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SUMMARY

The 63 Annual Meeting of the American Epilepsy Society was held in
Boston, Massachusetts, USA on December 4-8, 2009. The meeting
was attended by more than 4,000 delegates involved in both basic
and clinical aspects of epilepsy across the globe. The topics of deliber-
ation were divided into symposia, special lectures and poster presenta-
tions. Epilepsy is one of the world’s oldest known neurological condi-
tions and is associated with a high degree of social stigma and
discrimination. According to a report from the World Health
Organization (WHO), approximately 50 million people worldwide suf-
fer from epilepsy. Unfortunately, patients suffering from epilepsy have
a greater probability of developing other comorbid neurological com-
plications, such as major depression, anxiety and dementia. Despite
the availability of more than 25 antiepileptic drugs, approximately 30-
40% of the epileptic population does not attain complete remission.
Various novel drug targets and therapies have been identified to treat
epilepsy. These new drugs are expected to have a better safety profile
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compared to currently available drugs. However, we still need to inves-
tigate many unanswered questions in epilepsy and emphasis should
be placed on the development of target-specific novel drug therapies.
Therefore, organizing such meetings and presenting new outcomes in
the field of epilepsy may unlock new treatment options for these
patients. The present review attempts to synthesize outcomes of the
deliberations in the field of epilepsy that were discussed at the meeting.

INTRODUCTION

The American Epilepsy Society is one of 98 chapters of the
International League Against Epilepsy (ILAE) and is considered the
oldest neurological society in the U.S. The society is the premier
organization of clinicians and basic scientists that aims to support
research and education dedicated to the prevention, treatment and
cure of epilepsy. The 63 Annual Meeting of the American Epilepsy
Society was held in Boston, Massachusetts, USA, on December 4-8,
2009. Boston is an education hub of America with world-class edu-
cational institutions. The meeting was attended by more than 4,000
epilepsy care professionals from all over the globe, including neurol-
ogists, neurophysiologists, epileptologists, neuroscientists, neuro-
surgeons, internists, pediatricians, pharmacists, nurses, social work-
ers and other epilepsy care professionals. The meeting discussed
some of the novel outcomes in the area of epilepsy research, which
include the discovery of novel antiepileptic drugs such as eslicar-
bazepine acetate and brivaracetam, mTOR (mammalian target of
rapamycin) inhibitors, clinical trials with antiepileptic drugs, pedi-
atric epilepsy care, the association of comorbid disorders such as
anxiety and major depression, the future of epilepsy therapy, surgi-
cal options available for epileptic patients and the intrapulmonary
approach of antiepileptic drug administration. Different pharmaceu-
tical companies involved in exploring novel targets in the field of
epilepsy also presented their preclinical and clinical experiences
with these molecules.

Epilepsy is a chronic neurological disorder characterized by recurrent
seizures caused by sudden, usually brief, excessive electrical dis-
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charges in a group of brain cells (neurons). Approximately 70% of
cases of epilepsy are idiopathic/cryptogenic with no underlying
cause. In contrast, 30% of epileptic patients have identifiable dis-
eases or brain abnormalities, such as brain tumors, infections, fever
(febrile seizures), head trauma, stroke, inborn errors of metabolism,
etc. An imbalance between excitatory and inhibitory neurotransmit-
ter systems in the brain can lead to many neurological disorders,
including epilepsy. For example, according to the classic theory
explaining the pathophysiology of epilepsy, there is an excessive
release of glutamate (excitatory neurotransmitter) or a decrease in
y-aminobutyric acid (GABA; inhibitory neurotransmitter). In addition
to glutamate and GABA, adenosine is equally important in seizure
activity and disturbances in the adenosinergic system may also lead
to the onset of seizures. Also, there is excessive sodium and calcium
channel-induced neuronal depolarization leading to excessive firing
of neurons and thus "“hyperexcitable neurons”. Therefore, the
approach employed to treat epileptic patients is to either block the
excitatory pathway or enhance the inhibitory neurotransmitter path-
way in the brain.

Based on this concept, more than 25 antiepileptic drugs are avail-
able on the market. These drugs were mainly discovered through
serendipity. Unfortunately, despite the availability of these
antiepileptic drugs, approximately one-third of the epileptic popula-
tion still continues to have seizures. Therefore, it is very important to
discover novel antiepileptic drugs based on our understanding of
cellular and molecular mechanisms in epilepsy. These novel drugs
are expected to possess better efficacy and safety profiles compared
to currently available agents. By discovering new drugs based on
novel targets, we hope to treat the remaining 30-40% of the epilep-
tic population that does not respond to current antiepileptic drugs.
The present review discusses some of the deliberations held at the
63 Annual Meeting of the American Epilepsy Society.

ESLICARBAZEPINE ACETATE: A NEW ANTIEPILEPTIC
MOLECULE

Eslicarbazepine acetate is a new once-daily antiepileptic drug that
proved effective in clinical trials for the treatment of partial-onset
seizures. The structure of eslicarbazepine resembles that of carba-
mazepine and oxcarbazepine in that it possesses a dibenzazepine
nucleus ring bearing a 5-carboxamide substituent. However, it dif-
fers structurally from carbamazepine and oxcarbazepine at the 10,11-
position. This prevents the formation of toxic epoxide during the
metabolism of eslicarbazepine (1). This novel molecule acts by
inhibiting voltage-gated sodium channels, thereby reducing the
hyperexcitability of neurons. In a multicenter, double-blind, random-
ized, placebo-controlled study including 143 patients (18-65 years of
age) with at least 4 partial-onset seizures per month, it was found
that eslicarbazepine acetate at a dose of 800 mg once daily
reduced seizure frequency compared to the placebo control group.
During the phase Il studies of eslicarbazepine in subjects with par-
tial-onset epilepsy, a dose of 800 mg did not have any pharmacoki-
netic interactions with carbamazepine, levetiracetam, lamotrigine,
topiramate and valproate (2). Eslicarbazepine acetate was well tol-
erated and resulted in continued decreases in seizure frequency over
the 1-year treatment period (3). The molecule has been found to
improve quality of life with once-daily dosing in adult patients with
epilepsy suffering from partial-onset seizures (4).
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MTOR INHIBITORS IN EPILEPSY

mTOR, or mammalian target of rapamycin, is a serine/threonine-
protein kinase involved in protein synthesis related to cell growth
and proliferation, angiogenesis and cell metabolism, and also regu-
lates neuronal development and synaptic plasticity (5, 6). The mTOR
pathway is dysregulated in many disorders, such as diabetes, obesi-
ty, cardiovascular disease, cancer and neurological diseases.
Rapamycin is an immunosuppressive agent that acts by directly
binding to MTOR complex 1 (mTORC1) and has been approved for
the prophylaxis of organ rejection in patients aged 13 years or older
who receive renal transplants. Several other disorders, including
tuberous sclerosis complex (TSC; a genetic disorder that causes
tumors to form in many different organs, including the brain), focal
cortical dysplasia (a wide range of alterations of the cortical mantle),
hemimegalencephaly (a rare disorder in which one side of the brain
is bigger than the other) and ganglioglioma (a tumor that arises
from ganglion cells in the central nervous system) are also associat-
ed with an altered mTOR signaling pathway. Most of these disorders
are highly associated with a risk of developing epilepsy. Therefore, it
can be speculated that inhibiting mTOR using rapamycin can be a
useful therapy in epilepsy associated with the above-mentioned
disorders.

In one of the symposia held at the American Epilepsy Society meet-
ing, the usefulness of rapamycin in epilepsy was discussed (7).
Rapamycin has demonstrated potential in treating epilepsy associ-
ated with tuberous sclerosis. Tuberous sclerosis is a genetic disorder
associated with mutations in either TSC1 (tuberous sclerosis 1 pro-
tein) or TSC2 (tuberous sclerosis 2 protein) and can lead to epilepsy,
mental retardation and autism (8). The neuronal TSC1 knockout
mouse is available and known to exhibit hyperactivity, tremor,
seizures, poor weight gain and a median survival of 33 days (9).
Several preclinical studies have depicted the role of mTOR in the
pathophysiology of epilepsy. In one study, the mTOR pathway was
shown to be activated following kainic acid-induced status epilepti-
cus, and rapamycin pretreatment decreased seizure-induced cell
death and spontaneous seizures. Also, treatment with rapamycin
after status epilepticus blocked late mTOR activation and sponta-
neous seizures (10). Based on these studies, it can be speculated
that rapamycin may be a useful therapy for patients with epilepsy
associated with tuberous sclerosis.

INTRAPULMONARY APPROACH TO DELIVER ANTIEPILEPTIC
DRUGS

Another interesting lecture given at the meeting addressed the
intrapulmonary approach to deliver antiepileptic drugs. The intra-
pulmonary route is considered to be the fastest route of drug action
and has been attempted for many molecules, including antiasth-
matic, antidiabetic and, more recently, antimigraine agents. This
route can potentially be useful for delivering antiepileptic drugs into
the brain. The lungs are highly vascularized tissues that receive their
blood supply directly from the right side of the heart via the pul-
monary arteries. Inhaled agents are rapidly absorbed into the blood-
stream and bypass first-pass metabolism in the liver. The blood exit-
ing the lungs is directly carried to the brain via the carotid arteries.
The inhaler device is expected to be used by patients experiencing
an aura or warning of an impending seizure by a seizure prediction
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device to abort the onset of a full-blown seizure. Researchers have
carried out preclinical experiments using propofol hemisuccinate, an
aqueous prodrug of propofol, in animal models of seizures. Propofol
was chosen because it is a powerful anticonvulsant that is employed
to abort status epilepticus. Moreover, it has a quick onset of action
and a fast clearance rate. Therefore, when inhaled, only minute
quantities (ug) may be sufficient to abort the onset of full-blown
seizures, and the patient can resume daily activities after a few min-
utes of sedation caused by propofol. Such an inhaler system is con-
sidered to be the future for the management of acute attacks of
epilepsy in patients suffering from temporal lobe epilepsy with aura,
and also status epilepticus (11, 12). However, this approach requires
clinical testing.

COMORBID NEUROLOGICAL DISORDERS IN EPILEPSY

Like other chronic illnesses, epilepsy affects the patient’s quality of
life and interferes with daily activities. Depression is a common
comorbid disorder associated with epilepsy. Many theories have
been proposed to explain the occurrence of depressive symptoms in
patients suffering from epilepsy, including: 1) an altered metabolic
state of neurons; 2) a psychological component of epilepsy; 3) the
adverse effects of some antiepileptic drugs; and 4) serotonin distur-
bance as a common pathophysiological factor in both depression
and epilepsy (13). Chronic administration of antiepileptic drugs has
also been associated with mood fluctuations. Drugs such as barbi-
turates, vigabatrin and topiramate pose a greater risk, while
tiagabine, levetiracetam and felbamate are associated with an inter-
mediate risk for depressive disorders in epilepsy (14, 15). In contrast,
antiepileptic drugs such as phenytoin, ethosuximide, carba-
mazepine, oxcarbazepine, gabapentin, sodium valproate, prega-
balin and lamotrigine are associated with a low risk for depression,
and some may even alleviate the mood disorder (14). For example, in
one clinical study, lamotrigine was found to improve the symptoms
of depression in patients suffering from epilepsy (16). In another
study, post-status epilepticus rats demonstrated an increase in
immobility in the forced swim test, demonstrating a depression-like
state. Furthermore, the effect was reversed by chronic administra-
tion of fluoxetine, a selective serotonin reuptake inhibitor (SSRI) (17).
Interleukin-16 (IL-18) has also been found to be involved in the patho-
physiology of both temporal lobe epilepsy and clinical depression.
Infusion of recombinant IL-1 receptor antagonist (IL-1ra) to the hip-
pocampus of post-status epilepticus rats improved depressive
symptoms such as anhedonia and despair, dysregulation of the
hypothalamo-pituitary—adrenocortical axis and compromised
raphe—hippocampal serotonergic transmission (18).

In one presentation at the meeting, the bidirectional comorbidity
between epilepsy and psychiatric disorders was discussed. Patients
suffering from epilepsy, in particular temporal lobe epilepsy, have a
higher risk of developing depression and patients with a history of
depressive disorder or suicide attempts are more likely to develop
epilepsy (19). Other neurological disorders, such as anxiety, attention
deficit, psychotic and personality disorders, are also associated with
epilepsy. Often, seizure remains the focus of clinical care in patients
suffering from epilepsy, although behavioral disorders may also be
troublesome for the patient and the family. Antidepressant drugs
such as SSRIs and serotonin—norepinephrine reuptake inhibitors
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(SNRIs) are considered to be safe for treating patients suffering from
comorbid depression and epilepsy (20).

In another talk at the meeting, the role of serotonin in the patho-
physiology of both epilepsy and depression was discussed (21). The
5-HT,, receptor is involved in the pathophysiology of both major
depression and epilepsy. A decrease in 5-HT,, receptor binding has
been demonstrated in various regions of the brain, such as amyg-
dala, hippocampus, temporal cortex, insula, anterior cingulate and
the raphe nucleus, ipsilateral to seizure origin of patients suffering
from temporal lobe epilepsy (19, 22). These regions of the brain are
involved in the pathogenesis of both epilepsy and major depression.

Epilepsy and dementia are also linked with each other (23). In a
prospective cohort study, it was concluded that unprovoked seizures
occur more frequently in patients suffering from Alzheimer’s disease
compared to the general population (24). Another study has shown
that seizure incidence is increased in subjects with mild to moderate
Alzheimer's disease (25). It has been demonstrated that fibrillar
B-amyloid (AB) is responsible for altering neuronal membranes, pro-
ducing hyperexcitability of pyramidal cells, which culminates in
epileptiform activity (26).

NEUROINFLAMMATION AND NEUROEXCITABILITY

Neuroinflammation plays a role in almost all neurological disorders.
Various findings have suggested that targeting inflammatory
processes in the brain can be protective in treating schizophrenia,
depression, Parkinson’s disease and Alzheimer’s disease. At the
meeting, the involvement of neuroinflammation in epilepsy was a
topic of debate (27).

Cytokines are known to be involved in the pathophysiology of epilep-
sy (28). In one study, focal application of kainic acid in the rat hip-
pocampus resulted in enhanced IL-18 immunoreactivity in glial cells.
Moreover, injection of IL-1B shortly before kainic acid enhanced
seizure activity; the effect was blocked by selective antagonists of
IL-1B and N-methyl-pD-aspartate (NMDA) (29). This suggests that
IL-1B worsened the seizure activity by modulating glutamatergic
neurotransmission. This was further confirmed by Viviani et al., who
demonstrated that IL-13 enhanced the NMDA receptor-mediated
intracellular calcium increase through activation of tyrosine kinases
and subsequent NR2A/B subunit phosphorylation (30). Moreover,
proinflammatory cytokines can prevent astrocytic glutamate uptake,
resulting in elevated extracellular glutamate levels and hyperex-
citability (31). IL-1B is known to aggravate epileptic activity, contribute
to neurodegeneration and increase blood-brain barrier permeabili-
ty. In another study presented at the meeting, it was shown that rats
with traumatic brain injury demonstrate microglia and astrocyte
activation, which leads to more IL-1B production. Enhanced IL-1f pro-
duction can be damaging to neurons and may be considered one of
the possible causative factors for brain injury-induced epilepsy (27).

In addition to the involvement of cytokines in the pathophysiology of
epilepsy, various animal studies have demonstrated the protective
effect of cyclooxygenase (COX) inhibitors in epilepsy. COX is a key
enzyme involved in the synthesis of prostaglandins and leukotrienes
and exists in two isoforms, COX-1and COX-2. COX-1is the constitu-
tively expressed isoform, while COX-2 is the inducible isoform.
Various studies have demonstrated the protective effect of COX-2
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inhibitors in animal models of epilepsy. The mechanism is not yet
clear, but is hypothesized to be mediated through modulation of
GABAergic neurotransmission (32). Therefore, we hope that target-
ing neuroinflammation may be a future line of treatment for patients
suffering from pharmacoresistant epilepsy.

KETOGENIC DIET AND EPILEPSY

The ketogenic diet has been considered since the 1920s to control
intractable seizures. The diet comprises high fat, adequate protein
and low carbohydrate contents (33), and is considered to reduce
seizure frequency and to be suitable for children who continue to
have seizures despite treatment with antiepileptic drugs (34). In one
study reported by Ginzberg et al., approximately 10 pharmacoresis-
tant patients (8 months to 19 years of age) were treated with the
ketogenic diet. These cases were not responding to any antiepileptic
drugs (35). In a recent randomized clinical trial involving 145
patients, the ketogenic diet was proven effective in children with
intractable epilepsy (36). The ketogenic diet is a promising therapy
for patients with myoclonic—astatic epilepsy, a malignant epilepsy
syndrome that often proves refractory to antiepileptic drug treat-
ment (37). The mechanism of the protective effect of the ketogenic
diet is not completely understood, but it is hypothesized to entail: 1)
alteration of the levels of GABA and other cerebrospinal fluid amino
acids; 2) change in mitochondrial biogenesis; 3) anticonvulsant
properties of ketone compounds such as acetone; 4) neuroprotective
mechanisms via shielding from free oxygen radicals by inducing glu-
tathione peroxidase; and 5) prevention of apoptosis by increasing
the levels of the protective protein calbindin (33). In a study dis-
cussed at the meeting, the long-term health and seizure outcomes
of children treated with the ketogenic diet were studied. It was con-
cluded that the ketogenic diet has long-lasting beneficial effects in
controlling seizures but does not affect growth, lipids, liver or kidney
functions in patients (38). In another study presented at the meet-
ing, the ketogenic diet was found not to produce dyslipidemia when
tested in 12 children with intractable epilepsy. These children were
started with the ketogenic diet and fed a high-fat formula at a 4:1
ratio. There was a significant decrease in low-density lipoprotein
(LDL) levels after 12 months of the ketogenic diet, while the levels of
cholesterol, triglycerides and high-density lipoproteins (HDL) were
not affected (39).

CONCLUSIONS

The American Epilepsy Society continues to be an exciting platform
for the presentation and propagation of cutting-edge epilepsy-relat-
ed basic and clinical data. Maintaining its traditions, the 63 Annual
Meeting of the American Epilepsy Society discussed novel outcomes
in the field of both basic and clinical research in epilepsy. Various
comorbid neurological disorders, such as major depression, anxiety
and dementia, are often associated with epilepsy. Treatment of these
disorders is as important as treating seizures in these patients.
Based on our understanding of the pathophysiology of epilepsy and
the ongoing research exploring novel targets, we hope to be able to
treat the remaining 30-40% of the epileptic population that is still
not seizure-free.
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