections on Dr Susan Spencer’s Legacy. Drs. Huh and Perucca
delivered complementary lectures on the legacy of Dr Susan
Spencer (1948-2009), who was a Professor of Neurosurgery at
Yale University School of Medicine and Co-Director of the
Yale Epilepsy Program. Dr Spencer was a world authority in
the field of epilepsy, in particular epilepsy surgery. She was
firstly a brilliant and compassionate clinician, caring for thou-
sands of patients who traveled from all over the world. She was
a dedicated teacher and mentor, who trained dozens of epilep-
tologists. Many of her former students/fellows have gone on to
become research and/or clinical leaders in their own right. She
was an outstanding researcher, with a strong track record in
research funding. Her body of work, which includes >200
publications, has influenced clinical practice, research design/
methodology, and modern concepts of epileptology.'?>*'?® She
was also highly involved in the scientific community, holding
several leadership roles (including serving as President of the
American Epilepsy Society, AES, in 2000) and serving as a
strong advocate for formal training in clinical research. In
recognition of her legacy, the “Susan S. Spencer, MD Clinical
Research Training Scholarship in Epilepsy” (https://www.
aan.com/research/susan-s-spencer-md-clinical-training-
scholarship) was established in 2009 to foster the development
of investigators interested in pursuing careers in patient-
oriented research.

Patient-oriented research along the epilepsy-dementia continuum.
Dr Alice Lam, recipient of the 2017 Susan S. Spencer fellow-
ship, described her path in building a patient-oriented research
program at the interface between epilepsy and neurodegenera-
tive diseases. Dr Lam shared the impact of the support she
received from the Spencer fellowship, which came at a vulner-
able point in her career as she was transitioning from epilepsy
fellowship to a faculty position, and which allowed her to
secure the time and resources needed to launch her research
program. She described her research as being inspired by first-
hand clinical observations of patients who presented with
illnesses at the boundary between epilepsy and neurodegenera-
tive diseases and who shone a light on our lack of knowledge in
this area. She highlighted recent work from her lab, including
the development of noninvasive, computational methods to
detect hippocampal epileptiform activity'?’ in patients with
Alzheimer disease; and use of amyloid and tau PET imaging
to examine mechanisms underlying the development of epi-
lepsy in Alzheimer disease.

An odyssey from registries to EMR to high-dimensional data for
patient-oriented research. Dr Josephson, recipient of the 2014
Susan S. Spencer fellowship, highlighted how the intersection
of clinical registries, electronic and administrative health
records (EMR/AHR) “Big Data,” and advanced analytics have
catalyzed patient-centered research in epilepsy. Examples
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include the application of machine learning to patient-
reported outcome measures (PROMs) and experiences
(PREMs) data to identify unique clusters of psychosocial
health, as well as clinical and socioeconomic features that pre-
dict group placement.'*® Likewise, EMR/AHR data have been
leveraged to produce tools predicting levetiracetam-associated
psychiatric adverse effects'?® and to show that mortality in
epilepsy can be halved by referral to comprehensive epilepsy
programs.'*® The availability of multimodal high-dimensional
data comprising routine clinical, PROMs/PREMSs, neurophy-
siological, neuroimaging, genetic, and pathological data has
galvanized efforts to select the right treatment for the right
patient at the right time, detect those at risk from specific
comorbidities, and apply targeted interventions optimizing
psychosocial health.

The role of an institution in creating a vibrant training program.
Dr Lowenstein explained that, because the mission of univer-
sities is to generate new knowledge and train the next genera-
tion, academic medical centers have a clear responsibility to
provide effective training programs for clinician-scientists
across a broad range of scientific domains. Campus leadership
works with leaders at the division, department, school, and
other program levels to partner in providing these educational
opportunities. Observations from former trainees who reflect
back on their own experience emphasize the following issues or
needs: finding a balance between research/clinical work/fam-
ily/administrative tasks; difficulties in obtaining grants/propos-
ing research as a clinician-scientist; economic disincentives to
pursuing this pathway; exposures to research; fragile early
career environment; uncertainty as to the best pathway; and
mentoring.'*! Browsing the internet with terms such as
“clinician-scientist training programs” leads to descriptions
of many programs throughout the United States that are
designed to address such issues and needs, with activities that
include didactic learning, hands-on projects, works-in-progress
sessions, assistance in grant writing, and mentoring/advising.
In addition, institutions that have received Clinical-
Translational Science Award (CTSA) grants from the National
Institutes of Health (NIH) have benefitted from the priority
placed on this type of training when the funding program was
instituted in 2006."*? The bottom line is there are many excel-
lent programs in existence that may help junior investigators
attain their goals (some of these programs are offered online or
are available across institutions).

The role of a mentor. Dr Pennell emphasized that effective
mentorship is essential to developing the next generation of
patient-oriented researchers in epilepsy. Physicians are pivotal
to clinical research, given their rare position to identify the
critical questions from the clinical setting. Yet, time is limited
during medical school and clinical training, with little exposure
to the process of patient-oriented research. Obtaining research
funding requires proficiency in fundamental skills to be com-
petitive. Effective mentorship fills in these gaps. Studies of
formal mentoring programs at individual academic medical
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centers demonstrate a 3- to 25-fold increase in the number of
grants and total dollars awarded.'**"!3°

Mentorship is a developmental partnership through which
one shares knowledge, skills, information, and perspective to
foster the personal and professional growth of others. A men-
toring team is most effective, with multiple mentors playing
different roles. Responsibilities of both the mentor and mentee
include frequent and transparent communication, a mentorship
agreement with goal setting, feedback, reevaluation, and
adjustment. The responsibilities of the mentee also include
giving back, thus passing on the benefits of mentoring to the
next group of potential patient-oriented researchers.

The role of a professional society. Dr Hogan outlined how the
American Epilepsy Society (AES) understands the importance
of welcoming and involving early career clinical investigators.
American Epilepsy Society provides early career investigators
with broad exposure to many different colleagues with diverse
expertise, which is especially important given a large number
of causes, clinical manifestations, and comorbidities in patients
with epilepsy. From its founding in 1936 as the “American
League Against Epilepsy” with 69 members,'*® the AES now
has >4000 members. The AES annual meeting provides a
venue for the community of members with diverse interests
to meaningfully interact. The AES Fellows Program involves
105 fellows who receive complementary annual meeting atten-
dance, with special career development and mentoring pro-
gramming. Finally, the AES provided nearly US$1.3 million
for research grant funding in 2022, 87% of which was for early
career grants. Therefore, AES provides a collegial environ-
ment, mentorship, and funding that is vital for our early career
clinical investigators.

What is next after early career funding. Dr Adam Hartman dis-
cussed funding opportunities for investigators who have com-
pleted studies supported by early career foundation funding
(e.g., the Susan Spencer Scholarship). The National Institute
of Neurological Disorders and Stroke (NINDS) and other Insti-
tutes and Centers at the NIH support a variety of career devel-
opment awards for junior faculty. Funding mechanisms include
the K-series (e.g., K01, K08, K22, K23) but NINDS also sup-
ports applicants from diverse and underrepresented back-
grounds through additional funding mechanisms (e.g., KO1,
K22). Other grants support those who are transitioning to inde-
pendence (e.g., K02, K99/R00). National Institute of Neurolo-
gical Disorders and Stroke provides diversity supplements in
the form of short- and long-term investigator research supple-
ments. Some private foundations and patient advocacy groups
provide similar support. The NIH Lasker Clinical Scholars
program aims to increase the number of clinical and transla-
tional researchers through a combination of intramural (NIH)
and extramural mechanisms. Loan repayment programs also
are available through NIH.

Additional information on NINDS Diversity programs can
be found here: https://www.ninds.nih.gov/sites/default/files/
documents/all_training_grants_handout_sept_2021_508c.pdf

The Susan Spencer Symposium highlighted some of the
successes of foundation funding in the development of early
career clinician-investigators. Additional support from acade-
mia, mentors of varied backgrounds, professional societies, and
a broad spectrum of funders is available and can aid with the
transition to independence.

Merritt-Putnam Symposium

Recent Insights Into Epileptic Networks and Clinical
Implications

*Mohamad A. Mikati, MD, Fabrice Bartolomei MD, PhD,
Ezequiel Gleichgerrcht, MD, PhD, Esther Krook-
Magnuson, PhD, Jeffrey Noebels, MD, PhD

*Chair

Epilepsy is clearly a network disease. The past 2 years have
witnessed major advances in the understanding of the underly-
ing mechanisms of brain networks in epilepsy and their clinical
implications. These advances span the spectrum from cellular,
molecular, and animal model studies to connectome studies
using novel artificial intelligence analysis methods and
cutting-edge neuroradiological and neurophysiological data.
The goals of this symposium were to (1) present the very recent
advances in cellular, molecular, and animal model neu-
roscience that are elucidating these mechanisms; (2) review the
recent studies in patients with various types of epilepsy that
have clarified the pathophysiology of various networks in these
patients and discuss their implications on improving the diag-
nosis, prognostication, and clinical management of patients
with epilepsy.

Understanding neuronal synchronization in epilepsy: The impact of
rare genetic mechanisms. Gene discovery is rapidly transforming
the diagnostic and treatment landscape of epilepsy, moving the
goalposts from seizure prevention to cure of many individually
rare disorders. Each new gene raises the question of whether or
how isolating rare monogenic disease mechanisms will benefit
a far larger patient population. Analyses of these genes in
mouse models reveal which circuits are unstable and when they
can be rescued in the developing brain.'*’ Emerging insights
indicate that single gene defects lead to complex, spatially
overlapping cellular excitability patterns, and these degenerate
pathways offer multiple circuit solutions, expanding the num-
ber of therapeutic targets far beyond the mutated gene. The
models confirm an important new axiom, that a single therapy
may treat many genes, and for every gene there are many
therapies. Nevertheless, recent evidence also suggests that sim-
ply restoring defective gene function may be a viable approach
to reversing some developmental epileptic encephalopa-
thies,"*® and at least one historical example suggests the next
drug for an ultrarare monogenic epilepsy could become tomor-
row’s blockbuster.

Epileptic neuronal circuits in epilepsy animal models: It is not just the
neocortex. While the cerebellum is not traditionally considered
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part of seizure networks, substantial work has proven the old
adage “the cerebellum is the one brain region that does not
seize” categorically false. In fact, the cerebellum is engaged
during a range of seizure types, including seizures with no overt
behavioral component, and in some circumstances can even be
the source of seizures.'> The cerebellum is also a potential
therapeutic target for a range of seizure types. For example,
recent animal work utilizing online optimization methods indi-
cates that electrical stimulation of the cerebellar cortex can
reliably inhibit hippocampal seizures.'*® This provides hope
that a clinical strategy targeting the cerebellum may be suc-
cessful, although additional preclinical work is necessary.
Expanding our view of epilepsy and seizure networks to
include areas like the cerebellum can provide necessary insight
into epilepsies and, importantly, potential new intervention tar-
gets and strategies.

Identification of human epilepsy networks and applications in
epilepsy surgery. Human focal epilepsies are network diseases.
Direct evidence came first from the quantification of SEEG
recordings showing that the cerebral regions involved in sei-
zure genesis are the seat of specific functional interactions.'*!
The term “Epileptogenic networks” has been proposed to
define networks involved in seizure generation or seizure pro-
pagation.141 Quantified methods based on macroscopic brain
modeling are currently being developed, in particular, the Vir-
tual Epileptic Patient (VEP)."*? Virtual Epileptic Patient works
by integrating the anatomical data of a patient (cortical parcel-
lation, connectome) and a computational model of neuronal
activity. This approach provides an estimate of the brain
regions capable of generating seizures and is currently under-
going clinical evaluation in France (EPINOV trial). These
approaches also offer new perspectives to simulate the effects
of surgery (in silico) and a way to prognosticate at the individ-
ual level the results of surgery.

Artificial intelligence to characterize human epilepsy networks:
Implications on classification prognostication. Dr Gleichgerrcht’s
talk focused on the ways Artificial Intelligence (AI) can
improve clinical care for patients with epilepsy. Using a real
patient example, he showed how Al-based modeling can iden-
tify temporal lobe epilepsy from MRI scans.'*’ His team is
currently working on refining this technology to differentiate
TLE from other conditions with shared radiographic findings,
such as Alzheimer disease (i.e., medial temporal atrophy), and
to determine the side of the brain where seizures originate. Dr
Gleichgerrcht also discussed the potential of Al to predict sur-
gical outcomes for epilepsy patients, with a focus on forecast-
ing which patients will become seizure-free after surgery based
on preoperative scans.'** Overall, his talk emphasized the
value of Al as a tool for clinicians treating epilepsy patients.

Conclusions

e The study of the pathophysiology of epilepsy and the
development of novel therapies are being enhanced by
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novel genetic, neurophysiological multimodality, and
artificial intelligence methods that address the network
aspects of its pathophysiology.

e Monogenic epilepsy therapy discovery extends beyond
mutation carriers as it uncovers epilepsy and anti-seizure
mechanisms that apply to other patients.

e The cerebellum modulates focal and generalized seizure
circuits and its stimulation can abort these seizures in
animals raising the potential for human applications.

e Computational neuroscience modeling of epileptic net-
works is offering additional tools to guide surgical
resections.

e Hub mapping and Al techniques can help predict clin-
ical trajectories and assist in clinical decisions.

Special Lecture

Sleep and Epilepsy Across the Life Span

*Gordon F. Buchanan, MD, PhD, *Milena K. Pavlova, MD,
Gita Gupta, MD, Sanjeev V. Kothare, MD, Alice D. Lam,
MD, PhD, MS, Mark Quigg, MD, MSc, Renée A. Shellhaas,
MD, MS

*Co-Chairs

Sleep, circadian rhythms, and epilepsy interact in profound
ways. While this may appear intuitively obvious, it is easy to
forget that the presentation of sleep disorders, sleep needs, and
circadian rhythms differ among individuals and change with
age. Indeed, the interplay among sleep, circadian, rhythms, and
epilepsy evolves throughout the developmental stages of the
life span continuum. The goal of this Special Lecture, orga-
nized by the Sleep and Epilepsy Workgroup of the American
Epilepsy Society, was to discuss the evolution of sleep and
epilepsy across the life span.

Epilepsy is a common neurological disorder affecting about
50 million people worldwide.'*® It is well appreciated that
there is a bidirectional relationship between sleep and epi-
lepsy.'*® What is less well-appreciated is how much sleep and
epilepsy change throughout the life span, and how the relation-
ship between them also changes.'*”'*® For this Special Lecture
at AES 2022, experts in sleep and epilepsy from each domain
along the life span continuum were assembled to discuss how
sleep and epilepsy change across the life span from the neonatal
period and infancy (Renée Shellhaas), progressing through
childhood (Sanjeev Kothare), then adolescence (Mark Quigg),
adulthood (Milena Pavlova), and older adulthood (Alice Lam).
We also explored the impact on caregivers’ sleep of caring for
people, especially children, with epilepsy (Gita Gupta). The
session was introduced by Gordon Buchanan. Each talk was
framed by a clinical case that represented a set of age-specific
clinical questions and continued to a discussion of the basic
science mechanisms and clinical relevance of these questions.
This was a lively and well-received session, with an active
question and answer panel at the end moderated by Drs. Pav-
lova and Buchanan. Each talk is summarized below.
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Sleep in neonates and infants with seizures. Sleep is a fundamental
biomarker of brain function in newborn infants and is a primary
concern for parents. The presence of sleep—wake cycling is a
good prognostic indicator for neonates who require intensive
care."*">! The quality of nonrapid eye movement (NREM)
sleep, including low-frequency EEG power and brain oxygen
extraction in this stage, is predictive of 18-month neurodeve-
lopmental outcomes.'>? Improving sleep physiology holds
promise as an intervention that could lead to improved
neurodevelopment.

Safe sleep practices (babies should be placed on their back
to sleep, alone in their crib, with a firm mattress and no bed-
ding, toys, or other objects) can save lives by preventing sud-
den infant death syndrome. Modeling safe sleep behaviors in
the hospital setting is key.'>* Other opportunities to optimize
infant sleep in the hospital setting include avoidance of hands-
on care (particularly during rapid eye movement [REM] sleep),
attention to light/dark cycles, and appropriate exposure to spo-
ken language with avoidance of excessive noise.'>*

Sleep and epilepsy in the pediatric population. Pediatric epileptol-
ogists should be aware of the age-related sleep requirements
across the lifespan, especially the changes in nap time and
duration in young children.'>® The etiology of sleep disruption
in patients with epilepsy is multifactorial and includes factors
such as inadequate sleep hygiene, coexisting sleep disorders,
circadian rhythm disturbances, epilepsy per se, seizure fre-
quency, and the effect of antiepileptic medications.'*® Frag-
mented sleep causes daytime fatigue and sleepiness along
with poor seizure control, while uncontrolled seizures and epi-
lepsy can worsen sleep quality. Improving either or both can
improve both sleep and epilepsy and overall improve quality of
life (QOL). Sleep hygiene and sleep schedules can go a long
way in consolidating nocturnal sleep.

There is a distinct circadian pattern to interictal epileptiform
activity and seizures'”’ in the pediatric population. Interictal
epileptiform activity and seizures are more likely during NREM
sleep and rare during REM sleep.'®® Certain pediatric epilepsy
syndromes like infantile spasms, benign rolandic epilepsy,
benign occipital lobe epilepsy, juvenile myoclonic epilepsy, and
frontal lobe epilepsy have a distinct sleep—wake signature is well
established. The marked activation of epileptiform activity dur-
ing sleep in conditions such as electrical status epilepticus in
slow wave sleep (ESES) results in cognitive impairment due
to disruption of sleep-related synaptic reorganization.'>

A large proportion of patients with epilepsy have comorbid
obstructive sleep apnea (OSA). In addition, vagal nerve stimu-
lation is known to worsen OSA.'® Treatment of that will not
only improve sleep disruption but also improve seizure control
and improve daytime alertness.

Sleep and epilepsy across the life span: Adolescence. The develop-
ing adolescent brain is caught between the childhood need for
sleep time (>9 hours), a shift from an early to late preferred
phase of activity in the circadian “day,” and rising social pres-
sures and autonomy, all of which render adolescents and young

adults susceptible to sleep deprivation.'®! Sleep deprivation, in
turn, contributes to the activation of interictal epileptiform dis-
charges and to the precipitation of seizures, especially in cer-
tain epilepsies such as juvenile myoclonic epilepsy.'®* Chronic
insomnia affects more than a third of patients with epilepsy,
and rising evidence shows that sleep hygiene and other mea-
sures to treat insomnia can improve seizure control and
improve quality of life.'®® The temporal patterns of interictal
discharges and seizure occurrence are the cumulative effect of
sleep—wake state, sleep deprivation, the circadian timing sys-
tem, and other multidian endogenous and exogenous factors;
isolating the seizure-promoting and inhibiting aspects of these
entwined rhythms makes explorations of mechanisms
difficult."®* The circadian timing system also affects the meta-
bolism of certain anti-seizure medications, and evening-
weighting of medications may help limit toxicities and improve
seizure control.'®® Use of a simple set of sleep screening ques-
tions, as well as broadly applicable advice for organizing daily
activity to promote sleep health, can improve sleep, which, in
turn, can help convert those with continuing or breakthrough
seizures into those with improved seizure control.'®

Sleep and epilepsy interactions in the adult. In adulthood, sleep
architecture continues to evolve, albeit more slowly than in
younger years. The overall proportion of REM sleep decreases
from approximately 25% to ~15%. Slow-wave sleep
decreases from ~22% to near none in later adulthood. The
circadian cycle affects both frequency of epileptiform dis-
charges as well as sleep stage. In healthy individuals, as well
as in epilepsy, REM sleep is heavily regulated by the circadian
cycle, peaking after the body temperature nadir. In contrast,
slow-wave sleep has a predominantly homeostatic control and
increases proportionally after sleep deprivation.

Seizure frequency is highest in NREM stage N2 sleep (44%
of all seizures), while less than 1% of seizures occur in REM.
The mechanisms for this stage predominance remain to be
elucidated.®

Common sleep disorders in the adult include insomnia, cir-
cadian rhythm disorders, restless legs syndrome, and OSA.
Rarer disorders include narcolepsy and other central hypersom-
nias. Evaluations may include a standardized sleep log, acti-
graphy, polysomnography with or without extended EEG, and
measurements of dim light melatonin onset time.

Treatment of comorbid sleep disorders can lead to improved
seizure control. For example, in a recent study patients with
epilepsy and comorbid OSA treated with positive airway pres-
sure (PAP) had reduced seizure frequency even without a
change in anti-seizure medications.'®” However, adherence to
PAP therapy can be challenging for epilepsy patients,'®® espe-
cially in the first months of therapy.

Sleep and epilepsy in older adults. Adults with epilepsy are 2-3
times more likely to develop sleep disorders compared to the
general population, including insomnia, OSA, and restless leg
syndrome.'®” Changes in sleep also occur with aging, including
reduced total sleep time, reduced slow wave sleep, increased
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sleep fragmentation, and increased prevalence of OSA.'"?
Bidirectional relationships exist between epilepsy, dementia,
and stroke, and older adults with epilepsy have a 2-3 times
increased risk of developing incident dementia and/or stroke
compared to age-matched controls. Management of epilepsy in
older adults should therefore include assessment and reduction
of risk factors for dementia and stroke.'”'"'”® Sleep disorders,
including short sleep time, OSA, and disrupted slow-wave sleep,
represent highly prevalent and shared risk factors for epilepsy,
dementia, and stroke. Diagnosis and treatment of these sleep
disorders may be a promising approach to improve seizure con-
trol and reduce dementia and stroke risk in older adults with
epilepsy.'”!'7 Studies evaluating the clinical impact of sleep
disorders in older adults with epilepsy are needed.

Effects of epilepsy on caregivers’ sleep. Caregivers of children with
epilepsy are at risk for insufficient sleep (<7 hours total sleep
time) compared to both caregivers of children with other chronic
illnesses and caregivers of typically developing children. On
average, they may get 4.5 hours of sleep.'”® They also experi-
ence more parenting stress compared to caregivers of children
with other neurologic conditions.'”” Factors such as nocturnal
seizure monitoring, room sharing, and cosleeping contribute to
chronic caregiver sleep deprivation.'” Consequences of chronic
sleep deprivation may include difficulty with providing complex
medical care,179 chronic illness such as diabetes and cardiovas-
cular disease,'®” increased mental health burdens,'®! and adverse
financial and social effects. Clinicians should ask about sleep
problems of the child—caregiver dyad and feel comfortable refer-
ring if appropriate.'®? Lastly, advocacy for sustainable access to
home respite care may promote adequate sleep for caregivers of
persons with epilepsy.

Epilepsies and sleep—wake regulation change considerably
throughout the life span, as do circadian and other biological
rhythms. Sleep and circadian phase influence seizures and epi-
lepsy. Seizures and epilepsy influence sleep and circadian reg-
ulation. These interactions also evolve throughout the lifespan.
Disordered sleep associated with epilepsy greatly increases
comorbidity. Certain sleep disorders can be particularly chal-
lenging to manage in persons with epilepsy. Sleep disorders
and epilepsy can be difficult to identify in certain populations,
such as in patients with new-onset dementia. When considering
the impact of impaired sleep and circadian rhythms in persons
with epilepsy, it is important to also consider the impact of
epilepsy on sleep and circadian health in their caregivers. This
is an interesting and complex field with interactions at many
levels. A better understanding of the interactions will continue
to emerge in the coming years and is sure to improve manage-
ment and quality of life for those with epilepsy.

Pediatric State of the Art Symposium

Addressing Knowledge Gaps in Early Life Epilepsy

*M. Scott Perry, MD, Zachary Grinspan, MD, MS, Michael
Hammer, PhD, Kerri L. Neville, MD, Chima O. Oluigbo,
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MD, Daniel W. Shrey, MD, FACNS, Rani K. Singh, MD,
Saher Suleman, MD, Elaine Wirrell, MD
*Chair.

The incidence of childhood epilepsy is highest in the first
years of life. Genetic and structural etiologies abound in this
age group and resistance to anti-seizure medications (ASM)
is common, leading to significant adverse consequences for
cognitive and behavioral development. The Agency for
Healthcare Research and Quality recently highlighted sig-
nificant knowledge gaps for the treatment of early life epi-
lepsies, including the absence of data for the effectiveness
of currently available medications, the effectiveness of non-
pharmacologic treatments, and the harms of these treatments
used early in life.'® This symposium highlighted multiple
innovative and collaborative efforts to broaden research into
early life epilepsies in an effort to eliminate knowledge gaps
and improve outcomes.

Lessons learned through early victories: The early life epilepsy
registry. The Early Life Epilepsy study was designed to evaluate
the range of epilepsy type(s), etiologies, investigations and
their yield, treatments prescribed, and their efficacy and out-
comes for children with onset of epilepsy prior to 36 months of
age. Patients were recruited prospectively at 17 US centers over
a 3-year period and charts were reviewed at baseline and every
3 months through the first year after epilepsy diagnosis.

Regarding investigations, both neuroimaging, most com-
monly performed with epilepsy protocol MRI, and genetic
studies (including chromosomal microarray, epilepsy gene
panel, and whole exome sequencing among others) were high
yield, documenting an underlying etiology in approximately
40% of cases each.'®*'®> Importantly, of children who had
abnormal imaging, 44% were also found to have pathogenic
gene variants, illustrating that the underlying etiology is often
structural-genetic, as opposed to structural or genetic.'®’
Abnormal imaging was more commonly seen with earlier onset
of epilepsy, associated developmental delay, epileptic spasms,
and focal or unclear onset seizures.'®®

Of those with epilepsy onset before 12 months, 42% pre-
sented with spasms as their initial seizure type and an addi-
tional 8% evolved to spasms over the course of their
epilepsy.'® Gestational age was negatively correlated with the
age of spasm onset suggesting that the infant brain must
achieve a certain postconceptual age to manifest spasms.
Spasms were preferentially associated with broad developmen-
tal and regulatory pathways or etiologies that impacted neuro-
nal cell body organelles, whereas pathways affecting cell
motility; stimuli and ion channels; and axonal, dendritic, and
synaptic regions were more commonly associated with non-
spasm seizures.

Regarding the short-term outcome of early life epilepsy, the
mortality rate was 2.9% in the first year; however, no death
occurred in children with unknown etiology and normal devel-
opment.'®” Drug resistance was seen in 35% of cases with
significant predictors being at age of onset before 12 months
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and developmental delay.187 In the presence of both of these
factors, 54% of children were drug resistant and in their
absence only 21% were drug resistant. Approximately 15%
of infants presenting with other seizure types ultimately
evolved to infantile spasms and such evolution was signifi-
cantly more likely if initial seizure onset was prior to 3 months
of age and in the presence of developmental delay.'®” Nearly
one quarter of children with typical or only equivocal delay at
seizure onset progressed to definite delay after 1 year of follow-
up.'®” Risk factors included equivocal or mild delay versus
normal development at onset, onset prior to 12 months of age,
known etiology and drug resistance. In the absence of any of
these factors, less than 3% had developmental decline; how-
ever, in the presence of all 4 factors, 91% showed decline.

The pediatric epilepsy learning healthcare system (PELHS):
Answering big questions with bigger data. Several key questions
about the clinical approach to early life seizures and epilepsy
merit attention from clinician scientists. These include under-
standing the value of early genetic testing, developing guidance
to select the most efficacious first and second-line ASMs, and
developing and validating early biomarkers to predict epilepsy
evolution, relapse, or refractoriness.

Landmark studies from the past decade have begun to
answer each of these questions. For example, the importance
of genetic testing is well established, with yields as high as 80%
in neonatal epilepsies.'®® High-quality evidence point to phe-
nobarbital as the preferred first-line agent for neonatal seizures,
ACTH/prednisolone and/or vigabatrin as first line for infantile
spasms, sodium channel blockers for some specific genetic
epilepsies like KCNQ2, and levetiracetam for other infantile
onset epilepsies.'"1#*1%% The evidence for second-line therapy
is emerging—as an example, for infantile spasms that do not
respond to vigabatrin, hormonal therapy (ACTH/prednisolone) is
preferred; and if hormonal therapy was used first, vigabatrin.'** In
neonates with acute symptomatic seizures, combinations of
clinical biomarkers can predict infantile spasms with a positive
predictive value above 50%.'** In children with epilepsy due to
cortical dysplasia, failure of a single medication to control sei-
zures is a very strong herald of pharmacoresistance.'®

Much of the published evidence and planned research relies
on techniques for causal inference using observational meth-
ods. These studies require careful attention to methodologic
pitfalls, including treatment selection bias, clustered outcomes,
missing data, and unmeasured confounders. Learning health
care systems, which systematically collect electronic health
record data from multiple centers and centralize those data at
a data coordinating center, are an emerging source of data for
this work. The pediatric epilepsy learning health care system
(PELHS) and the epilepsy learning health care system (ELHS)
are examples of these systems for people with epilepsy.'*¢'?®
Early work from PELHS includes the development of a novel
quality of life measure for use in clinical care, and the devel-
opment, iteration, and deployment of a standard electronic
health record form optimized to support clinical workflows.
As these data are collected, we anticipate an increasing pace

of discovery to optimize clinical care for these vulnerable
children.

What we don’t know can hurt others: Disparities in treatment of
infantile spasms. The National Infantile Spasms Consortium, a
collaborative, prospective, multicenter database, investigated
important questions in disparities in the treatment of infantile
spasms.'?® There were 25 centers from across the country and
555 infants with new-onset infantile spasms included. Children
who identified as Black/non-Hispanic had a lower odds of
receiving a standard treatment course for infantile spasms
(P =.001). The treatment course was defined as standard ther-
apy for both the first treatment, and, when needed, the second
treatment. This remained statistically significant even after
adjusting for a number of clinical variables such as etiology,
history of prior seizures, or developmental delay. Children with
public insurance were also less likely to receive standard ther-
apy for their first treatment (P = .01). Action is needed to
ensure all children are able to benefit from advances in the
field of pediatric neurology. This could include creating
protocol-driven treatment pathways, advocating with state
Medicaid programs, identifying and resolving institutional
health system barriers, and on an individual level, recognizing
the potential role of implicit bias affecting treatment
recommendations.

Strength in numbers: Developing biomarkers in rare epilepsies. The
incidence of rare epilepsies often precludes successfully
recruiting sufficient sample sizes at a single institution, espe-
cially for prospective studies. Conditions with heterogenous
etiologies, such as infantile spasms, which have more than
300 known causes,”?° further complicate this process. Regional
collaborations are beneficial for pilot data, proof-of-concept,
and validation/reproduction of prior work. Multi-centered
consortia-based research studies are integral for making clin-
ical discoveries in a timely fashion. They support accelerated
recruitment, pooled expertise and assets, sharing of data, and
mentorship. Leveraging existing infrastructure for novel proj-
ects is recommended. Establishing a successful research record
of accomplishment within a consortium is critical for obtaining
funding, especially from federal entities. Disseminating
practice-changing findings can be accomplished by leveraging
learning health care systems. Future work should focus on
modernizing data management strategies and developing
cloud-based data solutions with autonomous deidentification
and standardization of data. This would significantly lower the
barriers to doing multicentered research.

Debate: Early surgery versus waiting for a second ASM failure—Con.
Epilepsy surgery is accepted for the management of drug-
resistant focal epilepsy that persists despite 2 adequate ASM
trials.””' However, expedited epilepsy surgery is not without
risk. Although complication rates have decreased over the last
> 30 years, complications remain an unavoidable consequence
of epilepsy surgery and include the risk of bleeding, infection,
and persistent neurologic deficits. Surgical treatment of
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epilepsy does not always stop seizures: especially in the setting
of focal cortical dysplasia (FCD), in which the risk of repeat
surgery ranges from 6% to 23%.%°* Expedited epilepsy surgery
is a challenge to our conventional practice: even though earlier
surgery may be associated with better seizure outcomes, it is
only speculative that early surgery may limit brain network
dysfunction, be cost-effective, and may lead to better seizure
outcomes.**?

Debate: Early surgery versus waiting for a second ASM failure—Pro.
The evidence basis for the efficacy of pediatric epilepsy sur-
gery is well established.>** However, the timing of surgery in
early life epilepsy is not well defined. Traditionally, epilepsy
surgery is considered when a patient has “medically refractory
epilepsy” defined as: “Inadequate seizure control despite
appropriate medical therapy with at least 2 ASMs in maximally
tolerated doses for 18 months to 2 years, or adequate seizure
control with unacceptable drug-related side effects.”® The
rationale for this decision is that there is only a 5% to 10%
probability of seizure control with a third drug.?*°

However, this definition of ASM refractoriness is not appro-
priate in children with early life epilepsy because of the signif-
icant cognitive impact of early life epilepsy, even in a relatively
short period of time. Sorg et al showed that there is an increase
in an absolute and relative increase in cognitive impairment in
toddlers compared to preschool and school children with
uncontrolled epilepsy.?®’ Freitag and Tuxhorn showed that
gain or losses in cognitive function in preschool children after
epilepsy surgery is proportional to the duration of epilepsy,
thus establishing a rationale for early epilepsy surgery.”*®

In studying the prevalence and risk factors associated with
pharmacoresistance in children with FCD-related epilepsy,
Cohen et al noted that failure of one ASM is associated with
substantially increased risk of pharmacoresistance (odds ratio
of 346)."”> The authors, therefore, reccommended a redefini-
tion of pharmacoresistance in FCD-related epilepsy to the
failure of one ASM and proposed early epilepsy surgery in
this patient population.

Early epilepsy surgery in early life epilepsy is effective in
disrupting the complex interplay of factors such as the effect
of uncontrolled epilepsy and ASM exposure which lead to
altered structural and functional connectivity of neural net-
works and cognitive impairment.?®® Thus, effective early sur-
gical intervention limits the duration of epilepsy which is the
only modifiable predictor of maladaptive cognitive develop-
ment in children with early life epilepsy. Finally, epilepsy
surgery in the very young has been shown to be very safe and
effective and therefore should be recommended promptly in
early life epilepsy.?'”

SCNBA registry. Pathogenic variants at the voltage-gated sodium
channel gene, SCN8A, are associated with a wide spectrum of
epilepsy phenotypes ranging from benign familial infantile
seizures to mild-to-severe developmental and epileptic ence-
phalopathies. Clinical features include mild to severe develop-
mental impairment and multiple seizure types, including
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generalized tonic—clonic and absence seizures, focal seizures,
and infantile/epileptic spasms. One of the major challenges
facing clinicians and researchers is to identify genotype—phe-
notype correlations that may improve prognosis, guide treat-
ment decisions, and ultimately lead to precision medicine
approaches. The SCNSA Registry is a patient-driven online
database collecting data on children with SCN8A-related dis-
orders. The range of data types collected provides an opportu-
nity to perform genotype—phenotype correlation analyses and
to develop methods to classify patients based on clinical fea-
tures associated with gene variants. We develop predictive
modeling approaches to (1) classify patients carrying gain
(GOF)- or loss-of-function (LOF) variants based on features
present at initial diagnosis, and (2) subdivide patients with
GOF variants into distinct severity subgroups. We find that
patients with milder variants have a later age at seizure onset,
higher rates of seizure freedom, higher developmental quotient,
and require fewer ASMs to manage seizures.

Hot Topics Symposium

From Traumatic Brain Injury to Post-Traumatic Epilepsy
and Its Comorbidities

*Asla Pitkdnen, MD, PhD, *Ramon Diaz-Arastia, MD,
PhD, Jeanne T. Paz, PhD, Eugen Trinka, MD, MSc, FRCP,
Mary Jo Pugh, PhD, RN

*Co-Chairs

Approximately 70 million individuals are estimated to suf-
fer traumatic brain injury (TBI) each year. Epidemiologic stud-
ies indicate that the risk of developing epilepsy
(epileptogenesis) increases according to the severity of TBI,
being about 2- to 4-fold after mild, 8-fold after moderate, and
16-fold after severe TBI.?'! Post-traumatic epilepsy (PTE) is
estimated to account for approximately 5% of all epilepsies and
20% of structural epilepsies. Mild TBI comprises over 90% of
all TBI, and thus the total number of patients developing epi-
lepsy after mild TBI can be expected to be greater than that of
patients developing epilepsy after severe TBI, which has been
the focus of experimental and clinical PTE studies. However,
the brain pathologies and the early postinjury factors, contri-
buting to the risk of PTE after different TBI severities are
incompletely understood. Despite favorable preclinical proof-
of-concept treatment trials in models of PTE, no anti-
epileptogenic or disease-modifying treatments are available
in the clinic. The symposium presented the current state-of-
art in understanding who is at risk of PTE and what are the
treatment options now and in the future.

What have we learned on post-traumatic epilepsy in prospective
large multicenter studies—Is there an epileptogenic TBI
endophenotype?. Several recent epidemiologic studies have
highlighted the risk of early and late post-traumatic seizures
not only after a severe but also after a mild TBI. These studies
also indicate the heterogeneity of impact types and consequent
pathologies that can lead to epilepsy, implying mechanistic
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heterogeneity of post-TBI epileptogenesis. Ongoing prospec-
tive observational studies such as EpiBioS4Rx (www.epibios.
loni.usc.edu/) and TRACK-TBI EPI (www.tracktbinet.ucsf.
edu/track-tbi-epi) focus on the discovery of physiologic,
neuroimaging and molecular biomarkers for post-traumatic
epileptogenesis. These studies have already revealed that neu-
roimaging of PTE is often nonlesional, reflecting diffuse and
microscopic injury. Several open questions remain. How often
is PTE effectively controlled by anti-seizure medications? How
are the TBI comorbidities (cognitive and affective disorders,
functional limitations) affected by late post-traumatic seizures?
For nonlesional PTE, what are the associations with traumatic
axonal and/or microvascular injury and with molecular biomar-
kers of neuroinflammation?

Sleep, inflammation, and inhibitory microcircuits—Is thalamus
emerging as an epicenter for post-traumatic epileptogenesis?. Trau-
matic brain injury can have long-term consequences, including
cognitive dysfunction, disruptions to sleep, and post-traumatic
epilepsy. Although the initial injury impacts the cortex, these
long-term disabilities are due to secondary damage that accrues
over time, particularly in the thalamus, which has reciprocal
connections with the cortex. In a mouse model of mild TBI
(mTBI), we found that levels of the immune molecule C1q were
increased in the corticothalamic system, specifically at sites of
neuron loss and inflammation. This increase correlated with
disruption in sleep spindles and the emergence of epileptic activ-
ities. Remarkably, blocking C1q counteracted these outcomes,
pinpointing C1q as a potential therapeutic target for mTBI.?'?
Furthermore, we discovered that triggering thalamic neuroin-
flammation in mice was sufficient to induce thalamocortical
hyperexcitability and seizure risk, even in the absence of trau-
matic injury. These data indicate that inflammation in the thala-
mus is a promising target for treating TBI-related disabilities.*"?

Prophylaxis and/or treatment of acute post-TBI seizures and status
epilepticus: Who, when, why, which, and how—-Are there enough
data for consensus?. At least 2% to 15% of patients with mod-
erate to severe traumatic brain injury (TBI) will suffer from
acute symptomatic seizures.>'* Most studies report figures
between 2% and 5%. Half of these acute symptomatic seizures
occur in the first 24 hours and rates of status epilepticus (SE)
vary between 0.2% and 5%. Acute symptomatic seizures in
TBI are associated with increased mortality, an increased risk
for the development of posttraumatic epilepsy, and with a poor
functional outcome.

There is more than 50 years of clinical research in prevent-
ing acute symptomatic seizures and its sequelae, especially
posttraumatic epilepsy (PTE). With our currently available
anti-seizure medicine, we can significantly lower the risk of
early posttraumatic seizures occurring in the first 7 days after
injury, but these treatments have no significant effect on the
risk of late posttraumatic seizures.”'> Unfortunately, anti-
seizure medicines are not without any harm, especially on neu-
rocognitive and rehabilitation outcomes, independent of the
onset of epilepsy.

There is significant clinical variability in the current prac-
tices of pharmacological management of acute posttraumatic
seizures in adults across the globe.

Despite major advances in epidemiology and pathophysiol-
ogy, some questions still remain unanswered: What is the sig-
nificance of small posttraumatic MRI abnormalities? What is
the significance of ictal EEG abnormalities and nonconvulsive
seizures and SE? Are mild TBIs at all associated with epilepsy?
What is the influence of anti-seizure medicines on recovery and
long-term outcomes? Only sound clinical trials can answer
these questions and there is enough evidence to design such.

Can post-traumatic epileptogenesis be prevented—Any hope on the
horizon?. Several animal models of TBI produced in mice, rats,
or pigs used to show increased seizure susceptibility or epilepsy
in chronic electroencephalogram (EEG) follow-up. Thus, we
now have clinically translatable models, representing different
injury mechanisms to assess the multiple mechanisms and dis-
cover biomarkers and antiepileptogenic treatments for a hetero-
geneous group of patients with PTE. So far, almost 20
molecular, imaging or electrophysiological biomarkers have
shown promise as prognostic biomarkers for post-TBI epilep-
togenesis.>'® Use of shortening of sleep spindles as diagnostic
biomarkers to identify subjects undergoing epileptogenesis and
pinpointing the epileptogenic region by using high-frequency
oscillations as diagnostic biomarkers of epileptogenic tissue
provide hope for pathology-specific antiepileptogenic drug
development. So far, more than 20 therapies, including small
molecules with different mechanisms of actions and one-cell
therapy approach have shown promise as antiepileptogenic
agents.”'® To speed up the progress there is a need to expand
the use of well-characterized reproducible PTE models in mul-
ticenter design to guarantee statistical power in clinically rele-
vant preclinical studies. The use of emerging biomarkers for
the identification of subjects at risk and delineation of the
epileptogenic zone open avenues for sophisticated systems
biology approaches in profiling of the epileptogenic region for
target identification. There is hope on the horizon.

Quality-of-life determinants in post-traumatic epilepsy: Is it just about
the seizures? Quality of Life is an important outcome for people with
epilepsy. Quality of life (QoL) in epilepsy is a critical indicator
of patient well-being. Meta-analysis identified energy/fatigue
and seizure frequency as the most important predictors of epi-
lepsy QoL followed by comorbidity.*!” Recently this inquiry
expanded to traumatic brain injury (TBI) and posttraumatic
epilepsy (PTE). US military Veterans with PTE had signifi-
cantly lower scores on diverse measures of QoL (epilepsy/TBI
specific, generic) compared to those with epilepsy alone. Those
with PTE were more likely to have drug-resistant epilepsy
(DRE; 44%) versus epilepsy (33% P < .01); those with PTE-
DRE had the lowest QoL scores (P < .05).2'® Further analysis
revealed that seizure-related variables accounted for the most
variance in epilepsy-specific and physical QoL measures; psy-
chiatric comorbidity was most important for TBI and mental
health—focused QoL measures. Sleep and pain accounted for
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significant variance for Physical QoL. These findings suggest
that QoL is multimodal and holistic approaches to assessment
and treatment are needed to optimize patient outcomes.

Scientific Symposium

The Many Facets of Neurodegeneration in Epilepsy

*Andrea Bernasconi, MD, Boris Bernhardt, PhD, Jeannie
Chin, PhD, Matthias Koepp, MD, PhD, Carrie McDonald,
PhD, Maria Thom, MD, MBBS

*Chair

Characterizing neurodegenerative pathology in epilepsy and
potential drivers. The pathological identification of neurodegen-
erative disease processes in patients undergoing epilepsy sur-
gery is relevant to understanding the causes of progressive
regional brain atrophy reported in imaging studies and cogni-
tive deficits.>'® Several studies have investigated the preva-
lence of Alzheimer type pathology (tau protein/beta amyloid)
in surgical pathologies including mTORopathies, as focal
cortical dysplasia. Questions remain regarding (i) drivers for
tau-phosphorylation in epilepsy (e.g., seizure activity, mTOR
activation, genetic factors), its reversibility, and/or if there is
progressive accumulation. In postmortem epilepsy studies,
relationships between traumatic brain injuries and tau accumu-
lation, with patterns of chronic—traumatic encephalopathy,
have been recognized. Neuroinflammation in the setting of
seizures may also promote tau phosphorylation and microglial
upregulation has also been implicated as a modifying factor for
regional gray matter thinning.??® Finally, white matter pathol-
ogy and microangiopathy, as in vascular dementias, represent a
less explored but further degenerative process in epilepsy of
potential clinical relevance.

Shared mechanisms of cognitive decline in Alzheimer disease and
epilepsy. Seizures are associated with cognitive deficits, but how
they impair cognition is unclear, particularly for conditions in
which seizures are relatively infrequent, such as Alzheimer dis-
ease (AD). Our work in mouse models demonstrated that sei-
zures induce activity-dependent expression of AFosB,**! a
transcription factor with an unusually long half-life, that epigen-
etically suppresses expression of genes necessary for plasticity
and memory. The magnitude of AFosB expression directly cor-
responds with poorer cognitive scores in both mice and patients
with AD. Short-term blockade of AFosB derepresses gene
expression and improves hippocampal memory, indicating that
AFosB is critical for seizure-induced memory deficits. Since
aberrant AFosB expression occurs in individuals with epilepsy,
patients with AD, and in mouse models of either condition, it is
likely relevant to any condition with seizures.”*> Chromatin—
immunoprecipitation sequencing studies indicate that AFosB
regulates several domains of neuronal function and reveal how
even infrequent seizures lead to persistent changes in neuronal
function.
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Cognitive profiles associated with neurodegeneration in epilepsy.
Cognitive profiles in older adults with epilepsy suggest that
up to 60% meet the criteria for a cognitive disorder of aging
(e.g., mild cognitive impairment; MCI). *** Several risk factors
that may contribute to the co-occurrence of MCI, age-
accelerated cognitive decline, and progression to dementia in
epilepsy have recently been identified. These include APOE
genotype, hypertension, diabetes, and heart disease as risk fac-
tors for global cognitive decline,”** as well as higher education
as a buffer against cognitive decline. A critical limitation is that
most studies have utilized cognitive screenings, which often lack
sensitivity for detecting MCI and longitudinal changes in cogni-
tion. Our data support the use of comprehensive neuropsycho-
logical testing in older adults that enable a better characterization
of cognitive phenotypes and epilepsy/MCI subtypes. Cognitive
phenotyping, when combined with other biomarkers, may lead
to earlier detection of patients at risk for progression to dementia
and a more accurate classification of dementia etiology.

Imaging correlates of pathological ageing in epilepsy. MRI studies
show epilepsy syndrome-specific patterns of progressive
regional GM atrophy beyond normal aging, implying
disease-related effects. These patterns differ from AD and
chronic traumatic encephalopathy (CTE). Proposed mechan-
isms include accelerated normal aging, blood—brain—barrier
dysfunction, altered excitability with seizure-network/neuro-
nal activity-dependent degenerative alterations, cumulative
minor traumatic head injuries, and degenerative vascular
pathology, all of which may act synergistically. Notably,
PET-tau tracers can detect pathology in AD prior to cognitive
decline and predict the disease course. In epilepsy, 18F-
MK6240 tracer showed tau increases comparable to reduc-
tions in cortical thickness on MRI. Neuronal and glial tau
pathology shows features of both AD and CTE in addition
to unique patterns that could be seizure-specific, suggesting
mixed etiological neurodegenerative mechanisms in epi-
lepsy.?*° Thus, AD and epilepsy are unlikely to be coinciden-
tal pathologies. In a subgroup of patients, epilepsy is a
progressive disease, characterized by tau pathology that could
be reversible or activity dependent.

Multimodal connectome models of epilepsy-related disease
progression. Neuroimaging indicates that drug-resistant temporal
lobe epilepsy (TLE) is associated with progressive GM atrophy
that is distinct from healthy aging, with effects in mesiotem-
poral, subcortical, and neocortical structures, often bilateral.22¢
Progression may vary, with older patients and those with fre-
quent seizures being more at risk. Cross-referencing epilepsy-
related atrophy patterns with connectome models suggests
increased susceptibility of densely-connected hubs, and identi-
fies temporo-limbic disease epicenters. Expanding from ex vivo
findings showing hyperphosphorylated tau in surgical tissue,
novel positron emission tomography tracers have imaged tau
deposits in vivo. Preliminary data suggest that TLE patients
indeed show increased tau levels compared to controls in a
widespread and bilateral distribution.”?” Findings correlate with
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epilepsy duration and measures of seizure burden, but associa-
tions to cognitive dysfunction appear complex. Longitudinal
studies that enroll patients at various disease stages, and with
variable levels of drug control, will clarify the causes and con-
sequences of epilepsy, and identify micro- and macroscale
mechanisms contributing to disease progression.

Authors’ Note

This report does not represent the official view of the National Insti-
tute of Neurological Disorders and Stroke (NINDS), the National
Institutes of Health (NIH), or any part of the US Federal Government.
No official support or endorsement of this article by the NINDS or
NIH is intended or should be inferred.

Acknowledgments

The authors would like to thank the AES staff including Eileen
Murray, MM, CAE, Shawna Strickland, PhD, CAE, RRT, FAARC,
Susan Oliver, MBA, Cristina Graham, JoLynn Amsden, Amy
Kephart, MPH, CAE for their support and all the committee members
in charge of program planning of the Annual American Epilepsy
Society Meeting.

Declaration of Conflicting Interests

The authors declared the following potential conflicts of interest with
respect to the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, authorship,
and/or publication of this article.

ORCID iDs

Ignacio Valencia
Danielle M. Andrade

https://orcid.org/0000-0003-2385-4933
https://orcid.org/0000-0003-0953-2698
Danielle A. Becker (® https://orcid.org/0000-0002-4792-8055
Hal Blumenfeld (® https://orcid.org/0000-0003-0812-8132
Gordon F. Buchanan (® https://orcid.org/0000-0003-2371-4455
David E. Burdette (2 https://orcid.org/0000-0002-6235-2568
Jorge G Burneo © https://orcid.org/0000-0002-3644-2826
Alica M. Goldman  https://orcid.org/0000-0002-5491-5746
Jean Gotman © https://orcid.org/0000-0002-9796-5946

R. Edward Hogan (® https://orcid.org/0000-0003-2272-5005
Barbara Jobst (2 https://orcid.org/0000-0001-9243-2238
Esther Krook-Magnuson (2 https://orcid.org/0000-0002-6119-0165
Alice D. Lam @ https://orcid.org/0000-0001-7754-4637

Jong Woo Lee (& https://orcid.org/0000-0001-5283-7476
Daniel H. Lowenstein (2 https://orcid.org/0000-0002-9546-2085
Carrie McDonald (2 https://orcid.org/0000-0002-0721-5640
Kimford J. Meador (& https://orcid.org/0000-0002-7471-882X
Jeffrey Noebels (2 https://orcid.org/0000-0002-2887-0839
Anup D. Patel (® https://orcid.org/0000-0001-9313-1541
Jeanne Paz (® https://orcid.org/0000-0001-6339-8130

M. Scott Perry (2 https://orcid.org/0000-0002-1825-846X
Tamara S. Reynolds (2 https://orcid.org/0009-0002-9407-6884
Renée A. Shellhaas (& https://orcid.org/0000-0002-3175-3908
Daniel W. Shrey (® https://orcid.org/0000-0002-3163-4773
Naymee Velez-Ruiz (© https://orcid.org/0000-0001-9145-4312
Jacy L. Wagnon (© https://orcid.org/0000-0002-3678-069X
Barbara Jobst (2 https://orcid.org/0000-0001-9243-2238

References

1. Chaudhary UJ, Duncan JS, Lemieux L. A dialogue with historical
concepts of epilepsy from the Babylonians to Hughlings Jackson:
persistent beliefs. Epilepsy Behav. 2011;21(2):109-114.

2. Fisher RS, van Emde Boas W, Blume W, Elger C, Genton P, Lee
P, Engel J Jr.Epileptic seizures and epilepsy: definitions proposed
by the International League Against Epilepsy (ILAE) and the
International Bureau for Epilepsy (IBE). Epilepsia. 2005;46(4):
470-472.

3. Gotman J, Marciani MG. Electroencephalographic spiking activ-
ity, drug levels, and seizure occurrence in epileptic patients. Ann
Neurol. 1985;17(6):597-603.

4. Spencer SS, Goncharova II, Duckrow RB, Novotny EJ, Zaveri
HP. Interictal spikes on intracranial recording: behavior, physiol-
ogy, and implications. Epilepsia. 2008;49(11):1881-1892.

5. Zijlmans M, Jacobs J, Zelmann R, Dubeau F, Gotman J. High-
frequency oscillations mirror disease activity in patients with epi-
lepsy. Neurology. 2009;72(11):979-986.

6. Ng M, Pavlova M. Why are seizures rare in rapid eye movement
sleep? Review of the frequency of seizures in different sleep
stages. Epilepsy Res Treat. 2013;2013:932790.

7. Ritter-Makinson S, Clemente-Perez A, Higashikubo B, et al. Aug-
mented reticular thalamic bursting and seizures in Scnla-Dravet
syndrome. Cell Rep. 2019;26(4):1071.

8. Paz JT, Davidson TJ, Frechette ES, et al. Closed-loop optogenetic
control of thalamus as a tool for interrupting seizures after cortical
injury. Nat Neurosci. 2013;16(1):64-70.

9. Sorokin JM, Davidson TJ, Frechette E, et al. Bidirectional control
of generalized epilepsy networks via rapid real-time switching of
firing mode. Neuron. 2017;93(1):194-210.

10. Grant KS, Burbacher TM, Faustman EM, Gratttan L.Domoic
acid: neurobehavioral consequences of exposure to a prevalent
marine biotoxin. Neurotoxicol Teratol. 2010;32(2):132-141.

11. Veliskova J, VeliSek L. Behavioral characterization of seizures in
rats. In: Pitkanen A, et al. eds. Models of Seizures and Epilepsy.
Academic Press; 2017: 111-124.

12. Semple BD, Blomgren K, Gimlin K, Ferriero DM, Noble-Haeus-
slein LJ. Brain development in rodents and humans: identifying
benchmarks of maturation and vulnerability to injury across spe-
cies. Prog Neurobiol. 2013;106-107:1-16.

13. Veliskova J, Velisek L. Animal models of infantile spasms: focus
on new treatments. In: MartinPatel CR, Preedy VB, VR, eds.
Handbook of Animal Models in Neurological Disorders. Elsevier;
2022:265-275. Chapter 22. ISBN 978-0-323-89833-1.

14. Camarillo-Rodriguez L, Leenen I, Waldman Z, et al. Temporal
lobe interictal spikes disrupt encoding and retrieval of verbal
memory: a subregion analysis. Epilepsia. 2022;63(9):2325-2337.

15. Child Neurology Foundation: https://www.childneurologyfounda
tion.org/about-cnf/. (2023, accessed 30 July 23).

16. Wirrell EC, Nabbout R, Scheffer IE, et al. Methodology for clas-
sification and definition of epilepsy syndromes with list of syn-
dromes: report of the ILAE Task Force on Nosology and
Definitions. Epilepsia. 2022;63(6):1333-1348.

17. Pisano T, Numis AL, Heavin SB, et al. Early and effective treat-
ment of KCNQ2 encephalopathy. Epilepsia. 2015;56(5):685-691.


https://orcid.org/0000-0003-2385-4933
https://orcid.org/0000-0003-2385-4933
https://orcid.org/0000-0003-2385-4933
https://orcid.org/0000-0003-0953-2698
https://orcid.org/0000-0003-0953-2698
https://orcid.org/0000-0003-0953-2698
https://orcid.org/0000-0002-4792-8055
https://orcid.org/0000-0002-4792-8055
https://orcid.org/0000-0002-4792-8055
https://orcid.org/0000-0003-0812-8132
https://orcid.org/0000-0003-0812-8132
https://orcid.org/0000-0003-0812-8132
https://orcid.org/0000-0003-2371-4455
https://orcid.org/0000-0003-2371-4455
https://orcid.org/0000-0003-2371-4455
https://orcid.org/0000-0002-6235-2568
https://orcid.org/0000-0002-6235-2568
https://orcid.org/0000-0002-6235-2568
https://orcid.org/0000-0002-5491-5746
https://orcid.org/0000-0002-5491-5746
https://orcid.org/0000-0002-3644-2826
https://orcid.org/0000-0002-9796-5946
https://orcid.org/0000-0002-9796-5946
https://orcid.org/0000-0002-5491-5746
https://orcid.org/0000-0003-2272-5005
https://orcid.org/0000-0003-2272-5005
https://orcid.org/0000-0002-9796-5946
https://orcid.org/0000-0001-9243-2238
https://orcid.org/0000-0001-9243-2238
https://orcid.org/0000-0003-2272-5005
https://orcid.org/0000-0002-6119-0165
https://orcid.org/0000-0002-6119-0165
https://orcid.org/0000-0001-9243-2238
https://orcid.org/0000-0001-7754-4637
https://orcid.org/0000-0001-7754-4637
https://orcid.org/0000-0002-6119-0165
https://orcid.org/0000-0001-5283-7476
https://orcid.org/0000-0001-5283-7476
https://orcid.org/0000-0001-7754-4637
https://orcid.org/0000-0002-9546-2085
https://orcid.org/0000-0002-9546-2085
https://orcid.org/0000-0001-5283-7476
https://orcid.org/0000-0002-0721-5640
https://orcid.org/0000-0002-0721-5640
https://orcid.org/0000-0002-9546-2085
https://orcid.org/0000-0002-7471-882X
https://orcid.org/0000-0002-7471-882X
https://orcid.org/0000-0002-0721-5640
https://orcid.org/0000-0002-2887-0839
https://orcid.org/0000-0002-2887-0839
https://orcid.org/0000-0002-7471-882X
https://orcid.org/0000-0001-9313-1541
https://orcid.org/0000-0001-9313-1541
https://orcid.org/0000-0002-2887-0839
https://orcid.org/0000-0001-6339-8130
https://orcid.org/0000-0001-6339-8130
https://orcid.org/0000-0001-9313-1541
https://orcid.org/0000-0002-1825-846X
https://orcid.org/0000-0002-1825-846X
https://orcid.org/0000-0001-6339-8130
https://orcid.org/0009-0002-9407-6884
https://orcid.org/0009-0002-9407-6884
https://orcid.org/0000-0002-1825-846X
https://orcid.org/0000-0002-3175-3908
https://orcid.org/0000-0002-3175-3908
https://orcid.org/0009-0002-9407-6884
https://orcid.org/0000-0002-3163-4773
https://orcid.org/0000-0002-3163-4773
https://orcid.org/0000-0002-3175-3908
https://orcid.org/0000-0001-9145-4312
https://orcid.org/0000-0001-9145-4312
https://orcid.org/0000-0002-3163-4773
https://orcid.org/0000-0002-3678-069X
https://orcid.org/0000-0002-3678-069X
https://orcid.org/0000-0001-9145-4312
https://orcid.org/0000-0001-9243-2238
https://orcid.org/0000-0001-9243-2238
https://orcid.org/0000-0002-3678-069X
https://orcid.org/0000-0001-9243-2238
https://www.childneurologyfoundation.org/about-cnf/
https://www.childneurologyfoundation.org/about-cnf/

30

Epilepsy Currents

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Musto E, Gardella E, Moller RS. Recent advances in treatment of
epilepsy-related sodium channelopathies. Eur J Paediatr Neurol.
2020;24:123-128.

van Loo KMJ, Becker AJ. Transcriptional regulation of channe-
lopathies in genetic and acquired epilepsies. Front Cell Neurosci.
2019;13:587.

Meisler MH, Hill SF, Yu W. Sodium channelopathies in neuro-
developmental disorders. Nat Rev Neurosci. 2021;22(3):152-166.
Han Z, Chen C, Christiansen A, et al. Antisense oligonucleotides
increase Scnla expression and reduce seizures and SUDEP inci-
dence in a mouse model of Dravet syndrome. Sci Transl Med.
2020;12(558):eaaz6100.

Lenk GM, Jafar-Nejad P, Hill SF, et al. Scn8a antisense oligonu-
cleotide is protective in mouse models of Scn8a encephalopathy
and Dravet syndrome. Ann Neurol. 2020;87(3):339-346.

Smith L, Malinowski J, Ceulemans S, et al.Genetic testing and
counseling for the unexplained epilepsies: an evidence-based
practice guideline of the National Society of Genetic Counselors.
J Genet Couns. 2022;32(2):266-280.

Haspel RL, Genzen JR, Wagner J, Fong KUndergraduate Train-
ing in Genomics (UTRIG) Working Group; Wilcox RL. Call for
improvement in medical school training in genetics: results of a
national survey. Genet Med. 2021;23(6):1151-1157.

Raspa M, Moultrie R, Toth D, Haque SN. Barriers and facilitators
to genetic service delivery models: scoping review. Interact J
Med Res. 2021;10(1): €23523.

Hirsch LJ, Fong MWK, Leitinger M, et al. American Clinical
Neurophysiology Society’s standardized critical care EEG termi-
nology: 2021 version. J Clin Neurophysiol. 2021;38(1):1-29.
Herman ST, Abend NS, Bleck TP, et al. Consensus statement on
continuous EEG in critically ill adults and children, part I: indica-
tions. J Clin Neurophysiol. 2015;32(2):87-95.

Hirsch LJ.Continuous EEG monitoring in the intensive care unit:
an overview. J Clin Neurophysiol. 2004;21(5):332-340.
Foreman B, Hirsch LJ. Epilepsy emergencies: diagnosis and man-
agement. Neurol Clin. 2012;30(1):11-41, vii.

Bell D, Kelley T, Hicks N. How true outcomes-based commis-
sioning can really ‘liberate’ healthcare services. Future Hosp J.
2015;2(2):147-149.

Ciasullo MV, Cosimato S, Storlazzi A, Alex D.Health care eco-
system: some evidence from the International Consortium for
Health Outcomes Measurement (ICHOM). Toulon-verona con-
ference: Excellence in services; 2016.

Dodd S, Harman N, Taske N, Minchin M, Tan T, Williamson PR.
Core outcome sets through the healthcare ecosystem: the case of
type 2 diabetes mellitus. Trials. 2020;21(1):570.

Mula M, Kanner AM, Jette N. Psychiatric comorbidities in people
with epilepsy. Neurol Clin Pract. 2021;11(2): e112-e120.
Wagner JL, Brothers SL, Guilfoyle SM, Modi AC, Smith G,
Clifford LM. Behavioral health screening in pediatric epilepsy:
which measures commonly used in the United States are ‘good
enough’? Epilepsy Behav. 2022;134:108818.

Helmers SL, Kobau R, Sajatovic M, et al. Self-management in
epilepsy: why and how you should incorporate self-management
in your practice. Epilepsy Behav. 2017;68:220-224.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

AN I

Quon RJ, Casey MA, Camp EJ, et al. Musical components impor-
tant for the Mozart k448 effect in epilepsy. Sci Rep. 2021;11(1):
16490.

Streltzov NA, Schmidt SS, Schommer LM, et al. Effectiveness of
a self-management program to improve cognition and quality
of life in epilepsy: a pragmatic, randomized, multicenter trial.
Neurology. 2022;98(21): e2174-e2184.

Managing Epilepsy Well Network. https://managingepilepsywell.
org (2019, accessed date: 30 July 2023).

Sajatovic M, Jobst BC, Shegog R, et al. The managing epilepsy
well network: advancing epilepsy self-management. Am J Prev
Med. 2017;52(3 Suppl 3): S241-S245.

Berg AT, Gaebler-Spira D, Wilkening G, et al. Nonseizure con-
sequences of Dravet syndrome, KCNQ2-DEE, KCNB1-DEE,
Lennox-Gastaut syndrome, ESES: a functional framework.
Epilepsy Behav. 2020;111:107287.

Dee-p connections. https://deepconnections.net/ (2021, accessed
30 July 23).

Trimble MR. Hughlings Jackson comes home. J R Soc Med. 1997;
90(6):350-351.

Seneviratne U, Cook M, D’Souza W .Focal abnormalities in idio-
pathic generalized epilepsy: a critical review of the literature.
Epilepsia. 2014;55(8):1157-1169.

Pinault D, O’Brien TJ. Cellular and network mechanisms of
genetically-determined absence seizures. Thalamus Relat Syst.
2005;3(3):181-203.

Berkovic S, Cavalleri G, Koeleman B. Genome-wide meta-
analysis of over 29,000 people with epilepsy reveals 26 loci and
subtype-specific genetic architecture. medRxiv. 2022; 2022.06.
08.22276120.

Blumenfeld H. Impaired consciousness in epilepsy. Lancet Neu-
rol. 2012;11(9):814-826.

Blumenfeld H. Arousal and consciousness in focal seizures. Epi-
lepsy Curr. 2021;21(5):353-359.

Lee HM, Fadaie F, Gill R, et al. Decomposing MRI phenotypic
heterogeneity in epilepsy: a step towards personalized classifica-
tion. Brain. 2022;145(3):897-908.

Fadaie F, Lee HM, Caldairou B, et al. Atypical functional con-
nectome hierarchy impacts cognition in temporal lobe epilepsy.
Epilepsia. 2021;62(11):2589-2603.

Hogan RE, Kaiboriboon K. The “dreamy state”: John Hughlings-
Jackson’s ideas of epilepsy and consciousness. Am J Psychiatry.
2003;160(10):1740-1747.

McGonigal A, Bartolomei F, Chauvel P. On seizure semiology.
Epilepsia. 2021;62(9):2019-2035.

Alim-Marvasti A, Romagnoli G, Dahele K, et al. Probabilistic
landscape of seizure semiology localizing values. Brain Commun.
2022;4(3):fcac130.

State early intervention programs. https://www.cdc.gov/ncbddd/
actearly/parents/state-text.html. (2022, accessed 3 September
2022).

FDA expanded access policy. https://fda.gov/news-events/public-
health-focus/expanded-access. (2022, accessed 30 July 2023).
Kwan P, Brodie MJ. Early identification of refractory epilepsy.
N Engl J Med. 2000;342(5):314-319.


https://managingepilepsywell.org
https://managingepilepsywell.org
https://deepconnections.net/
https://www.cdc.gov/ncbddd/actearly/parents/state-text.html
https://www.cdc.gov/ncbddd/actearly/parents/state-text.html
https://fda.gov/news-events/public-health-focus/expanded-access
https://fda.gov/news-events/public-health-focus/expanded-access

Valencia et al

— AW WAL

56.

57.

58.

59.
60.
61.
62.
63.
64.

65.
66.

67.

68.

69.

70.

71.

31

Kanner AM, Ashman E, Gloss D, et al. Practice guideline update
summary: efficacy and tolerability of the new antiepileptic drugs
I: Treatment of new-onset epilepsy: Report of the American Epi-
lepsy Society and the Guideline Development, Dissemination,
and Implementation Subcommittee of the American Academy
of Neurology. Epilepsy Curr. 2018;18(4):260-268.

Margolis JM, Chu BC, Wang ZJ, Copher R, Cavazos JE. Effec-
tiveness of antiepileptic drug combination therapy for partial-
onset seizures based on mechanisms of action. JAMA Neurol.
2014;71(8):985-993.

Quraishi IH, Mercier MR, Skarpaas TL, Hirsch LJ. Early detec-
tion rate changes from a brain-responsive neurostimulation sys-
tem predict efficacy of newly added antiseizure drugs. Epilepsia.
2020;61(1):138-148.

Zaccara G, Perucca E. Interactions between antiepileptic drugs,
and between antiepileptic drugs and other drugs. Epileptic Disord.
2014;16(4):409-431.

Johannessen Landmark C, Henning O, Johannessen SI. Procon-
vulsant effects of antidepressants—What is the current evidence?
Epilepsy Behav. 2016;61:287-291.

Penovich P, Glauser T, Becker D, et al. Recommendations for
development of acute seizure action plans (ASAPS) from an
expert panel. Epilepsy Behav. 2021;123:108264.

Sharma S, Detyniecki K. Rescue therapies in epilepsy. Curr Opin
Neurol. 2022;35(2):155-160.

Albassam A, Hughes DA. What should patients do if they miss a
dose? A systematic review of patient information leaflets and
summaries of product characteristics. Eur J Clin Pharmacol.
2021;77(2):251-260.

Kossoff EH, Hartman AL. Ketogenic diets: new advances for
metabolism-based therapies. Curr Opin Neurol. 2012;25(2):
173-178.

Hauser WA.The natural history of drug resistant epilepsy: epide-
miologic considerations. Epilepsy Res Suppl. 1992;5:25-28.
Kwan P, Schachter SC, Brodie MJ. Drug-resistant epilepsy.
N Engl J Med. 2011;365(10):919-926.

Ioannou P, Foster DL, Sander JW, et al. The burden of epilepsy
and unmet need in people with focal seizures. Brain Behav. 2022;
12(9): ¢2589.

Najm I, Lal D, Alonso Vanegas M, et al. The ILAE consensus
classification of focal cortical dysplasia: an update proposed by an
ad hoc task force of the ILAE diagnostic methods commission.
Epilepsia. 2022;63(8):1899-1919.

Blumcke I, Budday S, Poduri A, Lal D, Kobow K, Baulac S.
Neocortical development and epilepsy: insights from focal corti-
cal dysplasia and brain tumours. Lancet Neurol. 2021;20(11):
943-955.

Barba C, Blumcke I, Winawer MR, et al. Clinical features, neu-
ropathology, and surgical outcome in patients with refractory
epilepsy and brain somatic variants in the SLC35A2 gene. Neu-
rology. 2023;100(5): e528-e542.

Schurr J, Coras R, Rossler K, et al. Mild malformation of cortical
development with oligodendroglial hyperplasia in frontal lobe
epilepsy: a new clinico-pathological entity. Brain Pathol. 2017;
27(1):26-35.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Krauss GL, Klein P, Brandt C, et al. Safety and efficacy of adjunc-
tive cenobamate (YKP3089) in patients with uncontrolled focal
seizures: a multicentre, double-blind, randomised, placebo-
controlled, dose-response trial. Lancet Neurol. 2020;19(1):38-48.
Sperling MR, Klein P, Aboumatar S, et al. Cenobamate
(YKP3089) as adjunctive treatment for uncontrolled focal sei-
zures in a large, phase 3, multicenter, open-label safety study.
Epilepsia. 2020;61(6):1099-1108.

Knupp KG, Scheffer IE, Ceulemans B, et al. Efficacy and safety
of fenfluramine for the treatment of seizures associated with
Lennox-Gastaut syndrome: a randomized clinical trial. JAMA
Neurol. 2022;79(6):554-564.

Lagae L, Sullivan J, Knupp K, et al. Fenfluramine hydrochloride
for the treatment of seizures in Dravet syndrome: a randomised,
double-blind, placebo-controlled trial. Lancet. 2019;394(10216):
2243-2254.

Knight EMP, Amin S, Bahi-Buisson N, et al. Safety and efficacy
of ganaxolone in patients with CDKLS deficiency disorder:
results from the double-blind phase of a randomised, placebo-
controlled, phase 3 trial. Lancet Neurol. 2022;21(5):417-4217.
Astner-Rohracher A, Zimmermann G, Avigdor T, et al. Develop-
ment and validation of the 5-sense score to predict focality of the
seizure-onset zone as assessed by stereoelectroencephalography.
JAMA Neurol. 2022;79(1):70-79.

Guglielmi G, Eschbach KL, Alexander AL. Smaller knife, fewer
seizures? Recent advances in minimally invasive techniques in
pediatric epilepsy surgery. Semin Pediatr Neurol. 2021;39:
100913.

Piper RJ, Richardson RM, Worrell G, et al. Towards network-
guided neuromodulation for epilepsy. Brain. 2022;145(10):
3347-3362.

Cross JH, Galer BS, Gil-Nagel A, et al. Impact of fenfluramine on
the expected SUDEP mortality rates in patients with Dravet syn-
drome. Seizure. 2021;93:154-159.

Bishop KI, Isquith PK, Gioia GA, et al. Fenfluramine treatment is
associated with improvement in everyday executive function in
preschool-aged children (<5 years) with Dravet syndrome: a crit-
ical period for early neurodevelopment. Epilepsy Behav. 2023;
138:108994.

Curatolo P, Franz DN, Lawson JA, et al. Adjunctive everolimus
for children and adolescents with treatment-refractory seizures
associated with tuberous sclerosis complex: post-hoc analysis of
the phase 3 EXIST-3 trial. Lancet Child Adolesc Health. 2018;
2(7):495-504.

Mizuguchi M, Ikeda H, Kagitani-Shimono K, et al. Everolimus
for epilepsy and autism spectrum disorder in tuberous sclerosis
complex: EXIST-3 substudy in Japan. Brain Dev. 2019;41(1):
1-10.

Bensken WP, Fernandez-Baca Vaca G, Jobst BC, et al. Burden of
chronic and acute conditions and symptoms in people with epi-
lepsy. Neurology. 2021;97(24): ¢2368-¢2380.

Dobis E, Todd J. The most rural counties have the fewest health
care services available. Amber waves: The economics of food,
farming, natural resources, and rural America. 2022. https://www.
ers.usda.gov/amber-waves/2022/august/the-most-rural-counties-


https://www.ers.usda.gov/amber-waves/2022/august/the-most-rural-counties-have-the-fewest-health-care-services-available/
https://www.ers.usda.gov/amber-waves/2022/august/the-most-rural-counties-have-the-fewest-health-care-services-available/

32

Epilepsy Currents

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

have-the-fewest-health-care-services-available/ (2022, accessed 3

July 2022)
Louis CC, Webster CT, Gloe LM, Moser JS. Hair me out: high-
lighting systematic exclusion in psychophysiological methods
and recommendations to increase inclusion. Front Hum Neu-
rosci. 2022;16:1058953.
Webb EK, Etter JA, Kwasa JA. Addressing racial and phenoty-
pic bias in human neuroscience methods. Nat Neurosci. 2022;
25(4):410-414.
LiY, Meador K1J. Epilepsy and pregnancy. Continuum (Minneap
Minn). 2022;28(1):34-54.
Meador KJ. Effects of maternal use of antiseizure medications
on child development. Neurol Clin. 2022;40(4):755-768.
Ramsey LB, Brown JT, Vear SI, Bishop JR, Van Driest SL.
Gene-based dose optimization in children. Annu Rev Pharmacol
Toxicol. 2020;60:311-331.
US Food and Drug Administration. Accessed October 10, 2022.
https://www.Fda.Gov/drugs/science-and-research-drugs/table-
pharmacogenomic-biomarkers-drug-labeling (2023, accessed 3
July 2022)
Abdullah-Koolmees H, van Keulen AM, Nijenhuis M, Deneer
VH. Pharmacogenetics guidelines: overview and comparison of
the DPWG, CPIC, CPNDS, and RNPGX guidelines. Front
Pharmacol. 2020;11:595219.
Mandl KD, Glauser T, Krantz ID, et al. The genomics research
and innovation network: creating an interoperable, federated,
genomics learning system. Genet Med. 2020;22(2):371-380.
Maschio M, Sperati F, Dinapoli L, et al. Weight of epilepsy in
brain tumor patients. J Neurooncol. 2014;118(2):385-393.
Vecht C, Royer-Perron L, Houillier C, Huberfeld G.Seizures and
anticonvulsants in brain tumours: frequency, mechanisms and
anti-epileptic management. Curr Pharm Des. 2017;23(42):
6464-6487.
Terman SW, Aubert CE, Maust DT, Hill CE, Lin CC, Burke JF.
Polypharmacy composition and patient- and provider-related
variation in patients with epilepsy. Epilepsy Behav. 2022;126:
108428.
Mevaag M, Henning O, Baftiu A, et al. Discrepancies between
physicians’ prescriptions and patients’ use of antiepileptic drugs.
Acta Neurol Scand. 2017;135(1):80-87.
Coleman CI, Limone B, Sobieraj DM, et al. Dosing frequency
and medication adherence in chronic disease. J Manag Care
Pharm. 2012;18(7):527-539.
van der Meer PB, Dirven L, Fiocco M, et al. Effectiveness of
antiseizure medication duotherapies in patients with glioma: a
multicenter observational cohort study. Neurology. 2022;99(10):
€999-e¢1008.
Suurmeijer TP, Reuvekamp MF, Aldenkamp BP. Social func-
tioning, psychological functioning, and quality of life in epi-
lepsy. Epilepsia. 2001;42(9):1160-1168.
Wilson SJ, Bladin PF, Saling MM. The burden of normality: a
framework for rehabilitation after epilepsy surgery. Epilepsia.
2007;48(Suppl 9):13-16.
Jehi L, Jette N, Kwon CS, et al. Timing of referral to evaluate for
epilepsy surgery: expert consensus recommendations from the

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

AN I

surgical therapies commission of the International League
Against Epilepsy. Epilepsia. 2022;63(10):2491-2506.

Busch RM, Hogue O, Kattan MW, et al. Nomograms to predict
naming decline after temporal lobe surgery in adults with epi-
lepsy. Neurology. 2018;91(23): e2144-¢2152.

Busch RM, Hogue O, Miller M, et al. Nomograms to predict
verbal memory decline after temporal lobe resection in adults
with epilepsy. Neurology. 2021;97(3): €263-274.

Doherty C, Nowacki AS, McAndrews M, et al. Predicting mood
decline following temporal lobe epilepsy surgery in adults. Epi-
lepsia. 2021;62(2):450-459.

Baxendale S. The cognitive costs, contraindications and compli-
cations of epilepsy surgery in adults. Curr Opin Neurol. 2020;
33(2):207-212.

Baxendale S. Cognitive rehabilitation and prehabilitation in peo-
ple with epilepsy. Epilepsy Behav. 2020;106:107027.

Armour EA, Yiu AJ, Shrey DW, Reddy SB. Underrepresented
populations in pediatric epilepsy surgery. Semin Pediatr Neurol.
2021;39:100916.

Marini C, Giardino M. Novel treatments in epilepsy guided by
genetic diagnosis. Br J Clin Pharmacol. 2022;88(6):2539-2551.
Balestrini S, Chiarello D, Gogou M, et al. Real-life survey of
pitfalls and successes of precision medicine in genetic epilep-
sies. J Neurol Neurosurg Psychiatry. 2021;92(10):1044-1052.
Grayson LE, Peters JM, McPherson T, et al. Pilot study of neu-
rodevelopmental impact of early epilepsy surgery in tuberous
sclerosis complex. Pediatr Neurol. 2020;109:39-46.

Pacetti M, Giacomini T, Cossu M, et al. Hemispheric surgery for
severe epilepsy in early childhood: a case series. Epileptic Dis-
ord. 2021;23(4):611-622.

Stevelink R, Sanders MW, Tuinman MP, et al. Epilepsy surgery
for patients with genetic refractory epilepsy: a systematic
review. Epileptic Disord. 2018;20(2):99-115.

Thirunavu V, Du R, Wu JY, Berg AT, Lam SK. The role of
surgery in the management of Lennox-Gastaut syndrome: a sys-
tematic review and meta-analysis of the clinical evidence. Epi-
lepsia. 2021;62(4):888-907.

Coryell J, Armstrong D, Ciliberto M, et al. Epilepsy Surgery
Amongst Pediatric Patients With Genetic Etiology. American
Epilepsy Society; 2022.

Ma D, Jones SE, Deshmane A, et al. Development of high-
resolution 3D MR fingerprinting for detection and characteriza-
tion of epileptic lesions. J Magn Reson Imaging. 2019;49(5):
1333-1346.

Gill RS, Lee HM, Caldairou B, et al. Multicenter validation of a
deep learning detection algorithm for focal cortical dysplasia.
Neurology. 2021;97(16): e1571-e1582.

Spitzer H, Ripart M, Whitaker K, et al. Interpretable surface-
based detection of focal cortical dysplasia: a multi-centre epi-
lepsy lesion detection study. Brain. 2022;145(11):3859-3871.
Englot DJ, Rolston JD, Wright CW, Hassnain KH, Chang EF.
Rates and predictors of seizure freedom with vagus nerve stimu-
lation for intractable epilepsy. Neurosurgery. 2016;79(3):
345-353.


https://www.ers.usda.gov/amber-waves/2022/august/the-most-rural-counties-have-the-fewest-health-care-services-available/
https://www.Fda.Gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling
https://www.Fda.Gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling

Valencia et al

— AW WAL

120.
121.

122.

123.

124.
125.
126.
127.
128.
129.
130.
131.

132.

133.

134.

135.

136.

33

Nair DR, Laxer KD, Weber PB, et al. Nine-year prospective
efficacy and safety of brain-responsive neurostimulation for
focal epilepsy. Neurology. 2020;95(9): e1244-e1256.

Salanova V, Sperling MR, Gross RE, et al. The Sante study at 10
years of follow-up: effectiveness, safety, and sudden unexpected
death in epilepsy. Epilepsia. 2021;62(6):1306-1317.

Siegel L, Yan H, Warsi N, et al. Connectomic profiling and
Vagus nerve stimulation outcomes study (connectivos): a pro-
spective observational protocol to identify biomarkers of seizure
response in children and youth. BMJ Open. 2022;12(4):
¢055886.

Leguia MG, Rao VR, Tcheng TK, et al. Learning to generalize
seizure forecasts. Epilepsia. 2022. doi:10.1111/epi.17406.
Scheid BH, Bernabei JM, Khambhati AN, et al. Intracranial
electroencephalographic biomarker predicts effective respon-
sive neurostimulation for epilepsy prior to treatment. Epilepsia.
2022;63(3):652-662.

Spencer SS.Neural networks in human epilepsy: evidence of and
implications for treatment. Epilepsia. 2002;43(3):219-227.
Spencer SS, Berg AT, Vickrey BG, et al. Initial outcomes in the
multicenter study of epilepsy surgery. Neurology. 2003;61(12):
1680-1685.

Abou Jaoude M, Jacobs CS, Sarkis RA, et al. Noninvasive detec-
tion of hippocampal epileptiform activity on scalp electroence-
phalogram. JAMA Neurol. 2022;79(6):614-622.

Josephson CB, Engbers JDT, Wang M, et al. Psychosocial pro-
files and their predictors in epilepsy using patient-reported out-
comes and machine learning. Epilepsia. 2020;61(6):1201-1210.
Josephson CB, Engbers JDT, Jette N, et al. Prediction tools for
psychiatric adverse effects after levetiracetam prescription.
JAMA Neurol. 2019;76(4):440-446.

Lowerison MW, Josephson CB, Jette N, et al. Association of
levels of specialized care with risk of premature mortality in
patients with epilepsy. JAMA Neurol. 2019;76(11):1352-1358.
Donath E, Filion KB, Eisenberg MJ. Improving the clinician-
scientist pathway: a survey of clinician-scientists. Arch Intern
Med. 2009;169(13):1242-1244.

Califf RM, Berglund L, Principal Investigators of National Insti-
tutes of Health Clinical and Translational Science Awards. Link-
ing scientific discovery and better health for the nation: the first
three years of the NIH’s Clinical and Translational Science
Awards. Acad Med. 2010;85(3):457-462.

Dovat S, Gowda C, Mailman RB, Parent LJ, Huang X. Clinician-
scientist Faculty Mentoring Program (FAME)—a new inclusive
training model at Penn state increases scholarly productivity and
extramural grant funding. Adv Med Educ Pract. 2022;13:
1039-1050.

Efstathiou JA, Drumm MR, Paly JP, et al. Long-term impact of a
faculty mentoring program in academic medicine. PLoS One.
2018;13(11): €0207634.

Trejo J, Wingard D, Hazen V, et al. A system-wide health
sciences faculty mentor training program is associated with
improved effective mentoring and institutional climate. J Clin
Transl Sci. 2022;6(1): e18.

Goodkin HP. The founding of the American Epilepsy Society:
1936-1971. Epilepsia. 2007;48(1):15-22.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Miao QL, Herlitze S, Mark MD, Noebels JL. Adult loss of Cacnala
in mice recapitulates childhood absence epilepsy by distinct tha-
lamic bursting mechanisms. Brain. 2020;143(1):161-174.
Valassina N, Brusco S, Salamone A, et al. Scnla gene reactiva-
tion after symptom onset rescues pathological phenotypes in a
mouse model of Dravet syndrome. Nat Commun. 2022;13(1):
161.

Streng ML, Krook-Magnuson E. The cerebellum and epilepsy.
Epilepsy Behav. 2021;121(Pt B):106909.

Stieve BJ, Richner TJ, Krook-Magnuson C, Netoff TI, Krook-
Magnuson E. Optimization of closed-loop electrical stimulation
enables robust cerebellar-directed seizure control. Brain. 2023;
146(1):91-108.

Bartolomei F, Lagarde S, Wendling F, et al. Defining epilepto-
genic networks: contribution of SEEG and signal analysis. Epi-
lepsia. 2017;58(7):1131-1147.

Makhalova J, Medina Villalon S, Wang H, et al. Virtual epileptic
patient brain modeling: relationships with seizure onset and sur-
gical outcome. Epilepsia. 2022;63(8):1942-1955.
Gleichgerrcht E, Keller SS, Drane DL, et al. Temporal lobe
epilepsy surgical outcomes can be inferred based on structural
connectome hubs: a machine learning study. Ann Neurol. 2020;
88(5):970-983.

Gleichgerrcht E, Munsell B, Keller SS, et al. Radiological iden-
tification of temporal lobe epilepsy using artificial intelligence: a
feasibility study. Brain Commun. 2022;4(2):fcab284.

Beghi E. The epidemiology of epilepsy. Neuroepidemiology.
2020;54(2):185-191.

Grigg-Damberger MM, Foldvary-Schaefer N.Sleep and epi-
lepsy: practical implications. Neurol Clin. 2022;40(4):769-783.
Duron RM, Medina MT, Martinez-Juarez IE, et al. Seizures of
idiopathic generalized epilepsies. Epilepsia. 2005;46(Suppl 9):
34-47.

Roffwarg HP, Muzio JN, Dement WC. Ontogenetic develop-
ment of the human sleep-dream cycle. Science. 1966;
152(3722):604-619.

Osredkar D, Toet MC, van Rooij LG, van Huffelen AC, Groe-
nendaal F, de Vries LS. Sleep-wake cycling on amplitude-
integrated electroencephalography in term newborns with
hypoxic-ischemic encephalopathy. Pediatrics. 2005;115(2):
327-332.

Sommers R, Tucker R, Harini C, Laptook AR. Neurological
maturation of late preterm infants at 34 WK assessed by ampli-
tude integrated electroencephalogram. Pediatr Res. 2013;74(6):
705-711.

ter Horst HJ, van Olffen M, Remmelts HJ, de Vries H, Bos AF.
The prognostic value of amplitude integrated EEG in neonatal
sepsis and/or meningitis. Acta Paediatr. 2010;99(2):194-200.
Shellhaas RA, Burns JW, Hassan F, Carlson MD, Barks JDE,
Chervin RD. Neonatal sleep-wake analyses predict 18-month
neurodevelopmental outcomes. Sleep. 2017;40(11):zsx144.

van den Hoogen A, Teunis CJ, Shellhaas RA, Pillen S, Benders
M, Dudink J.How to improve sleep in a neonatal intensive care
unit: a systematic review. Early Hum Dev. 2017;113:78-86.



34

Epilepsy Currents

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

Shellhaas RA, Burns JW, Barks JDE, Hassan F, Chervin RD.
Maternal voice and infant sleep in the neonatal intensive care
unit. Pediatrics. 2019;144(3):¢20190288.

Roliz AH, Kothare S. The interaction between sleep and epi-
lepsy. Curr Neurol Neurosci Rep. 2022;22(9):551-563.

Liguori C, Toledo M, Kothare S.Effects of anti-seizure medica-
tions on sleep architecture and daytime sleepiness in patients
with epilepsy: a literature review. Sleep Med Rev. 2021;60:
101559.

Zarowski M, Loddenkemper T, Vendrame M, Alexopoulos AV,
Wyllie E, Kothare SV. Circadian distribution and sleep/wake
patterns of generalized seizures in children. Epilepsia. 2011;
52(6):1076-1083.

Kothare SV, Kaleyias J. Sleep and epilepsy in children and
adolescents. Sleep Med. 2010;11(7):674-685.

Tassinari CA, Rubboli G.Encephalopathy related to status epi-
lepticus during slow sleep: current concepts and future direc-
tions. Epileptic Disord. 2019;21(S1):82-87.

Khurana DS, Reumann M, Hobdell EF, et al. . Vagus nerve
stimulation in children with refractory epilepsy: unusual com-
plications and relationship to sleep-disordered breathing. Childs
Nerv Syst. 2007;23(11):1309-1312.

Ziporyn TD, Owens JA, Wahlstrom KL, et al. Adolescent sleep
health and school start times: setting the research agenda for
California and beyond. A research summit summary. Sleep
Health. 2022;8(1):11-22.

Ogundele MO, Yemula C.Management of sleep disorders
among children and adolescents with neurodevelopmental dis-
orders: a practical guide for clinicians. World J Clin Pediatr.
2022;11(3):239-252.

Quigg M, Gharai S, Ruland J, et al. Insomnia in epilepsy is
associated with continuing seizures and worse quality of life.
Epilepsy Res. 2016;122:91-96.

Spencer DC, Sun FT, Brown SN, et al. Circadian and ultradian
patterns of epileptiform discharges differ by seizure-onset loca-
tion during long-term ambulatory intracranial monitoring. Epi-
lepsia. 2016;57(9):1495-1502.

Ramgopal S, Thome-Souza S, Loddenkemper T. Chronophar-
macology of anti-convulsive therapy. Curr Neurol Neurosci
Rep. 2013;13(4):339.

Bauer D, Quigg M. Optimizing management of medically
responsive epilepsy. Continuum (Minneap Minn). 2019;25(2):
343-361.

Vendrame M, Auerbach S, Loddenkemper T, Kothare S, Mon-
touris G. Effect of continuous positive airway pressure treatment
on seizure control in patients with obstructive sleep apnea and
epilepsy. Epilepsia. 2011;52(11): e168-171.

Latreille V, Bubrick EJ, Pavlova M. Positive airway pressure
therapy is challenging for patients with epilepsy. J Clin Sleep
Med. 2018;14(7):1153-1159.

Grigg-Damberger M, Foldvary-Schaefer N. Bidirectional rela-
tionships of sleep and epilepsy in adults with epilepsy. Epilepsy
Behav. 2021;116:107735.

Cohen ZL, Eigenberger PM, Sharkey KM, Conroy ML, Wilkins
KM. Insomnia and other sleep disorders in older adults. Psy-
chiatr Clin North Am. 2022;45(4):717-734.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

AN I

Chihorek AM, Abou-Khalil B, Malow BA. Obstructive sleep
apnea is associated with seizure occurrence in older adults with
epilepsy. Neurology. 2007;69(19):1823-1827.

Koo DL, Nam H, Thomas RJ, Yun C-H. Sleep disturbances as a
risk factor for stroke. J Stroke. 2018;20(1):12-32.

Musiek ES, Ju YS. Targeting sleep and circadian function in the
prevention of Alzheimer disease. JAMA Neurol. 2022;79(9):
835-836.

Lam AD, Sarkis RA, Pellerin KR, et al. Association of epilepti-
form abnormalities and seizures in Alzheimer disease. Neurol-
0gy. 2020;95(16):€2259-2270.

Ye E, Sun H, Leone MJ, et al. Association of sleep
electroencephalography-based brain age index with dementia.
JAMA Netw Open. 2020;3(9):e2017357.

Cottrell L, Khan A. Impact of childhood epilepsy on maternal
sleep and socioemotional functioning. Clin Pediatr (Phila).
2005;44(7):613-616.

Franck LS, Shellhaas RA, Lemmon M, et al. Associations
between infant and parent characteristics and measures of family
well-being in neonates with seizures: a cohort study. J Pediatr.
2020;221:64-71 e4.

Lemmon M, Glass H, Shellhaas RA, et al. Parent experience of
caring for neonates with seizures. Arch Dis Child Fetal Neonatal
Ed. 2020;105(6):634-639.

Arzalier-Daret S, Buleon C, Bocca ML, Denise P, Gérard J-L,
Hanouz J-L.Effect of sleep deprivation after a night shift duty on
simulated crisis management by residents in anaesthesia. A ran-
domised crossover study. Anaesth Crit Care Pain Med. 2018;
37(2):161-166.

Kecklund G, Axelsson J. Health consequences of shift work and
insufficient sleep. BMJ. 2016;355:15210.

Reilly C, Atkinson P, Memon A, et al. Parenting stress and
perceived stigma in mothers of young children with epilepsy:
a case—control study. Epilepsy Behav. 2018;89:112-117.

Gupta G, Dang LT, O’Brien LM, Shellhaas RA. Parent-reported
sleep profile of children with early-life epilepsies. Pediatr Neu-
rol. 2022;128:9-15.

Management of infantile epilepsy, effective health care program.
www.effectivehealthcare.ahrq.gov/products/management-infan
tile-epilepsy/research-protocol. (2022, accessed 3 June 2022).
Berg AT, Coryell J, Saneto RP, et al. Early-life epilepsies and
the emerging role of genetic testing. JAMA Pediatr. 2017;
171(9):863-871.

Coryell J, Gaillard WD, Shellhaas RA, et al. Neuroimaging of
early life epilepsy. Pediatrics. 2018;142(3):¢20180672.

Berg AT, Chakravorty S, Koh S, et al. Why west? Comparisons
of clinical, genetic and molecular features of infants with and
without spasms. PLoS One. 2018;13(3):¢0193599.

Berg AT, Wusthoff C, Shellhaas RA, et al. Immediate outcomes
in early life epilepsy: a contemporary account. Epilepsy Behav.
2019;97:44-50.

Shellhaas RA, Wusthoff CJ, Tsuchida TN, et al. Profile of neo-
natal epilepsies: characteristics of a prospective US cohort. Neu-
rology. 2017;89(9):893-899.


http://www.effectivehealthcare.ahrq.gov/products/management-infantile-epilepsy/research-protocol
http://www.effectivehealthcare.ahrq.gov/products/management-infantile-epilepsy/research-protocol

Valencia et al

— AW WAL

189.
190.
191.

192.

193.
194.
195.
196.

197.

198.

199.

200.

201.

202.
203.
204.

205.

35

Grinspan ZM, Shellhaas RA, Coryell J, et al. Comparative effec-
tiveness of levetiracetam vs phenobarbital for infantile epilepsy.
JAMA Pediatr. 2018;172(4):352-360.

Sands TT, Balestri M, Bellini G, et al. Rapid and safe response to
low-dose carbamazepine in neonatal epilepsy. Epilepsia. 2016;
57(12):2019-2030.

Sharpe C, Reiner GE, Davis SL, et al. Levetiracetam versus
phenobarbital for neonatal seizures: a randomized controlled
trial. Pediatrics. 2020;145(6):¢20193182.

Wilmshurst JM, Gaillard WD, Vinayan KP, et al. Summary of
recommendations for the management of infantile seizures: task
force report for the ILAE Commission of Pediatrics. Epilepsia.
2015;56(8):1185-1197.

Knupp KG, Leister E, Coryell J, et al. Response to second treat-
ment after initial failed treatment in a multicenter prospective
infantile spasms cohort. Epilepsia. 2016;57(11):1834-1842.
Glass HC, Grinspan ZM, Li Y, et al. Risk for infantile spasms
after acute symptomatic neonatal seizures. Epilepsia. 2020;
61(12):2774-2784.

Cohen NT, Chang P, You X, et al. Prevalence and risk factors for
pharmacoresistance in children with focal cortical dysplasia-
related epilepsy. Neurology. 2022;99(18): €2006-2013.
Donahue MA, Herman ST, Dass D, et al. Establishing a learning
healthcare system to improve health outcomes for people with
epilepsy. Epilepsy Behav. 2021;117:107805.

Grinspan ZM, Patel AD, Shellhaas RA, et al. Design and imple-
mentation of electronic health record common data elements for
pediatric epilepsy: foundations for a learning health care system.
Epilepsia. 2021;62(1):198-216.

Shah PD, Yun M, Wu A, et al. Pediatric epilepsy learning
healthcare system quality of life (PELHS-QOL-2): a novel
health-related quality of life prompt for children with epilepsy.
Epilepsia. 2022;63(3):672-685.

Baumer FM, Mytinger JR, Neville K, et al. Inequities in therapy for
infantile spasms: a call to action. Ann Neurol. 2022;92(1):32-44.
Osborne JP, Edwards SW, Dietrich Alber F, et al. The underly-
ing etiology of infantile spasms (west syndrome): information
from the International Collaborative Infantile Spasms Study
(ICISS). Epilepsia. 2019;60(9):1861-1869.

Kwan P, Arzimanoglou A, Berg AT, et al. Definition of drug
resistant epilepsy: consensus proposal by the ad hoc task force of
the ILAE Commission on Therapeutic Strategies. Epilepsia.
2010;51(6):1069-1077.

Sacino MF, Ho CY, Whitehead MT, et al. Repeat surgery for
focal cortical dysplasias in children: indications and outcomes.
J Neurosurg Pediatr. 2017;19(2):174-181.

Hale AT, Chari A, Scott RC, et al. Expedited epilepsy surgery
prior to drug resistance in children: a frontier worth crossing?
Brain. 2022;145(11):3755-3762.

Dwivedi R, Ramanujam B, Chandra PS, et al. Surgery for drug-
resistant epilepsy in children. N Engl J Med. 2017;377(17):
1639-1647.

Go C, Snead OC III. Pharmacologically intractable epilepsy in
children: diagnosis and preoperative evaluation. Neurosurg
Focus. 2008;25(3):E2.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

Arts WF, Geerts AT, Brouwer OF, Peters ACB, Stroink H, van
Donselaar CA. The early prognosis of epilepsy in childhood: the
prediction of a poor outcome. The Dutch study of epilepsy in
childhood. Epilepsia. 1999;40(6):726-734.

Sorg AL, von Kries R, Borggraefe I.Cognitive disorders in child-
hood epilepsy: a comparative longitudinal study using adminis-
trative healthcare data. J Neurol. 2022;269(7):3789-3799.
Freitag H, Tuxhorn I. Cognitive function in preschool children
after epilepsy surgery: rationale for early intervention. Epilepsia.
2005;46(4):561-567.

Braun KPJ. Influence of epilepsy surgery on developmental out-
comes in children. Eur J Paediatr Neurol. 2020;24:40-42.
Roth J, Constantini S, Ekstein M, et al. Epilepsy surgery in
infants up to 3 months of age: safety, feasibility, and outcomes:
a multicenter, multinational study. Epilepsia. 2021;62(8):
1897-1906.

Annegers JF, Hauser WA, Coan SP, Rocca WA. A population-
based study of seizures after traumatic brain injuries. N Engl J
Med. 1998;338(1):20-24.

Holden SS, Grandi FC, Aboubakr O, et al. Complement factor
clq mediates sleep spindle loss and epileptic spikes after mild
brain injury. Science. 2021;373(6560):eabj2685.

Cho FS, Vainchtein ID, Voskobiynyk Y, et al. Enhancing GAT-
3 in thalamic astrocytes promotes resilience to brain injury in
rodents. Sci Transl Med. 2022;14(652):eabj4310.

Laing J, Gabbe B, Chen Z, Perucca P, Kwan P, O’Brien TJ. Risk
factors and prognosis of early posttraumatic seizures in moderate
to severe traumatic brain injury. JAMA Neurol. 2022;79(4):
334-341.

Trinka E, Brigo F.Antiepileptogenesis in humans: disappointing
clinical evidence and ways to move forward. Curr Opin Neurol.
2014;27(2):227-235.

Dulla CG, Pitkanen A. Novel approaches to prevent epileptogen-
esis after traumatic brain injury. Neurotherapeutics. 2021;18(3):
1582-1601.

Baranowski CJ.The quality of life of older adults with epilepsy:
a systematic review. Seizure. 2018;60:190-197.

Burke J, Gugger J, Ding K, et al. Association of posttraumatic
epilepsy with l-year outcomes after traumatic brain injury.
JAMA Netw Open. 2021;4(12): e2140191.

Galovic M, van Dooren VQH, Postma TS, et al. Progressive
cortical thinning in patients with focal epilepsy. JAMA Neurol.
2019;76(10):1230-1239.

Altmann A, Ryten M, Di Nunzio M, et al. A systems-level
analysis highlights microglial activation as a modifying factor
in common epilepsies. Neuropathol Appl Neurobiol. 2022;
48(1):e12758.

You JC, Muralidharan K, Park JW, et al. Epigenetic suppression
of hippocampal calbindin-D28 k by AFosB drives seizure-
related cognitive deficits. Nat Med. 2017;23(11):1377-1383.
Stephens GS, Fu CH, St Romain CP, et al. Genes bound by
AFosB in different conditions with recurrent seizures regulate
similar neuronal functions. Front Neurosci. 2020;14:472.
Reyes A, Kaestner E, Edmonds EC, et al. Diagnosing cognitive
disorders in older adults with epilepsy. Epilepsia. 2021;62(2):
460-471.



36

Epilepsy Currents

224.

225.

Choi H, Elkind MSV, Longstreth WT Jr, et al. Epilepsy, vascular
risk factors, and cognitive decline in older adults: the cardiovas-
cular health study. Neurology. 2022;99(21):¢2346-¢2358.

Tai XY, Koepp M, Duncan JS, et al. Hyperphosphorylated tau in
patients with refractory epilepsy correlates with cognitive
decline: a study of temporal lobe resections. Brain. 2016;
139(Pt 9):2441-2455.

226.

227.

AN I

Lariviere S, Rodriguez-Cruces R, Royer J, et al. Network-based
atrophy modeling in the common epilepsies: a worldwide
enigma study. Sci Adv. 2020;6(47):eabc6457.

Tai XY, Bernhardt B, Thom M, et al. Review: Neurodegenera-
tive processes in temporal lobe epilepsy with hippocampal
sclerosis: clinical, pathological and neuroimaging evidence.
Neuropathol Appl Neurobiol. 2018;44(1):70-90.



	Highlights From the Annual Meeting of the American Epilepsy Society 2022
	Introduction
	Epilepsy Specialist Symposium
	What Is a Seizure After All?
	The long and winding road from interictal activity to seizures
	How are seizures defined at a microscopic level: From cell to the microcircuit to the live animal
	Of mice, rats, and men: what do we have in common?
	Lessons learned from SEEG
	Clinical controversies in defining seizures


	American Epilepsy Society-Child Neurology Foundation Symposium
	Genetic Testing in Epilepsy: Improving Outcomes and Informing Gaps in Research
	Improving the patient and caregiver experience
	Impacts on clinical care
	Bench to bedside: How basic research informs treatment in genetic epilepsies
	Genetic testing in epilepsy
	Managing common genetic testing barriers


	Spanish Symposium
	Seizures and Use of Electroencephalography (EEG) in the ICU
	The role of high-frequency oscillations in epilepsy, epileptogenesis, and drug-resistant epilepsy
	Rhythmic and periodic patterns in critically ill patients
	The use of continuous EEG in the critical care setting: What do we do when resources are limited?
	Case illustration of seizures in a critically ill patient


	Annual Fundamentals Symposium
	Beyond Seizures: Tapping Into the Community for Care
	International epilepsy standard set of outcomes for routine clinical practice
	Behavioral health across the spectrum of epilepsy
	Addressing the cognitive difficulties of people with epilepsy
	Self-management and the self: Partnering with the community to improve outcomes for people with epilepsy
	Raising the stakes: Complexities for those with neurodevelopmental disorders


	Presidential Symposium
	Seizure Semiology: The Jacksonian March to the Present
	Focal versus generalized epilepsy: Are all epilepsies focal?
	Excitation and inhibition during temporal lobe epileptic seizures
	Neuroimaging of temporal lobe epilepsy
	Semiology in clinical trials
	Modern approaches to exploring semiology and seizures


	Advanced Practice Providers Symposium
	Medication Dilemmas: Practical Approaches to Pharmacological Management of Epilepsy
	Choosing the first anti-seizure medication
	Polypharmacy, is less more?
	Drug interactions and medications that lower seizure threshold
	Seizure action plans and rescue medications across the lifespan
	Special situations: Surgery/NPO, illness, missed dose and so on


	Epilepsy Therapies Symposium
	New Approaches to Drug-Resistant Epilepsy
	Impact of genetics on surgical management of epilepsy--Advancements in neuropathology
	New anti-seizure medications: Update for 2022
	New approaches for treatment of multifocal epilepsy
	Minimally invasive epilepsy surgery techniques
	Genetic approaches to epilepsy comorbidities


	Best Practices in Clinical Epilepsy Symposium
	Access to Care for the Underserved Managing Epilepsy

	Epilepsy Surgery Symposium
	Epilepsy Surgery Controversies: A Case-Based Discussion

	Annual Course
	Epilepsy in the Era of Personalized Medicine

	Susan Spencer Symposium
	Patient-Centered Research: Over a Decade of Impact on Practice
	Reflections on Dr Susan Spencer’s Legacy
	Patient-oriented research along the epilepsy-dementia continuum
	An odyssey from registries to EMR to high-dimensional data for patient-oriented research
	The role of an institution in creating a vibrant training program
	The role of a mentor
	The role of a professional society
	What is next after early career funding


	Merritt-Putnam Symposium
	Recent Insights Into Epileptic Networks and Clinical Implications
	Understanding neuronal synchronization in epilepsy: The impact of rare genetic mechanisms
	Epileptic neuronal circuits in epilepsy animal models: It is not just the neocortex
	Identification of human epilepsy networks and applications in epilepsy surgery
	Artificial intelligence to characterize human epilepsy networks: Implications on classification prognostication


	Conclusions
	Special Lecture
	Sleep and Epilepsy Across the Life Span
	Sleep in neonates and infants with seizures
	Sleep and epilepsy in the pediatric population
	Sleep and epilepsy across the life span: Adolescence
	Sleep and epilepsy interactions in the adult
	Sleep and epilepsy in older adults
	Effects of epilepsy on caregivers’ sleep


	Pediatric State of the Art Symposium
	Addressing Knowledge Gaps in Early Life Epilepsy
	Lessons learned through early victories: The early life epilepsy registry
	The pediatric epilepsy learning healthcare system (PELHS): Answering big questions with bigger data
	What we don’t know can hurt others: Disparities in treatment of infantile spasms
	Strength in numbers: Developing biomarkers in rare epilepsies
	Debate: Early surgery versus waiting for a second ASM failure--Con
	Debate: Early surgery versus waiting for a second ASM failure--Pro
	SCN8A registry


	Hot Topics Symposium
	From Traumatic Brain Injury to Post-Traumatic Epilepsy and Its Comorbidities
	What have we learned on post-traumatic epilepsy in prospective large multicenter studies--Is there an epileptogenic TBI endophenotype?
	Sleep, inflammation, and inhibitory microcircuits--Is thalamus emerging as an epicenter for post-traumatic epileptogenesis?
	Prophylaxis and/or treatment of acute post-TBI seizures and status epilepticus: Who, when, why, which, and how--Are there enough data for consensus?
	Can post-traumatic epileptogenesis be prevented--Any hope on the horizon?
	Quality-of-life determinants in post-traumatic epilepsy: Is it just about the seizures? Quality of Life is an important outcome for people with epilepsy


	Scientific Symposium
	The Many Facets of Neurodegeneration in Epilepsy
	Characterizing neurodegenerative pathology in epilepsy and potential drivers
	Shared mechanisms of cognitive decline in Alzheimer disease and epilepsy
	Cognitive profiles associated with neurodegeneration in epilepsy
	Imaging correlates of pathological ageing in epilepsy
	Multimodal connectome models of epilepsy-related disease progression


	Authors’ Note
	Acknowledgments
	Declaration of Conflicting Interests
	Funding
	ORCID iDs
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice




