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Can genetic markers be used
to diagnose and treat epilepsy
and seizure disorders?

Previous reseach has uncovered a strong link between certain DNA sequences and the
development of epilepsy. Currently, there are hundreds of genes that are related to epilepsy.
Some run in families, and some occur spontaneously in an individual. Understanding the role
of these genes in the development of epilepsy can help to answer key questions, such as a
person's risk of developing epilepsy, the chances that a child will inherit epilepsy from a
parent, and how genes interact with the environment to affect disease onset. Many epilepsy
syndromes have been linked to changes in particular genes, and genetic testing may be able
to provide a clear diagnosis in some cases. In addition, genetic markers may help researchers
to predict how an individual may respond to a specific anti-seizure drug. There is no single
treatment that works for all people, and a "trial and error" approach is often used. With more
information about how genes can affect treatment responsiveness, an individualized
approach to epilepsy treatment may be possible. Researchers can also use this information to
develop new treatments that specifically target these genetic changes.
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What are the impacts of long-
term use of anti-seizure drugs,
the causes of side effects of
these treatments and how can
we prevent the side effects?

All anti-seizure drugs (ASDs) have possible side effects, most of which are well-known.
However, the impact of taking these drugs for long periods of time, or a lifetime, is unclear.
Researchers are still trying to understand the cumulative effect of ASDs on physical and
mental health, and how these effects change over time. Examples include effects on bone
health, hormonal systems, reproductive systems, cognition and behaviour, and the digestive
system (including the liver, which metabolizes many ASDs). Side effects can have a significant
impact on quality of life, and can also affect drug adherence. Clear strategies to minimize and
manage side effects by modifying medications or dosing still need to be developed.

Evidence Not Identified

What are the long-term
impacts of seizures on a
person's brain, and overall
health and development?

The direct effects of seizures on brain cells is an ongoing area of research. It is unclear if and
how repeated seizures change the structure and function of the brain over time, and if such
changes can be reversed if seizure control is achieved. An important question is how recurrent
seizures affect cognition and mental health, and if seizure activity increases the risk of
developing other conditions, such as depression or attention deficit disorders. This is also
critical for understanding how seizures affect learning, memory and development, particularly
when epilepsy is diagnosed in infancy or childhood. The long-term effects of seizures can be
difficult to study since both seizures and cognitive changes may be due to an underlying
condition. In addition, epilepsy treatments such as anti-seizure drugs can also have long-term
health effects, making it difficult to study these factors independently.

Epilepsy: a public health imperative. Geneva: World Health Organization; 2019.

How can the risk of SUDEP
(Sudden Unexpected Death in
Epilepsy) be reduced in people
with epilepsy?

SUDEP stands for Sudden Unexpected Death in Epilepsy. It occurs when an otherwise healthy
person with epilepsy dies suddenly and unexpectedly, and no clear cause of death can be
found. It is most likely that more than one cause of SUDEP will be identified. Since most
deaths occur after a generalized tonic-clonic seizure, it is likely that the seizure itself is a
contributing factor. Possible theories being investigated include changes in breathing
patterns, heart rate, or brain function. There may also be a genetic link between seizures and
abnormal heart function, meaning that people with epilepsy may be more prone to irregular
heart rhythms. However, it is unlikely that all SUDEP-related deaths occur in the same way,
and more research is needed to better understand the causes of SUDEP and how the risk can
be reduced.
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What is the most effective
testing protocol for
determining causes of seizures
and/or a diagnosis of epilepsy
or other seizure disorders and
to reduce time to diagnosis?

The diagnosis of epilepsy can be challenging. Seizures can have many different causes, and
even after testing, the cause can be unclear. The diagnosis of epilepsy can be made by
different health care providers, such as family physicians, pediatricians, or neurologists. Tests
that can be used to assist with diagnosis include electroencephalography (EEG), brain imaging,
or genetic testing; however,there is no standard procedure, and access to testing can vary
widely across the country. There is no established protocol to determine whether a person's
seizures are the result of trauma to the brain, genetic variations, or other causes, or if seizures
are non-epileptic. In addition, testing may not reveal any abnormalities, and there are no
clear guidelines for how to proceed when tests are inconclusive. This can lead to long delays
in diagnosis, or an incorrect diagnosis, and failed attempts at treatment. More research in this
area is needed, as early diagnosis of seizure disorders is critical for effective treatment.
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What are the brain changes,
on a cellular level, that lead to
seizure development?

It is known that abnormal electrical activity in the brain leads to the onset of seizures. At the
cellular level, it is clear that brain cells (neurons) becomes hyperexcitable and the normal
balance of excitation and inhibition is disrupted. However, it is unclear what triggers this
disruption, and why epilepsy can suddenly develop at any time in the absence of injury,
trauma or family history. There are many potential mechanisms, including loss or
degeneration of neurons, inflammation, structural changes, or changes in how neurons
communciate with each other. It is not clear whether these reflect long-term or sudden
changes. An important question is how to uncover the causes of epilespy in individuals where
diagnostic testing (brain imaging, genetic testing) does not show any abnormalities.
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How effective is surgical

treatment for adult and

children who experience
seizures/epilepsy?

Resective surgery (removing the part of the brain that causes seizures) can be an effective
treatment for people whose seizures cannot be controlled by medication. However, not all
people with epilepsy are candidates for surgery, and the success rates vary depending on
which area of the brain is affected. Surgery is not 100% effective, and some people will
continue to have seizures afterwards. More research is needed into what determines a
person's chances of being seizure-free after surgery, which indviduals are most likely to
benefit from surgery, and how to optimize seizure outcomes and reduce the risk of
complications following surgery, such as language or memory deficits.
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What causes memory
problems associated with
seizures? Can these memory
problems improve over time
and what are the best
treatment options for memory
loss in people who experience
seizures?

Memory problems remain one of the most significant challenges facing people with epilepsy.
Memory difficulties may be due to structural changes in the brain, side effects of anti-seizure
medication, or seizures themselves. However, in most people, the source of memory
problems cannot be clearly identifed. Without understanding the cause, it is difficult to
predict how memory problems will change over time. For people who experience memory
loss, treatment options are currently limited. Research in this area can help to shed light on
the most effective approaches to manage memory problems, such as medication changes or
cognitive strategies to help people with epilepsy improve memory function in their daily lives.
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Aside from anti-seizure drugs
and some brain lesions, what
causes behavioural changes in
people who experience
seizures? What is the best way
to treat behavioural issues?

Behavioural changes, such as depression, anxiety, impulsiveness, aggression, and attentional
difficulties are often seen in people with epilepsy. Some of these changes may be due to side
effects of anti-seizure drugs (ASDs), some may be caused by structural abnormalities in the
brain, and some may be caused by seizures themselves. In addition, there may be other
contributing factors, such as stress, environment, sleep quality or social settings. More
research is needed to determine how each of these affect cognition and behaviour. Current
treatments include counselling or psychotherapy, modifying or changing ASDs, or adding
medication to treat behavioural issues. Researchers are still trying to determine the most
effective treatments or therapies to manage behavioural changes in people with epilepsy.
Another key question is how to effectively treat seizures while minimizing or managing
behavioural changes.
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medication? How can we polytherapy are lacking. In addition, there is no single approach to treatment that works for
determine which all individuals, and a person's response to a given anti-seizure drug is generally unpredictable.
combinations of anti-seizure  [Research in this area can help to uncover the most effective drug regimens for different types
drugs are effective? of epilespy, and how a person's unique biology can affect their response to treatment.
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between hormonal changes
(e.g. puberty, menopause,
pregnancy) and seizure onset
and/or frequency, and what
are the effects of seizures
during pregnancy?

(catamenial seizures), it is generally unclear how hormonal changes impact seizure activity.
Seizures may be affected by phases of marked hormonal changes such as puberty,
menopause and pregnancy, but a precise causal link has not been established. Seizures can
also occur in areas of the brain that are closely linked to structures that regulate hormones,
which may affect hormone levels. While it is clear that certain hormones can act on brain cells
and influence seizure activity, these relationships are complex and can be affected by
different factors. It is also unclear if and how seizures during pregnancy can affect the
development of the fetus, and how epilepsy may be linked to reproductive disorders in
women.
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Is it safe to wean a person who
has experienced seizures off of
anti-seizure drugs and if so,
when is the right time to wean
off anti-seizure drugs?

Patients who have been seizure-free for a prolonged period may wish to discontinue anti-
seizure drug (ASD) treatment. Additionally, some people may wish to discontinue treatment
because of side effects or concerns about long-term changes. In Canada, there are no specific
guidelines for when or how to wean ASDs, and the risk of seizure recurrence after weaning
can be high. The decision to discontinue treatment is shared between the person with
epilepsy and their health care providers after carefully considering the risks and benefits. The
risk of seizure recurrence, and how much risk is considered acceptable, can be different for
each person depending on their type of epilepsy, their prognosis and their lifestyle. Due to a
lack of data, weaning can become a "trial and error" process. Further research is neeeded to
determine the optimal duration of ASD treatment and the best time to wean medications
after seizure freedom has been achieved in order to minimize the chances of seizure
recurrence.
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What are the best ways to
support people who
experience seizures secure and
perform in employment (e.g.,
through accommodations) and
what interventions can reduce
workplace discrimination?

People with epilepsy (PWE) face many employment barriers: they are more likely to be
unemployed or underemployed, and also face stigma when trying to enter the workforce.
PWE often fear discrimination if they choose to disclose their condition to employers or
potential employers. More research is needed into how workplaces can better accomodate
PWE, and what strategies can be used to help PWE obtain employment. Researchers have
not yet uncovered the most effective ways to support people with seizures in the workplace,
and how can society ensure that these are implemented. Research and awareness among
employers can also help to de-stigmatize epilepsy so that it does not pose a barrier to career
advancement.
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What non-drug lifestyle
treatments (e.g.,
cardiovascular exercise, yoga)
are effective for controlling
seizure frequency with or
without standard treatments
(e.g., anti-seizure drugs)?

Seizures may be triggered by environmental factors such as stress, lack of sleep, or poor
overall health. Non-drug interventions such as aerobic exercise, yoga and mindfulness training
that promote physical and mental health may reduce stress and change the level of seizure
activity in the brain. However, more research is needed into the optimal type, amount,
frequency and duration of lifestyle treatments and how these activities interact with standard
epilepsy treatments such as anti-seizure drugs.
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