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Treatment of seizures in childhood

Epilepsy is a common disorder of childhood 
occurring with an incidence in the range 46–60 
out of 100,000 in the Western world. It is most 
common in the fi rst year of life, and declines 
progressively after the age of 10 years. Based 
on clinical and electrophysiologic fi ndings, two 
main forms of epilepsy are recognized: local-
ization-related (partial) and generalized. The 
question of ‘when to treat’ has been addressed 
fairly extensively, and the general consensus 
of opinion is that seizure treatment can be 
deferred after a single unprovoked seizure, as 
antiepileptic drugs (AEDs) do not eliminate 
recurrence and do not have an effect on long-
term remission [1]. Meta-analyses suggest that 
the chance of recurrence after a single gener-
alized seizure is 30–50%, and after a second 
event is 70–80% [2–4].

The def inition of epileptic seizure has 
been suggested as ‘transient occurrence of 
signs/symptoms owing to abnormal excessive or 
synchronous neuronal activity in the brain’. The 
International League Against Epilepsy (ILAE) 
has proposed that epilepsy be defi ned as ‘disor-
der of the brain characterized by an enduring 
predisposition to generate epileptic seizure and 
by the neurobiological, cognitive, psychological 
and social consequences of this condition.’

Antiepileptic drugs
Antiepileptic drugs are the preferred initial 
treatment modality for most seizures of child-
hood. The goals of treatment for epilepsy in 
children include seizure control with few adverse 
effects, though in a given case, consideration 

of tolerability, effi cacy, cost, safety profi le, 
pharmaco kinetics and patient-specifi c variables 
will play a role in selection. Monotherapy is 
the preferred modality of treatment over poly-
therapy, and in the event of failure with one, 
replacement with a second drug is preferable to 
addition of a second medication.

Newer AEDs 
Several new AEDs have been introduced since 
1993, and many have been used effectively in the 
control of pediatric epilepsy. Many have favor-
able pharmacokinetic and a side-effect profi le 
that makes them easier to use than the older 
generation of seizure medications.

Felbamate
Felbamate was introduced for use in 1993 
and has found use as an add-on treatment in 
Lennox–Gastaut syndrome (LGS). Class III evi-
dence exists for use in partial epilepsy, infantile 
spasms, juvenile myoclonic epilepsy (JME) and 
Landau–Kleffner syndrome. The initial dose is 
15 mg/kg/day, and doses as high as 90 mg/kg/day 
have been employed in childhood. It is available 
as a suspension of 600 mg/5 ml and tablets of 
400 and 600 mg. It is approved for use in chil-
dren between the ages of 2 and 16 years for the 
treatment of LGS.

Between the years of 1994 and 1997, felbam-
ate was associated with 34 cases of aplastic ane-
mia, of which in 13 instances it was fatal. The 
risk of this occurrence in those being adminis-
tered felbamate is one in 5000, and no cases have 
been reported in children less than 13 years of 
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age. Most patients who developed this side effect 
also had exposure to other AEDs, and a third 
had serological evidence of an immune disorder 
in the past. Currently, written consent is recom-
mended in the USA, with documented baseline 
hematologic and liver profi le parameters, prior 
to drug initiation. It also carries a one in 7000 
risk of hepatotoxicity, with fatality rates of one 
in 25,000–34,000 [5]. More common side effects 
include anorexia and gait disturbance.

Gabapentin
Gabapentin has been in use since 1994. It potenti-
ates GABA release and inhibits GABA transmi-
nase. It has US FDA approval for use in children 
over 12 years of age. At doses ranging from 10 
to 90 mg/kg/day, gabapentin has been found to 
be useful as an adjunct in partial epilepsy, with 
response rate ranging from 8.4 to 26.4% [6,7], as 
well as in refractory partial seizures [8]. These stud-
ies did not focus on the pediatric population, and 
recent guidelines suggest paucity of evidence to 
suggest effi cacy in pediatric patients with partial 
epilepsy. On the other hand, there is no evidence 
that it is useful in primary generalized epilepsy in 
children either. Side effects include drowsiness, 
and involuntary movements such as choreoatheto-
sis and myoclonus [9,10]. Formulations include: 
solution: 250 mg/5 ml; tablet: 600 and 800 mg; 
and capsules: 100, 200 and 400 mg.

Lamotrigine
Lamotrigine (LTG) was approved for use in the 
USA in 1994. It acts by blocking the use of volt-
age-dependent sodium channels and reducing 
the release of glutamate. In pediatric patients, 
LTG has been shown to reduce the frequency 
of seizures in those with partial epilepsy poorly 
responsive to conventional medications in pla-
cebo-controlled double-blind trials – 44% dur-
ing LTG treatment compared with 13% during 
placebo treatment in the maintenance period 
[11]. It has a place in reducing the incidence of 
generalized seizures in LGS [12]. Regarding its 
use in patients with idiopathic generalized tonic-
clonic seizures, a 2006 study by Trevathan et al. 
in 45 children has noted that 48% on LTG were 
seizure free, as opposed to 17% of controls [13]. 
However, exacerbation of myoclonic jerks or 
de novo appearance with initiation of LTG has 
also been documented [14].

Side effects are mostly confi ned to the CNS, 
except for skin rash, which occurred in 10–17% 
of people, usually in the fi rst 2–8 weeks of treat-
ment. Stevens–Johnsons syndrome occurs in 
0.5% of children. It should be noted that LTG 

use with valporate (VPA) increases the risk of 
serious skin rash, as does high initiation dose 
and rapid upward titration. Ataxia, dizziness, 
diplopia, somnolence and headaches are the other 
adverse events most commonly identifi ed. Use of 
extended-release LTG also caused a signifi cant 
(p = 0.0037) decrease in seizure frequency in a 
recent study of 239 patients, where it was added 
on to an ongoing regime of AEDs [15].

The half-life is 15–60 h, and approximately 
55% is protein bound. It is not a cytochrome 
P450 enzyme inducer, and hence has favorable 
drug interactions with other AEDs. The initia-
tion dose is 1–2 mg/kg/day when not used in 
conjunction with VPA, and 0.2 mg/kg/day when 
used in combination, with a maintenance dose 
of 5–15 mg/kg/day in the former situation and 
1–5 mg/kg in the latter. It has FDA approval for 
use over the age of 2 years. Formulations include: 
chewable tablet: 5 and 25 mg; and regular tablet: 
25, 100, 150 and 200 mg.

Levetiracetam
Levetiracetam (LEV) was approved for use in the 
USA market in 1999, and received FDA approval 
as add-on therapy in children of 4 years of age 
or older with partial epilepsy in 2005. At doses 
of 20–40 mg/kg/day there is class III evidence 
to suggest its utility in refractory partial epilepsy 
[16], and class IV evidence of its place in treat-
ment of JME [17,18], but few objective data of 
class I nature exist regarding its use in new-onset 
epilepsy exists.

Its exact mechanism of action has not been 
clearly elucidated, but in vivo and in vitro stud-
ies with recordings from the hippocampus have 
pointed to the fact that LEV does not inhibit neu-
ronal hyperexcitabililty, but does cause prevention 
of burst fi ring by preventing hypersynchroniza-
tion and propagation of impulses. It has no action 
on sodium/T-type calcium currents, and does not 
modulate levels of GABA or glutamate. It does 
bind to SV2A – a synaptic vesicle protein that has 
a role in vesicle exocytosis – though how this is 
relevant to epilepsy in not clear. LEV is less than 
10% protein bound, and 66% is excreted renally. 
It has a half-life of 6–8 h.

Adverse effects include behavior changes, hos-
tility and aggression, which occur in 2% of cases 
and may be reason for discontinuation by care 
givers [19]. It is marketed as tablets of 250, 500 
and 750 mg, and a liquid preparation of 100 mg/
ml. A parenteral preparation has recently been 
marketed and has found a place in the treatment 
of status epilepticus (see ‘Status epilepticus in 
childhood’ section).
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Oxcarbazepine 
Oxcarbazepine (OXC), a homologue of carbam-
azepine (CBZ), has been marketed in the USA 
since 2000. It is a prodrug and its monohydroxy 
derivative is the active metabolite. The half-life 
of OXC is 8–16 h, and approximately 40% is 
protein bound. OXC metabolism is largely unaf-
fected by induction of the cytochrome P450 sys-
tem. The usual initiation dose is 10 mg/kg/day 
and maintenance range is 25–30 mg/kg/day, 
with maximum dosage of 60 mg/kg/day. It is 
available as a 300 mg/5 ml suspension and tab-
lets of 150, 300 and 600 mg. The mechanism 
of action involves blockage of voltage-sensitive 
sodium channels. It is FDA approved for use in 
children over the age of 4 years.

Expert opinion in the USA and guidelines 
from the ILAE suggest it is can be considered for 
monotherapy in partial epilepsy and benign rolan-
dic epilepsy of childhood. Class I evidence also 
exists for its adjunctive role in refractory partial 
epilepsy [20]. Similar to CBZ, it has the propensity 
to aggravate generalized tonic-clonic seizures.

Adverse effects include ataxia, diplopia and 
drowsiness. Hyponatremia (0.4–1% in adults) 
has rarely been described in the pediatric popu-
lation. A 24–33% risk of cross-sensitivity with 
CBZ exists [21], wherein individuals who develop 
a hypersensitivity reaction to CBZ will also 
respond similarly with OXC.

Tiagabine
Tiagabine has been approved for use in the USA 
since 1997. In one study with class II evidence, it 
reduced the seizure frequency by half in 26% of 
children with partial epilepsy. Tonic seizures and 
atypical absences responded best in the primary 
generalized category, with median percentage 
reductions in the weekly seizure rate of 77 and 
63%, respectively [22]. However, it also has the 
propensity to exacerbate certain seizure types, 
especially myoclonic and generalized tonic-
clonic varieties. It does not have application in 
the treatment of infantile spasms or LGS.

It prevents the uptake of the inhibitory neuro-
transmitter GABA into presynaptic neuronal and 
glial cells. It has a half-life of 7–9 h in uninduced 
adults, and 2–3 h in those receiving enzyme-in-
ducing AEDs. Adverse events include asthenia, 
nervousness, dizziness and somnolence. It is avail-
able in tablet form of 2, 4, 12, 16 and 20 mg.

Topiramate 
Topiramate was introduced for use in 1996. 
The available data support its use in infan-
tile spasms, LGS, JME, refractory partial 

epilepsy, as monotherapy in newly diagnosed 
partial/generalized epilepsy and as adjuvant 
therapy in partial and primary generalized epi-
lepsy [23–25]. Expert opinion in the USA suggests 
it can be used after VPA in generalized epilepsy, 
as second-line therapy after CBZ, phenytoin 
(PHT) and OXC in cryptogenic partial epilepsy, 
after VPA and LTG in JME, and as a second-line 
agent in infantile spasms [26].

Formulations include tablets of 25, 100 and 
200 mg with sprinkle caps of 15 and 25 mg. The 
usual initiation dose is 1.0 mg/kg/day, and main-
tenance dose ranges from 3 to 10 mg/kg/day. 
Adverse effects include behavior side effects 
including decreased attention and concentra-
tion, somnolence, nephrolithiasis, hypohidrosis, 
anorexia and weight loss. It has FDA approval for 
use in children over the age of 2 years.

Vigabatrin
Vigabatrin (VGB) binds irreversibly to GABA 
transaminase, resulting in a decrease in the syn-
aptic breakdown of GABA. It has been found 
to be useful as an add-on therapy in refractory 
partial epilepsy of childhood, infantile spasms 
(especially in those with tuberose sclerosis) 
and LGS [27]. The usual efficacious dose is 
50–150 mg/kg/day. VGB is eliminated prima-
rily via the kidneys, with approximately 65% 
of the administered dose found unchanged in 
the urine within 24 h. Kinetics are dose-linear 
within the range of usual therapeutic doses. It 
has a half-life of 7–9 h. Since it does not induce 
hepatic enzymes, it is has limited interactions 
with other antiepileptics. Common side effects 
include fatigue, weight gain and tremor. It is 
currently not marketed in the USA due to its 
potential to cause irreversible, visual fi eld con-
striction – hence, no guidelines exist for use by 
the American Academy of Neurology (AAN) or 
the American Epilepsy Society (AES). 

Zonisanide
Insufficient evidence exists, per the ILAE, 
regarding use of zonisanide (ZNS) as mono-
therapy in new-onset partial epilepsy, new-onset 
primary generalized epilepsy including absence 
syndromes, benign epilepsy of childhood with 
central temporal spikes, or JME [6]. The AAN 
and AES state that ‘insuffi cient evidence’ exists 
regarding its use in pediatric refractory partial 
epilepsy. It acts by GABA-mediated inhibition of 
neurons and modulation of sodium and T-type 
calcium channels. It has been shown to be use-
ful as adjunctive treatment in refractory partial 
and generalized epilepsy of childhood, with a 
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response rate of 58.3% in the fi rst 8 weeks of 
therapy [19]. It has been widely used in Japan since 
1989, and most of the initial studies have been 
conducted there, although the American experi-
ence has validated its place in the treatment of 
infantile spasms [28]. 

Zonisanide blocks sodium channels and 
reduces T-type calcium channel current, which 
inhibits inward calcium infl ux and thus reduces 
neuronal bursts. It also modulates neuro-
transmitters including GABA, dopamine and 
serotonin, which alters neuronal activity.

The usual initiation dose is 2–4 mg/kg/day, and 
the maintenance dose varies from 5 to 8 mg/kg/day. 
It has low-to-moderate protein binding (40%) 
and a half-life of 63 h [29]. It is available as a 
capsule of 25, 50 and 100 mg.

Common side effects include agitation, irrita-
bility and weight loss (9%). Renal calculi occur 
in 1% of cases, although hyperthermia and 
oligo hydramnios may occur more commonly in 
the pediatric than adult population. It has FDA 
approval for use over the age of 16 years.

Antiepileptics that can aggravate  
certain seizure types
Typical absence epilepsy of childhood can be 
aggravated by CBZ, PHT, VGB and pheno-
barbital (PHB) (at high doses). CBZ has been 
known to precipitate absence status, increase 
the myoclonic jerks associated with Angelman’s 
syndrome, infantile spasms, severe myoclonic 
epilepsy of infancy (Dravet’s syndrome) and the 
massive myoclonus that characterizes JME. On 
the other hand benzo diazepines can cause tonic 
status in LGS and infantile spasms. LTG can 
cause exacerbation of seizures in severe myo-
clonic epilepsy. As can be seen, the idiopathic 
and symptomatic generalized epilepsies of 
childhood are most prone to such exacerbation, 
and hence caution should be exercised in these 
situations when choosing an AED [30,31].

Selection of drugs using 
evidence-based medicine
Partial onset seizures
As of 2006, 25 randomized controlled trials 
(RCT) were conducted to study the effi cacy of 
single antiepeleptic use in children. The drugs 
studied include CBZ (RCT = 11), LTG, OXC, 
topiramate, VPA (RCT = 7), VGB, clonaze-
pam, PHB and PHT. However, very few class I 
evidence trials exists for the use of a specifi c 
AED in children. OXC emerged as the drug 
with the most data regarding eff icacy and 
effectiveness on the basis of available literature. 

CBZ, PB, PHT, topiramate (TPM) and VPA 
were described as ‘possibly effi cacious’, while 
LEV and VGB were classifi ed as ‘potentially 
effi cacious’ [32].

Primary generalized
The following epilepsy syndromes, classifi ed 
under primary generalized epilepsy, have the 
potential to respond well to AEDs:

Idiopathic general tonic-clonic seizures –  

a total of 20 RCTs were documented to study 
the use of monotherapy in children, with 
none of them meeting criteria for class I stud-
ies. No single AED emerged as the drug of 
choice, while CBZ, PB, PHT, TPM and VPA 
have been designated as ‘possibly effi cacious’, 
with class IV evidence to suggest that CBZ, 
OXC and PHT have the potential to worsen 
generalized tonic-clonic seizures.

Absence epilepsy – six RCTs were conducted  

to study monotherapy in children with absence 
seizures or childhood absence epilepsy. ESM , 
LTG and VPA were noted to be possibly effi ca-
cious, with meta-analysis fi nding ‘insuffi cient 
evidence to inform clinical practice’ [33].

JME – no Class I, II or III studied exist to  

study monotherapy in JME. Class IV evidence 
suggests CZP, LEV, LTG, TPM, VPA and 
ZNS may have some effi cacy.

Newly diagnosed epilepsy in the emergency  

department – only one study so far has 
addressed the issue of choosing an AED with-
out exclusion of seizure type [39], albeit con-
fi ning itself to one of three available medica-
tions. In this study, TPM, CBZ and VPA 
demonstrated equivalent eff icacy. In the 
USA, interestingly enough, CBZ is often 
selected as the drug of fi rst choice although, 
in a French study [40], VPA emerged as the 
drug of choice in adult males and VPA/LTG 
in adult females. The utility of AEDs after a 
fi rst seizure has been addressed previously in 
this review.

Benign rolandic epilepsy
Children with benign epilepsy with centro-
temporal spikes: three RCTs and no meta-
analyses investigated drug therapy in children 
with benign epilepsy of childhood with centro-
temporal spikes. CBZ and VPA can be consid-
ered as candidate drugs for this condition. In 
Europe, sulthiame is extensively used for this 
epilepsy category, though lack of FDA approval 
in the USA has limited its use here.
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Infantile spasms
Expert opinion suggests use of adrenocortico-
tropic hormone, VGB and topiramate in the 
treatment of spasms. VGB is almost universally 
effective in those with spasms associated with 
tuberose sclerosis complex. Recent practice 
parameters from the Child Neurology Society 
meeting endorse use of adrenocorticotropic hor-
mone as the fi rst-line therapy (‘probably effec-
tive’) and VGB as ‘possibly effective’. Ketogenic 
diet (KD) and early surgical evaluation have 
been recommended by some.

Lennox–Gastaut syndrome
Expert opinion inclines towards the use of VPA, 
TPM or LTG as fi rst-line options, followed by 
trials of drug combinations [33]. AAN and AES 
guidelines recommend the use of LTG and TPM 
in the treatment of ‘drop attacks’ associated with 
spasms. ZNS, LEV, KD and felbamate [34–36] 
have been suggested as second-line options. 

Febrile seizures
Rectal diazepam is the treatment of choice for 
acute treatment of a prolonged febrile seizure or 
a cluster of febrile seizures. The FDA has not 
approved its use in children less than 2 years of age, 
but it is widely used in clinical practice. VPA and 
PHB have been shown to be effective oral AEDs 
that are useful in preventing febrile seizures [37]. 
However, potential risks outweigh the benefi ts of 
long-term treatment. Contrary to popular view, 
use of antipyretics does not signifi cantly reduce 
the incidence of febrile events [38]. Furthermore, 
there is no evidence to suggest that treatment of 
febrile seizures reduces the chance of developing 
epilepsy. 

Status epilepticus in childhood
The incidence of status epilepticus is greatest in 
the fi rst year of life (18–20/100,000/year) with 
progressive decrease with age in the 10–14 year 
age group (2/100,000) [41,42].

The vast majority of seizures terminate in less 
than 2 min, with status epilepticus being variably 
defi ned as seizure activity ranging from 30 min to 
5 months, for example the VA Cooperative Trial 
on Treatment of Generalized Convulsive Status 
Epilepticus used a duration of 10 min as inclusion 
criteria [43]. Recently, a decrease in the duration has 
been proposed, with literature to suggest that sei-
zures that do not terminate within 5–10 months 
are unlikely to spontaneously remit [44]. Refractory 
status is variably defi ned as seizures that continue 
despite use of 2–3 intravenously administered 
medications or those that last an inordinate length 

of time, such as more than 30 min, 1 h or 2 h.
Prehospital treatment can infl uence outcome; 

for example, early use of benzodiazepines can 
terminate it and lead to decreased in-patient 
stay [45]. In this regard, buccal midazolam has 
been found to be more effective than rectal 
diazepam in outpatient seizure treatment [46].

The fi rst-line treatment of status epilepticus 
in hospital consists of benzodiazepines, with 
addition of phenytoin/fosphenytoin as second-
line drug and PHB/VPA/LEV (the latter hav-
ing been reported as effective in adults) being 
variably used for third-line medication. The 
treatment thereafter may include continuous 
infusion of midazolam, propofol or pentobarbi-
tal. There is no prospective evidence to suggest 
that one of the above three is more effective 
than the other, or that a combination is more 
likely to resolve the status. A reasonable period 
of 12–24 h of infusion should be maintained 
before initiating a change .The role of ben-
zodiazepines as the agent of choice has been 
well validated by Trieman et al., who compared 
adults with SE by administering four different 
regimes. The subgroup that received lorazepam 
had cessation of seizures in 64.9%, and in an 
intention-to-treat ana lysis was as effective as 
diazepam plus PHT or PHB alone [47]. The 
failure of fi rst- or second-line of medications 
predicts a high rate of failure to a subsequent 
regime of medications (7% response rate).

Other important aspects to management 
of status include airway protection, attention 
to metabolic imbalances, circulatory issues, 
electro encephalogram (EEG) monitoring, cer-
ebral edema, rhabdomyolysis and temperature 
regulation. The clinician should be satisfi ed that 
the EEG demonstrates burst suppression pat-
tern, and that the bursts are nonepileptiform, 
before concluding that the continuous infusion 
therapy is successful. 

Perhaps the most important factor in success-
ful treatment of status epilepticus is the early 
and effi cacious use of appropriate medication in 
adequate dosage. Status epilepticus carries a high 
mortality of 2.7–5.2% [41].

Midazolam and pentobarbital have been effec-
tively used. Midazolam is used at a maintenance 
dose of 0.1–0.4 mg/kg/h. A preliminary bolus of 
0.2 mg/kg as slow infusion may be employed.

The maintenance dose of pentobarbital is 
0.3–3.0 mg/kg/h, with bolus of 3.0 mg/kg at a 
rate of 0.2–0.4 mg/kg/min.

In a recent, albeit small study, intravenous LEV 
was used as adjunctive treatment of status epilep-
ticus in children. Three out of four who received 
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it responded with seizure freedom, and one had a 
50% reduction in seizure frequency [48]. Similar 
response has been noted in the adult literature 
with use of an oral formulation as well, with 
response in generalized, focal and non convulsive 
status [49]. The use of levatiracetam has several 
advantages over traditional medications used in 
refractory status epilepticus, such as propofol, 
midazolam and pentobarbital, as it does not affect 
blood p ressure or cause respiratory depression.

Neonatal seizures 
Neonatal seizures occur at a high incidence of 
2.84 per 1000 births. They are associated with 
a relatively high morbidity and mortality, but 
clear-cut guidelines and practice parameters do 
not exist to guide the practicing clinician. In a 
recent multicenter retrospective study by Bartha 
et al. [50], 82% used PHB as the fi rst-line drug, 
followed by lorazepam and phenytoin. A total 
of 6% of neonates required two anticonvulsants. 
However, no conclusive data exists regarding 
use of PHB in this age group. The response to 
PHB in a study by Conell et al. [51] was 44% 
for electro graphic seizures, and 6.6% for clini-
cal and electrographic cessation, while approxi-
mately a third had neither remission of clinical 
or electrographic events. In 1999, Painter et al. 
showed that both PHB and PHT were compara-
ble in terms of effi cacy in this age group, but no 
comparison to placebo was made [52]. Pyridoxine 
use has been noted to be curative in the setting 
of B6 defi ciency/dependency.

At present, there is little evidence from ran-
domized, controlled trials to support the use 
of any of the anticonvulsants currently used 
in the neonatal period. Expert opinion in the 
USA points towards the use of PHB as a fi rst-
line option, with lorazepam or fosphenytoin as 
appropriate substitutes. After the seizures have 
stopped, the panel recommended continuing 
preventive treatment for 1–2 months.

Toddlers and school-age children on PHB 
have a higher incidence of behavior issues, lan-
guage, memory problems and comprehension, 
hence making a case for switch to one of the 
newer AEDs for use in this age group.

Although seizure-induced neuronal injury 
has been well studied in animal models, strong 
evidence in humans is lacking [53]. It is common 
practice to initiate seizure treatment in the neo-
natal period after observation of clinical events, 
although a clear-cut, positive effect on cognitive 
outcome or decrease in future epilepsy has not 
been documented.

Other treatment options
Surgical treatment 

Approximately 20–30% of pediatric epilepsy 
patients are drug resistant, despite the advent of 
modern drug options [54–56]. If the seizures can 
not be adequately controlled by appropriate treat-
ment with two AEDs, it may be time to consider 
whether the patient is a surgical candidate. For 
some conditions, surgery may be considered 
even earlier, such as for tumors, for instance dys-
embryoplastic neuroepithelial tumors or certain 
conditions including mesial temporal sclerosis, 
Rasmussen syndrome and malformations of 
cortical development such as hemimeganenceph-
aly. Epilepsy surgery should be carried out by a 
comprehensive multispecialist team including a 
neurologist/epileptologist, neuro surgeon, neuro-
psychologist, neuroradiologist and physiatrist.

The workup for the proper candidate of surgery 
may include EEG/long-term EEG with video mon-
itor recording, MRI of brain, PET/SPECT scan, 
magnetoencephalography, neuro psychological 
evaluation, Wada test/functional MRI, EEG and 
cortical mapping.

Surgical techniques include focal resection, 
hemispherectomy, multiple subpial transection 
and electrical stimulations, including vagus nerve 
stimulation (VNS) and deep-brain stimulation.

Focal resection
The most common surgical technique is focal 
resection, which is used for partial seizures 
caused by focal lesion, such as cortical dyspla-
sia, tuberose sclerosis and tumor, or nonlesional 
resection, such as epileptogenic focus without 
detectible structural lesions. Hemispherectomy 
can be considered for Rasmussen syndrome, 
hemimeganencephaly, Sturge–Weber syndrome 
and extensive unilateral cortical dysplasia.

Focal resection can be curative or pallia-
tive. The effi cacy of resection is associated with 
careful preoperative work-up. The best result 
is from temporal lobe epilepsy, with a long-
term epilepsy-free rate from 66 to 88% [57,58]. 
If seizure-free more than 6 months to 1 year, 
most likely patients can be weaned off AEDs 
[59,60]. The outcome of epilepsy secondary to dys-
embryoplastic neuroepithelial tumors depends 
on the location [61].

Extratemporal epilepsy has less favorable 
results, with a long-term seizure-free rate for 
occipital lobe resection at 46–69.2% [62–64], fron-
tal lobe resection at 27–30.1% [62–65] and parietal 
lobe resection at 46–51.8% [62,66]. The rates of 
long-term seizure freedom after hemispherectomy 
is approximately 61–66% [62,67].
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Complications may include intracranial hem-
orrhage, increased intracranial pressure, infec-
tion, hydrocephalus and neurological defi cit, 
depending on the location of resection. Mortality 
is very rare.

Nonresective surgery
For those intractable epileptic patients who are not 
resective surgical candidates, palliative surgery 
can be considered. Callosotomy can be partial or 
complete, and has been used for primary general-
ized epilepsy or secondary generalized epilepsy, 
especially for frequent drop attack. The reduction 
in seizure severity has been seen in up to 60–70% 
of patients [68,69]. Complications include intra-
cranial hemorrhage, infection and disconnection 
syndromes, which are rare and temporary.

Multiple subpial transection is another pal-
liative surgical technique, which is mostly use-
ful for intractable focal seizures from clinically 
important cortex. Signifi cant improvement has 
been observed in 33–46% [70].

Deep-brain stimulation is a new technique for 
treatment of seizures. Electrodes are inserted in 
the deep-brain structures, such as in the ante-
rior nucleus of thalamus, centromedian nucleus 
of thalamus, subthalamic nucleus, cerebellum, 
pallidum and medial temporal lobe. As to which 
location is most effective, this is unknown at the 
present time; however, of them, cerebellum may 
be the least effective. Best results are obtained 
in nonfocal generalized tonic-clonic seizures 
and atypical absences of the LGS. Deep-brain 
stimulation is potentially an excellent alternative 
add-on therapy, but still needs to be extensively 
evaluated for its utility in children.

Ketogenic diet 
The KD has been utilized for treatment of epi-
lepsy since the 1920s. The mechanism of action 
has not been clearly elucidated, although experi-
mental models suggest that the KD elevation in 
rats causes an increase in mean voltage (maxi-
mal shock) needed to produce a convulsion. This 
may be accomplished by increase in β-hydroxy 
butyrate levels, which subsequently leads to alter-
ation in the rate-limiting step of the tricarboxylic 
acid cycle and elevated GABA levels [71].

The effi cacy in retrospective studies was as 
high as 67%, while prospective multicenter 
studies have shown that 40% of children have 
at least a 50% reduction in seizure frequency [72]. 
Although it has been traditionally associated 
with treatment of refractory epilepsy, early use 
(while patients are on zero to one anticonvulsant) 
has also been shown to be clinically useful with 

signifi cant reduction in seizures at 6 months and 
1 year [73]. Furthermore, its effi cacy in infants has 
also been documented, with a recent study show-
ing that 19.4% of subjects became seizure-free, 
and an additional 35.5% had greater than 50% 
reduction in seizure frequency. Interestingly, 
children who were on the diet for less than an 
year showed a decrease in seizures 3–6 years 
later, though whether this was related to diet or 
other interventions was not clear [59]. Use of the 
modifi ed Atkin’s diet was also found to be help-
ful in children with epilepsy, and when recently 
studied in a prospective fashion, 65% had a 50% 
reduction in seizure frequency [75]. It has been 
used for a wide variety of seizure types, including 
myo clonic-astatic seizures, Dravet’s syndrome, 
infantile spasms, respiratory chain complex 
defects and Lafora body disease [54,76,77]. Case 
reports comment on its use in Rett syndrome [55]. 
Caution should be exercised in ruling out cer-
tain conditions such as pyruvate carboxylase 
defi ciency prior to initiation of the diet.

The KD can be commenced at home or in the 
hospital. No difference has been noted in seizure 
freedom for those who initiated the diet at home 
versus those who had a period of initial hospiti-
lazation, but gradual initiation may have better 
tolerability and fewer adverse effects. However, 
initial hospitalization may help in identifying side 
effects such as hypoglycemia and metabolic aci-
dosis. It consists of inducing ketosis by giving diet 
consisting of 3–4 parts fat to 1 part carbohydrate/
protein. Some studies have shown that a 4:1 ratio 
may be more effective [56].

Adverse effects include dehydration, acidosis, 
hypoglycemia, renal stones and elevation of liver 
enzymes, hyperlipidemia, bone demineralization, 
cardiomyopathy and defi ciencies of vitamins and 
trace minerals [71]. The child may feel socially iso-
lated due to the fact that their diet may preclude 
them from participating in family meals and 
other celebrations, and hence multiple aspects 
need to be discussed with the family and child 
prior to embarking on this form of treatment.

Vagal nerve stimulator 
Vagal nerve stimulator is an alternative procedure 
for patients who are refractory to pharmaco logical 
treatment, experience intolerable side effects of 
AEDs or who are not candidates for resective 
surgery. VNS received approval by the FDA in 
1997 for adjunctive therapy in the treatment of 
medically intractable epilepsy.

Stimulator device is surgically placed under 
the skin in the upper part of the chest and con-
nects with an electrode that coils around the 
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vagus nerve on the left side of the neck. The 
stimulator can be programmed for different 
intensity, duration or frequency of stimuli. 
A hand-held magnet can produce immediate 
electric current to stop a seizure or reduce the 
severity of seizures. Therefore, VNS can both 
abort seizures and have prophylactic effect. This 
effect increases over time in chronic treatment, 
to a maximum up to 2 years [78]. VNS is most 
effective for the patients with drop attack, espe-
cially in LGS, though it can also been noted 
to be useful in both focal and generalized epi-
lepsy. The exact mechanism of action remains 
unknown. However, recent studies showed the 
effi cacy of VNS is associated with thalamic and 
limbic circuitry [79,80]. VNS is essentially a pal-
liative treatment and the number of patients who 
become seizure free is very small. A signifi cant 
reduction in the frequency and severity of sei-
zures can be expected in approximately a third 

of patients [81]. In the USA, VNS is approval for 
children older than 12 years of age, but there is 
no limit in the EU.

The complications of VNS include bleeding, 
infection, reversible paralysis of left vocal cord 
and other common complications of surgery. 
During stimulation, the patients may experience 
hoarseness, coughing, tingling in the neck or dys-
phagia. These side effects are usually mild and 
gradually become less prominent over time [82].

Financial & competing interests disclosure
The authors have no relevant affi liations or fi nancial involve-
ment with any organization or entity with a fi nancial interest 
in or fi nancial confl ict with the subject matter or materials 
discussed in the manuscript. This includes employment, con-
sultancies, honoraria, stock ownership or options, expert tes-
timony, grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of 
this manuscript.

Executive summary

Despite the use of new antiepileptic drugs (AEDs), a signifi cant proportion of children with epilepsy remain refractory to current  
drug regimes.
Alternative treatment options such as resective surgery, ketogenic diet and vagal nerve stimulator constitute an important part of the  
treatment armamentarium.
New-onset seizures in a child treatment of the fi rst seizure does not lead to decrease in the incidence of epilepsy. 

Application of the ‘new’ antiepileptic medications in the treatment of select epilepsy syndromes of childhood
Partial onset seizures – oxcarbazepine emerged as the drug with the most data regarding effi cacy and effectiveness. 
Infantile spasms – adrenocorticotropic hormone is ‘probably’ effective in the treatment of spasms and resolution of hyps- arrythmias  
although clear-cut guidelines as to dosage and duration of treatment are lacking. Vigabatrin is ‘possibly’ effective.
Absence epilepsy – ethosuximide, lamotrigine and valproate have emerged as drugs that are possibly effi cacious. 
Juvenile myoclonic epilepsy – levetiracetam, valproate, zonisanide, topiramate and lamotrigine may be effi cacious. 
Lennox–Gastaut syndrome – valproate, topiramate and lamotrigine may be considered drugs of fi rst choice on the basis of expert  
opinion.
Febrile seizures – rectal diazepam is useful in the treatment of prolonged seizures. 
Potential risks outweigh the benefi ts of long-term treatment with antiepileptics. 
Neonatal seizures – no clear consensus exists regarding best practice in this age group, with phenobarbital and phenytoin being widely  
used. None of the new AEDs have been approved for treatment in this age group, although off-label use is widespread.

Bibliography
Hirtz D, Berg A, Bettis D 1 et al.: 
Practice parameter: treatment of the 
child with a fi rst unprovoked seizure: 
report of the quality standards subcommittee 
of the American Academy of Neurology and 
the Practice Committee of the Child 
Neurology Society. Neurology 60(2), 
166–175 (2003).

Camfi eld PR, Camfi eld CS, Dooley JM, 2 

Tibbles J, Fung T, Garner B: Epilepsy 
after a fi rst unprovoked seizure in childhood. 
Neurology 35(11), 1657–1660 (1985).

Hauser WA, Rich SS, Lee JR, Annegers JF, 3 

Anderson VE: Risk of recurrent seizures after 
two unprovoked seizures. N. Engl. J. Med. 
338(7), 429–434 (1998).

Shinnar S, Berg AT, O’Dell C, Newstein D, 4 

Moshe SL, Hauser WA: Predictors of 
multiple seizures in a cohort of children 
prospectively followed from the time of their 
fi rst unprovoked seizure. Ann. Neurol. 48(2), 
140–147 (2000).

Livingston JH, Beaumont D, 5 

Arzimanoglou A, Aicardi J: Vigabatrin in 
the treatment of epilepsy in children. Br. 
J. Clin. Pharmacol. 27(Suppl. 1), 109S–112S 
(1989).

Sivenius J, Kalviainen R, Ylinen A, Riekkinen 6 

P: Double-blind study of gabapentin in the 
treatment of partial seizures. Epilepsia 32(4), 
539–542 (1991).

Anhut H, Ashman P, Feuerstein TJ, 7 

Sauermann W, Saunders M, Schmidt B: 
Gabapentin (Neurontin) as add-on 

therapy in patients with partial seizures: 
a double-blind, placebo-controlled study. 
The International Gabapentin Study 
Group. Epilepsia 35(4), 795–801 
(1994).

The US Gabapentin Study Group 8 

No. 5: Gabapentin as add-on 
therapy in refractory partial epilepsy: 
a double-blind, placebo-controlled, 
parallel-group study. Neurology 43(11), 
2292–2298 (1993).

Asconape J, Diedrich A, DellaBadia J: 9 

Myoclonus associated with the use of 
gabapentin. Epilepsia 41(4), 479–481 (2000).

Buetefi sch CM, Gutierrez A, Gutmann L: 10 

Choreoathetotic movements: a possible side 
effect of gabapentin. Neurology 46(3), 
851–852 (1996).



www.futuremedicine.com 49future science group

Treatment of seizures in childhood  REVIEW

Duchowny M, Pellock JM, Graf WD 11 et al.: 
A placebo-controlled trial of lamotrigine 
add-on therapy for partial seizures in children. 
Lamictal Pediatric Partial Seizure Study 
Group. Neurology 53(8), 1724–1731 (1999).

Motte J, Trevathan E, Arvidsson JF, 12 

Barrera MN, Mullens EL, Manasco P: 
Lamotrigine for generalized seizures 
associated with the Lennox–Gastaut 
syndrome. Lamictal Lennox–Gastaut Study 
Group. N. Engl. J. Med. 337(25), 1807–1812 
(1997).

Trevathan E, Kerls SP, Hammer AE, 13 

Vuong A, Messenheimer JA: Lamotrigine 
adjunctive therapy among children and 
adolescents with primary generalized tonic- 
clonic seizures. Pediatrics 118(2), E371–E378 
(2006).

Crespel A, Genton P, Berramdane M 14 et al.: 
Lamotrigine associated with exacerbation or 
de novo myoclonus in idiopathic generalized 
epilepsies. Neurology 65(5), 762–764 (2005).

Naritoku DK, Warnock CR, 15 

Messenheimer JA et al.: Lamotrigine 
extended-release as adjunctive therapy for 
partial seizures. Neurology 69(16), 1610–1618 
(2007).

Glauser TA, Pellock JM, Bebin EM 16 et al.: 
Effi cacy and safety of levetiracetam in 
children with partial seizures: an open-label 
trial. Epilepsia 43(5), 518–524 (2002).

Sharpe DV, Patel AD, Abou-khalil B, 17 

Fenichel GM: Levetiracetam monotherapy in 
juvenile myoclonic epilepsy. Seizure 17(1), 
64–68 (2008).

Specchio LM, Gambardella A, 18 

Giallonardo AT et al.: Open label, long-term, 
pragmatic study on levetiracetam in the 
treatment of juvenile myoclonic epilepsy. 
Epilepsy Res. 71(1), 32–39 (2006).

Hwang H, Kim KJ: New antiepileptic drugs 19 

in pediatric epilepsy. Brain Dev. 30(9), 
549–555 (2008).

Glauser TA, Nigro M, Sachdeo R 20 et al.: 
Adjunctive therapy with oxcarbazepine in 
children with partial seizures. 
The Oxcarbazepine Pediatric Study Group. 
Neurology 54(12), 2237–2244 (2000).

Glauser TA: Oxcarbazepine in the treatment 21 

of epilepsy. Pharmacotherapy 21(8), 904–919 
(2001).

Uldall P, Bulteau C, Pedersen SA, Dulac O, 22 

Lyby K: Tiagabine adjunctive therapy in 
children with refractory epilepsy: a single-
blind dose escalating study. Epilepsy Res. 
42(2–3), 159–168 (2000).

Biton V, Bourgeois BF, YTC/YTCE Study 23 

Investigators: topiramate in patients with 
juvenile myoclonic epilepsy. Arch. Neurol. 
62(11), 1705–1708 (2005).

French JA, Kanner AM, Bautista J 24 et al.: 
Effi cacy and tolerability of the new 
antiepileptic drugs, I: treatment of new-onset 
epilepsy: report of the TTA and QSS 
Subcommittees of the American Academy of 
Neurology and the American Epilepsy 
Society. Epilepsia 45(5), 401–409 (2004).

Glauser TA, Dlugos DJ, Dodson WE 25 et al.: 
Topiramate monotherapy in newly diagnosed 
epilepsy in children and adolescents. J. Child 
Neurol. 22(6), 693–699 (2007).

Wheless JW, Clarke DF, Carpenter D: 26 

Treatment of pediatric epilepsy: expert 
opinion. J. Child Neurol. 20(Suppl. 1), 
S1–S56 (2005).

Baulac M: Introduction to zonisamide. 27 

Epilepsy Res. 68(Suppl. 2), S3–S9 (2006).

Kluger G, Zsoter A, Holthausen H: 28 

Long-term use of zonisamide in refractory 
childhood-onset epilepsy. Eur. J. Ped. Neuro. 
12(1), 19–23 (2008).

Lotze TE, Wilfong AA: Zonisamide 29 

treatment for symptomatic infantile spasms. 
Neurology 62(2), 296–298 (2004).

Genton P: When antiepileptic drugs aggravate 30 

epilepsy. Brain Dev. 22(2), 75–80 (2000).

Crespel A, Genton P, Berramdane M 31 et al.: 
Lamotrigine associated with exacerbation or 
de novo myoclonus in idiopathic generalized 
epilepsies. Neurology 65 (5), 762–764 (2005).

Glauser T, Ben-Menachem E, Bourgeois B 32 

et al.: ILAE treatment guidelines: evidence-
based ana lysis of antiepileptic drug effi cacy 
and effectiveness as initial monotherapy for 
epileptic seizures and syndromes. Epilepsia 
47(7), 1094–1120 (2006).

Posner EB, Mohamed K, Marson AG: 33 

Ethosuximide, sodium valproate or 
lamotrigine for absence seizures in children 
and adolescents. Cochrane Database Syst. Rev. 
4, CD003032 (2005).

Wheless JW: Nonpharmacologic treatment of 34 

the catastrophic epilepsies of childhood. 
Epilepsia 45(Suppl. 5), 17–22 (2004).

De Los Reyes EC, Sharp GB, Williams JP, 35 

Hale SE: Levetiracetam in the treatment of 
Lennox-Gastaut syndrome. Pediatr. Neurol. 
30(4), 254–256 (2004).

French J, Smith M, Faught E, Brown L: 36 

Practice advisory: the use of felbamate in 
the treatment of patients with intractable 
epilepsy: report of the quality standards 
subcommittee of the American Academy of 
Neurology and the American Epilepsy Society. 
Neurology 52(8), 1540–1545 (1999).

American Academy of Pediatrics, Committee 37 

on Quality Improvement, Subcommittee on 
Febrile Seizures: Practice parameter: long-term 
treatment of the child with simple febrile 
seizures. Pediatrics 103, 1307–1309 (1999).

Camfi eld PR, Camfi eld CS, Shapiro SH, 38 

Cummings C: The fi rst febrile seizure. 
Antipyretic instruction plus either 
phenobarbital or placebo to prevent a 
recurrence. J. Pediatr. 97(1), 16–21 
(1980).

Wheless JW, Neto W, Wang S, EPMN-105 39 

Study Group: Topiramate, carbamazepine, 
and valproate monotherapy: double-blind 
comparison in children with newly diagnosed 
epilepsy. J. Child Neurol. 19(2), 135–141 
(2004).

Semah F, Picot MC, Derambure P 40 et al.: 
The choice of antiepileptic drugs in newly 
diagnosed epilepsy: a national French survey. 
Epileptic Disord. 6(4), 255–265 (2004).

Chin RF, Neville BG, Peckham C 41 et al.: 
Incidence, cause, and short-term outcome of 
convulsive status epilepticus in childhood: 
prospective population-based study. Lancet 
368(9531), 222–229 (2006).

Raspall-Chaure M, Chin RF, Neville BG, 42 

Bedford H, Scott RC: The epidemiology of 
convulsive status epilepticus in children: 
a critical review. Epilepsia 48(9), 1652–1663 
(2007)

Lowenstein DH, Bleck T, MacDonald RL: 43 

It’s time to revise the defi nition of status 
epilepticus. Epilepsia 40(1), 120–122 
(1999).

Wasterlain CG, Chen JW: Defi nition and 44 

classifi cation of status epilepticus. 
In: Status epilepticus. Wasterlain CG, 
Treiman DM (Eds). MIT Press, Cambridge, 
MA, USA (2006).

Coeytaux A, Jallon P, Galobardes B, 45 

Morabia A: Incidence of status epilepticus in 
French-speaking Switzerland (EPISTAR). 
Neurology 55(5), 693–697 (2000).

McIntyre J, Ronertson S, Norris E 46 et al.: 
Safety and effi cacy of buccal midazolam 
versus rectal diazepam for emergency 
treatment of seizures in children: a 
randomised controlled trial. Lancet 
366(9481), 205–210 (2005).

Treiman DM , Meyers PD, Walton NY 47 

et al.: A comparison of four treatments 
for generalized convulsive status 
epilepticus. Veterans Affairs Status 
Epilepticus Cooperative Study Group. 
N. Engl. J. Med. 339(12), 792–798 
(1998).

Goraya JS, Khurana DS, Valencia I 48 et al.: 
Intravenous levetiracetam in children with 
epilepsy. Pediatr. Neurol. 38(3), 177–180 
(2008). 

Patel NC, Landan IR, Levin J, Szafl arski J, 49 

Wilner AN: The use of levetiracetam in 
refractory status epilepticus. Seizure 15(3), 
137–141 (2006).



Therapy (2009) 6(1)50 future science group

REVIEW Sivaswamy, Acsadi & Jiang

Bartha AI, Shen J, Katz KH 50 et al.: 
Neonatal seizures: multicenter variability in 
current treatment practices. Pediatric Neurol. 
37(2), 85–90 (2007).

Connell J ,Oozer R, de Vries L 51 

et al.: Clinical and EEG response to 
anticonvulsants in neonatal seizures. 
Arch. Dis. Childhood 64(4), 459–464 
(1989).

Painter MJ, Scher MS, Stein AD 52 et al.: 
Phenobarbital compared with phenytoin for 
the treatment of neonatal seizures. N. Engl. 
J. Med. 341(7), 485–489 (1999).

Miller SP, Weiss J, Barnwell A 53 et al.: 
Seizure-associated brain injury in term 
newborns with perinatal asphyxia. Neurology 
58(4), 542–548 (2002).

Kang HC, Lee YM, Kim HD, Lee JS, 54 

Slama A: Safe and effective use of the 
ketogenic diet in children with epilepsy and 
mitochondrial respiratory chain complex 
defects. Epilepsia 48(1), 82–88 (2007).

Liebhaber GM, Riemann E, Baumeister FA: 55 

Ketogenic diet in Rett syndrome. J. Child 
Neurol. 18(1), 74–75 (2003).

Seo JH, Lee YM, Lee JS, Kang HC, 56 

Kim HD: Effi cacy and tolerability of the 
ketogenic diet according to lipid:nonlipid 
ratios – comparison of 3:1 with 4:1 diet. 
Epilepsia 48(4), 801–805 (2007).

Jose F, Tellez-Zenteno, Raj Dhar, 57 

Sanuel Wiebe: Long-term seizure outcomes 
follow epilepsy surgery. Brain 128, 1188–1198 
(2005).

Kim SK, Wang KC, Hwang YS 58 et al.: 
Epilepsy surgery in children: outcome and 
complications. J. Neurosurg. Pediatrics. 1(4), 
277–283 (2008).

Lachhwani DK, Loddenkemper T, 59 

Holland KD et al.: Discontinuation of 
medications after successful epilepsy surgery 
in children. Pediatr. Neurol. 38(5), 340–344 
(2008).

Sinclair DB, Jurasek L, Weatley M 60 et al.: 
Discontinuation of antiepileptic drugs after 
pediatric epilepsy surgery. Pediatr. Neurol. 
37(3), 200–202 (2007).

Nolan MA, Sakuta R, Chuang N 61 et al.: 
Dysembryoplastic Neuroepithelial tumors in 
childhood: long-term outcome and prognostic 
features. Neurology 62(12), 2270–2276 (2004).

Téllez-Zenteno JF, Dhar R, Wiebe S: 62 

Long-term seizure outcomes follow epilepsy 
surgery. Brain 128, 1188–1198 (2005).

Kun Lee S, Young Lee S, Kim DW, 63 

Soo Lee D, Chung CK: Occipital 
lobe epilepsy: clinical characteristics, 
surgical outcome, and role of diagnostic 
modalities. Epilepsia 46(5), 688–695 
(2005).

Binder DK, Von Lehe M, Kral T 64 et al.: 
Surgical treatment of occipital lobe epilepsy. 
Neurosurg. 109(1), 57–69 (2008).

Jeha LE, Najm I, Bingaman W, Dinner D, 65 

Widdess-Walsh P, Luders H: Surgical 
outcome and prognostic factors of frontal 
lobe epilepsy surgery. Brain 130(2), 574–584 
(2007).

Kim DW, Lee SK, Yun CH, 66 et al.: 
Parietal lobe epilepsy: the semiology, 
yield of diagnostic workup, and surgical 
outcome. Epilepsia 45(6), 641–649 
(2004).

Gonzalez-Martinez JA, Gupta A, Kotaqal P 67 

et al.: Hemispherectomy for catastrophic 
epilepsy in infants. Epilepsia 46(9), 
1518–1525 (2005).

Nei M, O’Connor M, Liporace J, 68 

Sperling MR: Refractory generalized seizures: 
response to corpus callosotomy and vagal 
nerve stimulation. Epilepsia 47(1), 115–122 
(2006).

Maehara T, Shimizu H: Surgical 69 

outcome of corps callosotomy in patients 
with drop attacks. Epilepsia 42(1), 67–71 
(2001).

Benifl a M, Otsubo H, Ochi A, Snead OC 70 

3rd, Rutka JT: Multiple subpial transection 
in pediatric epilepsy: indications and 
outcomes. Childs Nerv. Syst. 22(8), 992–998 
(2006).

Nordli D: Ketogenic diet uses and abuses. 71 

Neurology 58(12 Suppl. 7), S21–S24 (2002).

Vining EP, Freeman JM, Ballaban-gil K 72 

et al.: A multicenter study of the effi cacy of 
the ketogenic diet. Arch. Neurol. 55(11), 
1433–1437 (1998).

Rubenstein JE, Kossoff EH, Pyzik PL, 73 

Vining EP, McGrogan JR, Freeman JM: 
Experience in the use of the ketogenic diet as 
early therapy. J. Child Neurol. 20(1), 31–34 
(2005).

Marsh EB, freeman JM, Kossoff EH 74 et al.: 
The outcome of children with intractable 
seizures: a 3- to 6-year follow-up of 
67 children who remained on the ketogenic 
diet less than one year. Epilepsia 47(2), 
425–430 (2006).

Kossoff EH, McGrogan JR, Bluml RM, 75 

Pillas DJ, Rubenstein JE, Vining EP: 
A modifi ed Atkins diet is effective for the 
treatment of intractable pediatric epilepsy. 
Epilepsia 47(2), 421–424 (2006).

Caraballo RH, Cersosimo RO, Sakr D, 76 

Cresta A, Escobal N, Fejerman N: 
Ketogenic diet in patients with 
myoclonic-astatic epilepsy. Epileptic Disord. 
8(2), 151–155 (2006).

Caraballo RH, Cersosimo RO, Sakr D, 77 

Cresta A, Escobal N, Fejerman N: 
Ketogenic diet in patients with Dravet 
syndrome. Epilepsia 46(9), 1539–1544 
(2005). 

Morris GL 378 rd, Mueller WM: Long-term 
treatment with vagus nerve stimulation 
in patients with refractory epilepsy. 
The vagus nerve stimulation study group 
E01–E05. Neurology 53(8), 1731–1735 
(1999).

Vonck K, De Herdt V, Bosman T, 79 

Dedeurwaerdere S, Van Laere K, Boon P: 
Thalamic and limbic involvement in the 
mechanism of action of vagus nerve 
stimulation, a SPECT study. Seizure 17(8), 
699–706 (2008).

Barnes A: Investigation into the mechanisms 80 

of vagus nerve stimulation for the treatment 
of intractable epilepsy, using 99mTc-HMPAO 
SPET brain images. Eur. J. Nucl. Med. 
Imaging 30(2), 301–305 (2003).

Nei M, O’Connor M, Liporace J, 81 

Sperling MR: Refractory generalized seizures: 
response to corpus callosotomy and vagal 
nerve stimulation. Epilepsia 47(1), 115–122 
(2006).

Ben-Menachem E: Vagus nerve stimulation, 82 

side effects, and long-term safety. J. Clin. 
Neurophysiol. 18(5), 415–418 (2001).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


