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Abstract: Epilepsies are among the most common neurological problems. The disease
burden in patients with epilepsy is significantly high, and epilepsy has a huge negative
impact on patients’ quality of life with epilepsy and their families. Anti-seizure medications
are the mainstay treatment in patients with epilepsy, and around 70% of patients will
ultimately control with a combination of at least two appropriately selected anti-seizure
medications. However, in one-third of patients, seizures are resistant to drugs, and other
measures will be needed. The primary goal in using experimental therapeutic medication
strategies in patients with epilepsy is to prevent recurrent seizures and reduce the rate of
traumatic events that may occur during seizures. So far, various treatments using medications
have been offered for patients with epilepsies, which have been classified according to the
type of epilepsy, the effectiveness of the medications, and the adverse effects. Medications
such as Levetiracetam, valproic acid, and lamotrigine are at the forefront of these patients’
treatment. Epilepsy surgery, neuro-stimulation, and the ketogenic diet are the main measures
in patients with medication-resistant epilepsies. In this paper, we will review the therapeutic
approach using anti-seizure medications in patients with epilepsy. However, it should be
noted that some of these patients still do not respond to existing treatments; therefore, the
limited ability of current therapies has fueled research efforts for the development of novel
treatment strategies. Thus, it seems that in addition to surgical measures, we should look for
more specific agents that have less adverse events and have a greater effect in stopping
seizures.
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Introduction
Epilepsy is one of the most important diseases of the nervous system that affects
0.5-1% of people in the community." Despite significant therapeutic advances in the
control of epileptic seizures, in 20-30% of patients, epileptic seizures are not well
controlled, and patients who are controlled with medication(s) are not free from
unwanted adverse effects and its various problems.? The symptoms of epilepsy fall in
a wide range, of which some people with absence epilepsy stare for a few seconds
during a seizure, while others with generalized epilepsies may experience tonic-
clonic seizures.® Epilepsy is diagnosed based on history, physical examination, and
paraclinical tests, in particular, electroencephalography (EEG). Other disorders such
as fainting, psychogenic non-epileptic seizures, and transient ischemic attacks should
be considered in the differential diagnosis; however, their treatment is different.
Patients with epilepsy face many different challenges. The most significant
challenges are: misdiagnosis of epilepsy in a patient who does not really have the

submit your manuscript

Dove n

http:

" in @

Journal of Experimental Pharmacology 2021:13 265-290 265

© 2021 Rahim et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

T php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-2857-4562
http://orcid.org/0000-0001-5423-6375
mailto:sayahbargard@gmail.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Rahim et al

Dove

disease misdiagnosis of epilepsy and consequently impro-
per drug selection, refusal to accept medication by the
patient, unintended adverse events of antipsychotic medi-
cations, medication resistance in the patient, measures
other than medical therapy and its limitations, photosensi-
tivity, age and epilepsy problems in children and the
elderly, epilepsy and pregnancy, and sudden death in epi-
leptic patients. In this review, we will collect and compile
the treatment problems of these patients, as well as review
the therapeutic approach using anti-seizure medications in
patients with epilepsy.

Epidemiology and Etiology

Around 50 million people worldwide have epilepsy, but its
distribution varies across countries. The prevalence of
epilepsy is higher in developing countries than in devel-
oped countries. The annual incidence rate of epilepsy is
between 18.9% and 19%. The estimated annual incidence
is 70-40 per 100,000 person-years in developed countries
100 per

countries.*

and 100,000 person-years in developing

GBD 2017
Disorders Collaborators estimated the incidence, preva-

Recently, US Neurological
lence, mortality, and disability-adjusted life-years (burden)
of epilepsy among the 48 contiguous states and showed
that eastern states had higher rates of idiopathic epilepsy.’
Similarly, Deuschl et al compared the burden of epilepsy
in the EU between 1990 and 2017 with those of the WHO
European region and worldwide and showed that the dis-
ease’s prevalence and burden would likely increase with
the progressive ageing of the European population.®

The highest age-adjusted incidence rate is observed in
children and older people. Approximately 50% of all cases
of epilepsy occur both in children and in adults, and the
incidence is slightly higher in men compared to women
and tends to peak in the elderly.’ Indeed, the trend over the
past thirty years has shown a decrease in the incidence of
epilepsy in children and an increasing pattern in adults.
The reason for this is not entirely clear, but the decrease in
the trend in children can be due to a healthy lifestyle,
better care, and increase immunization programs during
pregnancy.® During pregnancy and childbirth, these quality
health care can reduce brain damage, congenital hypoxia,
and viral infections of the central nervous system (CNS).”
The increased incidence of epilepsy in the elderly can be
attributed  to
conditions.'® Around 75% of the 60 million patients with

increased age-related  epileptogenic
epilepsy reside in resource-limited areas in developing

countries with poor diagnostic services and treatment

facilities."" A large proportion of these patients may not
receive appropriate treatment, which is called the “treat-
ment gap” because there is low availability of anti-seizure
medication or do not follow or adhere to the cultural,
economic, or socio-political factors.'?

Researchers have linked certain types of epilepsy to
genetic changes; however, it is estimated that from about
100 to more than genes may be associated with epilepsy.'
Consequently, specific genes can make a person more
sensitive to environmental conditions resulting in epilepsy
or trigger seizures. Traumatic brain injury (TBI), brain
diseases such as tumors or strokes that lead to brain
damage can also lead to epilepsy.'* Stroke is also one of
the major causes of epilepsy in adults over 35 years of age.
Infectious diseases such as meningitis, acquired immuno-
deficiency syndrome (AIDS), and viral encephalitis can
also lead to epilepsy.'>'® Neonates during prenatal period
are susceptible to brain damage that can be caused by
several factors, including maternal infections, malnutri-
tion, or intermittent hypoxia.'” Finally, epilepsy can some-
times be associated with developmental disorders, such as
autism and different kind of neuro-cutaneous disorders.'®

Pathophysiology

All the seizures occur when a part of the brain (mainly the
cortex) produces abnormal, paroxysmal, and recurrent dis-
charges. Although seizures’ pathophysiology is different in
genetic and acquired epilepsies, in all kinds of epilepsies,
from genetic epilepsies to post-traumatic ones, the cortex
produces these abnormal, paroxysmal, and recurrent dis-
charges. In genetic epilepsies with the malfunctioning of
voltage-gated or ligand-gated channels, the defected neu-
rons are prone to produce abnormal discharges. In
acquired epilepsies such as post-traumatic, the neurons’
environment will change in a way that reduces the thresh-
old of neurons to produce abnormal and recurrent
discharge."’

The pathophysiology of epilepsy is usually seen as an
imbalance between y-aminobutyric acid (GABA) inhibitor
This
change is due to the selective loss of GABA-ergic inhibi-

and glutamate-stimulating neurotransmission.’

tory neurons after deposition of epileptic insults (eg, epi-
lepsy, stroke,
reorganization of neural circuits over-synchronize neural

and damaged brain injury) and the

cells population. Deficiency in the signaling of GABA,
and increased glutamatergic transmission, which has been
reported in many types of epilepsy, are considered as the

basis of epilepsy pharmacotherapy.?'*>
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Another mechanism is Neurotransmitters and Drug
Abuse (NMDA). NMDA excessive activity triggers neu-
rons with potentially toxic concentrations of calcium and
sodium. Glutamate-NMDA interactions lead to apoptosis,
which may be closely involved in the pathophysiology of
epilepsy. Despite the advantages of glutamate blockage in
various disorders, deficiency of the NMDA activity can be
deleterious.

There are many  specific  pathophysiologic
defects leading to epilepsy at various levels of brain func-
tions, such as neuronal network and structure, neurotrans-
mitter receptors and synthesis, synaptic development, and
ion channels Different underlying mechanisms, like altered
neuronal circuits, abnormal structure of dendrites and den-
dritic spines, decreased GABA synthesis, abnormal GABA
receptor subunits, and excess glycine lead to over-
activation of NMDA receptors, and potassium channel

mutations.?

Challenges of Epilepsy Treatment

Diagnostic Error

It is clinically essential to differentiate epilepsy from other
conditions mimicking seizures, especially in emergencies,
and there are several ways to diagnose it. One of the
proposed diagnostic methods is the measurement of crea-
tine kinase (CK) enzyme, which increased epilepsy, but it
is not a specific test.”* Lahat et al found an increase in
serum CK in children admitted following an episode of
febrile convulsions.?” Brigo et al, in a systematic review of
four studies, comprising a total of 343 cases, reported that
CK could provide valuable retrospective information at the
later stages of the differential diagnosis between convul-
sive and non-convulsive cases.>® Nass et al retrospectively
studied laboratory markers of cardiac and metabolic com-
plications after generalized tonic-clonic seizures in 223
patients of 986 screened cases, and showed that increased
troponin associated with seizure is among the more fre-
quent complications following emergency admissions.?’
Dafotakis et al evaluated the serum lactate and CK levels
at admission and 1048 h after the seizure episodes,
respectively, and reported that these biomarkers were sig-
nificantly increased in patients with epilepsy.”® Although
several studies have concluded that after seizure, various
reported biomarkers increased significantly, the question
arises as to whether tonic or clonic movements will cause
muscle damage and, consequently, increase this biomarker.
Previous studies with this background have considered

different groups such as psychogenic non-epileptic sei-
zures, vasovagal syncope, and transient loss of conscious-
ness, which are also likely to cause muscle damage in
these disorders, as a control group. However, in compar-
ison, still in the group of seizures, these biomarkers had
a significant elevation.?**°

A number of studies showed that some bias exists in
the diagnosis of epilepsy, which has been studied so far.
Therefore, it is understood that physicians may be biased
in diagnosing epilepsy; although, the studies suggest that
general misdiagnosis of epilepsy may not be a rare
occurrence.”’ These diagnostic errors may also oversha-
dow the global picture, as emphasized, and will be detri-
mental to patient care. As a result, the general
misdiagnosis of epilepsy has probably been underesti-
mated. It is a matter of recognizing important factors that

may lead to such diagnostic errors.

Diagnostic Evaluation
Medical History
Epilepsy is a clinical diagnosis based on the patient’s
history; so, all neurological imaging or examination and
electroencephalographic findings can be normal in patients
with epilepsy. Diagnosis is often difficult in patients with
suspected epilepsy, and about 20% of all patients referred
to diagnostic centers may incorrectly be considered as
epilepsy.®'~** In most cases, the diagnosis of epilepsy is
critical and depends on the description of the attack by
a witness, but the accuracy and validity of this part of the
diagnostic procedure are largely unknown.** Thus, when
there is structural brain damage, treatment is continued for
a lifetime, and in cases, the cause of epilepsy is idiopathic
(genetic), depending on the case, treatment should be
given for two to five years. Therefore, before starting
treatment, it is necessary to make a correct diagnosis.
Although the accuracy of witness descriptions varies
widely, it should be noted that it has important clinical
implications. Diagnosis of epilepsy affects almost all
aspects of a patient’s life, and the classification of the
disease also affects the choice of antiepileptic drugs
(AEDs), which usually is a long-term drug therapy.
Therefore, in patients who do not achieve complete
seizure control, factors other than predisposing factors in
the development of epileptic seizures may are responsible,
which require differential diagnoses. One of the diseases is
syncope, which is a temporary loss of consciousness
usually related to insufficient blood flow to the brain,
which should be differentially diagnosed from epilepsy
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according to medical history and examination.®* Other
diseases, such as migraines, can cause loss of conscious-
ness due to deficiency of minerals and nutrients, vasomo-
tor disorders, and massive vegetative disturbances.*> Some
brain damages, such as brain infections, brain tumors, and
high cranial pressure, can cause loss of consciousness with
or without seizures that should be differentially diagnosed
from epilepsy.*® So, medical history and differential diag-
in the treatment choice for

nosis are fundamental

epilepsy.”’’

Neurological Examination

Diagnosis of neurological diseases, such as epilepsy, is
usually based on the proper combination of patient history
and neurological examination.*® Obtaining an accurate
neurological examination is the most important factor in
achieving a correct diagnosis and using the appropriate
treatment. To diagnose epilepsy, a neurological examina-
tion is performed, which includes questions and activities
to see how the body responds. A neurological examination
comprises numerous procedures to diagnose epilepsy. This
evaluation usually begins with a few simple questions and
other mental assessment tests, which can help determine
the possible brain damage. In these tests, the doctor
assesses the patient’s thinking, memory, and speech skills.
These tests help to determine the damaged areas of the
brain and also brain’s functional capacity in patients with
epilepsy.’’

Electroencephalography (EEG)

This is the most commonly used test for diagnosing epi-
lepsy, in which electrodes were attached to the scalp using
adhesive-like materials and recorded the brain’s electrical
activity.*® Recording seizures helps to determine the type
of seizure as well as rules out other possible diseases. The

doctor may recommend instructions to provoke epilepti-
form discharges, such as sleep deprivation shortly before
the test. Bouma et al in a diagnostic test accuracy meta-
analysis on 15 studies with a total of 1799 participants,
reported the sensitivity and specificity of routine EEG after
a first unprovoked seizure which were 17.3% and 94.7%,
respectively.*! Gilbert et al, in a diagnostic test accuracy
meta-analysis on 25 studies involving 4,912 EEG, showed
Specificity (range 0.13 to 0.99) and sensitivity (range 0.20
to 0.91).*

Laboratory Examination

To diagnose this condition, the physician will review the
symptoms and medical history of a person and perform
several tests to diagnose epilepsy and determine the cause
of the The
a neurological examination in which the doctor may exam-

seizures.*’ first diagnostic method is
ine behavior, motor ability, mental function, and other
areas to diagnose the disease and determine the type of
epilepsy.** Blood tests may also be done to check for signs
of infection, genetic predisposition, or other seizure-
related illnesses. Most of the diagnostic accuracy studies
showed relatively low sensitivity and high specificity for
laboratory biomarkers in patients with epilepsy (Table 1).
Thus, laboratory tests have a low ability to correctly iden-
tify those patients with epilepsy and a relatively high
ability to identify those patients without the disease
precisely.*> Among various laboratory biomarkers, prolac-
tin had sensitivity and specificity of 47-93% and
74-98.2%, respectively, while creatine kinase had sensi-
tivity and specificity of 19-87.5% and 86.7-100%.
Consequently, ammonia showed sensitivity and specificity
of 53-55% and 90-100%, respectively. Though these find-
ings suggest that these laboratory biomarkers’ serum level
increases after an epileptic seizure, they can be used to

Table | Overview of Studies Investigating Elevations of Various Laboratory Biomarkers in Patient with GTCS

Author, Year Population Age Setting Lab Biomarker Sensitivity Specificity
Ehsan, 1996'*’ 50 (13 GTCS) 661 Prospective Prolactin 76.9% 85.7%
Alving, 1998'%° 58 (16 GTCS) 13-68 Prospective Prolactin 93% 74%
Shah et al, 2001 "> 89 (36 GTCS) 18-62 Prospective Prolactin 47% 98.2%
Willert et al, 2004%° 60 GTCS 18-62 Prospective Creatine kinase 19% 100%
Chen et al, 2005° Pooled analysis — Meta-analysis Prolactin 60% 95.9%
Holtkamp et al, 2006'>? 16 GTCS 18-77 Retrospective Creatine kinase 87.5% 87.5%
Goksu et al, 2009'>? 63 (26 GTCYS) 16-78 Prospective Creatine kinase 34.6% 89.2%
Yanagawa et al, 2007'%* 16 GTCS 7-81 Prospective Creatine kinase 40% 86.7%
Liu et al, 2010'%° 31 GTCS >18 Prospective Ammonia (NH3) 54.8% 100%
Tomita et al, 2011'%¢ 207 GTCS >16 Retrospective Ammonia (NH3) 53% 90%
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detect epilepsy. They are not a useful method for the
46,47

differentiation of different forms of epileptic seizures.
Imaging

Imaging is central to the assessment of patients with epi-
lepsy and has dramatically modified their management.

Computed Tomography Scan (CT Scan)

CT-scans use X-rays to create a cross-sectional image of
the brain. This imaging technique can detect brain
abnormalities, such as tumors, bleeding, and cysts, leading
to seizures.*’

Magnetic Resonance Imaging (MRI)

MRI uses strong radio and magnetic waves to evaluate and
record the details of the brain. The doctor may be able to
diagnose injuries or abnormalities in the brain that can
cause seizures.*®

Functional MRI (fMRI)

fMRI measures the amount of changes in blood flow that
occur inactive parts of the brain. Prior to surgery, physi-
cians can use fMRI to pinpoint the exact location of vital
functions, such as speaking and moving (eloquent cortex),
which prevents the surgeon from damaging these sites
during surgery of epileptic patients.*’

Positron Emission Tomography (PET)

PET scans use low-dose radioactive material that enters
a vein and helps identify active areas of the brain as well
as diagnose abnormalities.>”

Single Proton Emission Computed Tomography (SPECT)
This test is mainly used when MRI and EEG have not
been able to detect the source of seizures in the brain.’!
The SPECT test uses a small amount of radioactive mate-
rial that is infused into a vein and provides a detailed
three-dimensional map of blood flow activity in the brain
during a seizure. Physicians may also perform a type of
SPECT test in addition to magnetic resonance imaging
(called SISCOM), which provides more detail and may
lead to the detection of epileptogenic lesion or zone.

Genetic Testing

A new study shows that common genetic testing can
diagnose epilepsy in children with seizures. Genetic test-
ing should be included in the initial assessment of young
children with epilepsy, and through the detection of the
type of epilepsy helps to choose the most effective

treatment to control the disease.’> According to the
researchers, genetic information helps identify which
drugs may help treat the disease and which drugs should
be avoided.’>>* Recent researches showed that genetic
testing using next-generation sequencing (NGS) provided
a diagnosis in 14.9-24.4% of individuals with epilepsy.®
Sanchez Fernandez et al, in a meta-analysis, compared the
cost-effectiveness of genetic testing strategies involving 3
different genetic tests, including chromosomal microarray
(CMA), epilepsy panel (EP) with deletion/duplication test-
ing, and whole-exome sequencing (WES) in patients with
epilepsy of unknown etiology. They showed that WES and
EP are the most cost-effective genetic tests for epilepsy.”®
Although genetic testing is expensive and difficult to
obtain, in some kind of epilepsies may result in
a definitive diagnosis and may also help choose the most

appropriate medication.

Epilepsy Treatment Methods

Various treatment modalities for adequate seizure control
in patients with epilepsy, include anti-seizure medications
(ASMs), surgical procedures, vagus nerve stimulation
(VNS), and ketogenic diet (high fat and low carbohydrate
diet). More than 70% of patients with epilepsy are con-
trolled with AEDs.”” These agents prevent seizures but do
not cure epilepsy. Several types of medication that are
used in a person depend on the type of seizure. In
a small group of patients, especially those with focal
epilepsy as well as generalized ones, surgery may be
helpful.®® VNS is a relatively new treatment for epilepsy
and helps reduce the number, duration, and severity of
seizures.” In this method, the left vagus nerve will be
stimulated using slight electrical discharges. This method
does not cure the person, and the person often needs to
repeat this treatment. For children whose seizures are not
controlled by medication, another way to help is to use
a ketogenic diet (high fat and low carbohydrate diet).®

Prevention and Control Measures in
Epilepsy

Epilepsy has primary and secondary causes, which are
caused by various reasons such as drowning, swallowing
a foreign body, brain damage, central nervous system
infections, road accidents, etc. and cause It is possible
for a child who is living in normal conditions and with
good genetics to become an epileptic child. Epilepsy due
to secondary factors is preventable; therefore, taking
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hygienic measures such as washing hands, taking care not
to transmit infections, and maintaining the body’s immu-
nity could be effective in people’s health against
epilepsy.®' ® Prevention of the known causes of epilepsy
most likely includes prevention of birth trauma, central
nervous system (CNS) infection in children, cerebrovas-
cular disease in adults, and alcohol and heroin abuse. In
most patients with anthrax, proper use of AEDs can pre-
vent recurrence of seizures or premature death. At least
70% of patients with a single seizure do not have
a recurrence and should not be considered as patients
with epilepsy.®® Most people treated for epilepsy (70% to
80%) will not experience more seizures while using
medication(s), and up to 70% of children in this group
will not have seizures even after stopping medication.®’”
Patients with recurrent seizures who have been treated for
5 years and children with mental retardation or cerebral
palsy are less likely to outgrow seizures.®® Epilepsy must
be diagnosed and treated in a timely manner; therefore, the
disease should etiologically observe in order to reach
a proper diagnosis and treatment, and then use drugs that
had the least adverse events and maximum efficacy to
control this disease.®”

In a meta-analysis of 17 randomized clinical trials on
preventive methods against sudden unexpected death in
epilepsy (SUDEP), Maguire et al found only very low-
quality evidence of a preventative effect for nocturnal
supervision.”” SUDEP is defined a sudden, unexpected
death, non-traumatic or non-drowning in people with epi-
lepsy, with or without evidence of epileptic seizures, and
no other cause for death during post-mortem examination.
SUDEP is the most common cause of death associated
with epilepsy, with about 1 to 2 deaths per 1,000 patients
per year; so, overall, the risk of SUDEP is more than 20
times higher than that in the general population.”’
Recurrent seizures, male gender, young age at the first
seizure, prolonged duration of epilepsy, and multiple
AEDs are thought to increase the risk of SUDEP. The
exact cause of SUDEP is currently unknown; however, it
is thought to be associated with heart failure, respiratory
problems, and brain damage following seizure.”?

Ryvlin et al, in a meta-analysis pooling data from 112
randomised placebo-controlled trials in patients with
refractory epilepsy, showed that SUDEP was significantly
less common in the patients receiving efficacious AEDs
than in the placebo group.”® Later on, Hesdorffer et al, in
a meta-analysis of combined data from the three case—
control studies alongside data on the frequency of GTCS

and AED therapy, showed that not a single drug of the
AEDs was associated with increased SUDEP risk once
GTCS occurrence was taken into account. They gave
a consistent message that increases SUDEP risk is asso-
ciated with increasing the number of GTCS and not
AEDs.” In another meta-analysis conducted by Hemery
et al, on 72 randomized controlled trials of adjunctive
AEDs, existing evidence does not support robust differ-
ences between these drugs to prevent secondary GTCS.”
Recently, in a Maguire et al, in a comprehensive and latest
updated Cochrane meta-analysis on 1277 records (rando-
mised controlled trials, cohort, case-control, and non-
randomised studies) found a preventative effect for noc-
turnal supervision against SUDEP with a recommendation
of the need for more research to pinpoint the efficacy of
further interventions, such as early surgical evaluation,
seizure detection devices, selective serotonin reuptake
inhibitors (SSRIs), opiate and adenosine antagonists safety
pillows, and educational programs to prevent SUDEP.”®

Risk Factors for Epilepsy

Epilepsy is associated with various risk factors, including

strongly,

(Table 2).
High-risk factors for epilepsy include anoxia (lack of

moderately, weakly, and probably related

oxygen) and birth trauma, congenital anomalies, structural
abnormalities of the brain in infants, mental retardation,
cerebral palsy (CP), CNS infections (such as bacterial
meningitis and viral encephalitis) in children, moderate
to severe stroke, especially in men aged 15 to 35 years,
cerebrovascular disease (CVD) and Alzheimer’s disease in
the elderly, **’7 Moderate risk factors for epilepsy include
a family history of epilepsy, especially in siblings, in

78 and brain tumors and

parents or first-degree relatives,
surgeries in any age group, multiple sclerosis (MS),” and
chronic alcohol or heroin abuse.®® Suspected risk factors
include febrile seizures in children (maybe because of
genetic predisposition in some kind of epilepsies that
begin with febrile seizures), harmful events around birth
without CP, immunity against whooping cough (pertussis),

mild head trauma, and non-purulent meningitis.®’

Selection of Medication Based on
the Type of Epilepsy

Knowing the type of epilepsy is the first indicator for
choosing an appropriate AEDs. Some types of epilepsy
are controlled with certain medications. Ethosuximide, for
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Table 2 Modifiable Risk Factors for Epilepsy

At-Risk Group Risk Factors
Strong (Relative Risk> 4)
Infants Anoxic
Congenital anomalies
Structural abnormalities of the brain
Children Mental retardation
Cerebral palsy

Central nervous system infection
Adults Moderate to severe brain injury
Elderly Cerebrovascular disease

Moderate (Relative Risk 4-2)

Adults Chronic alcohol and heroin use

Weak (Relative Risk <2)

Does not have

Probable

Immunization against pertussis

Mild brain injury

example, can only inhibit small primary epilepsy, while it
may aggravate seizure.®” Phenytoin and vigabatrin may
also implicate in worsening of seizures, specially general-
ized type.®® Therefore, the purpose of controlling epilepsy
with medication is to prescribe AEDs suitable for the type
of epilepsy. Problems in this area can be categorized as
follows:

In most cases, when seizures are happening, the doctor
will often not present, especially a neurologist, and should
be commented based on the patient or companion’s
descriptions. It should be borne in mind that the patient
or companions may not pay attention to certain conditions
and may not be able to describe the patient’s condition and
epileptic seizures properly adequately.

Pharmacological Treatment

The treatment process usually starts with medication. If
medications do not cure the disease, therapist may suggest
surgery or other treatments. Most people with epilepsy are
treated with anti-seizure medications (ASMs). Taking
medicines in some patients reduces the frequency and
severity of seizures. Therapist will advise the patient on
when to stop taking medicine. More than half of children
with epilepsy who no longer experience epilepsy-related

symptoms even after stopping medication can spend the
rest of their lives without medication. Many adults can
also stop taking the drug without experiencing a seizure
after two or more years of life. Finding the right drug and
dosage is a complex task. Therapist will consider patient’s
condition, frequency of seizures, age, and other factors
when choosing medication. Physicians may also review
other medications you are taking to ensure these medica-
tions do not interfere with anti-seizure medication. The
doctor will first prescribe a low-dose drug and gradually
increase the dose until the seizures are properly controlled.

AEDs are associated with adverse events.®® Mild
adverse events include fatigue, dizziness, weight gain,
decreased bone mass density (BMD), eczema, ataxia, dys-
phonia, and lethargy. More severe but rare adverse events
include depression, suicidal ideation, self-injurious beha-
viors, severe eczema, and organ-specific inflammatory
response. At least half of newly diagnosed patients recov-
ered from seizures when they received their fist
medication.

Older vs Newer Antiepileptic Drugs

(AEDs)

The efficacy and adverse effects of AEDs may vary
between new and old drugs.®® Newer AEDs, defined here
arbitrarily as those coming on the market after introducing
carbamazepine (1993-2019), may have advantages over
older drugs (Figure 1). Patients who are well controlled
with older AEDs are sometimes shifted to newer AEDs
because they are more desirable in terms of long-term
adverse events, ie, less prevalent neurological adverse
reactions, less frequent osteoporosis, and better immunity

86 However, there is a serious concern

during pregnancy.
that the efficacy of newer AEDs, both for new-onset
epilepsy and chronic refractory epilepsy, is not better

than that of older drugs.®’

Anti-Epilepsy Drugs (AEDs)
AEDs suppress the abnormal activity of neurons called
epileptic discharges, which is a limited period of abnormal
discharge of brain neurons. Three mechanisms of AEDs
action have been proposed so far, including modulation of
sodium, calcium, or potassium-dependent voltage chan-
nels, increased synaptic pathway by GABA, and reduced
glutamate-induced stimulation (Figure 2).

Because AEDs are often used for a long time, it is
important to consider their pharmacokinetic properties to
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Figure | lllustration of old vs new, as well as the first to third generation of anti-epilepsy drugs.

avoid adverse events and drug interactions. In the case of
some of these drugs (such as phenytoin), achieving opti-
mal therapeutic goals requires determining the blood level
and drug clearance.®® AEDs are generally well absorbed
orally and have good bioavailability. Most AEDs, except
gabapentin and vigabatrin, have a hepatic metabolism;
also, some of these drugs are converted to active liver
metabolites. AEDs resistance may result from an increase
in drug delivery in the blood-brain barrier (BBB) region.®
Blood concentrations of AEDs may reach toxic and dan-
gerous levels in the presence of drugs that inhibit the
metabolism of these drugs or drugs that cause them to
separate from plasma protein binding sites.”” On the
other hand, drugs that are involved in inducing hepatic
metabolizing enzymes (such as rifampin) reduce the blood

levels of these drugs to the point that they are no longer
sufficient to control seizures. Many anticonvulsant drugs
themselves are able to stimulate the hepatic metabolism of
drugs. The most important of these are carbamazepine and
phenytoin.”" Identifying specific types of epilepsy is very
AEDs (or
a combination of drugs). The choice of drug is usually

important for prescribing appropriate
made based on its known beneficial effects on the specific
type of epilepsy diagnosed, the patient’s prior response,
and adverse events of the drug. Treatment usually involves
a combination of medications and the addition of effective
medications if previous medications are not enough.’?
Long-term therapy with AEDs in women is associated
with certain adverse events, which the most important of

these complications is teratogenicity.”® Children born to
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Figure 2 Different mechanisms of AEDs action.

mothers taking anticonvulsant drugs during pregnancy are
at increased risk for congenital disabilities.”* Neural tube
defects (NTD) have been shown to be highly associated
with valproic acid intake.”> Carbamazepine is known to
cause cranial and facial abnormalities and spina bifida, and
a fetal hydration syndrome (FHS) has been described in

pregnant women after taking phenytoin.”®

Voltage-Dependent Sodium Channel

Blockers

This class of AEDs includes phenytoin, carbamazepine,
zonisamide, and lamotrigine. These agents block voltage-
dependent sodium channels in neuronal membranes.

Phenytoin

Phenytoin is used to control all types of epilepsy except
myoclonic seizures, trigeminal neuralgia, epilepsia partialis
continua, cardiac arrhythmias, and to accelerate wound
healing (topically). It exerts its anticonvulsant effect at
therapeutic concentrations by blocking sodium channels
and inhibiting repetitive action potential. Phenytoin also

Normal EEG

Generalized Seizure EEG
Generalized v ,

< T

s e =t oo

y =i

i~ e i =
W /z‘b ; =

(\ 4 = &

Epileptic seizure EEG

Sodium valproate

inhibits the release of serotonin and norepinephrine and
affects other neurotransmitters’ concentration.”” Phenytoin-
induced adverse events include nausea, vomiting, distur-
bance of consciousness, dizziness, headache, tremor, irrit-
ability, insomnia, rarely dyskinesia, peripheral neuropathy,
imbalance, impaired speech, constant and involuntary
movements of the eyes back and forth, blurred vision,
skin rash, enlargement facial combination, hair loss, acne,
fever and hepatitis, arrhythmias, skin necrosis, lymphadeno-
pathy and gingival hypertrophy.”®

Carbamazepine

Carbamazepine is prescribed to treat certain conditions
such as neurological pain (trigeminal neuralgia, diabetic
neuropathy), epilepsy (focal and non-primary generalized),
and bipolar disorder. Carbamazepine is an anticonvulsant
that reduces nerve tics that cause pain and seizures. This
drug is one of the AEDs that is used for behavioral and
stress disorders.”” Carbamazepine-induced adverse events
include dizziness, lethargy, difficult balancing and walk-
ing, nausea, vomiting, irregular heartbeat, shortness of

breath, liver problems, and fainting.'®
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Topiramate

Topiramate is an anticonvulsant, which is used to treat sei-
zures in adults and children. Extended-release topiramate is
used in adults and children six years of age and older.
Topiramate is a type of AEDs that is prescribed to control
seizures and migraines. Topiramate helps control seizures by
reducing the abnormal electrical current in brain cells. The
exact anticonvulsant mechanism and other topiramate effects
are not yet well known; however, preclinical studies have
identified four characteristics that may be related to the effect
of topiramate for epilepsy.'®" Electrophysiological and bio-
chemical evidence shows that topiramate inhibits voltage-
dependent sodium channels in a concentration-dependent
manner, increases the neurotransmitter activity of gamma
aminobutyrate in some GABA-A receptor subtypes, antago-
nizes AMPA/kainate subgroup of glutamate receptor, and
inhibits the carbonic anhydrase (CA) enzyme, especially iso-
zymes IT and IV."%%'%® Adverse events of topiramate include
nausea and vomiting, constipation, diarrhea, paresthesia, cog-
nitive impairment, headache, dizziness, ataxia, drowsiness,
weakness, blurred vision, diplopia, nystagmus, loss of appe-
tite, weight loss, kidney stones, osteomalacia. Rare adverse
events include metabolic acidosis, hyperthermia, acute glau-
coma, oligohydrosis, and bone marrow failure.'®*
Lamotrigine

It is an AED or anticonvulsant drug. This drug is used alone
and sometimes combined with other drugs to treat epileptic
seizures in adults and children older than 2 years. It is also
used to reduce psychological attacks in adults with bipolar
disorder. Lamotrigine may be used for purposes other than
those used in these cases. Indications: This drug is used to
treat focal seizures and focal to bilateral tonic-clonic sei-
zures. It may have adverse events, such as dizziness, light-
headedness, drowsiness, nausea, blurred vision, weight loss,
weakness, etc., which are not very dangerous and may gra-

105,106 skin-elated

dually become addictive. However,
adverse events of this drug, although rare, can be hazardous
and the patient needs to be vigilant and careful about it. This
condition, known as Stevens—Johnson syndrome, manifests
itself in the form of skin blemishes and rashes, fever, sore
throat, and cold symptoms, and progresses rapidly and

affects all areas of the skin.'®”

Calcium Channel Blockers

This group of drugs, such as ethosuximide, valproic acid,
gabapentin, and pregabalin, inhibits low-threshold calcium
channels (type T).

Ethosuximide

Ethosuximide is the choice of medication in the absence of
epilepsy. All medications can cause adverse events, but many
consumers do not experience any adverse events when they
were taking ethosuximide. In case of persistent adverse
events, the doctor should be informed when symptoms,
such as feeling sick, abdominal pain, headache, dizziness,
fatigue and drowsiness, diarrhea, loss of appetite, restless-
ness, skin rash, and mood changes occur. Glauser et al, in
a double-blind, randomized controlled clinical trial using
optimal initial monotherapy of ethosuximide for 453 children
with newly diagnosed childhood absence epilepsy (CAE)
during 12 months, reported a superior effectiveness of etho-
suximide compared to other AEDs without intolerable
adverse events.'”® Shatara et al and Werbel et al, assessed
the effect of fluoxetine, on the protective action of two
commonly used AEDs, including ethosuximide (ETX) and
valproate (VPA) in animal model. It should be noted that
ethosuximide may cause blood disorders; although this is
a very rare complication, patient needs immediate medical
care if having other symptoms such as fever, mouth sores,
bruising, or unexplained bleeding.'”"''® Veroniki et al, in
a systematic review and meta-analysis on experimental and
observational studies, reported that ethosuximide (OR, 3.04;
95% CI, 1.23-7.07) was significantly more harmful in preg-

nant women with epilepsy than control.'"!

Sodium Valproate

Sodium valproate was accidentally discovered in France in
the 1960s to be useful in treating epilepsy. Today, it is used in
almost all kinds of epilepsies. However, this drug is effective
in all types of epilepsy. In children under three years of age, it
is necessary to use this drug with caution because it some-
times causes severe liver damage.''? Some people develop
low blood platelets with this drug. The most common
adverse events of sodium valproate are gastrointestinal irrita-
tion, hair loss, tremors, ankle swelling, weight gain, and

drowsiness, especially if taken with phenobarbital.'®’

Gabapentin

Gabapentin is an AED or anticonvulsant drug that acts on
the chemicals and nerves that cause seizures and pain. It is
used in adults to relieve nerve pain caused by the herpes

virus. !0

GABA-A Channel Blockers

Benzodiazepines interact with specific receptors on the
GABA-A-chlorine channel receptor. Benzodiazepines can
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increase the frequency of chlorine channel opening and the
inhibitory effect of GABA. Phenobarbital and other barbi-
turates increase the inhibitory effect of GABA. Vigabatrin
and valproic acid irreversibly inhibit GABA aminotrans-
ferase, an important enzyme that terminates the GABA
effect. GABA is a structural analogue of GABA but does
not directly activate GABA receptors. Other drugs that can
facilitate the of GABA
Felbamate, topiramate, and valproic acid.

inhibitory effects include

Diazepam

Diazepam is a sedative and hypnotic drug that is a member
of the long-acting benzodiazepines family with active
hepatic metabolites. Diazepam is prescribed to relieve
anxiety, sleep disorders, and panic disorders. It is also
used as an anticonvulsant and skeletal muscle relaxant,
treatment of muscle contraction, and seizures.'® It is
recommended for anxiety, alcohol withdrawal syndrome,
seizure disorders, myoclonic epilepsy, treatment of panic
and excessive fear, skeletal muscle spasm, headache, and
involuntary shaking or tremors. The diazepam-associated
complications include mental retardation, drowsiness,
slurred speech, bradycardia, shortness of breath, imbal-
ance, skin rash, sore throat, fever and shivering, and
abnormal bruising or bleeding, sores inside the mouth,

Jaundice, memory loss, nausea, anxiety or irritability."'*

Clonazepam

Clonazepam is a benzodiazepine drug prescribed to treat
various types of epilepsy and seizures in children and
adults. Clonazepam controls seizures by reducing abnor-
mal electrical activity in the brain. There are different
types of seizures, depending on which cells in the brain
are electrically disturbed. Symptoms that occur during
a seizure can affect the muscles, senses, mood, emotions,
concentration, alertness, or a combination of them.
Therefore, in the treatment of epilepsy, prevention, and
reduction of the number of times, seizures are the main
target. Clonazepam controls the electrical activity of brain
cells by controlling the symptoms of seizures and prevents
seizures. It also helps reduce the severity of seizures by
relaxing the muscles that contract during a seizure.''
Common adverse events of clonazepam include drowsi-
ness, weakness, and dizziness. Concentration problems,
abnormal eye movements, and forgetfulness can also
occur with this medication, which you can discuss with
your doctor. In children, increased salivation may cause

coughing or discomfort.''®

Phenobarbital

Phenobarbital is one of the oldest drugs used to treat
epilepsy, discovered in 1912. It is inexpensive and effec-
tive in treating most types of epilepsy, but in recent years,
control has been used because of its adverse events.
Initially, phenobarbital was used as a sleeping pill.""”
Therefore, it is not surprising that patients taking this
drug become drowsy, although this drowsiness usually
decreases over time. Conversely, in children, phenobarbi-
tal may cause them to become more active and even more
aggressive. In a small number of people, phenobarbital
may cause redness of the skin and blisters. Taking large
amounts of this drug can cause drowsiness, impotence,
depression, and poor memory. Long-term phenobarbital
use can reduce the body’s storage of vitamin D and folic
acid.'"®

Primidone

Primidone is used as a non-specific CNS depressant
alone or in combination with other anticonvulsant
drugs to control seizures of large refractory epilepsy
and to treat focal or psychomotor seizures. The drug’s
mechanism of action is unknown. Part of the drug’s
activity may be due to phenobarbital (its active
metabolite).''” Adverse primidone events include drow-
siness, imbalance, nausea, nystagmus, visual distur-
bances, and skin rashes occur, especially at the
beginning of treatment, and are usually reversible with
continued treatment. Other adverse events of the drug
include depression, mobility, restlessness, disturbed con-
sciousness in the elderly, excessive and abnormal exci-
tement and activity in children, and megaloblastic
anemia.'*"

Pregabalin

Known as (CI-1008,3-isobutyl-y-aminobutyric acid) was
approved for the treatment of epileptic disorders, and
targeting the calcium channel (a2-8).'*!

Vigabatrin

This transaminase GABA prohibits neuronal uptake of
GABA, with release into the synapse.'*

Carisbamate

It was accepted in 2008 as a new drug application to
the United State Food and Drug Administration (FDA).
It is metabolized by glucuronidation and aliphatic

3

side-chain oxidation.'*® Francois et al conducted

a study to observe the effect of this drug in an animal
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model of GTCS and reported that this drug has
a superior effect on primary generalized seizures of

tonic-clonic type.'?*

Eslicarbazepine Acetate (ESL)

Compound with anticonvulsant activity [(S)-(—)-10-
acetoxy-10, 11-dihydro-5H-dibenz [b, f] azepine-5-car-
boxamide], a novel central nervous system (CNS)-active
agent. Patients with epilepsy showed favorable response
after taking this medication.'*® Carrefio et al, in three
Phase III trials, investigated whether eslicarbazepine acet-
ate could lead to exacerbation of seizures in patients with
epilepsy or not and showed that treatment with this
adjunctive does not appear to aggravate GTCS.'? In
a prospective, non-interventional study on epileptic
patients in 17 hospitals, demonstrated the efficacy and
tolerability of eslicarbazepine acetate and reported its fre-
quent use as monotherapy lack of severe adverse

effects.'?’

Lacosamide

This medication has been approved to administer in
patients aged four and older. This non-enzyme-inducing
drug is indicated for monotherapy in focal epilepsies.'?®
Vossler et al conducted a Phase 3, double-blind, rando-
mised -controlled trial to evaluate the efficacy and safety
of lacosamide in patients with uncontrolled GTCS and
claimed that it is an effective and generally safe treatment
for uncontrolled generalized seizures of tonic-clonic
type.'?” Schmitz et al, in a hoc analysis of a double-blind
non-inferiority monotherapy trial (NCT01243177) of
patients with GTCS who were received either lacosamide
or carbamazepine controlled-release (carbamazepine-CR),
showed that lacosamide is an effective and generally well
tolerated than carbamazepine-CR.'** Gathering empirical
evidence from both in vivo and in vitro studies suggests
that some antiarrthythmic drugs, such as dronedarone, not
only played an important role in initiating seizures but also
increases the anticonvulsant potency of classical AEDs.
Clinical evidence shows that the combination of dronedar-
one with lacosamide should be neutral from a clinical
viewpoint, and a special attention is recommended for
patients with GTCS because of some adverse-effects.’
In a clinical study, Abarrategui et al assessed the effect of
lacosamide on refractory epilepsy and suggested that laco-
samide can be a reasonable option for patients with this

type of epilepsy.'*>

AEDs Monotherapy or Combination
Therapy

So far, the clinical development trend of old and new
AEDs revealed that old AEDs entered the market without
any precise randomized clinical trials (RCTs) and were
used simultaneously in both monotherapy and combination
therapy. After years of clinical experience, monotherapy
was considered the preferred treatment for newly diag-
nosed epilepsy, especially the drug-resistant form, fol-
lowed by comparative monotherapy trials of conventional
AEDs. Hence, the new AEDs were introduced after accu-
rate RCTs of adjuvant therapy, indicating that the new
AEDs were superior to placebo in adjuvant therapy.
Thus, the new AEDs, after years of use in combination
therapy, underwent comparative monotherapy RCTs to
promote themselves as first-line drugs for patients with
epilepsy, of which some were acknowledged as the drugs
of choice in several specific epilepsy syndromes (Table 3).

Challenges in Epilepsy Treatment

During Pregnancy

Seizure-associated diseases such as epilepsy affect
approximately 0.5% to 1% of the general population and
pregnant women. Most women with epilepsy have an
accident-free pregnancy. The effect of pregnancy on the
frequency of epileptic attacks can be variable. According
to various sources, 15% to 50% of patients have an
increase in seizure frequency during pregnancy, and
a decrease in seizure frequency occurs in approximately
25% of patients, while a significant percentage of women
do not experience a change in seizure frequency during
pregnancy.'>® In a systematic review study of 59 studies
performed on 65,533 pregnant women with epilepsy, in
24% of patients, an increase in the frequency of attacks, in
23% of patients a decrease in the frequency of attacks, and
in 53% of patients no change in the frequency of attacks
was observed.'** The patient’s age, type of seizure, AEDs
regimen, or frequency of seizures in the prenatal period
cannot predict possible seizure frequency changes for

1
a pregnant woman. '

The Effect of Endo-Cannabinoids
Inhibitors

In recent years, many efforts have been made to find new
treatments for epilepsy. Anandamides and diarchidonyl
glycerol are two main and important ligands of the endo-
cannabinoid system, of which each produced and deleted

submit your manuscript

276

Dove

Journal of Experimental Pharmacology 2021:13


http://www.dovepress.com
http://www.dovepress.com

Rahim et al

Dove

(panupuos)
(86T-€0T 91600T
1D %S6) ST Sem Yy sanodouq s1OY a1eweuido) Asdajidg UL ¥ ‘e 39 XA
(SE'E1-0ST 1D %66)
L££°S Alrewouqe Bupjuiy, pue (1T€—L'|
1D %66) 81°T @3udjouwos (6T 48T’ 1D
%66) SE'T BIsNeU H(SE'E-EY| 1D %66) 61T (65°€ 0 £TT
an3ney {(TTT-80'| 1D %66) SS'I SSAUIZZIP | |D %56) S8T Sem Adusnbay ainziss
S9°€ 03 $0'1 1D %66) §6'1 BIXEIY | Ul UONINPA IATEIISE 4O %0 JO WY s1Od arewedido) 3d-4d el 0l | ,5,800T ‘I 32 a13[
£91800C
9jed suapuodsad ay3 sem %0p | S1DYOA unuadeqen) ‘wejadeanaas ‘Srewedido] EN] /1S 0l ‘le 32 24inSepy
(170-90°0) #1°0 @AmUSOD pue an3ne} pue Juswredwi (epiwesiuoz ‘areweuido] ‘suiqeder| ED)
‘(b 1°0—¥0°0) 60°0 @2usjouwos “(Z|'0~10°0) 2AnIUZ0d ‘ssaulzzip 1o} Ajuo ‘uljeqeSaud ‘auidazequedx( ‘WeladednaAs] | -yqg pue 291800
90°0 @n3ne} (1 1°0-00°0) 90°01ss2uIZZIQ UMOYS SBM UORE[3. 199)9-3S0p s10d ‘auidlnowe ‘unuadeqes) sg3lv 8 3d-4d €0vy 9¢ ‘e 39 BJEIIRZ
(epiwesiuoz ‘oreweuido) ‘suiqeSer|
‘ulieqeSaud ‘auidazequedox ‘auilLioweT 191£00T
GT'€ uoneulp.Joodul 1o eixery (€'5-1177) 9T°€ dIst 2due[RqUY| s1OY ‘werddednans ‘unuadeqen) sqIv 8 3d 6Lty 91 ‘e 32 uaAJIS
(spiwesiuoz
(€6°0-6T°0 1D %56 WM TS0 ‘arewe.ido] ‘suiqedel| ‘suidazequedxQ 091500T
O) 9ewedidos jo a3ed Jopuodsay s1OY ‘auidLnowe ‘unuadeqen) sqly 9 EN 601 6 ‘le 3@ [no10
(6£8-98'1) §6°€ [ewaouqe Supjuiy pue
(6L%—1£71) 98T @2udjouwios ‘(1 €p—Lp'|) saunzias (urneqedip ‘oreweado) ‘suiqedel) 6511661
75T 2n3iey (8T'€-0T'1) 66'Issauizziq Bunuanaud 3e uemaq st 8nuQ S1OY ‘WaPYeo) ‘unuadeqen) sqIv § EL| 160¥ 6t ‘e 39 uos.ely
suonsnpaJ
ySiom
QW] JIAO PIsSERIDIP PUE JUBWIEIIY
ul Al4es paueadde sjusAs dsuaApe Asdaida 8511661
pa3ejaJd -GND J3Y1o pue SuIMO|s dANIUSOD u1 y1oq 1o} 3V MaU d|qenfeA Y s1OY arewedido] d ¥z S ‘|e 32 p[ajuasoy
(9€'8-581) (spiwesiuoz
y6'€ Alewouqge Supjuiy pue (4 1°5-91°|) ‘ulneqediA ‘ereweaido) ‘ouiqesel | 15,966
yyT an3ney ‘(F7'/—S8°1) 9'€ ssauizziq | Aouanbauy aunziss ur uonanpad %05 s1OY ‘QuiSiinowre ‘unuadeqen) sqly 9 Id 10§ q ‘[e 39 21MpERYD
udisaq Asdaidgy salpn3yg
(1D %S6) AY 40 YO SIUSAT 9SIAPY awod3nQ Jeulq Apmg s8naq | jo ad£] | uonendoyq Jo ‘oN al Apmas

Asda|idg jo sadA| snolsep ul Adeuay) uoneuiquol) Jo Adessyiouol se Jsyg SCIV US4 JO SN Y2 UO sasA[euy-e19) d|qe|leAY € d]|qel

277

submit your manuscript

Journal of Experimental Pharmacology 2021:13

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Rahim et al

Asdajidg
(suidezewreq.ed Yyaum
(L6T=L1'I ‘1D %56 ‘06’1 “dO) sem (WD) SO pue ‘uoaduayd ‘eaqueqousyy ‘srewelidor | uswom 10T
suopew.Iojew [e3uaduod Jo sl Ay | sisAeue f1ajes s1OY ‘a1eoudjea ‘epiwixnsoyny) sqiy 9 | 2ueudaug 19485 96 ‘e 39 DIUCIIA
(sp1wesiuoz
‘ulneqedip ‘orewedido] ‘suiqeser |
uoissaidap Jo AvIxue pue ‘9dueqInIsip ‘auiqe3nay ‘eplweuyny ‘[duedwelay
[eunsajuloslsed ‘oydepeay ‘(Uonesuas ‘ulleqe3aud ‘oqade|d ‘auidazequedxQ
8uijdun) ss|paau pue suid, ‘ondney (06'0-170 ‘QUIS1II0WET ‘WEIDDEBIIDAST ‘OPIWIESOdET
1O SSSUISMO.IP 9J9M SIUDAD 3SISAPE | |D %G6 ‘bi'0) Sem Aousnbauy aunziss ‘unuadeqen ‘s1e3ede suidezeq.edl|s]
paiiodau Ajuowwod Isow aAY 3y | ul uondnpaJ J4aeaud 4o %0S JO YWY s1OY ‘91eWEqSIIBD) ‘WelddeteAllg) SATY /| Id 85TI €1 | o,L10T ‘€32 oryzZ
uoissaudap Jo A1aixue pue ‘9duequnisip
[eunsaluloaased ‘oydepesy ‘(uonesusas
Suijdun) ss|pasu pue suid, ‘on3ney
JO SSOUISMOP 3J9M SIUIAD IS.ISAPE (8¢’ o suidazeweq.ed 6919107
pa1iodau Ajuowwod 1sow 3Al 3Y] | 86°0) 9|'| 4nzIss Joj paisnipe YH s1DY s1ewedido) 3d 1511 €1 ‘le 39 uejoN
(9%£°1) @1eWeIIdOl ‘SIUSAS SsJUaApE (1-8001D (saeweadoa ‘suidszewrequed
pey oym sauedipdnued jo uondodouy %G6°T0°|) UOISSILUSI 2NZISS JO WY s1OY ‘wezeqo|d ‘auidszequedsxQ) sqIv ¥ S103g 9¢ v | gob10T ‘&30 ueL
VAR Al (oprwreuyny ‘sreweaidoy
1D %56 ‘€£°7) sem Aouanbauy aunzies ‘uieqe8auy ‘ouidazequedx( ‘WeIRdBIIDAT 1o1¥10T
u1 uondnpa. J3ea.s U0 %0G JO WY s1OY ‘louedwieasy ‘e1eWEgSsIIED) STV / EN €78/ ¥ ‘le 39 uew|ng
(6£'£ ©3 §5'1) LY'€ $50] 3yBIoM pue (8Ep|
03 9TT 1D %66) 0L'S Allewouge Bupjuiys,
(16°€ 03 6b'1 1D %66) 6T°T 22udj0UWIOS
210l © 15°1) 16°€ eisaysaued
ov'e o3 T'1 1D %66) 61°T N30y H(TTT
03 £0°1 1D %66) ¥S'1 ssauzzip (6767 (zze o gee
031 80'7) 18/ SSNINOIYIP UONHEBIIUIDUOD | |D %SG6) £6T Sem Aduanbauy aunzies 1o1¥10T
LY O3 01°1 1D %66) 67T BIXEIY | UL UOHINPA I2TEAIS 4O %0 JO Y s1Od arewedido) 3d-4d 10¥1 I ‘e 39 uewng
(¥66'0-786°0) (opiwesiuoz ‘UieqeSa.d ‘Weldde.1aAaT 991€10T
886'0 ParEa.n suaned Jo Yy s1OY ‘arewe.ido) ‘unuadeqes) sq3v § 3d €9¢€T €€ ‘e 39 BuEqIYIRL
usisaqg Asdajidg salpn)s
(1D %S6) QY 10 YO SIUSAT 3SIAPY swo23nQ Jeuly Apmig s8naqg | jo adA] | uopendog | jo ‘oN ai Apms

"(panunuo)) € 3jqeL

Journal of Experimental Pharmacology 2021:13

submit your manuscript

278

Dove


http://www.dovepress.com
http://www.dovepress.com

Rahim et al

Dove

(panunuod)

9J9ASS O] 2jedapow

ogade|d yum padedwod (SO 9d)
$9UNZIBS DIUO|I-DIUO] paZ|[etduds

Ajiuewrad ul uononpad auow Jo
%06 & pey dnous areweaidol ayy ul

sem ajewedidoy Yaim pajernosse sy | suedipnued jo uonuodoud uaesud y s1OY ajeweaido). EINE €8 € 416107 ‘[e 3@ N
(epiwesiuoz pue ‘uliieqeSiA ‘rewedaidoy
wopaauy o ‘suigeden ‘uifeqedaud ‘jouedwesad
'0qade|d ueyy 3y Aue | asuodsau aunzias aAd1ydE 01 0gaded ‘WEIDDEBINPAS| ‘DplWesode| ‘unuadeqes 4,1810C
aNUNUODSIP 01 ||| 2J0W 3JaM SIUdIE ueyy Ajvj] aJow auam sqIy s1OY ‘auiqeSozs ‘suidazequedl|sa) sq3y | | EN 5976 6T ‘le 19 J431E|S
(e6+-200
1D %56 ‘€°0) sem Adusnbauy aunzias (e1e0Ud[RA ‘O3RWEIIdOY <,1810C
sa1eJ [BMEIPYIM YSIH | Ul uononpad Jua1eaud Jo %05 Jo Yy s1OY ‘We1adeINNaAd| ‘suidlnowe) sqlyvy 6 El) 0.¥ 9l ‘le 39 sodwed
(€T “€1'111D %56) 690 (op1wesiuoz “uniyeqedip
PUe (85°S ‘TL 0D %S6) 66| o4om orewedido] ‘|ojuading ‘|ouedwesay
S9JBJ [EMEIPYIM PUE 93JJ-24NZI9S ‘ou1dazequedX( ‘WEIDIBINSAT 418107
SOIBU [EMEIPLYIM YSIH (69T TLIED %S6) S1°T WY s1DY ‘suidlnowe ‘unuadeqes) sq3Iv 6 ad £981 Tl | ‘11 pue aiyeL-pyoly
(61455 1D
%SG6) £6'6 WOPI3) 3INZISS (sae0Ud|RA
ajed aAslyde 01 sjuaned Suimole jo ‘ulneqedip ‘orewedido) ‘suidszequedxQ
[EMEBJIPYLIM PUE SIUSAD 3SIDAPE J91BIID) | pooyiayl| Ja1ea.3 e pey arewedido] s1OY ‘We19dBIII9AST ‘WEISdRIBALIG) SATY 9 EN 1120 9/ ¢,1810T ‘e 32 nH
sso| 2yS1om pue Ajjew.louqe Supjuiy,
‘9duajouwos ‘elsayasaled ‘ondney ‘ssauizzip (5171 (suongueqouayd ‘unuadeqed 21L10T
‘SSNNDIYIP UONE.IIUIIUOD ‘BIXBIY | G/°0) €60 S4NZISs J0j paisnipe YH s1OY ‘Suidszeweq.ed ‘Weisdednaas) sgiv 3019 16€CI Y7 ‘| 39 1ASN
(suiBLnowren
‘unuadeqen) ‘spiwesiuoz ‘uljeqesda.y
(96°€1-€6'€ ‘oyewedido] ‘suidszequedxQ ‘|suedwriessy
(6T 1-810 1D %66) 0E°0 ddUdjoUWOS | D %G6 ‘60°L) Sem Aduanbauy aunzias ‘Suiqesel] ‘ouiqe3nay ‘WelsdedeAsT 10T
(TT'1-80°0 1D %66) S0 ssdUIZZIQ | Ul UORONPA. 13333 IO %0G JO HY s1OY ‘23e390¢ duidazequedlis3) sQIV | | EL| 8959/ [43 e 32 onyz

279

submit your manuscript

Journal of Experimental Pharmacology 2021:13

Dove


http://www.dovepress.com
http://www.dovepress.com

Rahim et al

Dove

Table 3 (Continued).

Adverse Events OR or RD (95% CI)

In the elderly with epilepsy,

Final Outcome
lamotrigine is better tolerated

The 250% responder rate was

similar between children and adults

in a topiramate

Study
Design
RCTs

RCTs

12 AEDs (brivaracetam, carbamazepine,
gabapentin, lacosamide, levetiracetam,

Drugs

lamotrigine,

perampanel, phenobarbital,

phenytoin, topiramate,

valproic acid, zonisamide)

3 AEDs (lamotrigine, perampanel, and

topiramate)

Type of
Epilepsy
Mixed

GTCE

Population
3206

1515

Studies
18

No. of

7

Lezaic et al,

Study ID
2019'78

Nordli et al,
2020'7°

Abbreviations: FORCTs, follow-on randomised controlled trials; RCTs, randomized, placebo-controlled add-on trials; RE, refractory epilepsy; PE, partial epilepsy; DR-PE, drug-resistant partial epilepsies; DR-GE, drug-resistant

generalized epilepsies; BECTS, benign Epilepsy with centro temporal spikes; OS, observational study; RR, responder rate; HR, hazard ratio; OS, observational studies; GTCE, generalized tonic-clonic epilepsy; GE, generalized epilepsies;

AEs, adverse events; JME, juvenile myoclonic epilepsy.

through specific enzyme pathways.'*®'*” The presence of
these compounds in the neuronal environment and at the
site of synaptic communication can cause modulatory
effects on these cells’ properties and performance.'**'%’
Most  anandamides are produced by N-acyl-
phosphatidylethanolamine-phospholipase D (NAPE-PLD)
enzymes inside the cell and then transported to the extra-
cellular space. The fatty-acid amide hydrolase (FAAH)
enzyme is responsible for metabolizing and removing
accumulated anandamides.'*® Considering the abundance
and importance of these two endo-cannabinoid ligands and
the main pathways mentioned in their synthesis and
removal, it seems that by pharmacological manipulation
in these pathways, the level of these two main ligands in
the brain can be changed. In a study, the use of mono-
acylglycerol lipase (MAGL) enzyme inhibitor, which is
involved in the breakdown of 2-arachidonoylglycerol
(2-AG), increased seizure frequency;m while, in another
study, the use of the alpha-beta hydrolase domain (ABHD)
enzyme inhibitor, which is also involved in the breakdown
of 2-AG, improved seizure rates.'** The results of a study
showed that systemic injection of both enzymes involved
in 2-AG deletion can significantly reduce the seizure, and
the time delay in reaching stages 4 and 5 of seizures
increased significantly. In addition, the incidence of stage
5 of seizure and the percentage of deaths due to seizures
were significantly reduced by this injection.'*® Recent
studies have shown the effectiveness of plant cannabinoids
in controlling the occurrence of epileptic seizures in
laboratory models.'**'*® In a study, systemic application
of a herbal cannabinoid in two pilocarpine-induced seizure
models and a penicillin-induced seizure model signifi-
cantly reduced the incidence of stages 4 and 5 of
epilepsy.'*” In another study on the seizure model, labora-
tory-produced phytocannabinoid compounds significantly
reduced the severity of seizures and post-seizure
mortality.'**

Ongoing Trials

The search terms were “treatment,” “therapy” OR “Drug”
OR “antiepileptic drugs” OR “AEDs” AND “generalized
tonic-clonic seizure” OR “Epilepsy” on ClinicalTrials.gov
and ICTRP search portal and resulted in 187 active trials,
with 42 trials specific to epilepsy as of September 23, 2020.
Of these 187 trials, approximately 42 trials (including those
not yet recruiting, recruiting, active, or completed) included
pharmacological therapy to treat epilepsy in adult patients
(Table 4). Of these 42 trials, 37 are interventional studies,
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with 29 placebo-controlled trials, and 5 were about using
devices such as Hovding inflatable helmet and Brain Sentinel
Seizure Detection Device and Warning System (BSSDD-
WS). Per description of the studies, there are 7 Phase IV, 26
Phase III, 5 Phase II, and 4 Phase I trials.

Limitations

This review has several limitations to note. First, the
published evidence is derived solely from observational
studies or small-size clinical trials (less than 250 patients),
which may introduce high risks of bias or imprecision
about the treatment effect. Second, our review focused
on a wide range of patient’s age, and the data may not
be applicable to specific age group populations. Fourth, the
articles were published in English-language or transla-
tions, so relevant international data could be lacking.

Conclusions

The primary goal in using experimental therapeutic drug
strategies in patients with epilepsy is to prevent recurrent
seizures and reduce the rate of traumatic events that may
occur during seizures. With the right AEDs treatment regi-
men, about 70% of people with epilepsy do not experience
the seizures again. However, about one-third of people
with epilepsy still has seizures despite taking several
AEDs. Continued seizures put patients at risk for SUDEP
and may be associated with depression and lower quality
of life. Strategies to try to prevent SUDEP include redu-
cing the rate of seizures (by considering epilepsy surgery
or lifestyle changes), monitoring heart and respiratory
problems during and after seizures, monitoring patients at
night, or using pillows to prevent respiratory problems.
Drugs that increase the brain chemical serotonin and
decrease the brain chemicals adenosine and opioids may
also help prevent respiratory problems.

We can also greatly reduce these people’s learning dis-
abilities, especially in school-age, through the prevention of
recurrent seizures and disruptions in daily activities. So far,
various drug treatments have been offered for patients with
epilepsy, which have been classified according to the type of
epilepsy, the effectiveness of the drugs and adverse events.
Drugs such as levetiracetam, valproic acid, and lamotrigine
are at the forefront of these patients’ treatment. In resistant
form of epilepsy, neuro-stimulation by intra-cerebral electro-
des has also been suggested. The variety and sample size of
clinical trials launched to investigate potential therapies for
epilepsy highlight both the need and capability to produce
high-quality evidence. However, it should be noted that some

of these patients still do not respond to existing treatments;
therefore, it seems that we should look for more specific
drugs that have fewer adverse events and have a greater
effect in stopping seizures.
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