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Abstract: Epilepsy is one of the most common neurological disorders in the pediatric age range, 

and the majority of affected children can be safely and effectively treated with antiepileptic 

medication. While there are many antiepileptic agents on the market, specific drugs may be more 

efficacious for certain seizure types or electroclinical syndromes. Furthermore, certain adverse 

effects are more common with specific classes of medication. Additionally patient-specific 

factors, such as age, race, other medical conditions, or concurrent medication use may result 

in higher rates of side effects or altered efficacy. Significant developmental changes in gastric 

absorption, protein binding, hepatic metabolism, and renal clearance are seen over the pediatric 

age range, which impact pharmacokinetics. Such changes must be considered to determine 

optimal dosing and dosing intervals for children at specific ages. Furthermore, approximately 

one third of children require polytherapy for seizure control, and many more take concurrent 

medications for other conditions. In such children, drug–drug interactions must be considered to 

minimize adverse effects and improve efficacy. This review will address issues of antiepileptic 

drug efficacy, tolerability and ease of use, pharmacokinetics, and drug–drug interactions in the 

pediatric age range.
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Introduction
New-onset epilepsy affects approximately 45 per 100,000 children per year,1,2 making it 

one of the most common neurological disorders in the pediatric age group. The majority 

of these children will be initiated on antiepileptic drugs (AEDs). While most respond 

favorably to their first medication, approximately one third will have persistent seizures, 

and are often exposed to multiple agents. Furthermore, AEDs are frequently used in 

children for conditions other than epilepsy, including mood disorders and headache.

The goal of antiepileptic medication is to achieve seizure freedom, and thus minimize 

the comorbidities associated with epilepsy, such as injury, sudden unexplained death in 

epilepsy, intellectual disability, and behavioral problems. Several factors are considered 

when choosing which of the many AEDs available would be the best choice for a specific 

child. These factors include efficacy, tolerability and ease of use, pharmacokinetic issues 

and, if the child is on other medications, drug–drug interactions. The goal of this review 

is to address each of these factors, with specific emphasis on the pediatric age range.

Efficacy and Effectiveness
The “efficacy” of a drug refers to its ability to achieve a therapeutic effect under ideal 

circumstances (ie, in a medical trial) whereas “effectiveness” refers to the therapeutic 
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effect seen in the real world. Efficacy is usually assessed 

by drug licensing studies, where a medication or placebo is 

added on to the patient’s current medication regimen, and the 

patient is then followed to assess seizure frequency. Many 

medications never undergo formal drug trials in children, 

and their use is based on extrapolation of adult data. Trials 

which focus specifically on the pediatric age range are gener-

ally only done after a medication has been proven safe and 

effective in adults.

Furthermore, in licensing trials, a medication is compared 

to placebo, which is helpful to determine efficacy. In real 

life, when commencing a child on antiepileptic medication, 

the decision to treat has already been made. We want to 

know whether drug “x” is more efficacious than drug “y” to 

inform “best treatment.” Unfortunately, such comparative 

efficacy studies are very rare in epilepsy, and particularly in 

pediatric epilepsy.

Epilepsy is a clinical diagnosis which is made in the 

context of the patient’s history, physical examination, and 

ancillary tests. In pediatrics, the rate of misdiagnosis is 

high, studies have shown that one quarter to one third of 

 children diagnosed with “seizures” probably do not truly have 

epilepsy.3–5 Thus, confirmation of diagnosis is essential prior 

to initiation of AEDs. Furthermore, epilepsy is not a single 

disorder, but rather describes a diverse group of seizure types, 

and an even more diverse group of etiologies. The revised 

classification of epilepsy has recently been published,6 and 

epilepsy is classified on several levels including:

1. Mode of onset

 a. Generalized or bihemispheric

 b. Focal or unihemispheric

 c. Unknown/spasms

2. Etiology

 a. Genetic or presumed genetic

 b. Structural or metabolic

 c. Unknown

3.	 Electroclinical syndrome or constellation.

Accurate classification of a child’s epilepsy is critical to 

choosing the most appropriate medication. Specific AEDs 

may be particularly effective in certain seizure types or elec-

troclinical syndromes, but may make others worse.

Choosing the most efficacious AED  
for most cases of childhood epilepsy
With the exception of relatively rare electroclinical syndromes 

where there is a clear “best” treatment, in most children with 

epilepsy several equivalent choices are available.7,8 Overall 

there is a paucity of well-designed, properly conducted, 

randomized controlled studies to inform “best treatment” of 

children with epilepsy.8 Commonly used AEDs for specific 

seizure types/electroclinical syndromes are listed in Table 1.

For West syndrome, adrenocorticotropic hormone 

(ACTH) has been shown to be superior to lower dose hydro-

cortisone for control of spasms,9 but equivalent to high-dose 

prednisolone.10 High- and low-dose ACTH regimens were 

equivalent, with greater hypertension with high doses.11,12 

In the absence of tuberous sclerosis, ACTH was more 

effective than vigabatrin in one study,13 and either ACTH 

or high-dose prednisolone more effective than vigabatrin 

in another.10 High-dose vigabatrin was found to be more 

effective than low-dose vigabatrin.14 For West syndrome 

due to tuberous sclerosis, vigabatrin is considered the drug 

of choice, with several studies documenting its superiority 

over ACTH or hydrocortisone.13–16 In addition to improved 

control of spasms, one study found significant improvements 

in developmental quotient in seven children with tuberous 

sclerosis receiving vigabatrin for infantile spasms, suggesting 

that early use of vigabatrin might improve intellectual and 

behavioral outcomes.17

Table 1 Antiepileptic medications commonly used in children 
based on seizure type/electroclinical syndrome

Seizure type/electroclinical 
syndrome

Commonly used first-line 
AEDs

Generalized genetic or presumed  
genetic etiology 
–  Juvenile myoclonic epilepsy,  

juvenile absence epilepsy, epilepsy  
with generalized tonic clonic  
seizures alone

– Childhood absence epilepsy 
 
–  Genetic epilepsy with febrile  

seizures plus

 
 
valproic acid, lamotrigine, 
levetiracetam, topiramate, 
zonisamide, benzodiazepines 
 
Ethosuximide, valproic acid, 
lamotrigine  
Levetiracetam, lamotrigine, 
valproic acid

Generalized, structural, or  
unknown etiologya 
–  Lennox–Gastaut, myoclonic  

atonic epilepsy

 
 
valproic acid, lamotrigine, 
topiramate, clobazam, rufinamide

Focal, structural/metabolic,  
or unknown etiologyb

Carbamazepine, oxcarbazepine, 
levetiracetam, valproic acid

West syndrome ACTH, high-dose prednisolone, 
vigabatrin

Epilepsy with continuous  
spike-wave in sleep or Landau–Kleffner 
Syndromec

Levetiracetam, high-dose 
diazepam, steroids

Dravet Syndrome valproic acid, benzodiazepines, 
topiramate, stiripentold

Notes: aA ketogenic diet should be considered early if medication is ineffective; 
bsurgical therapy should be considered in patients with single presumed focus after 
two or more AEDs have failed for lack of efficacy; cno randomized controlled trials; 
recommendations based on clinical experience only; dcompassionate use only in 
the US. 
Abbreviations: AEDs, antiepileptic drugs; ACTH, adrenocorticotropic hormone.
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Dravet syndrome is a malignant epilepsy type presenting 

in the first 18 months of life with prolonged hemiconvulsive 

seizures often triggered by hyperthermia. Seizures are intrac-

table, intellectual disability is present, and mortality rate is 

elevated due to sudden unexplained death in epilepsy, status 

epilepticus, or accidental injury. Stiripentol, a medication 

with multiple mechanisms of action including enhancement 

of inhibitory, γ-aminobutyric acid (GABA) neurotransmission 

and inhibition of the cytochrome p450 (CYP) system, has been 

shown to have remarkable efficacy, when used in combina-

tion with valproic acid and/or clobazam. In a randomized, 

placebo-controlled trial, Chiron et al showed that 71% of the 

stiripentol-treated group, versus only 5% of the placebo group 

had a greater than 50% reduction in generalized tonic-clonic 

seizures, and 43% of the stiripentol-treated group was free of 

this seizure type.18 Several other studies have now confirmed 

this favorable response.19–21 This medication is well-tolerated 

with the most common side effects being drowsiness, ataxia, 

diplopia, loss of appetite, nausea, and abdominal pain, but it 

has significant interactions with other medications. Stiripentol 

is not yet routinely available in the US but can be obtained 

on compassionate use.

For children with Lennox–Gastaut syndrome, lamotrigine, 

topiramate, felbamate, rufinamide, and clobazam have been 

shown to be more efficacious than placebo, although none 

provided exceptional seizure control.22–26

Sulthiame, a carbonic anhydrase inhibitor which is not 

routinely available in the US, has shown unique efficacy in 

benign epilepsy of childhood with centrotemporal spikes, both 

controlling seizures and causing a marked reduction in spike 

frequency.27 Typical cases of this benign syndrome often do 

not need prophylactic AED treatment. However sulthiame has 

its bigger role in the atypical cases, where epileptiform dis-

charges are more frequent and may adversely impact intellect, 

language, and behavior.28–30 Side effects include parasthesia, 

nausea, drowsiness, cognitive impairment, and rarely allergic 

reactions, particularly in those with sulfa allergies.

For absence epilepsy, several studies have documented 

equivalent responses for ethosuximide and valproate.31,32 

A more recent study focussing on newly diagnosed childhood 

absence epilepsy showed that ethosuximide and valproate 

were more effective than lamotrigine.33

For patients with juvenile myoclonic epilepsy, there is no 

clear first-choice AED, although clonazepam, lamotrigine, 

levetiracetam, topiramate, valproate, and zonisamide may 

all have some efficacy.8

In children with progressive myoclonic epilepsies, 

piracetam, a medication which is not routinely available in 

the US, has been shown in several studies to be dramatically 

effective.34,35 The optimal dose varies considerably among 

studies, with some adults receiving up to 45 g/day.35 

Side effects are more common at high doses and include 

dizziness, drowsiness, agitation, nausea, and gastrointestinal 

discomfort.

For children without defined syndromes, studies comparing 

carbamazepine, oxcarbazepine, clobazam, lamotrigine, 

 phenytoin, phenobarbital, topiramate, and valproic acid 

showed equivalent efficacy between these agents, although 

differences in side-effect frequencies were noted.36–46

Exacerbation of specific seizure types  
or electroclinical syndromes
Occasionally, AEDs may paradoxically worsen seizures, or 

lead to the evolution of new seizure types. Carbamazepine has 

been the medication most commonly implicated. In patients 

with generalized spike-wave discharge, it may aggravate 

typical and atypical absences, myoclonus, and atonic 

seizures, and precipitate nonconvulsive status epilepticus.47,48 

Worsening of myoclonus can also occur in Angelman 

syndrome or the progressive myoclonic epilepsies.47,49 While 

carbamazepine is usually effective in the treatment of benign 

epilepsy of childhood with centrotemporal spikes, it can 

occasionally exacerbate electrical status epilepticus during 

sleep or epileptic negative myoclonus, and, as such, should 

not be used in Landau–Kleffner syndrome.50,51

Phenytoin is contraindicated in progressive myoclonic 

epilepsy as it results in more rapid disease progression.52 It 

may also aggravate absence or myoclonic seizures in other 

generalized epilepsies. Phenytoin may also worsen seizures 

at toxic doses.

Lamotrigine is contraindicated in children with Dravet 

syndrome, with one study documenting significant seizure 

exacerbation in 80% of children with a marked increase in 

unilateral and convulsive seizures in 40%.53

Other AEDs may also exacerbate certain seizure types, 

including absence and myoclonic seizures with vigabatrin and 

absence seizures with tiagabine. Although benzodiazepines 

are commonly utilized in children with Lennox–Gastaut 

syndrome, intravenous benzodiazepines given to treat 

nonconvulsive status epilepticus can occasionally provoke 

tonic seizures.54

Tolerability
Given that many medications appear to have similar 

effectiveness, choice of first-line AEDs in children with 

epilepsy is often influenced by side-effect profile, other 
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preexisting conditions, need for blood monitoring, ease of 

administration, experience in a pediatric population, and cost. 

Approximately 30% of children continue to have seizures 

following their first medication and additional medications 

are often added. Children on polytherapy are at greater risk 

of side effects, and medications should be withdrawn if they 

are ineffective.

Side effects of AEDs
All medications have the potential for adverse side effects. 

In general, side effects are felt to be more problematic 

with first-generation AEDs (phenytoin, phenobarbital, 

carbamazepine, and valproic acid) than with many of the 

newer second generation agents. Specific adverse effects are 

more commonly seen with certain medications or classes of 

medication. Alternatively, there may be certain attributes of 

a given child that make them more susceptible to specific 

types of side effects.

Side effects of AEDs can be subdivided into those which 

are common (which may be bothersome but are usually not 

life-threatening) and those which are rare (which can be 

serious and/or life-threatening).

Common, pharmacology-related side effects
Common side effects are predominantly pharmacology 

related, meaning they are predictable, dose dependent, and 

explained by the known pharmacologic properties of each 

medication. These side effects are generally reversible with 

dosage reduction or medicine discontinuation. Classes 

of medications and side effects with which they are most 

commonly associated are listed in Table 2.

Approximately one quarter of children with epilepsy 

have a degree of intellectual disability, and many more have 

specific learning problems.55 Overall, newer antiepileptic 

agents (with the exception of topiramate and zonisamide) are 

believed to have fewer cognitive effects than older AEDs.56 

Regarding the older agents, adverse cognitive effects are 

most common with phenobarbital and benzodiazepines, 

whereas the cognitive profiles of valproate, carbamazepine, 

and phenytoin are comparable, but less problematic. 

Lamotrigine or oxcarbazepine are considered “cleaner” 

medications with more limited potential to adversely impact 

learning.

Attention deficit disorder affects up to one third of children 

with epilepsy, and its prevalence is even higher amongst 

children with medically intractable epilepsy.57,58 Medications 

such as benzodiazepines, phenobarbital, levetiracetam, 

and valproic acid tend to exacerbate such symptoms. 

Although studies are limited, anxiety and depression may 

affect up to one quarter of children with epilepsy. While 

depression and suicidal ideation may be exacerbated by 

any antiepileptic medication, this risk may be higher with 

levetiracetam and GABAergic medications such as vigabatrin, 

phenobarbital, benzodiazepines, or topiramate.59

Although cognitive and neuropsychiatric comorbidities 

are frequent in children with epilepsy, they are often 

undiagnosed and/or untreated. While AEDs may exacerbate 

these symptoms, it is important to correctly diagnose these 

entities and initiate appropriate therapy, if needed. Children 

who develop similar neurocognitive adverse effects to several 

medications are likely to have an undiagnosed comorbidity, 

and need further evaluation. In children predisposed to 

neurobehavioral side effects, including those with intellectual 

disability and preexisting behavior problems, starting at 

lower doses, and employing slower titrations may minimize 

these effects.

Table 2 Common adverse effects of antiepileptic medications

Adverse effect Class/type of antiepileptic drug most 
commonly implicated

Neurocognitive 
–  Sedation, fatigue, 

sleepiness
 
–  Ataxia, vertigo,  

diplopia
– Tremor 
 
–  Slow thinking,  

word-finding problems
– insomnia 
–  Hyperactivity,  

inattention
–  irritability, behavioral 

problems
–  Mood changes, 

depression

 
All, but more commonly benzodiazepines, 
phenobarbital, topiramate, zonisamide, 
felbamate, rufinamide, pregabalin, tiagabine 
Carbamazepine, oxcarbazepine, phenytoin, 
lacosamide 
valproic acid, carbamazepine, oxcarbazepine, 
phenytoin 
Topiramate, zonisamide, phenobarbital, 
benzodiazepines 
Felbamate, vigabatrin, levetiracetam 
Benzodiazepines, phenobarbital, levetiracetam, 
valproic acid 
Benzodiazepines, phenobarbital, 
levetiracetam, vigabatrin 
Levetiracetam, phenobarbital, 
benzodiazepines, vigabatrin, topiramate, 
zonisamide

Gastrointestinal 
– Nausea, vomiting
 
 
– Anorexia 
– increased appetite

 
Felbamate, valproic acid, ethosuximide, 
oxcarbazepine, carbamazepine, lamotrigine, 
topiramate, zonisamide, rufinamide 
Topiramate, zonisamide, felbamate  
valproic acid, clobazam, pregabalin

Headache Rufinamide, levetiracetam, lamotrigine, 
oxcarbazepine, lacosamide

Electrolyte disturbances 
– Hyponatremia 
– Metabolic acidosis

 
Oxcarbazepine, carbamazepine  
Topiramate, zonisamide

Bone 
–  Reduced bone  

mineral density

 
Phenobarbital, primidone, phenytoin, 
carbamazepine, valproate, oxcarbazepine
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Many AEDs are associated with reduced bone mineral 

density and increased risk of osteoporosis and fractures. 

Increased bone turnover is one of the major factors. AEDs 

most commonly associated with reduced bone mineral den-

sity include the inducers of the CYP system (phenobarbital, 

primidone, phenytoin, and carbamazepine), oxcarbazepine, 

and valproate. Vitamin D supplementation (usual dose 

400–1000 IU/day) should be routinely prescribed in children 

on these AEDs.60

Serious, idiosyncratic side effects
Serious adverse effects are rare but may be life-threatening, 

and are listed in Table 3. These are more commonly idiosyn-

cratic, meaning their pathogenesis is unrelated to the known 

mechanism of action of the drug, and they may not be revers-

ible with medication discontinuation. While idiosyncratic 

side effects are relatively unpredictable, some are more of 

a concern at specific ages, in specific ethnic groups, or with 

other associated conditions or medications.

There is remarkably little data about the effects of AEDs 

on the developing brain. Studies in rat pups have suggested 

that phenytoin, phenobarbital, diazepam, clonazepam, 

vigabatrin, valproate and sulthiame, but not levetiracetam 

or topiramate cause apoptotic neurodegeneration at plasma 

concentrations relevant for seizure control in humans.61–63 

While these results are concerning, it is not clear if this 

effect is also noted when these medications are used in 

human neonates.

Valproic acid is associated with transient elevations in 

liver function tests in approximately 15%–30% and in rare 

cases may cause fatal hepatotoxicity, with pathological 

f indings of microvesicular steatosis and necrosis of 

hepatocytes. The risk of fatal hepatotoxicity is greatest in 

children less than 2 years’ old on polytherapy,64–67 with an 

estimated risk of approximately 1 per 500–800.65 Several 

possible pathogenic mechanisms for fatal hepatotoxicity 

have been proposed, including underlying inborn errors of 

metabolism (particularly mitochondrial disease),68 inhibition 

of beta-oxidation by valproate,69 and toxicity from unsaturated 

metabolites of valproate, namely 4-ene-VPA and 2,4- 

diene-VPA.70 Shen et al showed that infants and young children 

treated with valproate have higher 4-ene-VPA/VPA ratios, 

thus placing them at greater risk of this serious side effect.71 

Furthermore, concurrent therapy with enzyme inducers 

such as phenytoin, carbamazepine, and stiripentol result in 

increased 4-ene-VPA, the presumed hepatotoxic metabolite.72 

Cases of fatal hepatoxicity resulting from valproate therapy 

in children with undiagnosed Alpers disease,73,74 and medium 

acyl-coenzyme A dehydrogenase75 have been reported. 

Valproate may also result in metabolic decompensation in 

other metabolic disorders such as nonketotic hyperglycinemia 

and urea cycle defects.76 Routine metabolic screening, 

particularly in children with symptoms suggestive of a 

possible underlying metabolic disorder should be carried 

out prior to initiation of valproic acid therapy. Because 

valproate-induced hyperammonemia and hepatotoxicity may 

be mediated in part by carnitine deficiency, some committees 

and textbooks have recommended carnitine supplementation 

during valproate therapy in high risk children.77 Carnitine 

supplementation does not appear harmful, and this practice 

seems reasonable in high-risk children, despite the lack 

of clear data to support the practice. Pancreatitis is also a 

rare and potentially fatal complication with valproic acid 

therapy.

The risk of allergic reaction and possible Stevens–

Johnson syndrome is common to many AEDs. Genetics 

plays a significant role in these reactions. Anticonvulsant 

hypersensitivity syndrome is relatively uncommon, affecting 

up to 1/1000 individuals, and presenting with rash, fever, 

lymphadenopathy, and multiorgan involvement. It is 

Table 3 Rare, serious adverse effects of antiepileptic medications

Adverse effect Antiepileptic drug

Skin 
–  Allergic rash/ 

Stevens–Johnson syndrome

 
Lamotrigine, phenytoin, 
phenobarbital, carbamazepine, 
oxcarbazepine, rufinamide

Gastrointestinal 
– Hepatic failure 
– Pancreatitis

 
valproic acid, felbamate  
valproic acid

Bone marrow 
– Aplastic anemia

 
Felbamate, carbamazepine, 
phenytoin, phenobarbital, 
ethosuximide

Cardiac 
– Arrhythmias

 
Rufinamide – shortened QT interval  
Lacosamide – prolonged PR interval

Kidney 
– Nephrolithiasis

 
Topiramate, zonisamide

Eye 
– Irreversible peripheral field loss 
– Angle closure glaucoma

 
vigabatrin  
Topiramate

Psychiatric 
– Suicide

 
Blackbox warning for all AEDs

Metabolic 
–  Worsening of rare inborn  

disorders of metabolism

 
valproic acid

Reproductivea 
– Polycystic ovarian syndrome 
– Teratogenicity (highest risk)

 
valproic acid 
valproic acid, phenytoin

Note: aAll AEDs have a potential risk of teratogenicity. 
Abbreviation: AEDs, antiepileptic drugs.
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predominantly seen with arene oxide-producing AEDs such 

as phenytoin, carbamazepine, phenobarbital, and primidone. 

If children react to one drug in this category, they have up to a 

70% risk of having similar reactions to another and also have 

a higher risk of reaction with lamotrigine and oxcarbazepine. 

Furthermore, their siblings have a 25% chance of a similar 

reaction if exposed to these agents.78 Several studies have 

now reported specific polymorphisms to be associated with 

a higher risk of idiosyncratic reactions to specific AEDs, the 

most important being the association of HLA B*1502 with 

reaction to carbamazepine in the Han Chinese population.79 

It is likely that with further advances in this area, specific 

pharmacogenomic testing will be helpful in identifying 

children at highest risk of this complication.

Skin rash with lamotrigine presents as a maculopapular 

or morbilliform eruption, which is usually seen within 

2–6 weeks of therapy initiation, and which may progress 

to Stevens–Johnson syndrome. The biggest risk factor for 

rash is rapidity of titration. Other risk factors include young 

age and concurrent valproic acid, and to a lesser degree 

enzyme-inducing AEDs. Lamotrigine is metabolized through 

two pathways: (1) metabolism by a uridine diphosphate 

glucuronosyltransferase (UGT) enzyme to lamotrigine-

glucuronide, and (2) metabolism by the CYP system to 

a reactive arene-oxide intermediate, and lamotrigine-

induced rash is thought to be related to formation of the 

latter. Concurrent valproate therapy blocks conversion of 

lamotrigine to lamotrigine-glucuronide, and hence increases 

the formation of the arene-oxide intermediate.80 The enzyme 

inducers (carbamazepine, phenytoin, and phenobarbital) 

induce CYP, which results in preferential metabolism to 

the arene-oxide metabolite. Children are at increased risk of 

lamotrigine-induced skin rash because their CYP metabolism 

is increased, again resulting in enhanced formation of the 

arene-oxide reactive metabolite.

Felbamate is a highly efficacious medication. Its use 

is limited at present to children with epilepsy refractory 

to multiple other AEDs. It has two serious, idiosyncratic 

reactions, aplastic anemia and hepatotoxicity, both of which 

became apparent only after it was marketed in 1993. A total 

of 34 cases of aplastic anemia have been described, 13 of 

which have been fatal.81 Based on the number of exposed 

patients at the time of this report, the estimated risk for 

aplastic anemia with felbamate use is approximately 1 in 

4000–5000. However, the risk is likely much lower in 

children, as aplastic anemia has not been described under the 

age of 13 years, and predominantly affects white, middle-

aged females. Factors associated with greater risk of aplastic 

anemia include prior history of AED allergy, history of prior 

cytopenia, and underlying immune disorder. It was seen at a 

mean of 173 days after initiation of felbamate. Eighteen cases 

of hepatic failure have been reported; however, after careful 

review, only seven were felt to have a “likely association” 

with felbamate,81 two of which were under 17 years of age. 

Based on numbers of patients exposed to felbamate, the 

estimated risk of fatal hepatotoxicity is approximately one 

per 18,500–25,000 exposures. These seven cases presented 

at a range of 25–181 days after felbamate initiation. The 

mechanism of felbamate-induced toxicities is unknown; 

however, it has been proposed that 2-phenylpropenal, 

a reactive metabolite of felbamate and a very potent 

immunogen, may be responsible.82

Vigabatrin has two important risks which must be 

considered prior to initiation of therapy, namely peripheral 

vision loss and T2 hyperintensities on magnetic resonance 

imaging. The prevalence of visual field deficits depends on 

duration and dose of therapy, usually appearing only after 

months of treatment. It is seen in approximately 15% of 

children and between 15%–31% of infants.83 Detection of 

field deficits in infants is challenging and an electroretinogram 

looking specifically at the 30 Hz flicker amplitude or the cone 

B wave amplitude may be helpful. Limiting the duration of 

therapy to no longer than 6 months will minimize the risk of 

permanent field deficits. Taurine supplementation may reduce 

the risk of peripheral vision loss but needs further study 

in humans. In rats, taurine supplementation was shown to 

reverse retinal lesions and, in particular, retinal ganglion cell 

loss caused by vigabatrin.84 Vigabatrin therapy has also been 

associated with transient, asymptomatic magnetic resonance 

imaging signal changes and reversible diffusion restriction 

in the deep gray nuclei and brainstem in up to one third of 

infants.83,85 The majority of these changes resolve, even in 

those in whom vigabatrin therapy is continued.

Hematological idiosyncratic reactions including aplastic 

anemia and agranulocytosis are seen with many AEDs 

including felbamate. A case-control study in the UK found 

that AEDs, particularly carbamazepine and valproic acid, were 

associated with a ninefold increase of aplastic anemia.86

Monitoring for side effects
Patients and their families should be counseled on both 

common and rare serious adverse effects prior to initiation 

of medications. Common, pharmacologically related side 

effects often respond to lowering the dose or slowing the 

titration rate. Routine laboratory testing including complete 

blood count and liver function studies is advised prior to 
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AED initiation, to detect any preexisting concerns. While 

blood monitoring is frequently performed periodically in 

children on AEDs, the effectiveness of this practice remains 

unproven. In a prospective study of 199 children with epi-

lepsy on AEDs, Camfield et al reported that routine screening 

of asymptomatic children was not indicated, and might actu-

ally interfere with treatment.87 Furthermore, this practice may 

lead to false security. Most idiosyncratic reactions present 

very acutely, over hours to days, meaning that even if blood 

work is obtained on a monthly or bi-monthly basis, it would 

be unlikely to result in earlier detection of these reactions. 

For most children, careful education of families regarding 

the early signs and symptoms of idiosyncratic reactions, and 

testing at the time of presentation of these symptoms is a 

more reasonable approach. Additionally, minor reductions 

in white blood cell counts are not uncommon with viral 

infections in otherwise asymptomatic children, but could 

lead to discontinuation of an effective AED because of fear 

of aplastic anemia or agranulocytosis. Similarly, transient 

minor increases in liver enzymes may be seen with viral 

infections, and are not uncommonly seen in children on 

AEDs, who remain asymptomatic.

Ease of use
Many medications have specific “child-friendly” formulations 

marketed, including suspensions and chew or dispersible 

tablets. Frequency of dosing should also be considered, as 

compliance decreases if medication must be given more 

often than twice daily. While long-acting or sustained-release 

preparations are marketed for several AEDs, the more rapid 

gastrointestinal motility in young children may reduce their 

effectiveness.

Pharmacokinetics
Pharmacokinetics in the pediatric population is constantly 

shifting during development, affecting absorption, 

bioavailability, metabolism, and excretion (Table 4). As 

antiepileptic drugs typically have a relatively narrow 

therapeutic window, these age-related changes mandate that 

special care be taken in the use of these medications in the 

pediatric population.

Differences in cerebral maturation
Changes in the neurobiology of the developing brain alter 

seizure susceptibility during childhood, with increased 

neuronal excitability during the neonatal period. Between 

2% and 4% of children will have a convulsion before age 5 

and the highest incidence of epilepsy is during the first year 

of life.88 There are a myriad of reasons for this – genetic, 

metabolic, and traumatic occurrences associated with early 

life, but there exist fundamental physiological alterations 

in the immature brain that may lead to differences in 

epileptogenicity.

Repeated studies have shown that GABA has a 

paradoxical effect in neonatal neurons and is excitatory rather 

than inhibitory. Immature neurons contain a reversed  chloride 

gradient, with a higher concentration inside the neuron, 

which is opposite compared to mature neurons. As a result, 

the activation of GABA receptors results in outward flow of 

chloride and resultant depolarization of the neuron.89 This is 

due to increased expression of NKCC1 transporter channels 

in the immature neuron, which allow for the influx of chlo-

ride into neurons. As the neuron matures, there is increased 

expression of KCC2 channels, which remove chloride from 

the neuron.90 These findings suggest that it could be possible 

to better target neonatal seizures. The diuretic bumetanide 

specifically blocks NKCC1 and may be potentially useful 

in treating neonatal seizures.91 Its efficacy is currently being 

tested in clinical trials.

Seizure cessation differs in immature brains. In adults, 

the substantial nigra pars reticulata is thought to play a role 

in the cessation of seizures, due to its high concentration 

of GABAergic neurons. This may not hold true in the 

developing brain. Activation of the GABA
A
 receptors in the 

substantia nigra has been shown to exert a proconvulsant 

effect in immature male rats. It has been postulated that 

this may be an effect of developing sex hormones, which 

change during development.92 These data highlight important 

Table 4 Pharmacokinetics by age

Neonate 
(0–3 months)

Infant 
(3–12 months)

Toddler 
(1–3 years)

Child 
(3–18 years)

Gastric absorption ↓ ↓ ↓ ↔
Protein binding ↓ ↓ ↔ ↔

Hepatic 
metabolism

CYP
UGT

↓ ↑ ↑ ↑
↓ ↓ ↓/↑ ↑

Renal clearance ↓ ↓ ↓/↔ ↔
Abbreviations: CYP, cytochrome p450; UGT, uridine diphosphate glucuronosyltransferase.
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changes the brain undergoes during maturation – affecting 

both seizure onset and cessation.

Separate from seizure generation and propagation, 

the immature brain presents a unique challenge in drug 

delivery to the central nervous system. The integrity of 

the blood–brain barrier is maintained by tight junctions 

between endothelial cells in the blood vessels and choroid 

plexus and in the meninges. These tight junctions limit the 

passage of compounds in either direction and are a barrier 

to the penetration of antiepileptic drugs into the central 

nervous system. Early animal studies suggested that there 

was a less well developed blood–brain barrier in immature 

animals, but human ultrastructural studies have now shown 

that the neonatal tight junctions in the blood–brain barrier 

have a similar appearance to adult junctions. These data 

suggest that a mature blood–brain barrier is in place early 

in development.93

Differences in absorption
Drug absorption is dependent upon gastric pH, gastric con-

tents, gastric emptying time, and gastrointestinal motility. 

All of these variables change through early development, 

affecting the absorption of medications in children. During 

the neonatal period, the gastric contents are nearly neutral 

and it is not until age 2 years that the pH reaches that of an 

adult.94 Thus, antiepileptic medications with a weakly acidic 

composition, such as phenytoin and phenobarbital, may have 

decreased absorption due to the weakly acidic stomach in a 

young child. This population subsequently requires higher 

dosing to achieve a therapeutic level.95 Premature infants 

may have an even longer delay in maturation of acidic 

 production.96 In addition to pH, gastrointestinal motility in 

infants varies from adults. There is prolonged gastric empty-

ing time and irregular peristalsis, further affecting absorption 

of medications.94 These differences, which are particularly 

pronounced in premature infants, lead to delayed gastric 

absorption and higher time to peak serum levels.96

Additionally, developmental changes in the gastrointestinal 

production of pancreatic enzymes and biliary fluid affect the 

ability of the gastrointestinal tract to absorb medications.96 

Uptake may further be affected by active efflux transporters, 

which have been shown to be crucial for the uptake of medica-

tions that do not undergo extensive biotransformation. While 

this effect has not been shown with antiepileptic drugs specif-

ically, the demonstration of differences in uptake with other 

drugs such as fexofenadine suggests that this phenomenon 

may be transferable to other types of medications.97 Though 

there is evidence that these transporters are mature by 

6 months of age, their function in early infancy is unknown. 

Data are lacking on how these transporters affect the uptake 

of different antiepileptic medications.95

Differences in drug distribution
Multiple shifting targets, including body fat percentage, 

volume of distribution, and protein binding affect drug 

 distribution in the pediatric population. Neonates and infants 

have an increased body water:body fat ratio compared to 

adults, resulting in an increase in the volume of  distribution 

for hydrophilic drugs, including phenobarbital. Due to 

this increased ratio, a higher dose is required to achieve 

therapeutic levels. Lipophilic compounds are not significantly 

affected by the amount of body fat.95

Protein binding affects the bioavailability of medications. 

The production of albumin and α1-acid-glycoprotein is 

decreased during the first year of life. For medications that 

are highly protein bound, particularly phenytoin and valproic 

acid, the unbound/total plasma concentrations are increased 

compared to adults. The total serum levels are then unreliable 

and free levels are required to ensure that serum levels are 

within the appropriate therapeutic window.98

Differences in metabolism and excretion 
(Table 5)
The majority of antiepileptic drugs rely, to some extent, on 

hepatic metabolism and clearance. Constantly shifting activity 

levels of various hepatic enzymes during childhood leads to 

variable hepatic metabolism of antiepileptic drugs. The most 

commonly involved pathways for hepatic metabolism are the 

CYP and UGT systems. Though multiple factors, including 

genetic and environmental, can affect these systems, age-

dependent maturation plays a role in all children.

The most active enzyme is CYP3A4. Activity is negligible 

at birth, reaches 20% of adult levels at 1 month, and 72% at 

1 year. Conversely, activity is increased compared to adults 

in childhood, maximally from the age of 2 to 12 years, and 

then steadily decreasing to adult activity levels from the age 

of 12 to16 years.95 As a result, for medications metabolized 

by CYP3A4, specifically carbamazepine, ethosuximide, and 

midazolam, infants require a lower dose, while children must 

have a higher weight-based dose compared to adults. Due 

to increased metabolism, children may also require more 

frequent dosing in order to maintain steady drug levels.

Though most CYP enzymes have increased activity during 

childhood, CYP2C19 is the exception, with similar activity 

levels in children and adults. This enzyme is involved in the 

metabolism of phenytoin and diazepam.98 The UGT system 
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Table 5 Pathways for the metabolism and excretion of antiepileptic 
medications

Primary pathway of metabolism and excretion
Renal Gabapentin 

Pregabalin 
vigabatrin

Hepatic – CYP Carbamazepine 
Clobazam  
Phenytoin  
Midazolam

Hepatic – UGT Lamotrigine 
Lorazepam

Hepatic – CYP and UGT Tiagabine 
valproic acid

Hepatic – Non CYP or UGT Rufinamide
Combined renal and hepatic Ethosuximide 

Felbamate  
Lacosamide  
Levetiracetam  
Oxcarbazepine  
Phenobarbital  
Topiramate  
Zonisamide

Abbreviations: CYP, cytochrome p450; UGT, uridine diphosphate glucuronosyl-
transferase.

is involved in the metabolism of lamotrigine and lorazepam. 

UGT activity is minimal at birth and reaches adult levels of 

activity between 2 and 4 years of age. During childhood, the 

activity level is slightly increased compared to adult levels but, 

overall, less of a difference is seen compared to CYP enzymes. 

As a result, drugs metabolized by this system require a higher 

dose during infancy and early childhood, but can be given in 

adult-equivalent doses during later childhood.

For antiepileptic medications metabolized by multiple 

pathways, it is more difficult to predict age-appropriate doses. 

Valproic acid and tiagabine undergo metabolism by both the 

CYP and UGT systems. Clobazam and clonazepam are also 

metabolized by multiple pathways.98

Glomerular filtration in infants is only 25%–30% that of 

adults. At 6 months of age, it increases to 50%–75% of adult 

levels and is not mature until the age of 2 or 3 years.99 Tubular 

secretion lags behind glomerular filtration. It is unknown at 

what point the production of proteins crucial for renal excre-

tion and re-absorption of molecules is fully matured. For 

antiepileptic medications that are largely excreted through 

the kidneys, such as gabapentin and vigabatrin, this could 

subsequently lead to increased serum levels.95

Multiple widely used antiepileptic medications undergo 

combined hepatic metabolism and renal excretion. 

 Ethosuximide, felbamate, levetiracetam, oxcarbazepine, 

phenobarbital, topiramate, and zonisamide are all eliminated 

by a combination of hepatic and renal pathways. This 

 variability requires separate considerations for total daily 

doses and dosing frequency for each medication.98

Role of monitoring serum levels
Antiepileptic medications mostly have a narrow therapeutic 

window, in which too low a dose may prove ineffective 

and too high a dose carries a risk of adverse effects. Serum 

medication levels assist in gauging where within the 

therapeutic window a patient may fall. However, while 

therapeutic ranges have been well established in older anti-

epileptics such as phenytoin, carbamazepine, and valproate, 

the desired serum concentration for many newer AEDs is less 

well defined. The necessary frequency of serum monitoring 

also lacks clear definition.

Phenytoin, carbamazepine, phenobarbital, and valproic 

acid are all widely used older AEDs with narrow therapeutic 

ranges. Serum levels are well correlated with clinical efficacy 

and elevated levels are consistently associated with toxic-

ity. When variables such as protein binding, metabolism, 

and drug interactions are factored in, serum levels of these 

medications may provide a reasonable guideline for dosing. 

However, even with these medications, serum levels are 

not absolute measures of efficacy or toxicity. In a study of 

adult patients on phenobarbital or phenytoin, well-controlled 

epilepsy patients with stable “subtherapeutic” serum levels 

did no worse than those patients with dose adjustments made 

based upon levels.100 Children are different from adults, 

though, and changing pharmacokinetics could lead to fluc-

tuations with clinical implications.

Newer AEDs, such as levetiracetam, lamotrigine, and 

topiramate, have less well defined recommended serum 

levels. In many centers, these tests are performed in outside 

laboratories and may take several days or weeks to get results. 

In children, obtaining levels of these new medications can be 

reasonable in a few situations (Table 6). A serum level after 

achieving steady state at the initial goal dose can help gauge 

how rapidly a child is absorbing and metabolizing the new 

drug. Levels in the setting of complex pharmacotherapy help 

to judge the effect of drug interactions. Since renal clearance 

and hepatic metabolism change during early life, periodically 

testing drug levels may be reasonable to ensure that dosing is 

keeping up with a child’s development. Finally, drug levels are 

of assistance in assuring compliance with a medication.101

Drug interactions
Although children with epilepsy are less likely than their adult 

counterparts to be taking multiple medications, clinicians 
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caring for pediatric patients still need to be aware of drug 

interactions. This is particularly true for the minority of 

children with epilepsy who do not respond to their first AED 

and require polytherapy.102 Drug interactions typically affect 

one of three processes: biotransformation (or metabolism), 

pharmacokinetics (including absorption and protein binding), 

and pharmacodynamics (including antagonism or synergism 

between two medications unrelated to serum levels). Utilizing 

knowledge about drug interactions, the astute clinician 

can minimize adverse effects, potentially improve seizure 

control, and help his/her pediatric patients achieve higher 

quality of life.

Biotransformation
When exploring interactions between AEDs and other 

medications, it is critical to explore CYP enzymes. These 

enzymes, which are predominantly found in the liver, are 

responsible for the breakdown of multiple AEDs, including 

carbamazepine, felbamate, phenobarbital, phenytoin, 

primidone, tiagabine, topiramate, and zonisamide.103 CYP 

enzymes can be either induced or inhibited by many of the 

widely utilized AEDs. This is particularly true for three 

CYP enzymes: CYP2C9, CYP2C19, and CYP3A4.103–105 

Certain populations are more likely to have mutations for 

these enzymes (Caucasians for CYP2C9, Japanese for 

CYP2C19) that promote toxicity, further complicating 

treatment decisions.106,107

Carbamazepine, phenobarbital, phenytoin, and primidone 

are the AEDs most likely to induce CYP enzymes.103,104 

This can result in clinically significant reductions in other 

AEDs (particularly lamotrigine, tiagabine, topiramate, and 

valproic acid), thereby increasing the risk of breakthrough 

seizures.103,108 If such combinations have previously been 

 prescribed and the clinician wishes to taper the enzyme-

inducing AED, care must be taken. Often, the dose of the 

non-enzyme inducing AED will need to be reduced to avoid 

subsequent toxicity.103,109,110 Conversely,  valproic acid is 

known to inhibit CYP enzymes.103,104 This can result in 

increased serum  concentrations of certain AEDs (particularly 

carbamazepine-epoxide, lamotrigine, phenobarbital, and 

 phenytoin), putting patients at higher risk for adverse 

events.103 This can be particularly problematic in children, 

whose drug levels (particularly lamotrigine) can show 

wide interindividual variability.111 For children with 

 refractory seizures who are already on an enzyme-inducing 

or -inhibiting AEDs, it may be safer to prescribe a second 

AED without CYP interactions. These include gabapentin, 

pregabalin, levetiracetam, and vigabatrin, all of which 

undergo renal elimination.112 Common interactions between 

AEDs are listed in Table 7.

Although encountered less frequently than in adults, inter-

actions between AEDs and other medications are observed 

in children. For example, antacids can reduce the absorption 

of carbamazepine, gabapentin, phenobarbital, and phenytoin 

by increasing the gastric pH.113 Certain antacids, including 

omeprazole and cimetidine, can inhibit phenytoin metabolism, 

increasing the risk of toxicity.114,115 Tricyclic antidepressants 

can inhibit the metabolism of carbamazepine, phenobarbital, 

and phenytoin, while themselves experiencing an increase in 

metabolism via induction of CYP enzymes.116 Fluoxetine can 

inhibit CYP enzymes and potentially put children at risk for 

carbamazepine and phenytoin toxicity.117,118 Sertraline, via its 

inhibition of uridine 5′-diphospho-glucuronosyltransferase, 

can inhibit the glucuronidation of lamotrigine, resulting in 

supratherapeutic lamotrigine levels.119 Antifungal agents 

and antibiotics can also interact with AEDs via inhibition 

of CYP enzymes. Fluconazole has been reported to increase 

serum levels of phenytoin, while macrolide antibiotics such 

as erythromycin and clarithromycin can increase serum 

levels of carbamazepine.120–122 Even herbal remedies such 

as St John’s wort may inhibit CYP enzymes enough to 

result in clinically significant increases in the levels of 

 carbamazepine and phenytoin.123 When applicable, children 

on enzyme-inducing AEDs must be monitored for decreased 

effectiveness of other medications, including anticancer 

agents, antiretroviral drugs, corticosteroids, griseofulvin, 

haloperidol, theophylline, and warfarin.103

Special attention to AED choice needs to be exercised 

when caring for adolescent females on oral contraceptives. 

There are several AEDs, including carbamazepine, felbamate, 

oxcarbazepine, phenobarbital, phenytoin, primidone, and 

topiramate, which can increase the metabolism of oral 

contraceptives,103,124 resulting in unplanned pregnancy. This 

can be problematic given the risk of AEDs (particularly older 

AEDs) to cause fetal malformations.125 This is especially 

true when adolescent girls are not receiving regular prenatal 

care and supplementation with high-dose folate. Conversely, 

serum levels of lamotrigine are reduced by concurrent oral 

Table 6 indications for checking serum drug levels of antiepileptic 
medications

Indications for checking serum drug levels
To assess serum concentration at steady state of target dosing
in the setting of complex pharmacokinetics
To assess at various stages of development
To assure compliance
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contraceptive use, putting patients at risk for breakthrough 

seizures.124 Although higher doses of lamotrigine can be 

utilized in such a situation to provide improved seizure 

 coverage, care must be taken to avoid  toxicity. If oral 

contraceptives are discontinued, supratherapeutic lamotrigine 

levels may result unless the dose is preemptively lowered.

Pharmacokinetics
Another aspect of drug toxicity/interactions that must 

be considered when prescribing AEDs to children is 

pharmacokinetics. Most AEDs have linear pharmacokinetics; 

when doses are increased or decreased, their serum 

concentrations change in direct proportion to the increase/

decrease. However, there are five AEDs with nonlinear 

pharmacokinetics: carbamazepine, phenytoin, valproic acid, 

gabapentin, and zonisamide. Carbamazepine can induce its 

own metabolism (autoinduction) via CYP3A4, resulting in 

reduced serum levels and breakthrough seizures while on 

stable doses.126 Phenytoin and zonisamide owe their non-

linear kinetics to saturation of metabolism, while gabapentin 

owes its kinetics to saturation of gastrointestinal absorption.103 

Saturation of plasma protein binding is responsible for the 

nonlinear kinetics of valproic acid.103,127

Phenytoin and valproic acid are unique amongst AEDs 

for their excess plasma protein binding. Unlike most AEDs, 

these two medications have clinically relevant 90% plasma 

protein binding. Only tiagabine and diazepam have higher 

protein binding percentages (98% each).103 Any additional 

medications which are protein bound have the potential to 

displace these medications, resulting in high free fractions 

and increased likelihood of toxicity. The potential interaction 

between phenytoin and valproic acid deserves special 

attention. Given that phenytoin is only weakly bound to 

plasma proteins, it is easily displaced by valproic acid. 

Valproic acid can also weakly inhibit phenytoin metabolism, 

further increasing its free level.103 In such a situation, the 

clinician must rely on the free concentration of phenytoin to 

make dosage decisions, as the total level can falsely appear 

therapeutic or only slightly supratherapeutic. Although such 

an interaction is more likely to be encountered in elderly 

patients with reduced serum albumin concentrations, children 

can be affected. This is particularly true in critically ill 

children, whose total phenytoin concentrations have been 

proven to be unreliable for directing therapy.128

Pharmacodynamics
One aspect of pharmacology that can both complicate 

and facilitate the treatment of children with epilepsy is T
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pharmacodynamics. Specific combinations of AEDs are 

 recognized to result in improved seizure control and/or more 

side effects than would be expected via purely additive effects. 

Dual therapy with carbamazepine and lamotrigine can result 

in more severe toxicity (including nausea, vertigo, headache, 

and ataxia) than would be expected from inconsistently 

reported increases in carbamazepine epoxide.129 Although a 

synergistic effect of carbamazepine and valproic acid against 

focal onset seizures has been demonstrated,130,131 this needs 

to be weighed against increases in carbamazepine epoxide.132 

This is particularly pertinent for children, who can experience 

side effects such as tiredness and nausea/vomiting at lower 

epoxide concentrations than their adult counterparts.133 

There have also been reports of synergistic interactions 

between ethosuximide and valproic acid,134 lamotrigine and 

topiramate,135 lamotrigine and vigabatrin,136 and tiagibine 

and vigabatrin.137

One of the best examples of AED synergy is the 

interaction between lamotrigine and valproic acid. The 

combination of these two medications has been demonstrated 

to result in improved control of focal onset seizures, absence 

seizures, and myoclonic seizures.138–140 Such results occur 

in the setting of lower peak plasma concentrations of both 

medications versus those on monotherapy, suggesting a 

favorable pharmacodynamic interaction.103 However, the 

clinician must weigh this benefit against the increased risk 

of side effects. Via competition for glucuronidation, valproic 

acid inhibits the metabolism of lamotrigine, prolongs its 

half-life, and increases its plasma concentration.141 If a 

pediatric patient taking valproic acid is to start concomitant 

lamotrigine therapy, lower doses and a slower titration of 

lamotrigine should be prescribed to prevent serious adverse 

events.103

Conclusion
Epilepsy is one of the most common neurological disorders 

to affect children. The choice of AED depends on seizure 

type/electroclinical syndrome, potential adverse effects, and 

ease of use. Additionally, age-dependent pharmacokinetic 

effects and the impact of potential interactions with other 

medications must be considered. A close therapeutic 

partnership between the child and family, and the treating 

physician is key to successful therapy. Families should 

understand the goals of treatment, potential common 

and rare adverse effects, as well as the possible impact 

that other factors including age, associated medical 

conditions, and other concurrent medications may have on 

medication levels.
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