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 Abstract: Over the decades, various interventions have been developed and utilized to treat epilep-
sy. However, the majority of epileptic patients are often first prescribed anti-epileptic drugs (AED), 
now known as anti-seizure drugs (ASD), as the first line of defense to suppress their seizures and 
regain their quality of life. ASDs exert their anti-convulsant effects through various mechanisms of 
action, including regulation of ion channels, blocking glutamate-mediated stimulating neurotrans-
mitter interaction, and enhancing the inhibitory GABA transmission. About one-third of epileptic 
patients are often resistant to anti-convulsant drugs, while others develop numerous side effects, 
which may lead to treatment discontinuation and further deterioration of quality of life. Common 
side effects of ASDs include headache, nausea and dizziness. However, more adverse effects, such 
as auditory and visual problems, skin problems, liver dysfunction, pancreatitis and kidney disorders 
may also be witnessed. Some ASDs may even result in life-threatening conditions as well as serious 
abnormalities, especially in patients with comorbidities and in pregnant women. Nevertheless, some 
clinicians had observed a reduction in the development of side effects post individualized ASD 
treatment. This suggests that a careful and well-informed ASD recommendation to patients may be 
crucial for an effective and side-effect-free control of their seizures. Therefore, this review aimed to 
elucidate the anticonvulsant effects of ASDs as well as their side effect profile by discussing their 
mechanism of action and reported adverse effects based on clinical and preclinical studies, thereby 
providing clinicians with a greater understanding of the safety of current ASDs. 
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1. INTRODUCTION 

Epilepsy can affect people of all ages, gender, races, so-
cial classes and geographical locations [1]. Persistent, and 
recurrent seizures tend to have neurobiological, cognitive, 
psychological and social consequences, which may dampen 
the quality of life of epileptic patients [2]. Epileptic seizures 
as well as paroxysmal events (non-seizure symptoms), may-
be a reflection and a cause of various underlying neural 
mechanisms of the disease [3]. For example, increasing lev-
els of glutamate may cause excitotoxic neuronal damage, 
which may result in epileptogenesis and seizure formation. 
However, seizures themselves may propagate the neuronal 
damage further by altering the neuronal and glial expression 
of glutamate receptors, thereby modifying their function and 
causing prolonged neuronal hyperexcitability [4]. Similarly, 
this duality in the pathological relationship may also be ex-
tended to various other mechanistic pathways, such as  
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gamma-aminobutyric-acid (GABA) neurotransmission, neu-
roinflammation and oxidative stress in epilepsy, making it a 
heterogeneous disease. 

There are many types of epilepsy; some are named after 
their known cause, while others are categorized based on the 
type of seizures despite having an unknown cause. Approxi-
mately half of the world’s epilepsy cases are of unknown 
causes [5, 6]. Nevertheless, numerous epilepsy models in 
preclinical studies have been conducted to understand the 
pathophysiology of different forms of epilepsy, thereby iden-
tifying the responsible biomarkers and in turn, developing 
effective drugs and treatments for them [7]. 

Approaches such as seizure foci surgery, vagus nerve 
stimulation (VNS), deep brain stimulation (DBS), and the 
ketogenic diet have been effectively utilized in the treatment 
of epilepsy since the 1900s [8]. Surgical seizure foci resec-
tion has been accepted as an effective method in suppressing 
seizures, even in drug-resistant patients, till today [9]. How-
ever, like all surgery, complication issues and risks may de-
ter some patients and even neurologists from suggesting sei-
zure foci surgery. Similar risk factors may also exist for VNS 
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Fig. (1). Side effects of anti-seizure drugs. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
 
and DBS due to surgical invasion. Although the ketogenic 
diet has proven to be effective in epileptic children who are 
drug-resistant, the first line of defense against epilepsy has 
always been anti-epileptic drugs (AEDs), or recently more 
appropriately branded as anti-seizure drugs (ASDs). AEDs 
or ASDs have successfully allowed nearly 70% of epileptic 
patients to control/manage their seizures with ease [10]. 
However, the success/effective rate of pharmacological 
treatment approaches with anti-convulsants may vary de-
pending on the etiology of seizure disorder [11]. There are 
approximately 30 types of ASDs to this date, which possess 
various molecular targets and mechanisms of action, such as 
blocking the excitatory mechanism (action potentials) and/or 
strengthening the inhibitory mechanisms [10-13]. Besides 
that, ASDs may also modulate the voltage-gated sodium 
(Na+) channels and/or voltage-gated calcium (Ca2+) channels 
[14, 15]. 

Although effective, most anti-convulsant drugs often 
have a narrow therapeutic index that separates them from 
being beneficial or detrimental. Small changes in the phar-
macokinetics of ASDs may lead to a decreased therapeutic 
activity and an increased toxic effect, leading to the devel-
opment of adverse effects [16]. These adverse effects may be 
acute and reversible or chronic and permanent [17] (Fig. 1).  

Some ASDs may cause deterioration in the central nerv-
ous system, neuronal death, aplastic anemia, liver failure or 
even death, such as sudden unexpected death in epilepsy 
(SUDEP). ASDs have also been shown to cause recurrence 
of seizures as well as temporary paralysis in patients with 
cerebral lesions or patients with previous symptomatic sei-
zures [18]. Apart from these, non-specific retinal and neuro-
toxic visual anomalies, such as diplopia, blurred vision and 

nystagmus, may also occur with an overdose or long-term 
ASD usage [19]. Most of these previously described adverse 
effects are rare and dependent on various factors. However, 
common side effects that may be experienced across most 
ASD usage include headache, dizziness, drowsiness, hearing 
disturbances, nausea, and vomiting [20]. Since the type of 
ASDs, the duration of usage, the pharmacokinetics of the 
ASD and the pharmacodynamics of the ASD in patients may 
influence the effectiveness of the ASD as well as the type of 
side/adverse effects developed, it is therefore, important to 
understand the individual-based role of these factors among 
common ASDs before actively prescribing them to epileptic 
patients. This will ensure that epileptic patients gain the best 
form of treatment for their debilitating condition in order to 
have a greater quality of life. 

This review elucidates the mechanism of action of com-
mon ASDs as well as their side effect profile, based on clini-
cal and preclinical studies. This review hopes to provide 
guidance to physicians and clinicians in choosing the most 
appropriate, safe, and individually catered antiepileptic drugs 
for epileptic patients. This may be especially helpful for epi-
leptic patients who often present complexity with ASDs, 
such as those who are pregnant, in their old age, or have var-
ious other comorbidities together with the seizures. 

2. BROAD AND NARROW SPECTRUM ANTI-

SEIZURE DRUGS 

Anti-seizure drugs are classified according to their mech-
anism of action as well as the type of epilepsy they are effec-
tive against in patients. Currently, ASDs can be divided into 
two categories; broad spectrum and narrow spectrum ASDs. 
Broad-spectrum ASDs are effective against a wide variety of 
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seizures (focal, partial and generalized), while narrow-
spectrum ASDs are only effective against a certain type of 
seizure (focal or partial). Thus, broad-spectrum ASDs are 
usually given as the first-line medication, particularly when 
the type of seizure is uncertain. In this review, the broad-
spectrum ASDs include valproic acid, topiramate, lamotrigi-
ne, levetiracetam, felbamate, zonisamide, perampanel, rufin-
amide and brivarcetam (Table 1). The narrow spectrum 
ASDs include phenytoin, oxcarbazepine, lacosamide, 
gabapentin, vigabatrin, carbamazepine, tiagabine, stiripentol, 
eslicarbazepine acetate and cenobamate (Table 1). Under-
standing each ASD’s mechanism of action and their specific 
adverse effects may guide clinicians and physicians in mak-
ing a well-informed prescription of ASD for their patients, 
where the main objective is to prevent/halt seizure spread 
with minimal side effects, thereby ensuring epileptic patients 
have a good quality of life.  

2.1. Broad Spectrum Anti-Seizure Drugs 

2.1.1. Valproate 

Valproate (valproic acid) is often the first line and stand-
ard ASD prescribed to epileptic children due to its effective-
ness in treating generalized seizures. The primary mecha-
nism of action of valproate is through the enhancement of 
inhibitory neurotransmitter GABA. Valproate may increase 
GABA synthesis, decrease GABA turnover, and prevent 
GABA degradation, all to enhance GABA pro-inhibitory 
neurotransmission. Valproate may also block sodium (Na+) 
channels, calcium (Ca2+) channels, and voltage-gated potas-
sium (K+) channels [21, 22] in attempts to reduce neuronal 
hyperexcitability. Besides that, valproate may also affect 
other neurotransmitters, such as neuropeptide Y and may act 
as an N-methyl-D-aspartate (NMDA) receptor antagonist, 
both of which may block seizure development. 

However, one of the common adverse effects reported 
from the use of valproate was a teratogenic effect seen in 
women with childbearing potential [23]. In a study involving 
human placentas, valproate significantly altered the mRNA 
levels of the major transporters for folic acid, glucose, cho-
line, thyroid hormones and serotonin [24]. Dysregulation in 
folic acid transport may reduce placental folate concentra-
tions, which could result in adverse fetal outcomes [24]. 
Similarly, in another study, even low therapeutic levels of 
valproate were associated with a trend towards a decreased 
mRNA expression of folate, amino acid, and fatty acid trans-
porters, which may affect placenta function during early 
pregnancy [25]. In addition, valproate may also cause major 
organ malformations and cognitive disturbances in the fetus. 
Epileptic patients who had valproate exposure during preg-
nancy witnessed the formation of spina bifida, cardiac crani-
ofacial defects and skeletal/limb defects in their fetus [79]. 
These adverse genetic effects of valproate during pregnancy 
may be due to its modulating role on histone deacetylase.  

Another well-known side effect of valproate is the pro-
nounced liver toxicity associated with genetic epilepsies. An 
example of a genetic epileptic disorder with which valproate 
may cause liver toxicity is the Alpers-Hüttenlocher syn-
drome, which is caused by a mitochondrial DNA-polymerase 
mutation [80, 81]. In Alpers syndrome patients, p.A467T, the 
most common DNA-polymerase (POLG) mutation, has been 

shown to result in lesser POLG expression, greater mtDNA 
depletion, and a series of mitochondrial abnormalities. These 
pathologies may lead to more frequent mitochondrial perme-
ability transition pore (mPTP) opening and increased apop-
totic sensitivity due to the induction of mitochondrial super-
oxide flashes [26]. In a study investigating valproic acid-
induced hepatotoxicity in rats, a significant increase in serum 
enzyme activities was observed for aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), alkaline phos-
phatase (ALP), and gamma glutamyl transferase (GGT). The 
study also showed that valproate administration increased 
thiobarbituric acid reagent content and nitric oxide (NO) 
production in the liver tissue, attributing to increased oxida-
tive/nitrosative stress [27]. Interestingly, a 2018 cohort study 
noticed that POLG1 was not solely associated with an in-
creased risk of valproate-induced liver toxicity but required a 
combination of other pathogenic mutations as well [82], 
thereby suggesting that only epileptic patients with the 
aforementioned pathologies/mutations may be prone to de-
velop liver toxicity post valproate treatment.  

Valproate anti-convulsant drug may also cause hyper-
ammonemia as an adverse effect [83-85]. Valproate may 
increase the body’s ammonia levels by combining with car-
nitine and forming valproylcarnitine, thus reducing the 
amount of carnitine in the body. Carnitine is required for 
metabolism, where it is responsible for transferring fatty acid 
chains into the mitochondria for energy production. 
Valproate may also bind to coenzyme A, preventing car-
nitine regeneration. Decreased carnitine due to these mecha-
nisms may lead to a decreased beta-oxidation of valproate, 
thus causing an accumulation of toxic metabolites and re-
duced ammonia eradication [86]. Other adverse effects, such 
as decreased appetite, abdominal pain, vomiting, diarrhea, 
enuresis, and abnormal color vision, were also found in some 
pediatric epilepsy patients [28].  

Valproate may be more effective as a monotherapy due 
to its possible interaction with other ASDs. Although side 
effects associated with valproate polytherapy have not been 
clearly concluded previously, valproate has been shown to 
decrease lamotrigine clearance and increase its concentration 
in serum [87], which may contribute to lamotrigine-induced 
DRESS or SCAR.  

Taken together, valproate should not be prescribed as the 
primary therapy for pregnant epilepsy patients to protect the 
health of the fetus and for epileptic patients with POLG mu-
tations to prevent liver toxicity. Since a valproate dose-
dependent relationship may be applicable for other adverse 
effects, they may still be prescribed to epileptic patients, but 
at a lower dosage and as a monotherapy. However, careful 
monitoring of the dose response should be prioritized.  

2.1.2. Topiramate 

Topiramate is effectively used as a monotherapy for focal 
onset and primary generalized tonic-clonic seizures in both 
adults and children. There are several ways in which topir-
amate exhibits its anti-seizure properties; enhancing GABA-
chloride influx, activating potassium conduction, blocking 
voltage-gated sodium channels, antagonizing NMDA recep-
tors and blocking carbonic anhydrase (increasing the acidity 
of the brain, which suppresses seizures).   
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Table 1.  Mechanism of action, side effect profile, and risk factors of anti-seizure drugs based on clinical and preclinical studies. 

Anti-seizure Drug 
Mechanism of 

Action 
Study Subjects Side Effect Profile Risk Factors References 

Broad Spectrum ASD 

Valproate 

 

� Enhance 
GABA levels 

� Block sodium 
(Na+), calcium 
(Ca2+) and po-
tassium (K+) 
channels 

� NMDA recep-
tor antagonist 

Women with epilepsy who 
were pregnant or who were of 
childbearing age 

Teratogenic effects 

* Pregnancy 

 

* Child bearing age 

 

* Pediatric patients 

 

* Genetic mutations 
(POLG) 

[23] 

Human placentas Reduced placental folate concen-
trations 

[24] 

Human placentas 
Decreased mRNA expression of 
genes encoding folate and amino 
acid and fatty acid transporters 

[25] 

Alpers syndrome patients Increased apoptotic sensitivity [26] 

Valproate-induced rats Increased thiobarbituric acid 
reagent content and NO [27] 

Epileptic children on a low 
therapeutic dose of valproate 
monotherapy 

Decreased appetite, abdominal 
pain, vomiting, diarrhea, enure-
sis, skin rash and abnormal color 
vision 

[28] 

Topiramate 

 

� Enhance 
GABA-
chloride influx 

� Block sodium 
(Na+) channels 

� NMDA antag-
onist 

� Block carbonic 
anhydrase 

Adults with epilepsy or mi-
graine 

Impairment of verbal function, 
memory, and attention 

* High dosage 

 

* Infants 

 

* Pregnancy 

 

* Drug interaction 
with other ASD 

[29] 

1–24 months of age with 
refractory partial-onset sei-
zure 

Hyperammonemia [30] 

Children with West syndrome Sleeping state, poor oral intake, 
and numbness 

[31] 

Pregnant women Increased seizure frequency [32] 

Lamotrigine 

 

� Block sodium 
(Na+) and cal-
cium (Ca2+) 
channels 

Patients with eosinophilia and 
systemic symptoms (DRESS) 

 
Hypersensitivity * Chronic usage 

 

*Age (older) 

[33] 

Patients with SJS or TEN SCAR [34] 

Levetiracetam 

 

� Inhibit sodium 
(Na+) channels 

� Increase GA-
BAergic 
transmission 

� Bind to SV2A 

Patients with epilepsy Decreased dopaminergic activity 
and aggression side effects * High dosage [35] 

Felbamate 

 

� NMDA-
glutamate re-
ceptor antago-
nist 

� Blocks sodium 
and calcium 
conduction 

Children with drug-resistant 
epilepsy 

Aplastic anemia, liver failure, 
decreased appetite, insomnia, 
fatigue, irritability, leukopenia, 
rash, hyperactivity, weakness, 
vomiting, cognitive deterioration, 
behavioral change * Drug interaction 

with other ASD 

[36] 

Children, adolescents, and 
adults with epilepsy 

Nausea, vomiting, and stomach 
upset 

[37] 

Adult rats Lowest learning tasks 
 

[38] 

Zonisamide 

 

� Blocks sodium 
(Na+) and T-
type calcium 
channels 

Patients with epilepsy Major depression 

* Drug withdrawal 

 

* Gender (males) 

[39] 

Rufinamide 

 

� Inhibits sodi-
um-dependent 
action poten-
tials 

CF1 mice and Sprague–
Dawley rats 

Decreased motor activity, ataxia, 
muscle relaxation, and decreased 
respiration * Pediatric patients 

 

*LGS patients 

[40] 

Patients with LGS Increased in height and weight [41, 42] 

Patients with LGS 
Headache, dizziness, drowsiness, 
vomiting, nausea, fatigue and 
diplopia 

[43] 

(Table 1) contd…. 
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Anti-seizure Drug 
Mechanism of 

Action 
Study Subjects Side Effect Profile Risk Factors References 

Brivaracetam 

 
� Binds to SV2A 

Children with epilepsy Systemic side effects 

* Pregnancy 

[44, 45] 

Patients with intellectual 
disability and epilepsy Behavioral disorder side effects [191] 

Women with epilepsy  Embryo death [46] 

Perampanel 

 

� AMPA-
glutamate re-
ceptor antago-
nist 

WAG/Rij rats Psychiatric (depressive-like) 
comorbidity 

* High dosage 

[47] 

Patients with epilepsy Increase in depressive symptoms [48] 

Patients with drug-resistant 
partial seizures 

Dizziness, drowsiness, and head-
ache [108] 

Narrow Spectrum ASD 

Phenytoin 

 

 

� Reduce action 
potential am-
plitude 

� Block sodium 
(Na+) channels 

Pediatric patients with con-
vulsive status epilepticus 

Hypotension, cardiac arrhythmias 
and serious extravasation injuries 

* Pediatric patients 

 

* Drug interaction 
with other ASD 

 

* Status epilepticus 
patients 

 

* Patients with 
cardiovascular 
problems 

 

* Genetic mutations 
(HLA-B, CYP2C 
variant) 

 

* Pregnancy 

 

* High dosage 

[49] 

Phenytoin induced-
anticonvulsant hypersensitivi-
ty syndrome  

Cross-reactivity, fever, liver 
enzyme elevation, and increased 
skin problems 

[50] 

Patients with drug-induced 
hypersensitivity syndrome 

Severe facial edema, erythema, 
hyperbilirubinemia, and elevated 
liver transaminases 

[51] 

Animal models treated with 
100 mg or 200 mg of phenthi-
onine 

Increased ALT levels [52] 

Patients with localization-
related epilepsy 

Impairment of cognitive func-
tions, such as attention, memory, 
and problem solving 

[53] 

Embryonic rats 

Decreased body weight, cleft lip 
and/or palate, hydrocephalus, 
hydronephrosis, long bones 
growth retardation and ectrodac-
tyly 

 

[54] 

Women exposed to antiepilep-
tic drug monotherapy during 
pregnancy 

Increased risk of major congeni-
tal malformations [55] 

Oxcarbazepine 

 

� Block sodium 
(Na+), calcium 
(Ca2+) and po-
tassium (K+) 
channels 

 

Patients with idiopathic tri-
geminal neuralgia 

Tiredness, sleepiness, memory 
problems, disturbed sleep, diffi-
culty concentrating and unsteadi-
ness 

* Monotherapy 

 

*Pediatric patients 

 

*Pregnancy 

[56] 

Children with epilepsy Nausea, vomiting, skin rash, and 
hyponatremia [57] 

A 23-year-old pregnant wom-
an with a history of CPS and 
mild depression 

Dizziness and attacks [58] 

Lacosamide 

 

� Increase the 
slow inactiva-
tion of sodium 
(Na+) channels 

� CRMP2 

Children with epilepsy Cardiopulmonary events * Patients with liver 
problems 

 

* Monotherapy 

 

* Adjunctant thera-
py 

[59] 

Patients with epilepsy Increased ALT levels [60] 

Gabapentin 

 

� Bind to alpha-
2-delta subunit 
of calcium 
(Ca2+) channels 

Patients with partial-onset 
seizures 

Anxiety, agitation, and depres-
sion 

* Monotherapy 

 

* Pregnancy 

 

* High dosage 

 

* Patients with 
chronic renal failure 

 

* Age (older) 

[61] 

Candidates for elective lower 
limb orthopedic surgery 

Chill, headache, nausea, vomit-
ing, dizziness, and fever [62] 

Older adults given high doses 
of gabapentin 

Increased risk of being hospital-
ized with a mental state [63] 

Patients with chronic kidney 
disease Toxicity [64] 

(Table 1) contd…. 
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Anti-seizure Drug 
Mechanism of 

Action 
Study Subjects Side Effect Profile Risk Factors References 

1.  2.  

24-week-old male albino 
Wistar rats 

Decreased locomotor activity and 
increased defecation 

- 

[65] 

Pregnant women (including 
patients with epilepsy) 

Less or similar rates of maternal 
complications, low birth weight, 
cesarean section, abortion and 
malformation 

[66] 

Vigabatrin 

 

� Inhibits GABA 
transaminase 

Infants with new-onset and 
previously treated infantile 
spasm 

Getting fat, edema, extreme 
irritability, high blood pressure, 
heart failure, blood sugar control 
irregularities, increased risk of 
infection and kidney calcification 

* Patients on hor-
mone/steroids 
treatment 

 

* Infants 

 

* Chronic usage 

 

* High dosage 

[67] 

Patients with epilepsy Visual field defect [68] 

Carbamazepine 

 

� Blocks sodium 
(Na+) channels Older adults Hyponatremia 

* High dosage 

 

* Age (older and 
children) 

[69] 

Tiagabine 

 

� Blocks GABA 
re-uptake 

Adult outpatients with epilep-
sy 

Cognitive side effect intolerance 

* High dosage 

 

* Patients with 
comorbidities 

 

* Drug interaction 
with comorbid 
drugs 

[70] 

Stiripentol 

 

� Increase 
GABAA recep-
tor transmis-
sion 

� Increase inhibi-
tory post-
synaptic cur-
rents 

� Prolong decay 
time constant 

Adults with DS Anorexia, weight loss, imbal-
ance, and fatigue 

* Intolerance 

[71] 

Patients with a confirmed 
clinical and genetic diagnosis 
of DS 

Hyperammonemia encephalopa-
thy 

[72] 

Eslicarbazepine 

acetate 

� Enhance slow 
inactivation of 
sodium (Na+) 
channels 

� Blocks T-type 
calcium chan-
nels 

Children with refractory fo-
cal-onset seizures   

Headache, nasopharyngitis, and 
drowsiness 

* Age (older) 

 

* Patients with 
comorbidities 

 

* Drug interaction 
with other ASD 

[73] 

Adults with partial-onset or 
focal seizures 

Dizziness, drowsiness, hypo-
natremia, headache and ataxia 

[74] 

Cenobamate 

� Blocks INaP 
action 

� Positive allo-
steric modula-
tion of GABAA 
receptors 

Adults with uncontrollable 
focal epilepsy 

Dizziness, headache, somno-
lence, diplopia, fatigue, nystag-
mus and DRESS 

* Pregnancy 

 

*Drug interaction 
with other ASD 
and/or contracep-
tives 

 

*High dosage 

 

*Patients with car-
diac comorbidity 

[75-78] 

Abbreviations: ASD: anti-seizure drug, ALT: alanine transaminase, POLG: DNA-polymerase gamma, CPS: complex partial seizures, DS: Dravet Syndrome, DRESS: drug eruption 
with eosinophilia and systemic symptoms, INaP: persistent sodium current, LGS: Lennox-Gastaut syndrome, NO: nitric oxide, SCAR: severe cutaneous adverse reactions, SJS: Ste-
vens–Johnson syndrome, TEN: toxic epidermal necrolysis, SV2A: synaptic vesicle protein 2A, AMPA: amino-3-hydroxy 5-methyl-4-isoxazolepropionic acid, NMDA: N-methyl-D-
aspartate, CRMP2: collapsin response mediator protein 2, GABA: gamma-amino-butryic-acid. 
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Paresthesia, fatigue, gastrointestinal problems, memory 
difficulty, and taste deviation were some of the prominent 
side effects of topiramate treatment [88]. Topiramate treat-
ment has been associated with significant verbal function, 
memory and attention impairment in patients with epilepsy 
[29]. A past case study involving a 39-year-old woman treat-
ed with carbamazepine for 2 years was initiated on topir-
amate 50 mg daily for persistent complex partial seizures. 
While the dose of the carbamazepine was stable, the pa-
tient’s topiramate dose was gradually increased, which 
caused a 5-7 kg body weight loss, fatigue, and fainting spells 
in the patient [89]. In addition, the patient also developed 
oliguria, severe encephalopathy, liver and renal failure [89]. 
These adverse findings were related to the continuous in-
crease in the drug dosage, thus suggesting that the side ef-
fects may be related to the topiramate dosage rather than the 
topiramate use itself. In contrast, in a clinical trial, adverse 
events of hyperammonemia were reported in infants receiv-
ing topiramate as adjunctive therapy to valproate, but no 
dose-related changes were detected in the serum ammonia or 
liver function test results [30]. Thus, this indicates that the 
combination therapy of topiramate with other ASDs may 
cause severe side effects that may be just as worse as when 
taken as a monotherapy. In an evaluation study of the safety, 
tolerability, and efficacy of oral topiramate treatment in chil-
dren with West syndrome, it was reported that 35% of the 
children experienced temporary side effects, such as drowsi-
ness and poor oral intake [31]. In contrast, the use of topir-
amate during the second and third trimesters of pregnancy 
showed an increase in the frequency of seizures in 47% of 
the individuals [32]. The evidence suggest that topiramate is 
safe and tolerable in children even with genetic comorbidi-
ties but could result in greater side effects when prescribed 
with other ASDs in adults, especially when not accounting 
for the dosage response. Topiramate may also not be benefi-
cial for pregnant epileptic patients, as there may be an under-
lying hormonal mechanism (pending verification from fur-
ther investigation), which may counteract the anti-seizure 
effects of topiramate.   

2.1.3. Lamotrigine 

Lamotrigine is a phenyl-triazine derivative that is pre-
scribed as an alternative to valproate. Its main mechanism of 
action is the blocking of voltage-gated sodium and calcium 
channels on both the pre- and post-synaptic membrane [90]. 
It is effective on primary and secondary generalized seizures, 
focal seizures, as well as on atonic and absence seizures in-
dicated in Lennox-Gastaut syndrome of childhood [91].  

The use of lamotrigine may cause common ASD side ef-
fects, such as headache, dizziness, drowsiness, fatigue, fever 
and nausea in patients. More specific to lamotrigine, side 
effects such as moderate ataxia, bipolar triggering, hypersen-
sitivity and multi-organ failure have been reported with 
chronic usage [92]. Although rare, hepatotoxicity, teratogen-
icity, pancreatitis and skin rash have also been witnessed in 
some epileptic patients [92]. Hypersensitivity to lamotrigine 
or its components may be the primary side effect of 
lamotrigine administration [90]. In a previous clinical study, 
12 out of 44 patients with drug eruption with eosinophilia 
and systemic symptoms (DRESS) (mostly above 18 years 
old) reported sensitivity towards lamotrigine [33].  

Interestingly, previous studies have shown that in a pedi-
atric age group, the risk of mild skin reactions associated 
with lamotrigine was higher than in adults, but the risk of 
lamotrigine-related severe cutaneous adverse reactions 
(SCAR) was higher in adults compared to the pediatric group 
[34], suggesting an age-related factor in lamotrigine pharma-
codynamics and hypersensitivity. Hypersensitivity reactions 
are defined as an exaggerated or inappropriate immune re-
sponse to an antigen or allergen [93], a reaction that is un-
common with other ASDs. In support, lamotrigine treatment 
has also been shown to significantly increase the delayed-
type hypersensitivity response in a preclinical mouse model, 
where it significantly inhibited IL-2 and TNF-α secretion in 
splenocytes stimulated with concanavalin A (ConA) [94].  

Unfortunately, the side effect profile of lamotrigine has 
not been investigated in association with pregnancy [95], but 
hypersensitivity reaction during pregnancy may cause life-
threatening conditions in the mother and fetus. Since hyper-
sensitivity is the only major issue of lamotrigine, understand-
ing and eventually counteracting this effect may greatly 
promote the usage of the otherwise safe and effective ASD 
lamotrigine.   

2.1.4. Levetiracetam 

Besides valproic acid and phenytoin, levetiracetam 
(LEV) is currently one of the most prescribed ASD by clini-
cians and highly recommended due to its effectiveness as an 
anti-convulsant against a broad range of epilepsies while 
having a low side-effect profile and no known drug interac-
tions [96]. LEV may inhibit the voltage-dependent sodium 
channels, increase GABAergic transmission and bind to the 
synaptic vesicle protein 2A (SV2A), which causes neuronal 
inhibition [97, 98]. 

Behavioral side effects, such as altered mood states in-
cluding depression, agitation, hostility, irritability, and hy-
per-arousal, as well as a variety of behavioral problems, in-
cluding aggression, have been reported frequently in patients 
using LEV [99]. In one study, decreased dopaminergic activ-
ity and aggression were associated with LEV [35]. In addi-
tion, the LEV may also cause common side effects, such as 
headache, dizziness, drowsiness, forgetfulness, abdominal 
pain, nausea and vomiting, while neurological side effects, 
such as convulsion, ataxia, anger, anxiety and confusion, 
have been observed in high doses of LEV [100]. 

According to a 2015 meta-analysis, the percentage of pa-
tients withdrawing from LEV treatment due to adverse ef-
fects showed a certain dose-response relationship with LEV 
tolerability [101]. However, although the tolerability was 
clearly reduced with a change in drug dose from 1000 to 
2000, an additional dose increase (up to 3000 mg/day) was 
not associated with a worsening of the tolerance [101]. This 
contrasted with research findings showing a decreased toler-
ance to the increasing dose rate of other ASDs [102, 103]. 
These results show that the relationship between dose and 
tolerance of LEV should be further investigated to mitigate 
the potential adverse effects of LEV, which may allow clini-
cians to treat epileptic patients of any age, type and medical 
history safely and effectively.  

Similar to valproate, LEV may be more effective and tol-
erable as a monotherapy compared to as a polytherapy, espe-
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cially in pediatric patients with epilepsy. A high seizure re-
duction rate and a relatively tolerable side-effect profile have 
been observed with LEV monotherapy [104, 105]. Although 
a retrospective review in 2016 reported that there may be no 
significant differences in adverse effects shown between 
LEV mono- and poly-therapy in pediatric patients [105], 
LEV monotherapy may be more effective, less costly and 
may reduce wastage and possible unknown interactions.  

2.1.5. Felbamate 

Felbamate is mainly used for the treatment of partial sei-
zures in adults and Lennox Gastaut syndrome in children 
[106]. The main mechanism of action of the felbamate drug 
is the interaction with NMDA-glutamate receptors, which in 
turn blocks sodium and calcium conduction [107].  

Common side effects of felbamate are loss of appetite, 
vomiting, insomnia, nausea, dizziness and headache, while 
serious side effects include aplastic anemia and liver failure 
[36, 108]. Therefore, monitoring transaminases, coagulation 
parameters, and blood counts of patients receiving felbamate 
may be required. In one study, five out of six patients had 
experienced nausea, vomiting, and stomach upset due to the 
use of valproate in addition to the drug felbamate [37]. Simi-
larly, gastrointestinal events were also witnessed in another 
study that had concurrent administration of valproate and 
felbamate [109], suggesting a drug interaction side effect for 
felbamate with other ASDs. 

As for cognitive side effects, felbamate-treated animals 
had the least decline in the learning tasks compared to those 
treated with phenytoin, carbamazepine or valproate [38].  
This suggests that the use of felbamate may be more tolera-
ble compared to those of other ASDs, especially when given 
as a monotherapy. 

2.1.6. Zonisamide 

Zonisamide is thought to function by blocking the repeti-
tive firing of the voltage-gated sodium channels and the T-
type calcium channels [110]. This drug has an effective ther-
apeutic potential in both childhood partial and generalized 
epilepsies, particularly myoclonic epilepsies [111].  

However, the use of zonisamide may trigger the devel-
opment of anorexia, weight loss, somnolence, nervousness, 
headache, and sleep disorders in epileptic individuals. In 
addition, more serious side effects, such as vertigo, reduced 
sweating, and pancreatitis, have also been reported in pa-
tients occasionally [112].  

In a preclinical study, the administration of zonisamide in 
rats did not affect the serum osteocalcin (a bone formation 
marker), but it increased the serum pyridinoline (bone re-
sorption marker) levels [113]. This means that zonisamide 
administration may accelerate bone resorption, leading to 
bone loss as an adverse effect. However, this relationship 
between zonisamide and bone health has not been estab-
lished in clinical studies. In fact, one study in humans 
showed that zonisamide did not adversely affect bone 
strength and or its metabolism [114]. 

Zonisamide has shown to possess the highest rate of drug 
withdrawal due to intolerance to psychiatric and behavioral 
side effects when compared to other ASDs [115]. In another 

study in which 433 patients were treated with zonisamide, 
the incidence of psychiatric side effects leading to drug dis-
continuation was observed as high as 6.9%, with those de-
veloping depression reaching a 2.5% withdrawal rate, ag-
gressive behavior (1.8%), psychosis (1.4%) and irritability 
(1.2%) [116]. Major depression has been observed as the 
most common side effect of zonisamide drug discontinuation 
[39]. Signs of oxidative stress in testicular tissue due to de-
creased catalase activities and increased malondialdehyde 
levels have also been observed in the zonisamide treated 
patients, which suggest the possibility of male reproductive 
toxicity as a side effect of zonisamide [117]. Taken together, 
zonisamide may be better recommended for female epileptic 
patients rather than males, with close monitoring for psychi-
atric side effects. Although, it may be wise to understand 
how zonisamide may affect epileptic patients who are preg-
nant before prescribing them to expectant female patients. 

2.1.7. Rufinamide 

Rufinamide has been approved to be used for epileptic 
patients with Lennox-Gastaut syndrome (LGS), a severe 
form of epilepsy that begins in childhood. The main mode of 
action of the rufinamide is through the inhibition of the sodi-
um-dependent action potentials [118].  

Neurological side effects of very high doses of intraperi-
toneal rufinamide have been observed in animals, where 
decreased motor activity, ataxia, muscle relaxation, and de-
creased respiration were recorded [40]. In pediatric patients, 
on the other hand, weight loss as a side effect of rufinamide 
has been contradictorily observed in previous clinical trials 
[41, 42]. While in epilepsy patients with LGS syndrome, 
headache, dizziness, drowsiness, vomiting, nausea, fatigue 
and diplopia have been observed with rufinamide prescrip-
tion [43], which deters patients from continuing their treat-
ment. There is still much to learn about rufinamide usage in 
epileptic patients, but given that severe side effects have not 
been noticed in clinical trials, it may serve as a potentially 
effective and safe ASD for epileptic patients, especially for 
those with LGS. 

2.1.8. Brivaracetam 

Brivaracetam is a chemical analogue of levetiracetam and 
a high-affinity ligand of the SV2A glycoprotein. Common 
side effects of brivaracetam, include headache, drowsiness, 
dizziness, fatigue and nausea [119]. Brivaracetam-related 
CNS side effects have been shown to peak during the first 
week, followed by a decrease in the first 6 weeks in preva-
lence and in the first 3 weeks in incidence, suggesting adap-
tion of the ASD [120]. Another clinical study performed 
showed a high rate of central and low systemic side effects, 
such as irritability and drowsiness (17.3% each), which con-
tradicted with the initial post-marketing studies reporting 
nervousness, insomnia, depression and anxiety in only 2–3% 
of patients [44, 45]. Despite this contradiction, the adaptive 
feature (subsiding of side effects) of brivaracetam may 
champion it as a safe and effective ASD for epileptic pa-
tients. 

Nevertheless, the potential for brivaracetam teratogenici-
ty in humans may be indicated where embryo death has been 
observed at doses significantly higher than the equivalent 
maximum recommended dose for patients (200 mg daily in 
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humans) [121]. There has also been evidence of fetal devel-
opmental toxicity in animal studies at plasma exposures 
higher than clinical exposures of brivaracetam [46]. There-
fore, brivaracetam may not be suitable for pregnant, epileptic 
patients. 

2.1.9. Perampanel 

Perampanel is a post-synaptic, and noncompetitive α 
amino-3-hydroxy 5-methyl-4 isoxazolepropionic acid (AM-
PA)-type glutamate receptor antagonist [122, 123]. Peram-
panel is used to treat partial and/or generalized tonic-clonic 
seizures in those above 12 years old. In clinical studies, the 
most common side effects of perampanel were determined to 
be signs of aggressive behavior, dizziness and drowsiness. 
The fluctuation of glutamate levels in the amygdala, hypo-
thalamus, and periaqueductal gray matter may play an im-
portant role in the development of aggressive behavior post 
perampanel [124, 125].  

However, since perampanel has been observed to inhibit 
the limbic epileptogenic process [126], investigations into its 
potential to concurrently reduce other neuropsychiatric be-
haviour, particularly depression, in epileptic patients may be 
warranted. In support, an animal study showed that the drug 
attenuated the occurrence of psychiatric (depressive-like) 
comorbidity post perampanel administration [47]. In con-
trast, the clinical data observed the opposite for the depres-
sion outcome instead, where patients experienced an increase 
in depressive symptoms after taking perampanel [48]. This 
increase was also deemed predictive of the physically and 
verbally aggressive behavior that follows after perampanel 
usage [48]. This suggests that the limbic system in humans 
and animals may be wired differently and thus, perampanel 
effects on the limbic system should be further investigated in 
order to determine the mechanism to attenuate not only the 
aggression side effect but also as a potential treatment to-
wards depression in epilepsy patients. 

Interestingly, some studies suggest that differences in the 
plasma concentrations of perampanel influence the occur-
rence and severity of the side effects [127, 128]. Thus, to 
minimize the potential of perampanel-related adverse events, 
it may be recommended that patients initiate therapy with a 
low dose of perampanel and slowly increase the dose until a 
clinical effect is achieved. Regardless, perampanel appears to 
be a relatively safe and effective ASD for epileptic patients. 

2.2. Narrow Spectrum Anti-Seizure Drugs 

2.2.1. Phenytoin 

Another common ASD often prescribed by general phy-
sicians to epileptic patients is phenytoin. It is one of the 
oldest ASDs in the market and primarily used for patients 
with status epilepticus. Phenytoin elicits its anti-seizure 
effects by reducing the action potential amplitude of neu-
rons, thereby slowing the neural/synaptic conduction, 
transmission, and excitability [129]. Phenytoin may bind to 
the active state of the sodium ion channels to prolong the 
rapid inactivation of the channel [129], which reduces the 
repetitive firing of action potentials. Blocking the sodium 
channel may decrease the sensitivity of the neuronal cell to 
epileptogenic stimuli by increasing the membrane threshold 
for depolarization [130].  

Although widely and effectively used, phenytoin has 
been reported to cause hypotension, cardiac arrhythmias, and 
severe extravasation injuries in patients with pediatric con-
vulsive status epilepticus [49]. Similar side effects were also 
seen in an ASD comparison study, where status epilepticus 
patients using phenytoin, in contrast to those using sodium 
valproate, developed signs of hypotension and bradycardia 
[131]. The study also suggested that sodium valproate may 
be more tolerable than phenytoin, particularly with regard to 
early changes in blood pressure [131]. These findings indi-
cate that phenytoin should not be recommended to patients 
with cardiovascular problems as it could be life-threatening.  

The use of phenytoin may also trigger the development 
of anticonvulsant hypersensitivity syndrome (AHS) due to 
cross-reactivity with other ASDs, such as carbamazepine, 
which may lead to multiple organ failures and subsequent 
death. In an experiment conducted on 6 epileptic patients, 
phenytoin reportedly caused severe clinical side effects, such 
as fever, recurrent liver enzyme elevation and increased skin 
problems due to cross-reactivity reaction with other ASDs 
[50]. Thus, potential drug interactions and cross-reactivity 
should be considered when treating epilepsy with phenytoin, 
especially in those with combination ASD therapy.  

Besides that, the use of phenytoin may also trigger the 
formation of severe edema and erythema on the face, as well 
as liver abnormalities due to hyperbilirubinemia or greater 
than ten-fold elevation in liver transaminases [51]. Based on 
an animal model, mice that were orally administered 100 mg 
or 200 mg of phenytoin showed increasing levels of alanine 
aminotransferase (ALT) levels on every usage but without a 
high mortality rate [52]. The findings were consistent with 
clinical cases, where previously normal liver enzyme (ALT) 
levels were abnormally increased following phenytoin thera-
py [132]. 

Phenytoin has also been associated with the formation of 
severe cutaneous adverse reactions (SCARs) due to variants 
in the HLA-B and CYP2C genes [133]. SCARs include Ste-
vens-Johnson syndrome (SJS), toxic epidermal necrolysis 
(TEN), DRESS, and drug hypersensitivity syndrome (DHS) 
[133]. Thus, epileptic patients with these genetic variants 
should not be prescribed phenytoin. 

Phenytoin may also have negative effects on higher-level 
cognitive functions, such as attention, memory and problem 
solving [53]. Morphological and behavioral anomalies have 
both been observed in animal and human usage of phenytoin, 
particularly during pregnancy [134]. It has also been found 
to cause human fetal hydantoin syndrome (FHS). Phenytoin 
usage during pregnancy may lead to growth-developmental 
disruption, congenital heart disease, major malformations, 
and craniofacial defects, including mental retardation in the 
fetus [134]. Likewise, the most common defects indicated in 
rodents treated with phenytoin during pregnancy were skele-
tal anomalies, such as cleft lip and/or palate, hydrocephalus, 
hydronephrosis, long bones elongation and ectrodactyly [54]. 
High-dose phenytoin therapy may cause a delay in dendrito-
genesis. It was observed that short and thick arbors that lead 
to abnormal shape were formed instead in a hippocampal 
neuron culture environment [135]. The dendrites of the neu-
rons receiving phenytoin were seen as under-developed, 
short, and thick compared to the control culture. The ob-
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served adverse effects of the phenytoin drug on dendritogen-
esis may be due to its inhibitory function on Na+ and Ca2+ 
influx [135]. Therefore, it is thought that phenytoin, which 
disrupts ion homeostasis, may increase the risk of mental 
retardation due to a lack of dendritogenesis. In support, a 
study involving puppies that were prenatally exposed to 
phenytoin and other ASDs developed major congenital mal-
formations and perinatal deaths, which was attributed to a 
dose-dependent risk [55]. These findings suggest that pheny-
toin should not be recommended to pregnant, epileptic pa-
tients or at the very least, the dosage and duration of pheny-
toin should be closely monitored for them. 

2.2.2. Oxcarbazepine 

Oxcarbazepine (OXC) is a keto analog of carbamazepine, 
just as effective as the latter but with lesser side effects. It is 
a potent anticonvulsant when used alone or in combination 
with other ASD agents in the treatment of partial seizures 
[136]. OXC elicits its anticonvulsant effect by blocking the 
voltage-dependent ionic (sodium, potassium and calcium) 
transmissions, which in turn reduces synaptic impulse prop-
agation (seizures).  

Even though deemed safer than carbamazepine, oxcarba-
zepine may be related to memory and concentration prob-
lems, inappropriate antidiuretic hormone secretion syndrome 
and hyponatremia [56]. Similar to studies in adults, oxcarba-
zepine monotherapy was not found to have a negative effect 
on cognitive function in newly diagnosed children and ado-
lescents with partial seizures [137]. Interestingly, another 
study showed that polytherapy of levetiracetam and oxcarba-
zepine resulted in the absence of any adverse effects on cog-
nitive function [138]. This suggests that oxcarbazepine 
should be recommended as a polytherapy rather than a mon-
otherapy. 

Besides that, OXC has also shown an effect on neurocyte 
apoptosis and brain damage. OXC at a concentration of 
281.25 mg/kg or more was seen to induce neurocyte apopto-
sis and brain damage by triggering Bax/Bcl-2 signaling 
pathway-mediated caspase 3 activation in neonatal rats 
[139]. An increase in hippocampal apoptosis was also ob-
served in rat pups who were exposed to OXC prenatally 
[140]. However, no adverse effects related to the use of ma-
ternal OXC were found in a case study involving a pregnant 
individual and two children [58]. These suggest that OXC 
may not be completely safe during pregnancy, however, 
since there havenot been any reports of OXC adversity in 
clinical studies, OXC may be recommended to epileptic pa-
tients who are pregnant, pending further clinical investiga-
tions.  

 Other minor side effects of OXC reported  include nau-
sea, vomiting, rash, and hyponatremia, which all have been 
observed in pediatric epilepsy patients [57]. With the current 
evidence, OXC polytherapy could be deemed as a safer ASD 
therapeutic option that may be recommended to epileptic 
patients, regardless of individual or seizure circumstances.  

2.2.3. Lacosamide 

Lacosamide is one of the newer ASDs in the market. Alt-
hough the mechanisms of action of lacosamide are not com-
pletely clear, current studies suggest that it selectively in-

creases the slow inactivation of voltage-gated sodium chan-
nels, thereby reducing neuronal excitability, as well as 
modulates epileptogenesis through collapsin response media-
tor protein 2 (CRMP2) [141, 142]. 

While lacosamide monotherapy and adjunctant therapy 
have proven to be effective against focal onset seizures, they 
may cause side effects, such as dizziness, headache, drowsi-
ness, diplopia, cardiovascular abnormalities, skin rash, 
hematotoxicity, heart damage, psychological symptoms and 
suicide risk in epileptic patients [59, 136]. In contrast, there 
have been observations that cardiopulmonary events were 
not among the side effects associated with lacosamide treat-
ment in clinical studies [143]. Although lacosamide mono-
therapy is effective and tolerable even at low doses in pa-
tients, especially in those over 65 years of age [144], one 
cohort study suggested that lacosamide polytherapy may also 
be effective with lesser side effects, particularly when given 
in combination with non-sodium channel blocker ASDs, 
such as LEV and zonisamide [145].    

In pre-clinical studies, however, it has been reported that 
the addition of lacosamide to standard anti-convulsant thera-
py may be associated with an increase in ALT levels, thereby 
suggesting liver ischemia but only rarely severe liver damage 
[60]. In this context, it is thought that the use of lacosomide 
in individuals with various liver problems may adversely 
affect the prognosis of the disease.  Taken together, the scar-
city of studies on the side effects of lacosamide treatment 
may be the hurdle for its recommendation by a physician to 
epileptic patients, especially when deciding between mono-
therapy and polytherapy strategies.  

2.2.4. Gabapentin 

Gabapentin acts as a GABA mimetic agent. Gabapentin 
is believed to be the safest ASD in the market but unfortu-
nately not as effective. Similar to lacosamide, the mechanism 
of action of gabapentin is still not well elucidated. Studies 
suggest that it elicits its anti-convulsant action through the 
governance of the voltage-gated calcium channels by binding 
to the alpha-2-delta subunit [146]. Gabapentin may exhibit 
both anticonvulsant and anxiolytic effects [146].  

Although deemed safe, gabapentin-induced hypoglyce-
mia has been observed in a case study, where the binding of 
gabapentin to the alpha 2 delta subunit of calcium channels 
in the pancreas may be the root cause for this side effect 
[147]. In addition, gabapentin may also lead to various psy-
chological and behavioral problems. Patients receiving mon-
otherapy with gabapentin developed anxiety, agitation, and 
depression over time [61]. Besides that, nonspecific symp-
toms, such as chills, headache, nausea-vomiting, dizziness, 
and fever, have also been reported previously [62]. In a study 
examining the effects of high and low dose usage of 
gabapentin in the elderly, the high dose patients with a histo-
ry of chronic renal failure had a higher risk of hospitalization 
with an altered mental state [63, 64]. This suggests that 
gabapentin should be given at a lower dosage for elderly 
patients with chronic kidney disease.  

In preclinical studies, the most common psychological 
and behavioral side effects associated with gabapentin that 
have been reported were anxiety/agitation and depression 
[61]. In a study in which the behavioral side effects of ASDs 
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were measured, the locomotor activity of rats receiving 
gabapentin decreased significantly, and there was an increase 
in defecation [65]. However, in a mice model, gabapentin 
administration did not project any negative effects on the 
behavioral profile of the mice. Instead, in this mice study, 
gabapentin reversed the seizure sensitivity and psychiatric 
comorbidities, which was believed to be due to the use of 
lower than the therapeutic dose of gabapentin [148].  

In addition, women exposed to gabapentin during preg-
nancy have less or similar rates of maternal complications, 
low birth weight, cesarean section, abortion, and malfor-
mations as other ASDs [66]. Therefore, these findings sug-
gest that gabapentin may be safer than other ASDs as only 
neuropsychiatric effects have been well documented in epi-
leptic patients. Nevertheless, careful considerations should 
be taken in regards to the age and health history of epileptic 
patients before prescribing gabapentin, especially when in-
creasing the effective dosage. 

2.2.5. Vigabatrin 

Vigabatrin is a very effective ASD, especially for refrac-
tory focal seizures and children with infantile spasms [136]. 
Vigabatrin acts by irreversibly inhibiting the GABA metabo-
lizing enzyme GABA transaminase, thereby increasing 
GABA concentrations and preventing neuronal excitability.  

However, vigabatrin also possesses a range of side ef-
fects, such as weight gain, edema, extreme irritability, high 
blood pressure, heart failure, irregularities in the regulation 
of blood sugar, increased risk of infection, and kidney calci-
fication, which have been attributed to the combined usage 
of hormone/steroids [67]. Accordingly, psychomotor agita-
tion, axial hypertonia and MRI abnormalities were also ob-
served, in infants but these were relatively benign [149].  

The most common adverse effect seen in patients under 
vigabatrin therapy was visual field defects, which was ob-
served in approximately 28.6% of patients in a clinical trial 
[68]. Since vigabatrin increases GABA levels overall [150], 
this GABA increase in the retinal area leads to unnecessary 
and prolonged retinal cellular membrane depolarization, fol-
lowed by Cl-, Na+, and water flux, thereby causing homeo-
static imbalance and cellular death [151]. In an animal study 
conducted in 2020, the relationship between vigabatrin and 
GABA concentrations in the retina and retinal toxicity of 
vigabatrin was affirmed [152]. The frequency and severity of 
the visual field loss caused by vigabatrin have ensured its 
prescription to only be made to epileptic patients if the anti-
seizure benefits outweighed the vision risks. Even then, its 
use is only recommended for a minimum period to prevent 
permanent vision damage [152, 153].  

Taken together, vigabatrin may only be prescribed to epi-
leptic patients for a short time frame, at a low dosage, in 
those who are not on any other hormone/steroid medications 
and most importantly, only given to epileptic patients who 
have specific epilepsies, such as refractory focal seizures and 
infantile spasms, in order to minimize the occurrence of its 
adverse effects. 

2.2.6. Carbamazepine 

Carbamazepine is commonly used as a partial seizure 
medication and has been associated with tricyclic anti-

depressants. The anti-convulsant activity of the drug comes 
from the blockade of the voltage-gated sodium channels, 
thereby inhibiting rapid neuronal firing [154].  

The use of carbamazepine potentially causes gastrointes-
tinal side effects, such as nausea, vomiting, dyspepsia, ab-
dominal pain, anorexia, diarrhea and sometimes constipation 
in most patients. However, depending on the dosage and 
patient characteristics, drowsiness, ataxia, dizziness, double 
vision, blurred vision and nystagmus may also be observed. 
In addition, anticholinergic effects, such as dry mouth, my-
driasis, impaired near vision and urinary retention, may also 
be witnessed, but these tend to be rare [155]. 

It is believed that carbamazepine may affect the function 
of the autonomic system by causing changes in the acetyl-
choline release and reuptake. Thus, examining the possible 
adverse effects on cardiac and respiratory disorders accom-
panying seizures may be warranted. Severe skin diseases and 
allergic reactions, such as erythroderma, exfoliative dermati-
tis, Stevens-Johnson reaction and toxic epidermal necrolysis, 
have also been observed in some of the patients. Mental and 
motor outcomes have only been observed in elderly patients, 
while symptoms, such as psychiatric disorders, tics, dystonia 
and worsening in epileptic seizures, have been witnessed in 
epileptic children [156]. A recent population-based study 
found that carbamazepine users in people older than 65 years 
showed a significant increase in risk associated with hypo-
natremia compared to non-users after 30 days post carbam-
azepine initiation [157]. Thus, clinicians should consider the 
risk of hyponatremia when prescribing carbamazepine to 
elderly patients [69]. Studies on carbamazepine side effect 
profile in pregnancy have yet to be properly investigated, 
however,, its use is currently deemed generally safe in preg-
nant patients.  

In summary, it is highly recommended to pay attention to 
the patient’s age when prescribing carbamazepine. However, 
the rare adverse effects of carbamazepine on cognitive, psy-
chiatric and skin disease may limit the use of this drug clini-
cally unless further investigations were to be done to identify 
the commonality in the individuals who present these effects, 
thereby limiting its use only to those who do not share the 
identified traits. 

2.2.7. Tiagabine 

Tiagabine (TGB), a lesser-known ASD, works by in-
creasing the inhibitory activity of GABA by blocking the 
transporters responsible for the re-uptake of GABA into the 
presynaptic neurons [158]. This allows more GABA to bind 
to the receptors on the postsynaptic cell membranes and in-
hibit neuronal excitability [158].  

TGB use was commonly associated with mild symptoms 
of nausea, headache, dizziness, fatigue, weakness, irritabil-
ity, memory loss, tremor, diarrhea and depression. In addi-
tion, serious side effects, such as stupor, hallucination, tach-
ycardia, and high blood pressure, have also been reported 
with TGB usage [159]. Investigations into the cognitive ef-
fects of TGB suggest a negative effect on verbal memory 
performance [160]. However, in a preclinical study aiming to 
investigate the effect of tiagabine on memory and learning, 
TGB did not elicit any negative impact on cognitive function 
[161]. Among the new ASDs, TGB and zonisamide drugs 
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have been found to have the highest rate of cognitive side 
effects after topimarate [162]. Interestingly, in another clini-
cal study, cognitive side effects were only observed with the 
use of high-dose of TGB and in patients with prior comor-
bidities [70]. Since these cognitive side effects may be more 
prone in patients with hypertension, heart disease, or psychi-
atric treatment, it may be wiser to prescribe other/equivalent 
drugs in addition to tiagabine for the treatment of epilepsy in 
patients with comorbidities. Possible drug interactions of 
TGB and chronic disease drugs should be investigated fur-
ther to prevent the serious side effects associated with TGB. 
Besides that, the effect of age and pregnancy should also be 
investigated in conjunction with TGB usage. Otherwise, 
TGB may be safely prescribed to epileptic patients. 

2.2.8. Stiripentol 

Stiripentol (STP) has been approved as an orphan drug in 
the adjunctive treatment of childhood epilepsy syndrome 
known as severe myoclonic epilepsy in infancy or Dravet 
syndrome [163]. Studies on CA3 pyramidal neurons in the 
neonatal rat hippocampus have determined that STP func-
tions by increasing GABAA receptor-mediated transmission 
[164]. Stiripentol may also increase the frequency of minia-
ture inhibitory post-synaptic currents and prolong the decay-
time constant [164]. In a small cohort, STP has also been 
shown to be effective in adults with Dravet syndrome as 
well, but with a reasonable tolerance profile, where side ef-
fects such as anorexia, weight loss, imbalance, and fatigue 
were noticed with intolerance [71]. In one study, hyperam-
monemia encephalopathy was observed in 77% of patients 
treated with STP, but treatment with carnitine improved the 
hyperammonemia and allowed the continued use of stiripen-
tol [72]. There is still much to understand about stiripentol as 
an ASD, however, as of now, stiripentol may be an effective 
and safe ASD for patients with Dravet syndrome regardless 
of age. 

2.2.9. Eslicarbazepine Acetate 

Eslicarbazepine acetate is a dibenzoazepine anticonvul-
sant that has been approved as adjunctive therapy for partial-
onset epileptic seizures [165]. It acts by selectively enhanc-
ing the slow inactivation of the voltage-gated sodium chan-
nel blockers [166] and by blocking the T-type calcium chan-
nels [167]. 

In a study examining the efficacy and safety of eslicarba-
zepine acetate as adjunctive therapy for refractory focal-
onset seizures in children, the most frequently reported side 
effects were headache, nasopharyngitis, and drowsiness [73]. 
There were also clinical studies in which hyponatremia was 
commonly observed with eslicarbazepine acetate usage 
[168]. It was believed that hyponatremia may be caused by 
eslicarbazepine acetate in elderly patients with epilepsy 
[169]. Therefore, eslicarbazepine acetate should be carefully 
evaluated for elderly patients before prescriptions are made. 
Besides that, in a previous study, patients who were 65 years 
and older had a significantly higher rate of adverse events 
compared to younger patients after eslicarbazepine acetate 
usage [74]. Similarly, in another study, side effects were 
observed to be significantly higher in patients older than 60 
years of age [170]. This is thought to be due to the relatively 
high rate of comorbidity and the risk of drug-drug interac-

tions in elderly patients [171]. Therefore, eslicarbazepine 
acetate may be safe and effective for younger epileptic pa-
tients rather than elderly epileptic patients. Nevertheless, 
more studies may be warranted to determine its safety in 
pregnant and/or younger patients with comorbidities as well. 

2.2.10. Cenobamate 

Cenobamate (CBM) is a newly approved drug for the 
treatment of focal-onset seizures in adult patients. The sei-
zure-suppressing effect of CMB is associated with two basic 
molecular mechanisms; inhibiting the permanent sodium 
(Na+) current by binding to inactive voltage-gated sodium 
channels (VGSC) with high affinity [172], thereby altering 
the threshold and frequency of action potentials, and acting 
as a positive allosteric modulator of GABAA receptors, inde-
pendent of the benzodiazepine binding site [172], thereby 
strengthening the GABA-mediated tonic inhibition of sei-
zures. 

In general, patients tend to well-tolerated CMB with only 
minor side effects, such as dizziness, drowsiness, diplopia, 
headache, and fatigue, developing from usage [75-78]. How-
ever, more severe effects, such as hypersensitivity reactions 
leading to severe DRESS effect, have been observed in pa-
tients receiving 200 mg CBM daily [78]. It has been reported 
that the adverse effects of CBM treatment may increase in a 
dose-dependent manner [76]. Besides DRESS, CBM has 
also been shown to shorten the electrocardiogram QT inter-
val, risking cardiac arrhythmias in a dose-dependent manner, 
which could be a result of the suppression of cardiac sodium 
channels [173]. This may also be witnessed as a synergistic 
effect when used with antiseizure drugs, such as rufinamide 
that shorten the QT interval [174], suggesting potential risk 
factors with CBM polytherapy strategy. However, in clinical 
practice, slower titration of CBM and gradual reduction of 
ineffective VGSC blocker ASDs, may in turn, improve toler-
ability and effectivity of CBM polytherapy [78]. Thus, CBM 
may offer a promising polytherapy approach with effective 
VGSC blockers for the pharmacological treatment of patients 
with drug-resistant epilepsy. 

CONCLUSION 

Anti-seizure drugs are widely used as the first line of 
treatment strategy against epilepsy, where they may prevent 
or control the occurrence of seizures in patients, thus allow-
ing them to lead a healthy and good life. However, due to the 
ASD’s mechanism of action, patients often complain about 
side effects, such as headache, vomiting, nausea, fatigue and 
mood swings. While these minor and more common side 
effects are tolerable, some patients may develop more ad-
verse reactions to certain ASDs, which could dampen their 
quality of life and even be life-threatening. These adverse 
side effects include liver toxicity, aplastic anemia, cardi-
orespiratory dysfunction, teratogenicity and bone loss. Re-
search shows that the spectrum of side effects may vary de-
pending on comorbidity, age, pregnancy status, pre-existing 
diseases, and adverse drug interactions. Thus, it is important 
to focus on accurately establishing the side effect profile of 
ASDs and practice individual-based treatment approaches 
when prescribing ASDs to patients in order to select the most 
appropriate and effective drug to control their seizures, re-
gardless of mono- or poly-therapy ASD strategies. Further 
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preclinical studies may be needed to better understand the 
mechanism by which each ASD exerts these side effects, 
while more clinical studies may be warranted in understand-
ing the effects of ASD in different patient cohorts, especially 
for newer generation ASDs. Even though ASDs may only 
control seizures and not cure epilepsy, it may be the only 
hope for many epileptic patients to have a good quality of 
life despite their debilitating disease, and thus, it is pivotal to 
establish the most appropriate, effective and safe ASD for 
each patient.  
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